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Abstract 

This dissertation provides an important contribution to the study of institutional fit by providing 

an empirical examination of mismatches, and solutions for overcoming them, in some of the 

world’s most resilient and enduring social-ecological systems. Mismatches between institutions 

and social-ecological systems, often referred to as institutional mismatches or problems of “fit”, 

are a major sustainability challenge in natural resource management. While mismatches are 

hypothesized to lead to the degradation of social-ecological systems, mismatches are often 

explored in a theoretical context rather than through applied case studies that focus on the 

identification, characterization, causes, and consequences of mismatch for social-ecological 

systems. This dissertation uses the theoretical concept of “fit” to examine institutional alignment 

with Pacific salmon social-ecological systems in north and central British Columbia, Canada. 

Using an empirical case study of the Skeena River watershed, I identify the key attributes and 

characteristics that are giving rise to problems of fit and their consequences for fundamentally 

interlinked salmon social-ecological systems, including impacts on Indigenous Peoples’ rights, 

livelihoods, and approaches to resource management and stewardship. I then explore solutions 

for alleviating mismatches and improving social-ecological alignment in two other salmon-

bearing regions on British Columbia’s north and central coast – the Nass River watershed and 

the Central Coast. These two examples illustrate how collaborative efforts to characterize the 

spatial, temporal, and functional characteristics and dynamics of salmon ecosystems can lay a 

foundation for overcoming mismatches. While my findings are focused on salmon-bearing 

watersheds in north and central British Columbia, they are generalizable to other social-
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ecological systems in which mismatches between social and ecological processes and institutions 

exist and where solutions to mismatches are required in order to ensure the long-term survival 

and resilience of the social-ecological system.   

Keywords: social-ecological systems, mismatch, fit, Pacific salmon, Skeena River 

watershed, case study, Indigenous Peoples’ rights, Indigenous governance, environmental 

governance, environmental assessments, environmental sustainability 
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Introduction 

Many of the world’s environmental problems are attributed to failures of governance and 

more specifically to mismatches between institutions and social-ecological systems (SESs; 

Crowder et al., 2006; Cumming et al., 2006; Epstein et al., 2015; Galaz et al., 2008; Vitousek et 

al., 1997; Young, 2002; Young et al., 2008). In many cases, institutions (i.e., the set of informal 

and formal rules that facilitate and constrain human behaviour; Bromley, 1989; Ciriacy-Wantrup, 

2019; Kiser & Ostrom, 1982; North, 1990) fail to match the diversity of local settings and the 

complexity of the SESs with which they interact. When institutions are not well-matched to the 

properties of the SES, problems can arise in the institutions that are responsible for management 

and/or the SES that is being managed (Cumming et al., 2006; Folke et al., 2007; Galaz et al., 

2008; Lee, 1993; O. R. Young, 2002). If unaddressed, these mismatches can lead to the 

degradation of SESs either through a loss or disruption of function, inefficiencies in the system, 

and/or simplification through the loss of important components (Cumming et al., 2006). 

Misalignment between institutions and SESs, commonly referred to as institutional mismatches 

or problems of “fit”, are a major sustainability challenge and one of the foremost problems in 

natural resource management (Cumming et al., 2006; O. R. Young, 2002).    

Pacific salmon (Oncorhynchus spp.) are particularly prone to mismatches with the 

institutions tasked with managing them (Bottom et al., 2009; Ebbin, 2002; Malick et al., 2017; 

Moore et al., 2015). Hatching and rearing in freshwater streams, rivers, and lakes, maturing into 

adults in the ocean environment, and returning at the end of their life cycle to freshwater 
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spawning grounds, the complex life histories of Pacific salmon create difficult mismatches with 

the many jurisdictions that are tasked with managing and regulating salmon and other natural 

resources (Bottom et al., 2009). Accounting for the vast scales of connections that occur in 

diverse salmon ecosystems is a recurrent challenge for decision-makers who must consider the 

highly migratory nature of anadromous salmon in environmental management processes and 

policies. For example, despite broad support for ecosystem-based management (EBM) policies 

throughout North America (Busch et al., 2016; Wells et al., 2020), many EBM policies are not 

successful at including the full life cycles of Pacific salmon within the management approach, 

creating significant mismatches between the biology of these highly migratory species and the 

scale of EBM (Malick et al., 2017). Similar mismatches in salmon management have been 

described in the Pacific Northwest where the traditional “command-and-control” approach to 

fisheries management has commonly overlooked important attributes of salmon ecosystems such 

as cross-scale interactions, climatic regime shifts, ecosystem services, and response diversity 

(Bottom et al., 2009). The failure of conventional fisheries policies to account for the complex 

ecological interactions that occur in salmon ecosystems is believed to have contributed to the 

collapse of many Pacific salmon populations throughout the North Pacific (Bottom et al., 2009; 

Crowder et al., 2006; Menzies, 2016).  

As a complex ecological and cultural keystone species, Pacific salmon form the 

foundation of SESs across western North America (Cannon & Yang, 2006; Garibaldi & Turner, 

2004; Muckle, 2007; Trosper, 2002, 2003). Pacific salmon SESs are interconnected systems of 
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people, salmon, and the natural environment in specific geographies. In these systems, humans 

and salmon ecosystems constantly interact, creating dynamic feedback loops in which humans 

both influence, and are influenced by, salmon ecosystem processes (Gunderson & Holling, 2002; 

Holling, 2001). The salmon SESs of Canada’s North Pacific Coast have evolved over the course 

of millennia, developing in unique ways based upon the nature and diversity of interactions 

among the specific biological, social, economic and governance components of the system 

(Campbell & Butler, 2010; Trosper, 2003). Indigenous systems of governance and management 

of salmon have been shaped by the knowledge gained through millennia of experience 

harvesting and stewarding local salmon populations (Menzies & Butler, 2007; Turner & Berkes, 

2006). This deep cultural knowledge of salmon and sustainable management practices have been 

shared and passed down through generations through intergenerational teachings (Johnsen, 2009; 

Trosper, 2002; Turner et al., 2000). Archeological records suggest that pre-colonial Indigenous 

societies had achieved sustainability and resilience in their relationships to their ecosystems, 

including local salmon runs (Campbell & Butler, 2010; Johnsen, 2009; Trosper, 2009). While 

Indigenous societies had the means to deplete local salmon resources and to even cause their 

extinction (E. N. Anderson, 2016; Mathews & Turner, 2017), Indigenous governance systems 

have been designed to maintain healthy and productive salmon populations, thus strengthening 

social-ecological fit (E. N. Anderson, 2016; Atlas et al., 2020; Campbell & Butler, 2010; 

Mathews & Turner, 2017; Trosper, 2002).  
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Today, most salmon SESs operate in a highly dynamic, multisectoral, and multilevel 

governance landscape occupied by a diversity of actors and decision-makers. This includes the 

Canadian federal government which is responsible for the management of Pacific salmon with 

respect to both marine and freshwater fisheries and for the conservation, protection, and 

restoration of salmon habitat through the Fisheries Act, 2019 and the Oceans Act, 1996. The 

British Columbia provincial government is responsible for the management of provincial lands, 

which includes the foreshore, beds of rivers, streams, lakes, and nearshore coastal waters. As 

provincial decisions regarding land and water use and resource development activities, such as 

forestry, mining, dam construction, can impact on salmon and their habitats, the Province has 

enacted legislation (e.g. Forest and Range Practices Act, 2002; Water Sustainability Act, 2016) 

and regulations to ensure that salmon habitat is protected and maintained during provincially 

regulated activities. In Canada, Section 35 of the Constitution Act, 1982 formerly entrenches 

Aboriginal and treaty rights to land and water resources. Aboriginal rights include the right for 

Indigenous Peoples to pursue subsistence activities and to enjoy the cultural, social, political, and 

economic autonomy and continuity within their traditional territories. Both the federal and 

provincial governments are required to consult with Indigenous communities whose lands are 

subject to industrial development and where development activities may infringe upon 

constitutionally protected and internationally affirmed Aboriginal rights and title. The patterns of 

interactions that occur between the different actors within these multi-level institutional settings 

produce the complex relations that are commonly observed between governance institutions and 

social-ecological systems (O. R. Young et al., 2008). These complex interactions “increase the 
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potential not only for misfits between institutions and biophysical systems, but also for a lack of 

fit between biophysical systems and governance systems of which institutions are a part” (O. R. 

Young et al., 2008, p. 265). 

Over the past 300 years, the salmon SESs on Canada’s North Pacific Coast have 

undergone major transformation. The destructive forces of colonization have eroded Indigenous 

institutions, disrupting the balance that had been established in these salmon SESs over the 

course of millennia (Alfred, 2009; Atlas et al., 2020; Beveridge et al., 2020; King, 2004; Moody, 

2008; Newell, 1993; Reid et al., 2021; Trosper, 2002). Since the late 1800’s, the Canadian 

government has undermined the function and integrity of Indigenous institutions, enacting a 

number of policies designed to “divest itself of its legal and financial obligations to Aboriginal 

people [in order to] gain control over their land and resources” (Truth and Reconciliation 

Commission of Canada, 2015, p. 3). Many cultural practices, such as the potlatch, that were 

central to the governance of Indigenous societies were banned by the Canadian government 

(King, 2004; Manuel & Derrickson, 2015; Trosper, 2003; Truth and Reconciliation Commission 

of Canada, 2015). Over time, colonial policies of assimilation and control have slowly shifted 

natural resource governance away from local, place-based Indigenous institutions towards 

centralized institutions run by the nation-state (Adams et al., 2014; Atlas et al., 2020; Cumming 

et al., 2006). This transformation has decoupled local resource users from management decisions 

and led to the functional exclusion of Indigenous Peoples from environmental decision-making 
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in Canada (Atlas et al., 2020; Cumming et al., 2006; Eckert et al., 2020; Herse et al., 2020; 

Mccreary & Milligan, 2021).  

Understanding the alignment (or lack thereof) of institutions with the SESs within which 

they interact is of central importance to the resilience and long-term sustainability of 

fundamentally interlinked salmon SESs. Decision-makers in contemporary institutions often 

struggle to consider the social and ecological complexities of salmon SESs, resulting in 

environmental decisions that often align poorly with Indigenous and local knowledge, values, 

and priorities, leading to mismatches or problems of “fit” (Eckert et al., 2020; O’Faircheallaigh, 

2017). Given the challenges problems of fit pose for the sustainability and resilience of salmon 

SESs, finding solutions to them is both urgent and imperative. Empirical studies that provide 

insights into how mismatches emerge, their consequences, and solutions for alleviating them are 

essential for the long-term survival and resilience of Pacific salmon SESs.  

Research Purpose and Objectives 

While significant progress has been made conceptualizing mismatches between 

institutions and the ecosystems with which they interact (Cash et al., 2006; Epstein et al., 2015; 

Folke et al., 2007; Pelosi et al., 2010; Vatn & Vedeld, 2012; O. R. Young, 2002), very few 

studies have explicitly linked theories and insights on governance approaches to the features of 

the social-ecological system (SES) being managed. Furthermore, while mismatches have been 

identified as a potential factor undermining the resilience and sustainability of Pacific salmon 

SESs (Moore et al., 2015), mismatches have not been explicitly studied in these systems, 
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resulting in a poor understanding of the mechanisms through which the mismatches arise, how 

they affect Pacific salmon SESs, and what is required to overcome them. Detailed case studies 

are therefore necessary to identify and describe examples of institutional mismatches in salmon 

SESs in order to improve our conceptual understanding of the problem of fit in such 

fundamentally interlinked SESs (Kok & Veldkamp, 2011). My research set out to address this 

gap in understanding by asking: How do problems of fit arise between institutions and Pacific 

salmon SESs and how can institutions be adapted to better fit the social and ecological 

characteristics of salmon SESs? This overarching research question was guided by three research 

objectives: (1) describe and diagnose the sources of mismatches between institutions and salmon 

SESs, (2) identify solutions for alleviating mismatches in salmon SESs, and (3) describe and 

document the key characteristics and attributes of salmon and their freshwater habitats (Table 1). 

My research focused exclusively on freshwater salmon habitats and did not involve the 

characterization of marine or estuarine habitats. Freshwater salmon habitats were deemed to be 

the most relevant as they are the most at risk from human development activities and, it is the 

freshwater habitats that give rise to the salmon population and life-history diversity that 

underpins the resilience of salmon ecosystems. Future work could consider extending this 

approach to marine and estuarine habitats, but that was not within the scope of this dissertation.  
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Table 1  

Research Questions and Objectives 

Research 

Objective 

No. 

Research Objective Research Sub-Questions 

1 Describe and diagnose the 

causes of mismatches 

between institutions and 

salmon SESs in the Skeena 

River watershed.  

What kinds of mismatches are present in the Skeena 

salmon SES? 

How are these mismatches being generated? 

What are the consequences of these mismatches for 

Indigenous Peoples’ inherent rights, livelihoods, and 

approaches to resource management and stewardship? 

2 Identify solutions for 

alleviating mismatches in 

salmon SESs. 

How can mismatches in salmon SESs be overcome? 

How can Indigenous governance, management systems, 

and knowledge, help to overcome mismatches? 

3 Describe and document the 

key characteristics and 

attributes of salmon and their 

freshwater habitats. 

What is the current state of Pacific salmon and their 

habitats in north and central British Columbia? 

Dissertation Overview 

This dissertation by portfolio consists of three components: a journal article and two 

technical reports (Table 2). The components of the dissertation collectively seek to provide 

insights into how mismatches between institutions and Pacific salmon social-ecological systems 

(SESs) arise and how institutions can be better matched with the social and ecological 

characteristics of salmon SESs. The geographic focus of the dissertation is the north and central 
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coast of British Columbia an area that encompasses the Nass and Skeena River watersheds and 

the British Columbia Central Coast (Figure 1).  

Table 2  

Overview of Dissertation Components 

Component  

No. 

Research Objective(s) 

Addressed 

Dissertation Component Type 

1 1, 2 Peer-reviewed Journal Article 

2 3 Technical Report (Nass River watershed) 

3 3 Technical Report (Central Coast of British Columbia) 

In component 1 I employ a case study approach to examine the problem of “fit” between 

institutions and the Pacific salmon SES in the Skeena River watershed, Canada’s second largest 

salmon-bearing watershed. This case study set out to diagnose problems of fit in this SES, the 

consequences for the system, including impacts on Indigenous Peoples’ rights, livelihoods, and 

approaches to resource management and stewardship, and solutions for overcoming fit 

challenges. In components 2 and 3 I provide illustrations of how some of the proposed solutions 

to the problem of mismatch or lack of fit identified in Component 1 can be implemented in 

collaboration with local knowledge holders, including Indigenous Peoples’, federal agency staff, 

and independent salmon experts. These practical applications of solutions to fit demonstrate how 

collaborative efforts to characterize the complexity of salmon ecosystems can help to overcome 

mismatches by creating, as a foundation, an in-depth understanding of the structure, function, 

and important attributes of salmon ecosystems. While the two technical reports provide examples 

of practical applications of solutions to mismatch in two specific salmon SESs, the approach 
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described is relevant and scalable to any Pacific salmon ecosystem where mismatches between 

salmon SESs and institutions occur. Collectively, my dissertation provides a blueprint for 

examining problems of fit, documenting their consequences, and identifying practical strategies 

for improving alignment.   
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Figure 1  

North and Central British Columbia and the Geographic Scope of the Dissertation 
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Theoretical Framework and Literature Review  

Institutional Fit 

Numerous definitions of the term “institutional mismatch” have been proposed, with its 

meaning subject to different political, scientific, legal, or cultural lenses (Cash & Moser, 2000; 

Sayre, 2005). The plurality of definitions has challenged efforts to standardize approaches to 

studying mismatch and to develop theoretically rigorous and practically useful knowledge 

concerning the sustainability of SESs (Epstein et al., 2015). Nonetheless, the concept of 

institutional fit remains a useful heuristic for organizing one’s thinking about tightly coupled and 

highly complex social-ecological systems (SESs) and the relationships and interactions within 

them (Cash & Moser, 2000). The recent literature on the fit between institutions and SESs 

identifies three general types of institutional fit: ecological fit, social fit and social-ecological 

system fit (Epstein et al., 2015).  Each type of fit draws attention to different dimensions of 

SESs, with their own unique set of criteria for evaluating fit (Table 5).  

