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PERSPECTIVE / PERSPECTIVE



It’s time to sharpen our definition of sustainable fisheries management Peter A. Shelton and Alan F. Sinclair



Abstract: We review and evaluate the sustainability paradigm as it applies to wild capture fisheries in the context of a recently developed harvest strategy framework that, if implemented, will meet Canada’s national and international obligations with regard to sustainable fisheries. This framework is based on an operationally explicit definition of sustainability that includes a commitment to managing for maximum sustainable yield. Although Canadian policy strongly supports sustainable fisheries management in principle, usage of the term has been vague and implementation of sustainable fisheries management strategies has lagged. Fisheries managed under the recently developed framework would be better able to meet new ecocertification and ecolabelling standards. An emerging governance structure discussed herein with respect to fisheries management is conducive to implementing sustainable management practices that meet long-term public good objectives. Re´sume´ : Nous passons en revue et e´valuons le paradigme de la durabilite´ tel qu’il s’applique aux peˆches base´es sur la capture de stocks sauvages dans le contexte d’un cadre strate´gique de re´colte e´labore´ re´cemment qui, s’il est mis en oeuvre, permettra au Canada de re´aliser ses obligations nationales et internationales relatives a` la peˆche durable. Ce cadre se base sur une de´finition explicite au niveau ope´rationnel de la durabilite´ qui inclut un engagement a` faire la gestion de manie`re a` atteindre un rendement durable maximal. Alors que la politique canadienne appuie fortement en principe la gestion durable des peˆches, l’usage du terme est demeure´ vague et la mise en oeuvre de strate´gies de gestion de peˆche durable a tarde´. Les peˆches ge´re´es dans le cadre e´labore´ re´cemment devraient eˆtre plus a` meˆme de re´pondre aux nouvelles normes d’accre´ditation et d’e´tiquetage e´cologiques. La structure de gouvernance en e´mergence dont on discute ici pour la gestion des peˆches devrait entraıˆner la mise en place de pratiques durables qui satisferont aux objectifs a` longue e´che´ance du bien commun. [Traduit par la Re´daction]



Introduction Canadian fisheries management policy has evolved over the past decade in response to increased national and international desire for more effective resource management. The collapse of Atlantic cod (Gadus morhua) in the early 1990s was preceded by a departure from a fixed exploitation rate strategy termed F0.1 (Shelton 2007). The debate over an alternative strategy has been ongoing ever since. This has resulted in a surfeit of policy and a paucity of action. ‘‘Sustainable development’’ is generally accepted as the overarching objective for the management of naturally renewable resources such as fisheries, and Canada has made a clear Received 27 November 2007. Accepted 24 May 2008. Published on the NRC Research Press Web site at cjfas.nrc.ca on 7 October 2008. J20286 P.A. Shelton.1 Fisheries and Oceans Canada, Northwest Atlantic Fisheries Centre, P.O. Box 5667, St. John’s, NL A1C 5X1, Canada. A.F. Sinclair. Fisheries and Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Road, Nanaimo, BC V9T 6N7, Canada. 1Corresponding
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commitment to this objective in numerous policy documents. We review and evaluate the sustainability paradigm as it applies to wild capture fisheries and describe a recently developed Canadian harvest strategy that is compliant with the precautionary approach (PA). We suggest that if made operationally explicit and widely implemented, this strategy would meet Canada’s national and international obligations with regard to sustainable fisheries and precaution. In addition to these scientific developments, there has been an important policy change on governance structures for fisheries management in Canada, away from the top-down model of the 1980s towards a more open and transparent process involving a broader representation of stakeholders. Institutional changes within Fisheries and Oceans Canada are underway to place greater emphasis on rights of First Nations and reflect the broader interests of society through increased participation in the decision-making process. A recent Federal Court of Appeal ruling in Canada (Larocque v. Canada (Minister of Fisheries and Oceans Canada); Federal Court of Appeal Canada 2006) re-established that ‘‘Canada’s fisheries are a ‘common property resource’, belonging to all the people of Canada’’ and that ‘‘it is the Minister’s duty to manage, conserve and develop the fishery on behalf of



