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Abstract 

Despite widespread fisheries efforts to rebuild fisheries, the recovery of depleted stocks 

is still poorly understood. In British Columbia, researchers have been attempting to 

understand the factors limiting the recovery of Pacific herring (Clupea pallasii) stocks, 

which have experienced declines to below harvestable levels in the past decade. 

Adaptive management is a policy innovation, invented to address problems in natural 

resource management by treating management interventions as experiments and 

monitoring the system’s feedbacks. I examine the institutional, social, and ecological 

considerations for implementing an adaptive management experimental program to 

rebuild herring stocks, through the use of two ongoing and proposed local management 

interventions. I highlight opportunities to overcome barriers to program implementation, 

and provide experimental design recommendations to evaluate the success of these 

interventions, given existing uncertainties about herring stock structure and variability. 

Implementing such a program could facilitate learning about how to rebuild Pacific 

herring populations and fisheries. 

Keywords:  Adaptive management; Pacific herring, Fisheries management; 
Implementation; Policy innovation; Local management interventions 
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General Introduction 

Background 

Despite widespread efforts to rebuild fisheries, the recovery of depleted stocks is 

still a poorly understood process that is fraught with failure (Worm et al. 2009, Hutchings 

2000). Several factors can influence the success of efforts to rebuild fisheries, such as a 

species’ life history characteristics (Denney et al. 2002, Roff 2002, Dulvy et al. 2003), 

habitat alterations (Hutchings 2000), environmental conditions, and multi-species 

interactions (Swain and Sinclair 2000), all of which can contribute to risks and 

uncertainties in the implementation of management strategies (DFO 2013a). 

Additionally, anthropogenic activities can cause shifts in ecosystem states, altering 

predator-prey dynamics (Bakun 2006) and dynamics of community structures (Walters 

and Kitchell 2002, MacCall 2002), and thus affecting the success of population recovery. 

In order to increase understanding of recovery, we require insights into key social, 

institutional, and ecological factors that affect the resilience and productivity of individual 

populations and their communities (Worm et al. 2009). 

In British Columbia, researchers have been attempting to understand the factors 

limiting the recovery of Pacific herring (Clupea pallasii) stocks (Schweigert et al. 2010), 

which have experienced declines in numbers to below harvestable levels in the past 

decade. Although the causes are largely unknown, challenges in herring recovery have 

been attributed to a combination of fluctuating food supply, increased abundance of 

predator species, degradation and loss of habitat, as well as competition from other 

forage species such as Pacific sardines (Sardinops sagax) (Schweigert et al. 2010). 

Pacific herring in Canada are managed by Fisheries and Oceans Canada (DFO), a 

federal agency with authority over marine fisheries. Despite DFO’s consistent application 

of a harvest control rule designed to allow the rebuilding of stocks, three of the five major 

herring stocks – Haida Gwaii, Central Coast, and West Coast Vancouver Island – have 
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been below the threshold considered adequate for commercial fisheries exploitation in 

the last decade and have shown limited signs of recovery (Cleary et al. 2010). 

Troubled by the lack of recovery of herring stocks, resource users and concerned 

individuals in coastal indigenous and non-indigenous communities have expressed 

interest in exploring local alternatives to DFO’s general management strategy of regional 

commercial fisheries closures. Possible alternatives include local management 

interventions such as spawning habitat restoration, and a traditional indigenous herring 

enhancement method of translocating herring spawn from active spawning sites to 

previously-active spawning sites that have become inactive. In addition to the possibility 

of increasing or diversifying spawning in a particular area, such local initiatives may offer 

opportunities to improve knowledge about Pacific herring populations and reduce some 

of the uncertainties associated with managing herring fisheries. 

Researchers in the field of natural resource management propose “adaptive 

management” (AM) as a means to deal with and learn about the uncertainty and 

complexity of socio-ecological systems (Holling 1978, Walters 1986). Adaptive 

management has been advocated by scientists and managers as an approach to 

fisheries rebuilding and recovery, where the scientific uncertainty of outcomes is high 

(Ham and Pearsons 2000, Bearlin et al. 2002, Stockwell and Leberg 2002, Rout et al. 

2009, Worm et al. 2009). According to proponents of AM, it is a systematic and 

collaborative management approach that can facilitate learning about recovery 

processes by treating management interventions as experiments, and monitoring the 

system’s feedbacks to these interventions. By learning through an iterative process of 

planning, designing, implementing, monitoring, and evaluating experimental 

management treatments and controls, AM may be able to improve the effectiveness of 

rebuilding efforts and increase understanding (Worm et al.  2009). Adaptive 

management can potentially be integrated or used in conjunction with traditional 

ecological knowledge systems, as both involve forms of experimentation and “learning 

by doing” in the face of uncertainty and imperfect information (Berkes 2000, Berkes 

2004). 

DFO's national policies support both adaptive management and the engagement 

of local communities. The agency’s ‘Guidance for the Development of Rebuilding Plans 
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under the Precautionary Approach Framework’ states that using a combination of best 

management practices such as fishing closures, habitat restoration, and enhancement 

"applied through an adaptive and ecosystem-based management approach" can lead to 

success in rebuilding fish populations (DFO 2013a). Additionally, the policy recognizes 

that the engagement of local communities can increase the overall probability of 

successful rebuilding (DFO 2013a). Communities hold local and traditional ecological 

knowledge that can enhance and complement existing scientific knowledge, leading to 

more realistic and achievable objectives for rebuilding populations, better assessments 

of the feasibility and effectiveness of various potential management interventions, and 

improved monitoring of the strategies selected for implementation. The local 

management interventions proposed for Pacific herring by interested local groups could 

thus be explored as potential rebuilding strategies through AM experimental programs. 

Thesis Project Overview 

My research explores the possibility of designing and implementing an AM 

experimental program to rebuild BC Pacific herring stocks through local management 

interventions. Structured as two papers (chapters 1 and 2 following this introduction), my 

research examines institutional, social, and ecological considerations in developing such 

a program for a species and fishery currently managed by DFO. In chapter 1, I conduct a 

comparison of four case studies of AM programs in BC fisheries to identify the social and 

institutional factors that have influenced the implementation of AM, a policy innovation 

that DFO has promoted and prescribed for sustainable fisheries management, but has 

not implemented extensively. I provide recommendations to overcome barriers and 

capitalize on opportunities for AM implementation, suggesting the use of prototypes, 

small-scale AM fisheries experiments, to field test this policy innovation. In chapter 2, I 

review the evidence, assumptions, and challenges of using two types of local 

management interventions to rebuild Pacific herring, a spatially dynamic species known 

to exhibit high biological complexity. I examine how existing uncertainties and natural 

variability may affect the ability to detect changes arising from local management 

interventions on herring stocks, and I provide recommendations for designing an AM 

experiment in the fishery given these ecological considerations. I conclude that, while 

AM experimental approaches may be resource-intensive and challenging in the current 
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political climate of budget cutbacks, implementing such a program could facilitate 

innovative and collaborative management arrangements while increasing understanding 

of herring populations and fisheries recovery. 
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Chapter 1  
 
Learning From Experience: Four Cases of Adaptive 
Management in BC Fisheries 

1.1 Introduction 

Conventional approaches to resource management are rooted in the concept of 

ecological equilibrium and an underlying assumption of ecological stability (Holling 1978, 

Gunderston et al. 1995, Folke 2006). Typically, command-and-control strategies are 

applied with the intention of controlling variability and making a system more productive 

and predictable (Berkes 2004). The focus is on objectives such as maximizing and/or 

sustaining the yield of a targeted fish stock (Walters 1986) or obtaining the economically 

optimal rotation length for a forest stand. Under this paradigm, scientific research is 

relied upon to provide data to inform management for stability over time (Walters 1986, 

Hilborn and Walters 1992, Halbert 1993). Thus, fisheries science and management 

concentrate primarily on identifying and imposing harvest rates to maintain stable 

catches and not deplete stocks (Walters 1986, p. 2); and forestry science and 

management identify “optimal” rotation lengths and establish harvest rates designed to 

deliver the maximum constant volume of wood while attempting to maintain overall forest 

values (Scott 1998). 

The well-publicized failures of conventional management, including the 

devastating outbreaks of spruce budworm in Canada’s boreal forest (Holling 1986), the 

destruction of freshwater marshes in the Everglades (Gunderson 2001), and the 

collapse of the Peruvian anchoveta and Atlantic cod fisheries (Walters 1986, Swain and 

Chouinard 2008), led ecological theorists and others to challenge the dominant 

paradigm of ecological equilibrium and stability. Research and experience have made it 

clear that conventional management approaches perform poorly when dealing with 
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complex socio-ecological systems and high levels of uncertainty (Walters 1986, 2007). 

This has spurred a search for alternative approaches to management that could be more 

successful in achieving sustainability goals.  

Adaptive management (AM) is one alternative approach that has been widely 

promoted by scientists and natural resource managers since its conception late in the 

1970s (Gregory et al. 2006, Westgate et al. 2013). In its most basic sense, AM is an 

iterative approach in which management strategies are designed explicitly to learn from 

system response and feedback, in order to improve policy and management in the future 

(Holling 1978, Walters 1986, Sainsbury 1988, Lee 1993, Halbert 1993, Gunderson et al. 

1995). In theory AM integrates science and management by treating management 

actions as experiments, producing new knowledge about social and ecological systems 

while allowing for sustainable resource management in the face of uncertainty (Holling 

1978, Walters 1986, Gunderson et al. 1995). The AM approach is also thought to 

support management for ecosystem resilience: the ability of a system to respond to and 

recover from disturbances (Folke 2006). Decades of conventional equilibrium-based, 

command-and control management have eroded the resilience of many systems (Regier 

and Baskerville 1986, Ludwig et al. 1993). 

Despite wide support for the concept of AM and substantial resources devoted to 

the design and implementation of AM initiatives, the concept has proven to be difficult to 

apply in practice, and many initiatives have made only limited progress (McAllister and 

Peterman 1992, Halbert 1993, Walters 1997, Lee 1999, Gregory et al. 2006, Walters 

2007, Allen and Gunderson 2011). At a recent lecture reflecting on his long career, Carl 

Walters – a highly regarded fisheries scientist and one of the founders of AM – observed 

that he is “deeply regretful about the failure of AM over the years…[after] all the time and 

effort I put into it…that we don’t understand what the institutional things are that are 

causing AM to continue to fail” (Walters, 2013). He cited a recent study by Westgate et 

al. (2013) that concludes that the implementation rate for AM has been less than 5 

percent, based on a review of 1336 publications on the topic. 

Fisheries and Oceans Canada (DFO), the federal agency responsible for the 

management of marine fisheries in Canada, has committed to AM as a preferred 

approach to sustainable fisheries and habitat management (DFO 2002, 2009a, 2009b, 
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2009c, 2011a, 2013a). Yet, despite DFO’s promotion of and commitment to AM, the 

approach is not widely practiced in Canadian fisheries. In British Columbia, one of DFO’s 

six administrative regions, AM for fisheries has only been attempted in a few cases. 

Individual cases have been described and analyzed in reports and publications, but 

there are no published cross-case comparisons of attempts to implement AM in BC 

fisheries.  

In this chapter I examine four prominent cases in which DFO attempted to 

implement AM in BC fisheries, and I analyze the factors affecting implementation in each 

case: 1) Rivers Inlet sockeye salmon fishery experimental program (1979 to 1988), 2) 

Pacific ocean perch fishery experimental program (1980 to 1993), 3) BC Hydro-DFO 

Bridge River flow experiment (1996 to 2009), and 4) Giant red sea cucumber fishery’s 

AM program (1997 to present). In each case AM was introduced as an alternative to the 

status quo, with the explicit intention of clarifying uncertainties and increasing knowledge 

about the system. I selected these four cases for their prominence among the few 

documented examples in the literature where DFO intentionally attempted to implement 

AM in BC fisheries. These cases also span the 30-year period in which the agency has 

utilized AM. The goal of my meta-analysis is to investigate what Walters calls the 

“institutional things … that are causing AM to continue to fail,” as well as other factors 

that have shaped the fate of AM initiatives. This could inform future decisions about 

where and when AM might be appropriate for BC fisheries, and how AM programs could 

best be designed and implemented. My meta-analysis should also provide insight into 

the characteristics of DFO that foster or impede innovation in fisheries management. 

My research is grounded in the literature on adaptive management, but I also 

draw on broader policy literature concerning the implementation of policy innovations. 

AM can be viewed as an innovation in resource management policy – a creative new 

approach adopted to achieve a new goal or address existing or anticipated problems 

(Brunner and Clark 1997, Steelman 2010). Policy innovations arise from a desire for 

improvement, and can involve different scales of change – ranging from an incremental 

difference in an existing approach, to a major departure from current activities (Steelman 

2010). The inventors of AM proposed their new approach as an alternative to 

conventional resource management, with the hope of addressing deep knowledge gaps 
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about complex ecological processes, and overcoming the failures of conventional 

management to resolve these unknowns (Walters 2007).  

My analysis shows that in each of the four cases DFO attempted to implement 

active adaptive, experimental management. In contrast, I found that DFO’s national-level 

policy prescriptions for AM are weak and indicate a passive adaptive and incrementalist 

understanding of AM. In the cases I studied, cultural forces such as windows of 

opportunity often aided in initially establishing programs, but forces on the individual and 

structural scales, such as a desire to maintain harmony between DFO and its multiple 

stakeholders, and the existence of high financial risks in an experimental program, often 

thwarted the agency’s efforts to practice AM once programs were initially established. 

These findings are consistent with other studies demonstrating that AM implementation 

is challenged by numerous social and institutional factors (Walters 1997, Lee 1999, 

Walters 2007, Allen and Gunderson 2011). However, the most important factors I 

identify are different than those previously discussed by other scholars of AM. I conclude 

that despite implementation challenges and failure to achieve expected outcomes, all 

cases led to improved knowledge of social or ecological systems – one of the main 

objectives of AM – and thus should not be considered complete failures. I provide 

recommendations to improve the design and implementation of AM programs in BC 

fisheries and foster innovation in DFO.  

1.2 A Brief History of Adaptive Management as a Policy 
Innovation 

The concept of AM was originally invented under the name “Adaptive 

Environmental Assessment and Management” (AEAM) in the 1970s by ecologist C.S. 

Holling and fisheries scientist C.J. Walters, along with other researchers at the University 

of British Columbia and the International Institute for Applied Systems Analysis in Vienna 

(Holling 1978). AEAM uses information from environmental assessment studies to 

enhance the understanding of biological populations affected by environmental change. 

(Holling 1978, Halbert 1993). The original AEAM approach involves a series of 

workshops with experts – scientists, resource managers, and policy advisors. The first 

workshop focuses on assessing the problem, and defining objectives, variables, and 
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alternative management actions for simulation modeling. After the modelers have built 

and run simulation models, further workshops are then conducted with the experts to 

revise and refine the models, hence, everyone involved learns as they participate in this 

iterative process. The concept of adaptive management evolved from AEAM. The 

central tenet of AM – that management should be designed as experimental treatments 

with highly uncertain outcomes – emerged after several failed attempts by the inventors 

of AM to predict policy outcomes using computer models and ecological theory. The 

failures were attributed to a lack of knowledge of ecological processes that are typically 

difficult to study in the field (Walters 2013).  

Researchers distinguish two forms of AM - ‘active’ and ‘passive’. Active AM 

involves probing for information over a long time period by implementing and comparing 

two or more alternative management actions as deliberate experiments, ideally with 

some form of control. Conversely, passive AM is an incrementalist approach that 

involves implementing the management alternative that is judged to be ‘best’ for meeting 

management objectives, and then monitoring the system and adjusting strategies to 

improve performance over time (Walters and Hilborn 1978, Walters and Holling 1990, 

Halbert 1993). Active AM seeks to increase the rate of learning about complex 

ecosystems by deliberately intervening rather than practicing conservative management 

and conducting basic research (Walters 1986). Thus, active AM is considered to be key 

to the sustainable use of natural resources in the face of uncertainty (Lee 1999).   

Since the invention of AM, there have been nearly 100 recognized attempts to 

apply the concept (Walters 2007). But there are few examples of successful 

implementation of AM – where monitoring provides feedback that improves 

understanding of the system and guides future management (Walters 2013, Westgate et 

al. 2013). Surprisingly, despite the fact that a significant part of AM’s conceptual origins 

lies in fisheries management, most AM programs have been attempted in terrestrial 

conservation ecology, such as restoration of the Florida Everglades’ (Light et al. 1995, 

Ogden and Davis 1994), management of spruce budworm in eastern Canada (Holling 

1978), and management of marine reserve networks in Australia’s Great Barrier Reef 

(McCook et al. 2010). AM has also been attempted in wildlife management and species 

reintroduction, such as management of interactions between wolves and woodland 

caribou in the Yukon (Hayes et al. 2003), waterfowl management in the United States 
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(Nichols et al. 2007) and wolf reintroduction in Yellowstone National Park (Varley and 

Boyce 2006). In the Pacific Northwest, AM efforts have been concentrated in the forestry 

sector (Taylor et al. 1997, Bormann et al. 1999, Stankey et al. 2003). 

In the field of fisheries, the most notable AM programs have taken place in large 

watershed systems in North America such as the Mackenzie River Basin (Walters 2013), 

the Grand Canyon (Collier et al. 1997), and the Columbia River (Lee 1993). Resource 

management practitioners have also attempted AM for the conservation of endangered 

fish (Bearlin et al. 2002, Stockwell and Leberg 2002), and in experimental fisheries 

management in Australia to test the effects of fishing gear on fish abundance (Sainsbury 

et al. 1997). Some attempts at AM have also been made in varying degrees for salmonid 

fisheries (Walters and Hilborn 1976, Koonce et al. 1982, Walters 1986), groundfish 

management (Leaman and Stanley 1993), invertebrate fisheries (Perry et al. 1999, 

Humble 2005), and management of freshwater salmonid habitat (Failing et al. 2004, 

Gregory et al. 2005, Bradford et al. 2011). One of the most publicized cases of AM in 

fisheries was the formal adoption of the concept in Washington State’s Timber, Fish and 

Wildlife Agreement (TFW 1987 as cited in Halbert 1993).  

As Walters remarked in his lecture reflecting on the wide array of AM attempts, 

most “were not about fish at all…they were about watershed systems and related 

issues” (Walters 2013). Additionally, many of the AM attempts that have taken place in 

fisheries have been perceived as failures, as few real experimental programs have been 

implemented (Walters 2013, Westgate 2013). In the handful of cases where 

experimental plans were used, there have been serious problems with monitoring 

programs (Walters 2007, Walters 2013). While studies that analyze these challenges 

(e.g., McAllister and Peterman 1992, Halbert 1993, Walters 1997, Lee 1999, Walters 

2007, Allen and Gunderson 2011) explore institutional factors as one explanation of poor 

AM implementation, none of these studies uses policy innovation and implementation 

theory in their analyses. Some studies even focus on problems with the design of the 

policy innovation itself – perhaps indicating an assumption that successful 

implementation would be inevitable if the AM experiment was well designed.  
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1.3 Implementing Innovations in Institutions 

1.3.1 The Implementation of Innovations 

Policy scholars have written extensively about the processes and problems of 

implementing policy decisions and programs. Until the early 1970s, most analysts 

treated the implementation stage of the policy cycle as a relatively smooth process – 

decisions to adopt policies would simply be carried out (Hargrove 1975). However, 

further research demonstrated that policies often were not implemented as they were 

envisioned by policy makers, leading to unintended consequences (Bardach 1977, Hjern 

1982). Systematic efforts to understand the factors influencing the implementation of 

policies initially looked at implementation mainly as a ‘top down’ process (i.e., 

government officials dictating implementation) and sought to identify the conditions 

necessary for policies to be implemented as intended. Later studies looked at 

implementation from a ‘bottom-up’ perspective (i.e., focusing on actors involved in and 

affected by implementation) and investigated how higher levels of policy making could 

better enable actors at lower levels to achieve policy objectives. A more recent form of 

implementation research moves away from the dichotomous ‘top-down’ vs. ‘bottom-up’ 

debate (Bardach 1977, Nakamura and Smallwood 1980, Barrett 2004), to consider 

implementation from both perspectives and assess the efficacy of different policy 

instruments in achieving objectives.  

Policy scientist Toddi Steelman (2010) constructs an analytical framework using 

a synthesis of three generations of implementation studies, along with innovation and 

institutional theory, to explain why some policy innovations get implemented while others 

do not. Steelman posits that the effective implementation of an innovation is influenced 

not only by the perspectives of those responsible for putting it into operation, but also by 

the broader socio-cultural and institutional context that surrounds individual actors. The 

influence of this context is present throughout all stages of policy development, but is 

especially important during the implementation period (Steelman 2010).  
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Steelman’s analytical framework is organized into three main categories or 

scales of factors that affect the implementation of innovations: cultural, structural, and 

individual (Steelman 2010; see Figure 1.1). Forces in the Cultural category include broad 

shocks to the system, framing processes that influence perceptions of problems and 

solutions, and beliefs about social legitimacy. The Structural category consists of 

structural arrangements, including existing rules and communication networks, 

incentives and resources for innovations, openings in the political structure, and 

institutional resistance to change. Lastly, the Individual category includes factors such as 

individual motivations for innovation, social norms, desire to preserve harmony, and 

congruence between dominant values across different scales of governance (Steelman 

2010). The degree to which these variables are amenable to an innovation and are 

aligned and sustained influences the probability that the innovation will be implemented 

in a given setting and will survive over the longer term.  

Steelman’s framework covers forces affecting the implementation of any policy 

innovation. I supplemented this framework for my research by adding criteria from a 

study by Gregory et al. (2006) that specifically examines efforts to apply AM. Gregory et 

al. attribute the wide acceptance of AM to the appeal of a systematic, evidence-based 

approach to tackling complex ecological questions. Despite its known challenges, they 

argue, AM is often attempted indiscriminately – treated as a panacea for complex 

problems in resource and environmental management that are interdependent in nature. 

The authors summarize literature on the history of AM implementation, and use a 

decision theory approach to develop a set of criteria to help managers and scientists 

assess whether AM is a viable option for a given situation and whether an active or 

passive version of AM should be applied. These criteria are grouped into four topic areas 

to be considered: the spatial and temporal scale of the problem; the dimensions of 

uncertainty; associated costs, benefits, and risks; and the degree of institutional and 

stakeholder support (Gregory et al. 2006). In my methods section below I provide further 

detail on Steelman’s (2010) framework and the AM viability criteria of Gregory et al. 

(2006).  

As Steelman’s and Gregory’s work indicates, the implementation of innovations 

involves actions of actors on both individual and collective scales. Institutions – rules, 

norms and strategies that are used by individuals to organize repetitive activities and 
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that produce outcomes affecting those individuals and others (Ostrom 1990) – influence 

individuals’ predisposition to change while structuring the opportunities for, and barriers 

to, change (Steelman 2010). In order to fully understand the factors that have influenced 

the implementation of AM within DFO, it is necessary to explore the institutional context 

in which this innovation has taken place. 

