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ABSTRACT 

 

As threats to natural resources multiply, the need for effective science-policy interfaces (SPIs) that 

account for the incorporation of ecological and social issues into decision-making is increasing. A 

feasible solution to successfully accomplish fast and reliable environmental information is to make 

use of advanced technologies, such as sampling genetic material shed by organisms into the 

surrounding environment, also known as environmental DNA (eDNA). While there are many 

studies on the scientific and technical aspects of eDNA, not much attention has been paid to users’ 

and decision-makers’ perspectives on eDNA and their implication in aquatic environmental 

monitoring and assessment. Aiming to verify if the eDNA tool and data generated by its use could 

make its way into decision- and policy-making, I conducted semi-structured interviews with 

potential end-users and stakeholders, and reviewed some Acts and Regulations, in order to better 

understand how eDNA is perceived and accepted. Results were interpreted and discussed using 

the credibility, relevance and legitimacy (CRELE) framework, as the balance among those criteria 

is seen as key to effective SPIs. Analysis demonstrated that eDNA is already seen as a relevant 

tool in inventory-monitoring studies, especially for preliminary assessments and targeted 

monitoring, but it would be applied as an addition to current techniques and programs, instead of 

a replacement option. The main challenges for eDNA relate to its resolution, its validity and its 

users. Although current legislation presents more opportunities than challenges for eDNA 

incorporation, better reproducibility and repeatability are necessary for strengthening eDNA’s 

credibility and legitimacy. Hence, through a combination of social perceptions, regulatory 

information and ecological knowledge, this study enhanced scientists and decision -makers 

knowledge about the tool, facilitating the identification of relevant points to be addressed towards 

an improved SPI. 
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POSITIONALITY STATEMENT 

How we view and approach our research is linked to our life experiences, our values and 

our knowledge of the world (Pitard, 2017; Crouzat et al., 2018), even though this last one is 

“inevitably incomplete and situated” (Simandan, 2019, pg. 1). Regarding my values, the main 

examples I can see related to how I practice and see science are equity, integrity, justice, respect 

and responsibility. I once read that you cannot discuss sustainability without equity and justice. I 

believe a balance between those values is crucial. When considering my positionality, I feel like 

my strongest social characteristic that plays a role is my education. Throughout these 15 years in 

which I have been involved with the academic world, I have found my passion in aquatic 

environments, especially in the ichthyology realm, navigating from freshwater environments as an 

undergrad to marine ecosystems during a PhD. During all that time I have mainly been involved 

in quantitative research, but it felt good to be brought to different ‘waters’ (qualitative) by this 

current project. Aware of my standpoint and accounting for reflexivity, interview questions were 

formulated to have as little bias as possible and were designed to get the most of a participant’s 

insight on the topic in a viable timeframe. Even though English is not my mother language, this 

didn’t seem to affect the interview process and didn’t result in inaccurate reporting.  

In sum, I find myself most comfortably following a post-positivist paradigm, which holds 

that reality can be known only probabilistically, meaning that no single method or perspective can 

provide the answer, nor capture an external reality in its totality (McGregor & Murnane, 2010; 

Ponterotto, 2005). This paradigm has value for knowledge creation and evidence-based policy 

development, an essential starting point for interdisciplinary work (Phoenix et al., 2013; Ryan, 

2006) - just like this research.
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CHAPTER 1 

INTRODUCTION 

“Current rates of extinction, habitat degradation and emerging challenges show that 

freshwater ecosystems already face pressures larger than any other ecosystem, and threats will 

intensify in future as the exploitation of freshwater resources grows to meet human demand.” 

(Reid et al., 2019, pg. 864) 

Freshwater ecosystems are regarded as precious natural resources for their biodiversity and 

services provided, but that has not prevented them from suffering increased species extinction and 

high environmental degradation (Arthington, Dulvy, Gladstone & Winfield, 2016; Reid et al., 

2019; Thackeray & Hampton, 2020). Building upon a highly cited review article on the subject 

(Dudgeon et al., 2006), Reid et al. (2019) classify the global pressures on freshwater ecosystems 

as persistent and emergent. Overexploitation, water pollution and habitat degradation fall into the 

persistent category, while some examples of newly emergent pressures include e -commerce and 

invasions, harmful algal blooms, freshwater salinization, cumulative stressors and, of course, 

climate change (Reid et al., 2019). As threats to natural resources multiply, the need for effective 

science-policy interfaces that account for the incorporation of ecological and social issues into 

decision-making is increasing, along with a strong claim from practitioners for not only more 

reliable knowledge, but importantly, decision relevant and actionable information (Görg et al., 

2016; Greig & Duinker, 2011; Treweek, 1995). In addition, because climate change can impact 

and amplify some of the previous mentioned pressures and threats (Arthington et al., 2016; Poesch, 

Chavarie, Chu, Pandit & Tonn, 2016; Reid et al., 2019) an “improved interjurisdictional 

integration” is suggested for successful management of freshwater ecosystems (Poesch et al., 2016, 

pg. 385). For example, Canadian Prairies areas, such as in Alberta and Saskatchewan, are 

particularly prone to droughts and reduced volumes of snow, while eastern Canadian freshwater 

ecosystems may experience changes in water temperature and a mismatch of phenology and life 

cycle, resulting in habitat loss for some species and increased availability for others (Poesch et al., 

2016; Schindler, 2001; Singh, Pirani & Najafi, 2020). 

Environmental policy demands a constant stream of information that enables it to perform 

effectively, so that any negative changes stemming from development are addressed sufficiently 

early and remedial and/or corrective measures may be applied to protect aquatic ecosystems and 
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the services they provide (Evans & Lamberti, 2018; Kelly, Port, Yamahara, Martone et al., 2014). 

Crucial to policy, environmental monitoring and assessments can provide the knowledge needed 

by different stakeholders at different levels of governance (Nichols et a l., 2017). Environmental 

monitoring and assessments are distinct from each other, with environmental monitoring usually 

considering the “wellbeing of the whole system as its starting point”, and environmental assess-

ment focusing “on the effects and consequences of specific human undertakings” (Fleskens, 2017, 

pg. 1). Yet these processes exist in tandem, with activities sometimes linked or complementary 

(Kilgour, Dubé, Hedley, Portt & Munkittrick, 2007). Common challenges of environmental as-

sessments and monitoring, that can reduce their efficacy in informing policy, are overlooking their 

multi-disciplinary nature (Arciszewski et al., 2017); mismatches among approaches and criteria, 

suggesting insufficient communication between actors (Bonada, Prat, Resh & Statzner, 2006); and 

the slow implementation of more diagnostic frameworks (Baird & Hajibabaei, 2012).  

In order to respond to different information needs at different stages of decision -making 

and, at the same time, overcome current environmental monitoring and assessment challenges, 

stakeholders have been looking into emergent technologies, such as molecular techniques and 

methods (Fleskens, 2017; Nichols et al., 2017). Compared to traditional sampling methods (e.g., 

seining, bottle traps, core sampling), molecular methods, specifically DNA-based ones, offer sev-

eral potential benefits to attend to the demands for timely information to support policy and man-

agement decisions, such as increased sensitivity, speed of processing, and reduced costs (Hering 

et al., 2018). One example of a DNA-based tool is environmental DNA (eDNA), a non-invasive 

procedure that involves collecting genetic material from the environment, such as in samples of 

water instead of from the organism itself, and then analyzing the samples to infer taxonomic com-

position and distribution in that environment. Already identified as having remarkable potential in 

conservation of inland waters in Canada (Pérez-Jvostov et al., 2019), eDNA opportunities extend 

beyond biological knowledge. For example, it has been demonstrated that eDNA can help in the 

control of zoonoses by providing different insights into the eco-epidemiology of Leptospira in 

irrigation water (Gamage, Sato, Kimura, Yamashiro & Toma, 2020); it can offer an indication of 

groundwater connectivity and areas at risk of contamination (Oberprieler et al., 2021); and it can 

reveal potentially harmful algae, associated with environmental, health and economic challenges, 

outside of bloom events and expected ranges (Jacobs-Palmer, Gallego, Cribari, Keller & Kelly, 

2021). 
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There is a growing consensus that to solve current and future environmental problems we 

need to pay at least as much attention to social aspects, such as decision-making and stakeholders, 

as we do to natural science (Perrings, Duraiappah, Larigauderie & Mooney, 2011; Shackleton, 

Larson, Novoa, Richardson & Kull, 2019). A recurring question that afflicts scientists from many 

areas is “how can we effectively integrate social, economic and biological knowledge into effec-

tive decision- and policy-making” (Barclay et al., 2017, pg. 426). Something else to be considered 

is how to apply the large amounts of detailed genetic and genomic information into monitoring 

programs in a way that is useful for regulatory assessment, impact management, and decision-

making (Pawlowski et al., 2018; Schenekar, Schletterer, Lecaudey & Weiss, 2020; Thackeray & 

Hampton, 2020). In recent years, Canada’s government has directed increasing efforts to o vercome 

the disconnection between science information and policy analysis, including the establishment of 

a federal chief science advisor and the review of several federal Acts and Regulations. After some 

criticism that previous changes to federal legislation, such as the Fisheries Act and Canadian En-

vironmental Assessment Act 2012, lacked scientific engagement and were even responsible for 

making environmental regulation weaker (Hutchings & Post, 2013; Roach & Walker, 2017), re-

vised federal legislation and new commitments to science-policy integration, such as through sci-

ence-based departments and agencies open data directives (Roche et al., 2020),  present a policy 

window and perhaps an opportunity for the incorporation of new and improved scientific infor-

mation in policy and regulatory decisions (Rose et al., 2017). 

Hence, the purpose of this study was to identify the key barriers and opportunities for im-

plementation of eDNA approaches in aquatic assessment, policy and management in Canada. To 

do so, this research engaged a range of stakeholders to explore their understanding of and their 

perceptions about eDNA, supplemented by a review of key aquatic environmental legislations. 

While its scope is limited to Canadian inland water ecosystems, related legislation and stakehold-

ers, the research design can be replicated to include other environments and regions. The intended 

audience of this study includes end-users with a direct and indirect interest in monitoring and as-

sessment of inland aquatic environments. The research question guiding this study is: how can the 

new environmental DNA (eDNA) methodology be incorporated into existing policies and man-

agement frameworks? Addressing this question also requires consideration of what type(s) of in-

formation is needed by regulators and other decision-makers in management of aquatic systems to 
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support decisions; and whether eDNA is accepted by end-users. Aiming to suggest improvements 

in policy and management, the specific research objectives were to: 

A. Build an understanding of the eDNA tool from a social science perspective, by examining 

end-user monitoring and decision support needs; and 

B. Identify opportunities and challenges for effective incorporation of eDNA in existing 

monitoring and assessment programs.  
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CHAPTER 2 

LITERATURE REVIEW 

“... efforts to mobilize S&T [science and technology] for sustainability are more likely to 

be effective when they manage boundaries between knowledge and action in ways that 

simultaneously enhance the salience, credibility, and legitimacy of the information they 

produce.” (Cash et al., 2003, pg. 8086) 

 A common view among the conservation science community is the existence of a gap 

between knowledge generation and knowledge use (Choi et al., 2005; Gavine et al., 2018; Lawton 

& Rudd, 2014). A frequent complaint among decision-makers relates to the inability of scientists 

to match policy needs and translate research into feasible solutions (Gluckman, 2016; Sepulveda, 

Nelson, Jerde & Luikart, 2020). On the other hand, many scientists become frustrated with the 

policy-making process as participating in it has little academic value, requires their time and 

energy, and their results are often disregarded or not fully utilized (Engels, 2005). In addition to 

having different goals and different perceptions of time (Gavine et al., 2018), other issues leading 

to this discrepancy in opinions relate to the way both groups understand evidence, to whom they 

are accountable, and how the problems are ultimately structured (Choi et al., 2005; Engels, 2005; 

Fernández, 2016; Lawton & Rudd, 2014).  

 Furthermore, environmental problems do not respect political boundaries and, in many 

cases, may need similar evaluations and approaches conducted between different jurisdictions, 

leading to complex, challenging and sometimes suboptimal management (Lodge et al., 2016). In 

Canada, this situation can be aggravated due to the constitutional division of powers (Campbell & 

Thomas, 2002). For example, when looking into regulations for invasive alien species, Smith, 

Bazely and Yan (2014) concluded that the federal-provincial framework is disconnected and 

uncoordinated, resulting in ineffective legislation to deal with the issue.  

Recognizing the importance of better linking the areas of science and policy, this literature 

review explores the science-policy interface and some quality criteria associated with it. This 

review section also focuses on eDNA, a new tool with the potential to complement traditional 

sampling methods and a viable option for supplementing monitoring and conservation programs 
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(Evans & Lamberti, 2018), possibly resulting in a more efficient and strategic use of resources and 

efforts. 

2.1 Defining terminology 

Recognizing the importance of defining terms to provide clarity and enable more effective 

communication, I deemed it necessary to start this section by explaining key terms found 

throughout this work, namely policy, legislation and regulation. While proper definitions are hard 

to come across, the descriptions provided here reflect my view on the terms after careful literature 

review. 

As stated by Ball (1993), “the meaning of policy is taken for granted” (p. 10), with the term 

being used in different ways, to describe different things. The author explains that policy can be 

seen as things, processes, and outcomes, but also recognizes his limitations in providing a clear 

definition (Ball, 1993). Some other explanations revolve around policy being also “perceived as a 

pluralist, consensual process mediated by the state” (Blackmore & Lauder, 2005, p. 97), including 

several different dimensions (Torjman, 2005) and being subjectively defined, “involv[ing] 

behaviour as well as intentions, and inaction as well as action” (Hill & Hupe, 2002, p. 4). Due to 

its complexity, insights from several areas are used when theorizing about policy, such as 

sociology, psychology, law, and economics (John, 2012). In addition, policy is also used as a 

synonym for public policy, which “can be generally defined as a system of laws, regulatory 

measures, courses of action, and funding priorities concerning a given topic promulgated by a 

governmental entity or its representatives” (Dean G. Kilpatrick, electronic resource).  

Just like with policy, legislation and regulation are hard to distinguish, with definitions 

connected to possible perspectives, such as having different sources or one being a subset of the 

other (Kosti, Levi-Faur & Mor, 2019). The perspective often employed by researchers, and with 

which I concur, is a distinction between legislation and regulation. Hence, “while legislation sets 

out the principles of public policy, regulation implements these principles, bringing legislation into 

effect” (Kosti et al., 2019, p. 171). 
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For this particular study, it helps to think about policy, legislation and regulations not as 

one versus the other, but as multiple levels in policy-making following a logical sequence (Brown, 

2003).  

“While government always retains the ultimate responsibility for the formulation of policy, 

it is best to delegate nuanced policy decisions, micro policy, to regulators. Doing so makes 

for less politicization, more predictability, more transparency, and more informed decision-

making.” (Brown, 2003, p. 1) 

2.2 Science-policy interface 

 Science-policy interfaces (SPIs) are defined as social flexible processes denoting a variety 

of ways in which knowledge can be used to enrich decision-making (van den Hove, 2007). For 

example, the literature presents five ways through which knowledge may impact policy decisions, 

such as by co-producing information, shaping minds, building support, generating action and 

producing improved outcomes (McKenzie et al., 2014; Posner, Getz & Ricketts, 2 016). This 

knowledge may also be used at different stages of policy planning and through different modes, 

such as instrumentally to make specific decisions, conceptually to expand knowledge and raise 

awareness, and strategically to support and promote policy options or justify previous beliefs 

(McKenzie et al., 2014; Posner et al., 2016). Knowledge may also interact with the decision-

making process through different links, with these links differing mainly by the level of interaction 

exhibited between the areas of science and policy. When the source of knowledge and policy do 

not exert direct influence on each other, co-existing but still being independent of each other, it is 

said to be a static link (Giebels, van Buuren & Edelenbos, 2015). An interactive link, like the name 

suggests, is characterized by a connection between science and policy, but when the interaction 

occurs through a long process and there is co-production of knowledge it is said to be an adaptive 

link (Giebels et al., 2015).  

 A common mistake among environmental scientists is to ignore the complexity of the SPIs 

and focus on a linear approach, as if it was up only to them to feed policy demands, acting as 

information suppliers (Boswell & Smith, 2017; Crouzat et al., 2018; Fernández, 2016). An 

important point often overlooked by researchers is that scientific knowledge is not always the 

limiting factor in politics and that sometimes different types of knowledge are needed by policy-
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and decision-makers (Fernández, 2016; Giebels et al., 2015; van den Hove, 2007). As stated by 

Lawton & Rudd (2014, pg. 855), “the reality, as seen from the ‘other side’ of the science-policy 

gap, is that evidence is one of a set of equally important inputs into societal decisions”. A study 

engaging Canadian scientists and policy-makers identified that, according to the respondents, the 

top three current strategies to bridge the gap in SPIs are: 1) science-policy forums, 2) focus on 

policy, and 3) conferences (Choi et al., 2016). When asked about ideal strategies, the main ones 

were: 1) focus of policy, 2) policy briefs, and 3) science-policy forums. Some activities that rank 

high as current strategies, such as conferences (#3) and journal publications (#4), are not seen as 

ideal strategies (#12 and #14, respectively). The study also indicates space for more collaboration 

in study designs (#4) and in analysis (#5), as compared to the current situation (#9 and #12).  

2.2.1 CRELE attributes 

It has been widely suggested that the key for knowledge to be useful and usable, resulting 

in effective SPIs, is to balance three quality criteria: credibility, relevance (or salience) and 

legitimacy – referred to collectively as CRELE (Cash et al., 2002; van Voorn, Verburg, Kunseler, 

Vader & Janssen, 2016). Different definitions of these quality criteria are available in the literature, 

with different combinations of them resulting in three different “modes of scientific authority” that 

can be applied in sustainable development governance: assessment-oriented, advice-oriented and 

solution-oriented (van der Hel & Biermann, 2017, pg. 217). These are not mutually exclusive and 

the same researcher or institution, for example the Scientific and Technological Community Major 

Group, may combine different aspects of the modes of authority, seeking credibility, relevance 

and legitimacy through multiple strategies (van der Hel & Biermann, 2017). In this study, I better 

identify with the advice-oriented mode, where credibility is about the perception and trust of the 

knowledge and technical credentials by involved actors; relevance or salience refers to knowledge 

that is timely, appropriate and informative about societal needs and problems; and legitimacy 

relates to the fairness of the process through formal recognition, with it being transparent and 

considering multiple perspectives (Cash et al., 2002; van der Hel & Biermann, 2017).  

Even though the application of CRELE attributes may enhance the acceptan ce of 

environmental assessments in policy, it also presents challenges. A key one is that while CRELE 

attempts a prescriptive application, it has been mostly used as an evaluative and descriptive tool, 
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with little discussion of how to actually apply the criteria to direct the SPI (Tangney, 2017). Other 

important challenges are that the pursuit of one criterion may counteract another, that different 

users may have conflicting views or perceptions about what constitutes relevant, legitimate or 

credible research and information, and that perception is also subject to change with time (Cash et 

al., 2002; Cook, Mascia, Schwartz, Possingham & Fuller, 2013; van Voorn et al., 2016). For 

example, in a study related to soil carbon science and involving multiple stakeholders, the authors 

recognized the CRELE attributes as emerging pillars structuring the study (Ingram et al., 2016). 

Once made aware about the difference in time perception related to crop production, strategic 

decision-making and soil carbon management, the authors were able to provide guidelines 

considering both short and long-term impacts, hence increasing the relevance of the project. 

However, it was also stated that the iterative methodology, responsible for increasing legitimacy, 

brought negative effects on the relevance and credibility criteria, since with a wide range of 

stakeholders also came different interests, which may make some information irrelevant to part of 

the audience (Ingram et al., 2016).  