doi:10.1139/F08-151



#



2008 NRC Canada



2306



Canadians in the public interest’’. Traditionally, nongovernmental participation in the decision-making process was restricted largely to members of the fishing industry, but the new governance structure should, as it begins to be implemented, provide a greater role for members of the public and representative organizations in decision-making in recognition that the resource is public property and hence should be managed for long-term public good. Although this new direction is recognized and progressing in specific fisheries, there have been very few institutional changes to entrench this new governance structure in all future fisheries. Public influence on fisheries management may also come about through ecocertification of fisheries deemed to be sustainable and ecolabelling of products from these fisheries. Recent Canadian fisheries management policy statements have embraced PA implementation, sustainable fisheries management, and increased public participation in the decision-making process. However, with few exceptions, Canada has not implemented effective harvest strategies to convert policy on sustainability into action. A sticking point to progress with regard to implementing sustainable fisheries management in Canada is reticence to commit to a predetermined harvest strategy (e.g., one based on a feedback harvest control rule) within an open and transparent decision-making forum. A predetermined harvest strategy is essential under the PA, is necessary for demonstrating sustainability, and is required to achieve ecocertification. The term ‘‘sustainable’’, while ever present in policy statements, suffers greatly from ambiguous use. We provide a less ambiguous definition that can readily translate into explicit management actions. We give a brief review of national and international statutes, agreements and codes of conduct relevant to sustainable development, the precautionary approach, ecosystem approaches to fisheries, and ecocertification and distill the main guiding principles from these documents. We show that within the well-known and widely accepted theoretical basis for sustainable fisheries management, fishing can be considered sustainable over a broad range of use, from very little to the level where the resource is barely viable. However, we argue for a more circumscribed definition to be consistent with societal objectives expressed in national policy and international agreements. To move from policy to action, we outline a harvest strategy framework for sustainable fisheries management recently developed within Fisheries and Oceans Canada. This framework is consistent with Canadian policy and international agreements on sustainability and the PA, but needs to be fleshed out in detail on a stock-by-stock basis to become operational. The framework is designed to be flexible enough to accommodate differences across various fisheries and management systems. In our opinion, implementation of a framework such as this is long overdue in Canada, and we suggest a series of practical steps that could be taken to move forward.



International agreements Canada has adopted a number of international agreements and undertakings, the body of which indicate the nation’s philosophy towards fisheries management. There is a ten-
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dency towards increasingly conservation-minded approaches associated with sustainable development, the PA, and a broader ecosystem-based approach. The Brundtland Report from the United Nations World Commission on Environment and Development (WCED) defines sustainable development as ‘‘development that meets the needs of the present without compromising the ability of future generations to meet their own needs’’ (Brundtland 1987). This definition recognizes that economic growth and development will result in changes to the ecosystem, but that it may not be bad provided that exploitation has been planned and the effects have been taken into account. It argues that renewable resources such as forests and fish stocks need not be depleted below levels at which maximum benefit is attained, provided that exploitation rates stay within limits determined by regeneration and natural growth. The Brundtland interpretation of sustainable development also takes into account the fact that renewable resources are part of a complex and interlinked ecosystem and that maximum sustainable yield (MSY) must be defined after taking into account the system-wide effects of exploitation. Canada has ratified the legally binding United Nations Fish Stocks Agreement (UNFSA; United Nations 1995) that aims to ensure the long-term conservation and sustainable use of straddling and highly migratory fish stocks, the principles of which have subsequently been applied both nationally and internationally to fish stocks in other categories. Under Article 5, General Principles, it states that compliance with the Agreement requires that signatories adopt measures to ensure long-term sustainability and promote the objective of optimum utilization. Such measures are required to be based on the best scientific evidence available and should be designed to maintain at, or restore stocks to, levels capable of producing MSY, as qualified by relevant environmental and economic factors. UNFSA also requires signatories to apply the PA and to maintain or restore populations to above levels at which their reproduction may become seriously threatened. Annex II of the Agreement further states that the fishing mortality rate that generates maximum sustainable yield, FMSY, is the minimum standard for limit reference points (i.e., fishing mortality should not exceed FMSY). For stocks that are not overfished, fishery management strategies need to ensure that future fishing mortality does not exceed the FMSY level and that the biomass does not fall below a predefined threshold. For overfished stocks, the biomass that would produce MSY, BMSY, constitutes a rebuilding target. Canada supports the Food and Agriculture Organization of the United Nations (FAO) Code of Conduct for Responsible Fisheries (FAO 1995a), a voluntary, nonbinding international agreement. The Code prescribes sustainable utilization of fisheries resources in harmony with the environment through application of the PA. FAO Guidelines for the PA (FAO 1995b) advocate a comprehensive management process that includes data collection, monitoring, research, enforcement, and review. Prior identification of desirable (target) and undesirable (limit) outcomes must be carried out, and measures are required that will avoid undesirable outcomes with high probability and correct them promptly should they occur. The Guidelines suggest that this be achieved through decision rules that specify in #
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advance what action should be taken when specified deviations from operational targets are observed (i.e., harvest control rules). Furthermore, the Guidelines suggest that a management plan should not be accepted until it has been shown to perform effectively in terms of its ability to avoid undesirable outcomes (for example, through simulation trials). Lastly, the absence of adequate scientific information should not be used as a reason for postponing or failing to take measures to conserve target species and associated or dependent species, as well as nontarget species and their environment. Canada was the first industrialized country to ratify the UN Convention on Biological Diversity (United Nations 1992). The Convention has three main goals: conservation of biodiversity, sustainable use of the components of biodiversity, and fair and equitable sharing of the benefits arising from this use. The 2002 World Summit on Sustainable Development in Johannesburg followed up on progress of the 1992 Convention (United Nations 2002). At the Johannesburg Summit, Canada agreed to attempt to achieve sustainable fisheries by maintaining stocks at, or restoring stocks to, levels that can produce MSY, with the aim of achieving these goals for depleted stocks on an urgent basis and where possible not later than 2015. At the International Conference on the Governance of High Seas Fisheries and the United Nations Fish Agreement – Moving from Words to Action, hosted by Canada in St. John’s, May 2005, the Minister of Fisheries and Oceans Canada, together with ministers of fisheries from a number of other countries, reaffirmed their commitment to implementation of the Johannesburg resolution to achieve sustainable fisheries by 2015 (Fisheries and Oceans Canada 2005a). They also resolved to implement a decision-making process that relies on the best scientific information available, incorporates the PA, and introduces ecosystem considerations into fisheries management.