1.3.2 The Institutional Context for Adaptive Management in DFO 

According to Ostrom’s (1990) hierarchical framework for institutional analysis, 

there are three main levels of rules in resource management: constitutional, collective 

choice, and operational. Constitutional rules determine who is eligible to make 

management decisions, who is eligible to enforce the rules, and who is eligible to 

participate in resource benefits. These rules establish the governance structures used to 

develop collective choice and operational rules at lower levels. Three main constitutional 

federal statutes and associated policies – aside from the Canadian Constitution Act 

(1867, 30 & 31 Vict, c. 3) – give DFO its jurisdictional powers and shape its mandate, 

vision, and responsibilities. The statutes are the Fisheries Act (RSC 1985, c F-14), the 

Oceans Act (S.C. 1996, c. 31), and the Species at Risk Act (S.C. 2002, c. 29). The 

Fisheries Act establishes DFO’s mandate to conserve fisheries resources and provide 

for economically viable fisheries. This single piece of legislation has provided DFO with 

an unusually broad set of regulatory powers (Clancy 2000).1 The Oceans Act and the 

Species At Risk Act (SARA) expand DFO’s mandate to include the integrated 

management of activities in Canada’s oceans, and the protection and recovery of 

aquatic species at risk, respectively, both placing great emphasis on improving 

knowledge about ecosystem processes for the conservation of biological diversity and 

productivity. In a top-down hierarchical fashion typical of centrally controlled and 

publically funded fisheries agencies (Larkin 1988, Lane and Stephenson 2000), these 

three federal statutes enable and constrain the formulation of policies on national and 

region-specific scales, which then shape local fisheries management activities within 

each region. 

 
1 Recent changes to the Fisheries Act in 2012 have substantially diminished the extent of DFO’s 

regulatory powers  (for a review see Hutchings and Post 2013) 
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Collective choice rules establish the framework for the operational rules of 

managing a resource. The collective rules guide and structure management decisions, 

and involve policy-making and management decisions. DFO national policies such as 

the Sustainable Fisheries Framework (DFO 2009a) and numerous related policies (DFO 

2013a,b), are examples of collective choice rules that set guiding principles by which 

fisheries are to be managed, and establish management priorities for DFO’s regional 

offices, upon which fishery managers base management decisions. Operational rules 

directly affect day-to-day decisions of resource users and managers about how to 

allocate resources, provide information, monitor activities, and enforce rules. Operational 

rules at DFO exist in the form of integrated fisheries management plans that outline 

fisheries catch and effort limits in each fishery, and fisheries monitoring and enforcement 

regimes.  

These rulemaking structures are interconnected in that constitutional rules 

mandate collective rules, which in turn establish the framework for operational rules 

(Figure 1.2). The probability of implementing a policy innovation thus increases when 

these rulemaking structures are congruent and mutually supportive (McAdam et al. 1997 

as cited in Steelman 2010). However, significant changes may sometimes be easier to 

make at the collective level, as factors such as resources and capacity are often greater 

at this level due to its larger scale (Steelman 2010).  

1.4 Methods 

I used a multi-stage process to analyze the factors affecting implementation of 

DFO’s AM programs in BC fisheries. First, since there have been many interpretations of 

AM since its invention, I reviewed leading AM literature and constructed a matrix of key 

attributes of the AM concept, in order to have a comprehensive understanding of what 

constitutes AM in its various forms. Second, using the AM Attribute Matrix developed in 

the first stage, I examined DFO’s policies to determine how the agency has interpreted 

and promoted AM. Third, I used the AM Attribute Matrix to assess the form of AM that 

DFO attempted to implement in each of the four cases, and analyzed the factors that 

influenced implementation using Steelman’s (2010) analytical framework supplemented 

with criteria from Gregory et al.’s research on AM (2006). Last, as policy innovations can 
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have a variety of positive and negative effects even if they are not implemented as 

intended, I reviewed all of the changes that resulted due to AM program implementation, 

and assessed these changes against goals of fisheries management and broader policy.  

1.4.1 Key Attributes of Adaptive Management 

Some of the researchers who have analyzed specific challenges of AM 

implementation have suggested that implementation failures can be attributed to the 

variety of different interpretations of the concept (Halbert 1993, Allen et al. 2011, Rist et 

al. 2012). According to these researchers, the variety of AM interpretations confounds 

understanding of the concept and contributes to the concept’s poor performance when 

evaluated for its accomplishments and potential (Allen et al. 2011, Rist et al. 2012). In 

order to assess the implementation of AM in the DFO cases, I first needed to have a 

comprehensive understanding of what AM is and how it has been interpreted. I 

conducted a literature review of leading AM literature to develop a matrix of key 

attributes of AM (the “AM Attribute Matrix”). In total, I reviewed 15 publications (including 

books, book chapters, journal articles, and a website – see table 1.1 for citations). I 

defined leading AM literature in three ways – foundational, reviews, and most cited: 

i. Foundational: Literature that provided the foundation for the invention 
and development of AM (i.e., Holling 1978, Walters 1986, Lee 1993, 
Gunderson et al. 1995); 

ii. Reviews: Three reviews of AM – of different scales – that are similar 
to the study in attempting to highlight the use of AM in ecosystems 
(Westgate et al. 2013), regionally specific to Pacific Northwest 
fisheries (Halbert 1993), and locally specific to British Columbia 
(British Columbia Ministry of Forests and Range n.d.); and 

iii. Most cited: the 10 most cited publications on AM in natural resource 
management published during the period 1900 to 2013. I conducted a 
topic2 search on the multidisciplinary Web of Science citation 
database for the term “adaptive management”, sorted all results by 
‘times most cited’, then selected the top 10 from those results. I 
excluded ‘reviews’ and ‘book reviews’ from this search. I used a ‘topic’ 
instead of a ‘title’ search in an attempt to capture a variety of AM 
interpretations. From these results, I eliminated two journal articles 
(Olden et al. 2004, Kremen 2005) as the authors mention AM but 

 
2 Web of Science database does not have an option for a ‘keyword’ search; it is unclear if the 

database considers the terms ‘topic’ and ‘keyword’ as synonyms.   
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made no attempt to provide a definition of AM, despite one of the 
articles citing AM as a keyword (Kremen 2005).  

The AM Attribute Matrix is shown in Table 1.1. I identified a total of nine attributes 

in the reviewed literature, and sequentially arranged these attributes according to their 

timing in the AM process or cycle, as follows: 

1.  Collaborative process involving resource users 

2. Explicitly state management objectives in advance 

3. Explicitly state expected outcomes in advance 

4. Identify uncertainties and assumptions 

5. Treat management actions as scientific experiments  

6. Design management to improve ecosystem knowledge 

7. Implement and evaluate multiple management options 

8. Monitor system response to management actions 

9. Learn, adjust, and improve management with new observations 

In the reviewed literature, AM is commonly defined by the methods it includes. 

Although there is substantial variation in the way AM has been interpreted, some AM 

attributes are more commonly included than others. All the AM literature I reviewed 

includes the signature attribute of AM – “learning by doing”. In contrast, the AM attribute 

that is least commonly mentioned is ‘identify uncertainties and assumptions’, a step 

described in three of the four fundamental pieces of AM literature, and in two of the three 

literature reviews of AM. All but one of the ‘fundamental’ pieces of AM literature agree on 

the description of AM with all nine attributes. The Gunderson et al. 1995 literature only 

included broad AM attributes such as collaborative process involving resource users, 

designing management to improve ecosystem knowledge, and to learn, adjust, and 

improve management with new observations.  

Attributes in this matrix that would characterize the ‘passive’ approach to AM 

include ‘collaborative process involving resource users’, ‘monitor system response to 

management actions’, and ‘learn, adjust, and improve management with new 

observations’ (Walters and Holling 1990). An ‘active’ approach would best be defined by 

attributes such as, ‘treat management actions as scientific experiments’, and ‘implement 



 

 17

and evaluate multiple management options’, in addition to the attributes characterized by 

the ‘passive’ approach (Walters 1986).  

1.4.2 Adaptive Management in DFO’s Policies 

I assessed the promotion and prescription of AM at the constitutional and 

collective levels in DFO by reviewing the constitutional legislation and key national and 

Pacific Region policies that enable and guide fisheries management in BC. To do so, I 

reviewed these statutes and policies for the term ‘adaptive management’ and variations 

of the words ‘adapt’, ‘learn’, ‘improve’, and ‘experiment’ – used in the context of revising 

management or policies in response to new information. 

1.4.3 Adaptive Management in DFO Case studies 

I focused on the following four cases of AM in BC fisheries: 

1. Rivers Inlet sockeye salmon (Oncorhynchus nerka) experimental fishery 

program (1979 to 1988): DFO started an experimental AM strategy to 

rebuild the sockeye salmon spawning runs in Rivers Inlet by reducing 

harvest for a period of approximately 10 years. At the end of the program, 

even though there were indications that sockeye salmon returns had 

increased, commercial fishers convinced DFO not to continue the 

adaptive experimental approach.  

2. Pacific ocean perch (Sebastes alutus) experimental fisheries (1980 to 

1993): DFO initiated experimental AM programs for two Pacific ocean 

perch stocks, a Northern Langara Spit stock and a Southwest Vancouver 

Island stock, by using an unlimited 5-year overfishing period followed by a 

5-year closed period for the former, and a 5-year catch-specified 

overfishing period followed by a reduction to levels deemed sustainable 

for the latter. For the Langara Spit fishery, at the end of the initial 5-year 

overfishing period, commercial fishers successfully lobbied to keep the 

fishery open, citing socio-economic reasons for doing so. At the end of 

the Vancouver Island 5 year over-harvesting period, field surveys, 
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commercial fisheries statistics, and biological characteristics of the 

Vancouver Island stock showed that the experimental overfishing resulted 

in a large decline in biomass. 

3. BC Hydro-DFO Bridge River flow experiment (1996 to 2009): BC Hydro - 

a Crown corporation responsible for providing electricity in the province - 

collaborated with DFO to initiate a 13-year adaptive experiment to vary 

flows in 4-year periods on the Bridge River in southwestern BC to 

determine the effect of flow levels on salmonid (Oncorhynchus spp.) 

productivity. The original experimental design included multiple flow 

levels, but during the experiment stakeholders and DFO agreed to alter 

the design to instead maintain one flow level throughout. Although after 

the first 4-year period the flow experiment had not determined that there 

was a significant effect of the increased flow on salmonid populations, 

stakeholders insisted on maintaining that constant flow of 3 m3 s-1 from 

2000 to 2011 rather than proceeding with the planned experimental 4-

year reductions and increases in flow. 

4. Giant red sea cucumber (Parastichopus californicus) fishery AM program 

(1997 to 2011): DFO established a 10-year AM plan - part of a two-phase 

management approach for the data-limited giant red sea cucumber 

fishery – that initially limited the fishery to 25 percent of the BC coast, 

allocated an additional 25 percent for research purposes, and closed the 

remaining coastline to harvest. The second phase of the plan started in 

2008, where the TAC was revised according to new information and 

certain areas closed to fishing in Phase 1 were opened in this Phase. In 

2011, as part of phase 2, DFO implemented a rotational harvest strategy 

in which quota management areas are fished once every 3 years. 

Although the first phase of the experiment improved confidence in 

biomass estimates, resulting in increases to the fishery’s total allowable 

catch (TAC), the outcome of the second phase is yet to be determined. 

I identified these four cases through a combination of expert judgment and a 

Google Scholar web engine academic article search. Two of the cases were selected 
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because they were the two most cited publications in a Google Scholar search for ‘DFO 

and adaptive management’, one was cited as a notable example in a review of AM in the 

Pacific Northwest (Halbert 1993), and the final case was recommended to me by 

fisheries scientists as a recent and ongoing case of AM. The literature I reviewed for 

each case study is shown in Table 1.2.  

Case studies can provide an unobtrusive and factual method of research (Yin 

2003). The cases I selected not only provide broad temporal coverage of AM 

implementation by DFO on the BC coast, but also cover the two main types of 

management for which DFO has committed to using the approach (sustainable fisheries 

and habitat management). The cross-case comparison used in my research highlights 

similarities and differences in the dynamics present across multiple settings and different 

actors (Bourgeois and Eisenhardt 1988), in cases that share the common theme of AM 

implementation by DFO, therefore allowing for general patterns to be identified.   

I assessed the prescription and implementation of AM in each case by 

investigating four questions:  

1) What kind of AM did DFO prescribe and implement?  

2) What are the factors that influenced the implementation of this 
innovative approach?  

3) How did these factors work together or in opposition to influence 
implementation? and  

4) What were the main effects of the AM program?  

To address the first question, I used the AM Attribute Matrix described in the 

previous section to assess the type and attributes of AM implemented in each case. To 

answer the second and third questions, I used a combination of two analytical tools – a) 

a framework to analyze the implementation of policy innovations developed by Steelman 

(2010), and b) criteria for assessing stakeholder and institutional support developed by 

Gregory et al. (2006) for assessment of the viability of AM programs. I compared and 

contrasted this analysis across cases. This two-step approach is intended to give an in-

depth assessment of the social and institutional factors that affected the fate of these AM 

initiatives. Lastly, to answer the fourth question, I focused on three effects that AM is 

commonly expected to have – changes in populations of species and/or ecosystem 
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status, changes in reliable knowledge of the system, and changes in 

governance/decision-making. 

Frameworks for Analyzing Implementation of Adaptive Management as a 
Policy Innovation 

I used Steelman’s (2010) analytical framework (Figure 1.1), outlined in the 

previous section, to examine three main categories of factors – cultural, structural, and 

individual – that may have affected the implementation of AM as a policy innovation in 

these four cases. I adapted the Steelman framework for my investigation of AM by 

adding criteria from Gregory et al’s (2006) AM viability framework that fit within 

Steelman’s categories. Specifically, I included Gregory et al’s (2006) questions about 

stakeholder and institutional support:   

a. Leadership: Was there explicit policy guidance and leadership support 
for AM? Did stakeholders see AM as an effective way to deal with 
uncertainty? 

b. Flexibility in decision-making: Was there sufficient management 
flexibility (and continuity) to incorporate new information in revised 
experimental designs? 

c. Avoidance of taboo trade-offs: Did the proposed AM design involve 
any trade-offs that might be considered taboo by some stakeholders 
(i.e., highly controversial or involving unacceptable risks)? 

d. Institutional capacity: Were sufficient analytical skills available (staff or 
contractors) to design, evaluate, and monitor AM plans? 

I then asked how the presence or absence of these factors affected 

implementation. These criteria from Gregory et al. (2006) fit within two of Steelman’s 

(2010) analytical categories: individual (leadership, avoidance of taboo trade-offs) and 

structural (flexibility in decision-making, institutional capacity).  

Although Gregory et al.’s (2006) AM viability framework considers other 

dimensions that may affect program viability – biophysical factors such as spatial and 

temporal scale, dimensions of uncertainty, as well as associated costs, benefits, and 

risks of the AM program – I only included the socio-political factors related to stakeholder 

and institutional support in my analysis, because the focus of my research is on socio-

cultural and institutional factors affecting DFO’s adaptive management programs. The 
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nesting of Gregory et al.’s (2006) socio-political factors within Steelman’s (2010) 

provides an in-depth socio-political framework for my research.  

Effects of Adaptive Management Initiatives 

Steelman’s framework focuses on forces that facilitate or impede 

“implementation as designed/planned.” However, failure to fully implement as designed 

is not necessarily policy failure. Policy innovations can generate a variety of changes, 

positive and negative, and it would be inadequate to assess the cases simply on the 

basis of whether the AM programs were implemented as designed. Rather than 

replicating a policy innovation, policy actors may seek inspiration from the innovation, 

adapt it (Bardach 2004), or restrict it and only take on some aspects of the innovation 

through partial incorporation (Lasswell and Kaplan 1950). Moreover, during the course of 

implementation further positive or negative adaptations of the AM program may take 

place. Therefore, I examined three types of outcomes in these four AM cases that do not 

necessarily represent “implementation as planned”: 

a. Changes in the status of the population/ecosystem 

b. Changes in reliable knowledge about social and ecological systems  

c. Changes in governance/decision-making 

While an improvement of the first type is a common goal in the management of 

biological systems (Westgate et al. 2013), an improvement of the second type is a 

product of learning often associated with AM. There may be a trade-off between 

achieving improvements in the two, referred to as the ‘dual control problem’ (Walters and 

Holling 1978). AM attempts to address this tradeoff by combining management 

interventions with learning, hence the phrase ‘learning by doing’ (Walters and Holling 

1990). Lastly, AM is also relevant for learning about the implications of changes in 

structures of governance and decision-making (McDaniels 1994), an important 

component of sustainable resource management (Lee 1993, Ostrom 2009). 

1.4.4 Study Limitations  

The scope of this study only covers the regional experience of British Columbia 

fisheries managed by DFO. The data sources relied on for these case studies are 
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secondary sources of information – journal articles, technical reports, unpublished 

reports, and one poster presentation, written by researchers who were involved in these 

programs (Table 1.2). The portrayal of these cases reflects the researchers’ 

perspectives, and I was not able to independently verify the descriptions, results or 

conclusions with the managers or stakeholders involved in these programs (these are 

known limitations of using secondary data sources (Yin 2003). Additionally, I had to 

piece together information from several sources for the sea cucumber fishery’s AM 

program since there was no single journal article that documented the case from 

beginning to end. The one journal article that referred to the red sea cucumber AM case 

was written at the start of the program and captured some details of design and 

implementation, but not how the program evolved. The literature sources for this case 

study were thus a mixture of gray literature such as DFO technical stock assessment 

reports written by researchers involved in the initiative and a DFO fisheries management 

plan. The lack of academic literature documenting the sea cucumber case may be 

because the AM program is the most recent of the cases examined and is ongoing.  

1.5 Results  

1.5.1 Adaptive Management in DFO – Policies  

None of DFO’s three constitutional statutes and their respective regulations 

mention ‘adaptive management’ or variants of the term in the context of learning and 

dealing with uncertainties. However, the Oceans Act and SARA include other 

approaches for improving knowledge in resource management, conservation, and 

sustainable development. The Oceans Act refers to the ‘precautionary approach’ and the 

‘ecosystem approach’ – other policy innovations associated with improving management 

– in marine research to enhance knowledge in the face of uncertainty. Additionally, 

SARA acknowledges that knowledge about the ecosystem of a species at risk is 

important to its conservation, and allows for the use of an ‘ecosystem approach’ in the 

preparation of a management plan. Interestingly, these terms are not used consistently 

in these statutes – while the term ‘ecosystem approach’ is used in the Oceans Act as a 

conservation strategy, it is used in SARA as an optional operational tool for writing 
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management plans.  Nevertheless, AM is not referred to in these constitutional rules that 

govern DFO and its work. 

In contrast to these statutes, AM appears frequently in DFO’s national policies 

(i.e., collective choice rules) regarding oceans and sustainable fisheries management. 

These are the Oceans Strategy Policy Framework for Integrated Coastal Management 

(DFO 2002), the National Framework for Canada’s Network of Marine Protected Areas 

(DFO 2011a), and three policies that fall under DFO’s Sustainable Fisheries Framework 

(DFO 2009a, 2009b, 2009c, 2013). In DFO’s 2002 Oceans Strategy, the department 

proposes an integrated approach to oceans management that is based on principles of 

sustainable development and the precautionary approach. The Oceans Strategy 

emphasizes the importance of AM – which is described as revising management based 

on new information from ongoing monitoring and reporting – in achieving sustainable 

integrated oceans management (DFO 2002). This national Oceans Strategy appears to 

be DFO’s initial adoption of AM in its collective choice rules. Support for AM is also 

included in DFO’s 2007-2009 Sustainable Department Strategy, a reporting tool under 

the Federal Sustainable Development Act (S.C. 2008, c.33) designed to ensure that all 

federal agencies consider environmental, economic, and social sustainability in 

delivering their mandates (DFO 2006). In the Sustainable Development Strategy, DFO 

commits to proactively manage marine activities and preserve the health of Canada’s 

oceans, through collaboration with stakeholders and the creation of management plans 

for large ocean areas that provide “long-term direction and a common basis for 

developing and implementing adaptive management strategies and actions for 

sustainability” (p.18, DFO 2006). The remaining national policies prescribe AM as a way 

to implement a particular framework (DFO 2009a), and as a ‘guiding principle’ and ‘best 

practice’ for sustainable development that is often endorsed in conjunction with the 

‘precautionary approach’ and ‘ecosystem approach’ (DFO 2002, 2009b, 2009c, 

Government of Canada 2011, DFO 2013a).  

While DFO does not refer to AM in its Policy for the Management of Fish Habitat 

(DFO 1986), the policy indicates that improving current understanding about the 

significance of fish habitat is important and that knowledge about fish habitat should be 

continually acquired through scientific research. A 2003 DFO discussion document on 

the future of aquatic research recommends “adaptive management principles” and the 
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design of complementary experiments in resource and habitat management (DFO 

2003). Additionally, this document recommends the use of an AM approach when 

dealing with uncertainty associated with mitigating fish mortality in projects that occur 

within fish habitat, and says that this approach “may involve specific studies to assess 

and monitor impacts over a period of time” (DFO 2009d). The 1986 national fish habitat 

policy has been an important driving force for habitat research and protection; however, 

its influence has been eroded by recent legislative changes to the Fisheries Act, which 

some argue have compromised DFO’s ability to protect fish habitat (Hutchings and Post 

2013).  

In the Pacific Region, DFO adopted the AM concept in its Policy for Conservation 

of Wild Pacific Salmon (DFO 2005), more commonly referred to as the Wild Salmon 

Policy. DFO claims, “…this policy will facilitate an adaptive approach to salmon 

conservation in BC and the Yukon” (p. 5, DFO 2005). However, no attempt is made in 

the policy to clarify what is meant by the term ‘adaptive approach’. No other Pacific 

Region policies reviewed make reference to AM or its derivatives.  

Based on this review of DFO’s leading fisheries management policies, when AM 

is referred to in these documents it is generally presented as a solution to manage 

resources in the face of uncertainty and a lack of knowledge. The policies interpret the 

approach as a method of learning and improving management by applying new 

information gathered from monitoring. The concept is also treated as a means to 

“balance the objectives for rebuilding depleted stocks with the maintenance of fishing 

opportunities directed at healthy stocks” (DFO 2013a). Thus, aside from being a method 

of management that improves knowledge, the approach is expected to help achieve a 

balance of priorities between fisheries harvest and conservation, for sustainability. This 

may explain why the concept often appears in DFO’s policies in conjunction with similar 

common prescriptions for sustainable development such as the ‘precautionary approach’ 

and ‘ecosystem approach’. The ‘precautionary approach’ and ‘ecosystem approach’ are 

also recommended in other key DFO national and Pacific region policies, such as the 

New and Emerging Fisheries Policy, the New Fisheries for Forage Species policy, and 

the Pacific Region’s Policy Framework for Fishery Monitoring and Catch Reporting 

Standards, where the term ‘adaptive management’ and its variants are not used (DFO 

2001, 2009, 2013b).   
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Although DFO has included the concept of AM in some leading policy documents 

(DFO 2002, 2009b, 2009c, Government of Canada 2011, DFO 2013a), I found only one 

attempt by the department to clarify and define the meaning of AM in these policies. In 

the National Framework for Canada’s Network of Marine Protected Areas’ glossary, AM 

is defined as, “a systematic process for continually improving management policies and 

practices by learning from the outcomes of previously employed policies and practices” 

(Government of Canada 2011). This definition represents a passive version of AM, and 

may reflect the way that upper-level decision makers in DFO understand the concept, or 

their preferences about how they wish AM to be interpreted and applied, or both. DFO’s 

emphasis on the learning that AM can facilitate may also demonstrate recognition of the 

concept’s potential for improving fisheries management and policy for sustainable 

resource management. 