Ecological Fit 

Most research in institutional analysis has examined ecological fit – how well institutions 

match the core features of the ecological systems with which they interact (Folke et al., 2007; 

Galaz et al., 2008; O. R. Young, 2002). Studies of ecological fit tend to focus on three 

dimensions – spatial, temporal, and functional (Cumming et al., 2006; Epstein et al., 2015). 

Spatial fit refers to alignment between the geographical extent of ecological systems and the 
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institutions that govern them (Epstein et al., 2015; Folke et al., 1998; Galaz et al., 2008; O. R. 

Young et al., 2008). Spatial mismatches can arise for a variety of reasons. First, the management 

of environmental problems tends to be planned at diverse spatial scales (from a global scale to 

that of individual property) while actions are commonly implemented at local scales (Saunders & 

Briggs, 2002). Second, biophysical systems are affected by multiple ecological and 

anthropogenic processes that operate simultaneously at numerous spatial and temporal scales 

(Cumming et al., 2006; Levin, 1992; Wiens, 1989). Scale mismatches can therefore occur if 

management is applied only at one scale (Cattarino et al., 2014; Kearney et al., 2012). Thirdly, 

scale mismatches can arise when management actions are applied to distinct ecological resources 

in isolation and do not account for the highly interconnected nature of social-ecological systems.  

Spatial mismatches are common in the management of migratory species whose range 

often extends across multiple jurisdictions (Berkes, 2006; Bottom et al., 2009; Malick et al., 

2017; Sayles, 2015; O. R. Young et al., 2008). Often, ecological factors are overlooked when 

determining jurisdictional boundaries with boundaries set for political or historical reasons rather 

than the spatial delineation of the biophysical or human dimensions of the social-ecological 

system (O. R. Young et al., 2008). For many migratory species, governance boundaries are either 

too big, too small, or misaligned with natural resource extents creating mismatches between the 

spatial extent of management actions and the ecological system of interest (Cumming et al., 

2006; Lee, 1993).  
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Temporal fit relates to the rate at which ecosystems change and the ability of institutions 

to both consider and respond to these changes on ecologically appropriate time scales (Cash et 

al., 2006; Engle & Lemos, 2010; Epstein et al., 2015; Galaz et al., 2008). For instance, temporal 

mismatches can occur when governance arrangements are created at inopportune times or 

operate at different cycles (e.g., political elections) than relevant ecological processes. Functional 

fit refers to alignment between the functional linkages in ecological systems (e.g., predator-prey 

interactions, food webs, energy flows) and institutions (Cumming & Peterson, 2017; Epstein et 

al., 2015). Functional mismatches occur where governance arrangements lack the ability to 

operate in response to ecosystem dynamics (Folke et al., 1998; Lee, 1993). For example, a very 

narrow focus on a few ecological features compared with a broad focus on many ecosystem 

processes. These types are not mutually exclusive (Galaz et al., 2008) and often temporal and 

functional mismatches can play a role in the manifestation of spatial scale mismatches (Moss & 

Newig, 2010).  

Social Fit 

In contrast, social fit considers how well institutions align with the preferences, values, 

and needs of human actors (Table 2; Epstein et al., 2015; Meek, 2013; Olsson et al., 2007). 

Social fit is a much more recent and less well-developed concept, with fewer studies having 

examined the fit between institutions and social dynamics (Epstein et al., 2015). However, there 

is a growing recognition that social fit plays an important role in the emergence and maintenance 

of fit (DeCaro & Stokes, 2013; Meek, 2013). Most studies of social fit focus on three dimensions 
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– spatial, participation/psychological needs, and values/beliefs/worldviews (Epstein et al., 2015). 

Spatial fit refers to the alignment between institutions and the scales or levels of social 

organization (Armitage et al., 2008; DeCaro & Stokes, 2013; Folke et al., 2005). As an example, 

a network of Marine Protected Areas was successfully established in the Coral Triangle, in part, 

because of the establishment of cross-scale institutions that fostered understanding and 

coordinated action at multiple scales and levels (Weeks et al., 2014). By developing cross-level 

institutions that leveraged the knowledge and capacities of groups across scales (e.g. local, 

regional, national), the Marine Protected Areas network was able to mitigate the kinds of spatial 

mismatches that are common in the management of natural resources (Cumming et al., 2006; 

Mills et al., 2010).  

Participatory fit relates to alignment between institutions and the expectations and 

psychological needs of individuals affected by them (DeCaro & Stokes, 2013; Madrigal-

Ballestero et al., 2013; Viteri & Chávez, 2007). This dimension of social fit is based on the 

premise that institutions that allow for meaningful stakeholder participation satisfy innate needs 

for self-determination, procedural justice, and sense of agency. When individuals see 

environmental decision-making as participatory and inclusive, they are more likely to perceive 

an institution as fair and endorse a system of governance. This in turn provides intrinsic 

motivation to cooperate with the rules and leads to higher “institutional acceptance” – how much 

individuals endorse a system of governance (DeCaro & Stokes, 2013).  
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The final dimension of social fit considers the alignment between institutions and the 

values, interests, beliefs, and worldviews of the societies with which they interact (Clifton & 

Majors, 2012; Cole et al., 2014; Ebbin, 2002; Meek, 2013). This includes the alignment between 

institutions and the social norms and customs of societies and locally established patterns of 

resource use (Meek, 2013; Olsson et al., 2007). For example, in Alaska, a nested multi-level 

governance approach that provided high levels of power-sharing with local Indigenous 

communities was credited with increasing local buy-in to international and national wildlife 

policy regarding the harvest of marine mammals such as whales and polar bears. By aligning 

wildlife policies for the management of marine mammals with local social norms, the 

expectations of local communities regarding their participation in the assessment of marine 

animals, and developing an understanding of the social dynamics of the local community, the 

implementation and adoption of wildlife policies were more successful (Meek, 2013).   

Social-Ecological Fit 

Studies of social-ecological fit are even less commonplace, and they are rarely 

distinguished from evaluations of social and ecological fit (Epstein et al., 2015). Social-

ecological fit is also the least well-defined and often involves identifying the contextual 

attributes of SESs that contribute to, or detract from, the sustainability of fundamentally 

interlinked SESs. For instance, fisheries co-management has been identified as a leading solution 

for supporting the sustainable management of fisheries (Agrawal, 2001; Elinor Ostrom, 1990). 

Efforts to identify the conditions for the success of co-management arrangements have identified 
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a number of complex factors with strong local leadership being identified as the leading 

determinant of success (Gutiérrez et al., 2011). However, identifying the full suite of contextual 

factors that influence outcomes in SESs remains a major challenge for researchers. Quantitative 

approaches are often limited by small sample sizes that preclude the useful application of 

conventional statistical approaches to support data analyses (Epstein et al., 2014). Qualitative 

methods, on the other hand, require unreasonable demands in terms of the knowledge and 

expertise of the researchers to be able to sufficiently identify the contextual factors that 

contribute to, or detract from, sustainable governance (Poteete et al., 2010).  Yet, despite these 

limitations, the study of social-ecological fit remains an important research question in the field 

of sustainability science and holds considerable promise for advancing theories of institutional fit 

(Clark & Dickson, 2003) 
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Table 3  

Types of Institutional Misfits 

Type of 

Misfit 

Dimensions 

of Fit 

Definition 

Ecological 

Misfit 

Spatial Misalignment between the geographical extent of ecological systems and 

the institutions that govern them 

Temporal Misalignment between the temporal scales under which ecosystem 

processes operate and the ability of institutions to govern on ecologically 

appropriate time scales 

Functional Misalignment between the functional linkages of ecological systems and 

governance systems 

Social Misfit Spatial Misalignment between the scale of institutions and locally evolved 

Indigenous institutions 

Participation 

/ 

Psychological 

Needs 

Misalignment between institutions and the expectations, rights, and 

psychological needs of affected groups. 

Values / 

Interests / 

Beliefs 

Misalignment between institutions and the interests, beliefs, values, and 

social customs of affected groups. 

Social-

Ecological 

Misfit 

Contextual 

attributes 

Misalignment between institutions and the key characteristics of the SES. 

Note. Table adapted from Epstein et al. (2015) 

Indigenous Governance and Stewardship 

Until nearly the end of the nineteenth century, Indigenous Peoples in Canada were 

sovereign nations regulating their resource-based cultures and economies with little or no 

interference from settlers or their governments (King, 2004; Trosper, 2002). By the time the first 

European explorers arrived on the West Coast of North America in 1778, Indigenous societies 

had well-established institutions that governed their relationship with their ancestral lands and 
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resources (King, 2004; Liu et al., 2007; Menzies & Butler, 2007; Trosper, 2003; Turner et al., 

2000; Turner & Turner, 2007). However, as increasing numbers of European, English, and 

Russian explorers settled along the coast of western North America, the traditional political and 

economic systems of Indigenous Peoples became increasingly destabilized (Alfred, 2009; Lutz, 

2011; Mccreary & Milligan, 2021; Newell, 1993). Colonial acts of dispossession and 

assimilation stripped Indigenous Peoples of land and largely severed access to salmon fisheries 

(Harris, 2001), among other key resources (Turner, 2020). Colonization not only dispossessed 

Indigenous People of their lands, but also of the political, cultural, and socio-economic 

responsibility to govern according to their traditional laws (Truth and Reconciliation 

Commission of Canada, 2015). Through the nineteenth century, colonial policy grew more 

intrusive, shifting from diplomacy to control and from containment to assimilation. Over time, 

long-standing systems of Indigenous natural resource management were replaced with a new 

political economic order – one that was based on top-down, centralized systems of resource 

management and motivated by capitalistic values of growth and resource extraction and 

commodification (Curran et al., 2020; Rosser, 2006). These values often conflict with Indigenous 

values and worldviews which tend to emphasize the conscious protection and sustainable use of 

the non-human world (Artelle et al., 2018; Ban et al., 2019; Claxton & Price, 2019; Trosper, 

2002, 2003; Turner et al., 2000). 

In most Indigenous societies, the management and harvest of salmon is place-based, with 

management decisions governed locally (Berkes, 2012; Turner et al., 2000). For the Nisga’a, 
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Ts’msyen, and Gitxsan of British Columbia’s northwestern region, for example, governance is 

organized through a series of Wilps or houses headed by individual titleholders or chiefs (King, 

2004; Trosper, 2003). Each individual Wilp exercises jurisdiction over a unique territory and 

their Wilp members on issues such as access and succession (Gitanyow Hereditary Chiefs 

Office, 2021; Turner et al., 2000). Titleholders are responsible for preserving the function and 

integrity of all lands and resources belonging to the Wilp, including Pacific salmon, and for 

ensuring the continued prosperity of their community by properly managing the resources under 

their control (Trosper, 2002). Management strategies are informed by the experiences of 

community members who fish the same sites year after year and have intimate knowledge of 

local salmon populations including long-term trends in survival and returns (Atlas et al., 2020; 

King, 2004; Trosper, 2003). Traditional ecological knowledge accrued from generations of 

engagement with salmon has allowed Indigenous Peoples to devise management strategies and 

rules that protect and enhance salmon habitat and sensitive life stages, maintain the health and 

reproductive success of the salmon and the well-being of other species that depend on them, and 

minimize the risks of overharvest and population collapse (Atlas et al., 2020; Berkes, 2012; 

Turner et al., 2000). These rules have informed the development of Indigenous laws which in 

turn have shaped the structure and organization of Indigenous systems of governance and 

management (Atlas et al., 2020). 

Worldwide, there has been a slow and steady shift in the style of governance toward the 

nation-state, with increased levels of bureaucracy, changes in the distribution of power among 
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individuals, and increasing creation of boundaries (Cumming et al., 2006). In Canada, most 

decisions related to the use of natural resources, including salmon, flow downstream from 

centralized government authorities to local communities. These centralized systems of resource 

management have reduced the agency of local communities, particularly Indigenous 

communities, and decoupled local resource users from management decision (Atlas et al., 2020). 

This shift towards centralized systems of governance has created mismatches between resource 

management institutions and salmon ecosystems. As societies have shifted towards centralized 

governments, natural resource rights have been increasingly sequestered in the hands of 

centralized provincial and federal governments (Cumming et al., 2006). Planners and decision-

makers of these centralized institutions frequently lack the necessary multiscale outlook required 

to understand the local social-ecological context. Consequently, finer-scale environmental 

heterogeneity may be overlooked or ignored, and policies emanating from centralized 

bureaucracies will often adopt a “one-size-fits-all” outlook that meshes poorly with a diverse 

social and ecological reality (Cumming et al., 2006). This profound transformation in resource 

management governance brought on by colonization has led to serious mismatches between 

colonially-based institutions and the salmon ecosystems they are meant to govern, in turn 

impacting the SESs (Atlas et al., 2020; Bottom et al., 2009).  

Research Design, Methodology, and Methods 

Traditionally, salmon have been studied through narrow disciplinary lenses (e.g., 

fisheries science, ecology, evolution, limnology, or oceanography) that compartmentalize data 
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collection and analysis (Bottom et al., 2009). However, the concept of “fit” naturally transcends 

disciplinary boundaries and efforts to resolve mismatches in salmon social-ecological systems 

(SESs) require an interdisciplinary approach (Cumming et al., 2006). My research therefore 

adopts an interdisciplinary perspective, integrating concepts and methods from diverse fields in 

both the natural and social sciences, including ecology, conservation planning, natural resource 

management, and policy studies.  

To address my primary research question – How do problems of fit arise between 

institutions and Pacific salmon SESs and how can institutions be adapted to better fit the social 

and ecological characteristics of salmon SESs?  – I employed a mix of quantitative and 

qualitative methods. To diagnose the causes and consequences of problems of fit in salmon SESs 

(research objectives 1 and 2; Table 1), I used a qualitative case study approach. To address 

research objective 3, I used a combination of qualitative and quantitative methods to characterize 

the biocomplexity of salmon ecosystems in north and central British Columbia.   

Component 1 

Case Study Method 

A qualitative case study approach (Stake, 2005; Yin, 2009) was used to examine 

problems of fit between Pacific salmon SESs and institutions. Case study methodology is a 

useful approach for descriptive research studies that aim to study complex phenomena within 

their contexts and for helping researchers understand “how” and “why” a particular phenomenon 

occurs (Baxter & Jack, 2008; Creswell, 2003; Yin, 2009). This case study focused on the setting 
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of the Skeena River watershed in northern British Columbia, Canada (Figure 1). The Skeena 

River watershed is illustrative of social-ecological complexity found in other major salmon-

bearing regions across western North America and thus is a relevant case study for investigating 

mismatch in salmon SESs.  

At 55,000 km2, the Skeena River watershed is remarkably rich in salmon biodiversity 

(Gottesfeld & Rabnett, 2008). Five species of Pacific salmon including pink (O. gorbuscha), 

coho (O. kisutch), chinook (O. tshawytscha), sockeye (O. nerka), and chum (O. keta) comprised 

of more than 900 individual salmon populations spawn and rear in the watershed (Figure 2). 

These individual salmon populations display diverse life-history characteristics and local 

adaptations in response to the variation in spawning and rearing habitats (Gottesfeld & Rabnett, 

2008). This life-history diversity has led to geographic reproductive isolation and the evolution 

of discrete populations of salmon adapted to their local watershed conditions. This biological 

complexity allows for variation in the ability of individual salmon populations to adapt and 

withstand to changes in human and environmental pressures. This differential response to 

environmental change, termed “response diversity” (Elmqvist et al., 2003), confers resilience to 

the Skeena salmon ecosystem as a whole because not all individuals respond similarly to 

environmental changes or occupy the same habitats over time (Bottom et al., 2009; Healey, 

2009; Schindler et al., 2003). Different timing and sites of juvenile rearing, for example, 

maintain options for at least some individuals to survive unfavourable environmental conditions 

or to recolonize areas previously affected by disturbance (Bottom et al., 2009; Hilborn et al., 
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2003). High levels of salmon biodiversity, such as those observed in the Skeena River watershed, 

tend to increase the overall stability of salmon in a region and make the system overall less 

vulnerable to temporal fluctuations in environmental conditions (S. C. Anderson et al., 2015; 

Doak et al., 1998; Elmqvist et al., 2003; Moore et al., 2010).  