2.3 Environmental DNA 

 The international interest in SPIs and current demands to respond to different information 

needs at different levels and times of decision-making challenges governments worldwide, calling 

for new approaches and new tools to gather and consider evidence that fits the above- mentioned 

criteria (credibility, relevance and legitimacy). Genetic analysis has long been useful in biological 

studies and legal investigations, but the potential to access policy -relevant ecosystem level 

information from a glass of water is relatively new (Kelly, Port, Yamahara, Martone et al., 2014). 

Environmental DNA refers to the DNA obtained from environmental samples such as sediments, 

ice, water and even air. The first reference to eDNA dates back to 1987 and concerns a method for 

extracting microbial DNA from sediments (Ogram, Sayler & Barkay, 1987), but it was not until 

the early 2000s that a clear interest emerged (Evans & Lamberti, 2018; Jiang & Yang, 2017). Jiang 

and Yang (2017), reviewing papers from 1992 to 2016, demonstrated that publications related to 

eDNA are widely distributed in many source journals, covering various subject categories and 

published by authors around the world. Papers and citations have increased steadily with time and 

eDNA has emerged as a high-resolution tool with potential application for conservation biology, 

understanding of ecosystems and policy-making decisions (Bohmann et al., 2014). To date, eDNA 
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analysis in aquatic science has focused primarily on proof-of-concept, followed by application of 

the tool to the detection and monitoring of invasive and at-risk species, but its capability to improve 

assessments of rare species, estimate biodiversity and assist in routine sampling have also been 

highlighted (Evans & Lamberti, 2018; Jiang & Yang, 2017; Kelly, Port, Yamahara & Crowder, 

2014). 

The application of eDNA in monitoring and assessments studies consists of field, laboratory 

and bioinformatics work. While studies with more detailed information on each dimension can be 

widely found in published literature (Deiner et al., 2017; Goldberg et al., 2016; Ruppert, Kline & 

Rahman, 2019; Tsuji, Takahara, Doi, Shibata & Yamanaka, 2019), as a brief overview, the field 

part typically comprises obtaining a sample, collecting the material on a filter and immediately 

preserving it to avoid degradation. The most common steps in the laboratory are processing 

procedures, such as eDNA concentration, extraction, amplification and detection. The 

bioinformatics work is done along the way, such as in primer design and transforming sequencing 

reads into measures to be used in biodiversity analyses. The difference in the method used for 

DNA amplification and reading is responsible for dividing eDNA detection into two main types: 

species-specific (sometimes referred as qPCR – the name of the most efficient tool used for 

detection) and metabarcoding (via high-throughput sequencing – HTS) (Deiner et al., 2017; 

Goldberg et al., 2016). While the former has higher sensitivity and, for that, has been more widely 

used, being better suited for targeted species; the latter is more appropriate for monitoring the 

biota, as it gives a broader taxonomic scope (Tsuji et al., 2019). While it is important to understand 

each step and what can impact the results, in the end, workflows will be determined primarily by 

the study questions, and then by a combination of available funding and equipment, as well as by 

personal choice and expertise (Ruppert et al., 2019).  

Regardless of the preferences within the workflow, eDNA monitoring has many potential 

advantages over conventional methods: increased sensitivity, more rapid results, reduced cost and 

reduced need for taxonomic expertise. DNA based detection outperforms other traditional capture 

based biological survey methods in terms of number of species detected and does so with 

noninvasive sampling (Darling, 2015; Evans & Lamberti, 2018; Kelly, Port, Yamahara, Martone 

et al., 2014). If fish are used as examples, sometimes species may have been unrecorded due to 

difficulty in sampling their habitat or their active avoidance of conventional sampling methods. 
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Also, different habitats and species habits demand different types of sampling gear, resulting in a 

non-standardized set of data, which can impair comparisons. On top of data, depending on the 

species and habitat, physically capturing animals may be difficult, expensive, or simply not 

acceptable in case of endangered or rare species, as it may pose a risk for an already small 

population (Pimm et al., 2015). Environmental DNA methodology has the potential to create a 

worldwide standard database and without jeopardizing conservation efforts, by applying the same 

protocol to assess species in a non-invasive manner in very different types of habitats, maybe even 

making use of other new developed technologies, such as employing unmanned aerial vehicles for 

collecting water samples (Doi et al., 2017).  

However, a degree of caution is required due to possible biases in detection. Just like any 

other methodologies, projects using eDNA will need to carefully adapt study designs (i.e., choose 

appropriate sample analysis methods, prevent contamination, test and validate samples), 

standardize data storage and analysis, critically consider influences of temporal and spatial 

processes, and assess influences of abundance and uncertainty on positive and negative results 

(Goldberg et al., 2016; Yoccoz, 2012). Scientists are just beginning to determine how 

environmental conditions influence DNA persistence times and transport distances, as well as how 

methodological choices of sample volume, storage, or laboratory processing can influence eDNA 

detection and quantification (Souza, Godwin, Renshaw & Larson, 2016). Sequencing depth, 

differential DNA shedding rates and/or preferential amplification of species may be important 

considerations when interpreting community composition with eDNA (Kelly, Port, Yamahara & 

Crowder, 2014). A successful application of eDNA in field surveys strongly depends also on site-

specific conditions and temporal selection, as a combination of single environmental factors may 

cause both false positives and false negatives (Stoeckle et al., 2017). For example, the transport of 

eDNA by water over long distances may create a false positive result due to the uncertainty about 

its actual origin (Clusa, Miralles, Basanta, Escot & García-Vázquez, 2017; Evans & Lamberti, 

2018). False negatives may derive from the life cycle of the target species, since many species 

vary their activity depending on season, or from low concentration if the detection limit is not 

sufficiently low (Clusa et al., 2017; Souza et al., 2016; Stoeckle et al., 2017). Last, but not least, 

the implementation of large-scale eDNA-based ecological studies is dependent on the availability 

of a completed reference library, significant computational capacity, highly advanced facilities, 

credible laboratories, and well-trained personnel.  
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In an illustrative experiment, a tank mesocosm was sampled at the Monterey Bay 

Aquarium to check if eDNA would indeed be a viable tool to indicate composition of the tank 

community that included green sea turtles, sandbar and hammerhead sharks, one species of  pelagic 

stingray and eight bony fish species from the Pacific Ocean (Kelly, Port, Yamahara & Crowder, 

2014). From the nine taxonomic families accounted for, eDNA was able to identify four of them, 

some even at the genera level, all pertaining to bony fishes. They also obtained positive results 

from species that were not present in the tank, due to different inputs of eDNA sources, such as an 

intake seawater pipe and feed sources. When knowing what to look for, for example the turtle 

species, the authors made use of a different molecular marker and obtained a positive presence 

match. Because the authors knew the exact composition and species abundance of the tank, they 

were able to say that the rank abundance of modeled eDNA generation matched the rank 

abundance of biomass, but could not establish a model or identify if it is a consequence of 

mass/surface area, number of individuals or species metabolic rates. Other core challenges that 

must be overcome before informative relative abundance data can be genera ted through eDNA 

analysis are related to eDNA persistence in a broad range of habitats and climates, and how 

environmental factors may affect eDNA concentrations (Bohmann et al., 2014). It has been shown 

that temperature does influence eDNA concentrations (Buxton, Groombridge, Zakaria, & 

Griffiths, 2017; Tsuji, Ushio, Sakurai, Minamoto & Yamanaka, 2017) but, because this can also 

be affected by relative abundance and maybe even other factors not accounted for, more 

experimental studies need to be done to determine the importance of each variable. 

2.3.1 eDNA and science-policy interface 

A real-life example of eDNA applicability to monitoring and decision-making is the 

surveillance for the invasive Asian carp in the U.S. Midwest region, around the Chicago area  and 

the Great Lakes. In an overview of the project, Darling and Mahon (2011) highlight the value of 

eDNA when assessing for low abundance/difficult to capture species (e.g. invasive ones) and 

mention that eDNA results were even responsible for triggering management actions, such as 

intensive monitoring and plans to correct blockage bypasses. The authors also comment on the 

paradox of the tool: while eDNA grew in recognition due to its increased sensitivity over 

traditional methods, its results are still expected to be validated by these same limited methods. 

This is not uncommon, as new tools typically go through stages of acceptance and even ‘macrobial’ 



 

13 

scientists have been resistant to accept eDNA results (Kelly, 2016). Perhaps in an attempt to put 

things in perspective, other authors have even compared eDNA technology as to being ‘sight-

unseen’ (Jerde, Mahon, Chadderton & Lodge, 2011) or as to ‘tracking ghosts’ (Wilson et al., 2014). 

However, the lack of (expected) visual data confirmation leads to dissatisfaction and intense 

scrutiny by some stakeholders, and eventually the discussion around the use of eDNA for 

monitoring of invasive species can become more political than scientific (Darling & Mahon, 2011).  

Given the already demonstrated utility of eDNA identification of invasive species by 

providing early detections and allowing faster conservation responses, Thomas, Hanner & 

Borisenko (2016) make a strong case in favor of the incorporation of this tool into Canadian 

legislation dealing with invasive aquatic species. If eDNA assessments and monitoring were 

officially recognized by the government, it would not only represent a major commitment to 

Canada’s obligations for strategic planning for biodiversity, but also require the creation of a 

database, promote inter-agency communication, represent a large saving of analytical costs, and 

allow for data standardization (Thomas et al., 2016); this last factor being extremely critical in the 

role of environmental assessments to make better predictions (Roach & Walker, 2017). Even so, 

the idea of incorporating eDNA into regulatory policy has received little attention. The reasons 

may be related to some of the already identified hurdles that likely prevent genetic information 

from effectively informing decision-making, such as unfamiliarity with the tool, procedures and 

results, and insufficient engagement of potential end-users (Darling, 2015). 

Studies involving relevant stakeholders and that balance quality criteria (CRELE) are 

more likely to influence SPIs (Cash et al., 2003; van Voorn et al., 2016). According to a review 

article on stakeholders and invasive species, social science studies have increased robustness due 

to better information context, such as by integrating local knowledge with scientific knowledge 

and providing insights beyond numerical data (Shackleton, Adriaens et al., 2019). The same 

research also demonstrated that the main reasons for studies to engage with stakeholders are to 

“assess their knowledge and perception on the topic (67%)”, as well as “to inform policy and 

management planning (41%)”; while the main outcomes and benefits are to “build scientific 

knowledge and evidence (43%)” and obtain “information for policy and management 

development and implementation (14%)” (Shackleton, Adriaens et al., 2019, pg. 93). Even 

though stakeholders from different areas such as in science, policy or society may not share the 
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same perceptions on some topics, assessing and protecting biodiversity is almost universal and 

automatic. The grounds behind it can be of ecological, economic and/or social origin, such as 

moral, cultural and religious importance, and the values attributed to species are mostly 

translated through ecosystem services and the benefits obtained (Bennett et al., 2015; Sagoff, 

1996). While the importance of assessing knowledge and perceptions in policy development and 

environmental governance is well known (Carlson & Cohen, 2018; Moon, Blackmand, Brewer & 

Sarre, 2017; Reed, 2008; Shackleton, Richardson et al., 2019), with early stakeholder 

engagement influencing the use of new sampling tools (e.g., molecular ones) (Darling, 2015, 

2019; Moon et al., 2017; Shackleton, Adriaens et al., 2019), I was unaware of studies considering 

those regarding eDNA and with a focus on Canadian inland aquatic environments. 
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CHAPTER 3 

METHODS 

 

“Drawing on social-science theory and methods to increase scientific understanding (...) 

can contribute to improved policy and management decisions.”  

(Bruskotter, Toman, Enzler & Schmidt, 2010, pg. 947) 

With the intention of answering the proposed research question and achieving objectives, 

I sought the perspectives of potential end-users towards eDNA through semi-structured interviews. 

An outline of the study and relevant materials, such as information forms, consent forms and an 

interview guide were submitted to the University of Saskatchewan Research Ethics Board and 

received an “exempt status as per Article 2.1 of the Tri-Council Policy Statement (TCPS): Ethical 

Conduct for Research Involving Humans, December 2014” (#BehID182). 

Purposive random sampling was used to consider and select potential interviewees. In cases 

where selected interviewees suggested other candidates, snowball sampling was also used. Both 

sampling techniques are widely employed in qualitative studies, but while the former is normally 

used to “identify and expand the range of variation or differences”, the latter is a way of “narrowing 

the range of variation and focusing on similarities” (Palinkas et al., 2015, pg. 534). Hence, the 

rationale for choosing these sampling methods was to add trustworthiness, while attempting to 

obtain information-rich cases (Palinkas et al., 2015).  

As I anticipated different inputs from participants with diverse professional backgrounds, 

interviewees were grouped into five categories according to their occupations: 1) academia, 

consisting of those employed primarily in academic environments; 2) community, for those 

involved in community-based and/or non-governmental organizations; 3) government, comprised 

of provincial and federal government employees, including those working for regulatory agencies; 

4) law, for those practicing law and/or with legal expertise; and 5) private, being those working in 

the private (for-profit) sector. The rationale for selecting those categories was to establish a diverse 

pool of potential direct and indirect end-users of the eDNA tool in the science-policy domain, 

ensuring groups with important or distinctive perspectives were represented (Robinson, 2014). The 

only mandatory common characteristic among all groups was that participants should have at least 
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heard about eDNA, as otherwise interviews would be ineffective. When gathering data, no 

distinction was made between different eDNA types [e.g. species-specific (qPCR) or multi-species 

(metabarcoding)], as the focus of the study was to obtain the general perceptions of end-users in 

relation to the tool.  

Because I was focusing on obtaining knowledge about eDNA use related primarily to 

freshwater aquatic habitats and at the same time was questioning if geo-political boundaries could 

have any influence, participants were selected from different Canadian geographic regions, namely 

the provinces of Alberta (AB), Saskatchewan (SK) and Ontario (ON). Alberta and Saskatchewan 

are neighboring provinces and home to the transboundary Saskatchewan River basin. The basin is 

an area subjected to multiple land use and development pressures (e.g. urban dev elopment, 

agriculture, intensive livestock, heavy industry, hydro power) (Ball, Noble & Dubé, 2013; Strickert 

et al., 2016), and under much scrutiny for water security because of competing water users 

(Wheater & Gober, 2013). The province of Ontario shares with the United States the control of the 

Great Lakes, one of the world’s largest freshwater systems and a region of immense social, 

economic and ecological value to the province, but also an aquatic system that is affected by many 

cumulative stressors, such as habitat loss/destruction, nutrient run-off from land, overexploitation 

and invasive species (Allan et al., 2013; Boston, Randall, Hoyle, Mossman & Bowlby, 2016). As 

I started compiling a list of possible participants from these provinces and conside ring which 

perspectives were necessary, some participants did not align with provincial jurisdictions because 

of the pan-Canadian focus of their work, and so a fourth category was created - nationwide (Nat.). 

Participants were first contacted by electronic mail and/or by phone. The interview guide 

was designed to encompass themes related to both ecological assessment and governance 

(Appendix A). The majority of the interviews was done by audio-only phone calls, recorded, and 

transcribed with the help of an online automated transcription service. Interview responses 

received in writing were added to those previously transcribed. Transcriptions were later coded 

and analyzed using the software NVivo v12.5.0. Analyses were mainly question -oriented, but 

common themes emerging throughout the interviews were also considered. One question in the 

interview guide (#4) involved assigning quantitative scores that ranked eDNA on a scale from 0 

to 10 based on several characteristics (accuracy, applicability, bias, detail, legitimacy and 

sensitivity). These results were examined through jitter graphs plotted using the free software 
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PAST v3, with values close to zero being worse than those close to ten. The results for ‘bias (x)’ 

were converted to y (x+y=10) to be comparable to the other characteristics being ranked and were 

henceforth referred to as ‘unbiased’. 

From August 2018 to April 2019, 64 participants were contacted, resulting in 40 coded 

interview reports (Table I and Appendix B). The number of codes in each question do not total the 

number of participants, since participants were free to provide more than one answer at each time 

or abstain from commenting. The final number of interviewees was determined by achieving 

saturation. One of the first signs of reaching saturation was that recommendations for new potential 

interviewees were overlapping with the list of participants already considered or interviewed 

(Bleich & Pekkanen, 2013). A second sign was based on the researcher’s impressions of data 

saturation (Saunders et al., 2018), when the interviewer noted that most of the information learned 

in the latest interviews evoked similarities to previous conversations and acquired data. At this 

point, I was confident that the study had reached or closely approximated a satisfactory ‘conceptual 

depth’ (Saunders et al., 2018). 

Table I: Number of analyzed transcribed interviews by occupation and geographic categories. 
 

Geo categories/ 
Alberta Saskatchewan Ontario Nationwide total 

Occupation 

Academia 2 1 1  4 

Community 4 2 2 3 11 

Government 3 4 2 4 13 

Law 1 1  2 4 

Private 2 2 2 2 8 

Total 12 10 7 11 40 

 Secondary information to support the interview data was also obtained through an 

unstructured review of existing federal and provincial Acts and Regulations in Canada, with a 

focus on Alberta, Ontario and Saskatchewan (i.e. inland waters). I accessed consolidated Acts and 

Regulations on the Justice Laws Website (https://laws.justice.gc.ca/eng/) during the years of 2018 

and 2019. Alberta environmental legislation was obtained through Alberta Queen’s Printer Laws 

https://laws.justice.gc.ca/eng/
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Online/Catalogue (https://www.qp.alberta.ca/Laws_Online.cfm) during the same period. The 

selected documents (Table II) were examined to verify potential applications for eDNA-based 

methods in their context, an approach akin to Kelly, Port, Yamahara, Martone et al. (2014), who 

identified some contributions of environmental genetic tools to legal or policy goals in the United 

States and European Union, after reviewing selected statutes and directives. 

3.1 – Study limitations 

In the hope of increasing validity and reliability, I would like to recognize some known 

and considered weaknesses of this study. The first issue relates to the selection of participants. I 

believe I was successful in avoiding getting impressions only from people already working in the 

area and/or trying to develop eDNA as a research method, which would presumably be biased in 

favour of the tool. However, it is known that snowball sampling tends to select people with similar 

characteristics (Palinkas et al., 2015), which could lead to similar points of view. Hence, note that 

I did not snowball potential participants from those few interviewees who had negative perceptions 

towards eDNA, as all our snowballed interviewees were recommended only by those participants 

who showed neutral or positive attitudes. Secondly, even though having knowledge about eDNA 

was an essential pre-requisite for a candidate to be considered, I made the choice to still include in 

the analysis the transcription of the interview with one participant (P20) who claimed to have never 

heard about eDNA until our first contact. I see it as justifiable since the participant in question still 

managed to provide powerful insights within the interview guide on how the theme could be 

approached/seen in their field of occupation.  

On the same note, I have decided to not include in the analysis one interview conducted in 

person with representatives from an Indigenous community in Saskatchewan (P15). I show pro-

found respect for all I learned regarding their relationship with the water and aquatic environments 

but, unfortunately, I was not able to acquire insights related to the eDNA theme. With this, I 

acknowledge that when designing the study and the interview guide, I have failed to consider the 

effective participation of all groups of interest and, therefore, this study does not carry Indigenous 

perspectives on the theme. By recognizing that Indigenous peoples understand water as an alive 

and sacred being, acting as caretakers for aquatic environments (McGregor, 2012), and that the 

importance of traditional knowledge in watershed management is undeniable (Baldwin et al., 

https://www.qp.alberta.ca/Laws_Online.cfm
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2018), I recommend that future work should address how the applicability and findings of eDNA 

as a monitoring and assessment tool would fit, connect and translate into the Indigenous belief 

system. 
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CHAPTER 4 

RESULTS 

Before reporting on the eDNA interview theme itself, and to better understand the 

participants, I first asked the interviewees what they considered to be the main problems facing 

aquatic environmental studies in Canada. Popular topics such as climate change and water 

quality/quantity were only mentioned one and three times, respectively, and only by 

representatives from the Community and Private groups. Instead, for nearly half of interviewees 

(n=16), the biggest problems with monitoring and assessments were data related, ranging from 

data collection and establishing baselines to data access and management.  