It is possible, however, that DFO’s promotion of AM in its national policies, often 

without definition, has occurred because policy makers in DFO recognize the symbolic 

importance of AM, and that promotion of this policy innovation can achieve a desired 

scientific and social legitimacy within the broader culture in which the department 

operates (Steelman 2010). In fact, AM has been far more influential as an idea than as 

an approach practiced by resource agencies (Lee 1999), much akin to the challenges 

seen in the implementation of the similarly widely accepted ‘ecosystem management’ 

(Brunner and Clark 1997). AM can also be attractive for reasons other than its wide 

acceptance in the scientific community – AM’s seemingly flexible nature may allow 

managers and bureaucrats to postpone difficult decisions due to resource constraints 

and scientific uncertainty (Gregory et al. 2006).  

Regardless of the department’s motive for promoting the innovation, the 

understanding of AM embodied in DFO’s higher-level policies aligns more with a passive 

adaptive than active adaptive model, as departmental policies that refer to the innovation 

concentrate on two AM attributes: ‘learn, adjust, and improve management with new 

observations’, and ‘monitor system response to management actions’. This 

understanding of AM entails an incrementalist approach – adjusting management with 

new information. In all of the descriptions of AM in DFO policies, there is no mention of 

implementing and evaluating multiple management policies or treating management 

actions as scientific experiments, which are key attributes of active AM. Furthermore, 
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although DFO has promoted AM, its approach to implementation in these leading 

policies is weak – the policies are unclear about goals, specific rules, contingencies, 

sanctions, assets and resources for AM administration and enforcement (see Brunner 

1995).  

1.5.2 Adaptive Management in DFO – Case Studies 

Rivers Inlet Sockeye Salmon Experimental Fishery Program (based on 
Walters et al. 1993)  

The Rivers Inlet sockeye salmon fishery is the third largest sockeye fishery in 

BC, after the Skeena and Fraser River sockeye fisheries. In 1979, DFO started an 

experimental strategy to rebuild spawning runs in Rivers Inlet and potentially produce 

larger recruitments by reducing catch over a period of approximately 10 years (1979 to 

1988). The program was instituted because managers suspected that spawning 

escapements had declined to below-optimum levels and that the spawning biomass was 

being overfished (Walters et al. 1993). This perceived conservation crisis was a crucial 

cultural force (consisting of a shock to the system and a framing event) that motivated 

concerned DFO officials to introduce an adaptive experimental policy as an alternative to 

the status quo constant catch policy. DFO managers were explicit that the adaptive 

experimental policy was a rebuilding strategy, based on alternate hypotheses of stock 

responses and optimum spawning stock size. The strategy involved reduced commercial 

catches over 5-10 years, and constant catches thereafter. Additionally, managers 

capitalized on a window of opportunity, arising from years of low escapements and 

anticipated diminished fishing interest, to introduce the experiment, which started out 

with an almost full closure for the first 5 years. It was hypothesized that the optimum 

escapement was at least double the recent historical average, and that recruitments 

would be higher following the closure. 

The experimental policy provided a long-term financial incentive to fishers as it 

was expected that, after initial short-term losses due to reduced catches, there would be 

a long-term improvement of 20% in the average annual catch in comparison with what 

would be achieved under the status quo. Overall catch was reduced and fishery 

openings were limited to less than 3 days per year from 1979 to 1984, and to 1 to 2 days 
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a week from 1985 to 1988. DFO was explicit that more closures might be required, and 

that the experiment had to be continued for at least 10 years before reliable results could 

be seen. The experimental harvest strategy was anticipated to perform better than the 

historical constant harvest strategy, and increase harvest over the long-term and into the 

future. These rules and expected outcomes were clearly communicated to commercial 

fishers. By 1988, even though echo soundings indicated a strong and late sockeye run, 

the commercial fishers exhibited distrust of DFO forecasts and sought revisions to the 

experimental policy.  

Despite the presence of some key cultural, structural, and individual factors that 

should have supported the innovation (Table 1.3), this experimental policy was viewed 

as a failure by the commercial fishers as they saw a drastic reduction in catch and did 

not perceive that expected increases in sockeye returns were being realized. 

Additionally, the forecasted sockeye returns in 1984 were much lower than DFO had 

predicted at the start of the experiment. The researchers themselves also questioned the 

ability to make conclusions from the experiment as there were too few years of data 

collected, and the monitoring system was likely unable to detect stock responses to the 

experimental policy – a mistake that the researchers admitted (Walters et al. 1993). The 

deterioration of harmony between DFO and commercial fishers appeared to be an 

important individual factor that compromised the success of the program. 

The commercial fishers and DFO met in 1989 and agreed that the experimental 

policy should be replaced with a long-term harvest strategy that balanced multiple 

objectives – protecting low runs, providing for stable catches, allowing higher 

escapements only during years when the runs are relatively large (to continue to test for 

optimum escapements), and recognizing the constraints and uncertainties of in-season 

management. During this meeting, the commercial fishers and DFO staff ran simulation 

models of different harvest policy options to identify one that met their objectives. They 

considered the status quo harvest policy, a fixed harvest rate policy, and three fixed 

escapement policies. Ultimately, as the trade-offs between catch and ecosystem 

learning were perceived by commercial fishers to be too high, DFO chose an adaptive 

policy option that allowed for relatively high and more stable mean annual catches, with 

occasional infrequent experimentation. This policy substantially slowed the pace of 

learning about escapement-recruitment hypotheses.  
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Overall, stakeholder and institutional support for the Rivers Inlet AM approach 

was limited. There did not appear to be explicit policy guidance for AM discussed in this 

case study’s literature3, although fishery managers and scientists showed leadership in 

promoting the approach as an alternative to the status quo. While there was some 

skepticism from fishers at the start of the experiment, this skepticism appeared to 

deteriorate into strong distrust when returns did not materialize. This suggests that there 

was a change in their perception of the program’s effectiveness to deal with uncertainty. 

While management appeared to be flexible in incorporating new information and revising 

their approach, the design of the monitoring system was not adequate (lacked statistical 

power) to detect stock responses to the AM program and thus distinguish among 

alternate hypotheses, and the existence of costly trade-offs in reduced catches and lost 

revenue ultimately resulted in the end of the AM program.  

Despite these challenges, the experimental results improved reliable knowledge 

about the stock and supported the initial hypothesis of a low optimum escapement. 

However, the sockeye population size did not increase after 1984 as expected. It is 

unclear what effect the program had on subsequent decision-making and governance. 

Although commercial fishers demonstrated distrust of DFO’s management and ultimately 

rejected the experimental approach, they collaborated with DFO managers and 

scientists to develop an alternative (and still adaptive) management approach that 

provided a balance of objectives that was more acceptable to the commercial fishers. 

Pacific Ocean Perch Experimental Fisheries (based on Leaman and Stanley 
1993) 

DFO initiated experimental management programs for two Pacific ocean perch 

stocks off the BC coast in the early 1980s to test hypotheses about stock dynamics, 

biomass and productivity estimates, ageing methods, and population parameter values 

(Leaman and Stanley 1993).  One experimental program consisted of a 5-year catch-

specified overfishing period followed by a reduction to levels deemed sustainable on the 

 
3 Additionally, no accompanying policy guidance (e.g. DFO management plans, policy 

documents) was found online. The lack of accompanying documents may be due to the 
inaccessibility of older documents and thus not necessarily a reflection of a lack of policy 
guidance.  
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southwest Vancouver Island stock. Another program in the northern BC Langara Spit 

region consisted of a 5-year unspecified unlimited fishing period, followed by a 5-year 

closed period. The 5-year closed period was intended to allow fisheries scientists to 

continue testing assumptions about population dynamics while allowing stocks to 

recover (Leaman and Stanley 1993).  

The Vancouver Island experimental Pacific ocean perch program was framed as 

a solution to ease tension between the commercial groundfish fishers and DFO, an 

important cultural factor that influenced the introduction of the program. Commercial 

groundfish fishers requested that the fishery – which was closed for rebuilding from 1977 

to 1980 after intensive fishing by foreign fishing fleets during the mid-1960s – be 

reopened as they claimed that DFO’s biomass and yield estimates were too 

conservative. In order to improve the harmony between the commercial fishers and 

DFO, DFO scientists and managers were motivated to introduce an experimental 

program that initially allowed harvest while testing alternative hypotheses about biomass 

estimates. If DFO’s yield estimates were correct, overharvesting by 160% of estimated 

yield would decrease the biomass and inject a strong and detectable negative anomaly 

into the stock’s age composition (Leaman and Stanley 1993).  

In the Langara Spit region, unlike the Vancouver Island experimental perch 

program, there was no strong pressure to open the fishery at the start of the program. 

However, concerns from commercial fishers and DFO scientists about the validity of 

existing information sources for biomass estimates and available yield motivated both 

parties to support an experimental program designed to improve the quality of stock 

biomass and yield estimates for the Langara Spit stock.  

The Vancouver Island experimental program began in 1980, while the Langara 

Spit experimental program began later in 1983. While the Vancouver Island experiment 

had full co-operation from commercial fishers, and catches at the end of five years (in 

1984) had returned to yields that were considered by DFO to be at or below sustainable 

levels, the Langara Spit experimental program experienced some compliance issues. 

Rules and communication were clear at the start of the program, but the lack of a 

mechanism to ensure the submission of catch data to DFO resulted in some fishers 

neglecting or refusing to provide consistent catch data – one of the main objectives of 
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the experiment. Going against DFO scientists’ recommendations to terminate the 

Langara Spit experiment, DFO managers developed a compromise with the commercial 

fishers that was intended to improve the quality of catch data while allowing fishing to 

continue, even though DFO scientists thought that monitoring resources at the time were 

insufficient for this compromise to be successful. Additionally, although both 

experimental programs were co-designed with a commercial groundfish fishers’ advisory 

board, which possibly enhanced the program’s legitimacy among fishers, Langara Spit 

commercial fishers lobbied senior fishery managers – at the beginning of the second 

phase (closure) of the experiment – to keep the region open indefinitely, citing socio-

economic reasons (Leaman and Stanley 1993). The Langara Spit fishery finally ended 

with the introduction of TAC-controlled fishing for the groundfish trawl fleet in 1996 (DFO 

2013c).  

Despite several implementation issues, scientists found that the two perch 

experiments provided useful insights about Pacific ocean perch population processes; 

specifically, that parameter values used in stock assessment were correct relative to 

each other and to stock productivity, and that DFO’s rockfish stock assessments and 

management policies were appropriate. Additionally, researchers were able to identify 

several areas of improvement for similar future experiments (Leaman and Stanley 1993).  

Key cultural, structural, and individual factors were present to support the 

implementation of the perch experiments (Table 1.3), although the state of some of 

these factors also created significant challenges during the implementation of the 

Langara Spit program. While institutional support was high in both experiments, the 

Vancouver Island experiment had higher stakeholder support than in the Langara Spit 

experiment, thus making Vancouver Island a more viable program than Langara Spit. 

Despite no apparent specific policy guidance, there was good leadership support and 

initial stakeholder buy-in to the process in both fishing areas due to collaboration 

between the commercial groundfish advisory board and DFO. It also appears that 

institutional capacity was sufficient within DFO to design, evaluate, and monitor the 

experimental program as initially designed. Issues only emerged after compromises 

were made between DFO managers and Langara Spit commercial fishers. Management 

also appeared to be flexible enough to incorporate fishers’ interests to continue the 

fishing experiment and alter the experimental design; however, this arguably diminished 



 

 31

the experimental results in Langara Spit. Additionally, the AM program did not avoid or 

mitigate trade-offs; the planned 5-year closures would have resulted in fishery revenue 

losses that were ultimately perceived to be too high for commercial fishers in the 

Langara Spit experiment. 

Overall, the experimental program still resulted in an increase in reliable 

knowledge about population processes for Pacific ocean perch (but not absolute 

biomass estimates). However, the overfishing period of the experiment resulted in stock 

declines. The effects on governance and decision-making varied between the 

Vancouver Island and Langara Spit programs. In the Vancouver Island Region, 

cooperation was very good and the program was still seen as a healthy partnership even 

though disagreements about appropriate yields existed. In the Langara Spit region, 

management of the fishery became very difficult after commercial fishers started to reap 

economic benefits of experimental fishing (Leaman and Stanley 1993). The rejection of 

multiple attempts by DFO managers, scientists, and the commercial fishers’ advisory 

group to begin the closure period after 1985 led to a decision by DFO managers to 

introduce mandatory observer coverage in 1989 (placing observers on fishers’ vessels to 

monitor catch), which soured the relationship between the Department and commercial 

fishers.  

BC Hydro - DFO Bridge River Flow Experiment (based on Failing et al. 2004, 
Gregory et al. 2005, Hunter et al. 2008, and Bradford et al. 2011) 

In the mid-1990s, BC Hydro and Power Authority, a provincial crown corporation 

responsible for electricity generation, transmission and sale, initiated a 13-year adaptive 

experiment with DFO’s oversight, on the regulated Bridge River in southwestern BC, to 

determine whether flow levels had effects on the productivity of salmonids in the river 

(Failing et al. 2004, Bradford et al. 2011). The Terzaghi dam had been completed in 

1960 on the Bridge River, resulting in a diversion of almost all flow in the large, glacially 

fed river to an adjacent catchment and hydro-electric generating facility, making the 

facility one of the Province’s significant power producers (Bradford et al. 2011). After the 

dam’s construction, a 4 km section of the river channel immediately below the dam was 

left dry most of the time, with inflows to downstream reaches coming from groundwater 

and tributaries. In the late 1980s, DFO expressed concerns about the impacts of 
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instream flow levels on fish populations, including the lack of flow release from the dam 

during much of the year, and occasional large releases of water after heavy rainfalls 

(Failing et al. 2004). DFO filed charges against BC Hydro for violating the Fisheries Act, 

and after 8 years of litigation an out-of-court settlement was reached in 1999, which 

provided for a release flow of 3 m3 s-1 from the dam. This created a shock to the status 

quo, which led to DFO agreeing with BC Hydro to establish an environmental flow 

release experiment, framing this as a way to, at a minimum, answer questions about the 

biological impacts of the 3 m3 s-1 flow, and also to explore other potential ecological 

effects of different flow levels (Failing et al. 2004, Gregory et al. 2005). 

A multi-stakeholder consultative committee for the Bridge-Seton Water Use Plan 

was created as part of the province’s Water Use Planning (WUP) process –a process 

designed to develop water use plans for major BC hydroelectric facilities. This committee 

assigned the interagency fisheries technical committee responsible for flow management 

in the Bridge River to design the instream flow experiment (Failing et al. 2004). The 

members of the technical committee, which included DFO scientists, BC Hydro 

scientists, managers, and First Nations representatives, disagreed among themselves 

about the potential ecosystem effects of increased flow. Some committee members 

subscribed to the hypothesis that small flow releases may achieve management goals 

for fish production and larger flows may potentially degrade fish habitat, while other 

committee members subscribed to a competing hypothesis that larger flows would 

support larger fish populations and result in associated ecosystem benefits (Failing et al. 

2004).  

The disagreements and uncertainties about potential impacts of flows and the 

magnitude of potential economic losses from reduced electricity production for the 

Bridge-Seton hydroelectric system (Bradford et al. 2011) provided motivations and 

incentives for committee members to design a flow release experiment to test the 

hypothesis that increased water flow would correspond to an increase in salmon 

productivity (Failing et al. 2004, Gregory et al. 2005, Bradford et al. 2011). The initial 

design of the experiment consisted of four study reaches, a seasonally variable flow 

regime, as well as a monitoring program to measure flows and estimate juvenile 

salmonid abundance. For the first four years (1996 to 1999), the average flow was to be 

0 m3 s-1, followed by four years at the court-ordered level of 3 m3 s-1 (2000 to 2003), 
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followed by four years (2004 to 2007) at 1 m3 s-1, and finally, four years at 6 m3 s-1 (2008 

to 2011). In addition to utilizing a structured decision making framework to facilitate the 

multi-stakeholder group’s decisions on the experimental program (Failing et al. 2004), a 

hierarchical Bayesian model was used to help managers visualize the uncertainty 

surrounding the effects of increased flows.  

After first four year period the initial increased flow (from the baseline of 0) had 

not demonstrated any significant effect on salmon populations, the flow level of 3 m3 s-1 

was continued from 2000 to 2011, rather than being reduced for four years to 1 m3 s-1 

and then increased to a higher level of 6 m3 s-1 for the final four years as originally 

planned. This occurred after extensive consultation and evaluation to revise the 

experimental flow regime, first to discard the original 1 m3 s-1 flow, and then to discard 

the increased flow regime of 6 m3 s-1. While cancellation of the 1 m3 s-1 flow was due to 

social perception and potential negative biological consequences of reducing the flow 

regime, the reasons for not following through with the increased 6 m3 s-1 flow are unclear 

(Hunter et al. 2008, Bradford et al. 2011).  

The revised 13-year experiment and accompanying monitoring program failed to 

demonstrate a significant benefit to fish populations in the reach with enhanced flows. 

Even though juvenile salmonid biomass showed an increase after the experiment, most 

of the gains were attributed to rewatering a previously dry channel. These results are 

consistent with the alternative hypothesis that there may be an optimal, intermediate flow 

that creates conditions for good juvenile salmonid habitat (Failing et al. 2004, Jowett and 

Biggs 2006, Bradford et al. 2011). 

The Bridge River AM experiment benefited from leadership support and explicit 

policy guidance from the province’s WUP process for the use of AM. Stakeholders 

appeared to view AM as an effective way to deal with the uncertainty and disagreements 

regarding potential effects of increased flow. Additionally, the AM design did not appear 

to involve any taboo trade-offs for stakeholders, and institutional capacity to design, 

evaluate, and monitor the experiment appeared to be present. Management showed 

flexibility in revising the experimental design in response to the structured decision 

making exercise (Failing et al. 2004), although the revisions were not based on 

experimental results (Bradford et al. 2011).  The presence of certain cultural, structural, 
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and individual factors (Table 1.3) facilitated implementation of the experimental program, 

but also led to the changes in the experimental program during implementation. 

Overall, the program’s implementation resulted in increased reliable knowledge 

about the response of fish populations to increased flow, as the results of the experiment 

helped to resolve long-standing ecological disagreements about the effects of increased 

flow on salmonid productivity. Even though juvenile salmonid biomass showed an 

increase after the experiment, most of the gains were attributed to rewatering a 

previously dry channel.  The results added to an existing body of work that questions the 

ability to predict the response of fish populations to flow levels (Bradford et al. 2011). 

The collaborative experimental initiative appears to have improved decision-making and 

governance, particularly in comparison with the litigious history in this case. The AM 

program facilitated the formation of a multi-stakeholder committee and the use of the 

structured decision making exercise (Failing et al. 2004), which in turn shaped the 

design of the experiment.  

Giant Red Sea Cucumber Fishery’s AM Program (based on Perry et al. 
1999, Phillips and Boutillier 1998, Humble 2005, DFO 2011b, and DFO 
2011c) 

The commercial giant red sea cucumber fishery began in British Columbia in 

1971. Market development resulted in a rapid escalation in fishing effort during the 

1980s, causing significant conservation concerns (Boutillier et al. 1998, Perry et al. 

1999).  In 1997, DFO scientists conducted an extensive review of existing biological and 

fishery information for the species (Phillips and Boutillier 1998). Cultural factors including 

DFO’s move towards “biologically-based management” (DFO 2011b p. 5) and concerns 

about overfishing (Phillips and Boutillier 1998), provided a window of opportunity for 

program implementation (Table 1.3). The management approach, designed as a two-

phased program, was also consistent with a DFO Pacific Region framework developed 

for providing science advice to support the management of new and data-limited 

invertebrate fisheries (Perry et al. 1999) and the New and Emerging Fisheries Policy 

(DFO 2001) for the sea-cucumber fishery. 

In phase 1 (Boutillier et al. 1998), a ten-year AM plan was established for 1997-

2007 (Humble 2005, DFO 2011c). This plan limited the commercial sea cucumber 
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fishery to 25 percent of the BC coast in non-contiguous fishing zones, allocating another 

25 percent for research purposes, and closing the remaining coastline to commercial 

harvest (DFO 2011b).  Phase 2, the ‘commerce phase’, started in 2008. Fisheries 

scientists used data collected over the first ten years to revise total allowable catch 

estimates, and re-opened certain areas that were closed to commercial fishing during 

phase 1. In 2011, as part of phase 2, DFO implemented a rotational harvest strategy in 

which quota management areas are fished once every three years.  

It appears that all of the stakeholder and institutional support criteria in the 

framework were present for implementation of the sea cucumber AM program. There 

was DFO leadership by DFO scientists and resource managers to implement this 

program, as well as policy guidance from the New and Emerging Fisheries Policy and 

the Pacific Region initiative for data-limited fisheries, although these policies make no 

explicit reference to using AM as an approach. Managers were also flexible enough to 

make increases to the species’ coastwide total allowable catch (TAC) in response to 

better biological information about the size of stocks. Although certain areas were closed 

to commercial fishing, stakeholders did not appear to consider these trade-offs to be 

taboo, or consider the risks to be unacceptable, as there were always some areas open 

to fishing – DFO managers and researchers were cautious to maintain harmony by 

designing an experiment that was relatively cost-neutral to commercial fishers (Boutillier 

et al. 1998). Institutional capacity also appeared to be present to design, evaluate and 

monitor the AM program (Boutillier et al. 1998, Humble 2005).  

Overall, the AM plan resulted in improvements in confidence concerning sea 

cucumber biomass estimates, and in a sea cucumber TAC increase of 141%, from the 

initial arbitrary TAC of 238 tonnes in 1997 to 575 tonnes in 2009 (DFO 2011c). Other 

quota management areas remain closed to commercial fishing for research, and 

experiments have been set up to further understand the effects of fishing efforts on 

stocks. Overall, the program resulted in increased reliable knowledge, although I was 

unable to determine whether there were changes in stock status and governance based 

on available literature for this case study.  
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1.6 Discussion - Cross-case Comparison 

Type of AM Implemented in AM Initiatives 

From these case studies, it appears that each of these DFO AM programs was 

designed to include all nine AM attributes (Table 1.4). This result is in stark contrast to 

the partial and passive version of AM articulated in DFO’s national policies. The 

programs in these case studies: i) were collaborative in involving resource users: ii) 

explicitly stated management objectives in advance; iii) explicitly stated expected 

outcomes in advance; iv) recognized and identified uncertainties and assumptions; v) 

treated management actions as scientific experiments; vi) were designed to improve 

ecosystem knowledge, vii) implemented and evaluateed multiple management options, 

viii) monitored system response to management actions; and ix) allowed participants to 

learn, adjust, and improve management with new observations. 