Within the Skeena River watershed, salmon are a keystone species serving as a direct 

food source for more than 40 species of vertebrates including other salmon, trout, birds and 

mammals, salmon (Galbreath et al., 2014; Gende et al., 2002; Willson & Halupka, 1995). 

Salmon are also important drivers of nutrient and energy flows (Bilby et al., 1996; Cederholm et 

al., 1999; Reimchen, 2000) increasing production at all levels of the food chain, from bacteria 

and algae communities to top predators, such as bears (Hilderbrand et al., 1999; Hocking & 

Reynolds, 2011; Reimchen, 2000; Walsh et al., 2020).  
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Figure 2  

Salmon Spawning Locations in the Skeena River Watershed 
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In addition to the important role that Pacific salmon play in maintaining ecosystem 

structure and function, salmon also provide important provisioning, cultural, and supporting 

services to the local communities of the Skeena River watershed. Salmon are a cultural keystone 

species, shaping the traditions, cultural and spiritual practices, and governance systems of local 

Indigenous Peoples (Alfred, 2009; Cuerrier et al., 2015; Garibaldi & Turner, 2004; Newell, 

1993; Noble et al., 2016; Vining & Cristancho, 2004). Indigenous fisheries have existed within 

the Skeena River watershed for at least 5,000 years (Campbell & Butler, 2010; Harris, 2001; 

Lepofsky & Caldwell, 2013), with salmon remaining central to present-day Indigenous food 

systems and local food security (Garibaldi & Turner, 2004; Nesbitt & Moore, 2016; Trosper, 

2003). Pacific salmon originating from the Skeena River watershed are also harvested in a 

variety of commercial and recreational fisheries that occur throughout the year along the Pacific 

coast.  

Nine Indigenous Nations have traditional territories that fall partially or fully within the 

Skeena River watershed (Figure 3). In addition, numerous more recent settler communities have 

emerged across the region, including Prince Rupert, Terrace, and Smithers. Both Indigenous and 

non-Indigenous communities are subject to national-level environmental and resource 

management legislation that governs their interactions with salmon and other resources. In 

Canada, federal Environmental Assessment (EA) legislation drives many decisions related to the 

use of natural resources (Cashmore et al., 2004; Clarke Murray et al., 2018). Defined broadly, 

EAs are processes used by decision-makers to assess and predict the ecological, social, health, 
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and economic impacts of proposed development and industrial activities. Environmental 

Assessments are intended to provide decision-makers with information to facilitate better 

decisions about critical trade-offs associated with a proposed human activity thereby helping to 

support decisions that foster sustainability, avoid adverse effects, and respect the rights of 

Indigenous Peoples. While EAs can help to support decision-making, EA processes and 

outcomes are increasingly criticized for their inability to appropriately consider the complexity 

of the natural ecosystems and the diverse cultures and communities that are affected by industrial 

development (Eckert et al., 2020; Gibson, 2012; Moore et al., 2015; O’Faircheallaigh, 2017; 

Taggart, 2021). 
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Figure 3  

Traditional Territories of Indigenous Nations in the Skeena River Watershed 

                          

Note. All boundaries are approximate and are not considered official or endorsed by the Nations. 
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Data Collection 

Data for the case study were collected through document review, participant observation, 

and personal experience gained through years in the field in the case study area. I collected and 

reviewed documents directly related to matters of environmental governance, institutional 

mismatches, salmon management, and EAs in the Skeena River watershed. These documents 

were identified through a variety of sources including online databases (Google Scholar, 

EBSCOhost, etc.), Indigenous organization websites, online media, and government agency 

websites such as the Canadian Environmental Assessment Agency. Documents were also 

provided directly by research partners such as the Gitanyow First Nation. These documents 

included academic articles, legal agreements, books, open letters, court documents, workshop 

proceedings, federal legislation, and reports. Several documents were submissions (e.g., reports, 

testimony, presentations) to an independent expert panel commissioned by the Government of 

Canada to review federal environmental assessment processes under the former Canadian 

Environmental Assessment Act, 2012 (Canadian Environmental Assessment Agency, 2017). The 

expert panel conducted their review over a 7-month period between 2016 – 2017. In total, 37 

submissions to the Expert Panel were identified and reviewed that were relevant to the Skeena 

River watershed. 

I also reviewed documents related to a federal court filing by one Skeena First Nation, the 

Gitanyow First Nation, against the Government of Canada, the Canadian Environmental 

Assessment Agency, and Pacific NorthWest LNG – the proponent of a major LNG terminal 
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proposed for the Skeena River estuary. The judicial review was focused on the Canadian 

Environmental Assessment Agency’s EA report for this project and the subsequent decision by 

the federal government to approve the project. The Gitanyow asserted that the Government of 

Canada failed to uphold its fiduciary duty to consult and appropriately consider the social and 

environmental risks posed to their constitutionally protected access rights to food, social and 

ceremonial salmon fisheries – fisheries they argued would be negatively affected by the project. 

All compiled documents were reviewed to provide a deeper understanding of the processes that 

are contributing to institutional mismatches in the Skeena River watershed and how they 

differentially affect various components of the SES.  

In addition, I participated in relevant meetings, workshops, discussions, consultation 

sessions, and federal court hearings related to Canadian federal EAs and the salmon SES in the 

Skeena River watershed over the past six years. This included attending public and Indigenous 

consultation sessions on Canada’s EA process led by the Expert Panel in Prince Rupert, British 

Columbia in December 2016. Additionally, in 2017 I attended the federal court proceedings 

pertaining to the judicial review of the Government of Canada’s approval of the Pacific 

NorthWest LNG’s project brought forward by the Gitwilgoots Tribe – one of the nine tribes of 

the Tsimshian First Nations based in the lower Skeena River. The Gitwilgoots Tribe alleged that 

the Canadian government failed to adequately consult with the hereditary leaders of the Tribe 

regarding the construction of a marine LNG terminal in the Skeena River estuary.   
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Data Analysis 

Following the framework for analyzing institutional fit outlined by Epstein (2015), I 

identified mismatches that arose from two types of fit – social and ecological. For ecological fit, 

I examined three commonly considered dimensions – spatial, temporal, and functional – and for 

social fit, the following three dimensions – spatial, participation/psychological needs, and 

values/beliefs/worldviews (Table 3). These socially constructed concepts of institutional 

mismatch were then used to evaluate the extent to which institutions, in the form of Canadian 

federal EAs, adequately match or align with the salmon SES’s features and dynamics.  

I complemented the document review with my professional experiences, especially in the 

interpretation and analysis of problems of fit. My experiences include observing several 

Canadian federal EA processes in the Skeena River watershed, working as a practitioner for a 

non-governmental organization (NGO) in the region for the past 14 years (2009 – 2022), and as a 

scholar. In my current role as a Director of an NGO, I have worked extensively with Indigenous 

Peoples in the Skeena River, Nass River, and Central Coast watersheds. Through many informal 

interviews, discussions, and observations conducted over this period, I gained an in-depth 

understanding of various aspects of the salmon SES which formed the basis for this research. 

Although necessarily qualitative and, to a degree, nonreplicable, I believe that these methods 

offered the best means to gain insights into complex and contentious issues within salmon SESs 

such as those found on the north and central coast of British Columbia. During this time, I 

witnessed firsthand the effects of institutional mismatch in the Skeena salmon SES and the 
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systemic challenges, inequities, and power imbalances that exist in contemporary environmental 

decision-making regimes.  

While I have tried to suspend biases based on my experience as a white settler, I 

recognize that my privilege infiltrates this study in ways that I cannot understand or recognize. I 

also recognize that my own political and ideological assumptions drive my research approach 

and what I may see as potential solutions to the current social challenge. For example, my 

positivist training in fisheries science tends to influence my desire to explore governance 

arrangements that have strong ties to science-based decision-making. Lastly, as an outsider to 

these communities and as a non-indigenous person working with, and within, Indigenous 

communities, I recognize the power that is embedded in my own sources of privilege and how 

this can in turn affect the research process and outcomes. While my goal was to learn from and 

not about Indigenous Peoples (Simpson, 2001), critical self-reflection on my own position of 

power and privilege was required throughout the research process. Throughout this research, I 

have therefore tried to reflect critically on my positionality as a non-Indigenous scholar, 

practitioner, and author. However, I recognize that my analysis and interpretation of results is 

shaped by the assumptions and experiences I bring to this research as a Euro-Canadian scholar. 

While I have endeavoured to understand the ongoing impacts of colonization on Indigenous 

Peoples that are part of the Skeena salmon SES, there are aspects that I will never comprehend.   
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Components 2 and 3  

Understanding the key characteristics and attributes of salmon ecosystems is central to 

improving alignment between ecological systems and the institutions that govern them. While 

assessments of salmon status have previously been undertaken (Connors et al., 2013; Porter et 

al., 2013, 2014), there was no common foundation of information on salmon and their habitats in 

other areas of British Columbia’s north and central coast.  Working in two major salmon-bearing 

regions in British Columbia – the Nass River watershed and the Central Coast – I developed a 

collaborative approach for documenting and describing the complexity of salmon ecosystems, 

information that is fundamental to considering the ecological properties of salmon ecosystems in 

environmental decision-making processes such as Canadian federal EAs. While I conceptualized 

the approach and led its implementation, the data collection and analysis were undertaken 

through a highly collaborative process with my colleagues at the Pacific Salmon Foundation (for 

a complete overview of their contributions see the Acknowledgements) as well as several 

Indigenous and non-Indigenous collaborators from the Nass and Central Coast of British 

Columbia. On the Central Coast, the work was guided by two Technical Advisory Committees 

that were established to guide the overall delivery of this work including the synthesis of data 

and the documentation of local expert knowledge. The participation of the Technical Advisory 

Committees was central to the success of this endeavour by providing a mechanism for local 

salmon experts to direct and inform a broader understanding of the state of salmon and their 

freshwater habitats on the Central Coast. Similarly, in the Nass River watershed, the Nisga’a 
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First Nation as well as the technical consultants that support their salmon assessment were 

instrumental in the provision of data and the vetting and validation of the results.  

Data Collection 

Data were compiled for a 60-year period (1954 – 2014) for all 136 Pacific salmon 

Conservation Units (Conservation Units) that spawn and rear in the Nass River watershed and 

the watersheds of the British Columbia Central Coast. Under Canada’s Wild Salmon Policy, 

these Conservation Units (Conservation Units) have been developed to define the geographic and 

genetic diversity of salmon populations on Canada’s Pacific Coast and identify the minimum 

level of biodiversity that must be maintained to protect the resilience of Pacific salmon (Fisheries 

and Oceans Canada, 2005). A Conservation Unit is defined as “a group of wild salmon 

sufficiently isolated from other groups that, if extirpated is very unlikely to recolonize naturally 

within an acceptable time frame, such as a human lifetime or a specified number of salmon 

generations” (Fisheries and Oceans Canada, 2005). Data on Conservation Units were compiled 

from several sources including Fisheries and Oceans Canada’s New Salmon Escapement 

Database, the Fisheries Operating System database, the North and Central Coast database 

(English et al., 2016), the Nisga’a-Canada-British Columbia Joint Technical Committee, Nisga’a 

Fisheries and Wildlife, Nisga’a Lisims Government, the Gitanyow First Nation, and the 

Kitasoo/Xais’xais Nation.  

Data on the location and distribution of salmon spawning habitats were derived from four 

sources including (1) the Fisheries Information Summary System database maintained by the 



Mismatches in Salmon Social-Ecological Systems 

 

 

46 

Province of British Columbia, (2) survey streams in the North and Central Coast database 

(English et al., 2016), (3) historical reports documenting the distribution of salmon spawning 

habitats, and (4) expert-elicited knowledge of salmon spawning locations. Expert-elicited 

information was obtained primarily through the two Technical Advisory Committees that were 

established to help ground our analyses in local knowledge and expertise. Due to the large 

geographic area of the Central Coast, these two Technical Advisory Committees were 

established, one for the northern area part of the Central Coast and another for the southern area. 

The Northern Technical Advisory Committee included fisheries staff from Gitxaala and Haisla 

First Nations, a long-term Charter Patrol Officer for the region, and stock assessment and 

resource management staff from Fisheries and Oceans Canada. The Southern Technical 

Advisory Committee included staff from the Central Coast Indigenous Resource Alliance, as 

well as fisheries managers, marine planners, stewardship coordinators, and other technical staff 

from the Nuxalk, Kitasoo/Xai’xais, Heiltsuk, and Wuikinuxv First Nations. Together, these two 

Technical Advisory Committees played a critical in reviewing existing spawning location data 

and sharing their local expert knowledge of salmon spawning locations. 

Data Analysis 

Six different metrics were used to characterize the dynamics and status of salmon (Table 

4). Collectively, these metrics provide a detailed snapshot of the best available data on salmon 

Conservation Units and temporal trends in salmon status over time. Two of the most important 

metrics are estimates of trends in salmon spawner abundance and biological status. Trends in 
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spawner abundance provides an estimate of the trend in abundance for an individual 

Conservation Unit over the full time series of spawner abundance information. Trends in 

spawner abundance highlight long-term shifts in abundance that may otherwise be obscured by 

the high interannual variability in abundance common in most salmon populations. The 

Committee on the Status of Endangered Wildlife in Canada (COSEWIC) uses trends in 

abundance over the last three generations (or 10 years, whichever is longer) as an indicator of the 

risk of extinction. However, consideration of trends in abundance over longer time periods than 

what is typically considered by COSEWIC has been shown to be more likely to detect true and 

ongoing declines in abundance (D’Eon-Eggertson et al., 2015; Porszt et al., 2012). 

To characterize the current biological status of individual salmon Conservation Units, 

estimates of spawner abundance were compared to standardized points of reference, called 

biological benchmarks. Biological benchmarks delineate zones of biological status (i.e., 

good/green, fair/amber, or poor/red) based on population dynamics and conservation 

considerations. These empirically derived benchmarks are consistent with methodologies 

developed under Canada’s Wild Salmon Policy for assessing biological status (Grant et al., 2020; 

Holt et al., 2009). We applied two different types of biological benchmarks: (1) stock-

recruitment; and (2) historic spawners. For the stock-recruitment approach, the upper benchmark 

corresponds to the spawner abundance predicted to achieve Maximum Sustainable Yield over the 

long-term (SMSY), and the lower benchmark corresponds to the spawner abundance predicted to 

return the population to Maximum Sustainable Yield in one generation under equilibrium 
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conditions in the absence of fishing (SGEN1). For historic spawners benchmarks, we used the 25th 

and 75th percentile of historic spawner abundance as the lower and upper benchmarks, 

respectively (Holt et al., 2016). The status of each Conservation Unit was then assessed by 

comparing the geometric average of spawner abundance to the upper and lower benchmarks. A 

Conservation Unit was assigned a “red” status if the geometric average spawner abundance was 

at or below the lower benchmark, an “amber” status if average spawner abundance was between 

the upper and lower benchmarks, and a “green” status if spawner abundance was above the upper 

benchmark. For further details and a more complete description of the analytical methods for 

quantifying biological status and the other metrics used to characterize salmon populations, 

please refer to the Methods section in Components 2 and 3. 

Table 4  

Metrics Used to Characterize Status and Dynamics of Salmon Populations 

Metric Definition Relevance 

Spawner 

surveys  

Counts or observations of the number of 

salmon spawning in a specific stream 

each year.  

Spawner surveys are a fundamental source of 

information for assessing and tracking the 

spatial and temporal coverage of spawner 

counts by stream for each Conservation Unit. 

Estimated 

spawner 

abundance  

 

The estimated total number of spawners 

that return to spawn each year for a given 

Conservation Unit.  

Estimated spawner abundance is based on 

run reconstructions that try to account for 

missing data and imperfect observations of 

spawner abundance in order to generate a 

continuous estimate of salmon returns. 

Smolt 

abundance 

 

An estimate of the number of out-

migrating smolts that are counted in a 

given system each year.  

Estimates of the abundance of juvenile 

salmon provide important insight into life-

stage-specific influences on survival. 
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Metric Definition Relevance 

Catch & 

Run Size 

Catch is an estimate of adult salmon 

caught in commercial, recreational, and 

Indigenous fisheries. Run size is an 

estimate of the total number of adult 

salmon returning each year, including 

those that reach the spawning grounds. 