I also asked participants about their familiarity with eDNA to better understand their 

subsequent interview responses (Appendix B). Only one participant (P20; Law – Nat.) said they 

had no knowledge of the tool at all, while the level of expertise of others was variable. Nine 

participants said they were aware of the tool but demonstrated some level of uncertainty in 

understanding. Fifteen participants said they were familiar with the topic, with a few even 

explaining that they gained familiarity by reading about eDNA, attending conferences or 

workshops where eDNA studies were featured, and/or using the tool directly. The highest number 

of participants indicating that they were familiar with eDNA were in Alberta and Saskatchewan, 

while if the distribution by occupation is looked at, those participants be longed mostly to the 

Community and Private groups. The number of participants who said they were knowledgeable 

about eDNA was the same of those who said they were familiar with the tool (n=15) but, in this 

case, they were mainly professionals from the Government group (n=8). From those participants 

who affirmatively responded to have a comprehensive understanding of the topic, nine declared to 

be using eDNA at the moment and one mentioned having used it before. 

The main interview results are presented in five sections. In the first section, I assess how 

interviewees perceive some of the technical characteristics of eDNA and investigate possible 

relations among the level of expertise from participants, their occupations and geographic 

categories. The second section connects uses of eDNA with possible users, followed by two 

sections identifying the main general opportunities and general challenges facing eDNA in 

freshwater aquatic studies, according to the participants. Lastly, I present the results of a line of 
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questioning that was more focused on a legal perspective and how eDNA may find its space in 

environmental governance.  

4.1 Quantitative scoring of eDNA characteristics 

Overall, interviewees scored eDNA as a very applicable tool for studies of aquatic 

environments (individual scores ≥ 7, except for one participant in AB and two in ON), with a high 

degree of sensitivity to detection (individual scores ≥ 7, except for one participant in ON and one 

in the Nat. group) (Fig. 1). The legitimacy of eDNA was scored slightly lower than applicability 

and sensitivity but individual scores were mostly located on the favourable side of the spectrum (n 

≥ 5, except for three participants). Impressions about eDNA for all other characteristics (accuracy, 

detail, and unbiased) were more divergent, indicating that the tool has room for improvement in 

these areas. For example, when looking into accuracy, scores provided by participants from the 

group Academia ranged from 5.5 to 8, while in the Community group they ranged from 1 to 10.  

Even though I provided a broad explanation for all characteristics, several interviewees 

emphasized that how these are assessed is very much tied to the objectives (i.e. what is being asked 

when eDNA is being used) and to the level of training of the user (human factor). Potential end-

users from the Nationwide category, who on average felt like they were more knowledgeable about 

eDNA overall, had a range of scores that was only slightly lower when compared with respondents 

from different provinces (e.g. the average values for applicability per geographic category were: 

Nat. = 8.56; SK = 8.28, AB = 8.13 and ON = 7.25) (Fig. 1). This led me to believe that background 

experience did not have a considerable influence on the answers. Participants from Ontario ranked 

eDNA with the lowest averages for all characteristics, while the highest ones were shared by the 

Alberta (accuracy, legitimacy and sensitivity) and Nationwide categories (applicability, detail and 

unbiased). I did not identify any substantial pattern and/or difference among groups by occupation.  
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Figure 1: Jitter scatter plot of eDNA characteristics as perceived by interviewees from different 

geographic categories. Participants were categorized by occupation (Diamond = Academia, 

Triangle = Community, Circle = Government, Cross = Law and Square = Private) and their 

knowledge about the tool (Golden = Aware; Green = Familiar with; Blue = Knowledgeable). 

Darker shades inside a knowledge category indicate a stronger experience with eDNA. 

4.2 Users and uses 

When asked if and how eDNA results would be valuable to different sectors of society, a 

similar spectrum of usefulness was identified for all groups, but with different degrees. For 

example, most interviewees (n=28) agreed that “scientists would be one of the user groups that 

would find that [eDNA] most valuable” (P04; Community – Saskatchewan), but still expressed 

that the tool could be limited or even not valuable at all. For example, one interviewee commented 
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that “…it depends on the questions these scientists are interested in” (P17; Community – AB), 

with another similarly explaining “going back to researchers, I guess it depends on what you're 

interested in” (P12; Government – SK). One participant in academia elaborated further, providing 

examples for ways in which they believed eDNA can be useful, but also ways where they do not 

see any value in its use.  

So, it's valuable for scientists in a bunch of different ways. For looking at species 

distributions. For being able to sample endangered species information. For providing 

distribution data. Maybe did I say that twice? For helping to look at invasive species 

(probably one of the big ones). For looking at escapes from aquaculture facilities to provide 

a rationale and stimulation for characterizing DNA of new species, rare species. You want 

ways that it's not valuable? So, in terms of the key areas of concern or main challenges that 

I defined in the environmental monitoring and assessment, eDNA doesn't help with absence 

of a framework; it doesn't help with transparency or linking of information; it doesn't help 

with database; it doesn't help with accessibility and it doesn't help, especially, with decision-

making. (P07; Academia – ON) 

Interviewees also seemed to agree that the value of eDNA to industry consultants would be similar 

to that for scientists. For example, a participant from academia commented that “industry 

consultants usually are scientists. I mean, it can be extremely valuable.” (P10; Academia – AB). 

On the other hand, although some interviewees recognized that eDNA could be potentially 

valuable for community members, especially to answer specific questions, here is where we saw 

the highest number of end-users affirming that the tool would not be very important or would 

require educational efforts in order to make it acceptable. For example, as expressed by 

interviewees across different occupation groups and geographic categories: 

• …I don't necessarily see a direct use by the community. (P13; Government – Nat.); 

• You could present the results to them [community]. But generally, in the way you'd have 

to present the results to them you oversimplify the matter and they lose any appreciation 

for what the assumptions are behind the technology. (P25; Private – Nat.); 
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• I think it would be valuable if accompanied with the right amount of education as to how 

it works and what it actually is. (P40; Private – AB); 

• I think for the information to be valuable it would have to be boiled down into more of 

like a fact sheet type information. (P11; Community – SK). 

There was no consensus on who should be leading the development and the application of 

eDNA. A few interviewees believed the government or the private sector should be the ones 

responsible, emphasizing whether the roles should be specifically related to the development, 

application or just support of the tool. However, most participants could be split into two groups: 

one that attributes solely to academia the responsibility of leading and developing eDNA (n=20), 

and another that believes this should be the result of collaboration among sectors (n=19). For 

example, amongst those who believe that academia should assume responsibility for leading and 

developing eDNA, participants expressed that “the academy … has to basically get the technique 

evolved to a point that it provides useful information and it has to articulate some potential uses 

for that, and then I think after that, the private sector and government can probably have a role in 

promoting its use”, emphasizing that “the first step is for the technique to get to a position that it 

can be used effectively to answer something practical questions” (P22; Government – ON). A 

participant from Alberta expressed a similar view, noting that “development of this methodology 

is coming in academia, but then the application of it is in government and regulatory environment” 

(P08; Government – AB). For those participants who suggested joint responsibility, some 

expressed it should be shared among all, “because if one group does it all on their own, it will not 

fulfill the needs of the other groups and vice versa” (P34; Government – Nat.), while others 

believed it should be aligned to each group’s capabilities, since “the private sector's got the money 

and the academic sector's got the expertise [and] really the role of government is more in the audit 

kind of capacity” (P35; Government – SK). 

The majority of potential end-users agreed that eDNA could be embraced and recommended 

by regulatory agencies, even if only hypothetically, but some highlighted the need for 

improvements and rigorous control. For example, a participant from the private sector emphasized 

that eDNA “definitely could be embraced, absolutely, and recommended” (P40; Private – AB) by 

regulatory agencies. Others were optimistic but expressed some caution in its uptake by regulators, 



 

25 

noting “there's obviously some issues to resolve in terms of accuracy or at least perception of 

accuracy, but yes, I would answer positively to this question” (P17; Community – AB). One 

Community participant from Ontario explained that it could  be useful for regulators but “they 

would need to have confidence in how we collect the information, how accurate it is and under 

what circumstances”, emphasizing that eDNA is a quick screening tool that “agencies would be 

interested in … once we worked out the kinks” (P28; Community – ON). Some disagreed with the 

way the question was formulated, as according to them “…it's unlikely that a government would 

push or endorse a specific methodology or test” (P20; Law – Nat.). One participant with better 

understanding of legal procedures explained that “in most cases, it's more likely that it arises either 

through standard of practice in some sector or be developed in university settings and then 

promoted for whatever attributes the developers are noticing it has, and then seeking acceptance 

within sectoral audiences, like water managers and others” (P20; Law – Nat.). Another participant 

confirmed that governments “never embrace anything”, but according to them what happens is 

that government employees just “typically have it rammed down our throats” (P35; Government 

– SK). Three interviewees felt like they could not opine on that question and four did  not agree 

with the use of eDNA in this regulatory context. 

4.3 General opportunities 

Throughout the study I was able to identify some clear areas where eDNA would be better 

accepted among users due to better chances of favourable outcomes. According to interviewees, 

eDNA “would be a preliminary assessment tool to give you some sense of whether or not you 

should be doing more detailed assessment on a particular situation” (P28; Community – ON). 

One participant who works as a government regulator provided the following statement when 

asked how eDNA could be used in a specific situation. 

In a context of a mine development I see eDNA being used to support baseline data collection 

and understand the existing environment that has the potential to become impacted through 

mine development, providing a screening tool to understand distribution species within the 

potential footprint or surrounding area. (P38; Government – Nat.) 

Hence, it is clear that eDNA would be very useful if primarily employed as a first screening 

tool to provide snapshots of aquatic environments and to establish baselines. However, some 
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participants still had reservations about its use for assessing whole communities, advising caution 

“about saying that we can use eDNA all the time for all species” (P02; Community – Nat.) and 

reminding that “even with the metaBarcoding, you're still best combining eDNA and other 

assessment methods, [as] there is no assessment method we know that finds all species” (P22; 

Government – ON). On the other hand, they were extremely confident in the information the tool 

could deliver when targeting single species, as according to one participant “identifying the 

presence of an individual species is probably even more defensible using eDNA approaches than 

using morphological characteristics” (P01; Government – SK). 

Participant’s comments on singular species helped me to identify another important 

opportunity for eDNA, which is to be used in the monitoring and assessment of “indicator species 

that are important to decision-makers in some way” (P08; Government – AB), such as invasive 

and endangered species (Appendix C, #6 and 11). Even one participant who seemed, in general, 

to distrust the tool recognized that eDNA “can play a useful role on a surveillance tier for things 

like invasive species” (P07; Academia – ON), while another mentioned that “if other industrial 

activities ongoing on that land base and they are bringing in invasive species, then eDNA can sort 

of validate that as well” (P08; Government – AB). Specifically for endangered or rare species, 

participants highlighted that eDNA “would be a great value for presence/absence, where the 

probability of detection through conventional methods is low” (P12; Government – SK), and could 

“potentially, alter the plans for that [development] or, you know, induce new mitigation 

measures” (P08; Government – AB). While the tool’s sensitivity and ability to deliver faster results 

was one of the main reasons for its association with monitoring for invasive species, as eDNA 

“could be a rapid tool … to inform on what type of regulatory requirements would be needed in 

order to protect those [local] fish populations and those [local] fish species” (P28; Community – 

ON), the non-invasive property of eDNA was especially important in its potential use for 

assessments involving species at risk. One interviewee importantly reminded me that “scientific 

assessment in some cases is a threat to the species, [as] things like electrofishing can have very 

high mortality or gillnetting, so to have something that is noninvasive and has no impact, it would 

be a huge benefit for monitoring species at risk” (P22; Government – ON). The fact that eDNA 

presents itself as a tool “that is less invasive, less time consuming, less expensive, … [with the 

potential to] give a whole other avenue of information” (P19; Private – AB) when compared with 

other traditional methods can also be seen as an opportunity for this tool to find a place in 
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monitoring studies. One interviewee greatly summarized these attributes, as seen in the quote 

below: 

So, as we continue as to evolve as a society and recognize the importance of protecting a 

species and treating animals differently, what eDNA provides is a less intrusive method to 

go out and survey for species, be an invasive species or more so species at risk. So, it is less 

invasive than going up and trapping, electrofishing or such, which even tromping through a 

habitat, which also does provide more opportunity to negatively harm the habitat through 

possible spread of pathogens. … eDNA provides a tool that is ultimately less costly overall 

then traditional conventional survey methods for aquatic species. So they can get to the finish 

line quicker with more empirical analytical data at hand as opposed to sending out teams. 

(P29; Private – Nat.) 

However, a few interviewees did mention that eDNA is ‘not there yet’, as it “was presented 

to us [here referring to general users] as well as a panacea in terms of being able to solve problems 

and make it cheaper and make it more accessible, and it hasn't necessarily proven to be the case 

thus far” (P18; Community – Nat.), confirming the need and wish for improvements, since “at 

present it takes quite a bit of time to both process the sample and preserve it to be sent in to the 

lab [but] I can see the future where it could be looked at in situ” (P41; Government – SK). 

4.4 General barriers 

It was already mentioned that eDNA costs are seen both as an opportunity as well as a 

momentary barrier, as the tool still need improvements. But, according to interviewees and as 

summarized in the quotation below, the top three challenges that eDNA for aquatic environments 

are most likely to face relate to the resolution of the tool, its validity and its users.  

I think from a cost perspective it can be very cost effective as well. As long as you have, you 

know, establish markers already done and, you know, again, your methodology is consistent 

and your actual people on the ground doing the collection are, you know, capable of doing 

this consistently. (P40; Private – AB) 

Regarding eDNA’s resolution, the main concerns were related to biodiversity reference 

information and genetic sequences (primers) development for species identification. Two different 
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participants from the Government group in Saskatchewan expressed uneasiness since, up to this 

moment, they “…don't know how … to evaluate who should be there and who shouldn't, there's 

very little established understanding of what reference condition is” (P01; Government – SK) and, 

on top of that, it is known “that you're not going to type all the species that are present in my 

lifetime, and species are changing” (P35; Government – SK). Those worries align with comments 

from other groups, who say “some of the barriers would definitely be the depth of the genetic 

markers that are present currently, the number of species that we have developed markers for” 

(P40; Private – AB). Another popular claim regarding eDNA resolution was for the tool to deliver 

quantitative results and provide abundance data, as “on the aquatic side, we often always need to 

pair that abundance question for any regulatory stuff, like Fisheries Act, all that, you need to 

understand numbers, not just presence/absence in most cases” (P26; Private – ON). A participant 

from academia even mentioned that in terms of eDNA “being specific and sensitive, it already 

does do that quite well and a lot of it keeps getting better, but it needs to become quantitative” 

(P10; Academia – AB). Even though for some of the participants eDNA already delivers good 

results in terms of being a specific and sensitive tool, other interviewees mentioned the need for 

improvement in some of its characteristics, mainly accuracy, supporting data gathered on question 

#4 (Fig.1). As an example, “… I think in and of itself or just as an individual tool, eDNA has very 

strong limitations on it. Because there are questions about its applicability, its accuracy, it's bias.” 

(P21; Government – AB) 

Accuracy also played a major role in eDNA’s validity, with a participant with legal expertise 

mentioning that “any new tool being used in court cases by lawyers or by the experts of lawyers 

will face a challenge about its accuracy, and scientific validity, the state of development of the 

tool, how long it's been in use, how reliable it is” (P20; Law – Nat.). Potential end-users expressed 

the need for eDNA to be further examined against other tools, in order to be deemed robust. This 

could be done either through experiments, such as “side by side comparison studies using 

traditional methodologies versus eDNA approaches in closed systems” (P25; Private – Nat.) 

and/or “published peer reviewed evaluations of what the differences are between traditional 

morphological character collections of … communities and then eDNA collected communities and 

a reconciliation of how you evaluate those differences” (P01; Government – SK). Over half of 

interviewees considered that the reliability of eDNA is linked to different levels of certainty 

(Appendix C, #9). Some suggestions to improve it were related to the development of 



 

29 

“appropriate controls and setting values and more rigorous application under QA/QC protocols” 

(P27; Academia – AB); and to an increase in the rigor and transparency of methods, which could 

perhaps make easier for studies to be “published in really prestigious peer reviewed journals” 

(P04; Community – SK). 

Lastly, several interviewees from different geographic categories and occupation groups 

expressed concerns about how users’ lack of specific training and education on the subject could 

lead to eDNA being improperly used or oversold, ultimately affecting its reliability and 

acceptability. For them, “the main challenge is going to be understanding what conclusions you 

can draw from the data” (P38; Government – Nat.) and for that “the scientific community would 

have to provide tools or explanations on to help support some of the results from an eDNA to 

something that's more consumable by practitioners” (P06; Community – ON). According to one 

participant from Academia, “the potential for abuse exists a little bit more with the consulting 

companies and potentially a lot more with the general public who don't have that scientific training 

to be able to accurately interpret it” (P27; Academia – AB). The testimonial below, from a real 

situation, given by a participant from the private sector, illustrates the dangers of having someone 

“overstate the application of the tool and not properly acknowledge the potential limitations” 

(P16; Private – SK), with some of many possible outcomes being the undesirable consequences 

of confusion and lack of interest by potential end-users. 

I know when people get a taste of it, when you see a little presentation at a conference, 

people get excited about the applicability, the possibility of it solving a problem for them 

that they've been having for five years. But the other thing that happened at the last 

conference I was at when people talked about it is you had two groups of people. And I 

believe it was, as it was explained to me, the gene jockeys, are perceived as overselling its 

potential. There are those people that are saying, 'it's really cool, it's perfect, it's going to 

solve all your problems'. And then there's the other end of the spectrum of the same people 

who do this stuff on a day-to-day basis saying it's not ready yet. … So, I kind of walked away 

going 'this is really neat, but I'm not sure where it's there yet'. And I don't know who to 

believe and I didn't spend a lot of time digging in. (P19; Private – AB) 
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As stated by another participant, the best way to present eDNA is to “proceed with cautious 

optimism to ensure that the technology is used in a responsible manner; otherwise, the credibility 

of the tech will be tarnished” (P42; Private – ON). 

4.5 eDNA into policy  

A review of legislation revealed far more opportunities than challenges for eDNA to be 

considered a viable tool in environmental monitoring and assessments (Table II). Even though for 

most of the identified biological opportunities eDNA would be just another option in the toolbox, 

for others its non-invasive characteristic would represent an advantage over traditional sampling 

methods. Political and/or legal opportunities are closely related to the power of regulators to 

modify permits, create regulations and implement programs, corroborating information obtained 

from the interviews which indicated that eDNA acceptance by users would represent a greater 

challenge than legislation itself. One participant from the government group commented that 

“there's nothing about the documentation that I work from that says that I can't accept a given 

methodology, it's my discretion to ensure that the information I'm getting from a proponent is 

adequate” (P38; Government – Nat.), while another mentioned a “reluctance right now …  to 

accept eDNA findings from industry consultants and the various environmental consulting 

companies, because the technology is so new and because people are not sure what is the quality 

of the findings” (P22; Government – ON). 

