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Abstract 
 
 This thesis takes a trans-disciplinary approach to studying the management of 

the socioeconomically valuable, socio-ecological system that is the recreational B.C. 

rainbow trout and steelhead (Oncorhynchus mykiss) fishery. Chapters are presented 

under a novel framework to studying the management of socio-ecological systems in a 

changing world, and is organized under three pillars: A) Identifying the capacity for 

aquatic ecosystems and ecosystem users to overcome climate change induced stressors 

(bottom-up conservation management) and providing solutions to encourage and 

facilitate bottom-up conservation management, B) Determining the capacity for current 

government-mandated management strategies and policies at protecting aquatic 

Canadian species, as well as providing solutions to foster the betterment of top-down 

conservation management of socioeconomically valuable aquatic species, and C) 

Providing strategies and avenues forward that can facilitate the incorporation of findings 

from pillars A and B into the management of socioeconomically valuable aquatic species. 

Chapters two and three (pillar A) provide evidence that steelhead are more susceptible 

to the negative effects of multiple angling events under predicted water temperatures, 

and that recreational anglers are likely to engage in pro-environmental behaviours whilst 

fishing (offsetting ecological impacts of angling), especially if they hold high 

environmental threat perceptions because of targeted species or chosen fishing 

locations. Chapters four and five (pillar B) provide evidence that current management 

strategies in place to protect steelhead in B.C. at both the provincial and federal level 
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have significant limitations inhibiting the successful management of this species, and can 

be significantly improved. Overlaps in jurisdictional management and faults in imperilled 

species legislation in Canada should be addressed and improved to allow for the 

conservation of Pacific salmonid species. Chapters six and seven (pillar C) share initiatives 

and best practices for incorporating scientific evidence into and improving conservation 

management. Chapter six highlights the importance of both individual and collective 

actions, cross-scale collaborations, and adaptive management in successful 

environmental management. Chapter seven echoes the need for collaboration and 

suggests facilitating communication between decision-makers and knowledge generators 

to ensure the proper management and delivery of scientific findings, and credibility 

behind scientific findings when incorporating environmental scientific evidence into 

management decision-making. 
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Preface 
 

All research presented in this thesis was conducted following animal care 

protocols and human ethics protocols in accordance with guidelines administered by 

Carleton University or University of Ottawa. 

 

Thesis Format and Co-Authorship 
 
 This thesis consists of eight chapters. Of those, five are presented as manuscripts 

(chapters two, three, four, five, six, and seven). In chapter one, I present relevant 

background information and literature to give context to the thesis and thesis objectives. 

Chapter two is a research paper on drivers of pro-environmental behaviours amongst 

rainbow trout and steelhead anglers. Chapter three is a physiology research paper on the 

physiological limitations of steelhead undergoing multiple recaptures under current and 

predicted water temperatures. Chapter four and chapter five are data analysis papers 

that take an investigative journalism approach to studying the capacity and limitations of 

current governments to properly manage imperilled, socioeconomically valuable aquatic 

species in Canada, and to identify solutions for overcoming limitations and improving 

current practices. Chapter six presents a collection of ‘bright spots’ within recreational 

fisheries management from around the world that can be adopted in Canada and 

elsewhere to improve on identified limitations to current strategies to protect aquatic 

species supporting fisheries. Chapter seven is a literature review on best practices for 

communicating environmental scientific findings to conservation decision-makers. These 

best practices can help with disseminating findings from this thesis and other similar 
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works into decision-making. Finally, in chapter eight, I share my general conclusions and 

dive into the importance of my work. I also present future avenues for this research as 

well as speak on the limitations of this thesis.  

Chapters two, four, and five make up half of Activity 5.3. of the larger project 

Sustaining Freshwater Recreational Fisheries in a Changing Environment funded by 

Genome Canada and Genome British Columbia (BC). The larger project is based out of 

University of British Columbia (UBC) and is multidisciplinary in nature, comprising 5 

Activities working in the fields of genetics, physiology, policy, and management of 

rainbow trout and steelhead (Oncorhynchus mykiss) populations in B.C. Canada. The 

findings from the three relevant chapters in this proposal, together with findings from all 

activities that make up the larger funded project will be used to build decision-guiding 

documents for B.C. rainbow trout and steelhead management agencies and fisheries 

stakeholders.  

This thesis presents my own work, yet I must acknowledge that much of my work 

was done in collaboration with others as outlined below.  
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Chapter 2 (Published): Drivers of pro-environmental behaviours among outdoor 

recreationists: The case of a recreational fishery in Western Canada. 
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Management. 289:112366. 
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Chapter 1 : General introduction 
 

For this thesis, I adopted a socio-ecological systems approach to evaluate the 

impact of climate change on inland aquatic systems management successes. I used the 

recreational rainbow trout and steelhead (Oncorhynchus mykiss) fishery in British 

Columbia (B.C.), Canada, as a case study. More specifically, I collected social and 

ecological scientific evidence that can be used to best manage rainbow trout and 

steelhead recreational fisheries in the face of current and future anthropogenic stressors, 

such as climate change. I also provided best practices for incorporating scientific findings 

(such as findings presented in this thesis) into management to facilitate the improvement 

of processes in place for protecting rainbow trout and steelhead in Canada, as well as 

other socioeconomically, and ecologically valuable aquatic species world-wide.  

In this chapter, I present background context for thesis chapters two, three, four, 

five, six, and seven. I first discuss aquatic ecosystems in the Anthropocene (section 1.1.). I 

then speak on the value of recreational fisheries (section 1.2.), followed by an overview 

on rainbow trout and steelhead in Canada (section 1.3.). Next, I discuss trans- and multi- 

disciplinary research and its’ importance in the Anthropocene (section 1.4.), followed by 

a quick overview of bottom-up, and top-down management (1.5.). Finally, I discuss the 

rationale, goals, and objectives of this thesis (1.6.). 
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1.1. Aquatic ecosystems in the Anthropocene 

 

In the Anthropocene epoch today, humans govern environmental changes (Lewis 

& Maslin, 2015; Crutzen & Stoermer 2006), making our actions primarily responsible for 

observed losses in biodiversity (Reid et al. 2019), and resulting socioeconomic 

consequences. Anthropogenic stressors in the Anthropocene to date, such as climate 

change, have led to high rates of decline in freshwater species abundances which are 

believed to be declining at a significantly higher rate (81% average decline between 1970 

and 2012) than terrestrial (36% average decline between 1970 and 2012) and marine 

species (31% average decline between 1970 and 2012; Living Planet Report 2016). 

Although inland bodies of fresh water cover only 0.8% of the earth’s surface (Living 

Planet Report 2016; Reid et al. 2019), they are home to a conservative estimate of 40% of 

all fish species and 20% of vertebrate species (Lynch et al. 2016b), collectively accounting 

for ~ 10% of all identified living vertebrate species (WWF 2016).  

  The future consequences of anthropogenic stressors on freshwater species 

population declines are largely unknown yet are of concern as social, economic, and 

ecological costs are bound to result from such losses (Allison et al. 2009; Holmlund & 

Hammer 1999). A loss in freshwater aquatic species diversity may result in significant 

decreases in ecosystem function and ecosystem services (Holmlund & Hammer 1999) 

and may also pose threats to social systems globally (Allison et al. 2009). Furthermore, it 

has been predicted that climate-driven changes in aquatic ecosystems may lead to 

substantial economic losses and missed opportunities for development in countries 
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unable to mitigate environmental changes to their fisheries (Allison et al. 2009).  

 

1.2. The value of recreational fisheries 

 

One example of socioeconomically important aquatic species are fish supporting 

recreational fisheries. Recreational fisheries provide recreational anglers (those fishing 

with hook and line, catching fish for reasons other than obtaining their primary source of 

protein or for profit; FAO, 2012) with benefits to their wellbeing (i.e., connecting with 

nature, relaxing, socializing, etc.; Freudenberg & Arlinghaus 2009; Toth & Brown 1997; 

Caltabiano 1994). These benefits to wellbeing have attracted approximately 11.5% of the 

human population to participate in the activity (10.5% across industrialized countries; 

Arlinghaus et al. 2015; Arlinghaus & Cooke  2009). Beyond benefits to wellbeing, 

recreational fisheries also contribute economically to communities, providing jobs, and 

increasing economic activity in often remote locations (Smith et al. 2005; Hoogendoorn 

2014; Lynch et al. 2016; Funge-Smith et al. 2018), and can also be a secondary source of 

food protein (Cooke et al. 2018). As for their ecological significance, recreational fisheries 

provide motives for protecting imperilled aquatic ecosystems, often contributing to 

conservation initiatives (i.e., volunteer acts by anglers, monetary contributions to aquatic 

ecosystem conservation via fishing licensing dollars, etc.; Granek et al. 2008; Arlinghaus & 

Cooke 2009; Jeanson et al. 2021).  

Current and projected climate scenarios threaten the sustainability of ecosystems 

supporting inland recreational fisheries (Harrod et al. 2019), thus threatening the 
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economic and social benefits resulting from such fisheries. As populations of inland fishes 

supporting recreational fisheries decline in Canada and elsewhere in response to climate 

change and other anthropogenic stressors, one utilized management strategy is to turn 

these fisheries into catch-and-release only (Cooke & Schramm 2007; disallowing harvest 

of angled species under varying conditions). This means that fish may be continuously at 

risk of interacting with anglers and repeatedly subjected to stressors such as hooking 

damage, air exposure, exhaustive exercise, and others associated with human handling 

(Arlinghaus et al. 2007; Brownscombe 2017b).  

Anglers can be an overlooked asset for conservation and management due to the 

belief that anglers are part of the problem, as they increase mortality in fish through 

harvest and post-release mortality through catch-and-release fishing (Arlinghaus & Cooke 

2009; Granek et al. 2008). As anglers accrue personal wellbeing benefits from 

recreational angling, there is reason to suggest that anglers are motivated to protect 

recreational angling opportunities. For example, the drive to protect fishing opportunities 

by recreational anglers led to the emergency COSEWIC (the Committee on the Status of 

Endangered Wildlife in Canada) assessment conducted on two Inland Fraser Steelhead 

populations ending in February 2018. Letters to government and COSEWIC demanding 

action by recreational anglers raised awareness of declines and ultimately resulted in an 

assessment. Furthermore, although seen as consumers of ecosystems, many anglers do 

participate in pro-environmental behaviours (PEBs) whilst fishing, decreasing and 

potentially off-setting environmental costs to outdoor recreation (Granek et al. 2008).  
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1.3. Rainbow trout populations in B.C., Canada and beyond 

 

Rainbow trout are native to the Pacific Northwest (from Alaska to Mexico) and 

have been introduced around the world, primarily for the purpose of implementing 

recreational sport fisheries (Crawford & Muir 2008; DFO 2016). Rainbow trout 

introductions can be traced back to the 1870s and have continued to this day, leading to 

rainbow trout being the fourth most heavily introduced fish species in the word 

(Crawford & Muir 2008). This species has two major phenotypes consisting of non-

migratory, resident rainbow trout that spend all their life in fresh water, and a migratory, 

anadromous form known as steelhead which reproduces in freshwater and grows in 

marine environments. Resident rainbow trout is pink and silver in colouration with dark 

brown spots. They are smaller (approximately 15 to 40 cm in length, and 1 to 3 kg in 

weight) than steelhead (~ 50 to 75 cm in length, and 4 kg in weight; DFO 2016; DFO 

2018a) who’s name is derived from its’ more greyish/silver (steel) colouring with dark 

brown spots. Rainbow trout and steelhead are the main species caught by anglers in B.C., 

Canada (DFO 2018b). 

As a result of climate change and other anthropogenic stressors, several 

steelhead populations in interior Fraser, B.C. have faced population declines. For 

example, steelhead in the Thompson River have been assessed as ‘critically endangered’ 

by COSEWIC after a decline of 79% was observed over three recent generations of fish 

returned to their native rivers (DFO 2018a). Water temperature increases are a particular 

concern for sport fishes such as steelhead, as fish that are already stressed by increased 
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water temperatures are less likely to be able to adequately handle other stressors such as 

those resulting from angling interactions (Gale et al. 2013). 

 

1.4. Multi- and trans- disciplinary research and socio-ecological systems in the 

Anthropocene 

 

Ecological resources like aquatic ecosystems are intrinsically connected to social 

systems since environmental quality is a key component to human quality of life 

(Millennium Ecosystem Assessment 2005; Anderies et al. 2004; Pacione 2003; Holmlund 

& Hammer 1999). For example, anthropogenic changes to freshwater ecosystems are 

currently decreasing human quality of life by decreasing the amount of potable 

freshwater available for human consumption, leading to negative health consequences 

and social conflicts (Millennium Ecosystem Assessment 2005). Therefore, to achieve a 

better Anthropocene in which successful management of resources yields positive 

outcomes in environmental quality and human wellbeing (Bennett et al. 2016), a socio-

ecological systems approach to environmental management should be adopted at large 

scales. 

Given the magnitude of current anthropogenic induced changes to the 

environment, the need to adopt a socio-ecological systems view of human-environment 

interactions is imperative (Collins et al. 2011). This understanding has led to a desire and 

need for cross-collaborations in conservation research between social scientists and 

biologists to conduct research that captures both the ecological and social significance of 
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our environment today (Collins et al. 2011; Cote & Nightingale 2012). To date, 

conservation studies in ecology are rarely conducted in unison with social science 

studies, and thus societal perspectives, perceptions, and needs; and environmental 

limitations are rarely presented together cohesively (Cvitanovic et al. 2015; Ostrom, 

2009) and do not represent the complexities of interactions within socio-ecological 

systems (Anderies et al. 2004). In the context of conservation management, a trans-

disciplinary approach is needed. Multi-disciplinary groups of scientists must come 

together with government and non-government stakeholders and rightsholders to 

ensure that both social and ecological scientific findings are considered in conservation 

management, policy development, and environmental decision-making. To do so, 

institutions, organizations and other groups will need to overcome barriers to engaging in 

interdisciplinary, and collaborative work, such as disciplinary language, strict time frames 

in research, and lack of guidance (Kelly et al. 2019). 

 

1.5. Bottom-up vs. top-down management 

 

Bottom-up environmental management refers to efforts made by local 

stakeholders to self-fix or manage a local environmental issue (such as a population 

decline of locally recreationally fished for species). Top-down management refers to the 

implementation of policies and rules for interacting with environments by governing 

bodies or influential groups with the purpose of protecting and/or addressing 

environmental problems (Koontz & Newig 2014). Often, collaboration between those 
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involved in top-down as well as bottom-up initiatives results in more successful 

environmental outcomes. For example, the involvement of local stakeholders into policy 

decision-making can lead to an increase in compliance of resulting policies (Innes & 

Booher 1999). 

 

1.6. Rationale, goals, and objectives 

 

1.6.1. Rationale 

 

Climate change is threatening biodiversity world-wide, leading to declines in 

biodiversity across all taxa (Reid et al. 2019). Of all taxa, freshwater vertebrate species 

are demonstrating the most drastic biodiversity declines (WWF 2016). Within freshwater 

species, it is suggested that those that hold socioeconomic importance, such as those 

supporting fisheries are at an increased risk of population declines (reviewed in Gale et 

al. 2011). Steelhead are one of such Canadian species, making them of interest when 

studying how best to manage aquatic biodiversity in the face of climate change. As 

fisheries are socio-ecological systems, it is ideal to take a trans-disciplinary approach to 

studying social and ecological implications of steelhead management.  

 

1.6.2. Goals and objectives 
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The overall goal of this thesis was to take a trans-disciplinary approach at studying 

the socioeconomically valuable recreational B.C. rainbow trout and steelhead fishery to 

aid in the conservation of B.C. Oncorhynchus mykiss under current and predicted 

environmental stressors. My main objective was to provide social and ecological scientific 

evidence on the capacity for the current B.C. Oncorhynchus mykiss fishery to withstand 

present and predicted stressors associated with climate change and angling, and to 

provide strategies for incorporating scientific findings into fisheries management and 

conservation decision-making. This thesis is organized under a framework I developed, 

which is built on three pillars (see Figure 1.1.): A) Identify the capacity for aquatic 

ecosystems and ecosystem users to overcome climate change induced stressors (bottom-

up conservation management) and provide solutions to encourage and facilitate bottom-

up conservation management, B) Determine the capacity for current government-

mandated management strategies and policies at protecting aquatic Canadian species, as 

well as provide solutions to foster the betterment of top-down conservation 

management of socioeconomically valuable aquatic species, and C) Provide strategies 

and avenues forward that can facilitate the incorporation of findings from pillars A and B 

into the management of socioeconomically valuable aquatic species. This framework can 

be adopted by others looking to conduct research with the goal of obtaining scientific 

evidence to support the environmental management and conservation of socio-

ecological systems under environmental uncertainty.  

To accomplish pillar one, I conducted an online angler survey with steelhead and 

rainbow trout anglers to determine what factors predict engagement in pro-
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environmental behaviours. I also conducted a study investigating the physiological limits 

of steelhead undergoing simulated angling events under current and future water 

temperatures. These chapters inform management of the capacity for the fish species in 

question to withstand predicted climate-induced stressors coupled with angling induced 

stressors, as well as shares insight on leveraging pro-environmental behaviours to offset 

angling costs to fish. To accomplish pillar B, I conducted interviews with steelhead 

anglers, as well as individuals familiar with the Species at Risk Act listing for Thompson 

River steelhead to determine the capacity of current government-mandated 

management strategies and policies at protecting aquatic Canadian species. These 

chapters define limitations to current conservation management strategies, identify 

areas in need of improvement, and provide solutions to addressing such limitations. And 

finally, to complete pillar C, I built up a collection of ‘bright spots’ within recreational 

fisheries management to share initiatives that can be adopted to facilitate bottom-up and 

top-down conservation management of socioeconomically valuable fish species, as well 

as conducted a literature review on best practices for sharing environmental scientific 

evidence to conservation decision-makers to facilitate uptake of scientific evidence from 

this work, and other works into socio-ecological systems management.  

It is to note that this thesis is lacking Indigenous voices. I recognize that this 

inclusion would greatly benefit this thesis, as Indigenous stakeholders should be 

considered in all fisheries management research conducted in Canada. During my time at 

Carleton, and through the completion of an Indigenous ethics course, I have started 

learning about how best to include Indigenous knowledge and voices into research and 
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will continue this learning throughout the rest of my career. The idea to include 

Indigenous perspectives and ways of knowing was not overlooked throughout the 

process of this thesis, as another colleague also working under the larger genome B.C., 

genome Canada funded project that this thesis falls under, did conduct complementary 

research to this thesis with Indigenous stakeholders in B.C.  

 

1.7. Chapter one figure 
 

  

Figure 1.1. Framework to studying socio-ecological systems in the face of climate change. 

 
  



 12 

 
 
 
 
 
 
 
 

-Pillar A- 
 

Chapters Two and Three 
 
 
 
 

The capacity and limitations to bottom-up management of B.C. steelhead fisheries 
 
 
 
 

Using a trans-disciplinary approach utilizing tools from both biology and the social 

sciences, chapters two and three study the ability for fish and anglers in this system to 

mitigate the effects of multiple angling events under current and future environmental 

conditions. 
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Chapter 2 : Drivers of pro-environmental behaviours among 
outdoor recreationists: The case of a recreational fishery in 
Western Canada 
 

2.1. Abstract  
 

Pro-environmental behaviours (PEBs) are important for mitigation and restoration 

efforts in the Anthropocene. As recreationists are motivated to engage in leisure 

activities to increase their own personal wellbeing, I submit that threats to wellbeing (an 

egocentric motivator) predict engagement in PEBs amongst recreationists. I also predict 

that differences in experiences across groups of recreationists leads to differences in PEB 

engagement. Using an online survey, I test my two hypotheses (if recreationists perceive 

there is a threat to their wellbeing and that their behaviours can yield environmental 

successes, then they will be more likely to engage in PEBs, and if recreationists differ in 

recreational experiences, then they will demonstrate differences in likelihood to engage 

in PEB) amongst outdoor recreationists, specifically Canadian rainbow trout and 

steelhead anglers in British Columbia (n=894 respondents). I define ‘threat to wellbeing’ 

as the interaction of environmental threat-perceptions of used environments for fishing, 

and level of centrality fishing has to one’s lifestyle. To test my first hypothesis, I 

conducted three linear regressions corresponding to three different PEBs related to 

catch-and-release (C&R) fishing. My egocentric predictor ‘threat to wellbeing’ was only 

significant for one out of the three PEBs tested, showing mixed support for my first 

hypothesis. It is of note that ‘environmental threat perceptions’ and one’s belief in 

successes resulting from PEB engagement were found to be significant predictors for all 
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three PEBs tested. These results suggest that predictors of PEB may not always be 

transferable across PEBs relating to recreational activities, and environmental threat 

perception and one’s belief in successes resulting from PEB engagement are strong 

predictors of PEBs amongst recreationists. To test my second hypothesis, I conducted a 

Kruskal Wallis test to determine if there were significant differences across angler groups 

in PEB predictor scores and PEB engagement, and conducted pairwise population Z-tests 

to determine proportional participation rates across angler groups for the three PEBs and 

PEB predictors investigated. Experiences were found to shape predictors of PEBs, as well 

as likelihood to engage in PEBs, as different angler groups targeting different fish (i.e., 

rainbow trout vs steelhead) and using different aquatic habitats (i.e., rivers vs. lakes) 

demonstrated significantly different scores for PEB predictors, as well as significantly 

different likelihood to engage in two of the three PEBs tested. These findings support the 

notion that recreationists are not a homogenous group, and that their beliefs and 

resulting behaviours during recreational activities are determined by their experiences in 

nature and can be influenced by the species with which they interact, and the habitats 

they use for recreation.  

 

2.2. Introduction  

 

The concept of the ‘Anthropocene’, in which human actions are responsible for 

substantial environmental changes (Crutzen 2006) is a poignant realization of the degree 

of impact human behaviours are having on the Earth (Keys et al. 2019). Human 
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behaviours and actions directly dictate the fate of ecosystems, meaning that adoption of 

pro-environmental behaviours (PEBs) and other human actions can translate into positive 

benefits for the environment. Definitions of PEB vary throughout the literature, but for 

the purposes of this article I use Stern (2000), who defines them as all individual 

behaviours enacted with the intent of generating benefits for the environment.  

PEBs amongst outdoor recreationists are of specific interest because when they 

are enacted in recreationally used ecosystems, they hold the potential to offset 

anthropogenic stressors. By providing individuals with opportunities to relieve psycho-

social stress, relax, socialize, and connect with nature, outdoor recreation has been 

shown to increase wellbeing and generate positive emotions, whilst lowering obesity 

rates amongst those who participate (Vella et al. 2013; Korpela et al. 2014; Outdoor 

Industry Association 2017a; Eigenschenk et al. 2019). Outdoor recreation also supports a 

wide range of economic activities (e.g., recreational fishing, snorkeling, bird watching, 

kayaking), and creates jobs in rural regions. In the USA alone, the outdoor recreation 

industry generates $887 billion USD in consumer spending annually as of 2017, 

supporting approximately 7.6 million American jobs (Outdoor Industry Association 

2017a). As a result, PEBs not only lead to ecological benefits, but also social and 

economic gains for society. Although recreationists are important potential enactors of 

PEBs (Chang et al. 2017), little research has looked to identify predictors of PEBs within 

this segment of society.  

Although research has not heavily focused on predicting specific acts of PEBs 

during recreation like I do here, a body of work exists looking at the drivers and 
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determinants of PEBs more generally. One indirect yet significant pro-social motivator of 

PEBs is ‘problem awareness’, also referred to as ‘perceived levels of environmental 

threat’, or ‘environmental threat perceptions’ (Bamberg & Möser, 2007). Several 

empirical studies conducted in the social sciences have uncovered links between 

environmental threat perceptions and PEBs. For example, Hartmann et al. (2015) studied 

the linkage between threat perceptions and intent to engage in PEBs amongst US citizens 

and Australians subjected to ‘threat appeal based green advertising’. Using online 

surveys, the authors found that increased cognitive levels of threat perceptions and fear 

arousal in response to climate change significantly increased intent to engage in PEBs. In 

a study conducted by Johnson and Frickel (2011), long term ecological and social data 

were used to identify the correlation between ecological threat and PEBs via longitudinal 

data on bird and amphibian population numbers, and the number of founded 

environmental movement organizations. Johnson and Frickel (2011) found that 

population declines correlated with the establishment of such organizations, suggesting 

that threat perception can be linked to environmental activism.  

Another motivator of PEB with strong implications for recreationists is 

‘specialization’ (often referred to as ‘commitment’ or ‘centrality’, an index of 

psychological commitment). The theory of recreational specialization (Bryan 1977; Scott 

& Shafer 2001; Harshaw et al. 2020) suggests that skill, equipment preference, and 

chosen location used for outdoor recreation contribute to one’s level of specialization of 

a given activity. Specialization levels occur on a continuum and directly influence values 

and attitudes (i.e., importance of an activity to self-identity) as well as behaviours (i.e., 
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use of preferred gear). For example, birdwatchers in Hong Kong (n=318) reported a 

positive relationship between specialization and environmentally responsible behaviour 

on questionnaires (Cheung et al. 2017). As specialization increases, recreationists may 

become less consumptive of resources following a turn towards preservation. There is no 

consensus in the literature on how best to measure recreational specialization as re- 

searchers have identified it using different behavioural or value/attitude metrics, or some 

combinations thereof; however, there remains support for the use of ‘centrality-to-

lifestyle’ as a viable indicator of specialization (Scott & Shafer 2001; Sorice et al. 2009).  

Existing behavioural psychology literature suggests self-interest is a significant 

driver of behaviour (Ajzen 1985). As outdoor recreation can be harmful to ecosystems 

(Boyle & Samson 1985; Larson et al. 2016), I assume that recreationists are likely not 

engaging in outdoor recreation with eco-centric goals, and that motivators to engage in 

pro-environmental behaviours during outdoor recreation are likely to predominantly 

result from a desire to maintain benefits – specifically levels of wellbeing – that are 

achieved through recreation. A study conducted by Schmitt et al. (2018) found that 

recreationists who devote more of their personal resources towards pro-environmental 

behaviours reported higher levels of life-satisfaction (i.e., wellbeing). However, Schmitt et 

al. (2018) also found that the relationship between pro-environmental behaviour and 

wellbeing is not linear and can be influenced by perceptions of threat. Specifically, they 

found that levels of participation in 32 different PEBs correlate with increased 

perceptions of ecological threat, as well as decreases in life-satisfaction amongst a 

representative sample of Canadians and Americans. These findings suggest that threat 
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perceptions negatively correlate with life-satisfaction, but positively correlate with 

increased engagement in PEBs (which negates to some degree decreases in life-

satisfaction).  

In a meta-analysis on the presence and strength of PEB determinants conducted 

by Hines et al. (1987) and then replicated by Bamberg & Möser (2007), PEBs were found 

to be both pro-socially motivated, and self-interest driven. Pro-social motivations are 

often defined in the literature using Schwartz’s (1997) Norm-Activation-Model, which 

suggests that behaviours are the result of moral or personal norms built off cognitive, 

emotional, and social factors. The most prominent factors influencing moral norms are 

problem awareness and causal attribution (example: feelings of guilt leading to moral 

obligations to act), in that order. Ajzen’s (1985) Theory of Planned Behaviour (TPB) is 

often used in the literature when investigating behaviours driven by self-interest 

(egocentric behaviours). The TPB suggests that humans act with the goal of avoiding 

punishment and gaining rewards. Under this theory, behaviours are governed first by 

one’s goal of avoiding losses; second, one’s belief in their ability to avoid losses and 

obtain gains; and third, social norms (i.e., fear of social exclusion). As PEBs are found to 

be driven by pro-social and egocentric psycho-social factors, models looking to predict 

PEB should look to incorporate both (Bamberg & Möser 2007).  

Several psycho-social factors were repeatedly identified and included in 

integrated PEB models, most notably Stern’s (2000) Value-Beliefs-Norm theory (Klöckner 

& Blöbaum 2010; Klöckner 2013; Fritsche et al. 2018). Such models suggest that 

intentions to engage in PEB form in response to personal environmental threat 



 19 

perceptions, and norms and goals (Fritsche et al. 2018). Although intention to act is 

recognized as the biggest determinant of PEB (Bamberg & Möser 2007), realizations of 

PEBs are limited by subjective norms and perceptions of our capability to cause positive 

change through PEBs (Verplanken & Wood 2006; Bamberg & Möser 2007). Stern’s (2000) 

‘value-belief-norm theory (VBN) of environmentally significant behaviour’ is often 

considered to be the best model for gauging the likelihood of support for environmental 

movements and is often used in the literature when identifying determinants of pro-

environmental behaviours (Stern 2000; Ibtissem 2010). The theory considers both pro-

social and self-interest driven motivations for PEBs and has been used to define PEBs in 

both private and public spheres (i.e., green transport, biodiversity conservation, energy 

conservation, eco-friendly consumerism, etc.; Liu et al. 2018). The theory suggests that 

values dictate beliefs, which in turn leads to the creation of personal/social norms, which 

motivate intentions, and ultimately drive behaviours.  

The goal of this study was to apply what is known about predictors and theories 

of PEB from the literature discussed above to specific acts of PEBs using data collected 

through an online angler survey. The study is twofold. First, I investigated the hypothesis 

that engagement in PEBs is egocentric in nature amongst recreationists by investigating 

‘threat to wellbeing’ as an indicator of engagement in PEBs. I then investigated the 

hypothesis that differences in experiences amongst recreationists (here I specifically 

looked at anglers) lead to differences in engagement in PEBs. Anglers are recreationists 

who use aquatic landscapes such as rivers, lakes, and oceans, for the purpose of catching 

fish, predominantly with hook and line, for leisure and/or social purposes as opposed to 
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collecting a primary source of protein (Arlinghaus & Cooke 2009). Anglers and other 

recreationists are sometimes overlooked in conservation and management due to the 

belief that they are part of the problem. For example, anglers are often blamed for 

increased mortality in fish through harvest and post-release mortality through catch-and-

release fishing (Granek et al. 2008; Arlinghaus & Cooke 2009). Through PEBs, anglers and 

other recreationists can offset their effects on the environment and contribute to 

conservation efforts. This work looks to motivate others to continue to research PEBs 

within this demographic, and to encourage environmental decision-makers to account 

for such behaviours when considering conservation strategies.  

 

2.2.1. Theoretical framework  

 

In this study, I used a non-random online survey of rainbow trout and steelhead 

(Oncorhynchus mykiss) anglers (n=894) in B.C. Canada. Based on existing studies that link 

psychological wellbeing with PEBs (Schmitt et al. 2018; Corral-Verdugo et al. 2011), I 

predicted that PEBs are pursued to offset potential losses in wellbeing resulting from 

decreases in recreational opportunities (See Figure 2.1). As the belief that actions can 

result in successes has been found to predict engagement in such actions (Verplanken & 

Wood 2006), belief in the resulting successes of PEBs wass included in my framework.  

My first hypothesis (H1) was: if recreationists perceive there is a threat to their 

wellbeing and that their behaviours can yield environmental successes, then they will be 

more likely to engage in PEBs. Thus, I predicted that ‘environmental threat perception’, 
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‘centrality-to-lifestyle’, and their interaction I refer to as ‘threat to wellbeing’, are 

predictors of likelihood to engage in PEBs. Here, ‘centrality-to-lifestyle’ represents how 

important/central the activity of fishing is to everyone, and ‘environmental threat 

perception’ represents how much an environmental threat is perceived to be present on 

utilized landscapes. I proposed that the interaction of these factors threaten one’s ability 

to engage in the recreational activity of fishing, and thus promote egocentric motives to 

engage in PEBs. For the context of this work, I use the ‘belief in [the effectiveness of] 

catch-and-release (C&R) [as a conservation tool]’ as an indicator of belief successes 

resulting from ‘action’ (i.e., engagement in PEBs), as the PEBs explored here all look to 

limit the impact of catching fish on hook and line prior to their release (i.e., taking an 

online fish handling course, minimizing fish air exposure, and using a tool backed by 

science to reduce harm to fishes).  

My second hypothesis (H2) was: if recreationists have different experiences 

because of interacting with different environments and/or species, then they will 

demonstrate differences in their beliefs and in their likelihood to engage in PEBs. Based 

on the literature, I predicted that predictors of PEBs are shaped by lived experiences, 

which change based on targeted species and used environments. I predicted such 

differences would be apparent in observed disparities across groups of like-minded 

anglers in their likeliness to engage in PEBs. Specifically, I predicted anglers fishing in 

rivers are more likely to engage in PEBs over lake anglers, due to observed differences in 

ecosystems, and the lower levels of fish stocking that takes place in B.C. rivers vs. lakes 
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(FFSBC 2019), and that steelhead anglers are more likely to engage in PEBs because of 

concern for steelhead population numbers in B.C. (Government of Canada 2018).  

 

2.3. Method  

 

2.3.1. Survey development and distribution  

 

An online survey entitled Threats to Rainbow Trout and Steelhead in British 

Columbia was designed and reviewed by a team of four academics, three rainbow trout 

anglers, and five rainbow trout fisheries experts and policy makers to ensure its validity 

and integrity and was approved by the Carleton University Research Ethics Board 

(#10733). Participants were required to give informed consent via the online consent 

form at the beginning of the survey. The survey consisted of multiple choice, Likert, and 

free-answer questions. The survey mechanism was built and operated using the online 

Qualtrics software. The survey was pre-tested by three anglers with experience fishing 

for rainbow trout in B.C. Canada. Pre-testing indicated a completion time of 

approximately 15 minutes. The survey was available for approximately six months from 

the beginning of April to mid-October 2018 and was distributed using a non-random, 

non-stratified broadcast sampling method (like that used by Ayachi et al. 2015) to reach 

B.C. rainbow trout anglers within a population of unknown boundaries. The survey was 

distributed using social media platforms through personal researcher accounts (Twitter 

and Facebook) and paid targeted advertising (Facebook). Partnering organizations (The 
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Freshwater Fisheries Society of B.C. and Anglers Atlas) also contributed to survey 

distribution by including the survey link in newsletters that were sent via email to their 

members.  

 

2.3.2. Data completion and sample size  

 

A total of 1171 individuals opened the survey link and viewed the survey. Of 

those, 47 individuals chose not to continue the survey after reviewing the consent form 

(about four percent). The survey began with a weeding out question to ensure 

respondents were in fact rainbow trout anglers who fish in B.C. (Do you fish for rainbow 

trout in British Columbia?). At this point, six individuals indicated that they did not fish for 

rainbow trout in B.C., automatically terminating their survey, nine individuals elected to 

abandon the survey without answering this question, and 57 individuals indicated they 

did fish for rainbow trout in B.C. but did not answer any subsequent questions (six 

percent). Two respondents did not meet the minimum age for participation (18 years) 

and were removed from the sample. These exclusions resulted in a working dataset of 

1051 rainbow trout anglers. From these responses, I retained responses from surveys 

with a completion rate of 90% or higher to reduce bias, resulting in a sample size of 894 

and a survey completion rate of ~85%. At the beginning of the survey, anglers were asked 

to select which subpopulation of rainbow trout they target most (steelhead in 

streams/rivers, rainbow trout in streams/rivers, rainbow trout in large lakes, rainbow 
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trout in small lakes) and to answer all survey questions with that response in mind to 

account for differences in fishing experiences (see Table 2.1. Below).  