The large and variable exploitation rates that 

a Conservation Unit encounters in various 

fisheries has a significant influence on the 

number of fish that return to the spawning 

streams. 

Recruits-

per-

spawner 

An estimate of the number of adult 

salmon produced per spawner in the 

parental generation. 

Recruits-per-spawner provides important 

information on the survival of salmon from 

one generation to another, which can help to 

inform questions about drivers of variation in 

survival within and among Conservation 

Units.  

Trends in 

spawner 

abundance 

An estimate of the trend in abundance for 

an individual Conservation Unit for the 

full time-series of information. 

These trends highlight long-term shifts in 

abundance that may otherwise be obscured 

by the high variability in abundance common 

in most salmon populations.  

As stock-recruitment benchmarks consider both the productivity and carrying capacity of 

each Conservation Unit, they provide a biologically based measure for assessing biological 

status. While the stock-recruitment approach has the advantage of being more biologically 

meaningful than the historic spawners approach, this approach is also more data-intensive, 

requiring estimates of age structure, exploitation rates, and Conservation Unit-level spawner 

abundance. The historic spawners approach requires less data (only information on indices of 

spawner abundance), so is more suited to data-limited situations, but is less representative of 

population dynamics. Neither metric is intended to provide a definitive assessment of biological 

status. Rather, the estimates are intended to provide a general snapshot of salmon status based on 

the best available information and, when considered with other metrics, can provide an overall 

indication of the dynamics and characteristics of salmon Conservation Units. 
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For the Central Coast (Component 3), in addition to assessing status and trends of salmon 

Conservation Units, the state of freshwater habitats was also examined. To evaluate the status of 

freshwater salmon habitats, 12 habitat pressure indicators known to directly or indirectly affect 

freshwater salmon habitats were quantified (Table 5). Habitat indicators are characteristics of the 

environment that, when measured, describe habitat condition, magnitude of stress, degree of 

exposure to a stressor, or ecological response to exposure (Stalberg et al., 2009). Under the Wild 

Salmon Policy, indicators are intended to provide information on the current and potential state 

of freshwater habitats. Habitat indicators are natural processes or human activities that can 

directly or indirectly induce qualitative or quantitative changes in environmental conditions. Data 

for quantifying each of the 12 indicators were based on remotely sensed information obtained 

from DataBC, a publicly available database maintained by the Province of British Columbia. 

Similar to the biological status assessments, benchmarks for each habitat pressure indicator were 

estimated. Habitat benchmarks are defined as standard or quantified metrics against which 

habitat risk or condition can be measured and compared over time and space to determine the 

risk of adverse effects (Stalberg et al., 2009). Applying these benchmarks, the risk of habitat 

degradation was categorized as low, moderate, or high (green, amber, red zones, respectively) for 

each freshwater Conservation Unit spawning habitat in the Central Coast region. 
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Table 5  

Indicators Used to Assess Status of Salmon Habitats 

Indicator Definition Relevance 

Forest 

disturbance 

The percentage of total 

watershed area that has been 

clear cut, selectively logged, 

or recently burned in the last 

60 years.  

Disturbances to the forest canopy due to logging or 

burning can change the hydrology of a watershed by 

altering interception, transpiration, and snowmelt 

processes. Changes over time can affect salmon habitat 

through altered peak stream flows, low flows, and 

annual water yields. 

Equivalent 

Clear-cut 

Area  

The percentage of total 

watershed area that is 

considered functionally and 

hydrologically equivalent to 

a clear-cut forest.  

Equivalent clear-cut area reflects pressure on salmon 

habitats principally from potential increase to peak 

flow. 

Road 

development 

The average density of all 

roads.  

Extensive road development can interfere with natural 

patterns of overland flow through a watershed, 

interrupt subsurface flow, and increase peak flows. 

Roads are a significant cause of increased erosion and 

fine sediment generation, impacting downstream 

spawning and rearing habitats. 

Stream 

crossing 

density 

The number of stream 

crossings per kilometer of 

defined fish habitat.  

Obstructions at stream crossings can hinder migration 

of fish or block access to useable habitats. Stream 

crossings can also influence the efficiency of water 

delivery to the stream network, such that high densities 

of stream crossings can increase peak flows and also 

become a chronic source of fine sediments. 

Insect and 

disease 

defoliation 

The percentage of pine forest 

stands in each watershed that 

have been killed by recent 

insect invasion or disease.  

Forest defoliation from insects or disease can impact 

salmon habitats through changes to peak flows and 

groundwater supplies from altered precipitation 

interception and reduced transpiration. 

Riparian 

disturbance 

The percentage of the 

riparian zone in each 

watershed that has been 

altered by land use activities.  

Disturbance to the riparian zone can affect salmon 

habitat by increasing stream temperatures through 

altered stream shading, destabilizing stream banks, and 

increasing organic matter inputs. 
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Indicator Definition Relevance 

Licensed 

water use 

permits 

The total number of 

provincially permitted water 

licenses for withdrawal of 

water from streams for a 

variety of non-consumptive 

uses.  

Heavy allocation of both surface and hydraulically 

connected groundwater for human purposes can affect 

salmon habitat at critical times of the year by reducing 

instream flows thereby limiting fish access to or use of 

habitats. 

Permitted 

wastewater 

discharges 

The total number of 

permitted wastewater 

management discharge sites.  

High levels of wastewater discharge from municipal 

and industrial sources have the potential to impact 

water quality. Some waste products can directly injure 

or kill aquatic life while excessive nutrient levels can 

result in depletion if dissolved oxygen in streams and 

lakes, starving salmon and other aquatic life.  

Total land 

cover 

alteration 

The percentage of total 

watershed area that has been 

altered from the natural 

landscape by human 

activities.  

Total land cover alteration is a synthesis of the 

indicators for forest disturbance, urban land use, 

agricultural/rural land use, mining development, and 

other smaller types of development. Total land cover 

alteration reflects a suite of potential changes to 

hydrological processes and sedimentation, with 

potential impacts on salmon habitats. 

Linear 

development 

The density of all linear 

development (e.g., roads, 

pipelines, power lines, etc.)  

Linear development is a general indicator of potential 

human impacts on fish habitats. 

Mining 

development 

The total number of mines 

(total of coal, mineral, and 

aggregate mines, as well as 

placer tenures).  

The general footprint of a mine and mining processes 

can change geomorphology and the hydrological 

processes of nearby water bodies. Mining can also 

contribute to the deposition of fine sediments which 

can affect salmon survival and prey densities. 

Impervious 

surfaces  

The total watershed area 

represented by hard 

impervious surfaces (e.g., 

sidewalk, paved roads, 

buildings, etc.).  

Extensive impervious surfaces from urban and rural 

development can impact rainwater infiltration and 

groundwater recharge, and lead to stream habitat 

degradation through changes in geomorphology and 

hydrology. Impervious surfaces are also associated 

with increased loading of nutrients and contaminants in 

developed areas. 
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Dissertation Portfolio Components 

The following three components comprise my dissertation by portfolio.  

1. Component 1: Mismatches in Salmon Social-ecological Systems: Challenges and 

Opportunities for (Re)alignment in the Skeena River Watershed (Journal Article) 

2. Component 2: Nass Region: Snapshots of Salmon Status (Technical Report) 

3. Component 3: British Columbia Central Coast: A Snapshot of Salmon Populations and 

Their Habitats (Technical Report) 

My rationale for approaching the production of research results as a portfolio comes from 

the pragmatic role of this research, which was to document, describe, and ultimately prescribe 

solutions to mismatches in Pacific salmon socio-ecological systems (SESs) of the British 

Columbia’s north and central coast. The case study approach described in the journal article 

provided an opportunity for an in-depth examination of mismatches in a relevant salmon-based 

SES. The technical reports, and the processes through which the information they are based on 

was compiled and analysed, provided an opportunity to explore how mismatches can be 

overcome through collaborative efforts to document the biocomplexity of local salmon 

ecosystems. Developed for the participants who were part of the research process, the technical 

reports are accessible to a wide audience thereby helping to promote a broader understanding of 

salmon ecosystems, one of the stated objectives of this research.   

https://salmonwatersheds.ca/libraryfiles/lib_453.pdf
https://salmonwatersheds.ca/libraryfiles/lib_442.pdf
https://salmonwatersheds.ca/libraryfiles/lib_442.pdf
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Component 1 

Component 1 focused on addressing a major gap in studies of institutional fit – the lack 

of empirical case studies describing how mismatches are generated in Pacific salmon SESs, their 

consequences for the system, and solutions for overcoming them. While mismatches are often 

cited in the literature as a major challenge to the sustainability of SESs, empirical evidence of 

mismatches, their sources and consequences are limited. This is particularly true for complex 

SESs, such as on the Pacific Coast of North America, where salmon drive interactions across 

multiple environments, jurisdictions, and scales. To address this gap, I used the theoretical 

concept of “fit” to examine institutional alignment or misalignment in a large-scale Pacific 

salmon SES, the Skeena River watershed. Utilizing Canadian federal EAs as an example of an 

environmental governance institution, I identified the social and ecological dimensions of salmon 

SESs that are contributing to the problem of institutional misfits in this important salmon SES. 

My research suggests that contemporary EA policies and processes are misaligned with 

several key attributes of salmon SESs resulting in problems of fit. From an ecological fit 

perspective, spatial mismatches result from narrowly scoped EAs that fail to consider how 

anthropogenic disturbances occurring in one part of the salmon ecosystem can negatively impact 

other parts of the system. Temporal mismatches result from the failure of EAs to consider the 

status of salmon populations and how the status of individual populations may change in 

response to changing environmental conditions. Lastly, functional mismatches result from the 

failure of EAs to consider impacts on salmon biodiversity and the important role that 

biocomplexity plays in maintaining the overall structure and function of the ecosystem. 
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From a social fit perspective, spatial mismatches occur as a result of differences between 

local-scale Indigenous resource management institutions and state-led EA policies and processes. 

The shift away from place-based natural resource management as a result of colonization has 

resulted in the functional exclusion of Indigenous systems of governance and management from 

contemporary EA processes. EAs also have poor participatory fit with local communities due to 

the failure to recognize and respect Indigenous rights, Indigenous knowledge and practice, and 

decision-making authority. And, finally, problems of social fit arise from differences between the 

values and motivations that underlie EA policies and Indigenous values and worldviews, 

underpinning their management practices, focused on interactions and reciprocity with the 

natural world and sustainability for future generations.  

I argue that improving social-ecological fit in salmon SES requires realigning Canadian 

environmental policies and governance approaches with the biophysical realities of salmon 

ecosystems and the complex SESs they are part of. This includes introducing requirements for 

considering impacts to biodiversity when making decisions that have the potential to impact 

salmon ecosystems. Additionally, alignment requires taking a holistic approach in managing 

human actions affecting salmon ecosystems to ensure that ecological processes, and the social, 

cultural, and institutional contexts in which they occur, are not overlooked in EAs. Addressing 

mismatches also requires adopting a resilience perspective and ensuring that salmon ecosystems 

have the capacity to adapt, cope with, and respond to unpredictable environmental change. And, 

finally, recognizing and empowering existing systems of Indigenous governance within EA 

processes provides an additional mechanism through which we can begin to realign social and 
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ecological scales in salmon SES. The above recommendations directly informed the 

development of the two remaining components of my dissertation portfolio – the technical 

reports (Components 2 and 3) – both of which provide practical illustrations of how the 

ecological dimensions of salmon ecosystems can be documented and described to support the 

assessment of risks to salmon SESs in Canadian federal EAs and other environmental decision-

making processes. 

Component 2 

The findings from Component 1 suggest that the failure of institutions to understand the key 

attributes and characteristics of salmon ecosystems, including their spatial distribution, temporal 

dynamics, and functional roles within the broader ecosystem, contributes to the emergence of 

mismatches. The solutions identified for alleviating mismatches include the need to consider the 

spatial, temporal, and functional dimensions of salmon ecosystems when evaluating risks to 

salmon in environmental decision-making processes. In Component 2 (Figure 4), I provides a 

blueprint for how the ecological dimensions of salmon ecosystems can be characterized and 

documented in collaboration with local knowledge holders to create a more comprehensive 

understanding of the state of salmon. This information is critical for evaluating the trade-offs that 

are required when contemplating industrial development that has potential impacts on salmon 

ecosystems, and the diverse cultures and communities they support.  

Working in collaboration with local Indigenous communities, including members of the 

Nisga’a, Gitanyow, and Gitxsan First Nations, as well as with a private consulting firm (LGL 



Mismatches in Salmon Social-Ecological Systems 

 

 

57 

Limited), and Fisheries and Oceans Canada, Component 2 outlines a collaborative approach for 

documenting the ecological attributes and characteristics of salmon populations in the Nass River 

watershed, Canada’s third-largest salmon producing system. Working with my colleagues at the 

Pacific Salmon Foundation, I developed a method for assembling, summarizing, and analyzing 

the best available data for describing the status and dynamics of the 22 salmon Conservation 

Units that inhabit the Nass River watershed. Drawing upon a combination of empirical data and 

local expert knowledge, Component 2 illustrates how actors in a salmon SES can come together 

to describe the spatial dimensions of salmon spawning and rearing habitats, track the temporal 

dynamics of salmon status and trends through time, and characterize the biocomplexity that 

underpins the structure and function of salmon ecosystems. Much of the data that was used to 

assess the status of Nass River salmon were generated by monitoring and assessment led by local 

First Nations. The Nisga’a Fisheries Program has been collecting data since 1992, with 

monitoring and assessment efforts over the past 20 years directly related to the implementation 

of the Nisga’a Treaty. In addition, the Gitanyow and Gitxsan First Nations contribute to 

monitoring and assessment in the Upper Nass River (e.g., Meziadin, Cranberry, Brown Bear, and 

Damdochax systems). All of the assembled information has been integrated into the Pacific 

Salmon Explorer (www.salmonexplorer.ca), an online data visualization tool for displaying 

information on salmon populations and their habitats throughout British Columbia.  

Decisions related to EAs take place in an inherently complex decision-making context 

that inevitably results in trade-offs (Glasson et al., 2012). From screening and scoping through to 

the point of approval decision and beyond to monitoring and follow-up, the EA process involves 

http://www.salmonexplorer.ca/
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many separate decisions to be made throughout the process. The inherent complexity of SESs 

means that there are usually many competing objectives to consider within the scope of EAs. In 

order to identify what these trade-offs are, it is necessary to understand how development 

activities interact with ecological aspects of the SES with which they interact (Slootweg & Jones, 

2011). Often, ecological data on salmon ecosystems are either absent, or inadequate as a basis for 

reliable predictions of development impacts on salmon ecosystems. Survey information provided 

by proponents of development generally focus on broad habitat descriptions, with little 

information about the presence of salmon species and their distributions. In instances where 

species information is available, EAs often fail to place that information in a broader context 

(e.g., the biological status of salmon populations).  

For many EAs, the ability to assess the potential ecological impacts of proposed 

developments would be greatly enhanced by having access to quality baseline data and local 

expert knowledge. However, acquisition of baseline information is currently hampered by the 

absence of a common framework for synthesizing existing information, documenting local 

expert knowledge, and making this information broadly available to inform the evaluation of 

impacts in EAs. There is a general shortage of available advice and guidance for practitioners 

involved in the EA process with regard to appropriate survey methods and reporting of baseline 

conditions. Component 2 seeks to address this gap by outlining a novel approach for describing 

and documenting the fundamental properties and characteristics of salmon ecosystems. Making 

this information broadly available through open-access platforms is a critical first step towards 
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supporting the assessment of risks to salmon ecosystems in Canadian federal EAs and for 

addressing one of the primary sources of mismatch between institutions and salmon SESs.  