Ecolabelling The importance of marine capture fisheries needs to be emphasized. It is the last significant human food-gathering activity on a commercial scale from a naturally regenerating resource. There is an expectation that if carried out responsibly, marine fisheries will provide a long-term sustainable source of natural healthy food relatively free of growth hormones, antibiotics, pollutants, and the excesses of genetic selection. Ecocertification and ecolabeling are based on the assumption that the public is sufficiently concerned that it will moderate purchases on the basis of whether or not a seafood product meets a specified set of sustainability criteria. Philosophically, this has some similarities with the ideas behind fair-trade coffee and clothing. It is a matter of ongoing debate whether or not these approaches will be effective. Multiple certification bodies could emerge with dissimilar standards, not all of which may be rigorously based on scientific data and analysis. There is also no guarantee that broad international criteria for certification will be consistent with national objectives and policies. This could weaken the value associated with ecolabels and diminish the potentially positive market feedback with regard to achieving sustainable fisheries. Trace-
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ability of products poses a problem in a global economy where fish may be caught in one location, transported across the globe to be processed in a second location, and then transported to a distant third location to be marketed and sold. There is also a concern that a premium on ecocertified products could negatively influence the market if a cheaper, noncertified alternative is readily available. In an attempt to set an international standard for ecocertification, FAO issued ‘‘Guidelines for the ecolabelling of fish and fishery products from marine capture fisheries’’ (FAO 2005). The Guidelines emphasize the need for adequate data and a comprehensive evaluation to determine the current state and trends of stocks under consideration. Implementation of the PA is required and long-term conservation and sustainable use of fisheries resources is paramount. Stocks under consideration for ecolabelling must not be overfished and must be maintained at a level that promotes optimal utilization and continued availability for future generations. In the event that biomass drops below target levels, the Guidelines require that management allows for restoration to target levels within reasonable time frames. More broadly, ecolabelling exercises should also address adverse impacts of the fishery on the ecosystem. Although the FAO Guidelines on ecolabelling emphasize the role of state and regional fisheries management organizations in the ecocertification process, the initial emphasis has come mainly from consumers, industry, and environmental nongovernmental organizations. Suppliers of fish products are being required by an increasing number of buyers to demonstrate that their products meet such standards. The most prominent certification process is the one developed by the Marine Stewardship Council (MSC), initially established in 1997 and operating independently since 1999. MSC has a scientific technical advisory board that advises a main board on setting and reviewing the MSC certification standard. MSC Principles and Criteria for Sustainable Fishing (Marine Stewardship Council 2002) are largely consistent with FAO Guidelines. They require that a fishery must be conducted in a manner that does not lead to overfishing or depletion, and for those populations that are depleted, fisheries must be conducted in a manner that demonstrably leads to their recovery. The intent is to ensure that productive capacities of resources are maintained at, or restored to, high levels designed to retain their long-term productivity and provide margins of safety for error and uncertainty. The MSC Principles and Criteria also require that fishing operations should allow for the maintenance of the structure, productivity, function, and diversity of the ecosystem (including habitat and associated dependent and ecologically related species) on which the fishery depends. The MSC Principles and Criteria are largely consistent with recent Canadian fishery management policy statements described in the following section. This is mainly because both are guided by overarching principles defined in the UNFSA and the PA. Although the MSC certification process requires fisheries to be compliant with the PA, specific definitions of sustainable and depleted are not provided, leaving scope for proponents to ensure that fisheries seeking certification also comply with national policies. It is unclear how different conclusions regarding the degree of sustainability of a particular fishery arrived at by ecocertification and #
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Fisheries and Oceans Canada assessment processes would be resolved. Clearly, openness, transparency, and peer review would be a consideration with regard to both processes. It is important to note that the ultimate responsibility for fisheries management in Canada remains with the Minister of Fisheries and Oceans Canada and is not being shifted to a third party such as the MSC.