 

2.4. Data analysis  

 

Data was analyzed using SPSS version 25.  

 

2.4.1. Testing hypothesis one: linear regressions  

 

Three linear regressions were conducted for three investigated PEBs to test H1 

and my predictions that ‘environmental threat perceptions’ and ‘centrality-to-lifestyle’ 

are predictors of PEBs, and that the interaction of these two variables (referred to as 

‘threat to wellbeing’) and belief in successes resulting from action (here I use ‘belief in 

C&R practices’) are also strong predictors of PEB. The linear regression for each PEB 

investigated contained independent variables positioned into three blocks. The first block 

included demographic variables. The second block included the variable: ‘angler group’, 

and the third block included my predictor variables: ‘centrality-to-lifestyle’, 

‘environmental threat perception’, ‘threat to wellbeing’ (i.e., ‘centrality-to-lifestyle’ x 

‘environmental threat perception’), and ‘belief in C&R practices’. Independent variables 

were dropped from the regression if they were not significant in the block in which they 

first appeared.  
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2.4.1.1. Dependent variables: pro-environmental behaviours  

 

The survey asked respondents to answer how likely they were to engage in three 

different PEBs. These were: 1. Limit the amount of time caught fish are exposed to air to 

ten seconds or less, 2. Take a free online class on best fish handling practices, and 3. Buy 

scientifically backed fishing gear found to reduce harm to fish. Respondents answered on 

a five-point Likert scale, with the option of answering ‘I don’t know’ which I handled as 

blank responses in my analysis (see Table 2.1.). Engagement in PEB scores used as 

dependent variables in the three regressions each had a range of one to five.  

 

4.1.2. Independent variables: demographic variables and other predictor variables  

 

The demographic variables included in regressions were: ‘age’, ‘education’, and 

‘income’ (see Table 2.1.). They were collected in the online survey and have been found 

to be predictors of PEBs in past studies (Gifford & Nilsson 2014). The continuous variable 

‘age’ passed the test of linearity using four categorical ‘dummy’ variables. Dummy 

variables were used for ‘education’ and ‘income’. Dummy variables were dropped from 

the regression if they were not significant in the first block in which they appeared. 

‘Environmental threat perception’ scores and ‘belief in the effectiveness of C&R’ scores 

were each built off one five-point Likert item question (see Table 2.1.) and once again, 

respondents were given the option to answer with ‘I don’t know’ (these responses were 

treated as blanks and were dropped). This gave respondents ‘environmental threat 
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perception’ scores and ‘effectiveness of C&R’ scores with a range from one to five. 

Centered ‘environmental threat perception’ and ‘effectiveness of C&R scores were used 

in linear regressions.  

A composite Likert item score was used for fishing centrality-to-lifestyle survey 

questions. Fishing ‘centrality-to-lifestyle’ scores were built from three five-point Likert 

scale items similar in structure as those included in Mcfarlane (2004; see Table 2.1.). 

Cronbach’s Alpha was calculated to ensure internal consistency between Likert items 

thus ensuring the reliability of scales. Cronbach’s Alpha was found to be 0.713 which is a 

good level of reliability (Ursachi et al. 2015). I did not conduct list-wise deletion when 

addressing missing data (unanswered Likert items, or items answered with ‘I don’t 

know’). I opted for the person mean substitution method, as items were positively 

correlated (Downey & King 1998; Huisman 2000). Answers for all questions in both 

question groupings were summed, giving each individual respondent a fishing ‘centrality-

to-lifestyle’ score with a range of three to 15. Centered ‘centrality-to-lifestyle’ scores 

were used in linear regressions. The centered ‘centrality-to-lifestyle’ and ‘environmental 

threat perception’ scores were multiplied together to obtain their interaction, which I 

refer to as a ‘threat to wellbeing’ scores.  

 

2.4.2. Testing hypothesis two: Kruskal-Wallis and z-tests  

 

The means of the significant predictors for PEBs determined in the linear 

regressions above (‘centrality-to-lifestyle’, ‘environmental threat perception’, ‘belief in 
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C&R’, and ‘threat to wellbeing’) were compared across angler groups using a Kruskal-

Wallis test to answer H2. Pairwise population proportion Z-tests were also used to 

determine if proportional participation rates in PEBs, ‘environmental threat perception’ 

scores, and ‘centrality-to-lifestyle’ scores, ‘threat to wellbeing’ scores, and ‘belief in C&R’ 

scores differed across angler groups. Here I used non-parametric tests because data 

retrieved from Likert scales are ordinal, failing the assumptions of parametric tests.  

Anglers were divided into four groups to which they self-identified with at the 

beginning of the online survey. These groups were: 1) rainbow trout anglers fishing for 

resident trout in small lakes, 2) rainbow trout anglers fishing for resident trout in large 

lakes, 3) rainbow trout anglers fishing for rainbow trout in rivers/streams, and 4) 

steelhead (anadromous/migratory rainbow trout) anglers fishing in rivers/streams. 

Anglers were divided into groups because different waterbody types (i.e., rivers vs. lakes) 

are thought to result in differing angler experiences (Adrian Clarke, FFSBC, personal 

communication). Large lakes in B.C. for example, may be deep, thus masking the effects 

of climate change, whereas streams and rivers may be shallow, leaving them vulnerable 

to increased water temperatures under climate change. Furthermore, lakes in B.C. are 

heavily stocked with hatchery-bred trout, whereas rivers and streams are not (FFSBC 

2019), perhaps allowing wild population declines to be more evident to anglers in rivers. 

As well, observed declines in steelhead population numbers in B.C. in recent decades 

could also be shaping recreationist perceptions (DFO 2018a). Demographics data was 

analyzed using Kruskal-Wallis non-parametric test and Z-tests to account for 

demographic differences across angling groups.  
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2.5. Results  

 

2.5.1. Testing H1: determining predictors of PEB  

 

The predictors ‘environmental threat perceptions’ and ‘belief in C&R’ were found 

to be significant indicators of PEB across the three PEBs investigated. The predictors 

‘threat to wellbeing’, and ‘age’ were only significant for the PEB ‘limit air exposure’. The 

predictor ‘centrality-to-lifestyle’ was significant for the two PEBs ‘limit air exposure’ and 

‘buying a scientifically backed tool to reduce harm to fish’. The predictor ‘angler group’ 

was significant for the PEB ‘limiting air exposure’.  

 

2.5.1.1. PEB: limiting air exposure to less than ten seconds  

 

The regression for PEB ‘limiting air exposure to ten seconds or less’ found: F (6, 

829) = 17.353, p < 0.001. ‘Age’, angler group’, ‘belief in C&R’, ‘threat to wellbeing’, 

‘centrality-to-life-style’, and ‘environmental threat perception’ were significant predictors 

of this PEB (see Table 2.2.).  

The interaction between ‘environmental threat perception’ and ‘centrality-to-

lifestyle’, referred to here as ‘threat to wellbeing’ was found to be significant, yet the 

interaction was negative. The interaction was found to have more influence on the 

likeliness of engagement in PEBs if anglers score lower on both predictors yet does not 
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have much influence when anglers score high on one of the two predictors. This is 

indicative of a ‘ceiling affect’, suggesting that once a certain degree of ‘threat to 

wellbeing’ is achieved, increasing it will no longer yield more likeliness of engagement in 

this specific PEB (see Fig. 2.2).  

 

Age was found to be a significant indicator of engagement in the PEB ‘limit air 

exposure to ten seconds or less’. Overall, older anglers tended to be less likely to engage 

in limiting air exposure in fish to ten seconds or less when compared to younger anglers 

(see Fig. 2.3.).  

 

2.5.1.2. PEB: taking a free fish handling class  

 

The regression for block three found: F (2, 845) = 22.113, p < 0.001. Only 

‘environmental threat perception’ and ‘belief in C&R practices’ were found to be 

significant predictors for taking a free fish handling class (see Table 2.3.).  

 

2.5.1.3. PEB: buying science-backed fishing gear  

 

The regression for block three found: F (4, 824) = 8.592, p < 0.001. The predictors 

‘environmental threat perception’, ‘centrality-to- lifestyle’, and ‘belief in C&R practices’ 

were found to be significant predictors for buying science-backed fishing gear. The 
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predictor ‘age’ was significant in block 1, but it was not significant when grouped with 

other predictors (see Table 2.4.).  

 

2.5.2. Testing H2: impact of experiences on likeliness to engage in PEBs  

 

Differences across angler groups were found amongst PEB predictors (see Table 

2.5.), and angler likeliness to engage in two out of three PEBs (see Table 2.6.), suggesting 

that differences in experience resulting from targeting different species and utilizing 

different environments resulted in varied likeliness to engage in PEBs.  

 

2.5.2.1. Demographic variables across angler groups  

 

Angling groups did not significantly differ in gender (p = 0.111), income (0.124) or 

education level (0.140) but did differ significantly in age (p = <0.001; see Fig. 2.4.). 

Steelhead anglers and rainbow trout anglers fishing in rivers/streams were significantly 

younger in age than small lake rainbow trout anglers (p = 0.001 and p = <0.001 

respectively).  

 

2.5.2.2. Differences in PEB predictor scores across angler groups  

 

There were significant differences across angler groups in ‘environmental threat 

perception’, ‘centrality-to-lifestyle’, ‘threat to wellbeing’, and ‘belief in C&R practices’ 
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scores (p < 0.001; see Fig. 2.5.). ‘Environmental threat perception’ scores did not 

significantly differ between anglers fishing in large and small lakes, yet anglers fishing for 

rainbow trout in rivers scored significantly higher than lake anglers, and significantly 

lower than steelhead anglers also fishing in rivers. Steelhead anglers demonstrated 

significantly higher ‘environmental threat perception’ scores than all other groups. 

Centrality-to-lifestyle scores did not significantly differ across the three groupings of 

rainbow trout anglers, yet steelhead anglers scored significantly higher than all others. 

‘Belief in C&R practices’ scores were found to be significantly different between rainbow 

trout anglers fishing in large lakes, and river anglers targeting both steelhead and 

rainbow trout. ‘Threat to wellbeing’ was significantly different between steelhead 

anglers, and rainbow trout anglers fishing in rivers and large lakes (see Table 2.5.).  

 

2.5.2.3. Differences in engagement in PEBs across angler groups  

 

In all, anglers were more likely to engage in all PEBs than not likely to engage in 

PEBs. Anglers were more likely to engage the PEB ‘limiting air exposure to ten seconds or 

less’, and were least likely to engage in the PEB ‘taking a free fish handling class’. There 

were significant differences in likelihood of engagement in the PEBs ‘limiting air exposure 

to ten seconds or less (p < 0.001), and ‘buying science-backed fishing gear’ (p = 0.003) 

across angler groups, yet there was no such difference observed for the PEB ‘taking a 

free fish handling class’ (p = 0.372; see Fig. 2.6.). Large lake rainbow trout anglers were 

significantly less likely to engage in limiting air exposure than rainbow trout anglers in 
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rivers and steelhead anglers in rivers. Small lake rainbow trout anglers were less likely to 

limit air exposure than steelhead anglers in rivers. The only significant difference 

observed across groups for the PEB ‘buying scientifically-backed gear’ was found to be 

between rainbow trout anglers in small lakes and steelhead river anglers (see Table 2.6.).  

 

2.6. Discussion  

 

The objective of this study was to 1) investigate the influence of the egocentric 

predictor ‘threat to wellbeing’, as well as the known predictors ‘environmental threat 

perception’, ‘centrality-to-lifestyle’, and ‘belief in successes resulting from one’s actions’ 

on PEB engagement amongst recreationists; and 2) investigate how differences in 

recreational experiences shape engagement in PEBs amongst recreationists. For this 

work, I used rainbow trout anglers in B.C. as representatives of recreationists. I found 

partial support for my H1 as all predictors included in my theoretical framework (Fig. 2.1.) 

were found to be significant predictors of the PEB ‘limit air exposure to ten seconds or 

less’ yet were not significant across all three investigated PEBs. Only ‘environmental 

threat perception’ and ‘belief in C&R’ were significant predictors of the PEB ‘taking a free 

online fish handling course’, and only ‘centrality-to-lifestyle’, ‘environmental threat 

perception’, and ‘belief in C&R’ were significant predictors of the PEB ‘buying a 

scientifically backed fishing tool’. I found support for my H2 as predictors of PEB and level 

of likeliness to engage in two out of three PEBs differed across angler groups tested.  
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The linear regressions for the three PEBs investigated under my first hypothesis 

all revealed ‘environmental threat perception’ and ‘belief in C&R’ as significant predictors 

for all three PEBs. This supports theories such as VBN theory (Stern 2000) and other 

works (Bamberg & Möser 2007) that demonstrate belief in successes resulting from 

actions is a determinant of PEB. My findings also support past literature that suggests 

‘environmental threat perception’ can be used as an indicator of likeliness to engage in 

PEB (Johnson & Frickel 2011; Hartmann et al. 2015). The two variables ‘rainbow trout 

anglers in small lakes’ (a dummy variable for ‘angler groups) and ‘age’ were not part of 

my framework (see Fig. 2.1.) but were also found to be significant predictors of the PEB 

‘limit air exposure to ten seconds or less’. These findings suggest that engagement in this 

specific PEB can be predicted based on which angler group recreationists are a part of, as 

well as their age. The predictors ‘age’ and ‘angler group’ were not however found to be 

significant for the other two PEBs investigated.  

Differences in significance of framework variables (excluding ‘belief in resulting 

success of actions’ and ‘environmental threat perception’), as well as the variables ‘age’ 

and ‘angler group’ in predicting the remaining two PEBs ‘taking a free online fish handling 

course’ and ‘buying a tool backed by science’ may be due to the nature of the PEBs 

investigated. The PEB in which all predictors were found to be significant (‘limiting air 

exposure to ten seconds or less’) was the one that scored the highest for most likeliness 

of engagement by respondents (see Table 2.1.). Furthermore, it was the only PEB that 

had a direct impact on fish, as it takes place whilst fishing. The other two PEBs had 

indirect impacts on fish, as engagement in those behaviours would in time result in 



 34 

benefits for fish during fishing. Perhaps predicted predictors are strongest for behaviours 

that are enacted whilst engaging directly with nature, such as limiting the duration for 

which fish are exposed to air to ten seconds or less while participating in C&R fishing. This 

explanation is supported by the finding that PEBs are non-transferable across contexts, 

and that experience and commitment to an environment may greatly alter one’s 

behaviour at a said location, but not others (Dunlap & Heffernan 1975; Miao & Wei 2013; 

Cooper et al. 2015).  

My prediction that PEBs are enacted by recreationists for egocentric reasons is 

not fully supported by my findings, as ‘threat to wellbeing’ was only significant for the 

PEB ‘limiting air exposure to ten seconds or less’. ‘Threat to wellbeing’ was high when 

anglers scored either ‘centrality- to-lifestyle’ or ‘environmental threat perception’ as high 

and did not increase much when both scores were found to be high (see Fig. 2.2). 

Perhaps seeing an activity dependent on the environment as central to one’s life and 

perceiving high levels of environmental threat on used environments are strong 

predictors of ‘threat to wellbeing’ on their own. More work is needed to best measure 

perceived ‘threat to wellbeing’ and egocentric motives amongst recreationists.  

I also found that most demographic variables were not significant predictors of 

PEB amongst recreationists when coupled with my other predictors. Some studies have 

suggested age to be a significant predictor of PEBs (Gifford & Nilsson 2014; Chankrajang 

& Muttarak 2017; Escario et al. 2020), yet this trend was only apparent for the PEB 

‘limiting air exposure to ten seconds or less’. Existing literature also suggests that higher 

education is correlated with PEBs as scientific knowledge is believed to influence one to 
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engage in PEBS (Gifford & Nilsson 2014; Escario et al. 2020), yet this was not apparent in 

my study.  

My findings supported my second hypothesis as anglers from different angler 

groups (representative of different experiences and environments used for recreation) 

demonstrated significantly different scores across PEB predictors, and significantly 

different scores for likeliness to engage in two out of the three PEBs investigated. For 

example, ‘environmental threat perception’ scores were significantly lower in rainbow 

trout anglers fishing in lakes when compared to anglers fishing in rivers/streams, and 

those targeting steelhead demonstrated significantly higher scores than rainbow trout. 

Furthermore, anglers targeting steelhead (the anadromous form of rainbow trout) 

yielded significantly higher ‘centrality-to-lifestyle’ scores over the other angling groups 

(suggesting that steelhead anglers are more committed and/or more specialized).  

When looking at engagement in investigated PEBs, Kruskal-Wallis tests found 

significant differences in likelihood to engage in PEB across angler groups in two of the 

three PEBs investigated. My findings are consistent with other literature suggesting PEBs 

enacted by recreationists are dependent on experiences (Lin & Lee 2020). Regarding my 

specific findings, they can be explained by the differences in experiences anglers may 

have on the water in B.C., as lakes are heavily stocked with hatchery-raised rainbow 

trout, and streams and rivers are not (FFSBC 2019). Declines in populations because of 

stressors may therefore not be as evident in lakes, thus potentially contributing to lower 

threat perception scores. Furthermore, steelhead are more challenging to capture, and 

are more elusive than rainbow trout (many populations in B.C. are of critical concern 
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following dramatic population declines; Government of Canada 2018), suggestive of a 

different fishing experience over rainbow trout.  

It is important to note that rainbow trout anglers fishing in rivers and steelhead 

anglers were found to be significantly younger in age compared to small lake rainbow 

trout anglers (see Fig. 2.4.). I recognize ‘age’ may be influencing engagement in the PEB 

‘limit air exposure to ten seconds or less’ (as ‘age’ was found to be a significant predictor 

of this PEB). I also recognize that survey respondents make up a non-random sample as 

surveys were distributed using a broadcast sampling method. As anglers completed the 

survey without any form of compensation, the sample of recreationists used in this study 

may be biased towards motivated, invested, and dedicated anglers. Future work should 

continue to determine predictors of PEBs amongst recreationists and continue to explore 

the effects of experience and chosen environments on likeliness to engage in PEBs during 

recreational activities. It is important to understand PEB motivators among members of 

this group because such actions have social, economic, and ecological value (Korpela et 

al. 2014; Outdoor Industry Association 2017a; Eigenschenk et al. 2019). PEBs are relevant 

for mitigating and restoring the impacts of what is, in the aggregate, a large-scale human 

intervention in nature.  

 

2.6.1. Recommendations to decision-makers working with recreationally used 

environments  

 



 37 

Recreationists are not a homogenous group as they are demonstrated in this 

work to hold their own views, perceptions, and likelihood to engage in specific 

behaviours. For this reason, management approaches for recreationally used 

environments should look to define groups amongst recreationists and account for 

differences across groups. An understanding of behaviours and perceptions across 

groups can help environmental management personnel to cater management 

approaches to fit the needs and wants of specific groups, thus promoting the uptake of 

management strategies. Furthermore, an understanding of likelihood to engage in 

impactful PEBs on the landscape across groups of recreationists can help management 

personnel account for such behaviours and can help with developing impactful and 

targeted educational programs.  

Recreationists are influenced by their belief in successes resulting from their own 

actions, as ‘belief in C&R’ was found to be a strong predictor of likelihood to engage in 

PEBs. Recreationists are also influenced by perceived environmental threat perceptions 

of utilized landscapes, as ‘environmental threat perception’ was found to be a strong 

predictor of likeliness to engage in PEBs. Those tasked with managing recreationally used 

landscapes can use these finding to their advantage. Recognizing successes from PEB 

engagement and actively demonstrating how engagement in PEBs yields success may 

lead to higher participation in PEBs during recreational activities. Similarly, 

communicating environmental threats of utilized landscapes to increase ‘environmental 

threat perception’ amongst recreationists may also lead to higher participation in PEBs.  

 



 38 

2.7. Chapter two tables 
 
Table 2.1. Survey questions and response rates. 

 
             
Survey Questions Used     N  Mean  SD  
Pro-Environmental Behaviour Likert Questions: 

1. Please indicate the likelihood that you  
would perform the following:  
• I am willing to voluntarily limit air exposure  

  to ten seconds or less    884  4.61  0.667 
a. Very likely (5)   603 
b. Likely (4)    235 
c. Neither likely nor unlikely (3)  34 
d. Unlikely (2)   5 
e. Very unlikely (1)   7 

 
2. Please indicate the likelihood that you would  

perform the following:   

• I would take a free online course on the proper      
  handling of angled fish    883  3.74  1.33 

a. Very likely (5)   330 
b. Likely (4)    265 
c. Neither likely nor unlikely (3)  105 
d. Unlikely (2)   94 
e. Very unlikely (1)   89 

 
3. Please indicate the likelihood that you would  

perform the following:  

• I would purchase fishing gear that has been      
scientifically tested to reduce harm to angled fish 878  4.21  0.928 

a. Very likely (5)   395 
b. Likely (4)    338 
c. Neither likely nor unlikely (3)  96 
d. Unlikely (2)   28 
e. Very unlikely (1)   21 

 
 

Environmental Threat Perception Likert Question: 
1. Please indicate your level of agreement or  

disagreement with the following statements:  
• I believe that [previously selected fish] populations  

in British Columbia are currently at risk of decline  
due to environmental changes   864  3.66  1.14 

a. Strongly agree (5)   229 
b. Agree (4)    311 
c. Neither agree nor disagree (3) 167 
d. Disagree (2)   118 
e. Strongly disagree (1)  39 

 
 

Centrality-to-Lifestyle Likert Questions: 
1. Please indicate your level of agreement or  

disagreement with the following statements:  
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• Fishing is an important activity for my  
  group of friends    886  3.92  0.964 

i. Strongly agree (5)   271 
ii. Agree (4)    366 
iii. Neither agree nor disagree (3) 176 
iv. Disagree (2)   55 
v. Strongly disagree (1)  18 

 
2. Please indicate your level of agreement or  

disagreement with the following statements:  

• Fishing is my favourite leisure activity  889  4.10  0.897 
a. Strongly agree (5)   357 
b. Agree (4)    312 
c. Neither agree nor disagree (3) 174 
d. Disagree (2)   43 
e. Strongly disagree (1)  3  

 
3. Please indicate your level of agreement or  

disagreement with the following statements:  

• Fishing is a big part of my life   889  4.22  0.861 
a. Strongly agree (5)   401 
b. Agree (4)    326 
c. Neither agree nor disagree (3) 123 
d. Disagree (2)   34 
e. Strongly disagree (1)  5 

 
 

Belief in Catch & Release Likert Question: 
1. Please indicate your level of agreement or  

disagreement with the following statement:  

• I believe catch and release practices are an 
 effective way to ensure conservation of  
 angled fish species    887  3.95  1.05 

a. Strongly agree (5)   305 
b. Agree (4)    362 
c. Neither agree nor disagree (3) 117 
d. Disagree (2)   74 
e. Strongly disagree (1)  29 

 
 

Demographics Questions Free-Answer and Multiple Choice: 
1. Please indicate your age:    880  63.8  14.6 

         [textbox] 
 

2. What is your highest level of education?  888  3.95  1.80 
a. Did not attend high school (1) 2 
b. Some high school (2)  40 
c. Highschool diploma (3)  112 
d. Some college (4)   143 
e. College or vocational diploma (5) 229 
f. Some university (6)   61 
g. University undergraduate degree (7) 154 
h. University post-graduate or     

 professional degree (8)   147 
 

3. What is your household income (before taxes)?   843  3.19  1.51 
a. Under 25000$ (1)   42 
b. 25000-50000$ (2)   127 
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c. 50000-75000$ (3)   176 
d. 75000-100000$ (4)   188 
e. 100000-125000$ (5)  123 
f. Over 125000$ (6)   187 

 
 

Angler Group Multiple Choice Question: 
1. Which out of the following do you  

targe most when out angling?   893  N/A  N/A 
a. Rainbow trout from small  

lakes <1000 hectares   592 
b. Rainbow trout from large  

lakes >1000 hectares (example:  
Kootenay lake, Okanagan lake,  
Shuswap Lake, Quesnel lake)  58 

c. Rainbow trout in streams and rivers  108 
d. Steelhead    135 

 
 

Table 2.2. Regression coefficients table for PEB: ‘limiting air exposure to less than ten 
seconds’ 

               
             
    R2 R2.     B  t Sig.        95% CI.    
     (Adjusted )    Lower Upper   

Block one    0.017 0.016   
Constant      4.935 55.428 <0.001* 4.760 5.110  
Age      -0.006 -3.780 <0.001* -0.009 -0.003 

Block two    0.030 0.028  
 Constant      4.952 55.876 <0.001* 4.778 5.126 

Age      -0.006 -3.770 <0.001* -0.009 -0.003 
RT anglers in small lakes    -0.319 -3.380 0.001* -0.504 -0.134 

Block three   0.112 0.105 
Constant      4.833 55.903 <0.001* 4.663 5.003 
Age      -0.004 -2.497 0.013* -0.007 -0.001 
RT anglers in small lakes    -0.254 -2.796 0.005* -0.433 -0.076 
Centrality-to-lifestyle    0.040 3.897 <0.001* 0.020 0.060 

 Environmental threat perception   0.086 4.395 <0.001* 0.048 0.124 
Threat to wellbeing     -0.025 -2.890 0.004* -0.042 -0.008 

 Belief in C&R     0.100 4.639 <0.001* 0.057 0.142  
 
 

Table 2.3. Regression coefficients table for PEB: ‘taking a free fish handling class’. 

 
            
    R2 R2    B  t Sig.      95% CI  
     (Adjusted)    Lower Upper   

Block Three   0.050 0.047 
Constant      3.730 83.369 0.000* 3.642 3.817 

 Environmental threat perception   0.223 5.628 0.000* 0.145 0.301 
 Belief in C&R     0.120 2.779 0.006* 0.035 0.204  
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Table 2.4. Regression coefficients table for PEB: ‘Buying Science-backed Fishing Gear’. 
 

 
            
    R2 R2    B  t Sig.      95% CI  
     (Adjusted)    Lower Upper   
Block one    0.006 0.005    

Constant      4.482 35.665 0.000* 4.236 4.729 
  
 Age      -0.005 -2.284 0.023* -0.009 -0.001 
Block three   0.040 0.035 

Constant      4.370 34.762 0.000* 4.124 4.617  
Age      -0.003 -1.400 0.162 -0.007 0.001 

 Centrality-to-lifestyle    0.031 2.083 0.038* 0.002 0.060  
 Environmental threat perception   0.091 3.207 0.001* 0.035 0.147 
 Belief in C&R     0.093 3.207 0.003* 0.032 0.153  
 
 
 

Table 2.5. Pairwise Z test across angler groups for predictors of PEBs. 

 
           
      Std. Error  Std. Test Statistic Adj. Sig.  

Centrality-to-lifestyle 
RT Small Lakes-RT Large Lakes 35.324  1.912  0.335   
RT Small Lakes-RT Rivers  26.652  0.379  1.000 
RT Small Lakes-SH Rivers  24.293  -4.645  0.000* 
RT Large Lakes-RT Rivers  41.700  -1.378  1.000 
RT Large Lakes-SH Rivers  40.234  -4.484  0.000* 
RT-Rivers-SH Rivers   32.883  -3.739  0.001* 

Belief in C&R 
RT Small Lakes-RT Large Lakes 33.459  2.045  0.245   
RT Small Lakes-RT Rivers  23.020  -2.532  0.068 
RT Small Lakes-SH Rivers  23.020  -2.136  0.196 
RT Large Lakes-RT Rivers  39.548  -3.354  0.005* 
RT Large Lakes-SH Rivers  38.096  -3.087  0.012* 
RT-Rivers-SH Rivers   31.216  0.482  1.000 

Environmental Threat Perception 
RT Small Lakes-RT Large Lakes 33.580  -0.815  1.000   
RT Small Lakes-RT Rivers  25.171  -5.619  0.000* 
RT Small Lakes-SH Rivers  23.099  -11.129  0.000* 
RT Large Lakes-RT Rivers  39.473  -2.890  0.023* 
RT Large Lakes-SH Rivers  38.185  -6.016  0.000* 
RT-Rivers-SH Rivers   31.050  -3.725  0.001* 

Threat to Wellbeing 
RT Small Lakes-RT Large Lakes 35.132  0.367  1.000   
RT Small Lakes-RT Rivers  41.205  0.456  1.000 
RT Small Lakes-SH Rivers  23.969  -3.760  0.001* 
RT Large Lakes-RT Rivers  23.020  -2.136  0.196 
RT Large Lakes-SH Rivers  39.877  -2.584  0.059 

  RT-Rivers-SH Rivers   32.219  -3.781  0.001*  
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Table 2.6. Pairwise Z test across angler groups for PEBs. 

 
           
     Std. Error  Std. Test Statistic Adj. Sig.  

Limit Air Exposure to < 10 Seconds 
RT Small Lakes-RT Large Lakes 28.842  2.481  0.079  
RT Small Lakes-RT Rivers  21.769  -1.969  0.293 
RT Small Lakes-SH Rivers  19.968  -4.235  0.000* 
RT Large Lakes-RT Rivers  34.030  -3.362  0.005* 
RT Large Lakes-SH Rivers  32.906  -4.744  0.000* 
RT-Rivers-SH Rivers   26.924  -1.548  0.729 

Buy Science-Backed Fishing Gear 
RT Small Lakes-RT Large Lakes 32.170  0.390  1.000   
RT Small Lakes-RT Rivers  24.480  -2.616  0.053 
RT Small Lakes-SH Rivers  22.666  -2.874  0.024* 
RT Large Lakes-RT Rivers  38.030  -2.014  0.264 
RT Large Lakes-SH Rivers  36.889  -2.106  0.211 

  RT-Rivers-SH Rivers   30.416  -0.036  1.000  

 
 

2.8. Chapter two figures 
 
 

 

 

Figure 2.1. Framework for predicting likeliness to engage in PEBS amongst outdoor 
recreationists. 
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Figure 2.2. Simple slope for ‘Environmental threat perception’ x ‘Centrality to Lifestyle’. 
‘High Centrality’ represents one SD above the mean; ‘Low Centrality’ represents one SD 
below the mean. 

 

 
 
Figure 2.3. Differences in age across likelihood to engage in the PEB ‘limit air exposure to 
10 seconds or less’. 
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Figure 2.4. Distribution of 'age' across angler groups. 

 

 

 
Figure 2.5. Scores for significant PEB predictors across angler groups. 

 



 45 

 
 
Figure 2.6. Scores for likelihood to engage in PEBs across angler groups. 
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Chapter 3 : Bioenergetic consequences of repeated catch-and-
release fisheries interactions on adult steelhead across a range of 
ecologically relevant water temperatures 
 

3.1. Abstract 

 
Recreational fishing is enjoyed by about 10% of the population around the world, 

thus contributing to human wellbeing and supporting regional economies. Although 

some fish are harvested, an even greater number of fish are released because of angler 

conservation ethic or to comply with regulations.  Although the biological consequences 

of catch-and-release have been studied for decades, little is known about the 

compounding effects of multiple recreational fisheries recaptures on the physiology and 

behaviour of angled fish. Using heart rate biologgers in free-swimming female steelhead 

and various behavioural assays, this study investigated the physiological and behavioural 

consequences of multiple simulated angling events on steelhead (Oncorhynchus mykiss), 

under current (6° C) and future (11° C) water temperature scenarios. Steelhead in the 

warmer water temperature scenario demonstrated increases in measures of cardiac 

output (maximum heart rate, and scope of heart rate), and evidence of behavioural 

impairments (e.g., decreases in chase activity and landing time) over the course of two 

angling events. However, fish in cold-water temperatures did not demonstrate significant 

change in physiology or behaviour over the course of two angling events. No significant 

differences in heart rate parameters during recovery of fish following one or two 

subsequent simulated angling events were found under warm or cold-water 

temperatures. However, fish subjected to two angling events under warm water 
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temperature conditions tended to demonstrate an increase in recovery time and scope 

for heart rate, and a decrease in minimum heart rate. A second experiment was 

conducted to test for sex-specific differences in the heart rate response of steelhead 

subjected to an increase in water temperature. Females demonstrated a significantly 

higher scope for heart rate when compared to males during the event and during 

recovery. More work is needed to better understand the interaction between multiple 

angling events and recovery from these events at various water temperatures, and the 

biological basis for sex-specific differences in heart rate. Nonetheless, fisheries 

management may benefit from considering of the implications of multiple recaptures on 

fish bioenergetics under various climate scenarios.  

 

3.2. Introduction 

 

  The act of recreational fishing with hook and line is enjoyed by ~10% of the 

human population (Arlinghaus & Cooke 2009; Arlinghaus et al. 2015) and results in the 

capture of an estimated 40 billion fishes per year (Cooke & Cowx 2004). In some cases, 

management regulations or the voluntary conservation ethic of anglers lead to many fish 

being released (Quinn 1996), but little is known about the fate of released fish (Cooke & 

Wilde 2007). Released fish may be impacted by the various aspects associated with 

capture including hooking, exhaustive exercise, air exposure, and other stressors 

associated with human handling (reviewed in Bartholomew & Bohnsack 2005; Cooke & 

Suski 2005; Brownscombe et al. 2017). Fisheries interactions can influence species and 
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individuals differently, with consequences ranging from very minor injury to mortality. In 

between those extremes are a range of sublethal alterations in physiology and behaviour 

(reviewed in Cooke et al. 2002, and Arlinghaus et al. 2007). 

  Steelhead, the anadromous life-history type of the rainbow trout (Oncorhynchus 

mykiss) are an iteroparous salmonid often targeted by recreational anglers due to the 

high-quality angling experiences they provide (Morten & Branch 2000; Kelch et al. 2006). 

Anglers typically fish for steelhead during their spawning migrations up rivers and often 

target steelhead at holding pools, where steelhead congregate to rest, gain nutrients, 

and await ideal migratory conditions (Nelson et al. 2005; Nakamoto 2011; Richard et al. 

2014). As a result of population declines throughout their North American native range 

(Nakamoto 2011; Kendall et al. 2017; Scheuerell et al. 2021), many recreational 

steelhead fisheries are now catch-and-release only (as a conservation strategy), meaning 

fish are immediately released so that they can continue their migration to spawning 

grounds. The catch-and-release nature of steelhead recreational fisheries, along with 

high catch success at holding pools makes recapture of steelhead in short time intervals 

possible and even likely (McMillan 2020). With continued warming predicted for 

steelhead migration paths in North America (Keefer et al. 2019), the physiological and 

behavioural consequences of multiple catch-and-release angling events coupled with 

warming waters is of increased interest. 