Figure 4  

Technical Report Produced for Component 2 

 

Component 3 

Component 3 (Figure 5) expands upon the collaborative approach for documenting the 

ecological characteristics of salmon populations applied in the Nass River watershed by 

developing a novel approach for assessing the status of freshwater salmon habitats on British 

Columbia’s Central Coast. For this component, I collaborated with representatives of the 

Heiltsuk, Nuxalk, Kitasoo/Xai’Xais, Wuikinuxv, Gitxaala, and Haisla Nations, the Central Coast 
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Indigenous Resource Alliance, and Fisheries and Oceans Canada to evaluate the status of salmon 

populations and their freshwater habitats. Working with two Technical Advisory Committees, 

the best available data for describing the characteristics, dynamics, and health of all 114 salmon 

Conservation Units and their freshwater habitats on the British Columbia Central Coast were 

identified and compiled. For each salmon Conservation Unit, the biological status (the degree of 

conservation concern and need for management intervention) and habitat status (the risk of 

degradation posed by multiple human and environmental pressures) were quantified. All of the 

data and assessments developed through the course of this project were integrated into the 

Pacific Salmon Explorer to ensure that this baseline of information about the status of salmon 

populations and their habitats on British Columbia’s Central Coast is broadly and freely 

accessible to decision-makers.   

Overcoming mismatches requires, as a first step, information on the key attributes and 

characteristics of salmon ecosystems. EA policies and processes often fail to recognize that 

ecology is a science requiring the allocation of time and resources for the collection and analysis 

of information, which will then allow predictions to be made regarding potential impacts. 

Although good baseline data will not guarantee accurate impact predictions, the lack of a 

common framework for data synthesis and the documentation of the ecological attributes of 

salmon ecosystems will make accurate prediction even less likely. Many of the shortcomings of 

EAs derive from the widespread failure to consult salmon experts early in the design of 

development projects and in the scoping of EA studies. This results in the provision of ecological 

information, which is either of limited predictive value, or of limited relevance. As well as much 
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ecological survey and analysis being inadequate, there may also be cases where there is 

investment in the collection of ecological information which is of no analytical use. If EA is to 

develop as a tool for environmental management which helps to realize the goals of biodiversity 

conservation and sustainability, then it is important that salmon experts have a greater input to 

the process, particularly in the documentation and description of the spatial, temporal, and 

functional dimensions of salmon ecosystems. Components 2 and 3 provide an illustration of how 

information on salmon ecosystems can be assembled, analysed, and communicated in 

collaboration with actors in the salmon SES to help inform the assessment of industrial 

development projects in Canadian environmental policies and processes. 
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Figure 5  

Technical Report Produced for Component 3 

  

Recommendations  

The following recommendations emerge from my dissertation. The individual 

components of my dissertation provide a more detailed and comprehensive description of the 

recommendations. Here, I highlight the three most critical recommendations for alleviating 

institutional mismatches in salmon SES emanating from the findings of the different 

components. These recommendations include the need to establish a common understanding of 

the key ecological characteristics and attributes of salmon ecosystems, acknowledging and 
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incorporating uncertainty when evaluating risks to salmon posed by human development 

activities, and empowering Indigenous institutions and systems of governance. Below, I discuss 

each of these recommendations in more detail.  

Document the Ecological Characteristics of Salmon Ecosystems. Maintaining salmon diversity, 

and the benefits that are derived from it, requires that the diverse habitats and natural processes 

that underpin salmon diversity are recognized, maintained, and not eroded by development 

activities (Moore et al., 2010). Variation in the ability of individual salmon populations to adapt 

to changes in environmental conditions, termed response diversity (Elmqvist et al., 2003), 

confers resilience to salmon ecosystems because not all individuals respond similarly to 

environmental changes (Hilborn et al., 2003; Schindler et al., 2010). To conserve the 

biocomplexity that underpins salmon resilience, biodiversity considerations must therefore be 

formally integrated into EAs. To accomplish this, EAs could explicitly account for the 

biophysical reality of salmon ecosystems, identify potential losses of, or threats to, salmon 

biocomplexity, identify their causes, and remedy or mitigate their projected impact. This 

includes considering the impacts of industrial development at the genetic, species, and ecosystem 

levels, at local to regional scales, and considering the role that ecological processes, such as 

migratory patterns for salmon, the role of the species that prey on them, and production of their 

food species they rely on, play in maintaining biocomplexity (Gontier et al., 2006). If 

biocomplexity is not explicitly considered in EAs, anthropogenic activities may inadvertently 

undermine the resilience of salmon ecosystems by contributing to the loss of individual salmon 

populations thereby eroding the overall complexity of the system. Within EAs, potential 
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consequences of human development on specific characteristics of salmon ecosystems (e.g., 

interdependence, biocomplexity, non-stationarity) need to be formerly considered. Doing so, 

however, requires good, trustworthy information about the characteristics and attributes of the 

ecological system being governed (Dietz, 2003). Collaborative and systematic approaches to 

generating information about species (e.g., ecology, trends, population biology) and threats they 

face can improve conservation decisions.  

There is therefore a fundamental need to establish a common baseline of information on 

the current status of Pacific salmon and their habitats in order to be able to effectively evaluate 

risks to salmon from human development, while accounting for the characteristics of salmon 

ecosystems. In this dissertation, I describe an innovative approach for centralizing and 

disseminating timely information on Pacific salmon and their habitats in British Columbia. I 

show how this information can be collaboratively synthesized with the Indigenous partners, 

provincial and federal government agencies, and other experts. The results are communicated in 

an online data visualization platform called the Pacific Salmon Explorer illustrating how large, 

complex, and public datasets can be harnessed to help monitor and assess the status of salmon 

populations and their freshwater habitats. This open-access platform is helping to establish a 

culture of transparent data exchange and aggregation in the conservation and management of 

Pacific salmon and provides a model example of how data in combination with local expert 

knowledge can bring new insights to complex ecological questions across scales that would 

otherwise be impossible for individual scientists or government agencies to examine alone. 

While these efforts are focused on Pacific salmon in British Columbia, the approach provides a 
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model for the dissemination of data on salmon ecosystems more broadly, and for salmon 

ecosystems throughout western North America. 

Acknowledge and Incorporate Uncertainty in Environmental Decision-Making. Current 

approaches to EAs largely assume static salmon ecosystem conditions (Folke et al., 2004). 

Resilience thinking, however, highlights the importance of assessing and actively managing for 

dynamics and resilience in ecological systems (Holling, 1973). Resilience thinking provides a 

structured way of looking at complexity, uncertainty and interrelatedness of systems and 

processes and can provide new ways of thinking about the effective implementation of EAs 

(Slootweg & Jones, 2011). Resilience has been applied to thinking about the interplay between 

SES based on the recognition that humans, through a diverse set of institutions and behaviours, 

local interactions between actors, and selective processes, can shape social structures and 

influence ecosystem dynamics (Lansing, 2003). Environmental decision-making processes 

would benefit from more systematic incorporation of resilience thinking into planning, 

assessment, and project-level decisions.  

Resilience thinking provides a way to better anticipate the nature and timing of potential 

impacts and to improve our understanding of the role of system structure on resilience. 

Ultimately, we need to implement EAs that are robust in the face of multiple futures and 

unpredictable ecosystem dynamics. Given that surprises are likely and future events 

unpredictable, one of the primary goals of EAs could be to manage the capacity of the SES to 

cope with and respond to change (Folke, 2006). To achieve this goal, several system dynamics 
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must be accounted for, such as the existence of multiple thresholds, non-linearities in system 

behaviour, feedbacks and mismatches, cascading effects, system collapse and reorganization 

(Anderies & Janssen, 2013; Lebel et al., 2006). If we assume that a biogeophysical system will 

exhibit a pronounced tendency to return to some earlier state in the wake of severe disturbances, 

we have no compelling reason to adopt a precautionary attitude in regulating human actions 

affecting the system. This approach can have unintended consequences for the SES and 

ultimately serve to undermine resilience.   

Empower Indigenous Institutions and Systems of Governance. Over the past two decades, there 

has been a global shift away from centralized styles of state governance and command-and-

control methods of governing to more local arrangements (O. R. Young, 2008). This shift is due, 

at least in part, to a growing body of evidence that suggests that command-and-control 

approaches to managing natural resources may be too blunt and insensitive to local constraints 

and opportunities thereby leading to problems of fit (Cash et al., 2006; Holling & Meffe, 1996; 

Wilson, 2006). Decentralization is widely believed to be more effective at solving complex 

societal problems and for promoting the interests of small-scale, local users and the long-term 

sustainable use of resources over short-term resource exploitation efforts (O. R. Young, 2008).  

Collaborative forms of governance (as opposed to command-and-control) are 

increasingly regarded as essential to accomplish the critical interactions needed to achieve 

coordinated action across scales (Ansell & Gash, 2008; Berkes, 2012, 2021; Emerson et al., 

2012; Holling & Meffe, 1996; Lubell, 2015). Collaborative approaches that enable cross-scale 



Mismatches in Salmon Social-Ecological Systems 

 

 

67 

linkages between stakeholders are thought to increase the capacity of governance systems to deal 

with fit challenges and the inherent complexity characteristics of SESs (Gunderson & Holling, 

2002; Holling, 1973). Collaboration can bring together actors with diverse interests, knowledge, 

and resources to discuss how management actions across different ecological and management 

scales can help address a particular conservation problem (Armitage et al., 2009; Folke et al., 

2005; Imperial, 1999; Olsson et al., 2007; Plummer, 2009; Plummer & Armitage, 2007). 

Increasingly, efforts to address mismatch focus on governance coordination to bridge scale 

mismatches and reduce associated problems (Folke et al., 2005; Galaz et al., 2008; Guerrero et 

al., 2015).  

Collaborative governance has emerged largely as a response to the failures of large, 

centralized bureaucracies (Adams et al., 2014). By bringing public and private stakeholders 

together in collective forums with provincial or federal government agencies to engage in 

consensus-oriented decision making, collaborative governance supports the development of 

cross-scale linkages between stakeholders. Shifts towards more collaborative governance models 

also provide opportunities for the resurgence of First Nations communities and their own 

governments. In Canada, a number of different policy agreements have shifted regional decision-

making agency toward Indigenous governments in both co-management and government-to-

government processes (Berkes, 2009, 2021; Housty et al., 2014; Wyatt, 2008). However, these 

collaborative decision-making approaches are not without challenges. In many cases, colonial 

governments remain reluctant to share authority with Indigenous Peoples or, in instances where 
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co-governance has been established, fail to substantively acknowledge Indigenous rights, 

knowledge, governance authority, and legal systems (Bennett et al., 2017; Curran et al., 2020; 

Klain et al., 2014; Simms et al., 2016). Effective co-governance therefore does not just require 

the legal acknowledgement of rights and authority, but also the ability to exercise these rights. 

Realizing the benefits of co-governance will require rethinking jurisdictional arrangements 

associated with environmental decision-making in order to move towards acknowledging joint 

and, in some cases sole, Indigenous jurisdiction and Indigenous legal and governance systems.  

Across Canada, tensions between the rights-based agenda of Aboriginal groups and the 

non-rights-based policy approaches of the federal and provincial governments are mounting 

(Manuel & Derrickson, 2015). Increasingly, Indigenous Peoples in British Columbia are opting 

out of the treaty process and refusing to comply with federal and provincial regulations and 

processes. New legal and political realities introduced by the recent Tsilhqot’in decision will 

require fundamental changes in the status quo including a major redistribution of power (Berkes, 

2009, 2021; Turner, 2020; Turner et al., 2008). Political structures and traditional governance 

systems that have been destroyed or suppressed through a policy of assimilation and cultural 

genocide will need to be rebuilt (Truth and Reconciliation Commission of Canada, 2015). In the 

post-Tsilhqot’in era, federal governments will need to recognize that there is no longer a 

unilateral decision-maker – there are also Indigenous decision-makers with delegated authority. 

Given the history of resource management conflicts in Canada, it seems unlikely that unresolved 

questions between the Canadian federal government and First Nations can be addressed by 
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simple tweaks of the status quo (Griggs, 2015). New processes and institutions that provide a 

voice and equal place for indigenous Peoples at decision-making tables will need to be 

developed by Indigenous People in the years ahead. 

The relationship between Canada and Indigenous Peoples is at a critical juncture (Manuel 

& Derrickson, 2015). The Supreme Court of Canada has clearly identified the need for 

reconciliation between Indigenous Peoples and the rest of Canadians. The final report of the 

Truth and Reconciliation Commission (2015) further reinforces the need for social 

reconciliation. Moving forward, Canada will need to fully recognize the title and treaty rights of 

Indigenous Peoples, and, in turn, Indigenous people will need to be full and active participants in 

shaping and reshaping the institutions that govern their relationship with the land and their 

people. While the Province of British Columbia has strengthened relationships with Indigenous 

people through experimental, non-treaty discussions (Griggs, 2015), true reconciliation involves 

resolving outstanding jurisdictional issues between the federal and provincial governments and 

Indigenous Peoples. Until the fundamental issues related to jurisdiction and rights related to land 

and resource management are resolved, there will continue to tension and conflict and 

uncertainty with respect to environmental decision-making.  

Knowledge Dissemination and Transfer Plan 

Given the applied research focus of this dissertation, knowledge dissemination and 

mobilization were central to the design of the research products. The journal article provides a 
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mechanism for sharing the results of my research with a broad Canadian and international 

academic audience, helping to further our understanding of the causes and consequences of 

institutional fit. As a professional and doctoral researcher, my academic skills were applied to a 

topic of great organizational interest and discussion, namely challenges in the ways Pacific 

salmon SESs are considered in environmental governance. The technical reports were designed 

for the audiences who helped to compile and vet the data and to share their expert local 

knowledge, and who will be using the products to guide local decision-making. The results were 

shared with the project collaborators throughout the research process and the final report was 

presented to collaborators at the end of the project.  

In addition, two online tools were developed for accessing and visualizing the assembled 

information: the Pacific Salmon Explorer and the Salmon Data Library. The Pacific Salmon 

Explorer is a novel interactive online data visualization tool that displays information on salmon 

populations and their habitats throughout British Columbia (www.salmonexplorer.ca). All of the 

salmon data for the Nass River watershed and the Central Coast was added to the Pacific Salmon 

Explorer, helping those who have an interest in salmon conservation and management gain better 

access to baseline data relevant to Pacific salmon. Through this online tool, users can explore 

salmon population and habitat assessments using interactive maps and figures, print summary 

reports for entire Conservation Units, and download source datasets. Additionally, all of the data 

and information that have been compiled during the course of this project are stored in the 

http://www.salmonexplorer.ca/
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Pacific Salmon Foundation’s online Salmon Data Library to ensure accessibility to project 

partners and the public alike.  

I presented portions of the research in this dissertation at the Resilience Conference in 

Stockholm, Sweden in August 2017. This international conference brought together academic 

researchers and other professionals engaged in policy, practice, and the arts from around the 

world to discuss resilience in SES. It was the largest resilience conference hosted by the 

Resilience Alliance to-date and thus provided a thoughtful and engaging opportunity to consider 

the application of the theoretical problem of fit to complex SESs. I also presented my research at 

the Salish Sea Ecosystem Conference in 2018 in Seattle, USA. In addition, I have presented to 

my collaborators including Indigenous communities, Fisheries and Oceans Canada, the Province 

of British Columbia, and others on the final results and opportunities to apply this information to 

local decision-making contexts. I anticipate continuing to speak to, and engage in, discussions 

related to my research findings wherever possible moving forward. Additionally, there is an 

opportunity to build on this work in the future. For example, the technical approaches outlined in 

Components 2 and 3 focused exclusively on freshwater salmon habitats and did not include 

approaches for characterizing the status of estuarine and marine salmon habitats. As an 

anadromous species, salmon spend a significant portion of their life cycle in the estuarine and 

marine environments and there is an increasing appreciation of the important role that the ocean 

environment plays in the interannual and decadal-scale variability in salmon abundance and 

productivity (Hare et al., 1999; Mantua et al., 1997; Mueter et al., 2005; Wells et al., 2020). 
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Therefore, developing collaborative approaches for characterizing ocean environments 

analogous to those described in Components 2 and 3 remain a valuable area of future work. 

Conclusion 

This dissertation explores the ways in which social-ecological fit challenges emerge in 

salmon-based social-ecological systems and identifies opportunities for overcoming them. 