Although these attributes of AM were captured in the experimental designs for 

these programs, not all of these attributes were implemented. Additionally, the 

implementation of some attributes caused more difficulties than others.  

In the Langara Spit perch experimental fishery case, although management 

objectives were stated at the outset, some commercial fishers in the program may not 

have been aware of or in agreement with them. Given the multiple problems that 

plagued the experimental program after it was established, researchers concluded in 

hindsight that a clear statement of objectives should have been established at the 

beginning of the experimental program, and that these objectives should have been 

endorsed by all participants in the program, including DFO managers, researchers, and 

participating commercial fishers (Leaman and Stanley 1993).  

Two experimental programs experienced challenges in the design and 

implementation of monitoring systems to track ecosystem responses to management 

actions.  In the Rivers Inlet sockeye fishery experiment, researchers were unable to rely 

with confidence on the results of the experimental harvest as an indicator of changes in 

the population, as they had not tested the escapement monitoring program’s ability to 

detect increases in escapement (Walters et al. 1993). Researchers learned that an a 
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priori statistical analysis of the monitoring system should have been conducted in order 

to allow more useful interpretation of the results. Additionally, fishers’ non-compliance in 

not providing their catch data in the Langara Spit perch experiment greatly limited the 

ability of managers to monitor stock changes. The lack of intensive fisheries monitoring 

during the experiment allowed deliberate misreporting of catch and effort data, and led to 

low confidence in the interpretation of experimental results. 

All of the AM programs were designed to implement and evaluate multiple 

management actions, but this actually took place in only two of the cases. In the other 

two cases (Langara Spit perch fishery and the BC Hydro-DFO Bridge River) the initial 

plans to institute alternative experimental management actions were subsequently 

abandoned due to stakeholder interests and demands, or unstated reasons outside of 

the planned experiments. As a result, in both of these cases only one of the alternative 

management “treatments” was implemented – the Langara perch fishery remained open 

throughout the experiment and the experimental reaches on the Bridge River only 

experienced the 3 m3 s-1 flow regime. The implementation of only one flow regime in the 

rewetted reach on the Bridge River resulted in inconclusive results about optimal flow for 

salmonid productivity, and precluded learning about whether other levels of flow could 

achieve similar or greater benefits (Bradford et al. 2011). Similarly, the decision not to 

implement the second experimental phase (fishery closure) in the Langara Spit 

experiment compromised the experiment and its intended results (Leaman and Stanley 

1993). Thus, the potential for ecosystem learning in both cases was restricted due to 

adjustments to management actions and changes to experimental designs arising from 

structural and individual factors.  

Factors that Influenced Implementation of AM Initiatives 

A summarized analysis of the cultural, structural, and individual factors that 

influenced implementation in these four cases is shown in Table 1.3. Across cases, a 

variety of cultural, structural, and individual factors were favourable to the 

implementation of these AM programs, with some appearing to be more important in 

determining the outcome than others. Other factors appeared to impede rather than 

facilitate implementation. 
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 Cultural 

Cultural factors were important in the introduction of all of these AM programs. In 

particular, shocks and framing events appear to have been instrumental in providing 

windows of opportunity for implementation. Widespread concern about the status of the 

Rivers Inlet sockeye salmon and red sea sucumber stocks, and years of litigation over 

flow levels on the Bridge River, provided a level of tension and conflict in each of these 

cases that helped to make experimental programs appear tenable and desirable to DFO 

and program participants as innovative new management alternatives. 

The framing of all four programs as alternatives to status quo policies was 

fundamental to implementing the innovative approach as well. In the case of the perch 

fishery experiment, DFO framed the experimental program as a way to settle on-going 

disagreements and tensions between the department and commercial fishers about 

stock productivity and harvest limits. Similarly, the Rivers Inlet sockeye experiment was 

framed as an alternative approach to the historical harvest policy that had been in place 

when conservation concerns emerged. This framing portrayed AM as an opportunity to 

move away from what was broadly perceived as an undesirable status quo.  

Although more difficult to assess than shocks and framing events, legitimacy also 

seemed to be an important factor in the implementation and maintenance of these 

initiatives. The introduction of a new “science-based” approach—that had been widely 

adopted in journals, reports, conferences and other outlets—may have enhanced the 

legitimacy of DFO in each case, thus easing implementation. This may especially be so 

in the case of the perch AM program, where the new AM experiments allowed for the 

opening of new fisheries as well as increased yields. Legitimacy also appears to play a 

role in supporting the continuation of a program, even when objectives have not been 

met. For example, DFO managers in the Langara Spit Region may have been reluctant 

to terminate the experiment despite non-compliance because they did not want to admit 

error in the original design of the program, or because they perceived the program itself 

as a validation.  
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 Structural 

Rules and communication were clear in most of the case studies. The 

responsible agencies involved were explicit that these programs were experimental, and 

seem to have communicated the rules, limitations, and potential stakes to program 

participants. However, clear communication and rules alone did not guarantee full 

compliance. In the Langara Spit perch experiment, some fishers refused to provide 

required catch data, and attempted to use their control over the catch data as leverage 

to obtain concessions on rockfish quotas in other areas (Leaman and Stanley 1993). 

Additionally, even though commercial fishers were made aware of the stakes of the 

experiments in the Rivers Inlet sockeye fishery and Langara Spit perch cases, the initial 

underestimation of the potential economic impacts in both cases eventually caused 

implementation difficulties once commercial fishers realized the actual impacts of 

reduced catches.  

All political structures appeared open to participants – these innovative programs 

were largely based on a mix of voluntary and command-and-control regulation, where 

programs were collaboratively designed between participants and the management 

agency. Many of the programs included collaborations with commercial fishers, a sector 

that DFO’s political structure has typically been open to, through long-standing 

partnership agreements and increasingly formalized co-management of fisheries (Lane 

and Stephenson 1998). Although the Bridge River experiment involved several 

representatives from a variety of groups and political structures (DFO, BC Hydro, and 

the provincial government), it appears that these political structures were open to all 

participants – for example, First Nations values were used as indicators for decisions 

about flow (Hunter et al. 2008). 

These AM programs also included incentives to encourage support for the 

innovation among participants. In the Bridge River experiment, the potential loss of 

energy production revenue as a result of flow diversion from the Bridge-Seton 

hydroelectric station to support salmonid habitat effectively provided a financial incentive 

to adopt the experimental approach in order to test the hypothesis. The predicted higher 

sockeye yield from the Rivers Inlet experiment over the long term and the increase in 

catch proposed as part of the perch experiment also provided incentives for adoption of 
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these programs. Lastly, commercial fishers in the sea cucumber fishery understood that 

the expected outcome of the program (increased biological knowledge) would have the 

potential of expanding the fishery.  

There did not appear to be substantial resistance to implementing any of the AM 

programs, perhaps due to the framing of these programs by the responsible 

management agencies, as well as the general undesirability of the status quo in each 

case in comparison with the promises of the new approach. Although fishers were 

initially skeptical of the prospects for the AM program in the Rivers Inlet sockeye fishery, 

they did not resist program introduction, but instead sought to change the design at the 

end of the 10-year plan. Similarly, in the Langara Spit perch fishery there did not appear 

to be resistance during the AM program’s introduction, but fishers resisted the 

requirements to disclose catch data once the experiment was underway. Perhaps more 

significantly, fishers resisted the second phase of the program (closure) as they had 

developed vested socio-economic interests in preserving the status quo (i.e., unlimited 

overfishing).  

It appears that DFO was flexible in its decision-making in all the case studies, 

being open to changing experimental design in light of new information. However, this 

flexibility may have compromised two experiments. In the Langara Spit region and the 

BC-Hydro Bridge River AM initiatives, managers displayed flexibility in changing the 

experimental design as a result of stakeholders’ desires, rather than to improve the 

experiment and meet stated management objectives. This flexibility in decision-making 

(Gregory et al. 2006) did not arise from a protocol of evaluating outcomes against 

performance measures, as urged by researchers in the Langara Spit program, but rather 

through ad hoc decisions driven by socio-political forces (Leaman and Stanley 1993).  

Finally, there appeared to be sufficient institutional capacity available in each 

case to implement the program – staff and researchers generally had the necessary 

skills to design and evaluate programs, although there were some issues with resources 

for monitoring. The Rivers Inlet sockeye and Langara Spit perch programs would have 

benefitted from more resources for intensive monitoring, although the inevitably high 

costs of such a monitoring program might have prevented the programs from being 

instituted. Challenges in designing monitoring programs to detect stock responses to 
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interventions in large ecosystems are common and well-documented (Ham and 

Pearsons 2000, Williams 1999, Korman and Higgins 1997, as cited in MacGregor et al. 

2002), and may not be primarily attributed to staff and researchers’ skills.   

 Individual  

In all cases, fishery managers and researchers were highly motivated to seek out 

an alternative to the status quo management approach due to widespread concerns 

about declining stocks and reduced productivity. It could also be argued that a large part 

of the motivation for implementing the innovative approach in each case was due to 

concern in the management agency about preserving harmony between the agency and 

its multi-stakeholder technical working groups or commercial fishers. In all cases, the 

innovative AM approaches were perceived as a solution to the problem and conflict at 

hand, thus aiding in improving and preserving the harmony of each group. In the sea 

cucumber fishery, researchers cautiously chose experimental designs that were 

relatively cost-neutral to commercial fishers (Boutillier et al. 1998) and thus more 

palatable. In all cases, once the AM programs were under way, the desire to maintain 

norms and harmony among researchers, managers, and stakeholders may have 

influenced the decisions of fishery managers and others with control over the outcomes 

of the program. Fishery managers ignored the advice of researchers to terminate the 

perch experiment when fishers’ did not report their catches, and managers were later 

unable to terminate the overfishing phase despite repeated attempts (Leaman and 

Stanley 1993). Overall, individual desires to preserve norms and harmony facilitated the 

implementation of these programs so as to avoid growing conflicts, yet were likely key in 

causing issues with termination as well. 

Additionally, congruence of the various AM programs with departmental policies 

and mandate may have aided implementation. The experimental adaptive approach was 

congruent with DFO’s commitment to biologically-based management in the sea 

cucumber fishery, and the Bridge River AM approach was congruent with the province’s 

WUP guidelines. There did not appear to be explicit policy guidance to use AM in any of 

the cases except for the BC Hydro-DFO Bridge River case. Although the sea cucumber 

fishery cited the New and Emerging Fisheries Policy (DFO 2001) as a policy on which 

managers based the program’s rationale, that policy did not include any specific 
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reference to AM. Still, there was leadership from DFO managers and scientists to frame 

these AM programs as effective ways to deal with uncertainty. Although perceptions of 

effectiveness changed during implementation, the changes did not appear to be due to a 

lack of leadership.  

Most of the cases involved taboo trade-offs in the AM experimental design. The 

AM initiatives in the Rivers Inlet sockeye salmon fishery and Pacific ocean perch fishery 

both involved harvest restrictions and closures that caused frustration to commercial 

fishers and ultimately resulted in a change in the experiment. While the Bridge River 

experiment did involve high financial losses to BC Hydro’s energy production, this trade-

off between ecosystem learning and financial losses did not appear to be sufficiently 

unacceptable to impede the implementation of the program. BC Hydro was also 

obligated to change flows because of the out-of-court settlement agreement with DFO. 

On the other hand, the sea cucumber fishery AM program did not involve high stakes 

with substantial potential financial losses. In the cases where substantial losses were at 

stake for commercial fishers, the presence of these trade-offs between learning and 

potential short-term financial losses appears to have reduced the viability of the AM 

initiative.  

Other Effects of Implementing AM Initiatives 

Overall, the effects of implementing AM initiatives across all cases were mixed. 

Notably, the implementation of all programs resulted in at least some improvement in 

reliable knowledge about social and ecological systems. Only one case saw a clear 

improvement in stock status, and changes in governance or decision-making were 

mixed and often unclear.  

 Changes in Reliable Knowledge 

All of the publications and reports that I examined from researchers and staff 

involved in the four AM programs indicated that learning took place. The Bridge River 

experiment demonstrated that the increase in flow that took place in that experiment had 

no discernible biological impact on salmonid productivity. The sea cucumber AM 

program resulted in increased biological knowledge about the status of the population, 

which then resulted in a management decision to increase the TAC. The perch 
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experimental program increased knowledge about population processes, indicated that 

DFO management methods were appropriate, and enabled researchers to determine 

that the overfishing period resulted in an estimated decline of the perch stocks based on 

catch per unit effort indices. The Rivers Inlet experiment resulted in improved information 

about sockeye escapement. 

 Changes in Population/Ecosystem Status 

Only one of the AM programs I examined resulted in a detectable improvement in 

stock status. For the other programs, stock status was unchanged or not determinable. 

The sea cucumber fishery’s AM program resulted in increased biological knowledge, but 

based on the literature reviewed for this case study the stock status at the end of the 

program remained unknown. Similarly, while the perch experimental program facilitated 

learning about the population and existing management system, researchers were 

unable to determine absolute biomass estimates from the experiment. The Bridge River 

experimental flow program found no discernible effect of the increased flow on salmonid 

productivity. The one exceptional case was the increase seen in the 1984 return of 

Rivers Inlet sockeye, although the increase was not as substantial as researchers had 

expected. 

 Changes in Governance/Decision-making 

The effects of AM implementation on governance and decision-making were also 

mixed and sometimes unclear in the four case studies. One case showed no effects on 

governance, two showed an effect, and one was unclear. In the Rivers Inlet sockeye 

salmon fishery, decision-making was collaborative and involved commercial fishers 

throughout the experiment even though fishers showed distrust towards DFO’s 

management and ultimately rejected the experimental AM policy. There appeared to be 

no substantial change in decision-making structure at the end of the experiment, as 

commercial fishers still collaborated with DFO to implement an alternative management 

approach. In the perch experiments, there did not appear to be a change in governance 

structure and decision-making in the Vancouver Island region of the experimental 

program, but the Langara Spit experience was a very different story. Governance and 

management over the fishery became more difficult with time and resulted in DFO’s 

implementation of an intensive monitoring program that was met with hostility. Even 
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though the existing provincial Water Use Plan set up the framework for multi-stakeholder 

collaboration, the Bridge River experiment provided an opportunity for collaboration, and 

an alternative to years of litigation between BC Hydro and DFO. Thus, there appeared to 

be an improvement in decision-making and governance structure in the Bridge River 

case study. Lastly, based on the literature reviewed, effects on decision-making and 

governance structures were not apparent in the sea cucumber fishery. 

1.7 Conclusion 

This cross-case analysis of four BC fisheries management cases in which DFO 

adopted and attempted to implement AM shows that DFO made commendable efforts to 

implement active AM by including all nine AM attributes in the design of each program. 

There is a striking contrast between these efforts on the operational level to implement a 

comprehensive and specific conception of active AM as it was originally designed, and 

the conception of AM that appears in DFO’s collective choice rules, which consists of 

vague definitions and a limited selection of AM attributes that together constitute at best 

a passive adaptive approach.  

At the operational level, the designers of these AM programs in DFO 

demonstrated a comprehensive understanding of AM. This is consistent with a recent 

study by Westgate et al. (2013) that found that most researchers who have published on 

AM have a good understanding of the concept. My results do not support Halbert’s 

(1993) claim that AM programs fundamentally suffer from a lack of agreement on 

concept definition and implementation methodology. The results of my study do, 

however, add to previous studies on the implementation challenges of AM and other 

experimental programs (McAllister and Peterman 1992, Walters 1997, Gregory et al. 

2006, Walters 2007, Allen and Gunderson 2011).  

Despite efforts to include all nine attributes into the experimental programs, two 

of the four experimental designs were compromised due to apparently unexpected 

socio-political responses that were regarded by researchers as external to the 

experiment. Such socio-political responses, however, should not be a surprise in 

fisheries management. Fisheries and coastal systems are notoriously difficult to govern 
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because of their diverse, complex, and dynamic nature. Problems in fisheries and 

coastal management are often “wicked” – ill-formulated problems in a complex social 

system of stakeholders and decision makers with conflicting values, where information 

and ramifications in the whole system are confusing, such that proposed solutions often 

turn out to be worse than the problem  (Churchman 1967, in Xiang 2013, Jentoft and 

Chuenpagdee 2009). In addition to ecological uncertainty, managers are faced with 

institutional uncertainties and other problems associated with the interactions of players 

with diverse perspectives and values in the management process (O’Boyle 1993). Due 

to the inter-connected nature of ecological and socio-political systems, AM programs 

designed mainly to manipulate one system (typically the ecological system) will 

inevitably cause effects in the other; and monitoring of responses and feedbacks should 

facilitate learning about both systems. 

The four BC fisheries case studies highlight some key challenges that seem to 

plague many AM experiments; most notably, the failure to incorporate and plan for 

socio-political system feedbacks, such as stakeholders’ responses to the existence of, or 

potential for, economic losses that they perceive to be unacceptable. Such feedbacks 

led to changes in the AM experimental designs that diminished the potential to generate 

knowledge. Despite these challenges, all of the AM programs I examined did improve 

knowledge of the population or ecosystem in question to some extent, and thus 

facilitated learning. Although the AM experiments were not fully implemented as 

planned, I would not consider them to be  “failures”. 

Further research on these BC fisheries cases could include interviews with 

commercial fishers, DFO management and science staff, and other stakeholders, to 

develop a more complete account of each case and test for bias or omissions in the 

reports on which I relied. Interviews could also be conducted with DFO policy staff and 

senior officials in order to assess and evaluate the decision processes behind higher-

level DFO policies concerning AM. More in-depth analysis might provide insights into the 

incongruence of DFO’s operational, collective-level, and constitutional rules. Interviews 

with staff and stakeholders could also provide information on other attempts by DFO to 

initiate AM programs in BC. 
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The Rivers Inlet, Pacific ocean perch, Bridge River and sea cucumber cases also 

highlight some important lessons for future efforts to implement AM in BC fisheries 

managed by DFO. The following recommendations are consistent with the broad 

research of Steelman (2010) on implementation of innovations, and the more specific 

research of Gregory et al. (2006) on implementation of AM. 

1.7.1 Recommendations 

1. Seize upon windows of opportunity, focusing events, and shocks  

The strategic utilization of opportunities appeared to be key in facilitating the 

acceptance and adoption of programs in all four cases examined. The lesson for 

DFO managers, researchers, and resource users who want to introduce 

experimental AM programs is to be alert to and take advantage of such windows 

of opportunity. Existing situations of tension and conflict can also increase the 

acceptability of new AM programs that are framed as solutions to an undesirable 

status quo.  

2. Identify and enable strong leadership, and explore creative ways to 
ensure sufficient resources, skills, and funding for programs in a 
changing political climate  

The inclusion of all nine attributes of AM in all four cases indicates that 

researchers and managers had a good understanding of AM. When individuals 

involved in an AM program understand and have experience with AM and 

experimental design it not only offers social and intellectual capacity, but also 

helps to provide the motivation and leadership needed to guide participants in 

understanding the potential benefits as well as the limitations of AM (Gregory et 

al. 2006). Strong leadership from these motivated individuals can be critical for 

facilitating successful implementation of AM programs (Allen and Gunderson 

2011). In the hierarchical top-down organized management structure of DFO, 

strong support and motivation from senior managers for the concept of AM could 

provide researchers and managers at the operational level the freedom and 

resources to pursue a specific AM strategy. In some of these cases, stronger 

leadership in the face of socio-political feedbacks might have helped to overcome 

resistance experienced once programs were underway.  
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Although it appears that there was sufficient institutional capacity for the AM 

programs in each of the case studies, AM experiments often demand large 

commitments of resources for processes such as collaborative decision-making 

(Failing et al. 2004, McFadden et al. 2011) and well-designed and intensive 

monitoring (Walters et al. 1993, Leaman and Stanley 1993, Walters 2007). In the 

last few years, the Canadian federal government has severely cut funding and 

resources for DFO – a continuation of austerity measures that began for the 

management agency in the 1990s (Lane and Stephenson 2000). These cuts and 

the prevailing federal political climate of “small government” have been extremely 

challenging for the agency. However, these challenges may present incentives 

and opportunities for innovative governance approaches to emerge, such as 

increased collaboration and shared management between DFO and resource 

users whose livelihoods depend on these fisheries. DFO and resource users may 

continue to develop innovative structures to share monitoring and management 

duties, not only to address the practical needs created by a lack of government 

funding and resources, but also to increase the program’s legitimacy among 

resource users. These collaborative structures will require good communication 

between DFO and user groups, which could reinforce these key cultural and 

structural factors (i.e. legitimacy and communication) for successful 

implementation.  

3. Treat the incongruence between DFO higher-level policies and 
operational rules as an opportunity for flexibility and innovation  

The degree of congruence between operational, collective and constitutional 

rules can be viewed as a form of within-agency and within-government 

cooperation, which often has significant impacts on the success of program 

implementation (Thomas 2003). Since AM programs often require large amounts 

of resources, commitment, and funding (Failing et al. 2004), improved 

congruence between DFO higher-level policy and operational level rules 

concerning AM might facilitate implementation of this innovation. On the other 

hand, DFO’s lack of specification in higher-level policies may offer opportunities 

for flexibility and innovation on the operational level, as seen in the variety of 

ways in which the four AM programs were designed. Researchers and resource 
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users interested in AM approaches could use this incongruence as an 

opportunity to design creative experimental programs.  

4. Avoid trade-offs that involve unacceptable risks and plan for potential 
difficulties in program termination  

The presence of highly controversial or taboo tradeoffs involving substantial 

economic stakes appears to have been a major factor in the resistance 

observed once programs were underway. In most of the case studies, 

frustrations about economic losses – real and potential – influenced DFO’s 

ability to implement the experiment as designed, and reduced the potential 

for learning as well as the viability of the program. Since the deliberate 

probing for information in AM experiments may mean harsh experimentation 

resulting in short-term losses to achieve uncertain long-term gains, managers 

and researchers should be explicit about potential economic results, and not 

underestimate economic impacts (McAllister and Peterman 1992, Walters et 

al. 1993, Leaman and Stanley 1993). They should also be aware that 

economic considerations and other stakeholder concerns often trump 

scientific objectives as management programs evolve (Leaman and Stanley 

1993). In addition, managers should be aware of creative tools (Gregory 

2002) to combat the existence of these trade-offs, or create other types of 

economic incentives that can balance tradeoffs or buffer stakeholders against 

substantial losses. This was achieved in the sea cucumber case with the 

balance of closed and open areas to sea cucumber harvest – an approach 

suitable for more sedentary species. The buffering of losses offered in that 

program may in part explain why it experienced the fewest implementation 

challenges of the cases I examined.  