Biological challenges were only identified in two of the twelve analyzed pieces of 

legislation, namely the Metal and Diamond Mining Effluent Regulations SOR/2002-222 and the 

Pulp and Paper Effluent Regulations SOR/92-269. The possible biological challenges were all 

related to the fact that specimens would have to be captured and sacrificed in order to provide all 

requested information (Table II). Some interviewees also pointed out this mismatch between 

indicators demanded by legislation and the fact that eDNA “doesn't provide information at the 

level to which [is] need[ed] to manage a system” (P07; Academia – ON). One participant made a 

parallel with some of the challenges described in the previous section and mentioned that for them 

“…questions about accuracy and sensitivity and all that … are secondary; the first thing the 

regulator needs to know is what line of evidence can this technique provide that's relevant in some 

way to the decisions we have to make in our organization,… what's the basic line of evidence that 
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can be provided by the technique and how is it relevant to the government” (P37; Government – 

ON). 

However, it is important to highlight that this requested information does not necessarily 

represent an impediment, as eDNA can find its space even under rigid regulations, as exemplified 

in this quote below: 

I think the MMER [Metal Metal and Diamond Mining Effluent Regulations SOR/2002-222] 

that you are referencing is super prescriptive. There is an option to suggest a new approach. 

So eDNA probably will not become part of the pure EEM [environmental effects monitoring] 

program under the MMER. But where I see it being implemented the soonest and in the most 

beneficial capacity would be prior to an EEM, so like in that EA [environmental assessment] 

phase and a baseline in the permitting phase where they're studying the environment and 

confirming their impacts and predicting the effects of the operation and the effluent 

discharge and so on. So that is not prescribed in any documentation anywhere. (…) But also 

under the MMER, if you confirm effects in two years in a row, that's when you step into an 

investigation of cause phase. And then you get to design your own study and determine how 

best to answer the question of what's going on. So even under the MMER, if you move into 

an investigation of cause phase and they talk about an IOC [investigation of cause] in the 

regulations and they definitely talk about it in the guidance document that supports the 

regulations, you could use eDNA and likely would want to under a whole host of scenarios 

under the MMER as well. So the MMER doesn't explicitly bar you from ever using it. It only 

kind of boxes it out during a regular monitoring program because they tell you exactly what 

you have to do and you can't really change it. But if you get into an IOC phase, you sure 

could use eDNA. (P19; Private – AB). 

Only two minor political and/or legal challenges were identified in the document review: the 

possible need for a certificate of analysis and for documentation and validation of methods. 

Without further clarification, both have the potential to be contested in court, for example. Who 

would be the analyst in eDNA analyses? Does each sample need to be saved and stored for possible 

counterproofs? What is considered a validated method? Those questions associated with 
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challenges mentioned in the previous section regarding eDNA validity contribute negatively to the 

tool and a possible way to minimize it would be by developing standards.  

4.5.1 Standards  

One of the most common suggestions to increase the levels of certainty and eDNA’s 

validity, especially in a regulatory context, was the need for adoption of some sort of standards, 

guidelines and/or protocols. Participants mentioned that “for regulatory, for the other groups, the 

value [of eDNA] is the ability to repeat tests for the presence of something…, especially because 

it's not invasive” (P36; Community – AB), “however, standards need to be in place so that 

sampling could essentially be replicated to ensure consistency and reliability.” (P42; Private – 

ON). A participant from the private sector is of the opinion that “not until there is a certified 

standard that has an accreditation that [eDNA] will be recognized in a court of law” (P25; Private 

– Nat.). 

Nevertheless, it was not until one potential end-user mentioned their uncertainty of which 

type of standards (criteria or tests) that I started getting deeper into this matter with other 

interviewees. According to participant 20 (Law – Nat.), both types are part of “a constant debate 

in environmental regulation” on “whether to use prescriptive approaches or whether to use 

broader definitions of results and objectives. And so, the standard tests go with fairly prescriptive 

approaches and the criteria are more applicable to broader decision-making processes. And both 

of these things happen in environmental law in different contexts.” Not many interviewees took a 

stance on choosing which type of standards should be in place, criteria (n=4), tests (n=4) or both 

(n=1), but some even risked stating these should be more linked to laboratorial procedures (n=2). 

A participant in favor of criteria stated: “I would say from a regulatory perspective, it would have 

to be the criteria route because a regulator is not going to endorse a particular test because that 

limits the, it basically, it could create a monopoly” (P38; Government – Nat.). Another individual 

in favor of tests opined: “That would be my point of view, because then you want repeatability and 

you want it to be the same for everybody, particularly if it was in a regulation, it has to be the 

same for everybody. And so, just say ‘well you just have to meet, the test has to meet certain 

criteria’ that leaves doubts about what the test might be or how it might be conducted.” (P23; Law 

– Nat.). There was no mention of the different types of standards throughout the reviewed Acts 
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and Regulations, corroborating that the “decision-making framework [is] fairly broad and allows 

for different types of evidence that will then be weighed by the decision-maker” (P20; Law – Nat.).
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Table II: Biological and political/legal opportunities and challenges for environmental DNA in selected provincial and federa l current 

acts and regulations. 

Acts and 
Regulations 

Legislation goals 

eDNA opportunities eDNA challenges 

Biological Political and/or Legal Biological 
Political and/or 

Legal 

Alberta 
Environmental 
Assessment 

Regulation 
112/1993 

To regulate specifics 
to be followed by 
proponents and 

authorities in 
environmental 
assessments processes 

-- -- -- -- 

Alberta 
Environmental 

Protection and 
Enhancement 
Act e12 

To balance support 
and wise use of 

environment with 
requirements from 
other areas  

• Need for continuous monitoring, 
evaluation and report of Alberta 

environment's condition [§15.1, 
§49(i)] 

• Environmental protection orders 

may fix and/or regulate the 
methods or procedures to be used 
for measuring and sampling 

[§85(1)(k), §122(1)(i)*, 
§241(1)(b)] 

• Establishment of policies and 

programs, and regulations for 
those [§12(a), §36.1(g)] 

• Carry out and participate in 

research projects [§12(d)] 

• Existence of a Chief Scientist 
role [§15.1] 

• Possibility of adoption by 
reference [§38(1)] 

• Regulations about standards 

and criteria to be used to 
verify conservation [§146(b)] 

-- 

• Possible need for a 

certificate of 
analyst/documentary 
evidence 

[§254(1)(a), 
§255(2)] 

Alberta Fishery 
Regulation 
SOR/98-246 

To regulate many 

aspects related to 
fisheries, such as close 
times, catch limits, 

baits, gears, etc… 

Not a clear one.  

{There is a concern about fishing 
adversely affecting “the 
conservation or protection of the 

fish in the fishery to which the 
permit applies”. So, if we consider 
fishing for scientific purposes, 

eDNA has an advantage due to its 
non-invasive characteristic. 

[§10(b)]} 

-- -- -- 
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Saskatchewan 
Fishery 

Regulation 
SOR/95-233 

To regulate licenses to 
fish and close times 

per area in the 
province 

-- -- -- -- 

Ontario 
Fishery 
Regulations 

SOR/2007-237 

To regulate many 
aspects related to 

general, sport and 
commercial fisheries, 

such as close times, 
catch limits, baits, 
gears, etc… 

Not a clear one. 
{If fish escapes and prevention of 

spread are related to the 
introduction of fish in areas other 

than their natural habitat, then 
eDNA could be useful. 
[§4(1)(n)(o)]} 

-- -- -- 

Canada 
National Parks 

Act S.C. 2000, 
c. 32 

To establish the limits 
and regulates the 

protection of federal 
parks and reserves 
areas 

• Contribute to the evaluation, 
maintenance or restoration of 
ecological integrity [§8(2), 

§11(1)] 

• “Governor in Council may make 
regulations respecting” … “the 

taking of specimens of fauna for 
scientific purposes” [§16(1)(c)]  

Not clear: if fish are considered 

renewable resource (no definition 

provided in the act), traditional 

scientific sampling could be 

impacted by section 17(3)(c) and 

the non-invasive characteristic of 

eDNA could be an advantage. 

• Park's superintendents may 
“issue, amend, suspend and 

revoke permits, licenses and 
other authorizations” 
[§16(3b)] 

• Convicted persons may have 
to carry out, implement or 

pay for environmental 
monitoring or research 
[§30(1)(f)(g)(n)] 

-- -- 

Canada Water 
Act C-11 

To “provide for the 

management of the 
water resources, 

including research” 

• Aquatic research and inventory 

[§5(a)(c), §7] 

• “Establishment of 
intergovernmental 

committees” to advise on 
research, policies and 
programs [§4] 

• Potential to diminish costs in 
agreements [§8(1)(b)(c)] 

-- 
• Need for a 

certificate of analyst 

[§37(1)] 
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Federal 
Sustainable 

Development 
Act S.C 2008, 
c. 33 

To “provide the legal 
framework for 
developing and 

implementing a 
Federal Sustainable 
Development Strategy 

that will make 
environmental 

decision-making more 
transparent and 
accountable to 

Parliament.” 

-- 

• Existence of a council with 

representatives from 
environmental non-
governmental organizations 

[§8(1)(b)] 

• Creation of regulations to 
achieve the legislation goals 

[§13] 

-- -- 

Fisheries Act 
F-14 

Regulate fisheries and 
its implications in 
Canadian waters 

• Establishment of standards and 
codes of practice to better 

conserve, protect and avoid death 
of fish [§34.2(1)(a)(b)] 

• Creation of regulations 
[§43(1)(b)(n)(o)] 

• Possibility of incorporation 

by reference [§89] 

-- 
• Need for a 

certificate of analyst 

[§56.1(2)(3)] 

Metal and 
Diamond 

Mining 
Effluent 
Regulations 

SOR/2002-222 

To establish 

guidelines for dealing 
with mining effluents 

• Description of the exposure and 
reference areas where the 
biological monitoring studies 

would be conducted [Schedule 
5(10)(a)(ii), (10)(c)(iA)] 

-- 

• Environmental 
effects and 
monitoring studies 

must be conducted 
in accordance to 
Schedule 5 [§7(1), 

§32(1)(c)] 

• In order to attend all 
requested effects 

indicators and to 
provide all 
information 

requested in the 
First Interpretative 

Report, it would be 
needed to capture 
the specimen 

[Schedule5(1), 
5(12)(e)] 

• “The studies shall be 
conducted using 
documented and 

validated methods” 
[§7(2)] 
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Pulp and Paper 
Effluent 

Regulations 
SOR/92-269 

To regulate the 

management and input 
in the environment of 

substances originated 
from pulp and paper 
mill activities 

• Need for environmental effects 
(biological) monitoring studies of 
benthic invertebrates 

communities, with richness as 
one of the required information 

[§28(1), Schedule IV.1 (3)(c), 
Schedule IV.1 (11)(a)(ii)] 

-- 

• Need for 
environmental 
effects (biological) 

monitoring studies 
of fish population 
with information 

that could only be 
provided by 

capturing the 
specimen [§28(1), 
Schedule IV.1 

(3)(a), Schedule 
IV.1 (11)(a)(i)] 

-- 

Species at Risk 
Act  

To protect wildlife 
species at risk in 

Canada 

• May request monitoring of the 
status of the species and 
determine when wildlife species 

are to be assessed [§11(1), 
§11(2)(a), §12(1), §12(2)(a), 
§15(1b)] 

• Requires the use of best available 
knowledge/information and 
scientific support on the status of 

a wildlife species [§15(2), §40] 

• Need for a status report before 
any assessment of the status of a 

wildlife species[§21(1)] 

• Preparation of a recovery strategy 
and action plans, which must 

include the identification of 
critical habitats, and a statement 

of the population and distribution 
objectives [§41(1)(c.1)(d), 
§49(1)(a)] 

• Proper identification of habitat 
necessary for recovery or 
survival of an aquatic species 

[§80(4)(a)(i)] 

• Necessity of an annual report 

[§8(3)] 

• Stewardship action plan 
containing incentives and 

recognition to programs 
[§10.2] 

• Possibility of entering into 

conservation agreements 
which can include 
monitoring programs 

[§11(1), §11(2)(a), §12(1), 
§12(2)(a)] 

• The contents of a status 
report may be established 
through regulations [§21(2)] 

• Issuing of agreements or 
permits if made sure that the 
survival or recovery of the 

species will not be 
jeopardized [§73(1)(2)(3)] 

-- -- 
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CHAPTER 5 

DISCUSSION 

 

“Human perceptions of nature and the environment are increasingly being recognised as 

important for environmental management and conservation. Understanding people's perceptions 

is crucial for understanding behaviour and developing effective management strategies to 

maintain, preserve and improve biodiversity, ecosystem services and human well-being.” 

 (Shackleton, Richardson et al., 2019, pg. 10) 

 

 A unique aspect of this study, in relation to several others comprising the eDNA topic, is 

the shift of focus from the scientific elements of the tool to one that also takes into consideration 

the social dimension involved with its application. For example, a recent review study on 

freshwater eDNA categorized 238 peer-reviewed primary publications on this topic according to 

ecosystem types; geographic regions; target species and main objectives (invasive species - 32%, 

endangered/rare species - 25%, methods development - 23%, biodiversity assessment - 11% and 

others, such as effect of environmental variables or economics – 9%) (Belle, Stoeckle & Geist, 

2019). While it is within reason to assume that some of these publications may have commented 

on the social dimensions of eDNA, it is important to highlight that, if so, these were not considered 

relevant or significant enough to mention in the review study, despite the recognized importance 

of stakeholder participation, community learning and policy-making in conservation science and 

environmental management (Reed, 2008; Shackleton, Adriaens et al., 2019; Shackleton,  Larson et 

al., 2019). 

 By exploring how potential end-users perceive eDNA and how that may affect its 

application in existing environmental management and assessment frameworks, my results 

confirmed that eDNA is best understood as a complementary tool to other traditional sampling 

techniques than as a stand-alone tool, except for targeted species, indicating higher confidence in 

results from species-specific methods of quantification despite not specifically making that 

distinction when gathering data. Results also show that the tool itself or current legislation are not 

the prime impediments for eDNA’s broad acceptance, indicating that social elements may be more 

decisive in that matter.  
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 In the next sections I analyze and discuss my findings in relation to the CRELE model (Cash 

et al., 2003), an approach that has been deemed to improve the chances of science being 

implemented in actionable form, as it gives diverse and useful insights on the investigated topic, 

hence providing decision-makers with more relevant knowledge (Shackleton, Adriaens et al., 

2019). 

5.1 – eDNA credibility 

 Credibility is related to the perception and trust of knowledge by involved actors, and ac-

cording to my interviewees, one of the best ways to manage the uncertainty and lack of confidence 

associated with eDNA is by comparing its results with those provided by other traditional sampling 

techniques. This request for more comparisons is not new (Roussel, Paillisson, Tréguier & Petit, 

2015) and a few studies have already provided some insights into it (Aylagas, Borja, Muxika & 

Rodríguez-Ezpeleta, 2018; Fujiji et al., 2019; Hinlo, Furlan, Suitor & Gleeson, 2017). A meta-

analysis article, focusing on the comparison between eDNA and other traditional sampling tech-

niques (e.g., capture-based, visual and/or acoustic methods, such as seine hauls, camera traps and 

telemetry), selected 194 papers and concluded that eDNA performs worse than traditional methods 

for reptiles and annelids, but shows higher or equal detection probability for most other groups, 

making it possible to draw similar and comparable conclusions among techniques (Fediajevaite, 

Priestley, Arnold & Savolainen, 2021).  

 Even though it has been suggested that the eDNA approach could replace morphology-

based methods, with the workflow remaining largely unchanged or even being improved, authors 

also note that this is unlikely to happen (Leese et al., 2018; Petruniak, Bradley, Kelly & Hanner, 

2020) as it could be complicated and result in both gains and losses, such as identifyin g changes 

in richness and at the same time biasing indexes that use those values  (Leese et al., 2018; DiBat-

tista et al., 2020). Hence, despite the interviewees not sharing a solution on how to achieve com-

patibility if eDNA were to replace traditional methods, and published authors not having a uniform 

wording when talking about it (e.g. complementary, supplementary, integrate, unite, not substitute, 

not interchangeable, in conjunction), the literature is unanimous on the notion that eDNA is better 

suited as an addition to current techniques and programs, instead of a replacement option (Belle et 

al., 2019; Evans & Lamberti, 2018; Harper et al., 2019; Hinlo et al., 2017; Holdaway et al., 2017; 

Ruppert et al., 2019; Shu, Ludwig & Peng, 2020). That said, traditional sampling methods and 
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molecular ones each have their own limitations, as their efficiencies vary according to the species 

of interest and their characteristics, such as size and growth rate, and the surrounding environment 

(Hinlo et al., 2017). By recognizing that each method is imperfect, we can combine conventional 

and novel techniques to obtain more complete data, hence overcoming potential weaknesses 

(Holdaway et al., 2017; Ruppert et al., 2019). For example, Fujiji et al. (2019) compared fish com-

munity data from lakes in Japan, using eDNA and seven conventional capture methods, such as 

minnow traps, gill nets and electrofishing. Despite the high detection rate similarity between the 

molecular and capture methods, it is of note that at least three species were captured but not present 

in eDNA analysis, and four sites did not exhibit any eDNA data, possibly due to the presence of 

PCR inhibitors in the environment. On the other hand, eDNA indicated that most individuals clas-

sified only as of the genus Tribolodon, due to small body length and consequent difficulties in 

morphological identification, could be assigned as the species Tribolodon brandtii. 

 Other interviewees’ suggestions for enhancing eDNA’s credibility are better rigor and trans-

parency, which can be referred to as reproducibility (Marcus, 2015), and repeatability. Considered 

central tenets of science, reproducibility and repeatability are ways of confirming the validity of 

results, while protecting scientists and reassuring end-users of the quality of research (Marcus, 

2015; Powers & Hampton, 2019; Prager et al., 2019). Reproducibility studies have been under 

scrutiny in recent years, forcing the proposal and adoption of new steps for research (Marcus, 

2015; Munafò et al., 2017), such as pre-registration. Another way to improve credibility is through 

more peer-reviewed studies that focus on addressing certain gaps in knowledge. While end-users 

seem already satisfied by applicability and sensitivity of eDNA, with the latter being widely used 

as a main criterion for analysis (Fediajevaite et al., 2021), their opinions on its accuracy, the level 

of detail it can provide and its possible biases, are still diverse, as shown by my results. Considering 

that the credibility of a technique is increased when end-users feel like they have all the information 

and, therefore, can adjust their expectations, I join the call for the publication of more negative 

results as well (Belle et al., 2019). With academic success being dependent on publications, and 

with that process favouring novel and positive results (Fanelli, 2012; Nosek, Spies & Motyl, 2012), 

scientists are discouraged to reproduce published studies and/or write about negative outcomes 

(Fanelli, 2012; Nosek et al., 2012; Powers & Hampton, 2019). This practice, which misrepresents 

reality and possibly skews the scientific literature (Fanelli, 2012), possibly emphasizes eDNA’s 

successes over its weaknesses (Beng & Corlett, 2020) and cautions us to take a step back, tone 
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down some conclusions and acknowledge exactly what type of information eDNA can deliver 

(Holdaway et al., 2017; Roussel et al., 2015; Thalinger et al., 2021). Otherwise, by failing to be 

transparent with methodology and making overly broad claims with insufficient evidence (Fedi-

ajevaite et al., 2021; Lortie & Owen, 2020), we risk “underm[ining] legitimate links between evi-

dence and implementation” (Lortie & Owen, 2020, pg. 644). 