Although the concept of social-ecological fit is conceptually relatively well developed, there are 

few studies that simultaneously examine both social and ecological dimensions in investigations 

of the problem of fit and mismatches with Pacific salmon SESs and the institutions that govern 

them (Cumming & Peterson, 2017; Pelosi et al., 2010), or that link theories and insights on 

governance approaches to the features of the system under investigation (but see Bodin and 

Tengö, 2012). Traditional research and analytical methods in the social sciences are not designed 

to theoretically capture and account for the ecological system in detail. Thus, empirical studies 

that integrate social and ecological data and that analyze connections between social and 

ecological systems are sorely needed (Bodin & Tengö, 2012; Cash et al., 2006; Cumming et al., 

2006) and my research helps to fill this gap. This research therefore provides an important and 

relevant example of institutional mismatch in salmon SESs that can in turn help others to identify 

and understand their own social-ecological systems and be better prepared to reconfigure 

operations to govern them.  
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My research suggests that contemporary EA policies and processes are misaligned with 

several key attributes of salmon SESs resulting in problems of fit. Failure to recognize and 

account for the social and ecological characteristics of fundamentally interlinked salmon SESs 

results in important attributes of SESs being overlooked in environmental decision-making 

processes, such as EAs. These institutional mismatches are contributing to tension and conflict 

over industrial development and resulting in EA decisions that align poorly with local 

knowledge, values, and priorities. Ultimately, they result in the deterioration of social-ecological 

systems and the habitats, species, cultures, and languages they support. It is widely held that one 

of the first steps towards addressing and remedying social-ecological mismatches is to create an 

awareness that such problems exist (O. R. Young, 2002). While this research focuses on the 

specific setting of British Columbia’s north and central coast, the problems of fit described here 

are common in other biogeophysical and socio-cultural settings in which there are ongoing 

tensions over resource development and how risks to salmon SES are considered in EAs. The 

challenges and strategies discussed here are therefore relevant to policy makers who are 

struggling to integrate anadromous Pacific salmon into environmental governance policies.  

  



Mismatches in Salmon Social-Ecological Systems 

 

 

74 

References 

Adams, M. S., Carpenter, J., Housty, J., Neasloss, D., Paquet, P., Service, C., Walkus, J., & 

Darimont, C. T. (2014). Toward increased engagement between academic and Indigenous 

community partners in ecological research. Ecology and Society, 19(3), 5. 

https://doi.org/http://dx.doi.org/10.5751/ES-06569-190305 

Agrawal, A. (2001). Common property institutions and sustainable governance of resources. 

World Development, 29(10), 1649–1672. https://doi.org/10.1016/S0305-750X(01)00063-8 

Alfred, G. T. (2009). Colonialism and state dependency. Journal of Aboriginal Health, 5(2), 42–

60. https://doi.org/10.3138/ijih.v5i2.28982 

Anderies, J. M., & Janssen, M. A. (2013). Robustness of social-ecological systems: Implications 

for public policy. Policy Studies Journal, 41(3). https://doi.org/10.1111/psj.12027 

Anderson, E. N. (2016). Caring for place: Ecology, ideology, and emotion in traditional 

landscape management. Routledge. 

Anderson, S. C., Jonathan, W. M., Michelle, M. M., Nicholas, K. D., & Andrew, B. C. (2015). 

Portfolio conservation of metapopulations under climate change. Ecological Applications, 

25(2). https://doi.org/10.1890/14-0266.1.sm 

Ansell, C., & Gash, A. (2008). Collaborative governance in theory and practice. Journal of 

Public Administration Research and Theory, 18(4), 543–571. 

https://doi.org/10.1093/jopart/mum032 



Mismatches in Salmon Social-Ecological Systems 

 

 

75 

Armitage, D., Marschke, M., & Plummer, R. (2008). Adaptive co-management and the paradox 

of learning. Global Environmental Change, 18(1), 86–98. https://doi.org/10.1016 

/j.gloenvcha.2007.07.002 

Armitage, D., Plummer, R., Berkes, F., Arthur, R. I., Charles, A., Davidson-Hunt, I. J., Diduck, 

A. P., Doubleday, N. C., Johnson, D. S., Marschke, M., McConney, P., Pinkerton, E. W., & 

Wollenberg, E. K. (2009). Adaptive co-management for social-ecological complexity. 

Frontiers in Ecology and the Environment, 7(2), 95–102. https://doi.org/10.1890/070089 

Artelle, K. A., Stephenson, J., Bragg, C., Housty, J. A., Housty, W. G., Kawharu, M., & Turner, 

N. J. (2018). Values-led management: The guidance of place-based values in environmental 

relationships of the past, present, and future. Ecology and Society, 23(3). 

https://doi.org/10.5751/ES-10357-230335 

Atlas, W. I., Ban, N. C., Moore, J. W., Tuohy, A. M., Greening, S., Reid, A. J., Morven, N., 

White, E., Housty, W. G., Housty, J. A., Service, C. N., Greba, L., Harrison, S., Sharpe, C., 

Butts, K. I. R., Shepert, W. M., Sweeney-Bergen, E., Macintyre, D., Sloat, M. R., & 

Connors, K. (2020). Indigenous systems of management for culturally and ecologically 

resilient Pacific salmon (Oncorhynchus spp.) fisheries. BioScience, 71(2), 186–204. 

https://doi.org/10.1093/biosci/biaa144 

Ban, N. C., Wilson, E., & Neasloss, D. (2019). Strong historical and ongoing Indigenous marine 

governance in the Northeast Pacific Ocean: A case study of the Kitasoo/Xai’xais First 



Mismatches in Salmon Social-Ecological Systems 

 

 

76 

Nation. Ecology and Society, 24(4). https://doi.org/10.5751/ES-11091-240410 

Baxter, P., & Jack, S. (2008). Qualitative case study methodology: study design and 

implementation for novice researchers. The Qualitative Report, 13(4), 544–559. 

https://doi.org/10.2174/1874434600802010058 

Bennett, N. J., Teh, L., Ota, Y., Christie, P., Ayers, A., Day, J. C., Franks, P., Gill, D., Gruby, R. 

L., Kittinger, J. N., Koehn, J. Z., Lewis, N., Parks, J., Vierros, M., Whitty, T. S., Wilhelm, 

A., Wright, K., Aburto, J. A., Finkbeiner, E. M., … Satterfield, T. (2017). An appeal for a 

code of conduct for marine conservation. Marine Policy, 81. 

https://doi.org/10.1016/j.marpol.2017.03.035 

Berkes, F. (2006). From community-based resource management to complex systems: The scale 

issue and marine commons. Ecology and Society, 11(1), 45. https://doi.org/10.5751/ES-

01431-110145 

Berkes, F. (2009). Evolution of co-management: Role of knowledge generation, bridging 

organizations and social learning. Journal of Environmental Management, 90(5), 1692–

1702. https://doi.org/10.1016/j.jenvman.2008.12.001 

Berkes, F. (2012). Sacred ecology: Traditional ecological knowledge and resource management 

(2nd ed). Taylor and Francis. 

Berkes, F. (2021). Advanced introduction to community-based conservation. Edward Elgar 

Publishing. 



Mismatches in Salmon Social-Ecological Systems 

 

 

77 

Beveridge, R., Moody, M. F., Murray, G., Darimont, C., & Pauly, B. (2020). The Nuxalk Sputc 

(Eulachon) Project: Strengthening Indigenous management authority through community-

driven research. Marine Policy, 119. https://doi.org/10.1016/j.marpol.2020.103971 

Bilby, R. E., Fransen, B. R., & Bisson, P. A. (1996). Incorporation of nitrogen and carbon from 

spawning coho salmon into the trophic system of small streams: Evidence from stable 

isotopes. In Canadian Journal of Fisheries and Aquatic Sciences (Vol. 53, Issue 1). 

https://doi.org/10.1139/f95-159 

Bodin, Ö., & Tengö, M. (2012). Disentangling intangible social-ecological systems. Global 

Environmental Change, 22(2), 430–439. https://doi.org/10.1016/j.gloenvcha.2012.01.005 

Bottom, D. L., Jones, K. K., Simenstad, C. A., & Smith, C. L. (2009). Reconnecting social and 

ecological resilience in salmonid ecosystems. Ecology and Society, 14(1), 5. 

http://www.ecologyandsociety.org/vol14/iss1/art5/ 

Bromley, D. W. (1989). Economic interests and institutions:The conceptual foundations of 

public policy. Basil Blackwell. 

Busch, D. S., Griffis, R., Link, J., Abrams, K., Baker, J., Brainard, R. E., Ford, M., Hare, J. A., 

Himes-Cornell, A., Hollowed, A., Mantua, N. J., McClatchie, S., McClure, M., Nelson, M. 

W., Osgood, K., Peterson, J. O., Rust, M., Saba, V., Sigler, M. F., … Merrick, R. (2016). 

Climate science strategy of the US National Marine Fisheries Service. Marine Policy, 74, 

58–67. https://doi.org/10.1016/j.marpol.2016.09.001 



Mismatches in Salmon Social-Ecological Systems 

 

 

78 

Campbell, S. K., & Butler, V. L. (2010). Archaeological evidence for resilience of Pacific 

Northwest salmon populations and the socioecological system over the last ~7,500 years. 

Ecology and Society, 15(1), 1–20. 

Canadian Environmental Assessment Agency. (2017). Building common ground: A new vision 

for impact assessment in Canada. 

https://www.canada.ca/content/dam/themes/environment/conservation 

/environmental-reviews/building-common-ground/building-common-ground.pdf 

Cannon, A., & Yang, D. Y. (2006). Early Storage and Sedentism on the Pacific Northwest Coast: 

Ancient DNA Analysis of Salmon Remains from Namu, British Columbia. American 

Antiquity, 71(01), 123–140. https://doi.org/10.2307/40035324 

Cash, D. W., Adger, W. N., Berkes, F., Garden, P., & Lebel, L. (2006). Scale and cross-scale 

dynamics: Governance and information in a multilevel world. Ecology and Society, 11(2), 

8. 

Cash, D. W., & Moser, S. C. (2000). Linking global and local scales: designing dynamic 

assessment and management processes. Global Environmental Change, 10(2), 109–120. 

https://doi.org/10.1016/S0959-3780(00)00017-0 

Cashmore, M., Gwilliam, R., Morgan, R., Cobb, D., & Bond, A. (2004). The interminable issue 

of effectiveness: Substantive purposes, outcomes and research challenges in the 

advancement of environmental impact assessment theory. Impact Assessment and Project 



Mismatches in Salmon Social-Ecological Systems 

 

 

79 

Appraisal, 22(4), 295–310. https://doi.org/10.3152/147154604781765860 

Cattarino, L., Mcalpine, C. A., & Rhodes, J. R. (2014). Land-use drivers of forest fragmentation 

vary with spatial scale. Global Ecology and Biogeography, 23(11), 1215–1224. 

https://doi.org/10.1111/geb.12187 

Cederholm, C. J., Kunze, M. D., Murota, T., & Sibatani, A. (1999). Pacific salmon carcasses: 

Essential contributions of nutrients and energy for aquatic and terrestrial ecosystems. 

Fisheries, 24(10), 6–15. 

Ciriacy-Wantrup, S. V. (2019). The Economics of Environmental Policy. Land Economics, 

47(1), 39–50. https://doi.org/10.4324/9780429035210-5 

Clark, W. C., & Dickson, N. M. (2003). Sustainability science: The emerging research program. 

Proceedings of the National Academy of Sciences of the United States of America, 100(14), 

8059–8061. https://doi.org/10.1073/pnas.1231333100 

Clarke Murray, C., Wong, J., Singh, G. G., Mach, M., Lerner, J., Ranieri, B., Peterson St-

Laurent, G., Guimaraes, A., & Chan, K. M. A. (2018). The insignificance of thresholds in 

environmental impact assessment: An illustrative case study in Canada. Environmental 

Management, 61(6), 1062–1071. https://doi.org/10.1007/s00267-018-1025-6 

Claxton, N., & Price, J. (2019). Rethinking Sovereignty in British Columbia. BC Studies, 2(204), 

115–138. https://doi.org/doi.org/10.14288/bcs.v0i204.191508 



Mismatches in Salmon Social-Ecological Systems 

 

 

80 

Clifton, J., & Majors, C. (2012). Culture, conservation, and conflict: Perspectives on marine 

protection among the Bajau of Southeast Asia. Society and Natural Resources, 25(7), 716–

725. https://doi.org/10.1080/08941920.2011.618487 

Cole, D. H., Epstein, G., & McGinnis, M. D. (2014). Digging deeper into Hardin’s pasture: The 

complex institutional structure of “the tragedy of the commons.” Journal of Institutional 

Economics, 10(3), 353–369. https://doi.org/10.1017/S1744137414000101 

Connors, B. M., Pickard, D. C., Porter, M., Farrell, G., Bryan, K., Casely, S., & Huang, S. 

(2013). Skeena Salmon Conservation Unit Snapshots. ESSA Technologies Ltd. 

https://salmonwatersheds.ca/libraryfiles/lib_420.pdf 

Creswell, J. W. (2003). Research design: Qualitative, quantitative, and mixed-methods 

approaches (2nd ed.). SAGE Publications, Inc. 

Crowder, L. B., Osherenko, G., Young, O. R., Airamé, S., Norse, E. A., Baron, N., Day, J. C., 

Douvere, F., Ehler, C. N., Halpern, B. S., Langdon, S. J., Mcleod, K. L., Ogden, J. C., 

Peach, R. E., Rosenberg, A. A., & Wilson, J. A. (2006). Resolving mismatches in U.S. 

ocean governance. Science, 313, 617–618. https://doi.org/10.1126/science.1129706 

Cuerrier, A., Downing, A., Turner, N. J., Gomes, T. C., Garibaldi, A., & Downing, A. (2015). 

Cultural keystone places: Conservation and restoration in cultural landscapes. Journal of 

Ethnobiology, 35(3), 427–448. https://doi.org/10.2993/0278-0771-35.3.427 

Cumming, G. S., Cumming, D. H. M., & Redman, C. L. (2006). Scale mismatches in social-



Mismatches in Salmon Social-Ecological Systems 

 

 

81 

ecological systems: Causes, consequences, and solutions. Ecology and Society, 11(1), 1–14. 

https://doi.org/10.5751/ES-01569-110114 

Cumming, G. S., & Peterson, G. D. (2017). Unifying research on social–ecological resilience 

and collapse. Trends in Ecology and Evolution, 32(9), 695–713. 

https://doi.org/10.1016/j.tree.2017.06.014 

Curran, D., Kung, E., & Slett, Ǧáǧvi Marilyn. (2020). Ǧviḷ̕ás and Snəwayəɬ: Indigenous laws, 

economies, and relationships with place speaking to state extractions. South Atlantic 

Quarterly, 119(2), 215–241. https://doi.org/10.1215/00382876-8177735 

D’Eon-Eggertson, F., Dulvy, N. K., & Peterman, R. M. (2015). Reliable identification of 

declining populations in an uncertain world. Conservation Letters, 8(2), 86–96. 

https://doi.org/10.1111/conl.12123 

DeCaro, D. A., & Stokes, M. K. (2013). Public participation and institutional fit: A social-

psychological perspective. Ecology and Society, 18(4). https://doi.org/10.5751/ES-05837-

180440 

Dietz, T. (2003). Struggle to Govern the Commons. Science, 302(5652), 1907–1912. 

https://doi.org/10.1126/science.1091015 

Doak, D. F., Bigger, D., Harding, E. K., Marvier, M. A., O’Malley, R. E., Thomson, D., 

Oõmalley, R. E., & Thomson, D. (1998). The statistical inevitability of stability-diversity 

relationships in community ecology. The American Naturalist, 151(3), 264–276. 



Mismatches in Salmon Social-Ecological Systems 

 

 

82 

https://doi.org/10.1086/286117 

Ebbin, S. A. (2002). Enhanced fit through institutional interplay in the Pacific Northwest salmon 

co-management regime. Marine Policy, 26(4), 253–259. https://doi.org/10.1016/S0308-

597X(02)00007-6 

Eckert, L. E., XEMŦOLTW– Claxton, N., Owens, C., Johnston, A., Ban, N. C., Moola, F., & 

Darimont, C. T. (2020). Indigenous knowledge and federal environmental assessments in 

Canada: Applying past lessons to the 2019 Impact Assessment Act. Facets, 5(1), 67–90. 

https://doi.org/10.1139/FACETS-2019-0039 

Elmqvist, T., Folke, C., Nyström, M., Peterson, G., Bengtsson, J., Walker, B., & Norberg, J. 