The Bridge River and Pacific ocean perch case studies demonstrate 

remarkably similar problems that are seen often in the termination stage of 

the policy cycle – difficulties in terminating programs due to vested interests 

in the status quo and perceived losses in the event of termination (Frantz 

1992, Geva-May 2001). Programs should be designed to take into account 

how the implementation and termination of such programs will affect 

individuals so as to not cause surprises as a result of stakeholders’ 
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expectations of indulgence or perceived deprivation (Clark 2002). A key stage 

of planning the AM program will thus benefit from establishing structures and 

processes to deal with both perceived and legitimate losses. Similar to the 

ways in which constraints on experimental management can be overcome 

(McAllister and Peterman 1992), the potential financial losses associated with 

termination could be addressed, for example, by experimenting on a small 

scale such as on small stocks and, where justified, establishing 

compensation agreements for potential valid losses arising from termination. 

Additionally, perhaps initiating a fishery closure during a poor year and 

subsequently opening it (Walters et al. 1993) may be better received than 

attempting to implement a closure after a fishery has been open to fishing for 

some time (Leaman and Stanley 1993). 

Although many of these recommendations point to better planning to address 

implementation challenges associated with AM programs, it is critical to not get stuck in 

a planning loop, which can prevent action and implementation of AM (Allen and 

Gunderson 2011). The challenges faced in AM implementation are not unique to the 

concept. In a study on the implementation of ‘ecosystem management’ (Brunner and 

Clark 1997), a policy innovation in natural resource management that aims to sustain 

ecosystem integrity, the authors argue for a practice-based approach – a comparative 

appraisal of best practices and constraints on these practices that occur across cases. 

There may be a variety of ways to implement ecosystem management, and a practice-

based approach would help clarify de facto standards of good practice and provide 

models for practitioners motivated to meet those standards (Brunner and Clark 1997).  

My research adopted a practice-based approach to appraising the 

implementation of AM in BC fisheries, by analyzing factors that facilitated or constrained 

the practice of AM in four cases. There are a sufficient number of other case studies of 

AM in fisheries from which challenges and best practices can be drawn to better the 

chances and opportunities for effective implementation. Additionally, the lessons learned 

in this study could be used to inform a prototyping strategy of AM in practice – a strategy 

to field-test innovations through small-scale trials (Lasswell 1963, Brunner and Clark 

1997). Factoring a common widespread problem into a tractable one that can be 

attacked at a small scale can facilitate implementation as this strategy minimizes socio-
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political vulnerability and allows the prototype to be more easily terminated if determined 

to be unsuccessful (Brunner and Clark 1997). A small-scale prototyping program to field-

test and learn about AM in BC fisheries, in addition to the insights presented in this 

study, might improve the likelihood of successful AM implementation in the future. 
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Figure 1.1  Steelman 2010's framework for analyzing the implementation of 
policy innovations. This framework demonstrates the relationships 
among Individual, Structural, and Cultural factors that influence the 
implementation of policy innovations. Based on Steelman 2010. 

 

 



 

 52

 

Figure 1.2 DFO institutional context: hierarchical rule-making structures that 
influence implementation with policy examples,  
represented according to scale. Rules are interconnected, in that 
constitutional rules determine collective rules, which in turn 
influence operational rules. 
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Table 1.1 AM Attribute Matrix with a list of attributes against citations of reviewed AM leading literature. Attributes are 
arranged from left to right reflecting a sequence of steps in the AM process or cycle. Note that blanks in this 
matrix indicate that a particular attribute – perhaps mentioned in other citations – was absent in that citation. 

ATTRIBUTES 

Collaborative 
process 
involving 
resource 
users 

Explicitly 
state 
management 
objectives in 
advance 

Explicitly 
state 
expected 
outcomes in 
advance 

Identify 
uncertainties 
and 
assumptions 

Treat 
management 
actions as 
scientific 
experiments 

Design 
management 
to improve 
ecosystem 
knowledge 

Implement 
and evaluate 
multiple 
management 
options 

Monitor 
system 
response to 
management 
actions 

Learn, adjust, 
and improve 
management 
with new 
observations 

CI
TA

TI
ON

 

Holling 1978 X X X X X X X X X 

Walters 1986 X X X X X X X X X 

Lee 1993 X X X X X X X X X 

Gunderson et al. 1995 X X X 

Simberloff 1998 X X 

Folke 2006 X X X 

Berkes et al. 2000 X X 

Walters et al. 1997 X X X X X X 

Olsson and Folke 2004 X X X X 

Berkes 2004 X X 

Folke et al. 2002 X X X X X X 

Lindenmayer et al. 2001 X X X X X 

Westgate et al. 2013 X X X X X X 

Halbert 1993 X X X X X X X X 

BCMOFR n.d. X X X X X X X X 
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Table 1.2 Literature reviewed for each case study 

Case Study  Literature Reviewed Literature Type Author(s)’ relationship to case study 
Rivers Inlet sockeye salmon experimental fishery 
program 

Walters et al. 1993 Journal Article Walters, one of the inventors of AM, was involved in the 
design and implementation of the experimental program, 
along with a DFO fisheries biologist and a DFO manager, 
who were co-authors on the journal article  

Pacific ocean perch experimental fisheries Leaman and Stanley 
1993 

Journal Article Leaman and Stanley were DFO groundfish scientists who 
were involved in the design and implementation of the 
experimental program 

BC Hydro-DFO Bridge River flow experiment Failing et al. 2004 Journal Article Failing was hired as a consultant to lead the multi-
stakeholder group in a structured decision-making exercise 
to decide on the experimental program design; Horn, co-
author, is a hydro-electric energy consultant; Higgins, co-
author, is associated with BC Hydro, the crown corporation 
that initiated the experiment 

Gregory et al. 2005 Journal Article Gregory and Failing were hired as consultants to lead the 
structured decision-making exercise, and their co-author 
Higgins is associated with BC Hydro. 

Hunter et al. 2008 Poster Presentation Hunter et al. are researchers and consultants that were 
involved in the design and implementation of the 
experimental program. 

Bradford et al. 2011 Journal Article Bradford et al. are researchers (from DFO, BC Hydro, an 
environmental consulting company, and the Lillooet Tribal 
Council) that were involved in the design and implementation 
of the experimental program.  
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Case Study  Literature Reviewed Literature Type Author(s)’ relationship to case study 
Giant red sea cucumber fishery AM program Phillips and Boutillier 

1998 
Technical Science Report Phillips and Boutillier are DFO invertebrate researchers 

involved in the assessment of sea cucumber stocks and the 
design of the AM program. 

Perry et al. 1999 Journal Article Perry et al. were DFO invertebrate scientists involved with 
the design and implementation of the program. Walters, co-
author, was likely contracted to assist with the design of the 
framework for providing science advice, which was the main 
topic of the journal article. It is unknown of Walters was 
involved with the design of the sea cucumber AM program. 

Humble 2005 Unpublished Thesis  Humble was a masters’ student whose research on 
strategies for adaptive rotational harvest was funded by the 
Pacific Sea Cucumber Harvesters Association and the 
Natural Sciences and Engineering Research Council of 
Canada.    

DFO 2011b Technical Science Report The authors of this report are not listed, but I is likely that it 
was written by the DFO invertebrate scientists at the time. It 
is unknown how the authors were related to the design or 
implementation of the AM program. 

DFO 2011c Management Plan  The authors of this report are unlisted, but it is likely that it 
was written by the DFO invertebrate managers at the time. It 
is unknown how the authors were related to the design or 
implementation of the AM program. 
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Table 1.3 Summary Table of Individual, Structural, and Cultural factors that influence implementation of AM programs 
in four BC fisheries case studies 

Case-studies Factors that influence implementation 
Individual Structural Cultural 

Rivers Inlet 
sockeye salmon 
experimental 
fishery program 

Motivation 
Fishery managers’ and scientists’ suspicion of 
recruitment overfishing and sub-optimal 
spawning escapements provided motivation to 
seek out an adaptive experimental strategy to 
test these hypotheses.  
 
 

Rules/Communication 
There were clear rules and communication 
between DFO fishery managers and 
commercial industry stakeholders. 
Stakeholders were made aware of the 
stakes of the experimental policy – they 
were warned that subject to 1979 to 1984 
returns, more closures may occur, and 
DFO was explicit about labeling the 
program an adaptive/experimental policy. 

Shocks 
Widespread concern about poor salmon returns and 
escapements among both DFO scientists and 
commercial fishers presented a window of opportunity to 
introduce a new experimental management strategy. 
Additionally, expected poor returns enabled DFO to start 
the experimental strategy with an almost entire closure 
for the first 5 years. 

Norms/Harmony 
The program was brought in as a solution to low 
returns, and managers were careful to introduce 
fishery closures during years of low returns 
where fishing interests were low so as to 
maintain norms and harmony between the 
Department and commercial fishers. Towards 
the end of the program, the DFO and industry 
reached a compromise on pursuing a different 
approach because giving up years of catch (for 
not very fruitful results) upset fishers.  

Incentives 
The potential of stock rebuilding to present 
higher total returns and catches in the long 
run (at least 10 years) probably provided a 
financial incentive to fishers to accept the 
experimental program.   

Framing  
Adaptive experimental management policy framed as an 
alternative to the historical policy that had produced 
poor catches in recent years.  
The use of low discount rates to calculate the expected 
value of the experimental policy resulted in higher total 
catches over time, thus appealing to industry 
participants. 

Congruence 
The approach was congruent with DFO’s 
mandate of fisheries conservation and 
sustainable management.  

Opening 
One political structure under DFO fisheries 
management, which was open to 
commercial fishery participants 
 
 
 
 

Legitimacy 
AM policies possess much scientific legitimacy in the 
field of fisheries management. Introducing such a 
program as a response to conservation concerns could 
have validated DFO’s scientific legitimacy. Additionally, 
the program was introduced as a solution to commercial 
fishers’ concerns of low returns, which could have 
enhanced DFO’s social legitimacy among commercial 
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Resistance 
There did not appear to be resistance 
when the program was implemented; 
however, fishers were initially skeptical 
about the success of the program.  

fishers. 

Leadership 
There did not appear to be explicit policy 
guidance for AM (i.e. none cited), although 
fishery managers and scientists showed 
leadership in promoting the approach as an 
alternative to the status quo. When the 
outcomes did not match predictions, 
stakeholders displayed mistrust and skepticism, 
suggesting that they began to think the program 
was an ineffective way to deal with uncertainty 
about stock status and competing hypotheses. 

Flexibility in decision making 
There was sufficient management 
flexibility to revise the experimental 
program (although in this case it was to 
terminate the experiment) according to 
stakeholder’s concerns.   

Avoidance of taboo trade-offs 
The trade-off of forgoing short-term catches for 
predicted long-term catch increases was 
ultimately too high for stakeholders. 

Institutional capacity 
There appeared to be skilled staff working 
on the program; however, the designed 
monitoring system apparently lacked 
capacity to detect stock response. More 
modelling and statistical analysis would 
have been useful to predict how the length 
of time the experiment would have taken 
to produce useful results.  
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Pacific ocean 
perch 
experimental 
fisheries 

Motivation 
DFO scientists were motivated by tensions 
between DFO and commercial fishers about 
competing hypotheses about the POP stock 
dynamics and productivity.  

Rules/Communication 
Seemingly clear rules and communication 
between DFO staff and commercial 
industry stakeholders since commercial 
fishers were included in the design of the 
adaptive experimental program in the 
SWVI and Langara Spit regions. Although 
there was full-cooperation in the SWVI 
region, researchers lacked mechanisms to 
ensure compliance in catch reporting in 
the Langara Spit region, leading to 
compliance issues. 

Shocks 
Shocks not evident in this case study. 

Norms/Harmony 
The program provided an opportunity to ease 
the tension between DFO and commercial 
fishers due to disagreements over biomass 
estimates and yield. 
 

Incentives 
The experimental design of overharvesting 
on both the SWVI and Langara Spit POP 
stocks provided ample financial incentives 
for industry to support the implementation 
of the AM program.  

Framing  
The experimental program in the SWVI region was 
framed as a way to test the commercial industry’s 
assertion that DFO’s biomass and yield estimates were 
too conservative. The Langara Spit region was chosen 
for the second experimental program as it offered the 
expectation of continuous industry participation.  

Congruence 
The approach was congruent with DFO mandate 
of for fisheries conservation and sustainable 
management. 

Opening 
One political structure; political structure 
was open to commercial industry 
stakeholders 

Legitimacy 
The new practice of allowing overharvesting as an 
experiment and as a solution to addressing competing 
hypotheses on biomass and yield estimates possibly 
enhanced DFO’s social legitimacy. Additionally, the fact 
that the experiments were co-designed with industry 
may also have increased the legitimacy of the program.  
DFO managers’ refusal to terminate the Langara Spit 
region’s experimental program despite fishers’ initial 
refusal to provide catch data hint at the social legitimacy 
that the adaptive experimental program brought DFO. 

Resistance 
There did not appear to be resistance 
when the program was implemented; 
however, when the program started, some 
individual fishers in the Langara Spit 
experimental fishery refused to provide 
catch data to leverage the relaxing of 
quota restrictions in other management 
areas. Additionally and perhaps more 
significantly, fishers resisted the second 
closure phase of the experiment citing 
socio-economic impacts. 
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Leadership 
Even though there was no cited policy guidance 
in this case study, there was good leadership 
support and stakeholder buy-in to the process 
due to early on collaboration between the 
groundfish industry and DFO. 

Flexibility in decision making 
Management appeared to be flexible to 
incorporate industry’s concerns about the 
5-year experimental closure, and altered 
the experimental design by not closing the 
fishery. 

Avoidance of taboo trade-offs 
The AM design involved taboo trade-offs – the 
potential loss of fishery revenue through the 
experiment’s planned 5-year closure in the 
Langara Spit region meant that industry 
participants fought hard to keep the fishery open 
citing socio-economic reasons. Management of 
this fishery became difficult. 

Institutional capacity 
Institutional capacity appeared to be 
sufficient within DFO to design, evaluate, 
and monitor the Pacific Ocean Perch 
program. However, after the program 
started, DFO managers made alterations 
to the experimental design that were 
impossible for the available level of 
monitoring resources and capacity to 
meet. 

BC Hydro-DFO 
Bridge River flow 
experiment 

Motivation 
BC Hydro, DFO, and the technical committee 
was motivated to find out the biological benefits 
of the increased 3 m3 s-1 instream flow (as a 
result of the out-of-court settlement) on salmon 
productivity, and as such also analyze/quantify 
the costs and benefits of restoring the lower 
Bridge River. 

Rules/Communication 
It appears that rules and communication 
were clear in this experimental program. 
The Bridge-Seton WUP consultative 
committee developed objectives and 
performance measures, identified 
information gaps and alternative 
management strategies through the use of 
a well-structured decision making process.  

Shocks 
Approximately 8 years of litigation between DFO and BC 
Hydro resulted in an out-of-court settlement that resulted 
in a provision of a 3 m3 s-1 water budget per year until a 
Water Use Plan (WUP) was authorized by the province 
and agreed to by DFO and the BC Province. DFO 
specified that follow-up monitoring was required to 
determine the impacts of the flow release, and that the 
WUP process that involves multiple stakeholders 
explore the benefits of an AM flow experiment.  
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Norms/Harmony 
Conducting the experiment would settle the 
disagreement in perspectives between technical 
committee members on appropriate flow levels 
in the Lower Bridge River, thereby improving the 
harmony of the group. 

Incentives 
The potential loss of power production 
revenue from the Bridge-Seton 
hydroelectric station as a result of 
environmental flow releases provided a 
financial incentive for BC Hydro to design 
an in-stream flow experiment on the 
effects of flow on fish productivity. These 
losses were between 1.7 to 2.8 million 
dollars for each annualized m3 s-1 released 
from the dam.  

Framing  
The adaptive experiment was framed as a way to test 
competing hypotheses about the effects of flow levels 
on salmonid productivity (more water equals more fish 
or less flow equal more fish), and therefore provide 
useful information to decision-makers on a long-term 
water level management policy.  

Congruence 
The WUP guidelines identified AM as one of the 
key principles of the program (Failing et al. 
2004). The technical committee’s in-stream flow 
experiment idea was congruent with that of the 
WUP guidelines under which they worked. The 
approach was also congruent with DFO 
mandate of fisheries conservation and 
sustainable management. 

Opening 
Several political structures involved. The 
multi-stakeholder committee worked within 
a BC province WUP framework. As the 
fisheries management agency, there was 
considerable pressure from DFO on BC 
hydro over the Bridge-Seton hydroelectric 
production’s impacts on fish and fish 
habitat. 
The political structures appeared open to 
all stakeholders involved. 
 
 

Legitimacy 
The scientific legitimacy of the AM experimental 
program may have influenced the multi-stakeholder 
committee to accept the program at the start.  

Resistance 
There did not appear to be resistance to 
implementing the experimental program.  
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Leadership 
There appeared to be explicit policy guidance 
from the province’s WUP for the use of AM, and 
leadership support was present. Stakeholders 
appeared to be view the initiative as an effective 
way to deal with the uncertainty as a result of 
disagreements regarding potential ecosystem 
effects of increase flow.  

Flexibility in decision making 
Decision-making appeared to be flexible 
as the experimental design was altered 
from the initial design to test flows of 0, 3, 
1, and 6 m3 s-1 consecutively. The 
experimental design was eventually 
altered to only test one flow regime after 
extensive consultation and evaluation due 
to social perception and potential negative 
biological consequences; the 3 m3 s-1 flow 
was continued from 2000 to 2011. 

Avoidance of taboo trade-offs 
The cost to BC Hydro of the environmental flow 
program was in the millions of dollars as a result 
of its financial losses to energy production on the 
Bridge-Seton hydroelectric station. 

Institutional capacity 
There appeared to be sufficient 
institutional capacity to design, evaluate, 
and monitor this AM program. 

Giant red sea 
cucumber fishery 
AM program 
 

Motivation 
DFO scientists were motivated to recommend an 
AM strategy for the red sea cucumber fishery 
due to biological concerns. 

Rules/Communication 
Rules for the AM strategy appeared to 
have been communicated clearly to 
commercial fishers; there did not appear to 
be issues in compliance. 

Shocks 
Warnings of overfishing in the red sea cucumber fishery 
(declines in overall population abundance and individual 
size) and insufficient biological data by DFO biologists 
presented a window of opportunity to introduce an AM 
strategy from 1997 to 2007.  

Norms/Harmony 
It is anticipated that DFO managers and 
researchers were cautious of maintaining norms 
and harmony between the Department and 
commercial fishers – they were cautious of 
choosing an experimental design that was cost-
neutral to industry.  

Incentives 
Commercial fishers understood that 
increasing biological knowledge about the 
sea cucumber stocks through the AM 
program could have the potential to 
increase total catches, since under the 
New and Emerging Fisheries Policy’s 
precautionary approach, gathering 
biological data (i.e. AM phase) was a 
prerequisite to a fishery’s expansion (i.e. 
commerce phase).  

Framing  
The introduction of the AM plan was framed as a way to 
address the lack of data on the fished species, address 
concerns of overfishing, and potential expansion of the 
fishery in the long-term.  
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Congruence 
This approach was also congruent with the 
Department’s “continued commitment” to “move 
towards biologically-based management” (DFO 
2011, p. 5), and fit within the New Emerging 
Fisheries Policy (DFO 2001) of a phased 
approach to management. The approach was 
also congruent with DFO mandate of fisheries 
conservation and sustainable management. 

Opening 
One political structure; political structure 
was open to commercial industry 
stakeholders 

Legitimacy 
It is likely that the program provided social legitimacy to 
DFO as it provided a solution to increasing biological 
information while allowing fishing to continue. The 
resultant 141% increase in red sea cucumber TAC since 
the implementation of the AM strategy is likely to have 
allowed the program to continue due to the increased 
social legitimacy among commercial fishers.  

Resistance 
There did not appear to be resistance to 
the implementation of the AM plan 

Leadership 
There was DFO leadership through DFO 
scientists and resource managers to implement 
this program, as well as policy guidance from the 
New and Emerging Fisheries Policy for data-
limited fisheries, although the policy makes no 
explicit reference to using AM as an approach.  
 

Flexibility in decision making 
Management was also flexible enough to 
make changes to the Red Sea Cucumber 
TAC as a direct result of an increase in 
biological knowledge. 

Avoidance of taboo trade-offs 
Although certain areas were closed to 
commercial fishing, stakeholders did not appear 
to consider these trade-offs too taboo, since 
other areas were open to fishing. DFO 
researchers and managers were determined to 
design the experimental approach in a way that 
was cost-neutral to fishers.  

Institutional capacity 
There appeared to be sufficient 
institutional capacity appeared to be 
present to design, evaluate and monitor 
the AM program. 
 

 



 

 63

 

Table 1.4 BC fisheries case studies assessed against AM Attributes Matrix 

ATTRIBUTES 

Collaborative 
process 
involving 
resource 
users 

Explicitly 
state 
management 
objectives in 
advance 

Explicitly 
state 
expected 
outcomes in 
advance 

Recognize 
and identify 
uncertainties 
and 
assumptions 

Treat 
management 
actions as 
scientific 
experiments 

Design 
management 
to improve 
ecosystem 
knowledge 

Implement 
and evaluate 
multiple 
management 
options 

Monitor 
system 
response to 
management 
actions 

Learn, adjust, 
and improve 
management 
with new 
observations 

CA
SE

 S
TU

DI
ES

 

River Inlet Sockeye 
Salmon Fishery X X X X X X X X X 

Pacific Ocean Perch 
Experiment X X X X X X X X X 

Red Sea Cucumber 
Fishery X X X X X X X X X 

BC Hydro-DFO Bridge 
River experiment X X X X X X X X X 
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Chapter 2  
 
Reviewing the Implications of Assumptions and 
Uncertainties in Evaluating the Effects of Local 
Interventions for Fisheries Rebuilding  

2.1 Introduction 

Declines in the abundance of many fish stocks worldwide due to overexploitation 

and habitat degradation have increased attention on management efforts to reverse 

these trends and prevent undesirable outcomes. Management interventions for 

rebuilding fisheries include closed areas, reductions in fishing capacity, catch limits, 

habitat restoration and enhancement, fish stocking, and species translocation or 

reintroduction. In small-scale fisheries, which include traditional, artisanal, and 

subsistence fisheries, most successful rebuilding efforts involve local communities in 

developing context-dependent management interventions for reducing exploitation and 

increasing fish productivity (Worm et al. 2009).  

2.1.1 Challenges in Evaluating Local Management Interventions  

On the northwest coast of North America, habitat restoration and fish stocking 

and cultivation are increasingly common management interventions designed to rebuild 

and enhance fish populations, with local communities increasingly encouraged to be 

involved in or spearhead conservation efforts (Keely and Walters 1994, Woodward and 

Hollar 2011). However, there is little reliable evidence on the effectiveness of these 

management interventions, due to limited monitoring and evaluation (Roni et al. 2002, 

Marmorek et al. 2004, Berndhardt et al. 2005, as cited in Baldigo and Warren 2008). 

Such evidence is important in helping decision-makers and resource-users decide how 

limited conservation funds and resources should be allocated. Where monitoring occurs, 
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challenges in detecting effects and determining the causes abound, as the effects of 

local interventions in large ecosystems are often confounded by larger-scale natural and 

human influences (Hurlbert 1984, Eberhardt and Thomas 1991, Marmorek et al. 2004).  