5.2 – eDNA relevance 

 Considering relevance as timely, appropriate and informative knowledge, interview results 

and the literature both suggest that relevance of eDNA in ecological studies is well established and 

growing, revamping ways to obtain biodiversity data, despite being more likely to complement 

traditional detection and monitoring methods than to entirely replace them (Blackman et al., 2021; 

Deiner, Fronhofer, Mächler, Walser & Altermatt, 2016). While results identified scientists as the 

group with the clearest benefits from its use, eDNA is also relevant and useful to other stakeholders 

(Harper et al., 2019). When combined with citizen-science and community-based monitoring pro-

grams (Biggs et al., 2015; Robinson et al., 2021), eDNA can be used to inform government deci-

sions, hence actively contributing to an enhanced science-policy interface. A classic example 

would be the monitoring of great crested newts (Triturus cristatus) in the United Kingdom, a spe-

cies protected under law and that, through some studies with eDNA and citizen-science, saw this 

technique have an approved protocol for monitoring by Natural England (WC1067) (Biggs et al., 

2014; Biggs et al., 2015; Harper et al., 2019). Although promising, some identified caveats to be 

considered are the translation of eDNA to the general public; how much citizen -derived data is 

really used to inform water policy (Carlson & Cohen, 2018); and the importance of directing eDNA 

use towards specific questions instead of just suggesting its use due to its convenience in sampling 

(Carlson & Cohen, 2018; Robinson et al., 2021).  

 Interviewees also emphasized that the greatest opportunities for eDNA rely in the inventory-

monitoring realm, as a screening and/or a preliminary assessment tool, and that eDNA would be 

even more relevant if focused on set targets, such as endangered, rare and invasive species. Their 

impressions reflect the most known, recognized and accepted characteristics of eDNA, its non-

invasive properties and sensitivity, and translate the ways eDNA directly benefits conservation and 

why it has been most used in those areas (Beng & Corlett, 2020; Ruppert et al., 2019). However, 

this also indicates that the way eDNA is currently regarded and put into practice seems to be under-
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utilized (Baillie et al., 2019), since scientific studies have been showing its potential in several 

other areas. For example, in addition to detecting presence or absence, it has been suggested that 

eDNA is also able to differentiate between similar (cryptic) species even when they may appear 

identical during certain life stages and, with that, increase biodiversity data acquisition (Deiner et 

al., 2017; Evans, Shirey, Wieringa, Mahon & Lamberti, 2017; Reid et al., 2019). Environmental 

DNA can also ultimately identify trends and changes to community composition, providing a com-

prehensive overview of the biota (Berry et al., 2019; DiBattista et al., 2020; Ruppert et al., 2019). 

For example, when investigating marine communities in western Australia,  Berry et al. (2019) not 

only found consistent seasonal assemblages for zooplankton, but they were also able to identify 

deviations from the regular pattern during environmental perturbations (e.g., heatwaves) and to 

demonstrate that eDNA is able to deliver a practical whole-sea system approach for investigation. 

Another study examining biodiversity in coral reefs through different levels of anthropogenic dis-

turbance found that eDNA can “act as a barometer of disturbance” (pg. 1), being able to show 

changes in richness, fragmentation and indicator taxa (DiBattista et al., 2020).   

 Furthermore, in times when research and ecological monitoring rely on unstable, long-

term financial support (Han et al., 2014; Lortie & Owen, 2020), and an ongoing complaint is the 

time lag for when results are needed by policy-makers and stakeholders (fixed time frame) ver-

sus when they are delivered by scientists (long-term focus) (Shackleton, Richardson et al., 2019), 

another appealing attribute of eDNA is its cost- and time-effectiveness compared with traditional 

techniques (Fujiji et al., 2019). For example, Evans et al. (2017) demonstrated that a fish distri-

bution study was at least 33% less expensive with eDNA than presence-absence electrofishing. 

This was driven by eDNA requiring far less screening effort (6.8 vs. 30 person-hours), suggest-

ing that most of the cost associated with sampling methods result from work remuneration (Ev-

ans et al., 2017). Another study, this time on benthic macroinvertebrates from an estuarine and 

coastal area, showed that analysis cost 55% less and took 72% less time to complete with eDNA 

than with traditional techniques (van-Veen grab and spade sampling) (Aylagas et al., 2018). In 

addition, eDNA allows ecological studies to take place over greater temporal and spatial scales 

(Harper et al., 2019), a characteristic of special value for Canadian studies, where seasonality and 

accessibility to remote areas may present a challenge. 

 It is also important to highlight that in my study, through a review of legislation (see Table 

II) and interviews, I could not find any concrete impediment in legislation that would prevent the 
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use of eDNA in ecological studies, corroborating previous findings (Sepulveda et al., 2020). By 

acknowledging that ecological information can be obtained qualitatively and quantitatively (Hold-

away et al., 2017), it becomes clear that eDNA is relevant for ecological studies and its use be-

comes more a case of individual discretion by regulators of what is acceptable, as opposed to any 

legal obstructions found in legislation.  

5.3 – eDNA legitimacy 

 As legitimacy relates to the transparency and fairness of the process through formal recog-

nition, a recent study reviewing the legal admissibility of eDNA concluded that “eDNA as a 

method would not be the problem or the concern when validated protocols are used” (Sepulveda 

et al., 2020, pg. 676). This analysis was done in regard to meeting the Daubert v. Merrell (1993) 

factors, a set of four rules regarding the admissibility of scientific expert evidence: 

 “…the theory of the new science must be tested; the theory must have been subject to peer 

 review; there must be known error rates and standards; and the theory must have general 

 acceptance.” (Booth, Watts & Dufour, 2019, pg. 280) 

Even though Daubert refers to a U.S. judicial decision, “Canadian law now recognizes those prin-

ciples for acceptance of novel science” (see R. v. J.-L.J., 2000) (Booth et al., 2019; Glancy & 

Bradford, 2007, pg. 354); and, as eDNA is a relatively new technique, it is expected that this type 

of scrutiny will be applied to it.  

 While standardization of eDNA procedures is seen as a solution to ensure meta-data quality 

and consistency, a common suggestion by end-users in this study and by other authors (Aylagas et 

al., 2018; Belle et al., 2019; Harper et al., 2019; Leese et al., 2018; Petruniak et al., 2020; Robinson 

et al., 2021; Shu et al., 2020), its development is complex and not so easy to achieve. For example, 

while eDNA meets the Daubert requirement, Sepulveda et al. (2020) also questioned “what are 

appropriate standards for validating molecular tools prior to implementation” (pg. 676). Linked to 

this matter is the dualism of standard tests and standard criteria or,  as previously mentioned, pre-

scriptive versus broader approaches, for which I could not obtain clear indications from interview-

ees of what type is better, as they are context dependent. While it is undeniable that the adoption 

of standards would allow for increased transparency and repeatability (Araújo et al., 2019), thus 

enhancing not only legitimacy but also credibility, it has been recognized that the development of 
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eDNA standards that could fit all situations and environments is unlikely (Baillie et al., 2019; 

Harper et al., 2019; Ruppert et al., 2019), given that existing ones are typically species and site 

specific (Sepulveda et al., 2020). As standard tests or criteria might also limit the uptake of locally-

driven monitoring and Indigenous knowledge (Carlson & Cohen, 2018), I believe the main focus 

should be in achieving a better balance between prescriptiveness and flexibility, considering avail-

ability of methods and quality of those in different risk scenarios (Brown, 2003; Huq et al., 2008; 

Penas Lado, 2020). Thereby, some current alternatives are the application of decision-trees (Sepul-

veda et al., 2020; Welsh, Jerde, Wilson, Docker & Locke, 2019), comprehensive workflows 

(Morisette et al., 2021) and validation scales (Thalinger et al., 2021), which facilitates the science-

policy interface between eDNA and stakeholders by offering a simplified, yet not less informative, 

and possibly more comprehensible, view of the subject. Future initiatives should prioritize quality 

assurance/quality control measures, such as intercalibration of eDNA with current assessment 

methods (Hering et al., 2018; Leese et al., 2018), and the adoption of accessible, and clear and 

consistent terminology across frameworks (Baillie et al., 2019; Lortie & Owen, 2020; Smith et al., 

2014). 

5.4 – Other considerations 

 According to interviewees, one of the top three challenges eDNA faces, along with tech-

nique resolution and its validity, is users having proper understanding of the technique. At several 

moments during interviews, participants emphasized that eDNA application must suit the objec-

tives in question or there is a potential for misuse and abuse, just like with any other technique 

(Greenland et al., 2016; Seegert, 2000; Serinaldi, Chebana & Kilsby, 2020). A good example here 

is the relation between eDNA and quantitative measures, such as the estimation of abundance. 

While some studies show statistically significant associations between the number of molecular 

sequencing reads and species biomass or catch per unit effort (Aylagas et al., 2018; Di Muri et al., 

2020), others claim these to be weak correlations or not very concrete estimates, as variability 

among species, such as eDNA shedding and decay rates, and environmental conditions (e.g. fresh-

water vs. marine habitats, closed or open systems) may influence the measures (Ruppert et al., 

2019; Schadewell & Adams, 2021; Yates, Fraser & Derry, 2019). However, in both scenarios, it 

appears to be accepted that variability in abundance may be explained by eDNA readings (Yates 

et al., 2019), with the technique thus acting as an “indirect indicator of abundance” (Hinlo et al., 
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2017, pg. 97). But, are those indirect measures enough to comply with current needs or will legis-

lation have to adapt its requirements, as quantitative measures are seen as bottlenecks to eDNA 

contribution (Leese et al., 2018; Ruppert et al., 2019)? Are stakeholders, regulators and decision-

makers willing to accept the trade-offs between more detailed information obtained through the 

capture of specimens for non-traditional abundance measures derived from a cheaper and non-

invasive methodology? As suggested by Sepulveda et al. (2020), at the moment, eDNA limitations 

in uptake would mostly result from a lack of decision-support frameworks and a misaligned inter-

face between eDNA results and management needs. Thus, it is imperative that users must under-

stand those nuances before proposing to use eDNA and analyzing its results, or they risk affecting 

the credibility and legitimacy of the technique, as mentioned in previous sections.  

 A new cause of concern, not only for eDNA but for science in general, is that we now live 

in a post-truth era, defined as “relating to or denoting circumstances in which objective facts are 

less influential in shaping public opinion than appeals to emotion and personal belief” (Oxford 

Dictionaries). During these times in which empirical information and experts are contested and 

mistrusted, many implications for the CRELE criteria and the science-policy interface are still 

unknown. Are the current norms still enough, and will CRELE hold up as a robust model (Cash & 

Belloy, 2020)? It is encouraging to know that even in the post-truth era being transparent regarding 

numerical uncertainty and limits around process only has a small effect on trust instead of back-

firing or inviting criticism (van der Bles, van der Linden, Freeman & Spiegelhalter, 2020) and that 

there are judicial gatekeeping mechanisms responsible for ensuring that the court is presented 

“with real knowledge, as different from mere opinion” (Booth et al., 2019; Giocoli, 2020, pg. 207). 

However, it is also imperative we consider how the post-truth movement could affect the integra-

tion of science, including methods like eDNA, into decision- and policy-making (Cash & Belloy, 

2020; Lin, 2019). 
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CHAPTER 6 

CONCLUSIONS 
 

“Understanding perceptions will highlight where there might be 

potential conflicts surrounding the management...”  

(Shackleton, Richardson et al., 2019). 

 In a recent paper, Darling (2019) was able to transform science conversations in what could 

almost be called a therapy session. Known for previous works discussing the connection of mo-

lecular tools and management (Darling, 2015; Darling & Mahon, 2011), by changing the way 

information is presented it feels like the researcher is trying to communicate with new audiences 

or even old audiences that were somewhat oblivious. Starting with a catchy title (can you really 

learn to love a molecular tool?), passing by an abstract with attempts to address ‘anxiety’ experi-

enced by managers and moving to the main body, where we are presented with four ‘virtues’ one 

should focus to facilitate engagement with the eDNA, the focus is always on the actor. For exam-

ple, all the virtues, namely knowledge, self -awareness, preparedness, and patience, are related to 

the stakeholders and, even though they are discussed in relation to eDNA, they could be applied 

to any other sampling tool (Darling, 2019). Similar to Darling’s work, one of my main research 

results is that in the matter of eDNA finding its way into policy and management, it is not so much 

about the tool itself but ultimately about a ‘human factor’, demonstrating that social elements are 

actually decisive and should be paid more attention. For example, interview results demonstrated 

that the detection of single species by eDNA is already broadly accepted, even between those still 

skeptical of the tool’s application for other uses; and, according to reviewed Canadian legislation, 

the opportunities for eDNA in environmental monitoring and assessments outnumber the chal-

lenges, in the end becoming a case of proponent-regulator discretion.  

During this study it became clear that communication is essential to bridge science and 

policy. With stakeholders ‘seeking a voice’ in social-ecological governance, which could result in 

policies with higher levels of trust and more effective and achievable decision-making (Moon et 

al., 2017), we need to stop seeing scientists, regulators and end-users on different sides and aim 

for stronger links among them (Leese et al., 2018). One way to help with the misaligned interface 

between eDNA results and management needs is through engagement of stakeholders from the 
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beginning. Despite the passive nature of this study, it represents an important first step, by inform-

ing on current perceptions, so that active engagement can be sought (Shackleton, Adriaens et al., 

2019) and a substantial component of eDNA operational implementation can be checked 

(Morisette et al., 2021). Some examples are the co-development of projects by eDNA practitioners 

and decision-makers and better use of scientist-manager partnerships (Moon et al., 2017; Morisette 

et al., 2021), application of joint fact-finding (Cash & Belloy, 2020), and hands-on evidence-in-

formed scenarios (M. Hecker, personal communication, Nov. 2021). Other ways to help eDNA in 

this transition are by 1) increasing rigor throughout the whole process, in particular adopting con-

trols and values under QA/QC protocols appropriate for each setting; and by 2) increasing trans-

parency, such as reporting negative results and being honest about limitations, as it has been 

demonstrated that overselling the technique can potentially be more harmful, by negatively affect-

ing credibility. Hence, more investment in education about eDNA for regulators, so that they can 

manage expectations; in the development of a common way of translating and reporting results, 

so it is understandable to all; and in trained personnel performing data collection and analysis is 

imperative for eDNA’s path forward. 

In conclusion, this study tried to better understand the issues and implications of the per-

ceptions of end-users and legal frameworks on eDNA acceptance and implementation, ultimately 

achieving notable progress regarding the role of eDNA in a science-policy framework. As eDNA 

is a relatively new technique, it is natural that there are still more questions surrounding its appli-

cation than concrete answers. More important though, is that these questions do not translate into 

doubts of the effectiveness of eDNA when applied in the right contexts, as demonstrated by the 

majority of my interviews. Hence, the findings of this thesis allow me to conclude that eDNA is 

ready for application in management and assessment studies, and there is broad support for its 

increased uptake amongst academics, community members, regulators, practitioners and legal ex-

perts. Despite possible different motivations, it is important that future responsibilities are shared 

among stakeholders and end-users from distinct sectors, with each group contributing with their 

expertise in order to fulfill everyone’s needs. Due to the dynamic and contextual dimensions of 

perceptions, of the fact that new techniques are constantly being improved, and on how these social 

and scientific sides interact with the CRELE criteria, studies like this should be conducted more 

often to better inform the SPI.  

 



 

48 

REFERENCES 

Allan, J. D., McIntyre, P. B., Smith, S. D. P., Halpern, B. S., Boyer, G. L., Buchsbaum, A., 

Burton Jr., G. A., Campbell, L. M., Chadderton, w. L., Ciborowski, J. J. H., Doran, P. J., 

Eder, T. Infante, D. M., Johnson, L. B., Joseph, C. A., Marino, A. L., Prusevich, A., 

Read, J. G., Rose, J. B.., Rutherford, E. S. Sowa, S. P. & Steinman, A. D. (2013). Joint 

analysis of stressors and ecosystem services to enhance restoration effectiveness. 

Proceedings of the National Academy of Sciences of the United Stated of America, 

110(1), 372-377. doi: 10.1073/pnas.1213841110 

Araújo, M.B., Anderson, R.P., Barbosa, A.M., Beale, C.M., Dormann, C.F., Early, R., Garcia, 

R.A., Guisan, A., Maiorano, L., Naimi, B., O’Hara, R.B., Zimmermann, N.E. & Rahbek, 

C. (2019). Standards for distribution models in biodiversity assessments. Science 

Advances, 5(1), Article eaat4858. doi: 10.1126/sciadv.aat4858 

Arciszewski, T., Munkittrick, K.R., Scrimgeour, G.J., Dubé, M.G., Wrona, F.J.  & Hazewinkel, 

R.R. (2017). Using adaptive process and adverse outcome pathways to develop 

meaningful, robust, and actionable environmental monitoring programs. Integrated 

Environmental Assessment and Management, 13(5), 877-891. doi: 10.1002/ieam.1938 

Arthington, A. H., Dulvy, N. K., Gladstone, W. & Winfield, I. J. (2016). Fish conservation in 

freshwater and marine realms: status, threats and management. Aquatic Conservation: 

Marine and Freshwater Ecosystems, 26, 838-857. doi: 10.1002/aqc.2712 

Aylagas, E., Borja, Á., Muxika, I. & Rodríguez-Ezpeleta, N. (2018). Adapting metabarcoding-

based benthic biomonitoring into routine marine ecological status assessment networks. 

Ecological Indicators, 95, 194-202. doi: 10.1016/j.ecolind.2018.07.044 

Baillie, S.M., McGowan, C., May-McNally, S., Leggatt, R., Sutherland, B.J.G. & Robinson, S. 

(2019). Environmental DNA and its applications to Fisheries and Oceans Canada: 

National needs and priorities. Canadian Technical Reports of Fisheries and Aquatic 

Sciences, 3329, XIV+84p. 

https://doi.org/10.1126/sciadv.aat4858


 

49 

Baird, D.J. & Hajibabaei, M. (2012). Biomonitoring 2.0: a new paradigm in ecosystem 

assessment made possible by next-generation DNA sequencing. Molecular ecology, 21, 

2039-2044. doi: 10.1111/j.1365-294x.2012.05519.x 

Baldwin, C., Bradford, L., Carr, M. K., Doig, L. E. Jardine, T. D., Jones, P. D., Bharadwaj, L. & 

Lindenschmidt, K. (2018). Ecological patterns of fish distribution in the Slave River 

Delta region, Northwest Territories, Canada, as relayed by traditional knowledge and 

Western science. International Journal of Water Resources Development, 34(2), 305-

324. doi: 10.1080/07900627.2017.1298516 

Ball, M. A., Noble, B. F. & Dubé, M. G. (2013). Valued ecosystem components for watershed 

cumulative effects: an analysis of environmental impact assessments in the South 

Saskatchewan River Watershed, Canada. Integrated Environmental Assessment and 

Management, 9(3), 469-479. doi: 10.1002/ieam.1333 

Ball, S.J. (1993). What is policy? Texts, trajectories and toolboxes. Discourse: Studies in the 

Cultural Politics of Education, 13(2), 10-17. doi: 10.1080/0159630930130203 

Barclay, K., Voyer, M., Mazur, N., Payne, A. M., Mauli, S., Kinch, J., Fabinyi, M. & Smith, G. 

(2017). The importance of qualitative social research for effective fisheries management. 

Fisheries Research, 186, 426-438. doi: 10.1016/j.fishres.2016.08.007 

Belle, C. C., Stoeckle, B. C. & Geist, J. (2019). Taxonomic and geographical representation of 

freshwater environmental DNA research in aquatic conservation. Aquatic Conservation: 

Marine and Freshwater Ecosystems, 29, 1996-2009. doi: 10.1002/aqc.3208 

Beng, K. & Corlett, R. (2020). Applications of environmental DNA (eDNA) in ecology and 

conservation: opportunities, challenges and prospects. Biodiversity and Conservation, 29, 

2089-2121. doi: 10.1007/s10531-020-01980-0 

Bennett, E. M., Cramer, W., Begossi, A., Cundill, G., Díaz, S., Egoh, B. N., Geijzendorffer, I. R., 

Krug, C. B., Lavorel, S., Lazos, E., Lebel, L., Martín-López, B., Meyfroidt, P., Mooney, 

H. A., Nel, J. L., Pascual, U., Payet, K., Harguindeguy, N. P., Peterson, G. D., Prieur-

Richard, A., Reyers, B., Roebeling, P., Seppelt, R., Solan, M., Tschakert, P., Tscharntke, 



 

50 

T., Turner II, B. L., Verburg, P. H., Viglizzo, E. F., White, P. C. L. & Woodward, G. 