(2003). Response diversity, ecosystem change, and resilience. Frontiers in Ecology and the 

Environment, 1(9), 488–494. https://doi.org/10.1890/1540-

9295(2003)001[0488:RDECAR]2.0.CO;2 

Emerson, K., Nabatchi, T., & Balogh, S. (2012). An integrative framework for collaborative 

governance. Journal of Public Administration Research and Theory, 22(1), 1–29. 

https://doi.org/10.1093/jopart/mur011 

Engle, N. L., & Lemos, M. C. (2010). Unpacking governance: Building adaptive capacity to 

climate change of river basins in Brazil. Global Environmental Change, 20(1), 4–13. 

https://doi.org/10.1016/j.gloenvcha.2009.07.001 

English, K. K., Peacock, D., Challenger, W., & Mochizuki, T. (2016). North and central coast 



Mismatches in Salmon Social-Ecological Systems 

 

 

83 

salmon escapement, run size and exploitation rate estimates for each salmon conservation 

unit for 1954-2014. LGL Ltd. https://salmonwatersheds.ca/libraryfiles/lib_435.pdf 

Epstein, G., Pittman, J., Alexander, S. M., Berdej, S., Dyck, T., Kreitmair, U., Raithwell, K. J., 

Villamayor-Tomas, S., Vogt, J., & Armitage, D. (2015). Institutional fit and the 

sustainability of social-ecological systems. Current Opinion in Environmental 

Sustainability, 14, 34–40. https://doi.org/10.1016/j.cosust.2015.03.005 

Epstein, G., Vogt, J., Cox, M., & Shimek, L. (2014). Confronting problems of method in the 

study of sustainability. Forest Policy and Economics, 42, 42–50. 

https://doi.org/10.1016/j.forpol.2014.02.006 

Fisheries and Oceans Canada. (2005). Canada’s policy for conservation of wild Pacific salmon. 

https://www.pac.dfo-mpo.gc.ca/publications/pdfs/wsp-eng.pdf 

Folke, C. (2006). Resilience: The emergence of a perspective for social-ecological systems 

analyses. Global Environmental Change, 16(3), 253–267. 

https://doi.org/10.1016/j.gloenvcha.2006.04.002 

Folke, C., Carpenter, S., Walker, B., Scheffer, M., Elmqvist, T., Gunderson, L., & Holling, C. S. 

(2004). Regime shifts, resilience, and biodiversity in ecosystem management. Annual 

Review of Ecology, Evolution, and Systematics, 35, 557–581. 

https://doi.org/10.1146/annurev.ecolsys.35.021103.105711 

Folke, C., Hahn, T., Olsson, P., & Norberg, J. (2005). Adaptive governance of social-ecological 



Mismatches in Salmon Social-Ecological Systems 

 

 

84 

systems. Annual Review of Environment and Resources, 30(1), 441–473. 

https://doi.org/10.1146/annurev.energy.30.050504.144511 

Folke, C., Pritchard, L., Berkes, F., Colding, J., & Svedin, U. (1998). The problem of fit between 

ecosystems and institutions (No. 2). http://www.ihdp.uni-bonn.de/html/ 

publications/workingpaper/wp02m.htm 

Folke, C., Pritchard, L., Berkes, F., Colding, J., & Svedin, U. (2007). The problem of fit between 

ecosystems and institutions: Ten years later. Ecology and Society, 12(1). 

https://doi.org/10.5751/ES-02064-120130 

Galaz, V., Olsson, P., Hahn, T., & Folke, C. (2008). The problem of fit among biophysical 

systems, environmental and resource regimes, and broader governance systems: Insights 

and emerging challenges. In O. Young, L. A. King, & H. Schroeder (Eds.), Institutions and 

environmental change: Principal findings, applications, and research findings (pp. 147–

182). The MIT Press. 

Galbreath, P. F., Bisbee, M. A., Dompier, D. W., Kamphaus, C. M., & Newsome, T. H. (2014). 

Extirpation and tribal reintroduction of coho salmon to the interior Columbia River basin. 

Fisheries, 39(2), 77–87. https://doi.org/10.1080/03632415.2013.874526 

Garibaldi, A., & Turner, N. J. (2004). Cultural keystone species: Implications for ecological 

conservation and restoration. Ecology And Society, 9(3), 1. 

Gende, S. M., Edwards, R., Willson, M. F., & Wipfli, M. (2002). Pacific salmon in aquatic and 



Mismatches in Salmon Social-Ecological Systems 

 

 

85 

terrestrial ecosystems: Pacific salmon subsidize freshwater and terrestrial ecosystems 

through several pathways, which generates unique management and conservation issues but 

also provides valuable research opportunities. BioScience, 52(10), 917–928. 

https://doi.org/10.1641/0006-3568(2002)052[0917:PSIAAT]2.0.CO;2 

Gibson, R. B. (2012). In full retreat: The Canadian government’s new environmental assessment 

law undoes decades of progress. Impact Assessment and Project Appraisal, 30(3), 179–188. 

https://doi.org/10.1080/14615517.2012.720417 

Gitanyow Hereditary Chiefs Office. (2021). Gitanyow Ayookxw for Wilp Sustainability 

Assessment. (2021). https://www.gitanyowchiefs.com/images/uploads/constitution/2020-11-

12_Wilp_Sustainability_Assessment_Process_(pilot_phase).pdf 

Glasson, J., Therivel, R., & Chadwick, A. (2012). Introduction to environmental impact 

assessment. Routledge. 

Gontier, M., Balfors, B., & Mörtberg, U. (2006). Biodiversity in environmental assessment - 

Current practice and tools for prediction. Environmental Impact Assessment Review, 26(3), 

268–286. https://doi.org/10.1016/j.eiar.2005.09.001 

Gottesfeld, A. S., & Rabnett, K. (2008). Skeena River fish and their habitat. Ecotrust. 

Grant, S. C. H., Holt, C. A., Pestal, G., Davis, B. M., & MacDonald, B. L. (2020). The 2017 

Fraser sockeye salmon (Oncorhynchus nerka) integrated biological status re-assessment 

under the Wild Salmon Policy using standardized metrics and expert judgement. In DFO 



Mismatches in Salmon Social-Ecological Systems 

 

 

86 

Canadian Science Advisory Secretariat Research Document (Vol. 038, Issue July). 

https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2020/2020_038-

eng.pdf 

Griggs, J. (2015). Step by step: Final report for the shared decision making in BC project. 

https://www.sfu.ca/content/dam/sfu/centre-for-dialogue/Watch-and-Discover/SDM/ 

SDM_Final_Report.pdf 

Guerrero, A., Bodin, Ö., Mcallister, R. R. J., Wilson, K. A., Bodin, Ö., Mcallister, R. R. J., & 

Wilson, K. A. (2015). Achieving social-ecological fit through bottom-up collaborative 

governance: An empirical investigation. https://doi.org/10.5751/ES-08035-200441 

Gunderson, L., & Holling, C. S. (2002). Panarchy: Understanding transformations in human 

and natural systems. Island Press. 

Gutiérrez, N. L., Hilborn, R., & Defeo, O. (2011). Leadership, social capital and incentives 

promote successful fisheries. Nature, 470(7334), 386–389. 

https://doi.org/10.1038/nature09689 

Hare, S. R., Mantua, N. J., & Francis, R. C. (1999). Inverse production regimes: Alaska and west 

coast Pacific salmon. Fisheries, 24, 6–14. https://doi.org/10.1577/1548-

8446(1999)024<0006:IPR>2.0.CO;2 

Harris, D. C. (2001). Fish, law, and colonialism: The legal capture of salmon in British 

Columbia. University of Toronto Press. 



Mismatches in Salmon Social-Ecological Systems 

 

 

87 

Healey, M. C. (2009). Resilient samon, resilient fisheries for British Columbia, Canada. Ecology 

and Society, 14(1), 2. 

Herse, M. R., Lyver, P. O., Scott, N., McIntosh, A. R., Coats, S. C., Gormley, A. M., & 

Tylianakis, J. M. (2020). Engaging Indigenous Peoples and local communities in 

environmental management could alleviate scale mismatches in social–ecological systems. 

BioScience, 70(8), 699–707. https://doi.org/10.1093/biosci/biaa066 

Hilborn, R., Quinn, T. P., Schindler, D. E., & Rogers, D. E. (2003). Biocomplexity and fisheries 

sustainability. Proceedings of the National Academy of Sciences of the United States of 

America, 100(11), 6564–6568. https://doi.org/10.1073/pnas.1037274100 

Hilderbrand, G. V, Hanley, T. A., Robbins, C. T., & Schwartz, C. C. (1999). Role of brown bears 

(Ursus arctos) in the flow of marine nitrogen into a terrestrial ecosystem. Oecologia, 121, 

546–550. 

Hocking, M. D., & Reynolds, J. D. (2011). Impacts of salmon on riparian plant diversity. 

Science, 331(6024), 1609–1612. https://doi.org/10.1126/science.1201079 

Holling, C. S. (1973). Resilience and stability of ecological systems. Annual Review of Ecology 

and Systematics, 4, 1–23. https://doi.org/10.1126/science.aao0780 

Holling, C. S. (2001). Understanding the complexity of economic, ecological, and social 

systems. Ecosystems, 4(5), 390–405. https://doi.org/10.1007/s10021-00 



Mismatches in Salmon Social-Ecological Systems 

 

 

88 

Holling, C. S., & Meffe, G. K. (1996). Command and control and the pathology of natural 

resource management. Conservation Biology, 10(2), 328–337. 

https://doi.org/10.1046/j.1523-1739.1996.10020328.x 

Holt, C. A., Brooke, D., & Cox-Rogers, S. (2016). Adapting benchmarks of biological status for 

persistent changes in productivity and variability in exploitation history with a focus on 

data-limited populations (Conservation Units) of Pacific salmon in north and central BC. In 

Canadian Science Advisory Secretariat Research Document. https://www.psc.org/fund-

project/adapting-benchmarks/ 

Holt, C. A., Cass, A., Holtby, B., & Riddell, B. (2009). Indicators of status and benchmarks for 

Conservation Units in Canada’s Wild Salmon Policy. In Canadian Science Advisory 

Secretariat Research Document. http://www.stateofthesalmon.org/conference2009/ 

downloads/Holt_Carrie.pdf 

Housty, W. G., Noson, A., Scoville, G. W., Boulanger, J., Jeo, R. M., Darimont, C. T., & Filardi, 

C. E. (2014). Grizzly bear monitoring by the Heiltsuk people as a crucible for First Nation 

conservation practice. Ecology and Society, 19(2). https://doi.org/10.5751/ES-06668-

190270 

Imperial, M. T. (1999). Institutional analysis and ecosystem-based management: The 

institutional analysis and development framework. Environmental Management, 24(4), 

449–465. https://doi.org/10.1007/s002679900246 



Mismatches in Salmon Social-Ecological Systems 

 

 

89 

Johnsen, B. D. (2009). Salmon, science, and reciprocity on the Northwest Coast. Ecology and 

Society, 14(2). http://www.ecologyandsociety.org/vol14/iss2/art43/ 

Kearney, F., McAllister, R. R. J., & MacLeod, N. D. (2012). Conservation and grazing in 

Australia’s north-east: The bridled nailtail wallaby. Pastoralism: Research, Policy and 

Practice, 2(1), 20. https://doi.org/10.1186/2041-7136-2-20 

King, L. (2004). Competing knowledge systems in the management of fish and forests in the 

Pacific northwest. International Environmental Agreements, 4(2), 161–177. 

https://doi.org/10.1023/B:INEA.0000040418.31663.61 

Kiser, L. L., & Ostrom, E. (1982). The three worlds of action: A meta-theoretical synthesis of 

institutional approaches. In E Ostrom (Ed.), Strategies of Political Inquiry (pp. 179–222). 

SAGE Publications, Inc. 

Klain, S. C., Beveridge, R., & Bennett, N. J. (2014). Ecologically sustainable but unjust? 

Negotiating equity and authority in common-pool marine resource management. Ecology 

and Society, 19(4), 52. https://doi.org/10.5751/ES-07123-190452 

Kok, K., & Veldkamp, T. (2011). Scale and governance: Conceptual considerations and practical 

implications. Ecology and Society, 16(2). https://doi.org/10.5751/ES-04160-160223 

Lansing, J. S. (2003). Complex adaptive systems. Annual Review of Anthropology, 32, 183–204. 

https://doi.org/10.1146/annurev.anthro.32.061002.093440 



Mismatches in Salmon Social-Ecological Systems 

 

 

90 

Lebel, L., Anderies, J. M., Campbell, B., Folke, C., Hatfield-Dodds, T. P., & Wilson, J. (2006). 

Governance and the capacity to manage resilience in regional social-ecological systems. 

Ecology and Society, 11(1). 

Lee, K. N. (1993). Greed, scale mismatch, and learning. Ecological Applications, 3(4), 560–564. 

https://doi.org/10.2307/1942079 

Lepofsky, D., & Caldwell, M. (2013). Indigenous marine resource management on the northwest 

coast of North America. Ecological Processes, 2(1), 1–12. https://doi.org/10.1186/2192-

1709-2-12 

Levin, S. A. (1992). The problem of pattern and scale in ecology. Ecology, 73(6), 1943–1967. 

https://doi.org/doi:10.2307/1941447 

Liu, J., Dietz, T., Carpenter, S., Folke, C., Alberti, M., Redman, C. L., Schneider, S. H., Ostrom, 

E., Pell, A. N., Lubchenco, J., Taylor, W. W., Ouyang, Z., Deadman, P., Kratz, T., 

Provencher, W., Folke, C., Moran, E., Pell, A. N., Deadman, P., … Taylor, W. W. (2007). 

Complexity of coupled human and natural systems. Science, 317(5844), 1513–1516. 

https://doi.org/10.1126/science.1144004 

Lubell, M. (2015). Collaborative partnerships in complex institutional systems. Current Opinion 

in Environmental Sustainability, 12, 41–47. https://doi.org/10.1016/j.cosust.2014.08.011 

Lutz, J. S. (Ed.). (2011). Myth and memory: Stories of Indigenous-European contact. UBC Press. 



Mismatches in Salmon Social-Ecological Systems 

 

 

91 

Madrigal-Ballestero, R., Schlüter, A., & Claudia Lopez, M. (2013). What makes them follow the 

rules? Empirical evidence from turtle egg harvesters in Costa Rica. Marine Policy, 37(1), 

270–277. https://doi.org/10.1016/j.marpol.2012.05.009 

Malick, M. J., Rutherford, M. B., & Cox, S. P. (2017). Confronting challenges to integrating 

Pacific salmon into ecosystem-based management policies. Marine Policy, 85(March), 123–

132. https://doi.org/10.1016/j.marpol.2017.08.028 

Mantua, N. J., Hare, S. R., Zhang, Y., Wallace, J. M., & Francis, R. C. (1997). A Pacific 

interdecadal climate oscillation with impacts on salmon production. Bulletin of the 

American Meteorological Society, 78(6), 1069–1079. 

Manuel, A., & Derrickson, R. M. (2015). Unsettling Canada: A national wake-up call. Between 

the Lines. 

Mathews, D. L., & Turner, N. J. (2017). Ocean cultures: Northwest Coast ecosystems and 

Indigenous management systems. In Conservation for the anthropocene ocean: 

Interdisciplinary science in support of nature and people (pp. 169–201). Academic Press. 

https://doi.org/10.1016/B978-0-12-805375-1.00009-X 

Mccreary, T., & Milligan, R. (2021). The limits of liberal recognition: Racial capitalism, settler 

colonialism, and environmental governance in Vancouver and Atlanta. Antipode, 53(3), 

724–744. https://doi.org/10.1111/anti.12465 

Meek, C. L. (2013). Forms of collaboration and social fit in wildlife management: A comparison 



Mismatches in Salmon Social-Ecological Systems 

 

 

92 

of policy networks in Alaska. Global Environmental Change, 23(1), 217–228. 

https://doi.org/10.1016/j.gloenvcha.2012.10.003 

Menzies, C. R. (2016). People of the Saltwater: An ethnography of Git lax moon. University of 

Nebraska Press. https://doi.org/10.2307/j.ctt1d8h8r3 

Menzies, C. R., & Butler, C. F. (2007). Returning to selective fishing through Indigenous 

fisheries knowledge: The example of K’moda, Gitxaała territory. American Indian 

Quarterly, 31(3), 441–464. 