The inferred benefits of an intervention depend on a variety of factors such as the 

perceived pre-intervention condition, the type and degree of management intervention, 

and the experimental and monitoring program design. The quality of the data collected 

and inferences made are also affected by various sources of uncertainty such as natural 

variability, imperfect ecosystem knowledge, and observation errors (Figure 2.1) 

(Marmorek et al. 2004). These issues are especially pronounced for habitat restoration 

and monitoring efforts for fish populations in natural systems. The interannual variability 

in fish populations as well as common errors in measurement and observation are key 

uncertainties that may mask the effect of management interventions even when large 

effects are present and monitoring periods are long (Korman and Higgins 1997, Williams 

1999, Ham and Pearson 2000). Additionally, the high mobility and wide range of many 

fish populations (especially marine) results in many practical challenges in their study 

and assessment, creating uncertainties in our knowledge of population abundance, 

dynamics, and ecosystem interactions.  

2.1.2 Purpose of this Review 

In this chapter, I examine two examples of local management interventions – one 

proposed and one ongoing – intended to help rebuild Pacific herring (Clupea pallasii) 

stocks in British Columbia. One case involves efforts by a local community organization 

in southern BC to restore Pacific herring spawning habitat at locations in northern Howe 

Sound and False Creek, while the other involves a proposal under consideration by 

members of a First Nation in the central coast region of BC to translocate (or ‘transplant’) 

Pacific herring spawn from active spawn sites to inactive spawn sites. In both cases, 

individuals have asserted that previous or ongoing attempts have had successful 

outcomes, based on observations of returning spawners to the bay or inlet where the 

intervention occurred. I ask the following questions:  



 

 66

 

1. What are the underlying assumptions and uncertainties of these local 
management interventions concerning the structure and behaviour of Pacific 
herring stocks? 

2. Are stock responses to such local management interventions likely to 
be detectable at a local scale given the spatially dynamic 
characteristics of Pacific herring, natural variability, and spatially 
limited local monitoring?  

I describe each of the local management interventions and infer their 

management objectives since they are not explicitly stated. I argue that the use of local 

observations of hatching eggs or returning spawners as evidence of success is based on 

assumptions that the responses of herring stocks to local management interventions are 

detectable at a local scale and that causation can be determined. Furthermore, the 

presence-absence method used to judge success of these interventions relies on 

assumptions about herring stock structure. I discuss two competing hypotheses in the 

research on the stock structure of Pacific herring; a species that exhibits a high level of 

biological complexity.  I posit that due to uncertainty about stock structure and natural 

variability, spatially-limited observations are unlikely to be adequate for detecting stock 

response across a broad spatial scale or making inferences about the causal effects of 

an intervention. I offer recommendations for the design of an adaptive management 

experiment and monitoring program for small-scale local interventions – a systematic 

way to address the identified uncertainties in order to improve Pacific herring rebuilding 

efforts and inform fisheries recovery efforts elsewhere.  

2.2 Two Cases: Local Interventions to Rebuild Pacific 
Herring Stocks in British Columbia 

2.2.1 Pacific Herring Dynamics and Fisheries Management 

Pacific herring occur in both inshore and offshore waters throughout their range 

in the eastern Pacific Ocean, from Baja California to the Alaskan Beaufort Sea. Herring 

are relatively short lived (less than 10 years) and reach sexual maturity at approximately 

3 years (Schweigert et al. 2010). During the winter and spring months of each year, adult 
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Pacific herring migrate from offshore feeding areas to spawn on benthic substrates in the 

intertidal and subtidal zones. During these annual spawn events, spawning females 

deposit adhesive eggs onto intertidal and subtidal substrates while males broadcast milt 

into the water column to fertilize the eggs. The milt turns the water in these coastal areas 

a bright turquoise colour, providing a visual record of the spatial location and distribution 

of egg deposition, which can amount to millions of eggs per square meter (Haegele and 

Schweigert 1985). These potentially large spawn events provide pulsed subsidies to 

coastal ecosystems (Wilson and Womble 2006), which are important for maintaining a 

variety of intertidal and terrestrial organisms (Fox et al. 2013).  

Human resource users and coastal communities also depend on these inshore 

herring aggregations; pre-spawning herring and herring spawn are targeted in BC’s two 

main commercial herring fisheries – the sac roe and spawn-on-kelp fisheries. The sac 

roe fishery uses seine and gillnets to target pre-spawning herring aggregations and then 

extracts sacs of roe from the landed fish. In contrast, the spawn-on-kelp fishery is based 

on a traditional fishery that uses suspended kelp substrates to harvest herring eggs after 

spawning occurs (DFO 2011d). Both of these fisheries were established as experimental 

fisheries in 1972, during a period when herring stocks were recovering after a collapse in 

1965 caused by overexploitation of the species for oil. After a coastwide fishery closure 

from 1967 to 1971 in which stocks rebounded, the commercial sac roe fishery rapidly 

expanded and remains the largest commercial herring fishery today. Additionally, a 

smaller whole herring fishery for food and bait that was not subject to the coastwide 

fishery closure in the 1960s has continued to the present day during the winter months 

(DFO 2011d).  

In the past decade the spawning stock biomass for three of the five major stocks 

of Pacific herring in BC has fallen below the threshold considered sufficient by Fisheries 

and Oceans Canada (DFO) for commercial fishing (Cleary et al. 2010, Schweigert et al. 

2010). While herring are still commercially fished in the other two major stock areas 

(Strait of Georgia, Prince Rupert District) and in the two minor stock areas (Area 2W and 

Area 27) (DFO 2011d, Figure 2.2), commercial fishing closures have been in place for 

Haida Gwaii from 2005 to 2013, for West Coast Vancouver Island from 2007 to 2013, 

and for the Central Coast in 2008 to 2013 (DFO 2013d). This period of low abundance 

has resulted in tensions in recent years between resource users and the management 



 

 68

agency, as some critics have attributed declines and subsequent closures on poor 

management of the commercial sac roe and winter herring fisheries (Shore, 3 Sep. 

2011, Isabella, 3 Sep. 2011). Coastal communities and organizations concerned about 

the status of the stocks and, in some cases, frustrated by alleged inaction by DFO to 

rebuild stocks, have sought to intervene at a local level and engage in stock rebuilding 

and recovery. In the next sections, I describe two of these local groups and the 

management interventions they have undertaken or proposed.  

2.2.2 Local Management Intervention – Transplanting Herring 
Spawn 

On the central coast of British Columbia, the Heiltsuk First Nation has 

traditionally harvested herring eggs during the spawning season by submerging kelp, 

eelgrass, cedar and hemlock boughs or saplings in bays where spawning takes place  

(Bouchard and Kennedy 1989, Lane 1990). The eggs adhere to the suspended 

substrates, and are retrieved approximately four days later for consumption (fresh or 

dried), or for use in cultural ceremonies, or for trade with other nations (Bouchard and 

Kennedy 1989, Lane 1990, Harris, 2000). In recent years, the Heiltsuk have continued to 

harvest and use herring for food, social, and ceremonial purposes. In addition, a 

judgment of the Supreme Court of Canada in 1996 affirmed the Aboriginal right of the 

Heiltsuk to carry on a commercial spawn-on-kelp fishery (R. v. Gladstone, [1996] 2 

S.C.R. 723). This fishery employed up to 150 community members in 2000, in a 

community with a 66% unemployment rate, until herring abundance in the area declined 

in the mid 2000s (HTC 2004). All commercial fishing on the central coast herring stock 

was closed in 2008. 

Despite the commercial fishery closure from 2008 to 2013, the central coast 

herring stock has shown limited recovery (DFO 2011d, Cleary and Schweigert 2012, 

DFO 2012). The factors limiting recovery during the fisheries closure are unknown, but 

may include a combination of food supply, predation, competition from other forage 

species such as Pacific sardines (Sardinops sagax) (Schweigert et al. 2010), as well as 

the loss and degradation of spawning habitat (DFO 1994). Concerned about the lack of 

recovery, some members of the Heiltsuk community have expressed an interest in 

transplanting herring spawn with the objective of increasing herring biomass and 
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rebuilding depleted fisheries for the First Nation (K. Gladstone, pers. comm. Nov 11, 

2013). 

In Southeastern Alaska, the Stika Tribe of Alaska is currently planning a herring 

restoration program that will use traditional Tlingit spawn transplanting methods to 

restore herring in the region where herring used to spawn but currently do not (C. 

Smythe, pers. comm., June 15, 2014). The Sealaksa Heritage Institute, a regional 

indigenous nonprofit organization founded for the Tlingit, Haida, and Tsimshian people, 

has received a grant for this restoration project and is working with the Stika to design 

this program. The objective is to restore herring abundance in Southeast Alaska to levels 

observed in the past, prior to industrialized fishing (Forman, 28 Apr. 2014). 

“Transplanting” is a technique traditionally used by some First Nations to move 

individual fish or eggs from one area to another, with the objective of establishing or 

rebuilding populations for cultural and/or conservation reasons (Figure 2.3). This 

technique has been documented in some coastal First Nations communities, for species 

such as Pacific herring, eulachon (Thaleichthys pacificus, N. Turner, pers. comm., June 

27, 2013), and Pacific salmon species (Oncorhynchus spp.) (Thornton 2008, and 

Kennedy 2000, n.d. as cited in Thornton et al. 2010a). Transplantation of herring eggs is 

a traditional method for herring cultivation, enhancement and recovery that has been 

documented in a number of First Nations, such as the Haida and Tlingit cultures 

(Thornton et al. 2010a), and anecdotally in Heiltsuk traditional stories (Brown and Brown 

2009). At the time of my research, there was no available documentation of specific 

traditional transplantation methods used by Heiltsuk people, so for the purposes of my 

analysis I made the assumption that modern Heiltsuk community members on the 

central coast would adopt similar transplantation methods to those documented for 

neighbouring Haida and Tlingit Nations (Thornton et al. 2010a). The cultures of these 

neighbouring nations are distinct yet share similarities with the Heiltsuk First Nation 

(Boas 1924).  

Thornton et al. (2010a) conducted a study that documented herring spawning 

areas over time in southeastern Gulf of Alaska, focusing on traditional ecological 

knowledge of Pacific herring held by Haida and Tlingit communities. According to 

interviews and oral history from elders in these communities, individuals transplanted 
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Pacific herring spawn from existing spawn sites to previously or potentially viable 

spawning habitats as a way to recover or extend supply of the resource. Some current 

spawn sites are believed to have been established by intensive transplantation efforts by 

the Haida and the Tlingit in the past (Thornton et al. 2010a). Transplanting techniques 

included using substrates such as eagle's claws, trees, and kelp fastened to rocks, 

which were subsequently moved with attached herring spawn to a location where herring 

spawning did not exist or had been extirpated. Individuals applying these techniques 

appeared to account for biological factors that could affect egg viability, such as spawn 

layer thickness, depth at which transplantation occurred, and egg development stage 

(Thornton et al. 2010a). Herring spawn considered too thinly laid for consumption were 

selected for transplanting; the thickness of the layered spawn affected the spawn’s 

access to light and nutrients, thus improving survivability.   

From this review of the traditional transplantation efforts by these communities, I 

infer that transplantation was carried out for two main objectives: a) to increase or 

maintain productivity (i.e overall biomass) and b) to maintain biodiversity (i.e. spatial 

distribution). However, while various transplanting methods have been documented and 

linked to successes in Thornton et al.’s  (2010a) study, it is unclear, aside from presence 

or absence observations of spawning adults in a transplanted area (T. Thornton, pers. 

comm., Oct 29th, 2013), how success was determined and how or if the effects of 

transplanting on herring populations were monitored to determine if these objectives 

were met.  

In the 1980s, DFO scientists attempted their own small-scale herring 

transplantation experiment in the Strait of Georgia and concluded that the 

transplantation was not successful (Hay and Marliave 1988). The study gathered viable 

eggs dislodged by wind and wave action at one location and transplanted them in an 

attempt to establish herring in a new location in two separate years. The design of this 

transplantation experiment was distinctly different from the methods and selection 

criteria used by coastal First Nations. While the study concluded that some larvae 

survived after hatching, sampling was limited after 4 weeks by low abundance. The 

researchers were uncertain whether the low abundance was due to mortality, sampling 

error, migration or other factors. The researchers concluded that the lack of adult 

spawners returning to the new location 3 years after the intervention indicated that the 
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transplanted fish had not survived to sexual maturity. Overall, the reasons for the failure 

of this test are unknown.  

2.2.3 Local Management Intervention –Spawning Habitat 
Restoration  

Similar to the central coast, the Strait of Georgia herring stock collapsed in the 

late 1960s after an extensive oil-reduction fishery, which was closed in 1967. The stock 

rebounded and a small experimental commercial fishery for herring roe commenced in 

1971. The Strait of Georgia stock now supports commercial fisheries for sac roe, spawn-

on-kelp, and food and bait herring. In the last ten years, the size of this stock has 

fluctuated, but has demonstrated a general downward trajectory (DFO 2012). Despite 

this trend, the Strait of Georgia spawning biomass is the largest of the five major 

management stocks in BC and remains above DFO’s conservation threshold; thus, the 

agency has deemed the stock size to be sufficient for continuing commercial harvest.  

The Mamquam Blind Channel, in Howe Sound near the city of Squamish, was 

reportedly the site of large spawns of herring in the 1960s (Strait of Georgia stock). 

Spawning at this site declined or disappeared in the 1970s. In 1972, during the 

development of a shipping and transportation terminal in Howe Sound, dock pilings were 

treated with creosote to protect the wooden structures against damage from wood-

boring marine mollusks and crustaceans (Matsen n.d.). Some local residents attributed 

the disappearance of spawn to the industrial development in the channel. In 2006, some 

people noticed dead herring eggs on the pilings and became concerned that the 

creosote created unsuitable and toxic spawning habitat that was responsible for the low 

herring numbers (Matsen n.d.).  

In response, a local organization, the Squamish Streamkeepers Society, whose 

mission includes “to enhance then maintain herring spawning habitat in the upper Howe 

Sound” (Squamish Streamkeepers Society n.d.), achieved support from Squamish 

Terrminals and DFO to wrap plastic sheets around nearly 200 creosote pilings, in an 

attempt to restore viable spawning habitat for herring and increase hatching success. 

The group claimed that each wrapped piling had the potential to produce about one 

million herring eggs (Matsen n.d.). Additionally, the Streamkeepers installed a 300 by 6 



 

 72

foot float line with two large float sheets to increase spawning habitat. Since then, the 

Streamkeepers report that they have observed millions of hatching eggs as well as 

juvenile herring schools leaving Howe Sound for the open ocean, and have credited this 

directly to their intervention (Matsen n.d.). The group has since tried the same methods 

in False Creek, Vancouver, resulting in some individuals attributing recent herring 

spawns and the appearance of dolphins in that area to their interventions (CBC 17 Mar. 

2014).  

Given the statements made by the organization about the success of their 

actions, and the society’s mission statement, I infer that the organization’s objectives in 

these initiatives are to maintain and enhance herring population abundance and 

biodiversity, similar to coastal First Nations’ objectives for transplanting herring spawn. 

However, it is uncertain how the effects of the Streamkeepers’ intervention have been 

evaluated or monitored, aside from observations of hatching eggs on restored and 

enhanced substrates, the presence of juveniles in Howe Sound, and the presence or 

absence of returning spawners and their predators. As seen in many salmon habitat 

restoration activities, it appears that the unstated underlying hypothesis is that these 

management interventions will have an effect on physical variables, which in turn is 

assumed will have a positive effect on fish survival rates and abundance (Marmorek et 

al. 2004). These assumptions need to be explicitly stated and tested in order to evaluate 

the efficacy and success of these interventions. 

2.3 Underlying Assumptions of Local Management 
Interventions 

The use of local observations, such as presence or absence of returning herring 

spawners and estimating successfully hatched eggs, as indicators of success for these 

local management interventions is based on certain assumptions about herring 

behaviour and population structure, and the potential effects of large-scale processes on 

the species. The first major assumption concerns the population structure of the herring 

stock: a) that herring spawn in multiple local discrete locations within a stock area with 

little or no connectivity between groups of herring that spawn at different locations, and 

b) that spawners return to the same spawn site annually and/or return to spawn at the 
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site from which they originated– phenomena respectively known as “spawning site 

fidelity” and “natal homing.” There is good evidence for spawning site fidelity and natal 

homing in salmon (Taylor 1991, Dittman and Quinn 1996) but uncertainty concerning 

these characteristics in Pacific herring (Hay and Marliave 1988, Hay et al. 2009). The 

second major assumption is that it is possible to detect stock response to a local 

management intervention despite the multi-scale and broad ranging nature of the herring 

life cycle—in which survival depends on a variety of environmental variables—or that it is 

possible to readily distinguish stock responses resulting from local interventions from 

those due to large-scale environmental variables.  

These two assumptions overlook uncertainty and complexity in herring stock 

structure and the difficulty of distinguishing the effects of local interventions from 

confounding effects of natural variability. For example, the repeated spawns on creosote 

pilings in Howe Sound since 1972, despite the observed toxic effects on spawn, suggest 

that either a sufficient number of herring have hatched, survived and returned each year 

to maintain spawning at this site for several generations despite mortality due to 

creosote, or that herring that have hatched at other locations are spawning at this 

location. The repeated spawning at this site may also offer insight into the possibility of 

knowledge transmission within the herring population. Social learning is crucial for 

precise site fidelity to occur (Brown and Laland 2003), in the absence of natal homing 

based on imprinting (Dittman and Quinn 1996). The repeated spawning at toxic sites 

could be due to an ongoing process of older herring leading new younger herring to 

spawn at this location. Without better information about these and other underlying 

factors, local observations of returning spawners cannot be relied on as indicators of 

success. Although local human communities may have an intimate familiarity with 

certain aspects of the Pacific herring life cycle, especially at the spawning stage 

(Thornton et al. 2010b), the spatially dynamic, migratory nature of the species and its 

susceptibility to large environmental fluctuations (especially at the larval and juvenile life 

stages) results in imperfect knowledge. The extensive research on herring has not been 

able to produce conclusive results concerning the spatial structure of herring stocks, 

level of fidelity to spawning areas, and drivers of interannual variability in abundance. 

These uncertainties create challenges for the detection of stock responses to local 

interventions. In the next section I explore the persistent uncertainties about herring 
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stock structure and the additional uncertainties caused by natural variability, which have 

implications for determining the efficacy of local management interventions, and should 

be considered prior to implementation. 

2.4 Uncertainties in Herring Stock Structure and Natural 
Variability 

2.4.1 Spatial Structure, Level of Connectivity, and Spawn Site 
Fidelity in Herring 

Pacific herring exist in spatially structured stocks that exhibit a high level of 

biocomplexity, including a diversity of spawning locations and spawn times along the BC 

coast (Hay and McCarter 1997). The exact delineation of these stocks and their 

dynamics are not well understood. Researchers have used a variety of methods in 

attempting to determine how herring stocks are structured, including tagging studies (O’ 

Connell et al. 1998, Small et al. 2005, Mitchell 2006, Beacham et al. 2008), and 

analyses of spawn timing, behaviour, and location based on long-term monitoring data 

(Hay et al. 2009). Studies have identified both migrant (moving from offshore feeding 

grounds to inshore spawning areas) and smaller resident stocks within the larger Strait 

of Georgia and Haida Gwaii DFO stock areas (Beacham et al. 2008, Hay 2012), spatially 

discrete spawn locations (Hay 1985), and diversity in morphology and spawn timing 

(Haegele and Schweigert 1985, Schweigert 1991). While most researchers agree that 

stock structure in Pacific herring is related to spatial and temporal spawning diversity 

(Hay and McCarter 1997), no clear signals of stock delineation have been found. This 

uncertainty is evident in the fact that the number of Pacific herring stocks in BC 

recognized by DFO over the years has ranged from 7 to as high as 35 (Stocker 1993), 

with some researchers speculating that there may be as many as 40 stocks along the 

BC coast (Hay 1986). Relatedly, while most researchers conclude that herring exhibit 

high rates of interannual site fidelity, the scale at which this fidelity occurs has been 

subject to debate (Hay 2012). The breath of research on this topic highlights the high 

level of within-stock complexity of the species, and the importance of identifying stock 

structure when designing management systems.  
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These persistent uncertainties about Pacific herring stock structure have fueled 

ongoing debates over the scale at which the species is currently managed by DFO. 

Much of the debate is rooted in two competing hypotheses about Pacific herring stock 

structure that have implications for herring management and conservation, as well as for 

the ability to detect stock responses to local management interventions. One hypothesis 

is that Pacific herring in BC are spatially separated at the scale of DFO’s current herring 

management stock areas, with sufficient connectivity between the 5 major and 2 minor 

stock areas to preclude genetic variation between these stocks. Under this hypothesis, 

herring display spawn site fidelity broadly to these stock areas but not precisely to local 

sites within these areas. The competing hypothesis is that Pacific herring are made up of 

smaller, spatially discrete local populations within DFO’s current management stock 

areas, and that there is little connectivity among these local populations. Thus, herring 

display precise spawn site fidelity or natal homing to local bays and inlets. For simplicity, 

I refer to these competing hypotheses as Hypothesis 1 and Hypothesis 2. 

 

Hypothesis 1: Spatially discrete populations delineated by the DFO stock areas 

that exhibit connectivity and no precise site fidelity or natal homing. (Figure 2.4). 

DFO’s current management strategy for Pacific herring is based on 

hypothesis 1, as supported by a number of studies. Data analyses on BC herring 

morphology, movement, spawn timing, spawn distribution, and, more recently, 

genetics, are used as the rationale for the current 5 major and 2 minor stock 

areas (Stocker 1993, Schweigert and Schwarz 1993, Beacham et al. 2002, 

Beacham et al. 2008). Additionally, results from tagging studies (Hay et al. 1999, 

Ware et al. 2000) suggest some mixing of individuals between the 5 major and 2 

minor stocks. Tagging studies conducted during 1977 to 1998 indicated that 

dispersal (i.e. gene flow) rates between the 5 major management stocks were 

high enough to make it unlikely that genetic variation exists between the major 

stocks (Ware and Schweigert 2001). The levels of dispersal and connectivity are 

key to the concept of metapopulation dynamics (Ware and Schweigert 2001). 

Metapopulation theory recognizes that a group of spatially discrete populations 

within an area can experience routine extinction and recolonization events 

(Levins 1969), and that the straying of individuals is essential for the 
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recolonization of locally extirpated populations.  

Genetic studies that show evidence for dispersal (i.e. gene flow) between 

the DFO stock areas (Schweigert and Schwarz 1993), and little evidence for 

genetically discrete populations spawning in different bays within the five major 

stock areas (Beacham et al. 2002), are used to argue against natal homing in 

herring. DFO tag-recovery studies have also indicated that although interannual 

site fidelity rates are relatively high at larger spatial scales, the degree of fidelity 

decreases as the geographical scale of examination becomes smaller. Fidelity to 

specific bays and inlets was found to be low, but approached 100% within a 

larger stock area such as the Strait of Georgia (Hay et al. 2001, Flostrand et al. 