  Few studies have investigated the impacts of multiple angling events on fish. Cline 

et al. (2012) found that multiple angling events resulted in the short-term weight loss of 

largemouth bass (Micropterus salmoides). Fish lost weight for six days following multiple 
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capture-and-release events, but later re-gained the weight, and thus did not demonstrate 

a net weight loss at the end of the angling season. Using blue-finned mahseer (Tor 

khudree) in India, Bower et al. (2022) revealed that as many as three simulated fisheries 

encounters did not lead to any progressive changes in reflex impairment suggesting that 

blue-finned mahseer are relatively robust to multiple capture events even in close 

succession. Nelson et al. (2005) evaluated the consequences of multiple recaptures on 

survival rates of caught and released steelhead at moderate temperatures and found 

that multiple angling events did not greatly impact survival rates. However, that does not 

preclude sublethal impacts which may be magnified by more extreme thermal 

conditions. Water temperature increases beyond thermal optima are a major concern for 

sport fishes such as steelhead (Gale et al. 2013), as fish that are already stressed by 

increased water temperatures are less likely to be able to adequately handle other 

stressors such as those from angling interactions (Wilkie et al. 1996; Wilkie et al. 1997; 

Prystay et al. 2017). A clear understanding of how steelhead will recover from multiple 

angler interactions at various water temperatures is needed to provide fisheries 

stakeholders with the knowledge needed to inform science-based policies and 

management strategies for recreational steelhead fisheries. 

Bioenergetics serves as a useful framework to consider how fisheries interactions, 

especially those involving multiple recaptures, may influence fish condition and fitness 

(Watson et al. 2020). Although this can be done in a modeling context (e.g., Stockwell et 

al. 2002; Meka & Margraf 2007), there is also need for empirical studies. Electronic tags 

that measure heart rate and either transmit data (i.e., transmitters) or store data for later 
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downloading (i.e., biologgers) are a useful tool for assessing the consequences of 

multiple fisheries interactions by generating data relevant to bioenergetics (Cooke et al. 

2016). Changes in heart rate can serve as an indicator of stress in fish, and can provide 

insight on the magnitude of effects resulting from angling events (Anderson et al. 1998; 

Cooke et al. 2003). Unlike blood parameters and impairment scores, electronic tags 

equipped with heart rate sensors can yield readings at consistent time intervals for 

continuous, long periods (Donaldson et al. 2010). Although cardiac output (determined 

by stroke volume and heart rate) is a more robust indicator of energetic costs than solely 

heart rate (Thorarensen et al. 1996), heart rate is still considered a strong proxy of 

cardiac output and oxygen consumption in rainbow trout (Brodeur et al. 2001). 

  Using heart rate biologgers and a series of behavioural assays, I investigated the 

physiological and behavioural consequences of re-occurring simulated angling events on 

hatchery-reared, free-swimming steelhead in ‘cold’ (~ 6° C) and ‘warm’ (~ 11° C) water 

treatments. I hypothesized (H1) that fish in the warm water treatment would experience 

greater physiological and behavioural alterations due to repeated angling events than 

fish in the cold-water treatment. Second, I hypothesized (H2) that fish in the warm water 

temperature treatment that underwent two angling events, would experience a more 

prolonged recovery. I predicted that the recovery time between those undergoing one 

angling event vs. two angling events would be significantly increased for those in the 

warm water treatment, but not in the cold-water treatment. Finally, I hypothesized (H3) 

that females would demonstrate higher values for maximum heart rate, minimum heart 

rate, and scope for heart rate during a water temperature increase event, as I predicted 
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that female steelhead are more sensitive to angling events and water temperature than 

males based on a growing body of research on sex-specific physiological  alterations and 

mortality in salmonids when fish are exposed to environmental challenges (reviewed in 

Hinch et al. 2021).  

 

3.3. Methods 

 

This experiment was conducted under guidelines in accordance with the standards set by 

Carleton University (Protocol #s: 110588 & 110723). 

 

3.3.1. Collection and Husbandry  

 

For this experiment, 72 female adult and 8 male adult (4-year-old) hatchery-

reared steelhead were provided by the Abernathy Creek Fish Technology Center in 

Abernathy, Washington, USA. During the experiments, fish were housed in 3-meter 

diameter flow-through fiberglass cylindrical tanks supplied with water from Abernathy 

creek, and a well located on the land of the Abernathy Creek Fish Technology Center. 

Water temperature in Abernathy creek during my study period (February 2020) ranged 

from 5 to 7° C, and the water temperature from the well that supplied my study during 

the study period ranged from 10.5 to 11.5° C. Temperatures during my study period for 

both water supplies were within, or close to the optimal temperature range of 7.8 to 

11.1° C for migration in adult steelhead (DWR and USBR 1999). 
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Following the end of the experiment, fish were euthanized by cerebral concussion 

via sharp blow to the head, according to animal care protocol. Sutures were removed to 

allow for the retrieval of heart rate biologgers and PIT tags. The total weight (average 

weight was 570.1 g), as well as standard length (average length was 38.0 cm) was taken 

for each fish. Gonads (eggs) were then removed and weighed for each fish and used to 

measure GSI. 

GSI = (gonad weight ÷  total weight)  × 100 
 
 

3.3.2. Implantation of PIT tags and heart rate biologgers 

 

Each fish underwent surgery to implant both a heart rate biologger (DST milli HRT, 

13 mm x 39.5 mm, 11.8 g; Star-Oddi, Iceland; http://www.staroddi.com/), and a PIT tag 

(Passive Integrated Transponder; for identification purposes throughout the study; 

Prystay et al. 2017). Fish were immobilized for surgery using TENS (transcutaneous 

electrical nerve simulation) unit e-gloves (Reid et al. 2019). Surgery took place on a 

surgery table with re-circulating water constantly flushed over the gills. Each fish received 

a PIT tag, and a heart rate biologger (programmed to take a heart rate reading every 

three minutes at 200Hz; Prystay et al. 2017) which were placed within the body cavity 

following an incision of about four centimeters in the abdominal wall. The heart rate 

biologgers were anchored next to the pericardium using a suture placed in the abdominal 

wall, and the incision was thereafter closed with three to five sutures using 3-0 size 

monofilament. Immediately after surgery, all treatment groups were housed in tanks 

receiving creek water, with trickling well water (to increase consistency in water 
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chemistry across tanks). As recommended by previous survival and recovery studies, fish 

were given ~72 hours between surgery and experimental testing (Raby et al. 2015; 

Prystay et al. 2017; Brijs et al. 2019). 

 

3.3.3. Experiment one: The effects of recapture on steelhead behaviour and physiology 

under current and predicted water temperature conditions 

 

Sixty-four fish were divided across two replicates, and four treatment groups 

following surgery (see Figure 3.1.). These groups were: 1) fish in cold water subjected to 

one angling event, 2) fish in cold water subjected to two angling events, 3) fish in warm 

water subjected to one angling event, 4) fish in warm water subjected to two angling 

events. Following the ~72-hour surgery recovery period, fish in the two warm water 

treatment groups were subjected to a water temperature increase at a rate of 

approximately 1° C per hour. Temperature increases were carried out by lowering the 

inflow of creek water and increasing the inflow of well water until water temperatures 

reached between 10.5 to 11.5° C. Fish in the two cold-water temperature treatments 

received creek water with trickling well water during the entirety of the study.  

Fish in the two temperature treatment groups were held at their respective 

temperatures for ~48 hours following the increase in water temperature event for fish in 

the warm water treatment groups, after which each fish was haphazardly removed from 

their holding tank and transferred into a 1.2 meter diameter plastic pool, where they 

were chased for three minutes, and air exposed for 30 seconds to replicate the exercise 
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and handling associated with an angling event. During each chase, the number of times 

each fish moved into a new quadrant of the pool was counted (measuring chase activity), 

and the time until fish slowed down was recorded (termed as landing time herein; see 

Prystay et al. 2017). After being air exposed, each fish was returned to their treatment 

group tank. Half the fish in each temperature condition were chased and air exposed 

again after ~24 hours following the first chase and air exposure, to simulate re-occurring 

angling events. Fish were left to recover in their treatment group tanks for ~48 hours 

before fish were euthanized, and biologgers were removed.    

 

3.3.4. Experiment two: Temperature increase event with females and males 

 

To test whether females were more sensitive to thermal change than males, I 

conducted a second experiment with eight females and eight male fish. Fish were 

implanted with heart rate biologgers and pit tags and were placed in one of two identical 

three-meter fiberglass cylindrical tanks (one housed five females and four males, and the 

other housed three females and four males). Both tanks received flowing creek water for 

~48 hours, after which, some of the flow into the tank was replaced by well water to 

increase water temperature to ~11° C at a rate of approximately one ° C per hour. Fish 

were left in their holding tanks for 24 hours following the end of the water temperature 

increase event to capture their physiological response.  
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3.3.5. Data and statistical analysis 

 

 All heart rate data readings with a quality index (QI) value provided by the 

biologgers of zero were retained. Rainbow trout (Oncorhynchus mykiss the resident life-

history type of steelhead), heart rate biologgers were found to have a measurement 

error of less than one beat per minute at the highest quality index (QI = zero; Brijs et al. 

2019). Outlying heart rate readings were removed if they appeared unrealistic (heart rate 

reading of over 120 or under 20), and/or if the ECG obtained from the biologgers 

indicated that the reading was not a measure of heartbeat. Omitted data accounted for < 

1% of values. Statistical analyses and figure creation was completed in SPSS Version 27.  

 

3.3.5.1. Effect of water temperature on fish subjected to two angling events 

 

Heart rate data during each simulated angling event were extracted for each fish 

that received two simulated angling events. Fish were excluded from the study if 

extracted datasets were missing more than 25% of values because of heart rate 

biologgers losing memory or not having enough storage space during the study, data 

exclusion due to poor QI scores, and/or data deletion due to unrealistic values, and/or 

missing data due to mortality. This gave an n=9 in the cold-water treatment group, and 

an n=10 in the warm water treatment group (i.e., 19 out of 32 fish were retained for 

analysis). Heart rate data were also extracted from 10:30-11:30 AM the day of the first 

chase (prior to the chase) so that routine heart rate (average heart rate during normal 
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activity) could be determined for each fish. The difference (delta) in values of 1) chase 

activity (number of quadrant lines crossed during simulated chase), 2) Landing time (time 

it took for fish to slow down during simulated chase), 3) maximum heart rate (95th 

percentile), 4) minimum heart rate (tenth percentile), and 5) scope for heart rate 

(maximum minus minimum heart rate), between the second and first simulated angler 

event were determined for all fish that underwent two simulated angling events. I ran 

four General Linear Models (GLMs) with each of the difference variables listed above as 

dependent variables. Data met all assumptions for GLM tests (normality, equal variance). 

Temperature was included as a categorical factor, and fish weight, standard length, and 

GSI were included as linear predictors in all four GLMs.  

 

3.3.5.2. Effects of recapture on steelhead recovery of angling events under cold and hot 

water temperature conditions 

 

Routine heart rate for each fish was extracted from heart rate data taken from 

10:30-11:30 AM the day of the first chase in each round and calculated as explained 

above. Heart rate data for each fish for the 24-hour period (heart rate measured in three-

minute intervals) following their last angling event (for half of the fish, this is after the 

first and only angling event, for the other half, this after the second angling event) was 

also extracted. From that 24-hour block, heart rate from the start of the last angling 

event, to when fish had returned to routine heart rate (identified as two subsequent 

heart rate readings at determined routine heart rate) was further extracted. This data 
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represents the time in which each fish was recovering from their final angling event. Fish 

were excluded from the study if datasets were missing more than 25% of values during 

the extracted recovery period (because of heart rate biologgers losing memory or not 

having enough storage space during the study, data exclusion due to poor QI scores, 

and/or data deletion due to unrealistic values, and/or fish mortality). From the extracted 

block of heart rate data taken during the period in which each fish was recovering from 

their final angling event, value for maximum heart rate (95th percentile), minimum heart 

rate (tenth percentile), scope for heart rate (maximum minus minimum heart rate), and 

time to return to routine heart rate were calculated. I conducted two one-way ANOVAs 

(one for warm water treatments, and one for cold-water treatments) with number of 

simulated angler events as the fixed factor, and maximum heart rate, minimum heart 

rate, scope for heart rate, and time taken to return to routine heart rate following the 

last angling event, included as dependent variables. An ANOVA was selected for this test 

as fish from both temperature conditions did not recover from surgery at the same rate. 

Due to the differences in recovery across temperatures, it was decided not to include 

both temperature treatments in the same statistical test. 

 

3.3.5.3. Differences between female and male heart rates during an increase in water 

temperature event 

 

 Heart rate data during the water temperature increase event and during the 24-

hour recovery period following the water temperature increase event was extracted for 
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each fish. Fish were excluded from the study if extracted datasets were missing 45% or 

more values (because of heart rate biologgers losing memory or not having enough 

storage space during the study, data exclusion due to poor QI scores, and/or data 

deletion due to unrealistic values, and/or fish mortality). I conducted two one-way 

ANOVAs (one with data taken during the water temperature increase event, and one 

with data taken during the 24-hour recovery period following the event) with fish sex 

(male or female) as the fixed factor, and maximum heart rate, minimum heart rate, and 

scope for heart rate inputted as dependent variables. 

 

3.4. Results 

 

3.4.1. (H1) Effect of water temperature on fish subjected to two angling events  

 

 Water temperature was found to significantly affect chase activity, landing time 

(representing the fight time of the fish), and the change in maximum heart rate, and 

scope for heart rate across simulated angling events.   

 

3.4.1.1. Chase activity during simulated chase events  

 

  The GLM results showed temperature significantly influenced change in chase 

activity (see Table 3.1). When non-significant co-variates were subsequently removed 

from the model, the significance of temperature was found to be p = 0.024. The 
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difference in chase activity between the second and first angling event was significantly 

lower in the warm water treatment group (mean change of -27.1 quadrant lines crossed) 

than in the cold-water treatment group (mean change of 5.6 quadrant lines crossed.; see 

Figure 3.2).  

 

3.4.1.2. Landing time during simulated chase events  

 

  The GLM results showed temperature significantly influenced change in landing 

time (see Table 3.2). When non-significant co-variates were subsequently removed from 

the model, the significance of temperature was found to be (p = 0.014). The difference in 

landing time between the second and first angling event was significantly lower in the 

warm water treatment group (mean change of -13.1 seconds) than in the cold-water 

treatment group (mean change of 10.8 seconds.; see Figure 3.3).  

 

3.4.1.3. Minimum heart rate 

 

   The GLM results revealed no indication that temperature significantly influence 

the change in minimum heart rate (see Table 3.3). When non-significant co-variates were 

subsequently removed from the model, the significance of temperature was found to be 

p = 0.561. The difference in minimum heart rate between the second and first angling 

event in the warm water treatment group increased slightly (mean change of 0.64 beats 
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per minute; BPM), as did minimum heart rate in the cold-water treatment group (mean 

change of 2.09 BPM; see Figure 3.4.).  

 

3.4.1.4. Maximum heart rate  

 

The GLM results showed the influence of temperature conditions on change in 

maximum heart rate trended toward significance (see Table 3.4.). When non-significant 

co-variates were subsequently removed from the model, the effect of temperature on 

maximum heart rate was found to be significant, with p = 0.039, and the effect of GSI on 

maximum heart rate increased in significance, to p = 0.035. The change in maximum 

heart rate between the second and first angling event in the cold-water treatment group 

decreased (mean change of -0.66 BPM), yet there was an increased change in heart rate 

in the warm water treatment group (mean change of 2.21 BPM; Figure 3.5.). Plotting the 

data revealed a significant difference in slope (i.e., change in maximum heartrate in 

relation to GSI; Figure 3.6.) 

 

3.4.1.5. Scope for heart rate  

 

 The GLM results revealed temperature trending towards significantly influencing 

change in scope for heart rate (see Table 3.5). When non-significant co-variates were 

subsequently removed from the model, temperature was found to be significant (p = 

0.047). The mean for change in heart rate scope across both angling events increased in 
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the warm water temperature condition (mean change of 1.55) and decreased in the cold-

water temperature condition (mean change of -2.75; Figure 3.7.).  

 

3.4.2.  Effects of recapture on steelhead recovery of angling events under cold and hot 

water temperature conditions 

 

3.4.2.1. Warm water temperature treatment group 

 

The ANOVA results for the warm water temperature treatment group found no 

significant effect of number of angling events on scope for heart rate, maximum heart 

rate, time to return to routine heart rate, or minimum heart rate during recovery (see 

Table 3.6).  

Maximum heart rate remained constant amongst fish subjected to one and two 

simulated angling events, with average maximum heart rate for both groups being 84 

beats per minute (bpm). There was no significant change in minimum heart rate amongst 

those subjected to two compared to one simulated angling events during recovery, yet 

fish subjected to only one event demonstrated an average minimum heart rate of 67 

bpm, which trended to be higher than those subjected to two events, as they 

demonstrated an average minimum heart rate of 61 bpm. Scope for heart rate during 

recovery trended towards being lower in fish subjected to only one simulated angling 

event (mean scope for heart rate of 17 bpm) when compared to fish subjected to two 

simulated angling events (mean scope for heart rate of 23 bpm). Recovery time, or time 
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taken to return to routine heart rate, trended towards being lower in fish subjected to 

only one angling event (mean recovery time of 507 minutes), when compared to fish 

subjected to two angling events (mean recovery time of 606 minutes; Figure 3.8.).  

 

3.4.2.2. Cold water temperature treatment group 

 

The ANOVA results for the cold-water temperature treatment group did not reveal a 

significant effect of number of angling events on scope for heart rate, maximum heart 

rate, time to return to routine heart rate, or minimum heart rate during recovery (see 

Table 3.7).  

Maximum heart rate remained almost constant amongst fish subjected to one and 

two simulated angling events, with average maximum heart rate for those subjected to 

one angling event being 67 bpm, and for those subjected to two angling events being 68 

bpm. Minimum heart rate also remained almost the same amongst fish subjected to one 

and two simulated angling events, with average minimum heart rate for those subjected 

to one angling event being 43 bpm, and for those subjected to two angling events being 

44 bpm. Average scope for heart rate remained constant across fish subjected to two and 

one angling events, with both groups demonstrating a scope for heartrate of 14 bpm. 

The ANOVA results did not suggest any trend in recovery time (time taken for fish to 

return to routine heart rate following their last simulated angling event), yet fish 

subjected to one angling event had an average recovery time of 985 minutes, and fish 

subjected to two angling events had an average recovery time of 862 minutes (Figure 



 63 

3.9). 

 

3.4.3. Differences between female and male heart rates during an increase in water 

temperature event 

 

 Visualizing the raw data depicted a divergence in heart rate values in males and 

females during surgery recovery, water temperature increases, and following a 

temperature increase event (see Figure 3.10). 

 

3.4.3.1. Water temperature increase event 

 

  The ANOVA results showed that sex significantly influenced resulting scope for 

heart rate during a temperature increase event (Table 3.8.). Females had an average 

scope for heart rate during a temperature increase event of 33 bpm, whereas males had 

an average scope for heart rate of 22 bpm. The ANOVA results suggested a trend towards 

significance in minimum and maximum heart rate, as females were found to have an 

average minimum heart rate during a temperature increase event of 38 bpm, whereas 

males had an average minimum heart rate of 44 bpm. The average maximum heart rate 

amongst females during the water temperature increase event was 71 bpm, whereas the 

males had a maximum heart rate of 66 bpm (Figure 3.11.)  
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3.4.3.2. Recovery from water temperature increase event 

  

  The ANOVA results showed that sex significantly influenced resulting scope for 

heart rate during the recovery period from an increase in water temperature event 

(Table 3.9.). Females had an average scope for heart rate during recovery from a 

temperature increase event of 21 bpm, whereas males had an average scope for heart 

rate of 13 bpm. Females were found to have an average minimum heart rate during a 

temperature increase event of 49 bpm, whereas males had an average minimum heart 

rate of 55 bpm. The average maximum heart rate amongst females during the water 

temperature increase event was 70 bpm, whereas the males had a maximum heart rate 

of 67 bpm (Figure 3.12.) 

 

3.5. Discussion: 

 

 Although there is a large body of research on the biological consequences of 

catch-and-release on fish (reviewed in Arlinghaus et al. 2007; Brownscombe et al. 

2017b), there is very little known about the consequences of multiple fisheries captures 

on individual fish. This study used heart rate bio-loggers surgically implanted into 

hatchery-reared, free-swimming steelhead to investigate the physiological and 

behavioural consequences associated with an angler recapture event under current (~ 6 ° 

C) and future (~ 11° C) water temperatures. Findings show support for H1, as fish in warm 

water temperatures demonstrated higher physiological impacts due to a recapture 
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event. My H2 was not supported, yet trends in the data suggest a recapture event may 

lead to longer recovery time, and an increase in scope for heart rate in warm water 

temperature conditions. My H3 was supported, as females demonstrated significantly 

higher scope for heart rate during a thermal ramping event, and during recovery from 

the event, and had higher maximum heart rate readings, and lower minimum heart rate 

readings compared to males (although differences in maximum and minimum heart rate 

across sexes were not significant). 

Fish in the warm water temperature treatment undergoing two angling events 

showed significantly greater physiological alterations and behavoural impairments 

resulting from a simulated recapture angling event than fish under cold water 

temperatures. Fish in the warm water temperature treatment scored higher on all 

physiological measures (minimum and maximum heart rate, and scope for heart rate) 

during the second simulated angling event, whereas fish in the cold-water temperature 

treatment only scored higher for minimum heart rate. Fish in the warm water 

temperature treatment also scored lower in behavioural measures during the second 

simulated angling event, whereas fish in the cold-water temperature scored the same 

(chase activity), or even higher (landing time) during the second event when compared to 

the first. An increase in physiological measures and a decrease in behavioural measures 

suggests fish in the warm water temperature treatment faced additional stress because 

of the simulated recapture event (Gale et al. 2013). Fish in the cold-water temperature 

treatment did not demonstrate much evidence of compounding effects from enduring 

multiple angler recaptures.  
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Findings were largely consistent with the literature suggesting that water 

temperature compounds the effects of other stressors (Whitney et al. 2016; McKenzie et 

al. 2021), such as an angling recapture event. Angling events force fish to engage in 

aerobic metabolism (Ferguson & Tufts 1992; Kieffer 2000), which is known to increased 

cardiac output (heart rate and/or stroke volume). Temperature also increases cardiac 

output (Farrell et al. 2001; Farrell et al. 2009), meaning fish subjected to angling events 

under warm water temperatures would be expected to demonstrate higher heart rate 

values compared to those in cold water temperatures. I see this in my findings, as fish in 

the warm water temperature treatment showed higher mean maximum heart rate and 

minimum heart rate values during simulated re-occurring angling events, suggestive of 

increased cardiac output and overall metabolic demand. In addition to physiological 

demands resulting from increased temperature, my findings also demonstrate 

behavioural changes linked to temperature increases. This is expected, as fish 

compensate for temperature changes through physiological and/or behavioural 

adaptions (Lee et al. 2003b; Lennox et al. 2020).  

Recovery from one or two simulated angling events under warm and cool water 

temperatures did not significantly differ. This said, maximum heart rate, scope for heart 

rate, and recovery time trended towards being higher during the recovery of fish 

subjected to two angling events under warm water temperatures (see Figure 3.8.). No 

such trends were found across cold water temperature treatment groups (see Figure 

3.9.). More work is needed in this space to determine effects of multiple angling events 

on recovery. Future work should assess recovery following angling events at varying time 
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intervals, as well as under a larger range of temperatures so that patterns between 

temperature increase and recovery from multiple angling events can be identified. To 

date, recovery times have been linked to aerobic activity (Lee et al. 2003a), but not 

temperature (Anderson et al. 1998; Prystay et al. 2017). It is reasonable to predict that 

temperature increases can affect recovery from angling events, as fish engage in excess 

post-exercise oxygen consumption (EPOC) during recovery (Lee et al. 2003a), and 

temperature is linked to an increased cardiac output (Farrell et al. 2001; Farrell et al. 

2009). 

Females demonstrated significant differences in heart rate during an increase in 

water temperature event, as well as during the recovery period from a water 

temperature increase event. These findings fit with Eliason et al. (2020)’s findings 

demonstrating sexual differences in Pacific salmonids regarding recovery times from 

stressors, and oxygen delivery to the heart. These differences demonstrate the 

importance of accounting for sex differences when conducting research involving the 

cardiac functioning of salmonids. Females showed a larger scope for heart rate and 

demonstrated higher maximum heart rate values as well as lower minimum heart rate 

values. Females in this study were sexually mature, which may have influenced sex 

differences in heart rate as sexual maturity is known to increase sex differences in fishes 

(Farrell et al. 2019). Findings here also support this, as GSI was found to be a predictor for 

differences in maximum heart rate across multiple angling events. GSI was positively 

correlated with difference in maximum heart rate, meaning as GSI increased, so did the 

change in maximum heart rate. Perhaps sex differences in heart rate resulting from a 
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temperature change is due to the reproductive costs taken on by females when carrying 

eggs which demand high levels of blood flow for nourishment.  

Following the completion of this experiment, the mean data for each water 

temperature treatment group were plotted, and it became evident that the time given 

for fish to recover from surgery (~72 hours), as recommended in the literature (Raby et 

al. 2015; Prystay et al. 2017; Brijs et al. 2019), was not sufficient. Fish in the cold-water 

temperature treatment groups continued to demonstrate recovery from surgery the day 

of, and the day following the water temperature increase event for fish in the warm 

water temperature group (see Figure 14). This could have influenced findings related to 

maximum and minimum heart rates recorded during recovery. For this reason, heart rate 

metrics for H2 were not compared across warm and cold-water treatment groups and 

were only contrasted against fish from the same water temperature treatment 

undergoing one or two simulated angling events. Future studies should allow for longer 

recovery times from surgery, especially when coupled with a water temperature increase 

event. 

In conclusion, this study demonstrates that multiple recaptures do impact the 

physiological and behavioural state of steelhead. When water temperatures are cool, 

steelhead can compensate for additional stressors associated with multiple angling 

events. When subjected to stressors such as those associated with warming water 

temperatures, steelhead will most certainly demonstrate physiological and behavioural 

indicators of stress. This study did not find any evidence of prolonged impacts of multiple 

angling events on fish recovery, yet trends in the data suggest fish in warmer waters may 
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not be able to recover from multiple angling events as easily as those in cooler waters. 

Fisheries managers should consider background stressors (such as warming waters) when 

making decisions for fisheries in which multiple angling events are likely.  

 

3.6. Chapter three tables 
 

Table 3.1. GLM results for difference in chase activity during simulated chases across the 
second and first angling events. 

            
   df  Mean Square  F  Significance  
Weight   1  34.432   0.035  0.835 
Length   1  667.367   0.687  0.420 
GSI   1  593.645   0.611  0.447 
Temperature  1  5577.736   5.739  0.030* 
Error   15  971.973        
 
 

Table 3.2. GLM results for difference in time in which fish slowed during simulated chase 
across the second and first angling event 

             
   df  Mean Square  F  Significance  
Weight   1  511.268   1.401  0.255 
Length   1  247.873   0.679  0.423 
GSI   1  889.872   2.438  0.139 
Temperature  1  2727.484   7.473  0.015* 
Error   15  364.976        
 
 

Table 3.3. GLM results for difference in minimum heart rate across the second and first 
angling event. 

             
   df  Mean Square  F  Significance  
Weight   1  0.026   0.001  0.977 
Length   1  12.516   0.401  0.536 
GSI   1  52.880   1.695  0.213 
Temperature  1  12.183   0.390  0.541 
Error   15  31.202        

 

Table 3.4. GLM results for difference in maximum heart rate across the second and first 
angling event. 
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   df  Mean Square  F  Significance  
Weight   1  1.592   0.154  0.701 
Length   1  0.811   0.078  0.784 
GSI   1  48.672   4.694  0.047* 
Temperature  1  41.541   4.006  0.064 
Error   15  10.369        

 

 
 
Table 3.5. GLM results for difference in scope for heart rate across the second and first 
angling event. 

             
   df  Mean Square  F  Significance  
Weight   1  1.426   0.060  0.810 
Length   1  7.021   0.294  0.595 
GSI   1  0.104   0.004  0.948 
Temperature  1  97.752   4.100  0.061 
Error   15  23.844        
 
 

Table 3.6. Effect of number of angling events on steelhead max heart rate, scope for 
heart rate, minimum heart rate, and time taken to return to routine heart rate for the 
warm water treatment group. 

             
    df            Mean Square   F         Significance  
Maximum heart rate  
 Between Groups  1  0.013   0.001  0.980 
 Within Groups  16  20.10 
 Total   17      
Minimum heart rate  
 Between Groups  1  167.554   2.230  0.155 
 Within Groups  16  75.144 
 Total   17   
Scope for heart rate  
 Between Groups  1  163.755   3.441  0.082 
 Within Groups  16  42.633 
 Total   17   
Recovery time  
 Between Groups  1  159643.225  2.079  0.169 
 Within Groups  16  76798.675 
 Total   17        
  

 

Table 3.7. Effect of number of angling events on steelhead max heart rate, scope for 
heart rate, minimum heart rate, and time taken to return to routine heart rate for the 
cold-water treatment group. 
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    df  Mean Square                  F           Significance  
Maximum heart rate   
 Between Groups  1  3.636   0.456  0.509 
 Within Groups  17  7.9733 
 Total   18      
Minimum heart rate  
 Between Groups  1  1.737   0.079  0.783 
 Within Groups  17  22.102 
 Total   18   
Scope for heart rate  
 Between Groups  1  0.745   0.024  0.879 
 Within Groups  17  31.166 
 Total   18   
Recovery time  
 Between Groups  1  72130.547  0.464  0.505 
 Within Groups  17  155378.965 
 Total   18         
 
 
 

Table 3.8. Difference between male and female max heart rate, scope for heart rate, and 
minimum heart rate during temperature increase event.  

             
    df  Mean Square  F           Significance  
Scope for heart rate   
 Between Groups  1  301.504   28.253  0.001** 
 Within Groups  8  10.672 
 Total   9      
Maximum Heart rate  
 Between Groups  1  58.411   0.894  0.372 
 Within Groups  8  65.344 
 Total   9   
Minimum Heart rate  
 Between Groups  1  94.501   2.272  0.170 
 Within Groups  8  41.588 
 Total   9         

            
  

Table 3.9. Difference between male and female max heart rate, scope for heart rate, and 
minimum heart rate following a temperature increase event. 

              
    df  Mean Square  F             Significance  
Scope for heart rate   
 Between Groups  1  173.060   14.919  0.005** 
 Within Groups  8  11.600 
 Total   9      
Maximum Heart rate  
 Between Groups  1  19.380   0.393  0.548 
 Within Groups  8  49.253 
 Total   9   
Minimum Heart rate  
 Between Groups  1  76.614   0.822  0.391 
 Within Groups  8  93.234 
 Total   9         
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3.7. Chapter three figures 
 

 
 
Figure 3.1. Experimental set-up depicting the distribution of female hatchery steelhead 
across capture-event and temperature treatments. 

 
 

 
 
Figure 3.2. Mean change in chase activity between two simulated angling events under 
cold (6° C) and warm (11° C) water temperature treatments. Error bars reflect 95% 
confidence intervals. 
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Figure 3.3. Mean change in landing time between two simulated angling events under 
cold (6° C) and warm (11° C) water temperature treatments. Error bars reflect 95% 
confidence intervals. 

 

 
 
Figure 3.4. Mean change in minimum heart rate between two simulated angling events 
under cold (6° C) and warm (11° C) water temperature treatments. Error bars reflect 95% 
confidence intervals. 
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Figure 3.5. Mean change in maximum heart rate between two simulated angling events 
under cold (6° C) and warm (11° C) water temperature treatments. Error bars reflect 95% 
confidence intervals. 

 

 
 
Figure 3.6. Relationship between GSI and change in maximum heartrate with mean 
standard error and linear line of best fit. 
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Figure 3.7. Mean change in scope for heart rate between two simulated angling events 
under cold (6° C) and warm (11° C) water temperature treatments. Error bars reflect 95% 
confidence intervals. 

 

 
Figure 3.8. Comparing maximum (A), scope for heart rate (B), minimum heart rate (C), 
and recovery time (D), during the recovery period in fish recovering from one vs. two 
angling events in the warm water treatment group (11° C). Error bars reflect 95% 
confidence intervals. 
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Figure 3.9. Comparing maximum (A), scope for heart rate (B), minimum heart rate (C), 
and recovery time (D), during the recovery period in fish recovering from one vs. two 
angling events in the cold-water treatment group (6° C). Error bars reflect 95% 
confidence 

 

 

 
Figure 3.10. Male and female heart rate during a water temperature increase event and 
recovery period from water temperature increase event. 
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Figure 3.11. Average male and female scope for heart rate (A), max heart rate (B), and 
minimum heart rate (C), during temperature increase event. Error bars reflect 95% 
confidence intervals. 

 

 
 
Figure 3.12. Average male and female scope for heart rate (A), max heart rate (B), and 
minimum heart rate (C) following a temperature increase event. Error bars reflect 95% 
confidence intervals. 
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Figure 3.13. Overview of heart rate over experimental days for each treatment group. 
(Cold 1= cold water temperature treatment group receiving one simulated angling event; 
Cold 2= cold water temperature treatment group receiving two simulated angling events; 
Hot 1= hot water temperature treatment group receiving one simulated angling event; 
Hot 2= hot water temperature treatment group receiving two simulated angling events).  
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-Pillar B- 
 

Chapters Four and Five 
 
 
 
 

The capacity and limitations to top-down management of B.C. steelhead fisheries 
 
 
 
 
Through connecting with key informants at various levels of management, chapters four 

and five provide an overview of where top-down management is failing B.C. steelhead 

and suggests approaches for overcoming identified shortcomings in steelhead 

management to better protect this species, as well as others in the future. 
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Chapter 4 : Caught in the Middle - Inaction and overlap in 
governance and decision-making for Canada’s imperiled wild 
steelhead 
 

4.1. Abstract 
 

  Biodiversity loss is one of the most serious challenges facing humanity and 

planetary well-being. Even for iconic species of great cultural and symbolic value, we are 

failing to preserve them and the habitats upon which they depend. This paper analyzes 

one such troubling case, the precipitous decline of wild steelhead (Oncorhynchus mykiss) 

populations in British Columbia’s Thompson River. These populations are declining 

despite high levels of public attention and interventions from both provincial and federal 

governments. This raises important questions about how such losses could happen 

despite intense scrutiny and high motivation for action. My analysis of this case study is 

based on a review of policy documents, relevant local news articles, and interviews with 

steelhead anglers (42) and fisheries managers (five) in British Columbia. My analysis finds 

that Thompson steelhead are ‘caught in the middle’ of competing government priorities, 

jurisdictional uncertainties, and overlaps, and recalcitrant rightsholder and stakeholder 

conflicts. The result is policy and decision-making paralysis that has entrenched the 

decline. I submit that there are lessons to be learned from this case for biodiversity 

management in Canada and elsewhere that involve deep and urgent reforms to 

environmental governance. 
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4.2. Introduction 

Accelerating biodiversity loss is a major challenge facing humanity in the early 

Anthropocene, threatening human and planetary well-being (Díaz et al. 2006). The extent 

of this loss, with up to one million species at risk of extinction due to human activities, 

have led some to call this a crisis (Baynham-Herd 2018; Díaz et al. 2019; Tollefson 2019). 