(2015). Current Opinion in Environmental Sustainability, 14, 76–85. doi: 

10.1016/j.cosust.2015.03.007 

Berry, T.E., Saunders, B.J., Coghlan, M.L., Stat, M., Jarman, S., Richardson, A.J., Davies, C.H., 

Berry, O., Harvey, E.S. & Bunce, M. (2019). Marine environmental DNA biomonitoring 

reveals seasonal patterns in biodiversity and identifies ecosystem responses to anomalous 

climatic events. PLoS Genetics, 15(2), Article e1007943. doi: 

10.1371/journal.pgen.1007943 

Biggs, J., Ewald, N., Valentini, A., Gaboriaud, C., Griffiths, R.A., Foster, J., Wilkinson, J., 

Arnett, A., Williams, P. & Dunn, F. (2014). Analytical and methodological development 

for improved surveillance of the Great Crested Newt. Appendix 5. Technical advice note 

for field and laboratory sampling of great crested newt (Triturus cristatus) environmental 

DNA. Freshwater Habitats Trust, Oxford. 

Biggs, J., Ewald, N., Valentini, A., Gaboriaud, C., Dejean, T., Griffiths, R.A., Foster, J., 

Wilkinson, J., Arnell, A., Brotherton, P., Williams, P. & Dunn, F. (2015). Using eDNA to 

develop a national citizen science-based monitoring programme for the great crested 

newt (Triturus cristatus). Biological Conservation, 183, 19-28. doi: 

10.1016/j.biocon.2014.11.029 

Blackman, R.C., Osathanunkul, M., Brantschen, J., Di Muri, C., Harper, L.R., Mächler, E., 

Hänfling, B. & Altermatt, F. (2021). Mapping biodiversity hotspots of fish communities 

in subtropical streams through environmental DNA. Scientific Reports, 11, 10375. doi: 

10.1038/s41598-021-89942-6 

Blackmore, J. & Lauder, H. (2005). Researching policy. In: B. Somekh & C. Lewin (Eds.), 

Research methods in the social sciences (Chapter 11). London: SAGE Publications.  

Bleich, E. & Pekkanen, R. (2013). How to Report Interview Data: The Interview Methods 

Appendix. In: L. Mosley (Ed.), Interview Research in Political Science (pp. 84-105). 

Ithaca: Cornell University Press. 



 

51 

Bohmann, B., Evans, A., Gilbert, M. T. P., Carvalho, G. R., Creer, S., Knapp, M., Yu, D. W. & 

de Bruyn, M. (2014). Environmental DNA for wildlife biology and biodiversity 

monitoring. Trends in Ecology & Evolution, 29(6), 358-367. doi: 

10.1016/j.tree.2014.04.003 

Bonada, N., Prat, N., Resh, V.H. & Statzner, B. (2006). Developments in aquatic insect 

biomonitoring: a comparative analysis of recent approaches. Annual Review of 

Entomology, 51, 495-523. doi: 10.1146/annurev.ento.51.110104.151124 

Booth, B.D., MD, FRCPC, DABPN, Watts, J., MD, FRCPC, DABPN & Dufour, M. MD, 

FRCPC. (2019). Lessons from Canadian courts for all expert witnesses. Journal of the 

American Academy of Psychiatry and the Law, 47, 278-285. doi: 10.29158/jaapl.003838-

19 

Boston, C. M., Randall, R. G., Hoyle, J. A., Mossman, J. L. & Bowlby, J. N. (2016). The fish 

community of Hamilton Harbour, Lake Ontario: status, stressors, and remediation over 

25 years. Aquatic Ecosystem Health & Management, 19(2), 206-218. doi: 

10.1080/14634988.2015.1106290 

Boswell, C. & Smith, K. (2017). Rethinking policy ‘impact’: four models of research-policy 

relations. Palgrave Communications, 3, Article 44. doi: 10.1057/s41599-017-0042-z 

Brown, A. (2003). Regulators, policy-makers, and the making of policy: who does what and 

when do they do it? International Journal of Regulation and Governance , 3(1), 1-11. doi: 

10.3233/IJR-120025 

Bruskotter, J.T., Toman, E., Enzler, S.A. & Schmidt, R.H. (2010). Are gray wolves endangered 

in the Northern Rocky Mountains? A role for social science in listing determinations. 

BioScience, 60(11), 941-948. doi: 10.1525/bio.2010.60.11.10 

Buxton, A. S., Groombridge, J. J., Zakaria, N. B. & Griffiths, R. A. (2017). Seasonal variation in 

environmental DNA in relation to population size and environmental factors. Scientific 

Reports, 7, Article 46294. doi: 10.1038/srep46294 



 

52 

Campbell, M. L. & Thomas, V. G. (2002). Constitutional impacts on conservation. 

Environmental Policy and Law, 32(5), 224-233. 

Carlson, T. & Cohen, A. (2018). Linking community-based monitoring to water policy: 

perceptions of citizen scientists. Journal of Environmental Management, 219, 168-177. 

doi: 10.1016/j.jenvman.2018.04.077 

Cash, D., Clark, W.C ., Alcock, F., Dickson, N. M, Eckley, N. & Jäger, J. (2002). Salience, 

Credibility, Legitimacy and Boundaries: Linking Research, Assessment and Decision 

Making. KSG Working Papers Series, 24p. doi: 10.2139/ssrn.372280 

Cash, D. W., Clark, W. C., Alcock, F., Dickson, N. M, Eckley, N., Guston, D. H., Jäger, J. & 

Mitchell, R. B. (2003). Knowledge systems for sustainable development. Proceedings of 

the National Academy of Sciences of the United States of America , 100 (14), 8086-8091. 

doi: 10.1073/pnas.1231332100 

Cash, D.W. & Belloy, P.G. (2020). Salience, Credibility and Legitimacy in a rapidly shifting 

world or knowledge and action. Sustainability, 12, Article 7376. doi: 

10.3390/su12187376 

Choi, B. C. K., Li, L., Lu, Y., Zhang, L. R., Zhu, Y., Pak, A. W. P., Chen, Y. & Little, J. (2016). 

Bridging the gap between science and policy: an international survey of scientists and 

policy makers in China and Canada. Implementation Science, 11, Article 16. doi: 

10.1186/s13012-016-0377-7 

Choi, B. C. K., Pang, T., Lin, V., Puska, P., Sherman, G., Goddard, M., Ackland, M. J., 

Sainsbury, P., Stachenko, S., Morrison, H. & Clottey, C. (2005). Can scientists and policy 

makers work together? Journal of Epidemiology and Community Health , 59, 632-637. 

doi: 10.1136/jech.2004.031765 

Clusa, L., Miralles, L., Basanta, A., Escot, C. & García-Vázquez, E. (2017). eDNA for detection 

of five highly invasive molluscs. A case study in urban rivers from the Iberian Peninsula. 

PLoS ONE, 12(11), Article e0188126. doi: 10.1371/journal.pone.0188126  



 

53 

Cook, C. N., Mascia, M. B., Schwartz, M. W., Possingham, H. P. & Fuller, R. A. (2013). 

Achieving conservation science that bridges the knowledge-action boundary. 

Conservation Biology, 27(4), 669-678. doi: 10.1111/cobi.12050 

Crouzat, E., Arpin, I., Brunet, L., Colloff, M.J., Turkelboom, F. & Lavorel, S. (2018). Ambio, 47, 

97-105. doi: 10.1007/s13280-017-0939-1 

Darling, J. A. (2015). Genetic studies of aquatic biological invasions: closing the gap between 

research and management. Biological Invasions, 17, 951-971. doi: 10.1007/s10530-014-

0726-x  

Darling, J. A. (2019). How to learn to stop worrying and love environmental DNA monitoring. 

Aquatic Ecosystem Health & Management, 22(4), 440-451. doi: 

10.1080/14634988.2019.1682912 

Darling, J. A. & Mahon, A. R. (2011). From molecules to management: Adopting DNA-based 

methods for monitoring biological invasions in aquatic environment. Environmental 

Research, 111, 978-988. doi:10.1016/j.envres.2011.02.001 

Deiner, K., Bik, H.M., Mächler, E., Seymour, M., Lacoursière-Roussel, A., Altermatt, F., Creer, 

S., Bista, I., Lodge, D., de Vere, N., Pfrender, M.E. & Bematchez, L. (2017). 

Environmental DNA metabarcoding: Transforming how we survey animal and plant 

communities. Molecular Ecology, 26, 5872-5895. doi: 10.1111/mec.14350 

Deiner, K., Fronhofer, E.A., Mächler, E., Walser, J. & Altermatt, F. (2016). Environmental DNA 

reveals that rivers are conveyer belts of biodiversity information. Nature 

Communications, 7, Article 12544. doi: 10.1038/ncomms12544  

DiBattista, J.D., Reimer, J.D., Stat, M., Masucci, G.D., Biondi, P., de Brauwer, M., Wilkinson, 

S.P., Chariton, A.A. & Bunce, M. (2020). Scientific Reports, 10, Article 8395. doi: 

10.1038/s41598-020-64858-9 

Di Muri, C., Handley, L.L., Bean, C.W., Li, J., Peirson, G., Sellers, G.S., Walsh, K., Watson, 

H.V., Winfield, I.J. & Hänfling, B. (2020). Read counts from environmental DNA 



 

54 

(eDNA) metabarcoding reflect fish abundance and biomass in drained ponds. 

Metabarcoding and Metagenomics, 4, 97-112. doi: 10.3897/mbmg.4.56959 

Doi, H., Akamatsu, Y., Watanabe, Y., Goto, M., Inui, R., Katano, I., Nagano, M., Takahara, T. & 

Minamoto, T. (2017). Water sampling for environmental DNA surveys by using an 

unmanned aerial vehicle. Limnology and Oceanography: Methods, 15, 939-944. doi: 

10.1002/lom3.10214 

Dudgeon, D., Arthington, A. H., Gessner, M. O., Kawabata, Z., Knowler, D. J., Leveque, C., 

Naiman, R. J., Prieur-Richard, A., Soto, D., Stiassny, M. L. J. & Sullivan, C. (2006). 

Freshwater biodiversity: importance, threats, status and conservation challenges. 

Biological Reviews, 81, 163-182. doi: 10.1017/S1464793105006950 

Engels, A. (2005). The science-policy interface. The Integrated Assessment Journal, 5(1), 7-26.  

Evans, N. T. & Lamberti, G. A. (2018). Freshwater fisheries assessment using environmental 

DNA: A primer on the method, its potential, and shortcomings as a conservation tool. 

Fisheries Research, 197, 60-66. doi: 10.1016/j.fishres.2017.09.013 

Evans, N.T., Shirey, P.D., Wieringa, J.G., Mahon, A.R. & Lamberti, G.A. (2017). Comparative 

cost and effort of fish distribution detection via environmental DNA analysis and 

electrofishing. Fisheries, 42(2), 90-99. doi: 10.1080/03632415.2017.1276329  

Fanelli, D. (2012) Negative results are disappearing from most disciplines and countries. 

Scientometrics, 90, 891-904. doi: 10.1007/s11192-011-0494-7 

Fediajevaite, J., Priestley, V., Arnold, R. & Savolainen, V. (2021). Meta-analysis shows that 

environmental DNA outperforms traditional surveys, but warrants better reporting 

standards. Ecology and Evolution, 11, 4803-4815. doi: 10.1002/ece3.7382 

Fernández, R.J. (2016). How to be a more effective environmental scientist in management and 

policy contexts. Environmental Science & Policy, 64, 171-176. doi: 

10.1016/j.envsci.2016.07.006 



 

55 

Fleskens, L. (2017). Environmental Assessment Techniques. In: D. Richardson, N. Castree, M.F. 

Goodchild, A. Kobayashi, W. Liu & R.A Marston (Eds.), International Encyclopedia of 

Geography: People, the Earth, Environment and Technology. doi: 

10.1002/9781118786352.wbieg1089  

Fujiji, K., Doi, H., Matsuoka, S., Nagano, M., Sato, H. & Yamanaka, H. (2019). Environmental 

DNA metabarcoding for fish community analysis in backwater lakes: a comparison of 

capture methods. PLoS ONE, 14(1), Article e0210357. doi: 

10.1371/journal.pone.0210357 

Gamage, C.D., Sato, Y., Kimura, R., Yamashiro, T. & Toma, C. (2020). Understanding 

leptospirosis eco-epidemiology by environmental DNA metabarcoding of irrigation water 

from two agro-ecological regions of Sri-Lanka. PLoS Neglected Tropical Diseases, 

14(7), Article e0008437. doi: 10.1371/journal.pntd.0008437 

Gavine, A., MacGillivray, S., Ross-Davie, M., Campbell, K., White, L. & Renfrew, M. (2018). 

Maximising the availability and use of high-quality evidence for policymaking: 

collaborative, targeted and efficient evidence reviews. Palgrave Communications, 4, 

Article 5. doi: 10.1057/s41599-017-0054-8 

Giebels, D., van Buuren, A. & Edelenbos, J. (2015). Using knowledge in a complex decision-

making process – Evidence and principles from the Danish Houting project’s ecosystem-

based management approach. Environmental Science & Policy, 47, 53-67. doi: 

10.1016/j.envsci.2014.10.015 

Giocoli, N. (2020). Rejected! Antitrust economists as expert witness in the post-Daubert world. 

Journal of the History of Economic Thought, 42(2), 203-228. doi: 

10.1017/S1053837219000671 

Glancy, G.D., MB, ChB & Bradford, M.W., MB, ChB, DPM. (2007). The admissibility of expert 

evidence in Canada. Journal of the American Academy of Psychiatry and the Law, 35(3), 

350-356. 



 

56 

Gluckman, P. (2016). The science-policy interface. Science, 353(6303), Article 969. doi: 

10.1126/science.aai8837 

Goldberg, C. S., Turner, C. R., Deiner, K., Klymus, K. E., Thomsen, P. F., Murphy, M. A., 

Spear, S. F., McKee, A., Oyler-McCance, S. J., Cornman, R. S., Laramie, M. B., Mahon, 

A. R., Lance, R. F., Pilliod, D. S., Strickler, K. M., Waits, L. P., Fremier, A. K., 

Takahara, T., Herde, J. E. & Taberlet, P. (2016). Critical considerations for the 

application of environmental DNA methods to detect aquatic species. Methods in 

Ecology and Evolution, 7, 1299-1307. doi: 10.1111/2041-210X.12595 

Görg, C., Wittmer, H., Carter, C., Turnhout, E., Vandewalle, M., Schindler, S., Livorell, B. & 

Lux, A. (2016). Governance options for science-policy interfaces on biodiversity and 

ecosystem services: comparing a network versus a platform approach. Biodiversity and 

Conservation, 25, 1235-1252. doi: 10.1007/s10531-016-1132-8 

Greenland, S., Senn, S.J., Rothman, K.J., Carlin, J.B., Poole, C., Goodman, S.N. & Altman, D.G. 

(2016). Statistical tests, P values, confidence intervals, and power: a guide to 

misinterpretations. European Journal of Epidemiology, 31, 337-350. doi: 

10.1007/s10654-016-0149-3 

Greig, L. A. & Duinker, P. N. (2011). A proposal for further strengthening science in 

environmental impact assessment in Canada. Impact Assessment and Project Appraisal, 

29(2), 159-165. doi: 10.3152/146155111X12913679730557 

Han, X., Smyth, R.L., Young, B.E., Brooks, T.M., Sánchez de Lozada, A., Bubb, P., Butchart, 

S.H.M., Larsen, F.W., Hamilton, H, Hansen, M.C. & Turner, W.R. (2014). A 

Biodiversity Indicators Dashboard: Addressing Challenges to Monitoring Progress 

towards the Aichi Biodiversity Targets Using Disaggregated Global Data.  PLoS ONE, 

9(11): Article e112046. doi:10.1371/journal.pone.0112046  

Harper, L., Buxton, A., Rees, H., Bruce, K., Brys, R., Halfmaerten, D., Read, D., Watson, H., 

Sayer, C., Jones, E., Priestley, V., Mächler, E., Múrria, C., Garcés-Pastor, S., Medupin, 

C., Burgess, K., Benson, G., Boonham, N., Griffiths, R., Handley, L. & Hänfling, B. 



 

57 

(2019). Prospects and challenges of environmental DNA (eDNA) monitoring in 

freshwater ponds. Hydrobiologia, 826, 25-41. doi: 10.1007/s10750-018-3750-5 

Hering, D., Borja, A., Jones, J.I., Pont, D., Boets, P., Bouchez, A., Bruce, K., Drakare, S. , 

Hänfling, B., Kahlert, M., Leese, F., Meissner, K., Mergen, P., Reyjol, Y., Segurado, P., 

Vogler, A. & Kelly, M. (2018). Implementation options for DNA-based identification 

into ecological status assessment under the European Water Framework Directive. Water 

Research, 138, 192-205. doi: 10.1016/j.watres.2018.03.003 

Hill, M. & Hupe, P. (2002). Implementing public policy: governance in theory and in practice. 

London: SAGE Publications. 231p.  

Hinlo, R., Furlan, E., Suitor, L. & Gleeson, D. (2017). Environmental DNA monitoring and 

management of invasive fish: comparison of eDNA and fyke netting. Management of 

Biological Invasions, 8(1), 89-100. doi: 10.3391/mbi.2017.8.1.09 

Holdaway, R., Wood, J., Dickie, I., Orwin, K., Bellingham, P., Richardson, S., Lyver, P., Timoti,  

P. & Buckley, T. (2017). Using DNA metabarcoding to assess New Zealand’s terrestrial 

biodiversity. New Zealand Journal of Ecology, 41(2), 251-261. doi: 

10.20417/nzjecol.41.28 

Huq, M.S., Fraass, B.A., Dunscombe, P. ., Gibbons, J.P., Ibbott, G.S., Medin, P.M., Mundt, 

Arno, Mutic, S., Palta, J.R., Thomadsen, B.R., Williamson, J.F. & Yorke, E.D. (2008). A 

Method for Evaluating Quality Assurance Needs in Radiation Therapy. International 

Journal of Radiation Oncology, Biology, Physics, 71(1), S170–S173. doi: 

10.1016/j.ijrobp.2007.06.081 

Hutchings, J. A. & Post, J. R. (2013). Gutting Canada’s Fisheries Act: no fishery, no fish habitat 

protection. Fisheries, 38(11), 497-501. doi: 10.1080/03632415.2013.848345 

Ingram, J., Mills, J., Dibari, C., Ferrise, R., Ghaley, B. B., Hansen, J. G., Iglesias, A., Karaczun, 

Z., McVittie, A., Merante, P., Molnar, A. & Sánchez, B. (2016). Communicating soil 

carbon science to farmers: incorporating credibility, salience and legitimacy. Journal of 

Rural Studies, 48, 115-128. doi: 10.1016/j.jrurstud.2016.10.005 



 

58 

Jacobs-Palmer, E., Gallego, R., Cribari, K., Keller, A.G. & Kelly, R.P. (2021). Environmental 

DNA metabarcoding for simultaneous monitoring and ecological assessment of many 

harmful algae. Frontiers in Ecology and Evolution, 9, Article 612107. doi: 

10.3389/fevo.2021.612107 

Jerde, C. L., Mahon, A. R., Chadderton, W. L. & Lodge, D. M. (2011). “Sight-unseen” detection 

of rare aquatic species using environmental DNA. Conservation Letters, 4, 150-157. doi: 

10.1111/j.1755-263X.2010.00158.x 

Jiang, L. & Yang, Y. (2017). Visualization of international environmental DNA research. 