2009). Results from these tagging studies, and studies that have found dispersal 

tendencies linking spatially separated populations (Schweigert and Schwarz 

1993) have been used to argue that herring likely do not return to their specific 

natal grounds to spawn. Additionally, researchers have speculated that the 

marine environment would not allow for bio-chemical imprinting of herring 

juveniles, since the tidal mixing of surface waters would likely disrupt any 

potential unique organic composition that shorelines may have (Hay and 

Marliave 1988, Hay 2012). These researchers also speculate that local 

observations of herring spawning repeatedly at the same sites are based on 

observations of small resident stocks, which have different life histories from 

migratory herring stocks as they remain in the inshore areas all year round and 

do not migrate offshore to feed (Hay 2012).  

Hypothesis 2: Small, locally adapted, and spatially discrete populations within 

DFO stock areas, have little or no connectivity, and exhibit precise site fidelity 

and/or natal homing (Figure 2.5).  

 

Many coastal First Nations and local residents support hypothesis 2, and use 

studies and long-term observations of spatial, temporal, and behavioural diversity 

of herring to substantiate their claims of locally adapted, discrete populations 

(Speller et al. 2012). Some studies have demonstrated the existence of genetic 

and behavioural diversity in Pacific herring, such as the identification of distinct 
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mainland inlet spawners and late spawning populations within the existing major 

stock in the Strait of Georgia (Small et al. 2005, Beacham et al. 2008). Recent 

studies in Southeast Alaska and BC’s central coast that mapped First Nations’ 

knowledge and observations of spawn sites suggest that spatial and temporal 

spawning distributions were historically more diverse (Thornton et al. 2010a, 

Gerrard 2014). A comparison to the significantly fewer current spawning areas 

indicates a contraction of spawning area over recent decades. Another recent 

study using archaeological records of Pacific herring bones spanning 10,000 

years from sites in Alaska, British Columbia, and Washington argues that the 

abundance of Pacific herring used to be more consistent and less variable across 

locations than has been the case in the last approximately 60 years (McKechnie 

et al. 2014). Many coastal First Nations and local residents have interpreted this 

contraction of spawning spatial area and timing to mean an erosion of spatial 

diversity – which may indicate genetic, phenotypic, or behavioural 

homogenization (Hutchings et al. 2007). This phenomenon is feared to be a 

result of local depletion of small populations by the commercial sac roe fishery 

that is characterized by localized intense fishing (Hay et al. 2008, Hay et al. 

2009) 

For genetic differentiation of local populations to occur, Pacific herring 

would need to exhibit precise site fidelity or natal homing and low to no 

connectivity between spawning populations as a result of differences in spawn 

timing or spawn location (Beacham et al. 2008). These conditions would 

eventually result in genetic marking and speciation. Many local communities and 

First Nations believe that there are discrete, locally adapted herring populations 

that exhibit spawning site fidelity (Speller et al. 2012), and natal homing. Older 

tagging studies suggest a considerable degree of homing—between 66% and 

96% —for smaller management units within DFO’s major stock areas (Hourston 

1982). Additionally, two or more herring tagged together were frequently found 

together upon tag retrieval, indicating that herring associate together for periods 

of 6 months to several years, and through migrations over long distances (Hay 

and McKinnell 2002). These findings suggest that Pacific herring might be 

similarly structured to Atlantic herring, which have been shown to reflect 



 

 78

significant genetic variation among spawning groups (McPherson et al. 2001). 

Atlantic herring are thought to be made up of several spatially discrete 

populations that spawn in discrete locations within each DFO stock assessment 

area, and exhibit both spawn site fidelity and natal homing (Wheeler and Winters 

1984, McPherson et al. 2001, Stephenson et al. 2009).  

Even though the lack of genetic differentiation has been used to disqualify 

the existence of locally differentiated stocks on the Pacific, these genetic studies 

may not have sufficient resolution to quantify natal homing, unless straying is 

negligible over evolutionary time scales (Thorrold et al. 2001). Genetic 

approaches can be sensitive to extremely low rates of exchange (Waples 1998, 

as cited in Thorrold et al. 2001), and natal homing can occur even in the 

presence of connectivity between populations (Stephenson et al. 2009), where 

there is sufficient exchange to prevent genetic divergence (Thorrold et al. 2001). 

Additionally, other non-genetic indicators of stock structure, such as spawn 

timing, distribution, and demography, contribute to the overall biological 

complexity of spatially structured populations and should not be overlooked 

(Stephenson et al. 1999). The conservation of such complexity can build 

resilience to large shocks; for example, spatial spawning diversity throughout a 

large stock area may be a useful bet-hedging strategy used to spread risks 

across multiple spawning grounds.  

2.4.2 Uncertainties Created by Natural Variability 

The high natural variability and fluctuations often seen in populations of small 

pelagic species can create many uncertainties for detecting population changes, and 

can result in erroneous conclusions about stock status based strictly on trends in 

abundance (Connors et al. 2014). This variability, characterized by fluctuating 

recruitment (of juveniles into spawning adults) that largely determines total abundance, 

is a direct consequence of the species’ life history strategies – short-lived, early 

maturing, with a dispersive larval phase in a highly variable marine environment (Fogarty 

et al. 1991). Environmental variables such as sea-surface temperatures and cyclical 

events can cause large fluctuations in the recruitment of small pelagic fish, as these 
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events affect primary productivity and juvenile survival (Fogarty et al. 1991, Chavez et al. 

1999, as cited in Chavez et al. 2003, Beamish et al. 2012,). In the Pacific, the trends in 

Pacific herring abundance are thought to be closely associated with climate-related 

changes in the marine habitat, with the dominant mode of variability being El-Niño-

Southern-Oscillation (ENSO) events (Beamish 2008). These large-scale, naturally 

occurring, warm sea-surface temperature events have been associated with decreases 

in herring recruitment and growth rates (Ware 1991, Bailey et al. 1995).  

DFO scientists have often attributed fluctuations in total herring abundance to 

periods of poor to high recruitment and changes in natural mortality (DFO 2012); 

however, even after more than 70 years of research, the factors affecting the abundance 

of herring cohorts are still very poorly understood (Beamish and Riddell 2009). 

Interannual variability in herring population abundance can also be a result of 

interspecific interactions.  In BC, the estimated natural mortality rate of herring increased 

in many stock areas from 2000 to 2010, to rates that were well above fishing mortality 

(Schweigert et al. 2009). Some researchers hypothesized that the increased mortality 

was a result of increased competition with Pacific sardines and predation by recovering 

populations of marine mammals (Schweigert et al. 2010). The estimates of natural 

mortality now appear to be decreasing in all but one of DFO’s major and minor stock 

areas, except Area 2W (Figure 2.2; DFO 2014); however, the causes of this decreasing 

trend in mortality are unknown.  

The natural variability seen in Pacific herring is not limited to changes in total 

abundance, but also includes changes in spawn areas and timing. Where and when 

herring spawn varies from year to year is affected by factors such as environmental 

conditions and interspecific interactions. In a given year, the total length of spawning 

areas for herring in BC can range from about 400 to 600 km, about 1.8% of the total BC 

coastline (Hay et al. 2009), and spawn times occur from the winter to spring months or 

early summer, with the later spawning activity occurring at higher latitudes. This 

northward progression is thought to be the result of spawning being initiated at sea 

temperatures of greater than 6°C (Haegele and Schweigert 1985). In Alaska, sea ice 

concentration along migration routes, and temperatures in nearshore spawning areas, 

were found to largely explain the variability in the arrival of spawners and spawning time 

(Tojo et al. 2007). Additionally, intense predation by seabirds and crabs may cause 
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changes in herring spawning abundances and distribution (Hay et al. 2009). Thus, large-

scale environmental variability and predator presence and density can cause changes in 

the abundance, and spatial and temporal distribution of Pacific herring. However, it is 

unknown whether the changes in spawn distribution noted in BC, Washington State, 

Alaska, and California (Hay and McCarter 1997, Hay et al. 2009 and citations within) are 

a result of localized depletion of herring populations through fishing activities, or habitat 

degradation, or natural variations as a result of environmental conditions or intense 

predation.  

2.4.3 Implications of Uncertainties and Variability on Detection 

The uncertainties summarized in the previous section can create challenges in 

detecting stock responses to local management interventions, and ultimately affect the 

success of rebuilding efforts. The design of management experiments and monitoring 

programs should take these uncertainties into account. Poorly defined stocks with 

unknown connectivity can preclude predictions about stock responses to management 

interventions (Begg et al. 1999), thus impairing the ability to determine the biological 

benefits and cost effectiveness of rebuilding efforts (Hay and Marliave 1988). The 

natural interannual variability of fish populations may not only prevent detection of stock 

responses to interventions (Ham and Pearson 2000, MacGregor et al. 2002), but also 

may result in longer rebuilding timelines (MacCall 2002).  

Given the biological complexity displayed by Pacific herring, I define a ‘stock 

response’ as any of the following: a) change in abundance, b) change in spatial 

distribution of spawn, or c) change in spawn timing. Local observations of stock 

response are based on the visible spawning biomass, and are spatially limited to bays 

and inlets where herring gather during spawning periods. Considering the uncertainties 

of stock structure, I examine whether herring stock responses to local management 

interventions are detectable at a local scale under two scenarios, based on the two 

competing hypothesis of herring stock structure. Scenario 1 represents Hypothesis 1 

about stock structure and behaviour as the true state of nature, and Scenario 2 

represents Hypothesis 2 as the true state of nature. I also consider whether stock 

responses are detectable given natural variability in both scenarios.  
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Scenario 1: Pacific herring exist in spatially discrete populations delineated by 

the DFO stock areas that exhibit connectivity and no precise site fidelity or natal 

homing. 

If this scenario represented reflected the true state of nature, local 

observations at the scale of a bay or inlet would not be able to detect changes in 

large scale abundance, spatial distribution, or spawn timing, arising from local 

management interventions since local signals would be muddied by the 

exchange of individuals between stocks that are structured at the stock area 

level. Due to the lack of natal homing or precise site fidelity, and the exchange of 

individuals between stocks, spawning herring observed in subsequent years at 

the site of a treated bay or inlet might not be the same individuals that hatched at 

that site, or were present in previous years. Thus, it would be impossible to know, 

based solely on local observations of presence or absence, if the observed 

spawners are the direct result of successful survival of transplanted spawn, or 

simply a migration of individuals from another bay or DFO stock area. Similarly, 

in cases where successfully hatched eggs are observed on restored pilings or 

other treatment sites, the hatched herring may not recruit into spawning adults 

due to high natural mortality rates, or the hatched herring may mix with other 

stocks, making it impossible to determine whether the treatment was successful 

based solely on the initial observations of hatched eggs at the restored sites. On 

the other hands, the absence of returning spawners in subsequent years at a 

particular treatment site may not mean that successfully hatched eggs have not 

survived to spawn. Spawning may simply be occurring elsewhere within the 

larger stock area.  

Connectivity between stocks and a lack of natal homing or precise site 

fidelity thus make it difficult to know if individuals observed at the treated site in 

subsequent years were the direct result of the local intervention. In order to 

accurately determine whether observed spawners originated at a site, local 

management interventions would require the use of more precise marking 

methods to confirm the origin of spawners upon re-capture. Marking methods 
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that have been used on fish species include otolith thermal marking (commonly 

conducted on hatchery fish) (Hargreaves et al. 2001) or chemical marking 

(malachite green; used on Pacific herring in one known artificial herring 

propogation technique in Japan) (Morita 1985). However, these types of 

intensive marking methods, although less expensive than coded-wire micro-tags 

often used to mark juvenile salmon for subsequent recapture, are typically used 

in controlled settings (Volk et al. 1999). 

 

Scenario 2:  Pacific herring exist in small, locally adapted, and spatially discrete 

populations within DFO stock areas, with little or no connectivity, and precise site 

fidelity and/or natal homing.  

In this scenario, detecting a stock response at the scale of a bay or inlet 

appears more likely than in the previous scenario, as the scale of monitoring 

more closely matches the scale of the biological population. This may be 

especially so for resident herring, which exhibit high fidelity and remain in inshore 

locations, and are thus easier to observe throughout all life stages than their 

migratory counterparts. The population structure in this scenario mirrors that of 

salmon populations, where the life history characteristic of homing to natal 

freshwater environments facilitates local-scale monitoring programs. The precise 

site fidelity and lack of connectivity between populations allows estimates of post-

intervention returning spawners to be reliably compared to estimates of pre-

intervention returning spawners over time, as these comparisons are made on 

individuals of the same population. The feasibility of local management 

interventions successfully re-establishing a stock through transplanting or 

restoring habitat in a bay or inlet could also be higher in this scenario (Hay and 

Marliave1988)
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2.4.4 Implications of Natural Variability on Detection in Both 
Scenarios 

In either scenario, the ability to detect stock responses to local management 

interventions can still be confounded by the interannual variability in many marine fish 

populations as a result of naturally fluctuating and uncontrolled environmental factors. As 

herring are spatially dynamic species, whose recruitment and survival are affected by 

large-scale spatial and temporal variables, the effects of management interventions can 

often be diluted and confounded at the larger scale due to these physical processes. In 

fact, environmentally driven variability can affect the ability to detect a stock response 

even when large effects of interventions are present (Korman and Higgins 1997, Wiliams 

1999, Baldigo and Warren 2008), potentially resulting in erroneous conclusions 

regarding stock status (Holt and Cox 2008, d’Eon-Eggertson et al. 2014, Connors et al. 

2014). These naturally occurring confounding factors can thus affect the ability to assess 

the efficacy of local management interventions (Marmorek et al. 2004).  

Even in Scenario 2 where local monitoring matches the spatial scale of the 

population, observations strictly at the local scale would still be inadequate for 

distinguishing the effects of local management interventions from the natural fluctuations 

in fish populations caused by large scale environmental variables. For example, 

although arrival timing has a strong heritable genetic component in salmon, it can vary 

among years and streams due to environmental conditions during migration such as flow 

and temperature (Hodgson et al. 2006). For Pacific herring, the presence or absence of 

returning spawners at a treatment site could thus be a result of environmental conditions 

such as sea surface temperature (Tojo et al. 2007), large-scale climactic events 

(Beamish 2008), or even population characteristics such as total abundance, age- and 

size-structure – as seen in Pacific sardine (Bellier et al. 2007), which are in the herring 

family  – and not due to the management intervention. 
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2.4.5 Risk of Uncertainties and Variability 

The implications of these uncertainties for detection deserve careful 

consideration because there are significant risks and trade-offs involved. Uncertainties 

about stock structure and natural variability, as well as potential errors in measurement 

and observation of stock responses, create risks of making an incorrect or costly 

conclusion. For example, when formulated as a classical statistical hypothesis test, a 

method recommended for choosing between alternative experimental and monitoring 

designs (Peterman 1990), the null hypothesis for implementing a local management 

intervention on herring would be as follows: the intervention has no effect on the herring 

population. Given the uncertainties described in this chapter, local groups making 

observations at the local scale could conclude that a management intervention has had 

an effect on the population when there has actually been no effect, thereby falsely 

rejecting the null hypothesis (i.e. a Type I false positive error). This could result in a 

waste of otherwise better-used resources, or perhaps even put vulnerable fish 

populations further at risk. In the case of transplanting spawn, a Type I error could result 

in a potential loss of viable spawn or harvest, or the time devoted to transplanting efforts 

could have been better devoted to other types of conservation and monitoring efforts 

that is important to the coastal community. Alternatively, concluding that the intervention 

has not had an effect when it actually has (i.e. a Type II false negative error or not 

rejecting the null hypothesis when it is false), could result in a lost opportunity for 

rebuilding stocks and the continuance of an undesirable status quo. In the case of 

transplanting, this could translate into a missed opportunity to employ an enhancement 

method, the practice of which may have significant cultural value to the community. 

These possible outcomes are represented in Table 1. Ideally, both types of error 

should be avoided (i.e. outcome 1 or outcome 4), but the desire to avoid one error over 

the other will depend on the objective of the intervention, and the values of the resource 

users and decision-makers involved. A decision to avoid one type of risk over another 

can affect the design of the management experiment and monitoring program, and the 

amount of resources allocated. In the next section, I offer some general 

recommendations and guidelines for those involved in local management interventions 

intended to restore herring, given the challenges of detecting stock responses in the face 

of uncertain herring stock structure and natural variability.  
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2.5 Discussion  

On a global scale, conservation efforts involving habitat restoration and species 

re-introduction or translocation often lack sufficient quantitative evidence to assess the 

benefits, and have demonstrated poor success rates, leading to calls for better 

monitoring (Fischer and Lindenmayer 2000, Bash and Ryan 2002, Marmorek et al. 2004, 

Armstrong and Sedon 2008, IUCN 2013). In many experimental fisheries programs, 

inadequate consideration of experimental and monitoring design has resulted in the 

inability to distinguish between alternative hypotheses, resulting in large consequences 

(McAllister and Peterman 1992, Leaman and Stanley 1993, Walters et al. 1993). 

Carefully designed monitoring is required to detect the effects of management 

interventions on fish populations. Reliable monitoring data would allow decision-makers 

and resource users to evaluate the success of these interventions and avoid potentially 

large costs if the intervention does not work well, or meet management objectives if it 

does. Decision-makers and resource users could then prioritize often-limited resources 

among alternative interventions and monitoring programs through this iterative process 

of monitoring, evaluation, learning, and adaptation. Additionally, identifying uncertainties 

highlights the types of questions to ask from experimentation, which leads to the type of 

focused and efficient monitoring and experimentation that is necessary for effective 

conservation (Nichols and Williams 2006, Armstrong and Sedon 2008). 

Under either of the main hypotheses about the stock structure of Pacific herring, 

presence-absence observations (of spawners or hatched eggs) strictly at the scale of a 

bay or inlet are likely inadequate to determine the effects of a local management 

intervention on herring, due to the spatially dynamic characteristics of herring 

populations and their natural interannual variability. Additionally, erroneous assumptions 

about the degree of connectivity between stocks can result in a spatial mismatch 

between the stock structure and the scale at which management takes place. This 

mismatch can undermine conservation efforts, and have ecological consequences such 

the depletion of abundance or unknown stock components (Bradbury and Laurel 2007, 

Stephenson and Kenchington 2000). However, the challenges that these uncertainties 

pose for detection in both scenario 1 and 2 do not mean that it is impossible to detect 

stock responses to an intervention. Rather, the challenges outline the importance of 
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incorporating principles of experimental design, so as to prevent various sources of 

uncertainty from rendering outcomes inconclusive. 

The intentions of individuals who undertake such local interventions are often 

laudable, and they may devote substantial time and resources to conserve a resource 

that is important to them. Additionally, the non-ecological benefits of participating in 

these community-based restoration and enhancement efforts should not be overlooked. 

One main non-ecological benefit is the building of social capital, as these participatory 

activities can increase levels of trust, harmony, and cooperation in communities, which in 

turn can then increase public awareness and support for conservation (Conrad and 

Hilchey 2011). This may be especially so for coastal indigenous communities whose 

practice of the particular enhancement method of transplanting spawn is rooted in 

cultural traditions, and thus could have important socio-cultural benefits that are distinctly 

different from those realized by non-indigenous community groups like the Squamish 

Streamkeepers. While these two types of local interventions are equated in this study 

from an ecological perspective, there are distinct differences that set the interventions 

proposed in coastal indigenous communities apart from interventions used by non-

indigenous communities. The traditional ecological knowledge that forms the basis of 

transplanting spans much longer time scales (Thornton et al. 2010a) and reflects a 

unique understanding of the surrounding environment. Long-term observations of natural 

variability by coastal indigenous communities can be used to inform judgements about 

the success of these interventions, and individuals can subsequently adjust 

management interventions based on these observations. In this iterative and adaptive 

sense, traditional ecological knowledge can be seen as type of adaptive management 

strategy (Berkes 2000). The inclusion of these local stewards and resource users in an 

experimental and monitoring program may thus improve the effectiveness of these 

programs, as these individuals may be attuned to the complexity of local ecological 

systems (Berkes et al. 2007). 

The following recommendations are for the design of an adaptive management 

experiment and monitoring program for Pacific herring, using spawn transplantation or 

habitat restoration as local interventions. These recommendations aim to improve the 

ability to determine the effectiveness of these efforts and avoid risks (outlined in the 

above section), by focusing on an experimental design that is robust to the uncertainties 
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described in this chapter. As most of the local management interventions for fish 

enhancement and spawning habitat restoration in the Pacific Northwest have taken 

place for salmon, I draw on lessons described in the literature on experimental and 

monitoring design for these salmon programs, and present recommendations on: a) 

experimental approach and monitoring design; b) scale of intervention and monitoring; c) 

response variables monitored; d) duration of experiment and monitoring program; and e) 

simulation modelling.  

2.5.1 Recommendations 

a) Experimental Approach and Monitoring Design 

Recommendation 1: Compare multiple control-treatment pairs before and after 

intervention  

Experiments require the use of treatment and control sites to reduce the potential 

for random and structured errors (i.e., from uncontrolled changes and induced errors, 

respectively), in order to ensure the validity of results. Treatment sites are sites where 

management interventions are implemented, with varying levels of treatment if possible. 

Control sites are sites with conditions similar to those at treatment sites, but the control 

sites receive no treatment. The use and choice of treatment and control sites are crucial 

to the level of learning and the validity of inferences made about the effectiveness of 

management interventions. Replication of treatment and controls increases the validity 

of experiments by reducing confounding effects, but may be impossible in some 

ecosystem experiments, especially those that concern species of low abundance 

(Bearlin et al. 2002). Where replication and controls are not possible, learning can still 

occur, but this learning often proceeds at a slower rate, and without the level of certainty 

that controls and replicates provide (Cottingham et al. 2001).  

Paired control-treatment designs (Skalski and Robson 1992) are well suited for 

‘effectiveness monitoring’, which in this case, attempts to determine the effect of the 

local management intervention on herring populations. Based on Before-After-Control-

Impact (BACI) design (Stewart-Oaten et al. 1986, Underwood 1996), paired control-

treatment requires the choice of multiple paired treatment and control sites with similar 
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conditions, to reduce the potential for spatial confounding or pseudoreplication (Hurlbert 

1984), where effects of the chosen experimental unit confound treatment effects. Under 

this design, care must be taken to choose control sites that are sufficiently far from the 

treatment sites to not be influenced by the treatment, but close enough to be influenced 

by similar natural processes (Stewart-Oaten et al. 1986). Thus, treatment and control 

sites should have the same habitat conditions other than the variable that is to be 

treated, so as to maintain constant proportionality in comparisons (Hillman 2003, as 

cited in Marmorek et al. 2004). Data are then collected simultaneously from both 

treatment and control sites before and after the intervention. Sampling prior to 

treatments will establish pre-existing conditions and relationships between treatment and 

control sites, which can then be compared to the conditions and relationships after 

treatments. Analyses can thus be conducted by comparing within and between these 

control-treatment pairs to partition the successful component of restoration or 

transplantation. Measuring the baseline or pre-treatment conditions (e.g., spawner 

abundance and habitat conditions that affect spawn and distribution such as 

temperature, salinity, extent of suitable spawning substrate) in these potential control-

treatment sites is necessary, as pre-intervention conditions can affect the ability to detect 

effects of management interventions. For example, the benefits of management 

interventions implemented in areas with a declining trend of returning spawners, may not 

be readily apparent in a comparison of pre- and post-intervention conditions (Marmorek 

et al. 2004).  