Migratory fish are particularly threatened over other fishes and are demonstrating 

worrying declines worldwide (Kappel 2005). The causes of these declines are complex 

and socio-ecological in nature with issues spanning marine and freshwater systems 

(Dudgeon 2019; Reid et al. 2019; Jonsson et al. 1999), meaning there is no ‘silver bullet’ 

or easy solution to conservation of migratory fish (Strayer & Dudgeon 2010; Garcia-

Moreno et al. 2014). The range of impacts and the number of actors involved in 

protecting migratory organisms and habitats are characteristic of wicked problems that 

are notoriously difficult to resolve (Balint et al. 2011; Duckett et al. 2016). Nevertheless, 

the management of imperilled species and freshwater ecosystems is becoming 

increasingly important for the conservation of biodiversity at a global scale (Meine et al. 

2006; Smith 2003; CBD U.N. 1992).  

Most studies on conservation challenges is focused on ‘gaps’ as a major obstacle 

to conservation success. Such gaps include incomplete knowledge, the absence of 

appropriate regulation, or poor enforcement (Bradshaw & Borchers 2000; Halpern et al. 

2006; Bachman, 2019). In this article I argue that the opposite can also be true. In some 

cases, conservation challenges and wicked problems are characterized not by gaps but 

rather by overlaps – that populations or species are not “falling through the cracks” as 
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much as being “caught in the middle” of an abundance of management efforts and 

stakeholder concerns that can lead to political paralysis and governance failures.  

Canadian Thompson River steelhead represent one of these cases. I analysed this 

case study through reviews of policy documents, relevant local news articles, and 

interviews with steelhead anglers (42) and fisheries managers (5) in British Columbia (BC) 

Canada to further define overlap in this context and to share lessons learned to reduce 

paralysis resulting from similar overlaps within biodiversity conservation management in 

Canada and elsewhere. I use quotes from interviewed respondents to provide additional 

context to the case at hand below and to narrate my arguments.  This work brings 

forward issues to be addressed to improve inland fisheries management in Canada, yet 

concepts can be applied more broadly to biodiversity management both in Canada and 

beyond its borders. 

 

4.2.1. Thompson River Steelhead Case Study 

 

My case study is the Thompson River steelhead, found along the Pacific coast of 

Canada. This population is a socially and ecologically valuable population of steelhead 

Oncorhynchus mykiss, an anadromous (fresh-salt water migratory) fish species (DFO 

2018a). Thompson River steelhead do not face gaps in management, as they are 

managed by numerous levels of government with input from a wide range of 

stakeholders and Indigenous rightsholders. Yet despite the high degree of scientific and 

regulatory attention directed at Thomson River steelhead, their population numbers 
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continue to decline. Thompson river steelhead have been referred as ‘a canary in a coal 

mine’ (angler #12) for other at-risk Pacific Canadian salmonids (such as sockeye salmon 

Oncorhynchus nerka, and coho salmon Oncorhynchus kisutch; Sobocinski et al. 2018). 

Recently, the Governments of Canada and British Columbia announced that they will 

invest more than $140 million (CAD) in “restoring” wild Pacific salmon populations 

(Government of Canada 2020). For such initiatives to be effective, it is imperative that we 

learn appropriate lessons from the case of steelhead management (or mismanagement). 

A high degree of scientific, policy, and management attention has not yielded positive 

results in reversing steelhead population declines to date. 

Thompson river steelhead are world-famous because of the fishing experience 

they provide to recreational anglers. Hearing B.C. steelhead anglers describe their 

encounters with these fish makes their intrinsic and recreational value evident. Angler 

#17 shared: “It is a great fish to catch […] The play they do is adrenaline. It is a rush. It 

almost feels like winning the lottery when you catch a nice steelhead”. Their intrinsic and 

recreational value has placed these endemic fish into B.C. culture and identity. As angler 

#14 puts it: “Thompson steelhead from the angler’s perspective are iconic fish that are 

culturally important within the anglers that fish for them”. It is no surprise that the loss of 

steelhead population numbers is therefore leaving negative cultural and economic 

impacts in B.C. Canada. This was captured by a quote by a steelhead angler in B.C. and 

Thompson River steelhead advocate (angler #23): “It’s heartbreaking, it’s really 

heartbreaking. People come from all over the world. I have met people from all over the 

world that come to fish the Thompson River steelhead. [The town of] Spence’s Bridge, we 
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used to go down there. […] You had to book it in September, October, because the place 

was packed, it was full. All of it. All the campgrounds full. All the motels, hotels, 

restaurants packed”. The town the angler speaks of was referred to as now being a 

“ghost town” by several interviewed anglers (angler #3, #8, #10, #11, #13, #16), almost 

completely abandoned because of steelhead declines.  

Thompson River steelhead fall under three governmental jurisdictions, which are 

the Provincial government of B.C., the Canadian federal government, and First Nations 

(Indigenous communities). Considering the jurisdictional overlap, fisheries manager #1 

questioned how one can make and execute a decision or manage different values for a 

particular fish population given this “plasma of governance architecture”. At the 

provincial level, the Thompson River inland recreational fishery is managed by the 

Ministry of Forests, Lands, Natural Resource Operations and Rural Development 

(MFLNRO), which is also responsible for freshwater management, licensing, and storage. 

At the federal level, steelhead fall under the jurisdiction of Fisheries and Oceans Canada 

(colloquially known as the Department of Fisheries and Oceans or DFO) during their 

oceanic life-stages due to their anadromous salmonid status. Ocean migration from and 

to freshwater spawning grounds also brings steelhead under international and national 

salmonid conservation initiatives such as the USA-Canada Pacific Salmon Commission and 

Canada’s Wild Salmon Policy (DFO 2018a). Furthermore, although not a commercially 

harvested species, Thompson River steelhead migrate up the Fraser River at the same 

time as commercially targeted Pacific salmon. As such, steelhead risk being caught as 

bycatch in commercial fisheries that are managed by DFO at the federal level. The range 
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of Thompson River steelhead also overlaps with Indigenous (First Nations) reserve lands 

(Harris 2008) thus they also fall under First Nations jurisdiction and rights and may be the 

focus of First Nations governments and assemblies such as the Nlaka’pamux Nation Tribal 

Council and the Fraser Salmon Management Council (FSMC). Adding to the mix, 

Thompson River steelhead are beloved by anglers and communities that depend on the 

direct and indirect economic and wellbeing impacts of the fishery. This has led to the 

creation of informal organisations that engage in conservation actions and initiatives such 

as the Steelhead Society of B.C., and the Spence’s Bridge Steelhead Advocacy Association 

(Fraser Basin Council 2016). 

Some action has occurred at every level in response to population declines. 

Outcry from communities and individuals connected with Thompson River steelhead 

resulted in a rare emergency Committee on the Status of Endangered Wildlife in Canada 

(COSEWIC) assessment concluding in February 2018, which found a decrease of 79% in 

population over the past three generations, leaving only 177 observed mature steelhead 

(the lowest number on record, 9.5% of pre-2000 mean). COSEWIC is an independent 

advisory body to the Minister of Environment and Climate Change Canada that meets 

twice a year to assess the extinction risk of select Canadian wildlife species, providing 

advice and recommendations on which species should be listed under the Species at Risk 

Act (Government of Canada 2002). Environment and Climate Change Canada is the 

federal agency responsible for administering the Species at Risk Act and deciding which 

species are placed on the official list of wildlife species at risk (called the Schedule 1 list). 

COSEWIC designated Thompson River steelhead as Endangered (facing imminent 
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extirpation or extinction) and recommended an emergency listing for this population 

under the federal Species at Risk Act (DFO 2018a). This designation was later denied by 

the federal government in 2019 but sparked the release of a joint federal-provincial 

Steelhead Action Plan (Government of Canada 2019a). The plan promises complete 

closures of the recreational Thompson steelhead fishery by the provincial government, 

and habitat restoration and rolling closures for commercial salmon fisheries by DFO. 

Following the release of the plan, recreational fisheries have been closed, yet commercial 

fishery impacts on Thompson River steelhead continue to be reported in the media (for 

example, in the Campbell River Mirror; Shore 2020). 

 

4.3. Methods 

 

The argument about overlap that I advance in this article emerged from 

interviews with people who are familiar with the case. In the summer of 2018, I 

conducted semi-structured interviews with 42 steelhead anglers who have fished for 

steelhead on the Thompson River. Of these interviews, 33 were conducted in-person, 

and 9 were conducted over the telephone. Interviews were between 20 minutes to 1h 30 

minutes in length, with phone interviews being on average shorter. 

 Anglers were interviewed at campsites and fishing locations around British 

Columbia between Vancouver and Prince George (along the Thompson River) and were 

asked to share the names and contact information for other steelhead anglers that would 

be interested in participating.  All but three interviewees identified as male. Anglers 
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ranged in age from 23 to 82, with the average age of 56. Of the 42 anglers interviewed, 

20 were part of angling groups, suggesting higher angler avidity. None of the 

interviewees were still actively fishing the Thompson at the time of the interview, and 

only one steelhead angler approached during interview collections declined an interview. 

The number and demographics of active anglers fishing the Thompson during the time of 

interviews was and remains unknown. To better understand perceived causes of 

Thompson River steelhead declines, all interviewees were also given a short survey 

following the interview in which they were to rate on a Likert scale the level of threat 20 

different stressors posed on Thompson River steelhead (see Figure 4.1.).  

 To round out my analysis, I included quotes from 5 semi-structured interviews 

with provincial fisheries managers in British Columbia responsible for the Thompson River 

that were conducted between April and November 2018 over the telephone by Andrew 

Kadykalo. Managers were contacted via e-mail. The angler and manager interviews 

ranged in topics covering various aspects of the recreational B.C. rainbow trout fishery 

yet allowed the opportunity for respondents to share their perceptions on the status of 

steelhead in the Thompson River. This chapter draws on a common observation offered 

in the more open-ended parts of the interviews, namely a frustration with the inability of 

governments to coordinate their actions and effectively conserve and rehabilitate 

steelhead populations. All interviews were conducted in accordance with the University 

of Ottawa Research Ethics Board (File Number: 02-18-08).  

To complete my analysis, I also considered news media coverage of this issue, 

with special emphasis on local media and trade journals. I also analyzed the following 
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policy documents: Steelhead Trout (Oncorhynchus mykiss): COSEWIC Technical 

summaries for emergency assessments 2018 (Government of Canada 2018), the 

Thompson Steelhead Recovery and Management Plan (Fraser Basin Council 2016), and 

The Steelhead Action Plan (Government of Canada 2019a). Policy documents were 

scanned, and relevant information on the case, conservation initiatives, and potential 

solutions were noted. This information is used as a foundation to my arguments, as well 

as context to help outline the case. Media pieces, journals, and policy documents were 

only included if they focused on current B.C. Thompson River steelhead declines 

specifically. 

Angler interview responses were coded within NVIVO and using the codebook 

approach developed by Eckert et al. (2020). The first step involved reading the interview 

transcripts to identify key themes. All themes were entered into the codebook (see 

Appendix B). The second step involved re-reading the transcripts to cross-reference with 

the master list of themes. Each theme was categorized for each respondent as validated 

(agreement), invalidated (disagreement), or not included (absent), producing frequency 

counts for both the presence of a theme and the degree of agreement and disagreement 

among respondents. From these counts, percentages for or against themes were 

determined, and used to further support arguments.  

 

4.4. Results  
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The analysis resulted in three major themes: 1) jurisdictional overlap across 

governments, 2) competing priorities, and 3) mistrust in government. These themes are 

identified in my analysis as contributors to paralyzing overlap leading to conservation 

inaction. 

 

4.4.1. Jurisdictional Overlap Across Governments 

 

Jurisdictional overlap across governments was repeatedly mentioned in steelhead 

angler interviews, management interviews, and news articles as being a major cause of 

inaction regarding Thompson steelhead conservation efforts. These sources cited two 

main reasons that are believed to be the causes of such jurisdictional overlap, one being 

social/political and the other biological/ecological. The first is the “cacophony of 

complexity” (as fisheries manager #1 describes it) that makes up the decision-making 

framework around this species, and the second is their status as an anadromous fish.  

Thompson River steelhead hold great value to a range of stakeholders and 

Indigenous rightsholders, resulting in a web of interested parties invested in conservation 

decision-making of Thompson River steelhead. The number of devoted stakeholders and 

Indigenous rightsholders involved in decision-making makes it difficult to establish clear 

jurisdictional responsibilities to steelhead conservation and management. Without clear 

areas of jurisdiction, management and enforcement become difficult and fuzzy, 

promoting inaction. As B.C. steelhead anger #8 put it: “I don’t think anyone even knows 

[who’s responsible] and I think it’s just fallen under the radar. And the fish are paying the 
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price”. This was also reflected in code book findings, as 63% of interviewed anglers 

mentioned that jurisdictions for steelhead in B.C. were not well defined between the 

federal and provincial government.  

Thompson River steelhead have the added biological/ecological complexity of 

being an anadromous fish, meaning it inhabits provincially managed freshwater and 

federally governed marine environments, increasing jurisdictional overlap. As manager #2 

said: “Yeah, salmon and steelhead in the inland waters, even if they are freshwater, they 

are anadromous, they […] are managed by the province but the impacts on them are 

managed by DFO which is why it’s a challenge”. The responsibility to protect this 

population therefore falls on the provincial and federal governments collectively, yet the 

exact roles they are each expected to take on are not well understood.  

 Findings from angler interviews suggest that collaborative efforts between 

Provincial and Federal governments are needed to reduce inaction due to overlapping 

jurisdictions, as existing efforts to conserve Thompson River steelhead are not seen as 

successful. In response to pointed questions on the topic, of the anglers interviewed, 93% 

said that the provincial government did not have sufficient resources to properly manage 

Thompson River steelhead, and 82% stated the federal government needed to be more 

involved. Most (98%) anglers suggested that more collaboration between government is 

needed for successful management of Thompson steelhead, reinforcing the perception 

of joint provincial-federal government responsibility.  
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4.4.2. Competing Priorities 

 

 Overlaps amongst competing priorities across governments may further entangle 

Thompson River steelhead conservation in political complexities. Both the provincial and 

federal governments have competing consumptive and conservation minded priorities 

when it comes to Thompson River steelhead (see Fig. 4.1.). This makes conservation 

decision-making difficult, as governments are left weighing the cost-benefits of perusing 

conservation initiatives. 

Interviews and the media suggest DFO are allowing for commercial fisheries at 

the cost of steelhead populations. Of anglers interviewed, 95% believe commercial 

fisheries to be a leading cause of declines, and 93% believe commercial nets are a 

continued big problem for steelhead. As steelhead angler #10 put it: “Oh, it’s the only 

hope remaining. Closures of fisheries where these fish are being intercepted. And 

bycatch interception as I mentioned earlier in the net fisheries is the most critical factor”. 

Additionally, a member of the provincial legislature for Fraser-Nicola Region Jackie Tegart 

stated to the Vancouver Sun in Sept. 2019: “Bycatch is the biggest issue for steelhead. 

Steelhead have to be released if they are caught in nets, but if you are a steelhead and 

you get caught and released four times in the river, you won’t have much left to get to 

your spawning grounds” (Shore 2020).  

At the provincial level, the government of B.C. has motive to keep recreational 

steelhead fisheries open, as resulting tourism and primary/secondary economic impacts 

are of great value to the province. This is evident in comments from anglers that the 
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decision to close the recreational fishery for the 2018-2019 season ought to have been 

made earlier (98% of respondents agreed that the recreational fishery ought to have 

been closed prior to 2018). Angler #13 shared the statement: “They kept the steelhead 

[recreational fishing] open at Spence's bridge way, way, way too long.”. 

 

4.4.3. Mistrust in Government  

 

My findings found there is mistrust towards government. I speculate that this can 

be a secondary effect of jurisdictional overlap and conflicting government interests, as 

anglers often point to confusion around management when speaking on mistrust. Of 

anglers interviewed, 75% stated that they do not trust current management 

organizations. Statements demonstrating this mistrust include: “But that funding better 

not get into the hands of our Provincial government, because I don’t trust them as far as I 

could throw a tank.” (angler #11), and: “You can't trust people [in government]'s word. 

People don't have ethics nowadays. Ethics and morals have gone out the door and that's 

probably another reason why fishing has gone down” (angler #17).  

Managers and anglers agree that Thompson River steelhead declines are the 

result of, as a few interviewed anglers (#25, #28, #31) put it: a “death by 1000 cuts” 

scenario (see Fig. 4.1.), yet poor management is believed to be a leading cause for 

current population trends. This sentiment was captured by a devoted angler and 

published steelhead author (angler #31) who shared: “I’m devastated by what has gone 

on which could have been averted. I mean I know the atmospheric and ocean conditions 
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aren’t ideal but really what has led to this situation is willful I’d say mismanagement by 

DFO (Fisheries and Oceans, Canada)”. Much of the blame is directed towards the 

provincial government and the federal DFO. Of the anglers interviewed, 90% stated that 

they were not satisfied by the efforts from the provincial government to protect 

Thompson River steelhead, and 100% stated that they were not satisfied by efforts from 

DFO. As B.C. steelhead angler #1 said: “Well I don’t see the federal government or the 

provincial government doing much, no. You would hope so, but we don’t see it 

happening”. 

 

4.5. Discussion 

 

As a result of this work, I argue that the paralysis surrounding Thompson River 

steelhead is caused by the overlapping jurisdictions and governmental priorities amongst 

governing bodies. This overlap ultimately leads to inaction, caused in part by lack of trust 

in management. Moving forward, effort must be made to work collaboratively to repair 

trust between management, stakeholders, and Indigenous rightsholders, as well as work 

around conflicting priorities and overlapping jurisdictions. The concept of jurisdictional 

overlap in the context of Canadian fisheries is not new, as it was presented by Pearse 

(1988) in his book Rising to the Challenge: A new policy for Canada’s freshwater fisheries 

and is discussed in McKenzie’s (2002) book Environmental Politics in Canada. Many of my 

findings support the analyses advanced by Pearse and McKenzie. For example, Pearse 

suggests that we must address and resolve overlap in jurisdiction as well as conflict and 
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foster co-operation between provincial and federal governments to achieve successful 

management strategies for inland fisheries.  

Conflicting priorities such as those discussed above are prominent in resource 

management. Governments often need to decide between short term economic gains, or 

some economic loss in favour of the sustainable use of resources (Charles, 1998). Both 

commercial and recreational fisheries can provide large economic benefits (Arlinghaus et 

al. 2016) thus providing incentive for governments to allow status quo fishing operations 

over the wellbeing of the fish populations. Looking at the numbers, economic incentives 

are evident for both the B.C. government and federal government to allow fisheries to 

remain open. In British Columbia, recreational anglers spent $498 million CAD in 2019 on 

the activity, employing 3,500 workers in the province (FFSBC 2020). Almost 8% of anglers 

in B.C. are international non-residents, travelling to B.C. to experience world class 

fisheries such as that of the Thompson River steelhead (FFSBC 2020). An analysis on the 

economic impacts of Pacific salmon fisheries (recreational and commercial) in the Pacific 

Northwest region of Oregon, Washington, B.C., and SE Alaska from 2012 to 2015 found 

the economic output of the fisheries to be $1,364 million USD in Canada, supporting 

12,400 fulltime equivalent jobs (Gislason & Lam 2017). Furthermore, B.C.’s capture 

fishery brought in 236.1 million towards Canada’s gross domestic product (GDP) in 2016 

(Sun & Hallin 2018). Addressing competing priorities should therefore be a priority within 

inland fisheries management bodies as well as within the broader context of resource 

management.  
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Mistrust in government emerged as secondary effect of jurisdictional overlap and 

conflicting government priorities, further contributing to the paralysis of conservation 

actions directed at Thompson River steelhead. Trust between resource stakeholders and 

management plays a central role in resource management (Smith et al. 2013) as a lack of 

trust in management can hinder management progress and success as mistrust can lead 

to increased lack in compliance and conflict (Stern & Coleman 2015). The active mistrust 

in government and other rightsholders and stakeholders that I found in my research 

implies a vicious circle: mistrust is caused by paralysis, and mistrust furthers paralysis. 

Building trust in government and mutual respect across stakeholders and rightsholders is 

essential for mitigating overlaps in biodiversity management. This element of trust 

highlights the socio-ecological nature of declines, as social systems are affected by the 

decreased number of fish observed. 

 

4.5.1. Lessons Learned 

 

Collaborative effort moving forward is imperative as it has been found to reduce 

conflict, promote trust, and result in proactive, long-term successful management 

strategies (Beierle & Konisky 2000; Stern & Coleman 2015). The B.C. government is 

already aiming to improve collaborative efforts towards steelhead management with 

their co-management plan fostering collaboration amongst the province, First Nations 

Fisheries Council, and DFO (Bender 2020). To be successful however, overlaps described 

above must be addressed, as similar collaborative efforts have been made in the past 
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with limited success (i.e., the Steelhead Action Plan). As the provincial government are 

not believed to hold enough resources to successfully manage conservation efforts on 

their own (as identified by anglers above), it imperative to foster a working relationship 

with DFO, and other relevant stakeholders.  

 Overlaps in jurisdiction are a permanent feature of Canadian federalism that will 

not be resolved in the short term. The problem of overlap must therefore be addressed 

in other ways. As it stands, the overlap in jurisdiction removes responsibility and fosters 

conservation inaction and indecision, deflecting blame onto other stakeholders and levels 

of government (Pearse, 1988). Having clear roles and goals for each level of government 

can highlight responsibilities and motivate governments to act in the best interest of 

steelhead, as failures to do so would directly reflect failed action by associated levels of 

government (Schuett et al. 2001).  

Defined responsibilities may also aid in decisions for which governments hold 

competing priorities. Moving forward, the federal and provincial governments should 

acknowledge the existence of competing interests and look towards solutions to 

minimizing their impacts on Thompson River steelhead. One solution may be to create 

independent committees devoted to decision-making for this fishery to ensure that 

decided necessary governmental actions are followed through. 

   

4.5.2. Conservation Implications 
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 In this work I presented the concept of overlap and demonstrate how this 

concept contributes to ineffective management and conservation inaction. Although here 

I define and discuss the concept of ‘overlap’ using the Thompson River steelhead 

population in B.C., lessons learned here are applicable to other Pacific salmonids or other 

species that are ‘caught in the middle’ of conservation, stakeholder, and rightsholder 

priorities and efforts. Conservation of socio-ecologically relevant species therefor needs 

to account not only for ‘gaps in knowledge’ but rather for overlap. 

 

4.6. Chapter four figure 
 

 

Figure 4.1. Threats to Thompson River steelhead as rated by angler interview 

respondents. 
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Chapter 5 : Limitations of Canada’s Species at Risk Act for 
protecting Pacific salmonids: Lessons learned from the case of the 
Thompson River Steelhead 
 

5.1. Abstract: 

 

 Imperilled species legislation is a critical tool at various levels of government for 

biodiversity conservation. Canada’s Species at Risk legislation and processes have been 

criticized as being weak, slow, and overly deferential to economic interests. In this article, 

I examine the limitations of Canada’s Species at Risk Act for protecting a highly 

threatened population of Pacific salmonid, Thompson River steelhead. To date, no Pacific 

salmonids have been listed under Canada’s Species at Risk Act (SARA), regardless of 

documented critical population declines. The case of Thompson River steelhead is 

relevant because this species is often viewed as the ‘canary in the coal mine’ for other 

Canadian Pacific salmonids and recently went through the Canadian listing process for 

imperilled native species. Thompson River steelhead, a culturally and socioeconomically 

valuable migratory salmonid species, was designated ‘critically endangered’ by the 

Committee on the Status of Wildlife in Canada (COSEWIC) following an emergency 

assessment completed in February of 2018. The assessment noted population declines of 

79% over the last three generations, yet Thompson River steelhead were ultimately not 

listed under Canada’s SARA. My analysis of this case is based on semi-structured 

interviews with individuals involved with, or knowledgeable about, the COSEWIC and 
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SARA listing process for Thompson River steelhead (n=17). Findings from these interviews 

point to several structural and institutional reasons why this species was not listed under 

SARA despite its precarious status: 1) spillover effects from listing species under SARA, 2) 

time required to complete listing processes, 3) reactive rather than proactive emergency 

listing processes, 4) listing decisions based on socioeconomics rather than science, and 5) 

a lack of transparency in listing processes. Interview participants suggested several 

solutions to overcome these limitations, including: 1) allowing for the management of co-

migratory stocks following SARA listings, 2) expediting listing timelines, 3) making listing 

processes more pro-active, and 4) ensuring transparent, science-based decision-making. 

The analysis demonstrates the potential of SARA listings to protect aquatic species and 

suggests paths forward to improving the effectiveness of Canada’s SARA.  

 

5.2. Introduction: 

 

As climate change and other anthropogenic factors threaten biodiversity at an 

alarming scale (Sala et al. 2000; IPCC 2021), governments around the world have taken 

action to implement legislation and strategies to protect native species (Rodrigues et al. 

2006; Lindgren 2001). One common method of managing imperilled species is through 

government-determined imperilled species inventories, which ‘list’ species according to 

their conservation status and extinction risk. Such listings happen at all levels of 

governance at the international, national, and provincial/state levels. For example, the 

IUCN Red List of Endangered Species lists species at the international level to provide 
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comprehensive information on the global status of species (but it is non-legislative; IUCN 

1964), Canada’s Species at Risk Act (SARA; SARA 2002) and the US Endangered Species 

Act (US ESA; U.S. Congress 1973) list species at the national level, and the Endangered 

Species Act of Ontario lists species at the provincial level (Government of Ontario 2007).  

These lists are a valuable conservation tool as they often provide imperilled 

species with visibility and/or legal protections and mandated recovery plans (Rodrigues 

et al. 2006). Furthermore, government involvement has been shown to be the greatest 

predictor of conservation efforts and investments (Baynham-Herd et al. 2018). That being 

noted, listing imperilled species as a conservation strategy has its’ shortcomings (see 

Bachman et al. 2019). Resources for listing are finite, decisions to list are often reactive 

and not conducted in a timely manner, and enforcement and monitoring following listing 

is often weak or non-existent (Beatley 2000; Schwartz 2008; Bachman et al. 2019; Buxton 

2020). Furthermore, listing processes may consider costs associated with listing when 

deciding whether to list a species, and often give preference to specific taxa (Bachman et 

al. 2019), as well as species that have no economic value or do not conflict with other 

government priorities. For example, Shultze et al. (2013) found that listing fish under 

Canada’s Species at Risk Act (SARA) is more dependent on the costs associated with 

protection than it is on the conservation status of the listing candidate.  

 

5.2.1. Imperilled Species Legislation in Canada 
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Canada’s commitment to the United Nations Convention on Biological Diversity in 

1992 prompted it to develop imperilled species legislation, first the Accord for the 

Protection of Species at Risk (APSR) in 1996, followed by Canada’s Species at Risk Act 

(SARA) in 2002. SARA extends legal protection to wildlife native to Canada (species, sub-

species, and distinct populations), with the aim of preventing extirpation/extinction and 

to ensure actions necessary for recovery (Government of Canada 2014). SARA has 

jurisdiction on federal land, most freshwater, and oceans (Irvine 2005) and covers all 

listed at risk (imperilled) species, as well as their critical habitat (Government of Canada 

2019b). Since being enacted, Canada’s SARA has been criticized, especially when it comes 

to the handling of Canadian fish species. Canadian fish species were found less likely than 

any other taxa to be listed (Dorey & Walker 2018; Creighton & Bennett 2019). In 

addition, fish are less likely to be listed if harvest (commercial or subsistence) is identified 

as a threat to their survival, if Fisheries and Oceans Canada (DFO) is the responsible 

authority, if located mostly or entirely in Canada, and if they are a more northern species 

(Findlay et al. 2009).  

 

5.2.2. Steps to listing imperilled fish under Canada’s SARA 

 

Listing species under Canada’s SARA involves a complex, multi-step process. First, 

species are identified and assessed by the arms-length Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC 2019; assessed candidates deemed to be ‘at 

risk’ must be re-assessed every 10 years). Voting members of COSEWIC are comprised of 
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13 representatives from each of the 13 provincial and territorial government wildlife 

agencies, four representatives from the four federal wildlife agencies, three non-

government scientists, ten co-chairs that manage species specialist subcommittees, and a 

co-chair for the Indigenous Traditional Knowledge subcommittee. Species Specialist, and 

Indigenous Traditional Knowledge sub-committees are comprised of two co-chairs and at 

minimum five other knowledgeable members (selected from universities, wildlife 

agencies, museums, etc.), and are tasked with identifying at risk candidates in need of 

status assessments. From the information generated by sub-committees, COSEWIC builds 

a ranked Candidate List. Once candidates for assessment are determined, COSEWIC 

status reports are commissioned and completed by bidding contractors, typically 

environmental consulting firms. Once completed, reports are sent back to the relevant 

sub-committees and other COSEWIC personnel for peer-review (COSEWIC 2019). The 

status of a candidate having gone through an assessment is determined based on the 

final assessment report.  

Decisions on status are mostly based on biological risk and use listing criteria from the 

International Union for Conservation of Nature (IUCN; Irvine et al. 2005). In the case of 

emergencies, COSEWIC can expedite the process by conducting an emergency 

assessment, which can be completed more quickly than the normal period of 2 to 4 

years. Emergencies are determined by COSEWIC as a situation in which a candidate for 

assessment is in ‘extreme’ risk of extirpation or extinction (the example for this scenario 

given by COSEWIC is if a candidate has experienced population declines of more than 

50% in the last ten years; COSEWIC 2015). Calls for an emergency assessment can come 
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from people or organizations outside of COSEWIC and are assessed by the COSEWIC chair 

and other relevant sub-committees and COSEWIC personnel. Decisions to engage in an 

emergency assessment are made through a vote by the COSEWIC Emergency Assessment 

Subcommittee members. Once completed, COSEWIC assessment and emergency 

assessment reports including designated status are published on the SARA public registry. 

More detailed information on COSEWIC processes can be found at www.COSEWIC.ca.   

 The Minister of Environment and Climate Change is tasked with forwarding 

COSEWIC reports along with a recommendation to list or not list the candidate in 

question under SARA to Governor in Council, which acts on behalf of the Federal Cabinet 

and makes listing decisions (SARA 2002). Prior to forwarding their recommendation to 

the Governor in Council, the Minister of Environment and Climate Change is required to 

gather information on the socioeconomic costs and benefits of listing in a process that 

includes consultations with stakeholders. In the case of fish, the Minister of Fisheries and 

Oceans Canada (DFO) advises the Minister of Environment and Climate Change regarding 

their recommendation to list or not list under SARA. Once the Cabinet receives the 

recommendation from the Minister of Environment and Climate Change, Cabinet has 90 

days to decide whether to list or not list the candidate under the SARA. If no decision is 

made in that timeframe, the COSEWIC recommendation to list or not list is used (Irvine 

2005).  

Once listed under SARA, the species/population receives federal legal protection. 

Once listed, it is illegal to harm (or disturb, or kill, or take) an individual from the listed 

population(s), and to harm or damage their critical habitat (habitat needed for 

http://www.cosewic.ca/
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survival/recovery; Irvine 2005) in areas where they are protected. Listing also initiates a 

series of ancillary obligations on the federal government, including the formulation of a 

species or population recovery plan within one year of listing that must be updated every 

five years, until the species/population has recovered (Irvine 2005). Since the enactment 

of SARA, the federal government has repeatedly been subjected to lawsuits from 

conservation organizations for failure to adhere to these obligations (McDevitt-Irwin et 

al. 2015). 

 

5.2.3. The Case of the Thompson River Steelhead  

 

Thompson River steelhead are an anadromous fish native to the Pacific Coast of 

Canada, including the province of British Columbia (BC). Steelhead attract anglers from 

around the world, thus playing a significant role in B.C.’s recreational fishing industry and 

resulting economic activity (FFSBC 2020). Unfortunately, the population of Thompson 

River steelhead is in severe decline. As of February 2018, Thompson River steelhead 

exhibited a 79% decrease in population over the past three generations (COSEWIC 2018). 

These declines have affected the wellbeing of people who relied on this population, and 

has had an impact on local economies in rural B.C. (Jeanson et al. In Press).  

 In response to requests from angler associations), the chair of COSEWIC told the 

Minister of Environment in December 2018 that an emergency COSEWIC assessment 

would be completed on Thompson River steelhead. The emergency assessment was 

released in February 2018 and determined that Thompson River steelhead were 
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endangered, recommending an emergency listing under SARA. Ultimately, in July 2019 

the Government of Canada opted not to list Thompson River steelhead. In their 

Explanatory Note (mandated by law), the federal government stated that they believed 

the “most effective approach” to managing Thompson River steelhead is to “continue to 

influence human activities using existing legislative tools, and complementary measures” 

(Government of Canada 2019b). The government committed to using “a combination of 

other legislative mechanisms available under the Fisheries Act and work collaboratively 

with the Province of British Columbia” to protect the population. Furthermore, in 

collaboration with the province and Indigenous groups, the federal government 

committed to establishing a steelhead conservation plan. Although action was promised, 

the failure to list Thomson River steelhead under SARA means that the federal 

government has no legal obligation to protect the population or table a recovery plan.  

The Thompson River steelhead case study provides the opportunity to understand 

the limitations to Canada’s SARA processes. Using the views of highly informed people, 

this work includes an analysis on limitations of current processes as well as highlights 

possible solutions to overcoming them. By using narrations from those deep in the know, 

this work can help inform future decision-making in this space and allow for the better 

management of other aquatic species at risk in Canada.  
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5.3. Methods: 

 

The analysis presented in this chapter is based on semi-structured interviews with 

17 people involved with, or knowledgeable about, the emergency COSWEIC assessment 

and SARA listing process on Thompson River steelhead in B.C. Canada were used. Of 

those interviewed, 11 were fisheries biologists at the provincial and federal level, 4 

worked for fisheries non-government organizations (NGOs), one was a fisheries 

consultant, and one worked in recreational fisheries marketing. All interviews were 

conducted in accordance with the University of Ottawa Research Ethics Board (File 

Number: 02-18-08). Interviews were conducted over-the-phone during the summer 

months (June to August) of 2019 and recorded on two audio-recording devices. 

Interviews were saved under code names if respondents asked for anonymity. Once all 

interviews were completed, recordings were transcribed using Trint transcription 

software. The resulting transcripts were then reviewed and edited by a research assistant 

to correct errors from the computer-generated transcription software.  

Interviews were comprised of open-ended questions on steelhead declines in the 

interior Fraser, solutions to steelhead declines, COSEWIC assessments (processes, and 

specifics on the Thompson River steelhead case), and SARA listings (processes, and 

specifics on the Thompson River steelhead case; please see Appendix C for a complete 

list of interview questions). All interview participants were invited using email. Those 

contacted were identified as knowledgeable on the Thompson River case study by 

colleagues, were listed as contributors on COSEWIC documents on Thompson River 
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steelhead or were suggested by others interviewed. This case study broadens our depth 

of knowledge on this specific case, as well as the inner workings of the SARA listing 

process. 

Interview transcriptions were uploaded into NVIVO 12 for analysis. In NVIVO, each 

transcript was read over, and major topics and themes were identified as nodes. Each 

transcript was then read and coded under relevant nodes. Quotes categorized under 

corresponding nodes were extracted and shared below to support arguments. 

Transcriptions were also coded using a codebook approach developed by Eckert et al. 

(2020; see Appendix D). Themes were identified through the review of transcripts and 

placed into a codebook. Themes were then either supported or unsupported by each 

respondent, providing quantitative data in support/against themes and topics extracted 

from interview transcripts. Findings from the code book are also used below to support 

arguments and are presented as percentages in support or against coded themes. 