Current Science, 112(8), 1659-1664. doi: 10.18520/cs/v112/i08/1659-1664 

John, P. (2012). Analyzing Public Policy. Routledge. 224p. doi: 10.4324/9780203136218 

Kelly, R. P. (2016). Making environmental DNA count. Molecular Ecology Resources, 16, 10-

12. doi: 10.1111/1755-0998.12455 

Kelly, R. P., Port, J. A., Yamahara, K. M. & Crowder, L. B. (2014b). Using environmental DNA 

to census marine fishes in a large mesocosm. PLoS ONE, 9(1), Article e86175. doi: 

10.1371/journal.pone.0086175 

Kelly, R. P., Port, J. A., Yamahara, K. M., Martone, R. G., Lowell, N., Thomsen, P. F., Mach, 

M. E., Bennett, M., Prahler, E., Caldwell, M. R. & Crowder, L. B. (2014a). Harnessing 

DNA to improve environmental management. Science, 344(6191), 1455-1456. doi: 

10.1126/science.1251156 

Kilgour, B.W., Dubé, M.G., Hedley, K., Portt, C.B. & Munkittrick, K.R. (2007). Aquatic 

environmental effects monitoring guidance for environmental assessment practitioners. 

Environmental Monitoring and Assessment, 130, 423-436. doi: 10.1007/s10661-

00609433-0 

Kilpatrick, D.G. Definitions of Public Policy and the Law. Accessed 21 December 2021. 

https://mainweb-v.musc.edu/vawprevention/policy/definition.shtml 

https://mainweb-v.musc.edu/vawprevention/policy/definition.shtml


 

59 

Kosti, N., Levi-Faur, D. & Mor, G. (2019). Legislation and regulation: three analytical 

distinctions. The theory and practice of legislation, 7(3), 169-178. doi: 

10.1080/20508840.2019.1736369 

Lawton, R. N. & Rudd, M. A. (2014). A narrative policy approach to environmental 

conservation. AMBIO, 43, 849-857. doi: 10.1007/s13280-014-0497-8 

Leese, F., Bouchez, A., Abarenkov, K., Altermatt, F., Borja, Á., Bruce, K., Ekrem, T.,  Čiampor 

Jr., F., Čiamporova-Zat’ovičová, Z., Costa, F., Duarte, S., Elbrecht, V., Fontaneto, D., 

Franc, A., Geiger, M., Hering, D., Kahlert, M., Stroil, B., Kelly, M., Keskin, E., Liska, I., 

Mergen, P., Meissner, K., Pawlowski, J., Penev, L., Reyjol, Y., Rotter, A., Steinke, D., van 

der Wal, B., Vitecek, S., Zimmermann, J. & Weigand, A. (2018). Chapter two – Why we 

need sustainable networks bridging countries, disciplines, cultures and generations for 

aquatic biomonitoring 2.0: a perspective derived from the DNAqua-Net COST action. In: 

Bohan, D., Dumbrell, A., Woodward, G. & Jackson, M. (Eds.), Advances in Ecological 

Research - Next Generation Biomonitoring: Part 1. (pp. 63–99). Academic Press, vol. 58. 

Lin, A.C. (2019). President Trump's war on regulatory science. Harvard Environmental Law 

Review, 43(2), 247-306. 

Lodge, D. M., Simonin, P. W., Burgiel, S. W., Keller, R. P., Bossenbroek, J. M., Jerde, C. L., 

Kramer, A. M., Rutherford, E. S., Barnes, M. A., Wittmann, M. E., Chadderton, W. L., 

Apriesnig, J. L., Beletsky, D., Cooke, R. M., Drake, J. M., Egan, S. P., Finnoff, D. C., 

Gantz, C. A., Grey, E. K., Hoff, M. H., Howeth, J. G., Jensen, R. A., Larson, E. R., 

Mandrak, N. E., Mason, D. M., Martinez, F. A., Newcomb, T. J., Rothlisberger, J. D., 

Tucker, A. J., Warziniack, T. W. & Zhang, H. (2016). Risk analysis and bioeconomics of 

invasive species to inform policy and management. Annual Review of Environment and 

Resources, 41, 453-488. doi: 10.1146/annurev-environ-110615-085532  

Lortie, C. & Owen, M. (2020). Ten simple rules to facilitate evidence implementation in the 

environmental sciences. FACETS, 5, 642-650. doi: 10.1139/facets-2020-0021 

Marcus, E. (2015). Credibility and Reproducibility. Chemistry & Biology, 22(1), 3-4. doi: 

10.1016/j.chembiol.2014.12.008 



 

60 

McGregor, D. (2012). Traditional knowledge: considerations for protecting water in Ontario. The 

International Indigenous Policy Journal, 3(3), Article 11. 

McGregor, S. L. T. & Murnane, J. A. (2010). Paradigm, methodology and method: intellectual 

integrity in consumer scholarship. International Journal of Consumer Studies, 34, 419-

427. doi: 10.1111/j.1470-6431.2010.00883.x 

McKenzie, E., Posner, S., Tillmann, P., Bernhardt, J.R., Howard, K. & Rosenthal, A. (2014). 

Understanding the use of ecosystem service knowledge in decision making: lessons from 

international experiences of spatial planning. Environment and Planning C: Government 

and Policy, 32, 320-340. doi: 10.1068/c12292j 

Moon, K., Blackman, D., Brewer, T.D. & Sarre, S.D. (2017). Environmental governance for 

urgent and uncertain problems. Biological Invasions, 19, 785-797. doi: 10.1007/s10530-

016-1351-7 

Morisette, J., Burgiel, S., Brantley, K., Daniel, W.M., Darling, J., Davis, J., Franklin, T., Gaddis, 

K., Hunter, M., Lance, R., Leskey, T., Passamaneck, Y., Piaggio, A., Rector, B. , 

Sepulveda, A., Smith, M., Stepien, C.A. & Wilcox, T. (2021). Strategic considerations 

for invasive species managers in the utilization of environmental DNA (eDNA): steps for 

incorporating this powerful surveillance tool. Management of Biological Invasions, 12(3), 

747-775. doi: 10.3391/mbi.2021.12.3.15  

Munafò, M., Nosek, B., Bishop, D., Button, K., Chambers, C., Percie du Sert, N., Simonsohn, 

U., Wagenmakers, EJ., Ware, J. & Ioannidis, J. (2017). A manifesto for reproducible 

science. Nature Human Behaviour, 1, Article 0021. doi: 10.1038/s41562-016-0021 

Nosek, B., Spies, J. & Motyl, M. (2012). Scientific Utopia: II. Restructuring incentives and 

practices to promote truth over publishability. Perspectives on Psychological Science, 

7(6), 615-631. doi: 10.1177/1745691612459058 

Nichols, S.J., Barmuta, L.A., Chessman, B.C., Davies, P.E., Dyer, F.J., Harrison, E.T., Hawkins, 

C.P., Jones, I., Kefford, B.J., Linke, S., Marchant, R., Metzeling, L., Moon, K., Ogden, 

R., Peat, M., Reynoldson, T.B. & Thompson, R.M. (2017). The imperative need for 



 

61 

nationally coordinated bioassessment of rivers and streams. Marine and Freshwater 

Research, 68, 599-613. doi: 10.1071/MF15329 

Oberprieler, S., Rees, G., Nielsen, D., Shackleton, M., Watson, G., Chandler, L. & Davis, J. 

(2021). Connectivity, not short-range endemism, characterises the groundwater biota of a 

northern Australian karst system. Science of the Total Environment, 796, Article 148955. 

doi: 10.1016/j.scitotenv.2021.148955  

Ogram, A., Sayler, G. S. & Barkay, T. (1987). The extraction and purification of microbial DNA 

from sediments. Journal of Microbial Methods, 7(2-3), 57-66. doi: 10.1016/0167-

7012(87)90025-X  

Palinkas, L. A., Horwitz, S. M., Green, C. A., Wisdom, J. P., Duan, N. & Hoagwood, K. (2015). 

Purposeful sampling for qualitative data collection and analysis in mixed method 

implementation research. Administration and Policy in Mental Health, 42, 533-544. doi: 

10.1007/s10488-013-0528-y 

Pawlowski, J., Kelly-Quinn, M., Altermatt, F., Apotheloz-Perret-Gentil, L., Beja, P., Boggero, 

A., Borja, A., Bouchez, A., Cordier, T., Domaizon, I., Feio, M. J., Filipe, A. F., Fornaroli, 

R., Graf, W., Herder, J., van der Hoorn, B., Jones, J. I., Sagova-Mareckova, M., Moritz, 

C., Barquin, J., Piggot, J. J., Pinna, M., Rimet, F., Rinkevich, B., Sousa-Santos, C., 

Specchia, V., Trobajo, R., Vasselon, V., Vitecek, S., Zimmerman, J., Weigand, A., Leese, 

F. & Kahlert, M. (2018). The future of biotic indices in the ecogenomic era: integrating 

(e)DNA metabarcoding in biological assessment of aquatic ecosystems. Science of the 

Total Environment, 637-638, 1295-1310. doi: 10.1016/j.scitotenv.2018.05.002 

Penas Lado, E. (2020). Quo vadis common fisheries policy? Brussels, Belgium: Wiley 

Blackwell. 

Pérez-Jvostov, F., Sutherland, W.J., Barrett, R.D.H., Brown, C.A., Cardille, J.A., Cooke, S.J., 

Cristescu, M.E., Fortin St-Gelais, N., Fussmann, G.F., Griffiths, K., Hendry, A.P., 

Lapointe, N.W.R., Nyboer, E.A., Pentland, R.L., Reid, A.J., Ricciardi, A., Sunday, J.M. 

& Gregory-Eaves, I. (2019). Horizon scan of conservation issues for inland waters in 



 

62 

Canada. Canadian Journal of Fisheries and Aquatic Sciences, 77, 869-881. doi: 

10.1139/cjfas-2019-0105 

Perrings, C., Duraiappah, A., Larigauderie, A. & Mooney, H. (2011). The biodiversity and 

ecosystem services science-policy interface. Science, 331, 1139-1140. doi: 

10.1126/science.1202400 

Petruniak, J., Bradley, D., Kelly, J. & Hanner, R. (2020). Commentary: integrating 

environmental DNA into applied ecological practice. Journal of Environmental Studies 

and Sciences, 11, 6-11. doi: 10.1007/s13412-020-00638-1 

Phoenix, C., Osborne, N. J., Redshaw, C., Moran, R., Stahl-Timmins, W., Depledge, M. H., 

Fleming, L. E. & Wheeler, B. W. (2013). Paradigmatic approaches to studying 

environment and human health: (Forgotten) implications for interdisciplinary research. 

Environmental Science & Policy, 25, 218-228. doi:10.1016/j.envsci.2012.10.015 

Pimm, S. L., Alibhai, S., Bergl, R., Dehgan, A., Giri, C., Jewell, Z., Joppa, L., Kays, R. & 

Loarie, S. (2015). Emerging Technologies to Conserve Biodiversity. Trends in Ecology 

and Evolution, 30(11), 685-696. doi: 10.1016/j.tree.2015.08.008 

Pitard, J. (2017). A Journey to the Centre of Self: Positioning the Researcher in Autoethnography 

[27 paragraphs]. Forum Qualitative Sozialforschung / Forum: Qualitative Social 

Research, 18(3), Article 10. doi: 10.17169/fqs-18.3.2764. 

Poesch, M. S., Chavarie, L., Chu, C., Pandit, S. N. & Tonn, W. (2016). Climate change impacts 

on freshwater fishes: a Canadian perspective. Fisheries, 41(7), 385-391. doi: 

10.1080/03632415.2016.1180285  

Ponterotto, J. G. (2005). Qualitative research in counseling psychology: a primer on research 

paradigms and philosophy of science. Journal of Counseling Psychology, 52(2), 126-136. 

doi: 10.1037/0022-0167.52.2.126 

Posner, S., Getz, C. & Ricketts, T. (2016). Evaluating the impact of ecosystem service 

assessments on decision-makers. Environmental Science & Policy, 64, 30-37. doi: 

10.1016/j.envsci.2016.06.003 

http://dx.doi.org/10.17169/fqs-18.3.2764


 

63 

Powers, S. & Hampton, S. (2019). Open science, reproducibility, and transparency in ecology. 

Ecological Applications, 29(1), Article e01822. doi: 10.1002/eap.1822  

Prager, E., Chambers, K., Plotkin, J., McArthur, D., Bandrowski, A., Bansal, N., Martone, M., 

Bergstrom, H., Bespalov, A. & Graf, C. (2019). Improving transparency and scientific 

rigor in academic publishing. Journal of Neuroscience Research, 97, 377-390. doi: 

10.1002/jnr.24340 

Reed, M. S. (2008). Stakeholder participation for environmental management: A literature 

review. Biological Conservation, 141, 2417-2431. doi: 10.1016/j.biocon.2008.07.014  

Reid, A. J., Carlson, A. K., Creed, I. F., Eliason, E. J., Gell, P. A., Johnson, P. T. J., Kidd, K. A., 

MacCormack, T. J., Olden, J. D., Ormerod, S. J., Smol, J. P., Taylor, W. W., Tockner, K., 

Vermaire, J. C., Dudgeon, D. & Cooke, S. J. (2019). Emerging threats and persistent 

conservation challenges for freshwater biodiversity. Biological Reviews, 94, 849-873. 

doi: 10.1111/brv.12480 

Roach, B. & Walker, T. R. (2017). Aquatic monitoring programs conducted during 

environmental impact assessments in Canada: preliminary assessment before and after 

weakened environmental regulation. Environmental Monitoring and Assessment, 189(3), 

Article 109. doi: 10.1007/s10661-017-5823-8 

Robinson, C., Baird, D., Wright, M., Porter, T., Hartwig, K., Hendriks, E., Maclean, L., 

Mallinson, R., Monk, W., Paquette, C. & Hajibabaei, M. (2021). Combining DNA and 

people power for healthy rivers: implementing the STREAM community-based approach 

for global freshwater monitoring. Perspectives in Ecology and Conservation, 19, 279-

285. doi: 10.1016/j.pecon.2021.03.001 

Robinson, O. C. (2014) Sampling in interview-based qualitative research: a theoretical and 

practical guide. Qualitative Research in Psychology, 11(1), 25-41. doi: 

10.1080/14780887.2013.801543 



 

64 

Roche, D.G., Granados, M., Austin, C.C., Wilson, S., Mitchell, G.M., Smith, P.A., Cooke, S.J. & 

Bennett, J.R. (2020). Open government data and environmental science: a federal 

Canadian perspective. FACETS, 5, 942-962. doi: 10.1139/facets-2020-0008 

Rose, D. C., Mukherjee, N., Simmons, B. I., Tew, E. R., Robertson, R. J., Vadrot, A. B. M., 

Doubleday, R. & Sutherland, W. J. (2017). Policy windows for the environment: tips for 

improving the uptake of scientific knowledge. Environmental Science and Policy, 1-8. 

doi: 10.1016/j.envsci.2017.07.013  

Roussel, JM., Paillisson, JM., Tréguier, A. & Petit, E. (2015). The downside of eDNA as a survey 

tool in water bodies. Journal of Applied Ecology, 52, 823-826. doi: 10.1111/1365-

2664.12428 

Ruppert, K., Kline, R. & Rahman, S. (2019). Past, present, and future perspectives of 

environmental DNA (eDNA) metabarcoding: a systematic review in methods, 

monitoring, and applications of global eDNA. Global Ecology and Conservation, 17, 

Article e00547. doi: 10.1016/j.gecco.2019.e00547  

Ryan, A. B. (2006). Post-positivist approaches to research. In: M. Antonesa, H. Fallon, A. B. 

Ryan, A. Ryan, T. Walsh & L. Borys (Eds.), Researching and writing your thesis: a guide 

for postgraduate students (pp. 12-26). Maynooth, Ireland: MACE, National University of 

Ireland.  

Sagoff, M. (1996). On the value of endangered and other species. Environmental Management, 

20(6), 897-911. doi: 10.1007/BF01205970 

Saunders, B., Sim, J., Kingstone, T., Baker, S., Waterfield, J., Bartlam, B., Burroughs, H. & 

Kinks, C. (2018). Saturation in qualitative research: exploring its conceptualization and 

operationalization. Quality & Quantity, 52, 1893-1907. doi: 10.1007/s11135-017-0574-8 

Schadewell, Y. & Adams, C.I.M. (2021). Forensics meets ecology – environmental DNA offers 

new capabilities for marine ecosystem and fisheries research. Frontiers in Marine 

Science, 8, Article 668822. doi: 10.3389/fmars.2021.668822  



 

65 

Schenekar, T., Schletterer, M., Lecaudey, L. A. & Weiss, S. J. (2020). Reference databases, 

primer choice, and assay sensitivity for environmental metabarcoding: lessons learnt 

from a re-evaluation of an eDNA fish assessment in the Volga headwaters. River 

Research and Applications, 1-10. doi: 10.1002/rra.3610 

Schindler, D. W. (2001). The cumulative effects of climate warming and other human stresses on 

Canadian freshwater in the new millennium. Canadian Journal of Fisheries and Aquatic 

Sciences, 58, 18-29. doi: 10.1139-cjfas-58-1-18 

Seegert, G. (2000). The development, use, and misuse of biocriteria with an emphasis on the 

index of biotic integrity. Environment Science & Policy, 3, S51-S58.  

Serinaldi, F., Chebana, F. & Kilsby, C.G. (2020). Dissecting innovative trend analysis. 

Stochastic Environmental Research and Risk Assessment, 34, 733-754. doi: 

10.1007/s00477-020-01797-x 

Sepulveda, A. J., Nelson, N. M., Jerde, C. L. & Luikart, G. (2020). Trends in Ecology & 

Evolution, 35(8), 668-678. doi: 10.1016/j.tree.2020.03.011 

Shackleton, R. T., Adriaens, T., Brundu, G., Dehnen-Schmutz, K., Estévez, R. A., Fried, J., 

Larson, B. M. H., Liu, S., Marchante, E., Marchante, H., Moshobane, M. C., Novoa, A., 

Reed, M. & Richardson, D. M. (2019). Stakeholder engagement in the study and 

management of invasive alien species. Journal of Environmental Management, 229, 88-

101. doi: 10.1016/j.jenvman.2018.04.044 

Shackleton, R. T., Larson, B. M. H., Novoa, A., Richardson, D. M. & Kull, C. A. (2019). The 

human and social dimensions of invasion science and management. Journal of 

Environmental Management, 229, 1-9. doi: 10.1016/j.jenvman.2018.08.041  

Shackleton, R. T., Richardson, D. M., Shackleton, C. M., Bennett, B., Crowley, S. L., Dehnen -

Schmutz, K., Estévez, R. A., Fischer, A., Kueffer, C., Kull, C. A., Marchante, E., Novoa, 

A., Potgieter, L. J., Vaas, J., Vaz, A. S. & Larson, B. M. H. (2019). Explaining people’s 

perceptions of invasive alien  species: A conceptual framework. Journal of 

Environmental Management, 229, 10-26. doi: 10.1016/j.jenvman.2018.04.045 



 

66 

Shu, L., Ludwig, A. & Peng, Z. (2020). Standards for methods utilizing environmental DNA for 

detection of fish species. Genes, 11, Article 296. doi: 10.3390/genes11030296 

Simandan, D. (2019). Revisiting positionality and the thesis of situated knowledge. Dialogues in 

Human Geography, 9(2), 129-149. doi: 10.1177/2043820619850013 

Smith, A. L., Bazely, D. R. & Yan, N. (2014). Are legislative frameworks in Canada and Ontario 

up to the task of addressing invasive alien species? Biological Invasions, 16, 1325-1344. 

doi: 10.1007/s10530-013-0585-x 

Singh, H., Pirani, F.J. & Najafi, M.R. (2020). Characterizing the temperature and precipitation 

covariability over Canada. Theoretical and Applied Climatology, 139, 1543-1558. doi: 

10.1007/s00704-019-03062-w 

Souza, L. S., Godwin, J. C., Renshaw, M. A. & Larson, E. (2016). Environmental DNA (eDNA) 

Detection Probability Is Influenced by Seasonal Activity of Organisms. PLoS ONE, 

11(10), Article e0165273. doi: 10.1371/journal.pone.0165273 

Stoeckle, B. C., Beggel, S., Cerwenka, A. F., Motivans, E., Kuehn, R. & Geist, J. (2017). A 

systematic approach to evaluate the influence of environmental conditions on eDNA 

detection success in aquatic ecosystems. PLoS ONE, 12(12), Article e0189119. doi: 

10.1371/journal. pone.0189119 

Strickert, G., Chun, K. P., Bradford, L., Clark, D., Gober, P., Reed, M. G. & Payton, D. (2016). 