In the example of herring spawn transplantation, a control-treatment pair would 

consist of two sites with similar habitat conditions. Baseline conditions (e.g. temperature, 

salinity, depth, substrate, spawner abundance) should be recorded through 

simultaneous sampling prior to starting the transplant intervention, and analyses on 

these data would help to establish potential pre-existing conditions and relationships 

between these sites. Individuals can then transplant spawn to one site (the treatment 

site) and not transplant to the other (the control site), while attempting to keep all other 

variables constant between the two sites (e.g. no harvest in either sites). Post-transplant 

simultaneous paired-site sampling in these control-treatment pairs can include the 

monitoring of other response variables of stock response over the experiment’s duration, 
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which I expand on in later recommendations. Several of these control-treatment pairs 

could be situated within a larger DFO stock area (e.g. Central Coast).  

b) Spatial Scale of Intervention and Monitoring 

Recommendation 2: Locate multiple (local) control-treatment pairs within a DFO stock 

area 

Nesting multiple paired control-treatment sites within a DFO stock area would 

help reduce confounding effects of interannual variability in population abundance and 

spatial distribution, as well as increase the chances of detection given the uncertainties 

explored in this chapter. In the absence of knowledge of the true system state and 

variability, multiple control sites can help experimenters adjust for potential regional or 

even coastwide trends in spawner abundance and distribution. Monitoring the impacts of 

local interventions may thus require monitoring at nested spatial scales (local, regional, 

and coastwide), which increase in intensity of monitoring effort at finer scales, to account 

for spatially dynamic herring migration patterns and exchange of individuals between 

stocks. The coordination of local experimental and monitoring approaches over larger 

regional geographical areas can help to explicitly account for the high variability and 

confounding inherent in biological data (Marmorek et al. 2004). Additionally, the ability to 

draw inferences across multiple scales—for example, to attribute a population increase 

in a spatially dynamic species directly to a local management intervention—will require 

standardized and scalable indices for response variables (Marmorek et al. 2004). This 

could be accomplished through a coordinated approach with larger-scale monitoring 

methods that are currently in use.  

In the example of transplanting spawn, the scientific assessment of pre-

intervention conditions at sites could be combined with local and traditional ecological 

knowledge about previously productive spawn sites (Thornton et al. 2010b, Gerrard 

2014). Although treatment sites are often selected at random to eliminate site location as 

a confounding factor, selecting favourable sites would make the adaptive management 

experiment a causal-comparative study rather than a “true” experimental one, due to the 

lack of randomization. Care should be taken to ensure that, if known, any factors that 

contributed to a lack of spawning activity in the treatment site are eliminated (IUCN 
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2013) through complementary rebuilding efforts such as fishing closures or eliminating a 

known pollution source. Choosing to intervene at these sites may also help to meet 

potential socio-cultural management objectives if the intervention is successful, such as 

increasing access for food, social and ceremonial harvest of herring spawn for the local 

community in these treatment sites over the long-term. Studies on key habitat qualities 

that support productive herring spawning and other optimal qualities of habitat could also 

inform the choice of these control-treatment sites. Additionally, studies on herring egg 

viability and egg loss (Rooper et al. 1999) can be used to inform potential treatment 

levels (i.e. how much spawn to transplant or how many pilings to wrap) to increase the 

probability that a stock response will be detected, or that a spawning population will be 

successfully established at a particular site, and/or to contribute to overall productivity. 

For the Heiltsuk First Nation, for example, treatment levels could be based on expert 

knowledge from Tlingit and Haida elders about the number of herring spawn branches 

transplanted (Thornton et al. 2010a), or preferably from knowledge of Heiltsuk elders, if 

available. The Sitka are currently taking this approach to plan and design their herring 

transplant restoration pilot program, by using documentation of Tlingit and Haida 

methods in the Thornton et al. (2010a) study as a foundation, as well as choosing viable 

transplant treatment sites identified by a panel of experts – Stika elders and current 

resource managers (Forman, 28 Apr. 2014).  

c) Response Variables Monitored and Monitoring Methods  

Recommendation 3: Monitor response variables that reflect herring biocomplexity – 

changes in spawning abundance, spatial spawning distribution and spawning timing. 

In order to infer the benefit of a particular management intervention on herring 

stocks it is necessary to monitor the response of the stock to the intervention. For the 

local groups involved in the management interventions discussed in this chapter, the 

stock response observed is the presence or absence of returning spawners, or 

estimates of the quantity of successfully hatched eggs. Pre- and post-intervention 

observations occur during spawn times when herring are present or hatching in bays 

and inlets, and occur at the particular sites where the interventions were performed. 

Although presence-absence monitoring is a cost-effective approach and is useful for 

monitoring cryptic or low-density species (Joseph et al. 2006), it is conducted at too 
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coarse a scale to be able to understand fish population dynamics (Kritzer and Sale 

2003), and often requires additional statistical analysis and models to generate 

abundance estimates. Additionally, monitoring of population abundance alone may not 

allow the detection of small impacts. Detection of small impacts may be particularly 

important for species of low abundance, so that corrective actions can be quickly 

implemented where needed to prevent negative harm to the population (Ham and 

Pearsons 2000). Without knowing how herring populations are structured, these 

observations are limited in their spatial scale relative to the known biocomplexity 

displayed in herring. 

Maintaining biological complexity within populations is critical to fisheries stability 

and sustainability, and can bolster resilience to ecological perturbations (Sinclair and Iles 

1988, Stephenson and Kenchington 2000, Hilborn et al. 2003). Thus, rebuilding efforts 

should aim to maintain biological complexity, and monitoring of stock responses to 

determine the effects of these efforts should reflect that complexity. The location and 

timing of spawning events are aspects of biocomplexity that are important to the 

conservation of spatially structured populations (Stephenson 1999), so the response 

variables monitored for herring should include a) spawning abundance, b) spatial 

spawning distribution, and c) spawn timing. Spawn timing at paired control-treatment 

sites could be recorded over the spawning season, along with estimates of the length 

and width of spawns. DFO currently estimates spawn widths and lengths from the air 

during flyovers, and measures spawn distribution, intensity (e.g. number of egg layers, 

thickness, etc.) and timing by conducting dive surveys. However, it should be noted that 

spawn timing collected during DFO dive surveys reflect the timing of the surveys rather 

than the timing of first spawning fish in an area. Even though these variables are 

currently estimated by DFO, the objectives of this monitoring do not appear to include 

conserving biological complexity, since observations of contracting spawn timing and 

distribution in the last few decades have not been treated as a major concern, because 

there was no clear evidence of biomass depletion or erosion of genetic structure (Hay et 

al. 2009). 

Salmon habitat enhancement monitoring is often concerned with calculating egg-

to-parr survival rates (e.g., redd and parr density surveys), monitoring juveniles that 

emigrate from spawning grounds (e.g., floating screw traps), and calibrating emigrating 
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numbers through mark and recapture methods. These often-intensive within-stream or 

watershed monitoring methods are made possible due to natal homing in salmon and 

the considerable time these fish spend in accessible freshwater habitats before 

emigrating to marine environments. Herring are more challenging to monitor since eggs 

hatch after a few weeks, larvae disperse in marine environments, and natal homing is 

uncertain. Nonetheless, it will be necessary to calculate egg-to-larval survival rates in 

order to test whether a local spawning habitat restoration effort increases herring 

productivity through increased survival. The data for these calculations can be obtained 

through ichthyoplankton surveys (Hay and Marliave 1988).  

Local monitoring can also include finer-scale observations of variables or 

potential stock responses such as spawn timing at specific sites, spatial spawning 

distribution, and even size composition of returning spawners – a measurement thought 

to be vital for understanding the dynamics of spatially structured populations (Kritzer and 

Sale 2003). Abundance monitoring methods, as opposed to presence or absence, can 

be used to detect trends in returning spawners. Less intensive, more cost-effective 

abundance monitoring methods can be used to monitor returning spawners, such as 

visual counts, where observers periodically count returning spawners to monitor 

interannual trends in escapement.  However, the performance of these methods to 

detect declining trends in biomass can be affected by errors in observation and 

variability in the arrival timing of returning spawners (Holt and Cox 2008). These local 

observations can be compared with coarser–level observations of spawn length and 

width, as well as DFO stock area abundance estimates, to detect potential changes not 

just in abundance, but also in spatial distribution of spawn, and spawn timing. 

Long-term observations of herring abundance and spatial and temporal 

distribution can improve baseline estimates on which to base recovery objectives and 

subsequent recovery efforts. While Pacific herring populations in recent years have been 

highly variable and often characterized by large declines, archaeological records indicate 

a pattern of sustainable and consistent abundance (McKechnie et al. 2014). Coastal 

communities that hold this type of long-term knowledge could work together with DFO to 

establish recovery objectives for Pacific herring that are not simply based on biomass, 

but also other stock structure indicators such as spatial and temporal distribution that 

reflect the biological complexity of the species. These long-term observations could then 
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be used to estimate the degree of population loss, and decisions could be made to 

establish a recovery objective relative to these historical baselines.  

This experimental and monitoring program has the potential to drive better data 

collection and assessment for Pacific herring in BC. Monitoring changes in important 

stock structure indicators (spatial and temporal distribution of spawn, and demography of 

spawners) in multiple local sites that are nested in a larger, regional DFO stock area fills 

gaps that are left by DFO’s current biomass-focused surveys. These local monitoring 

efforts, which can be designed to monitor stock structure indicators that contribute to the 

biological complexity of herring, could be coordinated over the entire BC coast. Coastal 

communities are well situated to participate in local monitoring efforts because of their 

access to potential monitoring sites and local knowledge about their environment. This is 

especially true for indigenous communities, whose local knowledge and observations 

span long time-scales, and are repositories of knowledge on herring habitat and 

enhancement techniques (Thornton et al. 2010b). The central role that herring plays in 

social, cultural, and economic relations within these communities (Lane 1990, Harris 

2000, Thornton et al. 2010a) creates a strong incentive for stewardship and conservation 

of the resource that could improve the longevity and viability of monitoring and 

conservation efforts. 

d) Temporal Duration of Experiment and Monitoring Program 

Recommendation 4: The duration of experiments and monitoring programs should be at 

least 10 years (i.e., 2 herring generations) 

Adaptive management experiments and monitoring programs typically require 

long time periods before results can be fully assessed. The appropriate duration for an 

adaptive management program depends on factors such as sample size and generation 

times of the species involved. Slow-growing species with long generation times require 

long periods of experimentation before effects can be expected (Leaman and Stanley 

1993). Generation lengths, which are known as the turnover rates of breeding individuals 

in a population, are often used to set recovery objectives. Declines over 10 years or 3 

generations (whichever is greater) are used in International and Canadian conservation 

criteria for determining species at risk of extinction (IUCN 2012, COSEWIC 2014). DFO 
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states that 1.5 to 2 generations should be used as a target time frame for assessing 

stock recovery (DFO 2009b). Herring are a fast-growing and short-lived species, with a 

generation time of approximately 5 years, so 2 generations translates into 10 years. This 

time period would hopefully allow the potential effects of management interventions to 

be seen over 2 turnovers of breeding individuals in a population.  

The time period required before results can properly be assessed from this type 

of experiment and monitoring program also depends on the number of control-treatment 

pairs, as both the time period and the number of control-treatment pairs (i.e., sample 

size) influence the statistical power of the experiment – the probability that a Type I false 

positive error is avoided. Many salmon experimental habitat restoration programs require 

10 to 15 years before it is reasonable to expect to detect a biological benefit in juvenile 

productivity as a result of a management intervention (Marmorek et al. 2004). An 

adaptive management program for Pacific herring implemented and monitored over at 

least 10 years would be consistent with leading conservation policies, and would 

correspond with the duration of experiments in local salmon management interventions. 

If it is not possible to secure funding and resources for this period of time, then the 

length of the experiment and the monitoring period could be reduced with more control-

treatment pairs. 

e) Simulation Models 

Recommendation 5: Use feedback simulation models to test hypotheses and plan prior 

to field experimentation 

Simulation models are used in adaptive management to clarify and highlight 

uncertainties, and to facilitate learning about how the system is likely to react (i.e., 

feedbacks) to alternative management actions in comparison with specified 

management objectives (Holling 1978, Walters 1986, Greig et al. 2008). Feedback 

simulation attempts to represent a full cycle of management and system response 

(Martell and Walters 2002). For herring populations, a simulation model would consist of: 

1) an operating model reflecting current understandings of Pacific herring population 

dynamics, 2) a monitoring survey model that provides information about how the stock is 

likely to respond, and 3) a management model that implements feedback policies 
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consisting of management controls or interventions that manipulate the system based on 

the output of the monitoring/survey model (Figure 2.6). Such models provide a 

simplification of the complex system being managed and test management interventions 

against assumptions in a quantitative manner. Simulation models are thus excellent 

tools for testing scientific hypotheses and planning prior to field experimentation, and 

should be used to test how robust the proposed management interventions and 

accompanying monitoring program are to uncertainties in stock structure and natural 

variability in the system. The development and use of such a model in collaboration with 

scientists, resource managers and local coastal community members could lead to 

better understanding of the various sources of uncertainties that affect herring rebuilding 

for everyone involved.  

2.5.2 Conclusion 

DFO’s hypothesis that herring exhibit a metapopulation structure with significant 

connectivity (Hanski and Simberloff 1997, Ware and Schweigert 2001) potentially 

justifies inaction and perhaps less precautionary actions in the event of declines in the 

abundance of subpopulations – declines in certain stocks could be rescued by 

recolonizing individuals from more abundant stocks. In 2013, when stock assessments 

showed some increases in spawning stock biomass in the three major stocks – Central 

Coast, Haida Gwaii, and West Coast Vancouver Island – the Minister of Fisheries and 

Oceans decided, against the advice of DFO resource managers and scientists, to open 

the commercial sac roe herring fisheries in all three areas. This decision led to high-

profile conflicts between coastal indigenous communities, the management agency, and 

commercial harvesters (Secher, 26 Feb. 2014, Hume, 1 Apr. 2014). Although the 

metapopulation concept has been argued to apply to Atlantic herring (Clupea harengus; 

McQuinn 1997) and Pacific herring (Ware and Schweigert 2001), the concept’s 

applicability to marine systems is uncertain and some researchers have urged caution in 

its use (Smedbol et al. 2002). Regardless of whether Pacific herring stock structure 

includes metapopulation dynamics, the species’ high level of within-stock complexity 

(Hay and McCarter 1997, O’Connell et al. 1998, Small et al. 2005, Mitchell 2006, 

Beacham et al. 2008) should be conserved. The ecological consequences of being 

wrong about the true structure of a herring population may be vastly different depending 
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on which hypothesis one subscribes to (Stephenson et al. 2009). While an assumption 

that there is connectivity between populations (hypothesis 1) when in fact there is none 

could lead to the overexploitation and eventual loss of within-species diversity, an 

assumption that there are discrete populations (hypothesis 2) when in fact there is 

connectivity would simply mean management changes to where and when herring 

fisheries operate (Stephenson et al. 2009), which could be done prior to or within the 

fishing season.  

The findings and recommendations in this chapter have implications for current 

and future efforts to restore Pacific herring in British Columbia, as well as in Southeast 

Alaska, where the Stika Tribe are currently planning a herring enhancement project 

using traditional transplantation methods (C. Smythe, pers. comm., June 15, 2014). By 

identifying the potential management objectives and assumptions of local interventions 

to rebuild Pacific herring populations, as well as the uncertainties in detecting effects of 

these interventions and the potential risks involved in observation errors, this chapter 

lays the groundwork for the design and implementation of an adaptive management 

experiment. Designed to deal explicitly with uncertainties through system manipulations 

or management interventions, an adaptive management experiment would enable the 

testing of competing hypotheses about stock structure and herring stock responses to 

interventions, thus facilitating critical learning about the system. The uncertainties 

discussed in this chapter do not rule out the possibility of worthwhile local management 

interventions, but rather, present an excellent opportunity to use an experimental 

strategy to generate knowledge and improve current monitoring and future herring 

rebuilding efforts in BC and elsewhere.  
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Figure 2.1 Factors affecting detection of local management intervention effects 
in ecosystems. The experiment and monitoring program is designed 
with the consideration of these factors. Grey filled boxes represent 
potential sources of uncertainty that affect the type and degree of 
inferences made about the management intervention. I focus on the 
implications of natural variability and imperfect knowledge of the 
system as they relate to herring in BC, on the ability to infer benefits 
from local management interventions.
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Figure 2.2 Pacific herring DFO Stock Management Areas. This map indicates 
the 5 major stock areas – Strait of Georgia, West Coast Vancouver 
Island, Central Coast, Prince Rupert District, and Haida Gwaii – and 
2 minor stock areas – Area 2W and Area 27. 
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Figure 2.3 Illustrated diagram showing the action of transplanting herring eggs 
between local bays and inlets (outlined in black, located within a 
region). Herring spawn on laid on substrate, such as submerged 
kelp or hemlock boughs, are moved from a local bay with active 
spawn (Bay 1; white shaded perimeter represents herring spawn 
along the shoreline) to another local bay without active spawn (Bay 
2). 
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Figure 2.4 Hypothesis 1 – Pacific herring are spatially discrete populations 
delineated by the DFO Stock Areas that exhibit connectivity, and no 
precise site fidelity or natal homing. Mixing occurs within each 
Stock Area’s potential subpopulations (A-C and X-Z), with some 
amount of mixing between Stock Areas. Spawning (white outline 
hugging the bays representing discolouration of water by milt) may 
occur on different bays and inlets between years in the Area.
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Figure 2.5 Hypothesis 2 – Pacific herring are small, locally adapted, and 
spatially discrete populations within DFO stock areas that exhibit 
low to no connectivity, and exhibit precise site fidelity and/or natal 
homing. Each Stock Area has different subpopulations (A-C and X-Z) 
that are locally adapted to their unique spawning sites. No mixing 
occurs between subpopulations and between Stock Areas. 
Spawning (white outline hugging the bays representing 
discolouration of water by milt)occurs in the same spawning site, 
which may be their natal area
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Figure 2.6 Conceptual Feedback Simulation Model demonstrating key 
components (1. operating model, 2. monitoring model, 3. 
management Intervention model) guided by management objectives 
and performance indicators. Feedback simulation models are often 
used for hypothesis testing and planning  prior to field 
experimentation. 
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Table 2.1 Four possible outcomes for a statistical test of the null hypothesis 
depending on the true state of nature, given that the null hypothesis 
is defined as, ‘the intervention has no effect on the herring 
population’. Both errors would ideally be avoided, but desire to 
avoid one error over the other would depend on the management 
objective, and values of resource users and decision-makers 
involved. Adapted from Peterman (1990). 

 Decision 

State of nature Do not reject null hypothesis Reject null hypothesis 

Null hypothesis is true 1. Correct 2. Type I false positive error 

Waste of resources and funding, and 
may put vulnerable populations further 
at risk. 

Null hypothesis is false 3. Type II false negative error 

Lost opportunity for rebuilding 
stocks, undesirable status quo 
remains. 

4. Correct 
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Summary and General Conclusion 

This thesis project focused on the concept of adaptive management and its 

implementation in BC fisheries. While adaptive management has been strongly 

supported by DFO, the management agency has only implemented adaptive 

management in a few cases. Using four case studies, I examined the social and 

institutional factors that have affected the implementation of this policy innovation by 

DFO, and identified opportunities to overcome barriers and challenges. I concluded that 

while DFO made genuine efforts on an operational level to implement adaptive 

management in the four BC fisheries case studies, the Department’s understanding of 

adaptive management on a policy level was passive adaptive and incremental at best. I 

suggested that ongoing and proposed local attempts to rebuild herring stocks in BC 

provide a prime opportunity to implement an adaptive management experimental 

program on a small scale. This offers a systematic way to learn and improve on adaptive 

management implementation in BC fisheries, and thereby increase the success of 

herring rebuilding efforts (DFO 2013a). While management interventions at the local 

scale are widely used in the northwestern North America to rebuild and enhance fish 

populations, there is little quantitative evidence on the effectiveness of these efforts due 

to inadequate and ineffective monitoring. I conducted a qualitative review of the 

evidence, assumptions, and uncertainties for implementing these local management 

interventions, thus establishing a foundation for designing and implementing an adaptive 

management experimental program. I concluded that existing uncertainties caused by 

imperfect knowledge of herring stock structure as well as natural population variability 

creates challenges for detecting the effects of local interventions, and recommend the 

use of experimental design principles to improve the evaluation of local rebuilding 

efforts. 

Despite the many potential challenges to herring rebuilding highlighted in this 

research, the potential for successful rebuilding may lie in the species itself. Pacific 

Herring possess favourable life history traits that are correlated with a high recovery rate, 

including a low age at maturity, small body size, short life span, and rapid individual 

growth (Hutchings and Reynolds 2004). These beneficial traits can facilitate rebuilding 

(Hutchings 2002, Roff 2002, as cited in Hutching and Reynold 2004). In a review of case 
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studies on worldwide rebuilding and recovery efforts for collapsed and overexploited 

fisheries, Caddy and Agnew (2004) found that pelagic stocks seem to have a higher 

possibility of recovery with relatively shorter recovery times compared with long-lived 

demersal finfish. Additionally, Hutchings’ (2000) review of the collapse and recovery of 

marine fisheries found that among all the families of fish examined, cluepids were most 

likely to have experienced some level of recovery post-collapse. These favourable 

characteristics suggest that an adaptive management experimental herring rebuilding 

strategy could take place over a shorter time frame than most adaptive management 

programs. The length of adaptive management programs is a common challenge to 

adoption and implementation of the approach (Walters 1997, 2007).   

The thorough consideration of the factors affecting implementation of an 

experimental adaptive management program presented in this research should aid both 

local resource users and fishery managers in planning and designing a rebuilding 

strategy for herring in BC. The local and traditional ecological knowledge held by 

indigenous communities not only shares similarities to adaptive management in its 

treatment of uncertainty and unpredictability in ecosystems (Berkes 2000), but could 

also create a mechanism for a collaborative process of creating and sharing knowledge, 

especially when scientific knowledge is limited (Berkes 2004). Additionally, the 

engagement of local communities in an experimental approach to herring management 

has the potential to build the scientific and social legitimacy required for long-term policy 

implementation, strengthen resource stewardship values, and thus improve the 

likelihood that conservation efforts will be successful. This adaptive management 

program would not only help DFO to improve its implementation of a policy innovation it 

values and supports, but would also allow managers and local resource users to mitigate 

the uncertainties in rebuilding that are posed by imperfect knowledge and natural 

variability present within the ecosystem. This research complements ongoing social and 

ecological research to increase understanding and facilitate learning about challenges 

and opportunities to Pacific herring rebuilding in BC, so as to improve conservation and 

management efforts in the future. 
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