 

5.4. Results: 

 

5.4.1. Limitations to Canada’s imperilled species listing processes 

 

My findings suggest that current COSEWIC and SARA processes are not sufficient 

tools to list and protect aquatic species in Canada in their current form. Of respondents 

interviewed, none stated that current procedures for listing endangered fish populations 

in Canada are working well (82% said they do not work well, 12% were unsure, and 6% 
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did not speak on this topic). Participants’ general pessimism was grounded in several 

factors: 1) spillover effect from listing under SARA, 2) time required to complete listing 

processes, 3) reactive rather than proactive emergency listing process, 4) listing decisions 

based on socioeconomics rather than science, and 5) lack in transparency in listing 

process. 

 

5.4.1.1. Spillover effects from listing species under SARA 

 

Of those interviewed, 59% shared (unprompted) the perception that implications of a 

SARA listing are too restrictive to favour the listing of aquatic species. For example, 

respondent seven stated “the SARA process […] is not well designed for dealing with fish.  

It is a process that really was designed around terrestrial animals […]. It’s simply too blunt 

an instrument [for fish].”, and respondent 13 shared “our SARA is just too restrictive at 

the moment to allow for listing [of steelhead]”. The issue is that Pacific salmonids span 

large biodiverse habitats where commercial, recreational and First Nations fishing takes 

place. It is thought that a listing would legally protect listed Pacific salmonids and their 

habitat from all harm at the cost of all fishing activities in totality (whether they are the 

cause of declines or not). As respondent 15 explained, “you cannot kill, harm, or harass, 

or basically touch that fish if [that fish] were listed under SARA, and so that makes the 

management actions for fishing activities quite restricted”. In a similar vein, respondent 

16 stated “SARA is often perceived not just by the federal government but by public 

figures as a very blunt tool that doesn’t allow for collaborative management and adaptive 
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management [of fisheries]”. To summarise, as Canada’s listing processes were not built 

with fish in mind, the nature of the repercussions to listing Pacific salmonids are thought 

to limit the ability for fisheries management to develop socio-ecological solutions to 

socioeconomically valuable fish species conservation in Canada.  

 

5.4.1.2. Time required to complete listing processes 

 

Of those interviewed, 53% (without prompt) suggested Pacific salmonids should 

receive COSEWIC assessments under quicker timelines, and 59% (without prompt) stated 

that SARA listing decisions take too long under current timelines, suggesting respondents 

feel that listing processes should be quicker. Respondents eight and 11 said “It takes too 

long to get to a listing decision. It’s three to five years now.”, and “getting species into a 

SARA list takes too long […]”. Respondents made it clear that a quicker listing procedure 

is needed in many cases yet stressed the importance of not forgoing the collection of 

necessary data and evidence for listing decision-making. For example, respondents stated 

that the expedited process taken for Thompson River steelhead was less than ideal due 

to shortcuts made to meet deadlines. As explained by respondent 16 “emergency 

assessment timelines for completing all that work are much shorter, much more 

abbreviated. The opportunity to do those appropriate consultations is limited. The 

opportunity to really understand the biology or get a snapshot of the biology and 

population of the species is also shortened. There are limitations”. To summarise, long 
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timelines are a limitation to the listing process yet should not be corrected at the 

expense of the relevant collection of evidence and information for decision-making. 

 

5.4.1.3. Reactive rather than pro-active emergency listing process 

 

Emergency COSEWIC assessments like the one conducted on Thompson River 

steelhead were referred to as ‘quite reactionary to information, from anybody, 

government, First Nations, and the like’ (respondent eight). Respondent nine explains 

“It’s actually driven by the populace, by people who write letters and other organizations, 

NGOs who put information forward and pressure governments [..].”, and respondent 

seven shared “[It’s] the people who pushed for the emergency listing. I mean, this was 

not a democratic process”. This was flagged as concerning to some, as imperilled 

species/populations that are less charismatic or socially valuable may be overlooked for 

emergency assessments under current processes in favour of others that are of more 

interest to stakeholders. Respondent one said “[…] the fact that interior Fraser steelhead 

have special treatment over a number of other Pacific salmonids that are of equally 

concerning conservation status is indicative of where they take that direction”.  

As they are reactionary, emergency listing processes begin when situations are 

already dire, thus also limiting the potential benefits to listing. As respondent nine shared 

“If it would have happened 10 years ago (listing process for Thompson River steelhead) 

that would have made a difference. It’s hard to say now, if it’s so late in the game how 

much we would be able to actually do to save these fish”. This being noted, it was 
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suggested that it is important for communities to have the ability to initiate listing 

actions. For example, respondent six shared “I think that is a very important piece to have 

public be able to comment and drive that [emergency COSEWIC assessment] process”. To 

summarise, emergency COSEWIC assessments that kick off emergency listing processes 

in Canada are only conducted on an emergency basis, which suggests species of social 

and economic importance are favoured. Furthermore, emergency listing processes are 

often enacted when situations are already dire, limiting the potential benefits that come 

with a listing under SARA.  

 

5.4.1.4. Listing decisions based on socioeconomics rather than science 

 

The importance granted to socioeconomic factors during listing decision-making over 

scientific findings was flagged as a significant inhibitor to listing. Of respondents 

interviewed, 94% mentioned (without prompts) ‘special consideration for socioeconomic 

factors’ as a major limitation to listing Pacific salmonids under SARA over scientific 

findings regarding the status of the species (6% did not mention this limitation to listing). 

Respondent one shared that “the economic impacts of listing an anadromous fish species 

are too great. The government does not want to list these fish.”, and respondent 10 

stated “If you look at historically what has been listed, I think the track record shows for 

itself that there is an unwillingness to use science to list any species of salmon or fish 

species that has any kind of social or economic impact”. It is of note that respondents 

clarified it is specifically short-term socioeconomic benefits that are overshadowing 
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scientific recommendations to list, and not the long-term economic and social benefits 

that come with the persistence of species in question. As respondent 13 said “Most 

governments are happy with not listing because of short-term socioeconomics. If 

[government] looked in terms of long-term socioeconomics, I don’t think we would be 

talking. [The government] would be making different decisions […] and would be crafting 

a long-term strategy to sustain activities into the future”. Short term socioeconomic gains 

are said to be favoured due to politics. As respondent 11 explained “You [The 

government] rely on keeping people happy so you get elected next year. That doesn’t 

work. You’re ignoring science […]”. To summarise, scientific findings favouring listing are 

overshadowed by short-term socioeconomic benefits to not listing Pacific salmonids. 

 

5.4.1.5. A lack in transparency of considerations in SARA listing decisions 

 

Although COSEWIC assessments are conducted in large part to inform listing 

decisions in parliament, only 24% of respondents thought that the COSEWIC assessment 

done on Thompson River steelhead played a role in the decision to not list B.C. steelhead 

populations under SARA (53% stated the opposite, 6% were unsure, and 12% did not 

speak on this subject). As respondent 13 explains, “the process has the potential to break 

down a little bit from when COSEWIC reports their findings, to when the minister makes 

his decision [to list or not list]”. Respondents shared the concern that the weight of what 

information and evidence is used to make listing decisions is not well shared or 

explained, making it easier to base listing decisions on political agendas rather than 
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evidence. For example, respondents 15 and 16 shared: “the part that I don’t know about 

is how different factors are weighed in the decisions [to list under SARA], so there could 

be more transparency on that ahead of time.”, and “I have no idea, nor the privilege to 

know what exactly was considered by cabinet. All we know is what we send them […] and 

we have to hope that all of that information is considered, but we don’t know”.  

Some respondents shared that this lack of transparency has allowed for Fisheries and 

Oceans Canada (DFO) to have too much influence over decision-making. As explained by 

respondent 17: “If you look at marine fish there’s hardly any that are listed following 

COSEWIC reports and that’s because DFO is of the opinion that they can manage fish 

more effectively outside the SARA. They convince the ministers to that effect, and they 

don’t get listed”. In the case of Thompson River steelhead, DFO was said to have gone as 

far as altering scientifically sound findings and recommendations to avoid a steelhead 

listing. Respondent eight shared “I don’t think they [the Governor in Council] looked at 

the COSEWIC assessment at all. […] DFO produces its’ own advice for its’ own decisions. It 

doesn’t rely on externally produced advice. […] They [three independent authors] 

submitted it [the steelhead recovery potential assessment review] to DFO [to write up] 

the science advice report which is an abbreviated version of the outcomes of the review 

(it is meant as quickly produced information that’s for the ministers). The submitted draft 

and the one that DFO posted had, we thought, significant changes to the conclusions. […] 

We pushed back, and they said sorry, it’s our process and we’re allowed to do it our 

way”. Respondent 13 also illuded to this event “There’s a science-based document for 

which there’s a title and there’s people that put their names on the document and put 
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their professional reputations at stake on its’ contents. That’s not released yet. Yet a 

modified interpretation of that advice is released under no authorship […]”. To 

summarise, a lack of knowledge regarding the weight of considerations during listing 

decision-making potentially allows for decisions to be based off uncredible and/or altered 

sources and ultimately limits the credibility of Canada’s SARA when it comes to listing 

Pacific salmonids and other fishes.  

 

5.4.2. Suggestions for improving Canada’s listing processes for imperilled species 

 

Respondents asserted that government has the capacity to protect Pacific salmonids, 

as 88% of respondents agreed that the federal government can aid in the restoration of 

Pacific salmonids (12% of respondents asserted the opposite), and 82% agreed that the 

provincial government can do the same (18% stated the opposite). When specifically 

asking about Thompson River steelhead, 94% of respondents indicated more action is 

needed at the federal level to save steelhead (6% were unsure), and 76% of respondents 

reported more action is needed at the provincial level to save steelhead (12% reported 

the opposite, and 12% were unsure). Respondents provided insight on improvements 

that could be made to current listing processes to better account for and protect 

imperilled Pacific salmonids in Canada (see Figure 5.1.). Respondents suggested the 

following changes: 1) allow sustainable fisheries management of co-migratory abundant 

fisheries, 2) reduce listing timelines, 3) make the listing process more pro-active and 
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forward-looking, and 4) ensure transparent, science-based decision-making. 

 

5.4.2.1. Allowing for the management of co-migratory stocks following SARA listings 

 

Many respondents took the position that a SARA listing should not impede the ability 

for fisheries management to develop novel, sustainable, and adaptive management 

strategies for co-migrating abundant fish populations. An unprompted 65% of 

respondents suggested that selective fishing measures and/or other innovative fishing 

strategies that do not harm steelhead (and allow for co-migratory fisheries to continue to 

function) is the way forward. Several respondents voiced that it was this exact factor that 

makes a SARA listing inappropriate for Pacific salmonids. For example, respondent two 

stated “I think the primary reason [Pacific salmonids are not listed under SARA] is likely 

the impact it would have on fishing sectors. They would have to curtail their fishing to 

minimize encounters with the listed populations. And it's a really unfortunate reasoning 

because it follows a false binary that we can't actually harvest abundant populations 

without harming endangered ones.”, and respondent 13 said “The problem is not don’t 

fish. It’s how you fish and where you fish and when you fish. If you’re listed under SARA 

the case is that you just can’t do nothing”.  

This being noted, Canada’s SARA may be more favourable to sustainable alterative 

fishing practices such as selective fishing than previously believed. Respondent two 

stated “I’ve definitely heard that perception [that SARA listing implications do not allow 

for adaptive, sustainable fisheries management], but I’ve also heard from legal experts 
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that there are provisions within the law that would allow for innovations that would 

minimize mortality and still allow fishing to occur for co-migrating abundant stocks. I 

don’t know if there is a change needed of if it’s just that there’s some clarification 

required as to what is possible under the current law”. Whether it be changes to the 

current law, or a clarification to what is allowed regarding co-migratory fisheries, clearly 

defining the implications of SARA on fishing practices may be an avenue forward. 

Respondent two shared “In my opinion the SARA listing would have really forced the 

fishing industry or all fishing sectors to really get creative about catching chum salmon 

and other target species with little or no impact on steelhead. It would have been the 

incentive that we need to make that happen. And without that bringing the hammer 

down in the form of the SARA listing there's just not the incentive to shift to more stock 

selective fishing methods and equipment”.  

 

5.4.2.2. Reduce listing timelines  

 

Increasing COSEWIC’s capacity to assess imperilled species was suggested to reduce 

timelines. Respondent 17 stated “We [COSEWIC] are limited in our resources, both 

human and money, because there’s a lot of species out there that are being assessed.”, 

and respondent 15 stated “They [COSEWIC] only look at so many species [at] each of 

their biannual meetings. Maybe we need more meetings. Maybe more funding to pass 

for COSEWIC to assess species because there’s a lot to look at”. There may also be room 

to increase efficiency within COSEWIC to allow for more resources to be put towards new 
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assessments. Respondent 17 shared that COSWEIC may be able to increase their capacity 

to take on assessments by increasing efficiencies in how they navigate re-assessments for 

species that have not faced any environmental changes. “We're looking at ways of 

prioritizing thorough real big assessments and reassessments […] we need a process to 

say, here's a report, nothing has changed, we're not writing a full report, read the old 

report, it’s the same”.  

Similar sentiments around increasing efficiency and increasing capacity were shared 

around the SARA listing decision-making process. Respondent 14 suggested: “In terms of 

being speedy […], you basically have to have the resources to do that. We’re talking 

about more bodies”. Increasing efficiencies around generating DFO documents and 

reports used for listing decision-making were also suggested. For example, respondent 15 

said “When [a species/population] has been assessed by COSEWIC or is on their priority 

assessment list, [we should be] looking for efficiencies between the COSEWIC status 

assessment and the [DFO reports]”. Respondents eight and 17 also suggested 

“reduce[ing] timelines to listing decisions and adherence to other timelines in the 

legislation (regarding recovery planning).”, because currently “everything should be in 

Cabinet’s hands within two years, except in the case of some high-profile species like 

here [Thompson River steelhead]. […] government could still change that without much 

ado”. To summarize, changes are needed to COSEWIC assessment protocols and SARA 

listing decision-making processes to allow for more efficiency and an increase in 

resources so that timelines can be shortened. 
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5.4.2.3. Make the listing process more pro-active and forward-looking 

 

Respondents expressed the view that SARA listing decisions should be more forward-

looking and should favour long-term over short-term benefits advancing political 

agendas. As voiced by respondent nine “Governments are going to look at a situation and 

say, how is this going to benefit us being re-elected? Where are the best benefits going 

to come from this decision? What we have is a system that is basing itself on politicians 

being re-elected and not saving fish”. Not only do listing decisions need to be forward-

looking, resulting recovery plans must also consider longer timelines. As explained by 

respondent 13 “It [conserving Pacific salmonids] requires a longer-term plan than what 

the political system might afford. It might be a 10- or 20-year plan, not a five year one to 

make such a transition. You need to establish a system that can transcend the political 

cycle, like a commission with a clear goal for transformation”. Overall, 41% of 

respondents agreed that considerations for listing under SARA change when a new 

political party takes office (29% indicated the opposite, 18% were unsure, and 12% did 

not speak on the matter). 

 Additionally, respondents voiced the importance of having a proactive listing 

process, thus ensuring that when considered for listing, the candidate for listing is not 

already in a dire, unrecoverable situation. Respondent four suggested “The loss for our 

future generations like a population getting extirpated from the Thompson River or the 

Chilcotin river takes a lot of effort to try to bring back. It’s best to use monitoring up front 
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and take action [earlier]”. To summarise, SARA listing decisions in Canada need to 

transcend political agendas and election timelines and should be a proactive rather than 

reactionary process to ensure that when considered for listing, candidates for listing are 

not already facing extirpation.  

 

5.4.2.4. Ensure transparent, science-based decision-making 

 

 To favour decision-making backed by scientific findings rather than politics, 

respondents suggested giving more importance to scientific findings and 

recommendations resulting from the COSEWIC assessments. Respondents also suggest 

improvements be made to collection methods used for socioeconomic assessments. As 

expressed by respondents nine and 13 “It shouldn’t be up to an elected government 

when you have the COSEWIC saying this is of immediate concern. I think that should be 

enough to create action.”, and “It shouldn’t go to a politician who is affected by 

populism, and not by science. […] When we take the time and energy to develop systems 

like the COSEWIC system, we need to follow those recommendations to make them 

work. There’s no sense in going through this energy and spending this money and 

endeavoring to do this to ignore it. That’s idiocy and that’s the path we’ve chosen”. For 

the listing processes to be applicable to Pacific salmonids, the weight of management 

priorities and short-term socioeconomics needs to be less important than scientific 

recommendations for listing. As stated by respondent 13 “the option is the provision of 

scientific information [to cabinet for listing decision-making] could be improved. The 
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science advice should be provided as the COSEWIC group does it with some greater 

degree of independence and less dependency on management”. Decisions should be 

made transparent, thus forcing government to explain and defend listing decisions 

(potentially leading to a more evidence-based listing approach). As said by respondent 

two “there should be less discretion for politicians to weasel out of listing populations 

under SARA”.  

Furthermore, although COSEWIC and SARA processes do engage with stakeholders 

and conduct socioeconomic assessments about the impacts of listing imperilled species, 

respondents voiced that more collaboration than what is currently being done is 

necessary for imperilled fish species. Respondent one shared that we can improve 

evidence synthesis for decision-making processes by “making sure that fisheries and 

forestry and mines and all these land and development [organizations] come together 

and start to look at things in a broader sense of how we as a society impact these fish, 

making sure that these activities take into account the important habitat that they could 

be impacting.”, and respondent 16 says “Collaboration with various governments […] 

[and with] First Nations organizations absolutely because they are by far the best […] 

experts that we have in B.C. in the very localized area that would have some 

understanding of the changes in the environment. I think that would be absolutely key”. 

To summarise, respondents suggested listing decisions be made directly from reports 

generated outside of the governing body (i.e., COSEWIC assessments) and with more 

collaboration with stakeholders. Also, the federal government should share the weight of 

what findings and documents were considered following their decision to list or not list.  
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5.5. Discussion: 

 

Imperilled species listing practices in place in Canada have received criticism since 

their beginnings in 2002 (Findlay et al. 2009, and Bachman et al. 2019). That said, 

Canada’s SARA is a valuable tool to legally protect imperilled species (Turcotte et al. 

2020), meaning efforts made to improve current processes are worthwhile. Using 

Thompson River steelhead as a case study suggests current practices in place for listing 

Pacific salmonids under Canada’s SARA are not effective. The implications of including 

Pacific salmonids under SARA do not favour a listing due to perceived heavily weighed 

socioeconomic factors. Furthermore, current listing processes are not transparent, and 

are lengthily and reactive, often assessing candidates for listing when extirpation is 

imminent. For Canada’s listing processes to be of benefit to Pacific salmonids, listing 

processes must be more timely, quick, transparent, and must allow for the management 

of sustainable co-migratory fisheries.  

 Findings highlight that Canada’s SARA has trouble listing aquatic species, and 

reasons why seem to be in large part political. Canada’s DFO is put into a difficult 

position, as it oversees commercial and Indigenous fisheries and is heavily involved in 

SARA listing decision processes. Conflicting interests within DFO may be a strong factor as 

to why Pacific salmonids are not being listed, as it would explain DFO’s motives for 

pushing towards non-listings (Jeanson et al. In Press). Respondents suggested more 

transparency regarding considerations taken during listing decisions, and more decisions 
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to be based off independent scientific documents, yet it is hard to know if these changes 

would be enough to overcome political interests to not list socioeconomically valuable 

fish.   

 Respondents were disappointed with the non-listing, as the SARA is seen by many 

as the tool with the most impact for protecting species in Canada. For example, 

respondent 11 explained: “Right now, whatever emergency plan they think is going to fix 

things … there’s no legal backing to it. If it’s under SARA, there is legal ramifications.  If 

something goes wrong, non-profits or local stakeholders can sue and say, look, you’re not 

doing this. You must do it. It’s listed under SARA”. Although other tools are in place for 

protecting Pacific salmonids in Canada (Fisheries Act, Pacific Salmon Commission, etc.), 

none carry as much weight to influence change due to the lack of enforceable legal 

protection. This said, some respondents suggested other strategies and legislation should 

be looked at and utilized to protect Pacific salmonids. Perhaps these different avenues to 

Pacific salmon protection can alleviate limitations to the SARA process, at minimum 

allowing for conservation efforts prior to a listing.  

 This work provides a unique perspective into the limitations of Canada’s SARA 

processes through the collection and analysis of qualitative data collected from those 

deep in the know. Limitations and suggestions discussed here can be used to alter 

current processes to allow for the better protection of species at risk in Canada, 

especially Canada’s aquatic species. As it stands, aquatic species, especially those of 

economic and/or social importance, are least likely to be listed under Canada’s SARA 

(Findley et al. 2009). However, identified solutions can re-write the script, thus ensuring 
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the persistence of native fishes and the value they bring to Canada and Canadians for 

generations to come. 

 

5.6. Chapter five figure 
 

 

Figure 5.1. Identified limitations and solutions to Canada’s imperilled species listing 
processes. 
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-Pillar C- 
 

 

Chapters Six and Seven 
 
 
 
 
 

Suggestions and options for the betterment of managing the B.C. steelhead fisheries using 
environmental scientific evidence from this thesis and beyond. 

 
 
 
 
 

Through the collection of initiatives in recreational fisheries management that can be 

adopted by the B.C. steelhead fishery, as well as best practices for including scientific 

environmental evidence into decision-making, chapters six and seven ensure that 

findings and ideas from this thesis can impact and change recreational fisheries 

management within the B.C. steelhead fishery, and beyond. These chapters also validate 

many themes and concepts that immerged in pillars A and B. 
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Chapter 6 : A bright spot analysis of inland recreational fisheries in 
the face of climate change: learning about adaptation from small 
successes  
 

6.1. Abstract 
 

Inland recreational fisheries have social, economic, and ecological importance 

worldwide, but these fisheries are increasingly challenged by the diverse effects of 

climate change. Coupled with other anthropogenic stressors, climate change has 

contributed to declines in freshwater biodiversity of greater severity than those observed 

across marine or terrestrial taxa. At a macro level, inland fisheries are experiencing 

declines. There are, however, several success stories, or ‘bright spots,’ in inland 

recreational fisheries management, where innovative approaches are leading to 

increases in social and ecological wellbeing in the face of climate change. Cases such as 

these are important sources of inspiration and learning about adaptation to climate and 

environmental change. In this article, I analyze 11 examples of such ‘bright spots’ drawn 

from multiple jurisdictions around the world from which I extracted lessons that might 

apply to fisheries management challenges beyond the region and context of each case. 

Collectively, these bright spots highlight adaptive initiatives that allow for recreational 

fisheries management to mitigate and adapt to stressors associated with current and 

future climate change. Examples identified include community-based restoration 

projects, collaborative and adaptive approaches to short-term fisheries closures, 

transdisciplinary large-scale conservation projects, and conservation-minded efforts by 
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individuals and communities. By highlighting examples of ‘small wins’ within inland 

recreational fisheries management, this review contributes to the idea that a ‘positive 

future’ for inland recreational fisheries in the face of climate change is possible and 

highlights potential strategies to adapt to current and future climate scenarios.  

 

6.2. Introduction 

 

Inland aquatic ecosystems (lakes, rivers, brackish and coastal wetlands, marshes 

and swamps, reservoirs, bogs, etc.; Janse et al. 2015) are facing severe habitat 

modification and biodiversity declines in the Anthropocene (a time in which humans are 

driving ecosystem changes; Lewis & Maslin, 2015; Reid et al. 2019), thereby causing 

social, economic, and ecological losses (Fike et al. 2007). Recreational fishing (e.g., the 

fishing for reasons other than obtaining sustenance or for profit from sales; FAO 2012) 

represents one sector that relies on inland waters. Engagement in recreational fishing is 

high, with an average of approximately 10% of the human population participating in the 

activity (Arlinghaus & Cooke 2009; Arlinghaus et al. 2015). It is estimated that up to 6.7% 

of the global population engage in inland recreational fishing and have a combined total 

catch of ~11.6 million tonnes (FAO 2018).  

High participation rates in recreational fishing can be linked to the social and 

psychological benefits gained from recreational fishing (e.g., connecting with nature, 

escape, relaxing, and socializing; Driver & Knopf 1976; Caltabiano 1994; Toth & Brown 

1997; Freudenberg & Arlinghaus 2009; FAO 2018). The socio-psychological benefits 
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accrued by anglers encourage them to incur expenses associated with fishing trips (e.g., 

travel, goods, and services), which in turn creates jobs and stimulates local and regional 

economies. In the United States of America (USA) alone, inland recreational fisheries 

generate over 31 billion USD annually in direct expenditures (Lynch et al. 2016). Globally, 

the recreational fishery sector within inland waters generates over 100 billion USD in 

revenues (Funge-Smith et al. 2018), often contributing in meaningful ways to livelihoods 

in smaller rural communities (Smith et al. 2005; Hoogendoorn 2014).  

Current and projected climate scenarios threaten the integrity of ecosystems 

supporting inland recreational fisheries (Harrod et al. 2019), thus endangering the 

economic and social benefits resulting from this sector. Inland aquatic ecosystems have 

experienced biodiversity losses that are greater than those in terrestrial and marine 

environments (WWF 2016; Reid et al. 2019). General climate-driven threats to 

freshwater ecosystems include increased mean surface temperatures, losses in dissolved 

oxygen levels, changes in water availability and seasonality, increased eutrophication 

(Myers et al. 2017), greater frequencies of cold shock events (Szekeres et al. 2016), and 

changes in stratification patterns (King et al. 1999). Furthermore, changes in precipitation 

patterns (e.g., increases in drought frequency; Lennox et al. 2019) are shifting the 

distributions of fish species (Chu et al. 2005; Perry et al. 2005), leading to thermal niche 

contraction or expansion promoted through increased competition/predation from 

invaders (Mohseni et al. 2003; Pratchett et al. 2011).  

Inland aquatic ecosystems supporting recreational fisheries are of significant 

conservation concern, as they must absorb fisheries-related stressors resulting from 
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fisher interactions with fish (e.g., fishing mortality arising from harvest or incidental 

mortality associated with fishing injuries or stress encountered during catch-and-release 

fishing) and climate change driven stressors such as those listed above. For example, 

increased water temperatures and other climate-induced environmental changes can be 

physiologically challenging to species, especially when combined with exercise-induced 

stress resulting from catch-and-release fishing events (reviewed in Gale et al. 2011; 

Whitney et al. 2016). The conservation of fish populations used in recreational fisheries 

should therefore be a significant consideration for the fisheries management community 

to ensure the sustainability of the fisheries in the face of current and future stressors. 

Furthermore, anglers can influence the survival of angled fishes through the adaptation 

of conservation-driven behaviours. For example, when faced with high water 

temperatures in Western USA, anglers have altered behaviours to the benefit of angled 

fish species (Boyd et al. 2010). 

  The management of inland recreational fisheries in the Anthropocene should 

involve multi- and trans-disciplinary collaborations amongst social scientists and 

biologists, as well as relevant stakeholders (Arlinghaus et al. 2017). Human-related 

barriers (e.g., public and political will) are the greatest impediments to fisheries 

management success (Arlinghaus 2006; Hilborn 2007), demonstrating the importance of 

viewing fisheries as part of coupled socio-ecological systems (Arlinghaus et al. 2017). 

Furthermore, inland recreational fisheries management must be forward-looking and 

adaptive to best mitigate current and future stressors associated with climate change 

(Pratchett et al. 2011; Szekeres et al. 2016; Lennox et al. 2019). To achieve a positive 
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future for inland recreational fisheries, decision-makers can draw inspiration and learn 

from successful initiatives that create socio-ecological bright spots (referred to by 

Bennett et al. 2016 as ‘seeds towards a good Anthropocene’) when looking for novel 

management strategies. These bright spots can serve as lessons for adaptive 

conservation measures to achieve sustainability in the face of current and future climate 

change scenarios. 

Here, I outline several bright spots found within inland recreational fisheries. The 

included bright spots contain useful approaches to manage the impacts of climate 

change, and/or address other stressors (e.g., angling exploitation) in systems vulnerable 

to, or impacted by effects of climate change. The initiatives discussed here are all small-

scale and local or regional in application. However, each one has demonstrated 

improvements in human well-being without negatively impacting or in some cases 

improving the environment, thus creating ‘socio-ecological bright spots’ (Bennett et al. 

2016). Geographically dispersed bright spots are analyzed together to illustrate tangible 

take-home lessons, and to share successful adaptive management tools to aid inland 

recreational fisheries management in the Anthropocene. By compiling successes in inland 

fisheries management at a global scale, this work gives fisheries managers the 

opportunity to adopt and build off successes demonstrated in faraway fisheries to 

adaptively enhance their capacity to climate change.  

 

6.3. Methods: 
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6.3.1. Collection of Bright Spots: 

 

Examples of socio-ecological bright spots were solicited via an email and social 

media call to researchers and fisheries managers around the world who work with inland 

recreational fisheries. Emails and social media posts were written and shared by the 

authors of the chapter manuscript and their contacts, thus reaching others in the 

authors’ professional networks. As the author list for the manuscript of this chapter is 

comprised of experts in the field, soliciting through author professional networks enabled 

me to successfully reach other experts working with inland recreational fisheries 

conservation and management and collect insightful bright spots. Inland fisheries 

researchers and managers study or manage fisheries facing climate change and 

anthropogenic stressors and are therefore well positioned to encounter examples of 

successful initiatives that have led to social and ecological successes in an inland fisheries 

context. I received a total of 14 bright spot suggestions by experts in recreational 

fisheries management world-wide. Of those 14, 11 submissions were from North 

America. A short-list of bright spot ideas was built from submissions that matched the 

criteria for a bright spot, as adopted from Bennett et al. (2016). Submissions had to be 

socio-ecological, meaning that they had to demonstrate or show potential for social and 

ecological improvements. I defined a successful socio-ecological bright spot as: 1) 

promoting ecological sustainability (the ability of the ecosystem to withstand the needs 

of fishery users; Morelli 2011), and 2) promoting social and economic sustainability (the 

ability of the fishery to provide wellbeing and economic benefits to stakeholders; García-
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Llorente et al. 2006). The short list of bright spots was comprised of 11 submissions, all of 

which demonstrate these ‘three pillars of sustainability’ (social, economic and ecological 

sustainability; Purvis et al. 2019).  

The co-author list for manuscript of this chapter is comprised in part of 

recreational fisheries experts who submitted selected bright spot cases for analysis. 

Some information regarding these bright spots originated from co-author personal 

experience. In some of the included bright spots, information was also sought via 

personal communications with key knowledge holders for a given fishery.  

 

6.3.2. Analysis: 

 

The framework for analyzing the included bright spots was based on criteria 

gleaned from two sources:  Elmer et al. (2017) Ten commandments for sustainable 

management for inland recreational fisheries management, and Brownscombe et al.’s 

(2019) The future of recreational fisheries: Advances in science, monitoring, 

management, and practice (see Table 1). Themes in Table 1. were agreed upon by co-

authors of the manuscript of this chapter as being central to included bright spots and 

echoed themes included in the two works mentioned above. Included bright spots were 

then analyzed to identify chosen themes in each. These themes were further dissected 

using examples pulled from my compilation of bright spots, and resulting ‘lessons 

learned’ are shared below. Through this analysis, this chapter provides tangible examples 

of fisheries management strategies and tools that can be adopted or scaled up to the 
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benefit of other inland recreational fisheries around the globe as we continue to 

experience climate change-induced stressors, and other anthropogenic stressors.  

 

6.4. Bright spot cases: 

 

The bright spots are presented in no particular order, yet similar themed bright 

spots were placed near each other in the body of the text (see Figure 1 for corresponding 

themes). The bright spots described below include examples of existing successes within 

inland fishery management, examples of management projects yielding ongoing 

initiatives within inland fishery management, and potential initiatives that are believed to 

bring successes in inland fisheries management. The rationale for success is included in 

the bright spot summaries. 

 

6.4.1. Temperature-based in-season closures in the Miramichi River (Canada)  

 

The Miramichi River in New Brunswick, Canada, is essential nursery habitat for 

wild Atlantic salmon (Salmo salar) populations, which are highly valued amongst 

recreational anglers in the area. However, climate change induced high water 

temperatures have been linked to fatalities in this population of Atlantic salmon (Lund et 

al. 2002; Gallant et al. 2017). In response to resultant declines in the abundance of 

Atlantic salmon, the province of New Brunswick implemented adaptive temperature-
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based in-season fishery closures in collaboration with academics, Indigenous 

communities, recreational anglers, and other fishery stakeholders (DFO 2019).  

To protect Atlantic salmon under climate change and recreational angling-

induced stressors, the province of New Brunswick implemented two exclusively catch-

and-release Atlantic salmon fisheries in 1981 (Tufts et al. 2000). Fisheries remained open 

until water temperatures reached levels at which aggregations of salmon in cold-water 

refuges, mortalities, or low water levels were observed by Fisheries and Oceans Canada 

wardens. Decisions on closures were originally made on ad hoc bases after consultation 

with governmental and academic colleagues, as well as resource users. This allowed for 

input by those working directly in the system resulting in quick closures, but decisions 

were ultimately arbitrary (Bialek 1996). During an extreme thermal event in July 2010 in 

which temperatures in mainstem Miramichi River tributaries reached as high as 30.7° C 

during the day (Elvidge et al. 2017), and remained above 22° C at night over four days 

(Corey et al. 2017), high-density aggregations of juvenile salmon parr and mortalities of 

adults in deep-water pools were observed. This led to the current procedures for 

closures in the Miramichi River: fishery closures are now implemented after two 

consecutive 24-hour periods in which water temperatures remain above 20° C, with a 

one-day lag period to allow news of the closure to be disseminated to resource users and 

commercial operations. Openings occur after two consecutive days in which water 

temperatures fall below 20° C (Fisheries and Oceans 2012a) to meet the physiological 

needs of Atlantic salmon, as they demonstrate decreases in metabolic performance and 
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increases in mortality resulting from catch-and-release angling above this temperature 

(Dempson et al. 2002). 

Success resulting from the Miramichi River temperature closures is defined by the 

ability to effectively remove angling stressors during periods in which fish cannot 

physiologically cope with both fishery and water temperature induced physiological 

stressors (promoting ecological sustainability). The current process in place for closures is 

the result of collaborative, and science-based management. Temperature-induced 

closures based on scientific knowledge of fish physiology and temperature trends such as 

those in the Miramichi River can result in adaptive and appropriate closures that benefit 

fish populations in question. By implementing species-specific maximum temperature 

thresholds for closures, the chances of fish populations in a system being subjected to 

lethal stressors from catch-and-release fishing is reduced, mitigating the high 

physiological cost of recuperating from fisheries stressors under high water 

temperatures. Using temperature-induced closures allows for the presence of a catch-

and-release fishery to be present in the face of temperature concerns, allowing for 

continued economic and social sustainability of the fishery in the area whilst accounting 

for ecological sustainability of the system. 