Mills, M., Pressey, R. L., Weeks, R., Foale, S., & Ban, N. C. (2010). A mismatch of scales: 

Challenges in planning for implementation of marine protected areas in the Coral Triangle. 

Conservation Letters, 3(5), 291–303. https://doi.org/10.1111/j.1755-263X.2010.00134.x 

Moody, M. F. (2008). Eulachon past and present [Master's thesis, University of British 

Columbia]. https://doi.org//10.14288/1.0070785 

Moore, J. W., Carr-Harris, C., Gottesfeld, A. S., Radies, D., Barnes, C., Williams, G., Shepert, 

B., Mcintyre, T., Gordon, J., & Joseph, W. (2015). Selling First Nations down the river. 

Science, 349, 596. https://doi.org/10.1126/science.349.6248.596-a 

Moore, J. W., Mcclure, M., Rogers, L. a., & Schindler, D. E. (2010). Synchronization and 

portfolio performance of threatened salmon. Conservation Letters, 3(5), 340–348. 

https://doi.org/10.1111/j.1755-263X.2010.00119.x 



Mismatches in Salmon Social-Ecological Systems 

 

 

93 

Moss, T., & Newig, J. (2010). Multilevel water governance and problems of scale: Setting the 

stage for a broader debate. Environmental Management, 46(1), 1–6. 

https://doi.org/10.1007/s00267-010-9531-1 

Muckle, R. J. (2007). The First Nations of British Columbia: An anthropological survey (2nd 

ed.). University of British Columbia Press. 

Mueter, F. J., Pyper, B. J., & Peterman, R. M. (2005). Relationships between coastal ocean 

conditions and survival rates of Northeast Pacific salmon at multiple lags. Transactions of 

the American Fisheries Society, 134(1), 105–119. https://doi.org/10.1577/t-04-033.1 

Nesbitt, H. K., & Moore, J. W. (2016). Species and population diversity in Pacific salmon 

fisheries underpin Indigenous food security. Journal of Applied Ecology, 53, 1489–1499. 

https://doi.org/10.1111/1365-2664.12717 

Newell, D. (1993). Tangled webs of history: Indians and the law in Canada’s Pacific coast 

fisheries. University of Toronto Press. https://doi.org/10.3138/9781442680357 

Noble, M., Duncan, P., Perry, D., Prosper, K., Rose, D., Schnierer, S., Tipa, G., Williams, E., 

Woods, R., & Pittock, J. (2016). Culturally significant fisheries: Keystones for management 

of freshwater social-ecological systems. Ecology and Society, 21(2). 

https://doi.org/10.5751/ES-08353-210222 

North, D. C. (1990). Institutions, institutional change and economic performance. Cambridge 

University Press. 



Mismatches in Salmon Social-Ecological Systems 

 

 

94 

O’Faircheallaigh, C. (2017). Shaping projects, shaping impacts: Community-controlled impact 

assessments and negotiated agreements. Third World Quarterly, 38(5), 1181–1197. 

https://doi.org/10.1080/01436597.2017.1279539 

Olsson, P., Folke, C., Galaz, V., Hahn, T., & Schultz, L. (2007). Enhancing the fit through 

adaptive co-management: Creating and maintaining bridging functions for matching scales 

in the Kristianstads Vattenrike Biosphere Reserve, Sweden. Ecology and Society, 12(1), 28. 

https://doi.org/10.5751/ES-01976-120128 

Ostrom, Elinor. (1990). Governing the commons: The evolution of institutions for collective 

action. Cambridge University Press. 

Pelosi, C., Goulard, M., & Balent, G. (2010). The spatial scale mismatch between ecological 

processes and agricultural management: Do difficulties come from underlying theoretical 

frameworks? Agriculture, Ecosystems and Environment, 139(4), 455–462. 

https://doi.org/10.1016/j.agee.2010.09.004 

Plummer, R. (2009). The adaptive co-management process: An initial synthesis of representative 

models and influential variables. Ecology and Society, 14(2). https://doi.org/10.1007/ 

s11306-008-0108-4 

Plummer, R., & Armitage, D. (2007). A resilience-based framework for evaluating adaptive co-

management: Linking ecology, economics and society in a complex world. Ecological 

Economics, 61(1), 62–74. https://doi.org/10.1016/j.ecolecon.2006.09.025 



Mismatches in Salmon Social-Ecological Systems 

 

 

95 

Porszt, E. J., Peterman, R. M., Dulvy, N. K., Cooper, A. B., & Irvine, J. R. (2012). Reliability of 

indicators of decline in abundance. Conservation Biology, 26(5), 894–904. https://doi.org/ 

10.1111/j.1523-1739.2012.01882.x 

Porter, M., Pickard, D. C., Casley, S., & Ochoski, N. (2014). Skeena salmon Conservation Unit 

habitat report cards: Chinook, coho, pink, chum and river sockeye. ESSA Technologies 

Ltd. https://salmonwatersheds.ca/library/lib_356/ 

Porter, M., Pickard, D. C., Casley, S., Ochoski, N., Bryan, K., & Huang, S. (2013). Skeena lake 

sockeye Conservation Units: Habitat report cards. ESSA Technologies. 

https://salmonwatersheds.ca/libraryfiles/lib_277.pdf 

Poteete, A. R., Janssen, M. A., & Ostrom, E. (2010). Working together. Princeton University 

Press. 

Reid, A. J., Eckert, L. E., Lane, J. F., Young, N., Hinch, S. G., Darimont, C. T., Cooke, S. J., 

Ban, N. C., & Marshall, A. (2021). “Two-Eyed Seeing”: An Indigenous framework to 

transform fisheries research and management. Fish and Fisheries, 22(2), 243–261. 

https://doi.org/10.1111/faf.12516 

Reimchen, T. E. (2000). Some ecological and evolutionary aspects of bear-salmon interactions in 

coastal British Columbia. Canadian Journal of Zoology, 78(3), 448–457. https://doi.org/ 

10.1139/z99-232 

Rosser, A. (2006). The political economy of the esource curse: A literature survey. In Institute of 



Mismatches in Salmon Social-Ecological Systems 

 

 

96 

Development Studies (No. 268; Issue April). https://opendocs.ids.ac.uk/opendocs 

/handle/20.500.12413/4061 

Saunders, D. A., & Briggs, S. V. (2002). Nature grows in straight lines - Or does she? What are 

the consequences of the mismatch between human-imposed linear boundaries and 

ecosystem boundaries? An Australian example. Landscape and Urban Planning, 61(2–4), 

71–82. https://doi.org/10.1016/S0169-2046(02)00103-2 

Sayles, J. S. (2015). Flowing together: Addressing social-ecological scale mismatches for 

estuary watershed esotration in the Whidbey Basin, Puget Sound, WA. [Doctoral 

dissertation, Arizona State University]. https://doi.org/10.1017/CBO9781107415324.004 

Sayre, N. F. (2005). Ecological and geographical scale: parallels and potential for integration. 

Progress in Human Geography, 29(3), 276–290. https://doi.org/10.1191/ 

0309132505ph546oa 

Schindler, D. E., Hilborn, R., Chasco, B., Boatright, C. P., Quinn, T. P., Rogers, L. A., & 

Webster, M. S. (2010). Population diversity and the portfolio effect in an exploited species. 

Nature, 465(7298), 609–612. https://doi.org/10.1038/nature09060 

Schindler, D. E., Scheuerell, M. D., Moore, J. W., Gende, S. M., Francis, T. B., & Palen, W. J. 

(2003). Pacific salmon and the ecology of coastal ecosystems. Frontiers in Ecology and the 

Environment, 1(1), 31–37. https://doi.org/10.1890/15409295(2003)001[0031:PSATEO] 

2.0.CO;2 



Mismatches in Salmon Social-Ecological Systems 

 

 

97 

Simms, R., Harris, L., Joe, N., & Bakker, K. (2016). Navigating the tensions in collaborative 

watershed governance: Water governance and Indigenous communities in British Columbia, 

Canada. Geoforum, 73, 6–16. https://doi.org/10.1016/j.geoforum.2016.04.005 

Simpson, L. (2001). Aboriginal Peoples and knowledge: Decolonizing our processes. The 

Canadian Journal of Native Studies, 21(1), 137–148. 

Slootweg, R., & Jones, M. (2011). Resilience thinking improves SEA: A discussion paper. 

Impact Assessment and Project Appraisal, 29(4), 263–276. https://doi.org/10.3152 

/146155111X12959673795886 

Stake, R. E. (2005). Qualitative case studies. In N. K. Denzin & Y. S. Lincoln (Eds.), The Sage 

handbook of qualitative research (pp. 443–466). SAGE Publications, Inc. 

Stalberg, H. C., Lauzier, R. B., Macisaac, E. A., Porter, M., & Murray, C. (2009). Canada’s 

policy for conservation of wild Pacific salmon: Stream, lake, and estuarine habitat 

indicators. In Canadian Manuscript Report of Fisheries and Aquatic Sciences (Issue 2859). 

Fisheries and Oceans Canada. 

Taggart, J. (2021). “Still water, who knows you?”: Counter-mapping traditional knowledge and 

ancestral values with Nak’azdli Whut’en. [Doctoral dissertation, University of British 

Columbia]. https://open.library.ubc.ca/soa/cIRcle/collections/ubctheses/24/items/1.0401895 

 Trosper, R. L. (2002). Northwest coast Indigenous institutions that supported resilience and 

sustainability. Ecological Economics, 41(2), 329–344. https://doi.org/10.1016/S0921-



Mismatches in Salmon Social-Ecological Systems 

 

 

98 

8009(02)00041-1 

Trosper, R. L. (2003). Resilience in pre-contact Pacific Northwest social ecological systems. 

Ecology and Society, 7(3). 

Trosper, R. L. (2009). Resilience, reciprocity, and ecological economics: Northwest coast 

sustainability. Routledge. 

Truth and Reconciliation Commission of Canada. (2015). Honouring the truth, reconciling for 

the future: Summary of the final report of the truth and reconciliation commission of 

Canada. http://www.trc.ca/websites/trcinstitution/File/2015/Findings/ 

Exec_Summary_2015_05_31_web_o.pdf 

Turner, N. J. (Ed.). (2020). Plants, people, and places: the roles of ethnobotany and 

ethnoecology in Indigenous peoples’ land rights in Canada and beyond (Vol. 96). McGill-

Queen’s Press-MQUP. 

Turner, N. J., & Berkes, F. (2006). Coming to understanding: Developing conservation through 

incremental learning in the Pacific Northwest. Human Ecology, 34(4), 495–513. 

https://doi.org/10.1007/s10745-006-9042-0 

Turner, N. J., Gregory, R., Brooks, C., Failing, L., & Satterfield, T. (2008). From invisibility to 

transparency: Identifying the implications. Ecology and Society, 13(2). 

Turner, N. J., Ignace, M. B., & Ignace, R. (2000). Traditional ecological knowledge and wisdom 



Mismatches in Salmon Social-Ecological Systems 

 

 

99 

of Aboriginal peoples in British Columbia. Ecological Applications, 10(5), 1275–1287. 

Turner, N. J., & Turner, K. L. (2007). Traditional food systems, erosion and renewal in 

Northwestern North America. Indian Journal of Traditional Knowledge, 6(1), 57–68. 

Vatn, A., & Vedeld, P. (2012). Fit, interplay, and scale: A diagnosis. Ecology and Society, 17(4). 

https://doi.org/10.5751/ES-05022-170412 

Vining, J., & Cristancho, S. (2004). Culturally defined keystone species. Human Ecology 

Review, 11, 153–164. 

Viteri, C., & Chávez, C. (2007). Legitimacy, local participation, and compliance in the 

Galápagos marine eserve. Ocean and Coastal Management, 50(3–4), 253–274. 

https://doi.org/10.1016/j.ocecoaman.2006.05.002 

Vitousek, P. M., Mooney, H. a, Lubchenco, J., & Melillo, J. M. (1997). Human domination of 

Earth’s ecosystems. Science, 277(5325), 494–499. https://doi.org/10.1126/science. 

277.5325.494 

Walsh, J. C., Pendray, J. E., Godwin, S. C., Artelle, K. A., Kindsvater, H. K., Field, R. D., 

Harding, J. N., Swain, N. R., & Reynolds, J. D. (2020). Relationships between Pacific 

salmon and aquatic and terrestrial ecosystems: Implications for ecosystem-based 

management. Ecology, 101(9), 1–16. https://doi.org/10.1002/ecy.3060 

Weeks, R., Aliño, P. M., Atkinson, S., Beldia, P., Binson, A., Campos, W. L., Djohani, R., 



Mismatches in Salmon Social-Ecological Systems 

 

 

100 

Green, A. L., Hamilton, R., Horigue, V., Jumin, R., Kalim, K., Kasasiah, A., Kereseka, J., 

Klein, C., Laroya, L., Magupin, S., Masike, B., Mohan, C., … White, A. T. (2014). 

Developing Marine Protected Area Networks in the Coral Triangle: Good Practices for 

Expanding the Coral Triangle Marine Protected Area System. Coastal Management, 42(2), 

183–205. https://doi.org/10.1080/08920753.2014.877768 

Wells, B. K., Huff, D. D., Burke, B. J., Brodeur, R. D., Santora, J. A., Field, J. C., Richerson, K., 

Mantua, N. J., Fresh, K. L., McClure, M. M., Satterthwaite, W. H., Darby, F., Kim, S. J., 

Zabel, R. W., & Lindley, S. T. (2020). Implementing Ecosystem-Based Management 

Principles in the Design of a Salmon Ocean Ecology Program. Frontiers in Marine Science, 

7(May), 1–24. https://doi.org/10.3389/fmars.2020.00342 

Wiens, J. A. (1989). Spatial scaling in ecology. Functional Ecology, 3(4), 385–397. 

https://doi.org/10.2307\/2389612 

Willson, M. F., & Halupka, K. C. (1995). Anadromous fish as keystone species in vertebrate 

communities. Conservation Biology, 9(3), 489–497. https://doi.org/10.1046/j.1523-

1739.1995.09030489.x 

Wilson, J. A. (2006). Matching social and ecological systems in complex ocean fisheries. 

Ecology and Society, 11(1), 9. https://doi.org/10.5751/ES-01628-110109 

Wyatt, S. (2008). First Nations, forest lands, and “aboriginal forestry” in Canada: From 

exclusion to comanagement and beyond. Canadian Journal of Forest Research, 38(2), 171–



Mismatches in Salmon Social-Ecological Systems 

 

 

101 

180. https:// doi.org/10.1139/X07-214 

Yin, R. K. (2009). Case study research: Design and methods (4th Ed.). SAGE Publications, Inc. 

https://doc1.bibliothek.li/acc/flmf044149.pdf 

Young, O. R. (2002). The institutional dimensions of environmental change: Fit, interplay, and 

scale. Massachusetts Institute of Technology. 

Young, O. R. (2008). The architecture of global environmental governance: Bringing science to 

bear on policy. Global Environmental Politics, 8(1), 14–32. https://doi.org/10.1162/ 

glep.2008.8.1.14 

Young, O. R., King, L., & Schroeder, H. (Eds.). (2008). Institutions and environmental change: 

Principal findings, applications, and research frontiers. Massachusetts Institute of 

Technology. https://doi.org/10.7551/mitpress/9780262240574.001.0001 

 

 


	Creative Commons Statement
	Acknowledgements
	Dedication
	Abstract
	List of Tables
	List of Figures
	Introduction
	Research Purpose and Objectives
	Dissertation Overview

	Theoretical Framework and Literature Review
	Institutional Fit
	Ecological Fit
	Social Fit
	Social-Ecological Fit

	Indigenous Governance and Stewardship

	Research Design, Methodology, and Methods
	Component 1
	Case Study Method
	Data Collection
	Data Analysis

	Components 2 and 3
	Data Collection
	Data Analysis


	Dissertation Portfolio Components
	Component 1
	Component 2
	Component 3

	Recommendations
	Knowledge Dissemination and Transfer Plan
	Conclusion
	References