Unpacking viewpoints on water security: lessons from the South Saskatchewan River 

Basin. Water Policy, 18, 50-72. doi: 10.2166/wp.2015.195 

Tangney, P. (2017). What use is CRELE? A response to Dunn and Laing. Environmental Science 

&Policy, 77, 147-150. doi: 10.1016/j.envsci.2017.08.012 

Thackeray, S. J. & Hampton, S. E. (2020). The case for research integration, from genomics to 

remote sensing, to understand biodiversity change and functional dynamics in the world’s 

lakes. Global Change Biology, 26, 3230-3240. doi: 10.1111/gcb.15045 



 

67 

Thalinger, B., Deiner, K., Harper, L.R., Rees, H.C., Blackman, R.C., Sint, D., Traugott, M., 

Goldberg, C.S & Bruce, K. (2021). A validation scale to determine the readiness of 

environmental DNA assays for routine species monitoring. Environmental DNA, 3, 823-

8363. doi: 10.1002/edn3.189 

Thomas, V. G., Hanner, R. H. & Borisenko, A. V. (2016). DNA-based identification of invasive 

alien species in relation to Canadian federal policy and law, and the basis of rapid-

response management. Genome, 59, 1023-1031. doi: 10.1139/gen-2016-0022 

Torjman, S. (2005). What is policy? Ottawa: The Caledon Institute of Social Policy. 20p. 

Treweek, J. (1995). Ecological Impact Assessment. Impact Assessment, 13(3), 289-315. doi: 

10.1080/07349165.1995.9726099  

Tsuji, S., Takahara, T., Doi, H., Shibata, N. & Yamanaka, H. (2019). The detection of aquatic 

macroorganisms using environmental DNA analysis – a review of methods for collection, 

extraction and detection. Environmental DNA, 1, 99-108. doi: 10.1002/edn3.21 

Tsuji, S., Ushio, M., Sakurai, S., Minamoto, T. & Yamanaka, H. (2017). Water temperature-

dependent degradation of environmental DNA and its relation to bacterial abundance. 

PlosOne, 12(4), Article e0176608. doi: 10.1371/journal.pone.0176608  

van der Bles, A.M., van der Linden, S., Freeman, A.L.J. & Spiegelhalter, D.J. (2020). The effects 

of communicating uncertainty on public trust in facts and numbers. Proceedings of the 

National Academy of Sciences of the United States of America , 117(14), 7672-7683. doi: 

10.1073/pnas.1913678117 

van den Hove, S. (2007). A rationale for science-policy interfaces. Futures, 39, 807-826. doi: 

10.1016/j.futures.2006.12.004 

van der Hel, S. & Biermann, F. (2017). The authority of science in sustainability governance: A 

structured comparison of six science institutions engaged with the Sustainable 

Development Goals. Environmental Science and Policy, 77, 211-220. doi: 

10.1016/j.envsci.2017.03.008 



 

68 

van Voorn, G.A. K., Verburg, R. W., Kunseler, E. M., Vader, J. & Janssen, P. H. M. (2016 ). A 

checklist for model credibility, salience, and legitimacy to improve transfer in 

environmental policy assessments. Environmental Modelling & Software, 83, 224-236. 

doi: 10.1016/j.envsoft.2016.06.003  

Welsh, A., Jerde, C., Wilson, C., Docker, M. & Locke, B. (2019). Management support tree for 

the interpretation of positive laboratory results. In: Uses and limitations of environmental 

DNA (eDNA) in fisheries management. Great Lakes Fishery Commission, Project ID – 

2017_WEL_77011. Retrieved from: http://www.glfc.org/science-transfer-toolkit.php 

Wheater, H. & Gober, P. (2013). Water security in the Canadian Prairies: science and 

management challenges. Philosophical Transactions of the Royal Society A, 371, Article 

20120409. doi: 10.1098/rsta.2012.0409 

Wilson, C., Wright, E., Bronnenhuber, J., MacDonald, F., Belore, M. & Locke, B. (2014). 

Tracking ghosts: combined electrofishing and environmental DNA surveillance efforts 

for Asian carps in Ontario waters of Lake Erie. Management of Biological Invasions, 

5(3), 225-231. doi: 10.3391/mbi.2014.5.3.05 

Yates, M.C., Fraser, D.J. & Derry, A.M. (2019). Meta-analysis supports further refinement of 

eDNA for monitoring aquatic species-specific abundance in nature. Environmental DNA, 

1, 5-13. doi: 10.1002/edn3.7 

Yoccoz, N. G. (2012). The future of environment DNA in ecology. Molecular Ecology, 21, 

2031-2038. doi: 10.1111/j.1365-294X.2012.05505.x

https://doi.org/10.1111/j.1365-294X.2012.05505.x


 

69 

APPENDICES 

 

A.1: Interview guide 

1. What is your current professional affiliation/position and for how long have you been engaged with 

it?  

2. For you, what are the key areas of concern or main challenges in aquatic environment monitoring 

and assessment, in Canada?  

3. A lot has been said in the literature about the need for new tools to improve environmental 

monitoring of aquatic environments. One of these new tools people have been talking about is 

environmental DNA. Are you familiar with this technique?  

4. Thinking about some characteristics of the eDNA tool in relation to other existing and currently in 

use techniques, please attribute a number from 0 to 10, with 0 being very low and 10 being very 

high, regarding to how you perceive its: *(Allow the interviewee to say s/he isn’t sure) 

- Accuracy (the ability to identify, measure and translate the nearby environment as closest to the 

reality as possible | ex: how accurate it could give a portrait of the sampled environment in different 

times)  

- Bias (a particular tendency or inclination, especially one that prevents impartial consideration of a 

question | ex: tending towards a particular species due to its specimen’s size or quantity, and 

disregarding others) 

- Detail (to report or relate explicitly, thoroughly or meticulously | ex: can it capture abundance or 

location of species or only presence/absence)  

- Sensitivity (the capacity to respond to changes in the environment | ex: how fast it could demonstrate 

a drop in a species abundance or the arrival of a new invasive species)  

- Applicability (ex: would you say it is relevant to environmental studies of aquatic ecosystems)  
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- Accountability and legitimacy (can be defined by clear roles and responsibilities; penalties for 

performance; responsiveness; transparency; and a f ree flow of information between actors - Moon 

et al., 2017 | ex: do you think eDNA is capable of explaining the surroundings and sustaining the 

results, with undisputed credibility?)  

-> Following up, ask the interviewee why did they chose that number, what was their line of thought 

for each characteristic. 

5. My next question is about uses of eDNA information in different sectors of society.  

How do you think eDNA results would be valuable to 1) Scientists; 2) Regulatory decision -makers; 

3) Community members (e.g. members of the public who are concerned about their local 

environment); 4) Industry consultants and 5) Review panels. 

6. I would like to have you reflect on a hypothetical scenario where eDNA might be applied. Imagine 

a new mine development is being considered for approval in northern Saskatchewan. For you, what 

might be the utility of the eDNA tool in this particular case?  

7. What do you believe to be the main scientific barriers and/or challenges for the eDNA 

implementation in aquatic environments assessments and monitoring? 

-> (Probe A: Do you believe pre-existing perceptions and values of people towards molecular tools 

may jeopardize the acceptance of this technique?) 

-> (Probe B: How to achieve compatibility in ecological assessments when replacing conventional 

by novel methods?) 

8. We know that sometimes questions related to environmental assessments and monitoring may be 

involved in legal disputes. Do you believe eDNA would hold up on court?  

9. How strong does the evidence need to be in order for the tool to be reliable? How to manage 

uncertainty in your view? 

10. In face of all discussed here today, do you believe this new methodology could be embraced and 

recommended by regulatory agencies? Would you care to explain further your answer? 
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-> (Probe C: In your opinion what could be a regulatory challenge to implement this methodology?)  

11. Where do you think the greatest opportunities to implement this methodology are? What would be 

an immediate gain of implementing it as soon as possible? 

-> (Probe D: What existing governance arrangements, stakeholder groups and programs could 

support immediate action; and how could immediate action affect, and be a ffected by, existing 

arrangements, structures and institutions?) 

12. Who should be leading the development and application of the eDNA methodology? Is it up to the 

government to guarantee its applicability, to the private sector or should this be restricted to  the 

academy at least for now? 

13.  Is there anything else that you would like to comment or recommend regarding your perceptions 

around the applicability of this new methodology for environmental studies and its implementation 

in environmental programs? *(Ask if they recommend someone else I should be talking to.)
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A.2: Contacted participants by occupation and geographic categories 

Those who accepted are represented by Arabic numbers and those who declined or didn’t replied are represented by Roman numerals. 

Snowballed participants are indicated with an asterisk (*) after their number. The information on the column further to the right (level 

of knowledge about environmental DNA) was provided by the interviewees themselves. 

Occupation Province Participant Status Interview mode Duration Level of knowledge about eDNA 

ACADEMIA 
 

 
 

 
 

Alberta      
  10 Accepted Audio-only phone call recording 35'20" Knowledgeable (is using it) 

  27 * Accepted Audio-only phone call recording 32'50" Familiar 
  XXII No Response    

Saskatchewan      
  39 Accepted Audio-only phone call recording 29'04" Familiar (has used before) 

  IX Declined    
Ontario      

  7 Accepted Audio-only phone call recording 53'20" Knowledgeable 

COMMUNITY 
 

 
 

 
 

Alberta      
  14 Accepted Audio-only phone call recording 33'34" Familiar (has read about it) 
  17 * Accepted Audio-only phone call recording 45'46" Aware 
  32 * Accepted Audio-only phone call recording 30'08" Familiar (has read about it/attended workshops) 

  36 Accepted Audio-only phone call recording 22'01" Familiar (has read about it) 
  XIV No Response    

Saskatchewan      
  4 Accepted Audio-only phone call recording 33'37" Familiar 

  11 Accepted Audio-only phone call recording 19'02" Familiar 
  15 Accepted In Person (but not used)   

Ontario      
  2 Accepted Audio-only phone call recording 39'36" Familiar (has used before) 

  6 Accepted Audio-only phone call recording 18'41" Aware 
  28 Accepted Audio-only phone call recording 37'32" Aware 
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  V Declined    
  X Declined    

Nationwide      

  9 Accepted Audio-only phone call recording 24'07" Knowledgeable (is using it) 
  18 Accepted Audio-only phone call recording 43'31" Knowledgeable (is using it) 

GOVERNMENT 
 

 
 

 
 

Alberta      

  8 Accepted Audio-only phone call recording 29'20" Aware 
  21 * Accepted Audio-only phone call recording 1°02'43" Aware 
  30 * Accepted Audio-only phone call recording 25'14" Familiar (has read about it) 
  XV No Response    

  XX No Response    
Saskatchewan      

  1 Accepted Audio-only phone call recording 31'42" Knowledgeable (is using it) 
  12 Accepted Audio-only phone call recording 23'14" Knowledgeable 

  35 Accepted Audio-only phone call recording 28'43" Knowledgeable 
  41 Accepted In writing  Knowledgeable 

  
33 

Accepted but 
later declined  

 
 

  IV Declined    
Ontario      

  22 Accepted Audio-only phone call recording 1°18'29" Knowledgeable (is using it) 
  37 Accepted Audio-only phone call recording 47'08" Aware 

  II Declined    
  XIII No Response    

Nationwide      
  13 Accepted Audio-only phone call recording 36'39" Knowledgeable (is using it) 

  31 * Accepted Audio-only phone call recording 36'31" Knowledgeable (has used before) 
  34 Accepted Audio-only phone call recording 48'43" Knowledgeable (is using it) 
  38 Accepted Audio-only phone call recording 48'43" Familiar 
  XVIII No Response    

  XIX No Response    

LAW 
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Alberta      
  24 Accepted Audio-only phone call recording 40'51" Aware 
  XXI No Response    

Saskatchewan      
  3 Accepted Audio-only phone call recording 50'51" Familiar (has read about it) 

Nationwide      
  20 Accepted Audio-only phone call recording 24'25" No 

  23 Accepted Audio-only phone call recording 55'44" Aware 

PRIVATE 
 

 
 

 
 

Alberta      
  19 Accepted Audio-only phone call recording 34'53" Aware 

  40 Accepted Audio-only phone call recording 28'05" Familiar 
  I Declined    

Saskatchewan      
  5 Accepted Audio-only phone call recording 26'31" Familiar 

  16 Accepted Audio-only phone call recording 32'48" Familiar (has read about it/attended workshops) 
  III Declined    
  VIII Declined    
  XI * Declined    

Ontario      
  26 * Accepted Audio-only phone call recording 28'18" Familiar (has read about it/attended workshops) 
  42 * Accepted In writing  Knowledgeable 
  VI Declined    

  VII Declined    
  XII Declined    
  XVI No Response    

Nationwide       

  25 Accepted Audio-only phone call recording 29'35" Knowledgeable (is using it) 
  29 * Accepted Audio-only phone call recording 30'37" Knowledgeable (is using it) 
  XVII No Response    
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A.3: Coding table 
 

QUES-

TION 

 

 2 

CODES FILES 

Climate change impacts 1 

Cumulative effects - 
Multiple stressors 

10 

Data 16 

Baselines and trends  

Data management  

Fragmented data  

Monitoring design  

Decision-making 2 

Depends 1 

Inconsistency 5 

Knowledge transfer 3 

Lack of...  

Resources 9 

Scientific methodol-
ogy 

6 

Standards 2 

Support 3 

Management 6 

Adaptive management  

On fisheries  

Results 4 

Endgame  

Imprecision  

Species (Invasive and At 

Risk) 
7 

Unifying political regime 6 

Water quality and quan-
tity 

3 

 
 
 

QUESTION 

 

6 

CODES FILES 

Depends on the question 4 

Migration patterns 2 

Not useful 11 

Quality monitoring pa-

rameter 
4 

Screening-Snapshot-

Baseline 
27 

Target work 12 

Trends - Monitoring 16 
 
 

QUESTION   

 

5 

CODES FILES 

Community Members  

If they are interested 3 

If translated into plain language 5 

Limited 4 

No direct use 10 

Not much different from other 

programs 
3 

Potential 11 

Valuable for specific questions 5 

Invasive Species 2 

Decision-Makers  

Depends on  

Purpose 7 

Weight on evidences 3 

Good tool but not there yet 5 

Helpful 11 

Incredibly valuable 7 

Limited 1 

Has to be interested in what  
eDNA can say 

3 

Not (very) useful 5 

Industry Consultants  

Already using it 2 

Depends 2 

Helpful/Valuable 18 

Not valuable 1 

Potential for abuse 1 

Should be open to it 3 

Tied with the decision-makers 7 

Review Panels  

All about weight of evidence 8 

Depend on the type of panel 4 

Has potential but not there yet 3 

Informally 1 

Not valuable 2 

Similar to Decision-Makers 11 

Valuable 8 

Scientists  

Limited 8 

Depends on their interest  

Not valuable 1 

Valuable 28 
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QUES-

TION 

 

7 

CODES FILES 

Bioinformatics 1 

Contamination - False 
positives 

5 

Cost 3 

Delivery methods - Ca-
pacity 

9 

Knowledge mobilization 1 

Politics 1 

Technique resolution  

Biodiversity and Pri-

mer availability 
10 

Low Detection 2 

Quantitative 6 

Time for results 1 

Users  

Proper Understanding 10 

Qualified personnel 5 

Validity 12 

Lack of standards 5 

 
 

QUES-

TION 

 

8 

CODES FILES 

Can't comment 4 

Depends. IF... 17 

Favored compared to tra-

ditional tech. 
 

No 1 

Only way 1 

Potential for it 1 

No 11 

Yes 12 
 

 

QUES-

TION 

 

10 

CODES FILES 

Already has 3 

Don't know 3 

Hypothetically 2 

No 4 

Promising 3 

Yes 27 
 
 
 
 
 

 

QUESTION 

 

9 

CODES FILES 

Acceptance 3 

Already reliable 2 

Depends on the type of survey 1 

Can't answer 2 

Comparison with other tools 11 

Levels of certainty  

Degrees of probability-Statis-

tics 
5 

Published literature 5 

QA-QC 2 

Repeatability 5 

Rigor and transparency 7 

Standard of proof-Types of 
dispute 

3 

Low detection limits-High accu-
racy 

3 

Not an uncertainty issue 2 

Up to scientists to determine it 1 
 

QUESTION 

 

 11 

CODES FILES 

Ecosystem recovery 2 

Inventory-Monitoring 17 

Less harmful 1 

Microbial 1 

No gain yet 3 

Need for improved library 1 

Need for numbers 1 

Need for standard protocols 1st 1 

Partnerships for monitoring 4 

Collab with communities 3 

Savings 8 

Scientific application 2 

Target tool  

Endangered and rare species 
monitoring 

10 

Invasive species monitoring 13 

Sampling areas 1 

Water quality indicator 2 
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QUESTION 

  

12 

CODES FILES 

Academy 20 

All together 19 

Government 1 

Government - applica-
tion 

4 

Government - develop-

ment 
1 

Government - support 3 

Private sector 1 

Private sector - applica-
tion 

6 

Private sector - develop-

ment 
1 

 

 
 

QUESTION 

 

13 

CODES FILES 

Accreditation 2 

Bias view from users 5 

Broader applications 2 

Collaboration 2 

Community involvement 1 

Limitations 5 

Obstacles (Political will) 1 

Short and long term con-

servation monitoring 
1 

 

 
 

STANDARDS 

CODES FILES 

Both 1 

Criteria 4 

Don’t know / De-

pends 
4 

For labs 2 

Protocols 2 

Tests 2 
 
 
 

PROBE 

 

A 

CODES FILES 

No 21 

Unsure 8 

Yes 8 

 

PROBE 

 

B 

CODES FILES 

Can't answer 11 

Depends on the evidence out 

there 
 

Depends on the question  

Inappropriate question  

Potential to stand alone 10 

Supportive 16 
 
 

PROBE 

 

C 

CODES FILES 

Association between eDNA re-
sults and projects impacts 

1 

Budget constraint 1 

Depends 1 

Gap between science methods 
and legislation 

1 

Industry role 2 

Mismatch between eDNA an-
swers and regulatory questions 

5 

Need for guidelines and accredi-
tation 

1 

No challenges 11 

Political will 2 

Regulatory agencies characteris-
tics 

4 

Uncertainty-Confidence 9 

Need for robust and peer re-
viewed   scientific evidence 

3 

 
 

PROBE 

 

D 

CODES FILES 

Academic and Government As-

sociations 
3 

CABIN 1 

Community based programs 3 

Conservation authorities / Stew-

ardship groups 
3 

Industrial funding arrangements 1 

Invasive species detection pro-
grams 

3 

Not able to disclose 1 

Provincial EIA or ESA 2 

Sensitive or at risk species detec-
tion 

1 

 
 