 

6.4.2. Water temperature and algal bloom-induced angling competition cancellations in 

South Africa  
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The Rock and Surf Super Pro League (RASSPL) is a competitive catch and release 

(C&R) South African shore-based marine angling league (competitions take place along 

the coast as well as inland in the Kei river). The league operates nationwide, with six 

franchises (each with eight different competition zones) situated in the cool-temperate 

and warm-temperate biogeographic regions of South Africa. Climate change and other 

anthropogenic stressors have led to water temperature spikes and concerning algal 

blooms in competition zones, threatening the survival of fish captured during 

competitions. In response, a research team from the Department of Ichthyology and 

Fisheries Science (DIFS) at Rhodes University partnered with RASSPL with the goal of 

finding strategies that allow for accurate and timely predictions of unfavourable water 

conditions on which to base decisions on cancellations, reallocations, or postponements 

of fishing competitions.  

To protect targeted species under high water temperatures and concerning algal 

blooms, and to avoid having anglers travel and book reservations for postponed events, 

the collaborative research team is working towards practical solutions to best predict 

water conditions on competition days. To best predict water temperature, daily sea 

temperature based on in situ validated satellite (Moderate Resolution Imaging 

Spectroradiometer, i.e.,MODIS terra;  Reinart & Reinhold 2008) for each of the eight 

competitive angling zones for each franchise over the last ten years is compiled and the 

frequency of anomalous ‘warm water events’ is calculated based on knowledge of the 

thermal preference of the primary target species for each fishing zone, by month. Data is 

then used to identify high frequency warm water zones for each month where 
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competitions should be avoided. Franchises are subsequently asked to adjust their 

competition schedules accordingly. Unlike water temperature, the presence of an algal 

bloom in a fishing zone can be accurately predicted based on information collected the 

previous day. For example, Hu et al. (2005) recommend the use of the near-real time 

MODIS fluorescence line height (FLH) data as a reliable satellite product for detecting red 

tides (harmful algal blooms) in coastal waters. The next steps for the research team will 

be to identify biologically relevant FLH values that could complement temperature 

indicators for the relocation or postponement of a competition (completion date by 

2020).   

Success resulting from the proposed strategy to be used by RASSPL is defined by 

the ability to effectively remove angling stressors during periods in which fish cannot 

physiologically cope with high water temperatures and algal bloom-induced stressors in a 

manner that will not greatly inconvenience anglers. The proposed strategy allows for 

timely and appropriate recommendations to relocate, or if all zones are negatively 

affected, postpone competitions. This strategy will allow for decisions to be made early 

enough as to not greatly inconvenience competition participants (anglers must book/pay 

for fishing-related travel and incur such expenses should a closure take place at the last 

minute; thus accounting for social sustainability of the fishery) and for survival of 

targeted fish species during periods of elevated water temperature and damaging algal 

blooms (thus promoting ecological sustainability). Oxygen concentrations and water 

temperatures are critical environmental parameters to post-release survival as hypoxia 

(like during a bloom of algal biomass; Hallegraeff 1993; Pick 2016) and highwater 
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temperatures (Dempson et al. 2002) have been found to impair fish recovery from catch-

and-release events (Suski et al. 2006, Gale et al. 2013).  

 

6.4.3. Survival projections of cisco in warming waters: Minnesota lakes (USA)  

 

The USA state of Minnesota is known as the ‘Land of 10,000 Lakes.’ As the most 

prominent lentic forage fish in Minnesota, cisco (Coregonus artedi) live within some of 

these lakes (Jacobson et al. 2008), and play an important role in sustaining populations of 

lake trout (Salvelinus namaycush), walleye (Sander vitreus), and northern pike (Esox 

lucius), that support socioeconomically important recreational fisheries. Climate change 

has led to decreases in population numbers of cisco in Minnesota, at the trailing edge of 

their species range (Jacobson et al. 2012). Such declines threaten the success of 

recreational fisheries in the area as angling opportunities decrease with loss of cisco. In 

response to cisco population declines, the Minnesota Department of Natural Resources 

(MNDNR) used research to determine the most effective strategy for cisco management. 

To protect populations vulnerable to climate change such as cisco, management 

can protect resilient habitat or, when that is no longer possible, engage in more intensive 

efforts to translocate them to suitable habitats (e.g., Winfield et al. 2012). Modeling the 

cisco thermal niche, Fang et al. (2012) identified 176 Minnesota lakes that are deep and 

clear enough to serve as refuge lakes, maintaining thermal habitat for cisco even with 

projected warming for Minnesota. The MNDNR then prioritized management action to 

proactively protect cisco habitat in these refuge lakes and surrounding forested 
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watersheds.  Furthermore, by protecting water quality and forest within these 

watersheds for cisco habitat and the recreational fisheries cisco support, the broader 

landscape also benefits from conservation efforts. Cisco habitat protection indirectly 

benefits the predatory fish feeding on cisco, which ultimately benefits recreational 

fisheries dependent on these predatory fishes in the area. 

Success resulting from modeling cisco thermal niche is defined by the ability to 

proactively protect valuable habitat based on scientific findings in the face of ecosystem 

alterations induced by climate change. The strategy of using decision-support tools (e.g., 

science) to prioritize management investment allows one to optimize the use of limited 

resources for current recreational fishing goals and future ones. This approach opens 

doors to additional, often non-traditional, funding sources and builds a broad base of 

support with local, state, and federal governmental partners and non-governmental 

organizations. By considering the suite of available management options for current and 

future conditions, the MNDNR and others can maximize their conservation outcomes and 

ensure resiliency for cisco populations and predator populations (promoting ecological 

sustainability), and ultimately the recreational fisheries they support (promoting social 

and economic sustainability within the fishery).  

 

6.4.4. Identifying climate shields for salmon conservation in Northern Rocky Mountains 

(USA)  
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Recreational fisheries for primarily cold-water salmonids in the Northern Rocky 

Mountains of the USA are significant cultural and economic resources; in Montana, the 

recreational fishing industry contributes at least 1 billion USD annually the economy 

(Outdoor Industry Association 2017b). The dominant hypothesis for mobile species is that 

they relocate to maintain their optimal thermal habitat (e.g., the cisco in the case study 

above) when faced with climate change-induced stressors. Conventional wisdom 

suggests that cold-water fish in headwater systems, such as salmonids in the Northern 

Rocky Mountains, are particularly vulnerable to angling because they are often isolated 

and constrained in their ability to move to new habitat and are therefore, at high risk of 

extirpation.  

To protect cold water salmonids in the Northern Rocky Mountains, a ‘climate 

shield’ approach in which cold waters are protected (by receiving a protected status 

eliminating any activity leading to the loss of such cold-water habitats) to preserve cold-

water fauna and their ecosystem services (such as recreational fishing) is suggested. Isaak 

et al. (2016) show that thermal habitat in headwater streams is highly resilient to air 

temperature increases because of topographic controls. The ‘slow climate velocity’ of 

these systems suggests that they can serve as thermal refuge or ‘climate shield’ for 

salmonids and other cold-water aquatic species long after the surrounding landscape 

may have transformed (Isaak et al. 2015; Isaak et al. 2016). In the case of cold-water 

salmonids in the Northern Rocky Mountains, it is suggested that cold refuges be 

identified by scientists, and protected to ensure the longevity of such populations, 

allowing for prosperous recreational fisheries in the area. 
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Success resulting from the ‘climate shield’ approach is defined by the ability to 

proactively identify (through scientific approaches) and protect climate shields under 

climate change thus aiding in the survival of salmonids (promoting ecological 

sustainability). The proposed strategy to protect cold-water salmonids can be less 

expensive and less intensive than other alternatives (e.g., translocation) to supporting 

recreational fishing for cold-water fish in the Northern Rocky Mountains in a changing 

climate (promoting social and economic sustainability). This simple concept can be used 

to strengthen existing collaborative approaches of natural resource agencies and 

recreational fishing stakeholders and foster new partnerships with other conservation 

interests in the area.  

 

6.4.5. The Lake Simcoe Watershed Climate Change Adaptation Strategy (LSCCAS; Canada)  

 

Lake Simcoe is home to lake whitefish (Coregonus clupeaformis), yellow perch 

(Perca flavescens), smallmouth bass (Micropterus dolomieu), and one of the most 

southern natural population of interior lake trout in Canada, making it a destination for 

anglers year-round. Lake Simcoe is the most-fished lake in Ontario with ~ one million 

angler hours per year and is a particularly popular destination for ice fishing (Government 

of Ontario 2017). Climate change and other anthropogenic stressors onto Lake Simcoe 

have led to changes in aquatic life; emergence of invasive species; changes in water 

quality and quantity; and changes in aquatic fauna species; resulting in reduced 

opportunities for recreational activities such as angling (Government of Ontario 2017). In 
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response, the Lake Simcoe Climate Change Adaptation Strategy (LSCCAS) was developed 

by the Ontario government.  

To protect the Lake Simcoe watershed from climate change and other 

anthropogenic stressors, the LSCCAS looks to combat the negative implications of climate 

change onto the Lake Simcoe ecosystem, industries, and users (Government of Ontario 

2017). The Government of Ontario has partnered with locals, Indigenous communities, 

municipal governments, industry, developers, and other identified stakeholders to build a 

comprehensive and expansive strategy for climate change management for the Lake 

Simcoe system. To protect valuable Lake Simcoe fisheries, the LSCCAS suggests deviating 

angler efforts from areas that are at a greater risk to climate change-driven stressors by 

promoting angling opportunities during different times of year or at different locations. 

Second, it suggests diverting angler efforts away from cold water species by promoting 

angling for more warmwater species that may actually fare better under climate change. 

Third, it suggests habitat restoration and protection projects to ensure quality habitat for 

Lake Simcoe fish species under climate change. Furthermore, the LSCCAS includes efforts 

to inform visitors about the impacts of climate change, and to provide suggestions on 

how visitors can do their part to negate stressors (Government of Ontario 2017).  

Success resulting from the LSCCAS can be defined by its collaborative, trans-

disciplinary, socio-ecological approach to climate change management (Lemieux et al. 

2014), thus ensuring and considering ecological, social, and economic sustainability of 

the lake system. The inclusion of recreational fisheries management into an ecosystem-

based, government-supported strategy can allow for resources and planning required to 
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ensure the persistence of such fisheries in the face of climate change and other stressors. 

The LSCCAS strategy to fishery conservation includes collaborative efforts amongst 

stakeholders, education for users, and scientific findings on which to base management 

decision-making. 

 

6.4.6. Mitigating smallmouth bass range expansions (Canada)  

 

Recreational angling contributes an average of 8.8 Billion CDN to the Canadian 

economy, with smallmouth bass being a heavily targeted species (Brownscombe et al. 

2014). Because of changing climate, smallmouth bass in North America are predicted to 

expand their range into Northern latitudes, and into habitats previously unavailable to 

them (Sharma et al. 2007; Sharma & Jackson 2008) with the help of facilitated 

introductions by the recreational fishing industry. Unfortunately, in Ontario, Canada 

alone, 25 000 populations of native cyprinid species may be lost as a result of direct 

predation by smallmouth bass in new locations (Jackson & Mandrak 2002). In response to 

these possible threats, it is suggested that introductions and invasions of smallmouth 

bass be mitigated by management following scientific risk assessments such as the one 

done in Kejimkujik National Park, Canada. 

To protect native species and ecosystems throughout plausible smallmouth bass 

range expansions (both naturally occurring, and human-driven), it is suggested that 

invasive species risk assessments be conducted to assess potential threats to habitats 

with high invasive species vulnerability. Following the potential threat of smallmouth bass 
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range expansion into Kejimkujik National Park in Nova Scotia, Canada, a risk assessment 

comprising of a computer-based analysis of habitat suitability, and literature reviews of 

potential management techniques were conducted. The assessment suggested 

devastating effects on the ecosystem following the presence of smallmouth bass, and so 

monitoring, and rapid post-detection action plans were put in place (Davis et al. 2016) to 

reduce the possibility of range expansion into the park.  

Success resulting from risk assessments on potential invasive species such as 

smallmouth bass is defined by the ability to effectively predict environmental outcomes 

of such events, allowing for proactive management promoting ecological sustainability. 

Smallmouth bass expansion can be socially and economically beneficial to recreational 

fisheries across Canada, yet precaution must be taken to ensure that such expansions do 

not carry negative ecological implications. When properly managed, introductions as well 

as natural range expansions can result in fishing opportunities of preferred species 

without negative effects onto the ecosystem all while potentially removing angler 

pressure on other native populations fairing less well in the face of climate change and 

other anthropogenic stressors. 

 

6.4.7. Changes in angler behaviour in response to climate change (Western USA)  

 

Recreational angling can be an important economic activity providing 

employment and other benefits (Ditton et al. 2002; Arlinghaus et al. 2007). To help 

protect targeted species and minimize the negative effects of catch and release angling 
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on species threatened by climate change stressors, anglers can comply with regulations 

intended to reduce the lethal and sublethal effects of capture and handling on fish, 

and/or voluntarily modify their behavior to ensure impairment of targeted fish is 

minimized (Cooke et al. 2013).  

In Western USA, increased water temperatures have elicited both voluntary- and 

regulation-mediated management of lotic systems supporting recreational fisheries 

(Boyd et al. 2010). For example, in the state of Montana, a drought fishing closure policy 

is now in place to ‘limit the additive impact of angling mortality during stressful 

conditions created by drought’. In 2018, Colorado Parks and Wildlife initiated voluntary 

closures resulting from low river flow rates and associated high water temperatures. 

Similar voluntary requests by anglers targeting landlocked sockeye or Kokanee salmon 

(Oncorhynchus nerka) were made in Wyoming in 2018, urging other anglers to stop 

fishing once they had harvested their limit to reduce temperature related mortality on 

fish being released. In Montana, so called ‘hoot owl’ closures have been instituted at 

warm temperatures. This involves daily closures that extend from 2:00 pm until midnight 

to protect fish from the hottest period of the day (see Mahoney 2016). Although this can 

be done formally with regulations (e.g., as in western Montana), it can also be achieved 

through voluntary means. 

Success resulting from angler engagement in policy and/or voluntary pro-

environmental changes in behaviour are defined by decreased angler-induced stressors 

onto targeted fishes (promoting ecological sustainability). Species facing stressors from 

recreational fishing and climate change are at greater risk, yet anglers can minimize these 
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risks whilst continuing to socially benefit from the fishery by altering their behaviours on 

the water. Decisions to practice such behaviours is linked to knowledge on how capture 

and handling affects fish (Brownscombe et al. 2017a) and social norms within the 

recreational angling community (Danylchuk et al. 2018; Guckian et al. 2018). Although 

the effectiveness of respected mandatory closures and calls for voluntary action has yet 

to be directly quantified for recreationally targeted fish stocks, the precautionary nature 

of these potential changes in angler behavior can mitigate the compounding effect of 

climate change-induced stressors and those that result from catch and release fishing. 

 

6.4.8. Harvest control of walleye using special walleye licensing in Alberta (Canada)   

 

Walleye are the most often caught species by Alberta anglers (Fisheries and 

Oceans 2012b). Alberta is characterized by a low abundance of lakes with walleye 

(n=177), and a high abundance of walleye anglers, resulting in troublesome efforts to 

manage walleye in an open-access recreational fishery (Sullivan 2003). In response to 

resulting reductions in walleye abundance in the mid-1990s, fisheries managers 

developed strategies to mitigate walleye declines, without removing social and 

economically valuable recreational walleye fisheries.  

To protect walleye populations, the government of Alberta implemented very 

strict input-based regulations (used in open-access fisheries), which produced high catch 

rates for walleye at many lakes. However, such efforts were not well received by 

recreational anglers because management allowed for little opportunity for anglers to 
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harvest walleye (Sullivan 2003). Continued angling dissatisfaction with strict input-based 

regulations led fisheries managers to implement a special harvest license (SHL) in 2006 in 

lakes where a sustainable surplus of walleye was available for harvest (Government of 

Alberta 2018). SHL directly controls harvest by requiring anglers to obtain and use a tag 

when harvesting walleye (Government of Alberta 2017). These tags are now allocated to 

anglers through lottery draws where anglers apply for tags for specific lakes and sizes of 

walleye. This lottery was based on the same principles for managing the hunting of big 

game wildlife species, including increased selection odds for anglers who applied but 

were not successful in the previous year’s lottery. The SHL permits fisheries managers to 

move away from limiting access through lake closures and catch-and-release regulations. 

While no evaluation of angler satisfaction with the program exists, the demand for the 

program has increased faster than the availability of tags from 1815 applications in 2006 

to 46727 applications in 2018 (Government of Alberta, 2019). 

Success resulting from SHL permits is defined by resulting benefits onto walleye 

populations (promoting ecological sustainability), and potential increases in angler 

satisfaction with the fishery. Importantly, SHL internalize the cost of overfishing by letting 

those anglers benefiting from harvest to pay (Arlinghaus et al. 2019). The use of SHL 

permits appears to have increased angler satisfaction as proxied by the increased 

number of applicants and is a successful method to manage population numbers of 

walleye in Alberta. By recognizing the desires of stakeholders (in this case, anglers), 

managers can develop strategies that fit not only the ecological needs of the fishery 

ecosystem, but rather the desires of fishery users, thus allowing for a socially, 
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ecologically, and economically sustainable fishery. In areas where climate change 

restricts the availability of walleye such as in Wisconsin where increased water 

temperatures favour largemouth bass (Micropterus salmoides) recruitment over walleye 

(Hansen et al. 2017), greater use of SHL may pay large dividends over open access 

management using annual licensing with unlimited individual landings. 

 

6.4.9. Resulting benefits of put-and-take fisheries formed by water infrastructure 

(Australia) 

  

Human development along waterways has increased exponentially over the past 

few centuries, with the construction of large dams for water storage and hydropower 

substantially altering river systems globally (Dynesius & Nilsson 1994; Nilsson et al. 2005), 

including those in Australia (e.g. Thoms & Sheldon 2000). This in conjunction with other 

factors including climate change-induced stressors such as drought, has led to severe 

declines in several native Australian fish species, and damage to ecosystems, leaving 

many species at risk of extirpation or extinction (Crook et al. 2010; Koehn & Lintermans 

2012). While the negative impacts of large dams are indisputable, put-and-take fisheries 

have been created in many of the resulting water reservoirs which provide an additional 

angling opportunity and help to reduce angling pressure on wild riverine populations 

(Howe et al. 2001). 

Australia has an estimated 446 large dams (>10 m in height), the majority of 

which are situated in Eastern Australia (Kingsford 2000).  The presence of these dams has 
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greatly altered (generally negatively) water-dependent biota (Walker & Thoms 1993; 

Gehrke & Harris 2001). The change from lotic to lentic habitats has also altered fish 

community structure and resulted in some species being unable to complete their 

lifecycles (e.g., Pelicice & Agostinho 2008). Other species, however, have been able to 

exploit and thrive in these altered habitats, in some instances to the benefit of 

recreational anglers. To aid efforts to protect native wild populations of targeted fishes, 

unique recreational fisheries with widespread stocking programs have been developed in 

habitats created by dams impounding Australian rivers (in which fish are stocked for the 

purpose of being caught and in some cases, kept by anglers; Hunt & Jones 2018). 

Success resulting from put-and-take fisheries situated in catchment headwaters in 

Australia is defined by the potential to remove angling stress from wild at-risk 

populations, increasing ecological sustainability of at-risk systems. This assumption is 

made based on previous examples in which put-and-take fisheries have resulted in 

shifted angler efforts away from wild stocks (see Howe et al. 2001). Habitat created by 

impounding rivers has also resulted in opportunities for the creation of unique 

recreational fisheries, providing novel opportunities for anglers to fish recreationally and 

for subsistence, yielding health and wellbeing benefits for anglers (thus promoting social 

and economic sustainability; Eigenschenk et al. 2019; Korpela et al. 2014). For example, 

Forbes et al. (2016) identified that Murray cod (Maccullochella peelii), a popular 

recreational angling target, were not completing their life cycle within an Australian 

impoundment and populations were reliant upon stocking. This information led to a 

regulation change whereby the species is able to be targeted, and harvested year round 
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in this waterbody (Copeton Dam) during what would otherwise be a closed season to 

protect the species during the key breeding season 

(https://www.dpi.nsw.gov.au/fishing/closures/summary-fw-closures). Interestingly, 

growth rates are often found to be greater in fish living in the artificial habitats created 

by dams when compared to natural rivers and streams (Russell et al. 2015; Forbes et al. 

2016). Although human-made water barriers pose major threats to aquatic ecosystems 

and should be avoided when possible, using novel put-and-take fisheries resulting from 

existing dams with no likelihood for removal to alleviate angler efforts on stressed wild 

stocks can lead to positive environmental outcomes for wild fish.  

 

6.4.10. Eastern Brook Trout Joint Venture (USA)  

 

Brook trout (Salvelinus fontinalis) have been traditionally distributed throughout 

the Eastern USA (Appalachians and Eastward) from Northern Georgia, along the spines of 

the Appalachians into Northern Maine (MacCrimmon & Campbell 1969). Climate change-

induced stressors threaten the survival of brook trout in the Eastern USA. In response, 

the Eastern Brook Trout Joint Venture (EBTJV) was developed as a data-centric approach 

for protecting, enhancing, and restoring brook trout throughout their Eastern range 

under climate change-induced stressors (www.easternbrooktrout.org).  

To respond to climate change-induced stressors on brook trout in their Eastern 

range, the EBTJV conducted a range-wide assessment of the status of brook trout, 

showing that indeed decline had occurred (Hudy et al. 2008). Perhaps a more 

https://www.dpi.nsw.gov.au/fishing/closures/summary-fw-closures
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disconcerting finding was that in some parts of the range, very little was known about 

current distribution and population status making management very difficult (Hudy et al. 

2008). A second assessment, built upon a more robust data set than the first assessment, 

was performed in 2013 that lead to the identification of patches of remaining brook trout 

habitat that present discrete populations (Whiteley et al. 2013). Data used from these 

analyses have been used to both focus limited habitat funding around the primary goals 

of protection, enhancement, and restoration and has spurred management agencies to 

develop a more systematic approach to monitoring brook trout throughout the range.  

Success resulting from EBTJV is defined by the ability to quantify the status of 

brook trout populations to best develop management strategies in the face of climate 

change. Primary mechanisms for conservation of brook trout in their Eastern range are 

now numerical targets from the scientific assessment and will focus habitat efforts 

around reconnecting isolated patches of existing brook trout habitat. The science-based 

approach to identifying management priorities since 2006 has led to an overall total 

investment of approximately 18 million USD in conserving and restoring brook trout 

habitat. By efficiently distributing funds based on scientific knowledge, the potential for 

ecological benefits and sustainability of the fishery increases. 

 

6.4.11. Voluntary Longinoja Brook sea trout habitat restoration (Finland) 

 

Sea trout (Salmo trutta) historically spawn naturally in several coastal rivers in 

Finland. In response to anthropogenic stressors, most natural stocks have been 
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extirpated (Pellikka et al. 2015), and so there is a decrease the available seatrout that 

catch and release recreational anglers can target along Finland’s coastline.  Losses are 

specifically attributed to decreased available spawning habitat, loss of water quality (in 

part due to climate change), and overfishing (Koljonen et al. 2014; Erkinaro et al. 2011). 

Population numbers of fishes in rivers and brooks decreased significantly because of 

partial channelization, and poor water quality (Lähitieto 2017). For example, 

electrofishing efforts in 1998 yielded zero juvenile trout (LUKE 2018) in the Longinoja 

Brook.  

In response to losses of sea trout in Finland, the Longinoja Brook restoration 

project was created to restore a sea trout population in the Longinoja Brook (an urban 

brook). Longinoja brook is a tributary to the Vantaa River in the Malmi suburb of Helsinki, 

Finland. Gravel, rocks, and woody debris were reintroduced to the riverbed, creating 

natural habitats for spawning and juvenile trout (Longinoja, 2019 a, b). In addition, 

juvenile trout from a Vantaa River population were stocked into Longinoja Brook in 1998, 

2001, and 2002. The resulting onset of natural spawning events in Longinoja Brook was 

reported to be in 2001 and resulting naturally spawned juvenile trout in Longinoja Brook 

were documented in 2005 (Pellikka et al. 2015) at a density of 30 juvenile trout per 100m 

of brook length (LUKE 2018). In 2012, the number of naturally spawned juvenile trout 

grew to 238 juveniles per 100 m of brook and in 2015, a record year, 343 naturally 

spawned juvenile trout were observed per 100m of brook (LUKE 2018). Between 2001, 

when restoration efforts began, to 2019, the brook has slowly restored into suitable sea 

trout habitat through long-term co-operation amongst voluntarily involved locals. As a 
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result of working directly with Longinoja Brook, people have demonstrated pro-

environmental behaviours towards the brook. For instance, illegal fishing has not 

manifested into a problem even through the brook is accessible and located around 

populated areas, as locals are quick to sanction others trying to engage in illegal fishing 

practices (Maaseudun Tulevaisuus 2018). 

Success resulting from the Longinoja Brook restoration project is defined by the 

ability of the community to independently restore a once native sea trout population by 

restoring habitat and introducing sea trout back into the ecosystem (thus promoting 

ecological sustainability). By fostering this population of sea trout, angling opportunities 

along Finland’s coast are likely to increase, thus providing opportunities for social and 

economic gains through coastal recreational sea trout fisheries. The idea of protecting 

the brook lives on and has become a year-round public activity. Now, spawning sites, 

erosion of riparian areas and number of salmonid juveniles are annually monitored by 

locals and Luonnonvarakeskus (LUKE; Natural Resource Institute Finland) allowing for 

more adaptive management of the brook. Longinoja Brook now holds the title as the 

most famous brook in Finland, and in 2019 it won the Biodiversity Award from the Finnish 

National Broadcaster (YLE 2019).  

 

6.5. Findings and Discussion: 

  

 While the bright spot cases described above are disparate, they exhibit common 

themes linked to successes in recreational fisheries management identified in past works 
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(Elmer et al. 2017; Brownscombe et al. 2019). Lessons can be derived from these cases 

for reforming inland fisheries management to enhance adaptive capacity to climate 

change. In the discussion below, I describe themes extracted under the following titles 

(see Table 6.1.): a) individual actions, b) community efforts, c) cross-scale collaborations, 

d) adaptive and ecosystem-based decision-making strategies, and finally, e) evidence-

based decision-making strategies. By defining and analyzing the cases above using a 

framework of existing themes linked to recreational fisheries management successes, I 

hope to provide insight for fisheries management to aid in the implementation of 

successful management strategies. By embracing the lessons presented here, inland 

fisheries management practices can be reformed, making them more adaptive and 

enabling management strategies that better mitigate climate change and other 

anthropogenic stressors. 

 

6.5.1. Individual Actions  

 

 Efforts by individuals can have long lasting, positive environmental impacts, and 

can greatly increase the likelihood of success of management policies and strategies for 

recreational inland fisheries facing climate change-induced stressors (Bennett et al. 2018; 

Chapmin III et al. 2015). In the bright spots presented above, the actions of individuals 

often had a direct impact on the ecosystem in which they fished. Individual anglers on 

the water positively impact outcomes by setting social norms through the promotion of 

best practices (e.g., in relation to catch-and-release), and by educating and sanctioning 
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others to engage in conservation-minded behaviour out on the water (Stensland et al. 

2013). In the ‘Changes in angler behaviour in response to climate change (Western USA)’ 

bright spot, anglers voluntarily advocated against continued fishing once catch limits 

were reached, to ensure that fish did not experience excess handling stress because of 

catch and release fishing. By creating social norms on the water through angler-to-angler 

sanctioning against said behaviours, and through the promotion of alternative 

behaviours, individual anglers can minimize the effects of angling on fish physiology. 

Individual anglers can also make significant contributions to the sustainability of 

inland recreational fisheries by engaging in ecologically beneficial fishing practices. For 

example, in the bright spots ‘Mitigating smallmouth bass range expansions (Canada)’ and 

‘Resulting benefits of put-and-take fisheries formed by water infrastructure (Australia)’, 

anglers altered their efforts to focus on non-threatened populations of fishes, thus 

decreasing pressure on species at risk under current or future climate change scenarios. 

The decision made by anglers to shift angling efforts away from at-risk populations is not 

always a conscious pro-ecological act, yet it benefits previously targeted, at-risk native 

populations of fishes just the same. Resource users often have creative solutions to 

issues that potentially limit fishing opportunities, so they should be consulted, and their 

actions monitored so that these potential bright spots can be captured.  

 

6.5.2. Community Efforts  
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Community efforts can lead to inland fisheries success by raising the visibility of 

conservation concerns to higher levels of management, thus accruing resources for 

conservation. Also, community engagement in conservation efforts can mobilize long-

term volunteer labour that can inspire long-term commitment to conservation activities. 

These activities can help to sustain conservation efforts whilst climate change continues 

to alter landscapes and ecosystems. Furthermore, support by resource user communities 

can also improve the likelihood of successful implementation of policies and 

management strategies. 

The resulting successes of the bright spot ‘Voluntary Longinoja Brook sea trout 

habitat restoration (Finland)’ demonstrates that achievements can be obtained through 

long-term voluntary-based community work. The restoration of Longinoja Brook is a 

prime example of the power of the general public’s interest in local ecosystems, and the 

potential of collective stewardship. Collectives of individuals can identify a concern, rally 

for support for a cause, and engage in conservation efforts (Granek et al. 2008). The 

Longinoja Brook project began out of the desire of local anglers and community members 

to once again enjoy a brook that supports sea trout. A small community of actors was 

able to get others involved, including the Natural Resource Institute of Finland (LUKE 

2018), expanding community involvement to include a government organization, which 

provided additional support and resources. 

 Support from angling communities can also greatly increase the likelihood of 

success following novel policies or management strategies implemented in response to 

climate change-induced declines in fish populations supporting fisheries. For example, 
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the ‘Harvest control of walleye using special walleye licensing in Alberta (Canada)’ bright 

spot demonstrates the importance of the accordance between the desires of fishery user 

communities and implemented policies. As walleye anglers in Alberta value the ability to 

harvest, angler effort following implemented fishing regulations imposing no harvest was 

extremely low, resulting in social and economic losses for the fishery. When regulations 

were altered to allow for sustainable and regulated levels of harvest, angler effort 

increased suggesting that social and economic benefits of the walleye fishery also 

increased. Management may therefore look to recognize, foster, and encourage 

conservation efforts from communities. 

 

6.5.3. Cross-Scale Collaborations  

 

 Inland recreational fisheries often cross human-made boundaries such as political 

jurisdictions and are often comprised of numerous stakeholders with differing agendas, 

making inland fisheries co-management complex (Yandle 2003). Humans, however, are 

the primary determinants of management successes of inland fisheries (Arlinghaus 2006), 

and so incorporating the opinions and suggestions from all stakeholders is needed. This 

incorporation includes stakeholders that are often neglected from fisheries management 

decision-making in the face of climate change, such as anglers or Indigenous 

communities (Ranger et al. 2016).  

In the bright spots ‘The Lake Simcoe Watershed Climate Change Adaptation 

Strategy (LSCCAS; Canada)’, ‘Identifying climate shields for salmon conservation in 
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Northern Rocky Mountains (USA)’, and ‘Temperature-based in-season closures in the 

Miramichi River (Canada)’ co-management occurs amongst varying levels of government, 

stakeholders and resource users, including anglers, Indigenous communities, and NGOs. 

In these cases, decision-making followed engagement with stakeholders, allowing for 

management decision-making to align with the desires and needs of all stakeholders. 

 Continued, long-term engagement with stakeholders and rightsholders is 

prominent amongst many bright spots. The bright spot ‘Voluntary Longinoja Brook sea 

trout habitat restoration (Finland)’ still receives volunteer efforts from the community, 

and continued monitoring efforts from LUKE, allowing for continued success, regardless 

of potentially changing threats to the system. Bright spots ‘Temperature-based in-season 

closures in the Miramichi River (Canada)’ and ‘Water temperature and algal bloom-

induced angling competition cancellations in South Africa’ continuously rely on successful 

channels of communication between scientists, fishery managers, and resource users to 

successfully implement adaptive and appropriate fishery closures. Furthermore, the 

bright spot ‘Harvest control of walleye using special walleye licensing in Alberta (Canada)’ 

relies on continuous communication amongst anglers and management to ensure that 

management strategies match the needs and wants of anglers, and the ecological needs 

of the targeted fishes under current and future climate change, allowing for a sustainable 

fishery (defined here as a fishery that can persist and mitigate the socio-ecological 

stressors in today and tomorrow’s word).  
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6.5.4. Ecosystem-Based Management  

 

 Inland recreational fisheries are not found in isolation, as they rely on ecosystems 

in which they are established. To achieve sustainable fisheries, ecosystems must also 

thrive, and so an ecosystem-based approach to inland recreational fishery management 

is recommended (Beard et al. 2011; Pajak 2011). Many of the bright spots described 

herein include consideration for the ecosystems in which fisheries are situated. For 

example, the central focus of the bright spot ‘Voluntary Longinoja Brook sea trout habitat 

restoration (Finland)’ was to restore a brook ecosystem to allow for the return of sea 

trout. In the bright spot ‘The Eastern Brook Trout Venture USA’, evidence-based 

approaches were implemented to not only protect fish populations, but also to ensure 

habitat restoration and enhancement. Furthermore, the ‘The Lake Simcoe Watershed 

Climate Change Adaptation Strategy (LSCCAS; Canada)’ bright spot acknowledges Lake 

Simcoe as a socio-ecological system and looks to incorporate the needs of the ecosystem 

as well as the needs of resource users and industries into watershed management. 

 

6.5.5. Adaptive Management 

 

Management of inland recreational fisheries must be adaptive as climate change 

continues to alter aquatic ecosystems (Arlinghaus et al. 2017). Monitoring ecosystems to 

quickly identify problematic scenarios and troubling trends can greatly benefit 

conservation efforts (Arlinghaus et al. 2019; Brownscombe et al. 2019; Pajak 2011). 
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Furthermore, monitoring allows managers to make projections that can aid in the 

building of management strategies that can address future stressors. With current and 

future climatic changes predicted to greatly alter the composition and conditions of 

inland recreational fisheries (Pratchett et al. 2011; Szekeres et al. 2016; Lennox et al. 

2019), the ability to predict and mitigate for future stressors is of importance for fisheries 

management (Brownscombe et al. 2019). For example, in the ‘Survival projections of 

cisco in warming waters: Minnesota lakes (USA)’ bright spot, water temperature 

monitoring was used to model thermal niches and future water temperature conditions 

to allow for management to adapt to future stressors and to better focus efforts. In the 

bright spots ‘Temperature-based in-season closures in the Miramichi River (Canada)’ and 

‘Water temperature and algal bloom-induced angling competition cancellations in South 

Africa’, monitoring of water temperatures allowed for effective fisheries closures as 

periods of dangerously highwater temperature are predicted and identified. 

Furthermore, in the bright spot ‘Voluntary Longinoja Brook sea trout habitat restoration 

(Finland)’, continuous monitoring of population numbers by LUKE allowed for forward 

looking adaptive management of newly introduced sea trout.  

 

6.5.6. Evidence-Based Decision-Making  

 

The importance of measuring ecosystem resilience to climate change-induced 

stressors to inform decision-making is prominent amongst the described cases. For 

example, bright spots ‘Temperature-based in-season closures in the Miramichi River 
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(Canada)’ and ‘Water temperature and algal bloom-induced angling competition 

cancellations in South Africa’ represent management decisions and policies that have 

reduced human-induced stressors to the ecosystem when it is already facing 

environmental stressors (e.g., high water temperature) through temperature closures 

designed around the physiological needs of angled fishes. 

Furthermore, all bright spots presented above are in part the results of adaptive 

conservation decision-making based on sound scientific findings. This is not surprising, as 

it is known that reliable and applicable scientific findings increase the efficacy of inland 

fisheries management (Cooke et al. 2017). In the bright spot ‘Eastern Brook Trout Joint 

Venture (USA)’ for example, scientific evidence was used to guide protection, 

enhancement, and restoration efforts for trout habitat in the USA. Furthermore, in the 

bright spot ‘Identifying climate shields for salmon conservation in Northern Rocky 

Mountains (USA)’, scientific evidence was used to demonstrate the importance of climate 

shields for salmon conservation, promoting efforts to identify and protect climate shields 

in salmon habitat. And in the bright spot ‘Resulting benefits of put-and-take fisheries 

formed by water infrastructure (Australia)’, research on stocking effectiveness identified 

a lack of evidence of a self-sustaining wild population of Murray cod which was used as 

the basis to lift a seasonal closure on fishing regulations aimed to protect a key spawning 

period for a recreational angling species whilst maintaining closed seasons for wild 

fisheries. 
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6.5.7. Final Thoughts for Management 

  

Although climate change and other anthropogenic stressors continue to threaten 

and change inland aquatic ecosystems supporting inland recreational fisheries, successes 

in management are ever present. This work presents bright spots at a global scale from 

which managers can adopt strategies at various actor levels. As climate change continues 

to alter fishing opportunities, there will undoubtedly be more pressure and need for all 

involved parties to develop creative solutions for recreational fisheries management in 

the Anthropocene. What is clear is that actions needed must span individuals and 

institutions if we are to achieve responsible and sustainable recreational fisheries in the 

Anthropocene (Cooke et al. 2019).   

 

6.6. Chapter six table 
 
Table 6.1. Take home messages for management divided by themes with examples pulled 
from bright spots. 

 
Theme: Take-Home Message for 

Management: 
                    Examples: Bright Spots: 

Individual Action  
Management may recognize, 
foster, and encourage the 
conservation-minded behaviours 
of individuals. 

 
Decisions by anglers to adopt 
conservation-minded behaviours can 
lead to changes in social norms, and 
ecological benefits for targeted fish 
species. 
Shifts in angling efforts from at risk 
populations can lead to ecological 
benefits for wild populations at risk in 
light of climate change. 

 
7 
 
6 & 9 

Community 
Action 

 
 
Management may recognize, 
foster and encourage 
conservation efforts from 
communities. 

 
 
Collective efforts by communities can 
lead to conservation successes without 
the involvement of management bodies. 

 
 
11 
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Cross-Scale 
Collaborations 
 

 
 
Management may engage in 
cross-scale collaborations to 
increase available resources and 
knowledge, and yield 
management decisions 
supported by all stakeholders.  

 
 
Engagement with multi-stakeholders and 
governing bodies can provide increased 
resources and knowledge, favouring 
successful management decision-making. 
Collective support for management 
decisions from stakeholders can 
positively influence the success of 
resulting management strategies. 

 
 
4, 5, & 8 
 
1, 2, & 8 

Adaptive 
Management 

 
 
Management may include 
monitoring as part of 
conservation management 
strategies in the face of climate 
change. 

 
 
Monitoring of temperature and other 
environmental parameters, fish 
population numbers, and habitat quality 
can allow for management to predict 
problematic scenarios and act quickly, 
thus minimizing the consequences of 
climate change-induced stressors 

 
1, 2, 3, 6, & 11 

Ecosystem-Based 
Management 
 
 
 

 
 
Management may look to adopt 
ecosystem-based approaches to 
management. 
 

 
Restoring ecosystems can help re-
establish fish populations supporting 
recreational fisheries. 

 
5, 9, & 10 

Evidence-Based 
Management 

 
 
Management may benefit from 
basing management decision-
making on evidence-based 
scientific findings 

 
 
Scientific findings from environmental 
assessments and scientific 
experimentation can aid management to 
develop management strategies that 
best fit with the ecological needs of 
fishes and ecosystems.  

 
 
1, 2, 3, 4, 5, & 
10 

 

 

6.7. Chapter six figure 
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Figure 6.1. Map of bright spot locations categorized by theme (see Table 1). 

 

 1 Temperature-based in-season closures in the Miramichi River (Canada) 

  2 Water temperature and algal bloom-induced angling competition cancellations in South Africa 

  3 Survival projections of cisco in warming waters: Minnesota lakes (USA) 

  4 Identifying climate shields for salmon conservation in Northern Rocky Mountains (USA) 

  5 The Lake Simcoe Watershed Climate Change Adaptation Strategy (LSCCAS; Canada) 

  6 Mitigating smallmouth bass range expansions (Canada)  

  7 Changes in angler behaviour in response to climate change (Western USA) 

  8 Harvest control of walleye using special walleye licensing in Alberta (Canada) 

  9 Resulting benefits of put-and-take fisheries formed by water infrastructure (Australia) 

  10 Eastern Brook Trout Joint Venture (USA) 

  11 Voluntary Longinoja Brook sea trout habitat restoration (Finland) 
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Chapter 7 : A synthesis of best practices for communicating 
environmental evidence to decision-makers  
 
7.1. Abstract 
 

Although researchers have worked towards identifying best practices for communicating 

evidence to decision-makers over the last few decades, no synthesis on the topic has 

been written. This chapter presents a synthesis of best practices for communicating 

evidence related to the environment to decision-makers. To identify best practices, I 

conducted a literature review on successful best practices to communicate and promote 

the use of environmental evidence in decision-making and policy. I extracted 245 ‘best 

practices’ from 78 peer-reviewed English journal articles world-wide which were then 

coded and synthesized. Best practices and action items are presented and organized 

under guiding principles identified in the literature as being important for the use of 

environmental scientific evidence in decision-making and policy. They are:  1) ensuring a 

collaborative approach; 2) ensuring credibility of those conducting research; 3) 

promoting the use of evidence and findings by decision-makers; 4) facilitating 

communication between knowledge generators and decision-makers; and 5) ensuring 

the proper management of findings and communication tools following the completion 

of research. 

 

7.2. Introduction: 
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We are now in the Anthropocene - an era in which humans are the driving force 

behind ecosystem change (Lewis & Maslin 2015; Crutzen & Stoermer 2000). 

Environmental challenges are pervasive and include issues such as climate change, 

biodiversity loss, and habitat degradation (Vitousek et al. 1997). Environmental 

challenges are ever-changing and multifaceted such that environmental management is 

difficult, and often requires collaborative efforts by diverse actors and communities 

(Reed et al. 2018). Decision-making in environmental management is therefore complex, 

as social, economic, and environmental issues must all be considered, and choices must 

be made amongst multiple alternate management strategies with varying uncertainty 

(Walling & Vaneeckhaute 2020). Tools and strategies to help environmental managers 

make evidence-based or evidence-informed decisions are therefore more relevant than 

ever before.  

Scientific evidence is integral for successful environmental decision-making, yet a gap 

between science and environmental management limits such practices (Cvitanovic et al. 

2015). The lack of uptake from environmental evidence generating tools is of concern 

since decisions based on scientific evidence are more likely to yield long-term socio-

ecological successes (Pullin & Knight 2003; Cook et al. 2017; Cooke et al. 2020). Past 

studies explored barriers to uptake of environmental evidence with the hopes of 

characterizing and closing this gap between decision-makers, and proponents (i.e., 

researchers, scientists, rightsholders, and any other knowledge generator and/or 

keeper). Key barriers include differences in culture between proponents and decision-

makers (Cortner 2000), missed opportunities for collaboration and communication 
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(Cvitanovic et al. 2015; Durant et al. 2019; Cortner 2000), a lack of accessibility and 

understanding of scientific evidence for decision-making, and low confidence in available 

evidence by decision-makers (Young et al. 2016). 

Communicating environmental findings for decision-making and policy has become a 

hot topic in recent studies as the importance of basing environmental decisions on 

evidence continues to grow. In recent decades, scientists and managers have identified a 

suite of ‘best practices’ for promoting the use of environmental evidence in decision-

making. Here, I synthesise current best practices for communicating evidence. Best 

practices were identified through a literature review and are shared below under five 

guiding principles repeatedly mentioned in the literature as necessary for successes in 

scientific communication with decision-makers. The goal is to provide a synthesis of best 

practices that can be adopted by those engaging in research projects aimed to inform 

environmental management to aid the mobilization of resulting scientific evidence and 

knowledge into the decision-making process. The appropriateness of listed best practices 

will differ greatly based on the contexts under which research projects are performed 

within and among organizations. Best practices presented here are intended to be 

analyzed critically by practitioners engaging in research and decision-making as they seek 

to improve processes to foster the communication of environmental evidence. It is my 

hope that this work will allow environmental evidence to play a larger role in 

environmental policy and decision-making, thus resulting in long-term socio-ecological 

successes.  
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7.3. Approach: 

 

A literature review on best practices for communicating environmental evidence 

for environmental decision-making and policy was conducted in January 2021 using the 

search engine Google Scholar and Carleton University’s online library database ‘Omni’ 

using the search strings included in Appendix E. The Omni database was created by the 

Ontario Council of University Libraries and includes diverse academic material from 16 

University libraries. Only peer-reviewed articles are considered in this analysis. Literature 

used to compile best practices was compiled in Excel. An Excel worksheet (see Appendix 

E) catalogued bibliographic details from each article [i.e., author(s), publication date, and 

title were recorded; n=78], the best practices found within (n=261), and whether best 

practices were (1) written in a Canadian context explicitly, and (2) relevant in Canada (but 

not necessarily written in a Canadian context explicitly). The geographic distribution of 

the literature according to continent of origin is presented in Figure 7.1. Some literature 

did not specify a location (26%). Of the works that identified location, 36% were written 

in a North American context, 24% were intercontinental in context, and 18% were 

written about European contexts.  

 

 Five reoccurring themes were identified - referred to hereafter as ‘guiding 

principles’. All best practices were then organized under these guiding principles. Best 

practices were re-labeled as ‘action items’ if they represented very specific actions or 

approaches practitioners can engage in. Many best practices and action items pulled 
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from studies were repetitive and were dropped or combined with others during the 

preliminary phases of organizing best practices and action items. The completed draft of 

best practices and action items was reviewed by the author team of the manuscript 

resulting from this chapter collectively. Following the collective author review, some best 

practices and action items were dropped or altered as they were deemed repetitive. The 

final list is shared below.  

 

7.4. Best Practices: 

 

  Here I review best practices and specific action items for conducting EIAs for the 

purpose of informing decision-making. Best practices and specific action items are 

organized under the following identified ‘guiding principles’ resulting from my literature 

review. They are: 1) ensuring a collaborative approach, 2) ensuring credibility of 

knowledge generators, 3) promoting the use of evidence and findings by decision-

makers; 4) facilitating communication between knowledge generators and decision-

makers; and 5) ensuring the proper management of findings and communication tools 

(see Fig. 7.2. below). These guiding principles were pulled from studies and deemed 

important for the use of environmental knowledge/evidence/findings in decision-making 

and policy by the author team of the manuscript that resulted from this chapter.  
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7.4.1. Ensure a collaborative approach  

 

Collaboration at every stage of developing research can aid the communication of 

findings to decision-makers following the completion of the research (Bielak et al. 2008). 

Co-development and co-production of research allows decision-makers as well as other 

stakeholders and rightsholders to engage with the project, thus building trust in findings 

and promoting the development of findings/evidence that are relevant and applicable to 

the decision-making process (Cvitanovic et al. 2015; Cvitanovic et al. 2016; Collins et al. 

2019). Furthermore, the inclusion of all stakeholders and rightsholders promotes the 

sharing of findings to a greater audience, facilitating the acceptance and adoption of 

evidence by decision-makers (Cvitanovic et al. 2016). 

 

7.4.1.2. Best practices and specific action items: 

o Promote the co-development and co-production of knowledge 

▪ Identify and include all relevant stakeholders and rightsholders (Cvitanovic et al. 

2015; Hanssen et al. 2009; Callaghan et al. 2020) 

▪ Scope the project with all project stakeholders and rightsholders present 

(especially knowledge generators and decision-makers) with consideration for 

social, ecological, economic, and political contexts of the project (Stevens et al. 

2007; Bielak et al. 2008; Hanssen et al. 2009; Cooke et al. 2020) 

▪ Include different knowledge domains (local, Indigenous, strategic) into 

knowledge generating process (Bielak et al. 2008) 
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▪ Use technology to increase participation in knowledge generation 

o Use social media and the internet to spread word and promote participation (Sinclair et 

al. 2017) 

▪ Use virtual cloud environments to aid collaboration (Sinclair et al. 2017; Whitney 

et al. 2020) 

 

7.4.2. Ensure credibility  

 

Ensuring the credibility of research is essential, as any doubts or lingering questions 

about credibility make uptake by decision-makers highly unlikely (Wardman et al. 2020). 

It is therefore imperative that measures are taken throughout the process of any 

research project to assure decision-makers that resulting findings and evidence 

communicated can be trusted (Cartwright et al. 2016; Cvitanovic et al. 2015).  

 

7.4.2.1. Best practices and specific action items: 

 

o Promote trust between proponents and policy makers 

▪ Have those working on knowledge generation disclose their credentials and any 

potential conflicts of interest to decision-makers (Cvitanovic et al. 2016) 

▪ Facilitate long term contact between proponents and decision-makers (Norton 

1998; Callaghan et al. 2020) 

▪ Ensure proponents act ethically and respectfully (Likens 2010; Cooke et al. 2020) 
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o Use sound science when generating knowledge 

▪ Do not include prescriptive advocacy into knowledge generation (Barnosky et al. 

2014) 

▪ Quantify complex social values; when possible, integrate social and ecological 

data (social values mapping; Robinson et al. 2018) 

▪ Adopt adaptive management approaches when appropriate (Ascough II et al. 

2008) 

▪ Have standardized data collection strategies (Sullivan et al. 2006) 

▪ Use a socio-ecological systems framework (Ostrom 2007) approach to 

understanding environmental impacts (Leenhardt et al. 2015; Brehony et al. 

2020) 

▪ Make sure resulting documents go through peer review processes (Sullivan et al. 

2006)  

▪ Use indicators that are backed by experts, scientific literature, and the scientific 

community that are scalable and understood/agreed upon by all relevant 

stakeholders (van Oudenhoven 2018) 

▪ Use Bayesian methods (Bayesian probability theory) when appropriate to 

develop results with less uncertainty and that are more relevant to decision-

makers (Ellison 1996; Ascough II et al. 2008) 

▪ Use diverse research methods when appropriate (incorporating ecology, 

sociology, anthropology, political science, economics, etc.; Byron et al. 2011; 

Leenhardt et al. 2015) 

 

o Ensure transparency during research processes 
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▪ Have proponents share predictions widely (Tenney et al. 2006; Cartwright et al. 

2016) 

▪ Have proponents document assumptions about data reliability (Pavlyuk et al. 

2017) 

▪ Make comprehensive descriptions of analyses available to decision-makers 

(Maynard 2006) 

▪ Disclose ecological indicators used in research (Schiller et al. 2001) 

▪ Have raw data accessible to decision-makers consistent with open science 

frameworks (Dennison et al. 2007; Durant et al. 2019) 

 

o Disclose uncertainty in research findings 

▪ Have proponents disclose uncertainty (uncertainty in predictions, statistical 

models, etc.; Janssen et al. 2005; Wardekker et al. 2008; Leung et al. 2016; Cook 

et al. 2017) 

▪ Have proponents use clearly defined processes for disclosing uncertainty (these 

processes should be consistently followed; Tenney et al. 2006; Leung et al. 2016) 

▪ Have proponents communicate uncertainty in a concise way to decision-makers 

(Wardekker et al. 2008) 

▪ Highlight uncertainty measures relevant to policy in communications (Wardekker 

et al. 2008; Cartwright et al. 2016) 

 

o Limit biases in knowledge synthesis 

▪ Use Bayesian network approaches when appropriate to minimize biases and 

identify the impact/ limit uncertainty (Ascough II et al. 2008; Carriger et al. 2016) 
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▪ Acknowledge and disclose biases (Carriger et al. 2016)  

▪ Have a diverse knowledge generating and policy team (Jack et al. 2010; Cook et 

al. 2017; Glynn et al. 2017) 

 

 

7.4.3. Promote the uptake of evidence and findings by decision-makers 

 

Decision-makers are more likely to consider scientific evidence in decision-making if 

they can easily access it and can easily understand it (Howarth & Painter 2015; Dennison 

et al. 2007; van Vuuren et al. 2012). Efforts to promote evidence into decision-making are 

facilitated when communication materials are accessible, and easily digested by decision-

makers. As decision-makers are more likely to consider evidence shared by trusted 

individuals, certain targeted individuals can help with the access and understanding of 

evidence (Bielak et al. 2008). 

 

7.4.3.1. Best practices and specific action items: 

 

o Make sure proponents and decision-makers have the necessary tools to 

understand/communicate evidence/findings 

▪ Ideally, hire or elect decision-makers with a background in science (Cvitanovic et 

al. 2016) 

▪ Train decision-makers to understand uncertainty in science (Bielak et al. 2008; 

Callaghan et al. 2020) 
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▪ Provide training in science communication at the science-policy interface for 

proponents and decision-makers (Bielak et al. 2008; Janse 2008; Likens 2010) 

▪ Develop standard procedures and criteria for decision-making (Sullivan et al. 

2006) 

 

o Communicate evidence/findings in a digestible way 

▪ Where appropriate, use participatory modelling (Amatya et al. 2010; van Vuuren 

et al. 2012) 

▪ Increase readability of written findings/evidence by using common language 

(Schiller et al. 2001; Howarth & Painter 2015) 

▪ Include briefing notes with any publication (Cossarini et al. 2017) 

▪ Include visuals with text communications (visuals should answer the who, what, 

where, how of the project; Dennison et al. 2007) 

▪ Have findings available in relevant languages (Callaghan et al. 2020; Copp et al. 

2021) 

▪ Communicate evidence in an interactive way (Clark et al. 1979; DeLorme et al. 

2018) 

▪ Communicate findings and concerns, but do not be alarmist (Wardman et al. 

2020) 

▪ Provide a range of products to help disseminate findings (poster, infographics, 

executive summaries, photos, legends, conceptual diagrams, maps, etc.; Clark 

1979; Castillo 2000; Collins et al. 2019) 

▪ Ensure communication documents have multi-platform capabilities (DeLorme et 

al. 2018) 
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▪ Create communication teams who work to disseminate research findings to 

knowledge users (Castillo 2000) 

 

o Understand research capacities 

▪ Identify time/resource constraints (van Oudenhoven 2018; Fisher et al. 2020) 

▪ Plan research approach/analysis around constraints (Fisher et al. 2020) 

▪ Ensure funding for credible, timely research, communication tools, training, etc. 

(Vaughan et al. 2003; Burbidge et al. 2011) 

▪ Have analytical capacity to facilitate the science-policy interface (Holmes & Clark 

2008) 

 

o Use trusted individuals to help disseminate evidence to decision-makers 

▪ Identify and use trusted knowledge brokers and boundary organizations 

(Michaels 2009; Cvitanovic et al. 2015; Cvitanovic et al. 2016; Beauchamp et al. 

2020) 

▪ Identify and use influential members amongst decision-makers and ensure they 

are provided with scientific findings/evidence (Cossarini et al. 2014) 

▪ Embed subject matter experts into the decision-making process (Underwood 

1995; Janse 2008; Cvitanovic et al. 2016) 

▪ Include social scientists in the decision-making process (Redman et al. 2004; 

Cvitanovic et al. 2016; Bennett et al. 2017; Robinson et al. 2018) 

 

o Make sure findings/evidence shared are relevant to decision-makers 
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▪ Ensure timeline for communicating results match decision-making timelines 

(Vaughan et al. 2003; van Oudenhoven 2018; Rose et al. 2020) 

▪ Have all stakeholders and rightsholders discuss outcomes from research projects 

and priorities prior to the start of the project (Carr & Hazell 2006; DeLorme et al. 

2018; Callaghan et al. 2020) 

▪ Ensure the need for evidence is well understood prior to synthesis (Maynard 

2006; Smith et al. 2008 Cossarini et al. 2014; Cook et al. 2017) 

▪ Train proponents to ensure they understand the decision-making process 

(Cvitanovic et al. 2016) 

▪ Communicate evidence to decision-makers that is applicable to the real world 

(Cook 2017) 

▪ Promote the internal use of environmental scientific evidence within 

organizations (Cossarini et al. 2014) 

 

7.4.4. Ensure continued communication between knowledge generators and  

decision-makers 

 

Fostering communication between knowledge generators (proponents) and decision-

makers during every step of the knowledge generating process increases trust between 

them thus promoting the inclusion of scientific findings into decision-making (Byron et al. 

2011; Rother 2014; Cvitanovic et al. 2016; Durant et al. 2019; Fischhoff 2019). 

Furthermore, ongoing dialogue can help shape the development of research to ensure 



 178 

outputs are relevant to decision-makers, therefore allowing evidence to have a greater 

impact on decision-making (Norton 1998; Callaghan et al. 2020).  

 

7.4.4.1. Best practices and specific action items: 

 

o Have incentives in place to always encourage communication between proponents and 

decision-makers 

▪ Award/recognize knowledge generators and decision-makers for their efforts to 

communicate and collaborate with one another (Rother 2014) 

 

o Make sure institutional organizations facilitate communication between knowledge 

generators and decision-makers 

▪ Co-locate (i.e., within the same office/building/lab, etc.) knowledge generators 

and decision-makers (Cvitanovic et al. 2016) 

▪ Have technology available that facilitates exchanges between knowledge 

generators and decision-makers (e.g., professional Zoom accounts, etc.; Durant 

et al. 2019) 

▪ Plan workshops, round tables, seminars, and/or meetings to promote discussions 

throughout the development of research projects (Burbridge et al. 2011; 

Carneiro & da-Silva-Rose 2011) 
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7.4.5. Ensure the proper management of evidence and communication tools 

 

As our environment is ever-changing, scientific evidence can quickly become out of 

date (Bielak et al. 2008; Howarth & Painter 2015; Cvitanovic et al. 2016). Therefore, 

management efforts are needed to ensure that shared findings and evidence are well 

catalogued, accessible, and updated so that they are relevant to decision-makers. Proper 

management of findings and evidence can foster trust in communications shared and so 

efforts must be made to update findings and communication tools as shifts in the 

environment are recorded (Bielak et al. 2008; Howarth & Painter 2015).  

 

7.4.5.1. Best practices and specific action items: 

 

o Properly catalogue scientific evidence and communication material 

▪ Have all scientific evidence and communication materials catalogued and saved 

in online databases that are kept up to date and are easily accessible (Amatya et 

al. 2010, Cvitanovic et al. 2016)  

▪ Monitor the use of communication materials to inform future efforts to share 

findings (Cossarini et al. 2014)  

▪ Develop metadata systems (Amatya et al. 2010) 

 

o Make sure evidence/findings are kept-up-to-date and relevant 
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▪ Have a strategic plan on how evidence and communications materials will be 

kept up to date and maintained (Cvitanovic et al. 2016)  

▪ See projects as never completed, but rather ‘live’ and continuously in need of re-

evaluation (Bielak et al. 2008; Burbidge et al. 2011; Howarth & Painter 2015)  

 

o Make sure findings are shared with all relevant stakeholders and rightsholders 

▪ Share findings with all stakeholders and rightsholders who participated in 

knowledge generation (Callaghan 2020)  

▪ Use network and web-based systems (Amatya et al. 2010)  

▪ Publish or share findings in a way that will allow findings to guide future larger 

projects (Trulio 1999)  

 

7.5. Discussion: 

 

  This synthesis of best practices (repeatedly emphasized in the literature to be key 

factors for communicating environmental evidence to decision-makers) is a useful tool 

for individuals and organizations seeking to close the gap between knowledge generation 

and environmental decision-making. The synthesis of best practices and specific action 

items shared here is not a ‘recipe for success’. It is acknowledged that different 

governments and organizations will have their own unique limitations to consider when 

looking to operationalize synthesized best practices and action items. For example, the 

large landscape and political structure of Canada may lead to unevenness in capacity to 

engage in environmental management across the landscape, providing additional 
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challenges to adopting shared best practices and action items (Reed 2007) as additional 

resources may be needed to facilitate equal participation opportunities and 

contributions. Thinking globally, there are also different governance structures and 

geopolitical contexts (spanning issues such as instability and corruption) that will 

influence the relevance of the best practices identified here. It is also recognized that 

each research project that takes place does so under varying political, cultural, and 

environmental contexts that are likely to impact the relevance and applicability or 

synthesized best practices and action items. For example, research projects taking place 

in remote locations with limited internet connection should not necessarily rely on 

“technology to increase participation” nor “utilize social media and the internet to spread 

word and promote participation”. It is therefore imperative for those working in this 

space to evaluate suggested best practices and action items in the context of their own 

organizational framework and the context of each specific research project. Furthermore, 

additional research is needed to develop alternatives to using technology in remote areas 

where technology does not offer a viable option. 

 In conclusion, I provide a starting point from which organizations, governments, 

and institutions engaging research projects aimed at informing environmental 

management around the world can use to build a list of best practices that fit under their 

unique frameworks and realities. As differences in structures across governments and 

organizations may limit specific action items that can be adopted, guiding principles 

mentioned here can transcend limitations and encourage systemic changes that promote 

the development, communication, and management of evidence resulting from research 
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projects. Pushing towards adhering to guiding principles described here should be a 

priority by all engaging in research aimed at informing management, as such efforts can 

lead to the increased use of evidence in environmental decision-making and policy, 

resulting in long-term socio-ecological successes. 

 

7.6. Chapter seven figures 
 

 

Figure 7.1. Distribution of literature used to extract ‘best practices’. 
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Figure 7.2. Best practices for the use of environmental evidence listed under guiding 
principles 
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Chapter 8 : General discussion and future direction 
 

This thesis provides an example of conducting trans-disciplinary conservation 

research on a socially and economically valuable socio-ecological system that does not fit 

within one academic department. It is my hope that barriers to trans-disciplinary 

conservation research (reviewed by Pooley et al. 2013), especially in university settings, 

can continue to be overcome (see Dick et al. 2016 and Kelly et al. 2019 for suggestions on 

how to do so), thus allowing more graduate students to take a trans-disciplinary 

approach to graduate research. We know the importance and benefits of taking a trans-

disciplinary approach to conservation research (Dick et al. 2016), and so a push to 

facilitate such opportunities for graduate students should be welcomed. 

By weaving in the human dimensions of fisheries with the biology of fishes, this 

work shares bigger picture findings that can benefit both social and ecological aspects of 

recreational fisheries. By conducting analyses on data from interviews and an online 

survey (chapters two, four and five), I shared the voices and actions of those that know 

the fishery best. I was able to learn about the fishery from those that care for it, and/or 

see the fishery as a part of their identity. These individuals were motivational, as they 

made it clear that conservation successes that can come from this work can impact 

individual lives, wellbeing, and livelihoods. By connecting with the fishery through 

interacting with those that know it best, I understood the urgency for change to ensure 

these fisheries are present for future generations. I hope that by incorporating the words 
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of those I spoke to; this work transmits that urgency to readers of this thesis and 

encourages others to work in this space.  

Beyond working with those involved with the studied fishery, I also included 

findings and suggestions from academics who are working on inland fisheries 

conservation, and/or including environmental evidence into decision-making (chapters 

six and seven) into this thesis. I also conducted my own biological research contributing 

the knowledge of the impacts of catch-and-release fishing under various parameters 

(chapter three). Including the suggestions and findings of experts in recreational fisheries 

science and knowledge communication compliments the human dimensions work in this 

thesis because it provides a different perspective to solutions to conservation challenges, 

and validates, in part, the viewpoints brought forward in my social science work. For 

example, in chapters four and five, interview respondents pointed to a lack of 

collaboration across governments and stakeholders as a major limitation to conservation 

successes. This is validated in chapters six and seven, as multi-level collaboration (co-

management) was brought forward by experts in the literature as a necessary tool for 

successful science evidence communication, and conservation management success. 

Through the inclusion of multiple voices and multiple approaches to studying the 

B.C. recreational steelhead fishery, this thesis gives a well-rounded overview of the 

limitations to conserving this species under current, and future environmental 

conditions. This collection of work provides evidence supportive of the limitations and 

needs of both the fish that support the fishery, and those that fish for them. By doing so, 
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this thesis allows fisheries management decision-makers to make evidence informed 

decisions that can lead to both social and environmental successes. 

 

8.1. General discussion 

 

An overarching goal of my thesis was to build a framework for using trans-

disciplinary tactics to study an economically and socially valuable, socio-ecological 

system, so that this thesis can help pave the way for others looking to do the same. For 

this work, I used the B.C. rainbow trout and steelhead recreational fishery as a case study 

as this socioeconomically and culturally valuable resource is in severe decline, is cared for 

by multiple governmental and non-governmental stakeholders and rightsholders and is 

currently receiving a lot of conservation attention with minimal evidence of 

improvement. In this discussion, I work through each pillar of the presented framework 

(see Figure 8.1.) sharing findings and scientific evidence resulting from each pillar. I then 

consider how findings fitting under these pillars can drive change and improvement in 

the management of steelhead and rainbow trout in B.C. Canada.  

 

8.1.1. Pillar A: Capacity for, and limitations to bottom-up management (chapters two and 

three) 

 

  The two research projects comprising pillar A provide scientific evidence for the 

ability for the fish to compensate for increased physiological and behavioural stressors 
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associated to recreational fishing under future climate change, as well as the ability for 

anglers to compensate (through their actions) for their impact on fish behaviour and 

physiology under various environmental conditions. Together, these findings provide 

steelhead fisheries managers with scientific insight on the ability for fish and anglers to 

self-manage the negative environmental impacts of recreational fishing under future 

conditions. By using research tools from the social sciences in chapter two, and from 

biology in chapter three, scientific evidence from pillar A is trans-disciplinary in nature. 

 In chapter two, I found scientific evidence demonstrating that steelhead and 

rainbow trout anglers are generally likely to engage in pro-environmental behaviours 

(PEBs). I found that anglers fishing for imperilled species were more likely to engage in 

PEBs, especially PEBs that occur during the act of recreational fishing. Also, anglers fishing 

in rivers and streams are more likely to engage in PEBs. Environmental threat perception 

was determined to be a good predictor of engagement in PEBs. In chapter three, I found 

scientific evidence demonstrating that steelhead exhibit physiological and behavioural 

impacts to repeated angling events under warmer water temperatures, but not under 

current cooler water temperatures. These findings suggest that as water temperatures 

rise in steelhead inhabited waters, steelhead will be increasingly vulnerable to repeated 

angler interactions. However, as environmental conditions change, and steelhead 

populations further decline, so will the likelihood of anglers to offset angling costs to 

steelhead through increased engagement in PEBs. By sharing biological and sociological 

scientific evidence in tandem, findings from pillar A suggest that management of fisheries 

must be forward-looking, as future environmental conditions are likely to affect the 
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ability for fish to account for multiple angling interactions and may also change angling 

behaviours.  

 Fisheries managers may look to continue to study the effects of water 

temperature and multiple angling events on steelhead physiology and behaviour, as well 

as engagement in PEBs by anglers to have a better grasp on the actual stressors that will 

be endured by fish in systems they manage, as well as the ability of fish to absorb these 

stressors in the future. Fisheries managers can also leverage scientific evidence shared 

here by sharing findings of the impacts of angling on fish in their managed system to 

anglers, as well as declines in fish populations and environmental conditions, as this can 

lead to increases in voluntary engagement in PEBs. By fostering bottom-up management 

in this way, fisheries managers can leverage resource users to be part of the solution, 

which should not be overlooked in fisheries management (Granek et al. 2008; Arlinghaus 

& Cooke 2009). As fisheries are a socio-ecological system, trans-disciplinary 

environmental evidence is needed to determine the capacity for management. An 

understanding of the impact people have, and will have on the environment is needed to 

predict the success of both top-down and bottom-up management strategies 

implemented by governing bodies and stakeholders. This is because losses in biodiversity 

within socio-ecological systems hold social and ecological consequences (Holmlund & 

Hammer 1999; Allison et al. 2009). 
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8.1.2. Pillar B: Capacity for, and limitations to top-down management (chapters four and 

five) 

 

The two chapters comprising pillar B collected data from key informants to find 

scientific evidence that can inform and improve top-down management of imperilled 

salmonids on Canada’s Pacific coast. These two chapters demonstrate the importance of 

critically analyzing current top-down management strategies to ensure that these 

strategies can best protect biodiversity during uncertain times. By collecting data from 

those that directly interact with the fishery, as well as from those involved in 

management of the fishery, chapters four and five provide diverse perspectives inclusive 

of those both in and out of top-down governance. Including voices from local 

stakeholders is imperative to developing appropriate, and successful top-down 

management strategies (Kelly et al. 2019).  

In chapter four, I collected data from steelhead anglers on their perceptions of 

management of lower mainland steelhead in B.C. Canada. These interviews brought 

forward this concept of overlap, in which steelhead were found to be ‘caught in the 

middle’ of overlapping jurisdictions and government priorities. This overlap fostered 

mistrust in governance, further inhibiting successful top-down management. In chapter 

five, I collected data from those involved or knowledgeable on the SARA and COSEWIC 

processes for Thompson River steelhead. This data found that current legislation is not 

conducive to listing socioeconomically valuable species, such as the Thompson River 

steelhead. Together, through the collection of perspectives of both local stakeholders 
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(anglers) and higher-ups (those in governance), chapters four and five share limitations to 

current top-down management of B.C. steelhead and share avenues to improving 

legislation and governance around top-down management for Pacific salmonids.  

Concepts that came forward across both chapters were mistrust in management, 

and structural and institutional limitations as barriers to top-down management. 

Management jurisdictions for steelhead are not well defined, and legislation for 

protecting imperilled species in Canada are not suitable for listing socioeconomically 

valuable species (Findley et al. 2009), such as Pacific salmonids. Clearer jurisdictions are 

needed for B.C. steelhead management, and legislation needs to be reformed so that it is 

more timely, quick, transparent, and collaborative in nature. Trust has been identified as 

being central in environmental management (Smith 2013). Without trust, there is likely 

to be a lack in compliance when it comes to environmental resource users following 

implementation of policies and management strategies (Stern & Coleman 2015). Both 

the government of B.C. and the Canadian government may want to look at engaging in 

actions that will mend trust between governing bodies and steelhead stakeholders and 

rightsholders to ensure compliance to future policies. One way trust can be re-built is 

through more collaboration between governing bodies and relevant stakeholders (Beierle 

& Konisky 2000, Stern & Coleman 2015).  

 

8.1.3. Pillar C: Implementing environmental evidence into fisheries management (six and 

seven) 
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Although the collection of trans-disciplinary environmental evidence is necessary 

to successful environmental management decision-making (Pullin & Knight 2003; Cooke 

et al. 2017; Cooke et al. 2020), it is not helpful unless it is utilized by environmental 

management decision-makers, which often does not occur (Cvitanovic 2015). The 

chapters comprising pillar C demonstrate approaches to implementing and utilizing 

environmental scientific evidence, like the evidence presented in pillars A and B. 

Together, chapters six and seven provide a starting point for steelhead fisheries 

management decision-makers to start incorporating scientific findings presented in this 

thesis and elsewhere into management decisions and practices (chapters four and five, 

for exmple). Furthermore, chapters six and seven share findings and suggestions from 

academics working in inland fisheries conservation and/or environmental evidence 

communication to decision-makers. Many academic findings shared in these chapters 

validate findings brought forward in chapters comprising pillars A and B. 

In chapter six, I presented a collection of bright spots in recreational fisheries 

management. These bright spots are initiatives in which management has utilized 

scientific evidence and/or collaborative, adaptive, and inclusive methods to develop a 

novel approach to fisheries management. Through an analysis of bright spots for 

successful inland fisheries management, it was determined that several themes 

contribute to management success in this context. Many of these themes validate those 

brought forward in chapters comprising pillars A and B. For one, as brought forward in 

chapter two, fisheries management successes have resulted from the encouragement of 

individual conservation-minded behaviours (a.k.a. PEBs). Second, as suggested by 
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respondents in chapters four and five, cross-scale collaborations have demonstrated 

successes in management. Third, as brought forward in chapter three, adaptive 

management approaches to fisheries management that consider future environmental 

conditions have yielded successes.  

In chapter seven I conducted a literature review of best practices for 

communicating environmental evidence to environmental management decision-makers. 

This list of best practices can be adopted to best communicate findings from this thesis 

and other relevant scientific findings to steelhead management decision-makers in B.C. 

Canada. Many of these best practices also echo suggested improvements to 

management brought forward in previous thesis chapters. As suggested in chapters four, 

five, and six, collaboration and continued communication across stakeholders and 

rightsholders promotes environmental success, as does trust (chapter four), and the 

timeliness of evidence synthesis (chapters three and five).  

Chapter six provides a toolkit for management wanting to include scientific 

evidence and successes demonstrated success elsewhere into their own fisheries 

management. Chapter seven provides a toolkit for those looking to increase the uptake 

of evidence-based management strategies with decision-makers. By facilitating 

communication and adoption of evidence in both directions between science 

communicators and fisheries management, findings from pillar C can help bridge the gap 

between knowledge generation and implementation. Furthermore, concepts and 

findings resulting from chapters comprising pillar C validate many suggestions to 
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improving fisheries management and management processes brought forward in 

chapters comprising pillars A and B.  

 

8.2. Concluding remarks 

 

 This thesis does not only provide empirical evidence on steelhead and 

recreational fishing, but it also provides applicable knowledge of how best to manage 

imperilled aquatic species in Canada, as well as a novel framework when studying 

economically valuable, socio-ecological systems. The presented framework is Anew 

approach to building a thesis when studying a system with both ecological and 

sociological importance. This approach requires the inclusion of multiple perspectives, a 

good understanding of the biology of the system at hand, and a critical analysis of current 

management practices.  

 

8.2.1. Scientific Contributions 

 

This thesis provides a novel framework to studying the management of socio-

ecological systems in an uncertain world and highlights the value of collecting social and 

ecological scientific evidence when informing environmental management decision-

making. This work will allow decision-makers working on conserving aquatic species in 

Canada to make decisions and build policy and management strategies using trans-

disciplinary scientific evidence. Additionally, this thesis contributes novel findings 
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regarding salmonid cardiac physiology, and imperilled species governance to the 

scientific literature. 

Chapter two used quantitative data generated from an online angler survey to 

generate empirical evidence around predictors of PEBs amongst recreationists 

(specifically rainbow trout and steelhead anglers). This work adds to the academic 

literature around PEBs enacted during recreational outings in nature, and informs 

conservation management decision-makers, facilitating their ability to support and 

promote PEBs amongst recreationists. Chapter three used quantitative heart rate data 

generated from a heart rate biologgers to study the effects of multiple angling events on 

the physiology and behaviour of steelhead. The novel empirical evidence from this 

chapter is that fish undergoing multiple angling events demonstrate increasing 

physiological and behavioural effects due to repeated angling events under warm water 

temperature conditions, but not under current, cooler water temperature conditions. 

This knowledge adds to the academic literature on the interaction between temperature 

and angling on fish physiology and behaviour. The increased understanding of the effects 

of multiple recaptures on fish provided in this chapter is of value to fisheries 

management decision-makers looking to build recreational fishing policies based on 

scientific evidence around the effects of catch-and-release fishing. 

Chapters four and five are unique because findings are based off insight gained 

from key informants deep in the know. Chapter four used qualitative data obtained 

through in person interviews with anglers to identify problems in top-down management 

of Thompson River steelhead. Immerging from the interview data was this concept of 
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overlap in steelhead management in B.C., which is causing steelhead to be ‘caught in the 

middle’ of conflicting priorities and jurisdictional debates, leading to conservation 

failures. This work discusses the concept that imperilled species can still exhibit 

population declines even when experiencing a lot of government and non-governmental 

conservation attention. Sometimes, too much attention from too many stakeholders can 

lead to inaction, and conservation failure. This concept may be applicable to species 

around the world, and so findings shared in this chapter are of importance when 

considering indicators of conservation successes. Chapter five used qualitative data 

obtained through phone interviews with individuals knowledgeable on or involved with 

the SARA listing process for Thompson River steelhead. Other work has demonstrated 

the shortcomings of Canada’s SARA process (Findlay et al. 2009, and Bachman et al. 

2019) yet this thesis presents an in-depth case study and solutions to overcoming 

shortcomings in Canada’s imperilled species listing process described by those who know 

the case study best. 

In chapter six, I presented a collection of successful inland fisheries management 

initiatives from around the world. By presenting these initiatives and sharing lessons 

learned through reviewing these initiatives, chapter six provides a positive outlook on the 

future of inland fisheries management by demonstrating that success is possible. It also 

shares forward-looking adaptive initiatives for managing recreational fisheries that can be 

adopted in fisheries like the B.C. steelhead fishery. Chapter six shares adoptable 

approaches to implementing trans-disciplinary evidence for improving currently failing 
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recreational fisheries management strategies, thus addressing limitations and failures 

outlined in chapters four and five.  

 In chapter seven I presented best practices for communicating environmental 

scientific evidence to decision-makers. Although a lot of research has been conducted 

under this theme, there had yet to be a synthesis of best practices for communicating 

environmental scientific evidence to inform management and policy. This chapter gives 

science communicators tools and ideas for translating findings presented in chapters 

two, three, four and five of this thesis, as well as from other sources, to inform 

governance of socio-ecological systems, like the inland recreational B.C. steelhead 

fishery. 

 

8.2.2.  Challenges 

 

 I had trouble accessing steelhead to conduct my physiology research that is 

presented in chapter three. As steelhead are rarely stocked in British Columbia, and are 

endangered in British Columbia, it was not possible to conduct my physiology research in 

the same river system in which I collected data from for my other data chapters (two, 

four, and five). I had finally obtained access to steelhead at a facility in Oregon, yet that 

fell through months before the research was to begin. Luckily, I was able to pivot, and 

with the help of Dr. Kyle Hanson from the US Fish and Wildlife Service, I obtained access 

to the Abernathy Fish Technology Centre, where the work finally took place. 
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8.3. Future directions 

 

This thesis studied multiple topics across several disciplines, specifically biology, 

sociology, and political science. More work in all these disciplines on topics touched on in 

this thesis can be of both academic value and of value to recreational fisheries managers, 

as it can inform future research, and can continue to influence the betterment of 

management strategies for steelhead and other aquatic species across Canada.  

In chapter two, I found evidence that PEBs are linked to environmental threat 

perceptions and, in some cases, to threats to wellbeing. My prediction that PEBs amongst 

recreationists are enacted for egoistic reasons was not completely supported in my work, 

as engagement and predictors differed based on the nature of the PEB in question. 

Future work should continue to look at the drivers of a variety of different types of PEBs 

amongst recreationists to allow us to better understand how decisions around PEBs are 

made, thus answering if they are egoistic in nature. It is important to continue work in 

this space, because by understanding how PEBs are enacted, we can better encourage 

and facilitate engagement in PEBs, which in turn will lead to social and ecological benefits 

for socio-ecological systems used for recreational purposes (Korpela et al. 2014; Outdoor 

Industry Association 2017a; Eigenschenk et al. 2019). The PEBs around recreational 

fishing studied in this chapter were not linked to education, yet other works suggest 

education level can predict engagement in PEBs (Gifford & Nilsson 2014; Escario et al. 

2020). Future studies may want to investigate why education may not play a role when it 

comes to PEBs during outdoor recreation. More broadly, many gaps in knowledge remain 
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when it comes to understanding drivers of engaging in PEBS during outdoor recreation. 

Ideally, future work will study a broad range of PEBs related to outdoor recreation (both 

those enacted during, and prior to the outdoor activity) across a range of different 

outdoor activities (horseback riding, bird watching, hiking, etc.). 

In chapter three I found evidence suggesting that multiple angling events have 

physiological and behavioural impacts on steelhead under warm water temperatures. 

This fits with the literature demonstrating that warming water temperatures greatly 

affect a fish’s ability to cope with an angling event (Richter & Kolmes 2005; Cooke & Suski 

2005; Prystay et al. 2017). Because of the set-up at the facility used for this research, I 

was limited to the natural water temperatures of the well and creek water. Future work 

should look at different temperature fluctuations to better understand the relationship 

between temperature and the behavioural and physiological impacts of multiple re-

occurring angling events on steelhead and other fish. I used behavioural measures and 

heart rate to measure stress associated with increased water temperatures and multiple 

angling events. Although a good indicator of stress in fish (Anderson et al. 1998; Cooke et 

al. 2003), using heart rate to measure physiological impairment has received criticism 

(Thorarenses et al. 1996). Future work may look to pair heart rate with other known 

measures of stress such as blood parameters to provide additional credibility to findings 

presented in this thesis. An area of interest in need of more research is that of sex 

differences in heart rate amongst salmonids. More research is needed to better 

understand what is driving these differences. Through this work, and the work of others 

in this space (notably Eliason et al. 2020; Hinch et al. 2021), we know these sex 
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differences are present, but do not yet fully understand the reasoning behind them, or 

the biological implications of these differences. 

In chapter four I found evidence for the presence of overlap in steelhead 

management leading to conservation inaction and failure. Overlaps in jurisdictions and 

stakeholder priorities paralyzed steelhead conservation. This concept of too much 

attention and too many stakeholders was identified for Thompson River steelhead, yet it 

is surely present elsewhere. Future work may look for similar scenarios in other systems, 

as a review of multiple examples of this paralyzing overlap in management can allow for a 

better understanding of how these scenarios occur, and how we can best avoid and 

address them. Chapter six uses a case study to evaluate the limitations of Canada’s 

imperilled species listing process through interviews with those well educated in the 

listing process, and knowledgeable of the case study (Thompson River steelhead). 

Continuing to study the Thompson River case following the non-listing decision by 

continuing to engage with those most knowledgeable on the case can be of value. This 

may allow for new insight on the consequences of overlap in long term management of 

unlisted imperilled species and can provide knowledge on Canada’s ability to conserve 

species without listing them under Canada’s SARA. 

Chapter six presented a collection of successful initiatives in inland recreational 

fisheries management to encourage the adoption of forward-looking management 

strategies by inland fisheries managers. Moving forward, it would be great to continue to 

build on the list of bright spots. At present, the manuscript does not have any examples 

of bright spots from South America and has only one example from Europe. Ideally, as 
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novel initiatives immerge, they can continuously be highlighted and shared so that others 

can continue to learn and benefit from successes in other systems. Perhaps creating and 

promoting an online repository for sharing such successes could be of value. Chapter 

seven presented a collection of best practices for sharing environmental scientific 

evidence to decision-makers. Future findings on this topic should be used to update this 

list in the future, as novel approaches to communicating scientific evidence are likely to 

immerge with new technologies and changes in social and environmental frameworks.   
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Appendices  
 

Appendix A : Chapter four angler interview schedule 
 
Inland BC Steelhead Angler Interview 
 
Beginning of Interview: 
 
 
Participant Name: ________________________  
 
Interview Date: ________________________  
 
Interviewer Name: ________________________  
 
Consent Form Signed:  Yes  No 
 
Oral Consent Granted:  Yes No  
  
Anonymity requested:   Yes No 
 
Preamble:  
I appreciate your agreement to participate in this interview on angler perceptions and 
views on the current state of Steelhead populations, and of the current Steelhead 
management efforts in central British Columbia. Let me start by asking about your 
experiences as an angler. 
 
Section (A): Angler type  
The following group of questions are being asked to gain a better understanding of your 
fishing habits. 

 
1.  For how many years have you been fishing Steelhead? 

 
2. How many times have you gone fishing for Steelhead in the last 12 months? 

 
___________________________________ 

 
3. In a typical year, what percentage of your time fishing is spent on catch-and-

release fishing?  
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4. [If angler engages in catch-and-release fishing] 
Approximately how long do you (on average) keep Steelhead out-of-water during 
catch-and-release fishing? 

 
5. Have you encountered situations in which you have chosen to for go or modify 

your fishing for conservation reasons?  
 

5.1. [if required]  
       Please specify. 
 

6. What are your thoughts on fishing during high water temperatures?? 
 
6.1. [If required]  

Do you think it is OK to fish during high water temperatures? Why/Why not? 
 

7. What type of fishing gear do you typically use to fish for Steelhead? 
 

8.  Have you travelled more than 60 km to go fishing for Steelhead?  
 
8.1. [If yes to 8] 
Where did you travel to and for what reason? 
 

Section (B): Thoughts on current state of inland Steelhead populations 
The following group of questions are asked to determine your thoughts on the current 
state of inland Steelhead populations in British Columbia.  
 

9. Are you concerned for the wellbeing of Steelhead populations that spawn in the 
Chilcotin and Thompson river systems in inland British Columbia?  
 
9.1. Do you believe that inland BC Steelhead populations are at high risk of 

extirpation? 
 

10. In your opinion, what are currently the most serious threats to Steelhead 
populations that spawn in inland British Columbia?  

 
11. Do you think that there is currently too much fishing pressure on Steelhead 

populations in the Chilcotin and Thompson river systems British Columbia? 
 
11.1.  [If yes]:  

      What do you think should be done about this? 
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12.  What are your thoughts on the efforts the provincial government are currently 

putting towards the conservation of Steelhead populations in inland British 
Columbia?  
{Prompt: Do you agree with the current management implemented by the 
provincial government of Steelhead populations in inland British Columbia?} 
 
 

13. Do you believe that the federal government ought be involved in the 
management of Steelhead populations in inland British Columbia? 
 
13.1. [if yes to # 14] 

     What role should the federal government be playing in the management 
of the  Chilcotin and Thompson river systems? 

 
15. How would losing the Chilcotin and Thompson river Steelhead populations in British 

Columbia affect the Chilcotin and Thompson river systems and their users? 
 

15.1. [if required]  
How would the economy be impacted by the loss of these Steelhead 
populations?  
 

15.2. [if required]  
How would anglers be impacted? 
 

15.3. [if required]  
 How would the river ecosystems be impacted? 
 

16. Have you observed any changes over the years in your favourite Steelhead fishing 
spots? 
{Prompts: Any changes in environment? Number of fish? Water quality?} 
 

16.1. What do you think has caused these changes? 
 

17. Do you currently take part in any activities that, in your opinion, are helping 
Steelhead and/or their habitat?  
{Prompt: Are you part of any conservation efforts directed towards Steelhead and/or 
their habitat?} 

 
17.1. [if yes to # 17] What are these activities? 

 
17.2. [if yes to # 17] How do these activities help? 

 
17.3. [if yes to # 17] What led you to take part in such activities? 
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18. In your opinion, how much of a threat do the following factors pose to British 

Columbia Steelhead populations? (circle answers on this card) 
 
    

Climate    | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

change   

 

Recreational   | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

fishing 

 

Commercial   | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

fishing bycatch 

 

Human made   | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

waterway barriers 

 

First Nations   | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

fishing 

 

Oil and gas   | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

drilling 

 

Sea lice   | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Water quality  | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Habitat alterations | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Fish farming/  | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

Aquaculture 

 

Fish disease  | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Invasive species  | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Poor management | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Construction   | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

activities 

 

Poaching  | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Predation  | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Forestry   | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Agriculture  | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Mining   | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

 

Other:    | Not Applicable | None | Minor | Moderate | Major | Critical | I don’t know | 

______________ 
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Section (C): COSEWIC assessment  
The following group of questions will ask you your thoughts on the Emergency COSEWIC 
assessment that was recently conducted on two inland Steelhead populations in BC. 
 
As you may be aware, the Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) recently conducted an expedited emergency assessment ending last January 
on two sea-going Steelhead populations that spawn in the Thompson and Chilcotin inland 
British Columbia river systems. Emergency assessments by COSWEIC are not common. 
Prior to the Steelhead assessment completed this year, the last assessment was in 2012 
on three Canadian bat populations. 
 
19. What are your thoughts on the decision by COSEWIC to execute this emergency 

assessment?  
 
 As you may know, the emergency COSEWIC assessment found record low population 
numbers for both the Thompson and Chilcotin spawning Steelhead populations and 
recognized a concerning downward population trend in these populations over the past 
decade. 
 
20. In your opinion, what actions are needed to reverse the declining population trends 

found in the COSWEIC emergency assessment of the Thompson and Chilcotin 
Steelhead populations specifically? 
 

20.1. In your opinion, what actions are needed to prevent Steelhead declines in 
other systems? 
 

Following the emergency assessment of Thompson and Chilcotin spawning Steelhead 
populations, COSEWIC recommended an emergency listing order under the federal 
Species At Risk Act (SARA). The COSWEIC assessment was sent to the Minister of 
Environment and Climate Change last February.  
 
21. Do you believe that the federal government should conduct an emergency listing of 

Steelhead under SARA? 
 

21.1. Do you see any beneficial outcomes for Chilcotin and Thompson spawning 
Steelhead populations resulting from a listing under Sara? 
 

21.2. [if required]  
Why/Why not? 

 
Section (D): First Nations forgo aboriginal right to fish  
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The following group of questions will be on the decision of the Tsilhqot’in First Nation to 
forgo their aboriginal right to fish Steelhead in the Chilcotin river system for this year. 
 
22. Do you believe that their decision to close their fishery has or will motivate others to 

forgo fishing Steelhead in British Columbia this year? 
 
 

23. Do you believe that this decision has had, or will have an impacts on Chilcotin and/or 
Thompson river spawning Steelhead populations? 

 
24. Do you think their decision has or will spark action at the provincial and/or federal 

government level on this issue? 
 
25. Do you support Steelhead fishery closures in BC?  

 
25.1. Under what conditions are closures appropriate? 

 
25.2. Have you ever been affected by a fishery closure? 

 
25.3. [if yes to 26.2.]  

How did it affect you? 
 

25.4. Do you feel that fishing closures are effective? 
 
26. Do you have any additional comments on this topic? 
 
Section (D): Demographics 
 
This last section of the interview will ask you demographic information that will be used as 
controls when analyzing interview responses. 
 
27. What is your age? 
 
28. What is the highest level of education you have attained? 

 
Circle one:  < High-School, Some High-School,  High-School Diploma,  
 

College,   University,   Graduate School,  
 
Other 
___________________________ 
 

29. What is your occupation?  
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30. What is your current postal code?  

 

31. Do you belong to any angling clubs? 

   Circle one:  Yes   No 

 

31.1.  [If yes] 
Of which angling clubs are you a member? 

 
32. Thank you for your participation in this interview. Would you be willing to answer 

any follow-up questions at a later date? 
 

32.1. [If yes] 
May I have your email/phone number to reach you? 
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Appendix B : Chapter four code book 
 

 
 

Code book for CAUGHT IN THE MIDDLE paper 
Stakeholder Interviews 

 
 
 
A: FISHING STYLES 
 
A1 Interviewee is an Angler [if NO skip to part B] 

0 No 
1 Yes 
88 Can’t tell 

 
A2 Fishing under high water temperature is okay 

0 No 
1 Yes 
88 Can’t tell 
 

A3 Engages in pro environmental actions voluntarily (example: doesn’t fish during high 
water temperature)  

0 No 
1 Yes 
88 Can’t tell 

  
A4 Travels more than 60 kms to fish 

0 No 
1 Yes 
88 Can’t tell 

 
 
B: PERCEPTION OF FEDERAL AND BC GOVERNMENT 
 
B1 Believes provincial government has enough resources to protect steelhead in BC  

0 No 
1 Yes 
88 Can’t tell 

 
B2 Satisfied by efforts from provincial government to conserve steelhead in BC 

0 No 
1 Yes 
88 Can’t tell 
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B3 Satisfied by efforts from federal government to conserve steelhead in BC 

0 No 
1 Yes 
88 Can’t tell 

 
B4 Federal government should be more involved in steelhead management  

0 No 
1 Yes 
88 Can’t tell 

 
B5 Management of steelhead should be led by the Federal government 

0 No 
1 Yes 
88 Can’t tell 

 
B6 Management of steelhead should be led by Provincial government 

0 No 
1 Yes 
88 Can’t tell 

 
B7 The federal government has conflicting interests (steelhead conservation and 
commercial fishing) 

0 No 
1 Yes 
88 Can’t tell 
 

B8 The jurisdiction for steelhead (responsibility for management actions) are well defined 
between the provincial and federal governments 

0 No 
1 Yes 
88 Can’t tell 

 
B9 Has trust in current management 

0 No 
1 Yes 
88 Can’t tell 

 
B10 More collaboration needed amongst government 

0 No 
1 Yes 
88 Can’t tell 

 
B11 More collaboration needed amongst stakeholders 
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0 No 
1 Yes 
88 Can’t tell 

 
C: PERCEPTION OF STAKEHOLDERS 
 
C1 Blames other stakeholders [government(s), First Nations, commercial fisheries] for 
steelhead declines  

0 No 
1 Yes 
88 Can’t tell 

 
C2 Believes there is conflict amongst anglers and First Nations anglers 

0 No 
1 Yes 
88 Can’t tell 

 
C3 Feels ‘hopeless’ (or synonym) because other stakeholders are not doing their part to 
save steelhead 

0 No 
1 Yes 
88 Can’t tell 
 

C4 Feels actions by First Nations can result in government action 
0 No 
1 Yes 
88 Can’t tell 
 

C5 Feels there is conflict between Federal and BC governments 
0 No 
1 Yes 
88 Can’t tell 

 
D: PERCEPTION OF FISHING IMPACTS 
 
D1 Recreational fishing is a leading cause of steelhead declines 

0 No 
1 Yes 
88 Can’t tell 

 
D2 First Nations fishing is a leading cause of steelhead declines 

0 No 
1 Yes 
88 Can’t tell 
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D3 Commercial fishing is a leading cause of steelhead declines 

0 No 
1 Yes 
88 Can’t tell 

 
D4 Commercial nets are a big problem for steelhead 

0 No 
1 Yes 
88 Can’t tell 
 

D5 Supports fishery closures 
0 No 
1 Yes 
88 Can’t tell 

 
E: PERCEPTION OF COSEWIC AND SARA 
 
E1 Feels positive towards COSEWIC 

0 No 
1 Yes 
88 Can’t tell 

 
E2 Believes COSEWIC process needs improvement 

0 No 
1 Yes 
88 Can’t tell 

 
E3 Feels positive towards SARA 

0 No 
1 Yes 
88 Can’t tell 

 
E4 Believes the SARA process needs improvement 

0 No 
1 Yes 
88 Can’t tell 
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Appendix C : Chapter five SARA COSEWIC interview schedule 

 
 

Interview Schedule on COSEWIC and SARA 
 
 
Beginning of Interview: 
 
Participant Name: ________________________  
 
Interview Date: ________________________  
 
Interviewer Name: ________________________  
 
Consent Form Signed:  Yes  No 
 
Oral Consent Granted:  Yes No  
  
Anonymity requested:   Yes No 
 
Preamble:  
I appreciate your agreement to participate in this interview on COSEWIC assessments, 
SARA listings, and their role in the recovery of  Interior Fraser steelhead populations. Let 
me start by asking your opinion on COSEWIC assessments. 
 
 
Section (A): COSEWIC assessments 
The following group of questions are being asked to gain a better understanding of your 
thoughts on COSEWIC assessments. 
 

1. In your opinion, what is the purpose of COSEWIC assessments in Canada?  
 

a. With the purpose mentioned above in mind, are COSEWIC assessments, in 
your opinion, effective? 
 

i. [If required] 
Why/why not? 

 
b. In your opinion, what is the purpose of an Emergency COSEWIC 

assessment? 
{Prompt: How does the Emergency COSEWIC assessment differ in 
value/importance from an ordinary COSEWIC assessment?} 
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2. What normally drives the decision to execute a COSEWIC assessment?  
 
{Prompt: Who typically signals the need for such an assessment? Do they ever 
emerge as a result of community outcry? Does the government normally push for 
assessments?} 
 

 
 

a. What normally drives the decision to execute an Emergency COSWEIC 
assessment?  
{Prompt: same as above} 

 
3. Do you think that the emergency COSEWIC assessment ending in February, 2018, 

will play any role in the decision to list or not to list BC Steelhead populations into 
SARA ? 

 
a. Why/why not?  

{Prompt: What role can the COSEWIC play in such decision-making?} 
 

b. Do you think the relevant agencies of the federal government trust 
COSEWIC assessments? [Probe for specifics] 
{Prompt: Do you believe that the government has confidence in COSEWIC 
findings?} 

 
4. Do you think Canadian freshwater fish are well represented in COSEWIC 

assessments? 
 

i. [If required] 
Why/why not? 

 
Section (B): SARA listings 
The following group of questions are being asked to gain a better understanding of your 
thoughts on SARA listings. 
 

5. What are your thoughts on the current procedures in place in Canada for listing 
endangered or at risk freshwater wild Canadian fish species into SARA?  
{Prompt: Do you think we have a successful, functioning procedure for listing 
native fishes under SARA?} 

 
a. What improvements can/should be made in your opinion? 

 
6.  What are your thoughts on the effectiveness of recovery actions resulting from a 

SARA listing on the survival of endangered Canadian fish species?  
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a. Is more needed? [Probe for specifics] 
 

7. In your opinion, what is the purpose of a SARA listing in Canada? 
 

8. Do you believe that native Canadian fish are well represented under SARA? 
 

a. [If required] 
Why/Why not? 

 
9. In your opinion and experience, what reasons might the government have for 

listing or not listing species into SARA?  
 

a. Do you support considerations that government has to consider prior to a 
legal listing? (prompt: 

 
b. In your opinion and experience, do these reasons change when a new 

party assumes government? 
 

i. [If respondent answers yes] 
Can you elaborate?  

 
ii. [If respondent answers yes]  

Can you provide an example? 
 
Part (C): Steelhead declines in Interior Fraser 
The following group of questions are being asked to gain a better understanding of your 
thoughts Steelhead declines in central BC. 
 

10. In your opinion, what is causing Steelhead declines in central BC?  
 

11. In your opinion, are the federal and provincial governments making appropriate 
decisions about Steelhead in central BC? [Probe for specifics] 

 
12. In your opinion, what actions are needed to recover population numbers in 

central BC Steelhead populations?  
{Prompt: What actions are needed at the federal level/provincial level/community 
level?} 
 

13. Do you believe that the federal government has been appropriately responsive to 
steelhead declines in central BC?  

 
a. Why/Why not? 
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14. Do you believe that the provincial government of BC has been appropriately 
responsive to steelhead declines in central BC?  

 
a. Why/Why not? 

 
15. What do you perceive to be the consequences of Thompson and Chilcotin 

steelhead extirpation? 
 

a. Why/Why not? 
 

b. [If respondent answered yes] 
In your opinion, who would be the most impacted by such losses?  
 

 
Part (D): Solutions for Steelhead declines: 
The following group of questions are being asked to gain a better understanding of your 
thoughts on possible solutions for steelhead declines in central BC. 
 

16. Do you believe that an earlier SARA listing would have helped to alleviate the 
severity of current Steelhead declines in central BC? 
{Prompt: Could a SARA listing have limited stressors that may be leading to 
declines?} 
 

a. If yes, how can we go about listing endangered species under SARA 
quicker? 

 
17. Looking to the future, how do you think the federal government could aid in the 

restoration of sustainable wild Interior Fraser steelhead? 
 

18. Looking to the future, how do you think the provincial government of BC could aid 
in the restoration of sustainable wild inland central BC steelhead? 

 
19. Looking to the future, how could scientists aid in the restoration of sustainable 

wild inland central BC steelhead? 
 

20. Looking to the future, how could individuals and communities aid in the 
restoration of sustainable wild inland central BC steelhead? 

 
21. Do you have any additional comments on this topic? 

 
Section (D): Demographics 
This last section of the interview will ask you demographic information that will be used as 
controls when analyzing interview responses. 
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22. What involvement do you have (if any) with Interior Fraser steelhead? 
 

23. What is your age? 
18-25 
26-40 
41-55 
56-70 
71-85 
86+ 

 
24. What is the highest level of education you have attained? 

 
Circle one:  < High-School, Some High-School,  High-School Diploma,  
 

College,   University undergraduate,  Graduate 
School,  
 
Other 
___________________________ 

 
25. What is your current occupation? [or previous, if retired]  

 

26. Thank you for your participation in this interview. Would you be willing to answer 
any follow-up questions at a later date? 

 
a. [If yes] 
May I have your email/phone number to reach you? 
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Appendix D : Chapter five code book 
 

 
Code book for SARA and COSEWIC assessment paper 

Management Interviews: COSEWIC and SARA, regarding steelhead 
 
 
 
A: THOUGHTS ON STEELHEAD DECLINES 
 
A1 The Provincial government is making appropriate decisions about steelhead in the 
Interior Fraser 

0 No 
1 Yes 
88 Can’t tell 
 

A2 The Federal government is making appropriate decisions about steelhead in the 
Interior Fraser 

0 No 
1 Yes 
88 Can’t tell 

  
A3 More actions are needed at Provincial level to save steelhead 

0 No 
1 Yes 
88 Can’t tell 

 
A4 More actions are needed at Federal level to save steelhead 

0 No 
1 Yes 
88 Can’t tell 

 
A5 The Federal government is appropriately attentive to steelhead declines in the 
Interior Frasor area of BC 

0 No 
1 Yes 
88 Can’t tell 

 
A6 The Provincial government of BC is appropriately attentive to steelhead declines in 
the Interior Frasor area of BC 

0 No 
1 Yes 
88 Can’t tell 
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A7i Potential consequences of declines are cultural in nature 
0 No 
1  Yes 
88 Can’t tell 
 

A7ii Potential consequences of declines are economic in nature 
0 No 
1 Yes 
88 Can’t tell 

 
A7iii Potential consequences of declines are ecological in nature 

0 No 
1 Yes 
88 Can’t tell 

 
B: SOLUTIONS TO STEELHEAD DECLINES 
 
B1 An earlier SARA listing would have helped steelhead declines 

0 No 
1 Yes 
88 Can’t tell 

 
B2 A provincial Species at Risk Act would help steelhead populations 

0 No 
1 Yes 
88 Can’t tell 

 
B3 More research projects are needed to help steelhead populations 

0 No 
1 Yes 
88 Can’t tell 

 
B4 Individuals can aid in the restoration of wild Interior Fraser BC steelhead 

0 No 
1 Yes 
88 Can’t tell 

 
B5 The Federal government can aid in the restoration of wild Interior Fraser BC steelhead 

0 No 
1 Yes 
88 Can’t tell 

 
B6 The Provincial government can aid in the restoration of wild Interior Fraser BC 
steelhead 
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0 No 
1 Yes 
88 Can’t tell 

 
C: COSEWIC ASSESSMENTS 
 
C1 COSEWIC assessments are effective 

0 No 
1 Yes 
88 Can’t tell 

 
C2 The COSEWIC assessment that ended in Feb. 2018 played a role in the decision to not 
list BC steelhead populations into SARA 

0 No 
1 Yes 
88 Can’t tell 

 
C3 The relevant agencies of the Federal government trust COSEWIC assessments 

0 No 
1 Yes 
88 Can’t tell 

 
C4 Freshwater fish are adequately covered by COSEWIC assessments 

0 No 
1 Yes 
88 Can’t tell 

 
C5 COSEWIC assessments should be conducted at the population level.  

0 No 
1 Yes 
88 Can’t tell 

 
D: SARA LISTINGS 
 
D1 The current procedures in place in Canada for listing endangered wild Canadian fish 
populations are working well 

0 No 
1 Yes 
88 Can’t tell 

 
D2 Species should be listed under SARA at the population level 

0 No 
1 Yes 
88 Can’t tell 
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D3 SARA recovery actions work well for endangered Canadian fish species 

0 No 
1 Yes 
88 Can’t tell 

 
D4 SARA recovery plans work well for endangered Canadian fish species 

0 No 
1 Yes 
88 Can’t tell 

 
D5 SARA listings are effective 

0 No 
1 Yes 
88 Can’t tell 
 

D6 Freshwater fish are adequately covered by SARA 
  0 No 

1 Yes 
88 Can’t tell 

 
D7 Considerations for listing change when a new party assumes government  

0 No 
1 Yes 
88 Can’t tell 

 
E: DEMOGRAPHICS 
 
E1 Age 

1. 18 – 25 
2. 26 – 40 
3. 41 – 55 
4. 56 – 70 
5. 71 – 85  
6. 86+ 

 
E2 Highest level of education 

1. < High school 
2. Some high school 
3. High school diploma  
4. College 
5. University Undergraduate 
6. Graduate School 
7. Other  
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E3 Current Occupation (or previous if retired) 
      [Input into excel sheet in free text] 
 
E4 Willing to answer follow-up questions 
  0 No 

1 Yes 
88 Can’t tell 

 
E5 Phone number 
 
E6 Email 
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Appendix E : Chapter seven bibliographic information and assessment 
 
 
 
 
 
Search strings used to search literature for the review using Carleton University’s online 
library database ‘Omni’ and Google Scholar. All searches were performed in January 
2021. Individual search strings were entered into platform search bars exactly as 
provided below. 
 

Search Strings: 

communicating scientific evidence to decision-makers 

best practices for sharing environmental evidence 

communicating environmental evidence 

communicating environmental evidence to decision 
makers 

communicating environmental assessments 

communicating environmental assessments decision 
makers 

good practices for communicating ecological findings 

bridging ecology and decision-making 

ecological research into decision-making 

best practices in conducting environmental assessments 

ecological science into policy decisions 

communicating ecological science 

communicating scientific findings for environmental policy 

Science informed environmental policy 

using science to inform environmental decisions 

 
 
 
 
List of extracted best practices and literature used can be found here: 
 
https://docs.google.com/spreadsheets/d/1DgLgvlSoReYnBMdPP_jMXoId-
BfgEFrFhgTiB3LxjK8/edit?usp=sharing 
  

https://docs.google.com/spreadsheets/d/1DgLgvlSoReYnBMdPP_jMXoId-BfgEFrFhgTiB3LxjK8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1DgLgvlSoReYnBMdPP_jMXoId-BfgEFrFhgTiB3LxjK8/edit?usp=sharing
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