National legislation and policies There are three acts of parliament of relevance to the sustainable management of Canada’s fisheries: the Fisheries Act, the Oceans Act, and the Species at Risk Act. The Fisheries Act (Government of Canada 1985) does not refer to the term sustainable but does require that activities respect the conservation and protection of fish, spawning grounds, and habitat. Canada’s Oceans Act (Government of Canada 1996) requires sustainable development of the oceans and their resources and promotes the wide application of the PA as a framework for achieving sustainable development. The Species at Risk Act (Government of Canada 2002) fulfills a key national commitment under the UN Convention on Biological Diversity. It is aimed at preventing wildlife species from being extirpated or becoming extinct and provides for the recovery of wildlife species that are extirpated, endangered, or threatened as a result of human activity. It also requires that species of special concern be managed to prevent them from becoming endangered or threatened. The Privy Council Office (PCO) of the Government of Canada has developed a Federal Framework for the PA to ensure that precaution is applied consistently across all disciplines in government (Government of Canada Privy Council Office 2003). This framework became government policy in 2003 with the intent that it be applied when a decision is required, there is a high associated uncertainty, and there is a risk of serious or irreversible harm. In such cases, decisions should err on the side of caution. For marine fish populations, reducing spawning biomass to the extent that the probability of poor recruitment has increased (recruitment overfishing) is considered a sufficient definition of serious harm (Fisheries and Oceans Canada 2002, 2004a). We suggest that this definition is too narrow because it focuses on the short-term risk of an undesirable outcome. In contrast, the defining UN and FAO PA documents paint a broader picture. They require that a comprehensive management plan be put in place that includes (i) targets of where one wants to be, (ii) limits that define where one does not want to be (i.e., serious harm), (iii) a pre-agreed harvest strategy to avoid limits and achieve targets, and (iv) a demonstration (for example, through simulation testing) that the strategy has a reasonable chance of success. Thus, the internationally accepted definition of the PA is more encompassing than the Privy Council Office interpretation. Fisheries and Oceans Canada recently released two policy documents that describe general principles to be applied in managing fish populations and fisheries. The first is ‘‘A Policy Framework for the Management of Fisheries on Canada’s Atlantic Coast’’ (Fisheries and Oceans Canada 2004b), and the second is ‘‘Canada’s Policy for Conservation of Wild Pacific Salmon’’ (Fisheries and Oceans Canada 2005b). Both documents reiterate that the Minister of Fish-
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eries and Oceans Canada, on behalf of all Canadians, has complete discretion with regard to resource conservation and sustainable use of fisheries resources and their habitat and for the access and allocation thereof. However, both were developed through extensive consultations with provincial and territorial governments, First Nations, the fishing industry, and others, i.e., they reflect a more open governance structure. They encourage further development of specific management strategies tailored to the needs and aspirations of those involved in using the resource. The Atlantic fisheries policy document focuses on commercial fisheries for Atlantic groundfish species, the dominant fishery being that for Atlantic cod. It incorporates the general principles of the PA as defined in UN and FAO documents. Highest priority is given to conservation and rebuilding of marine resources. Conservation is defined as ‘‘sustainable use that safeguards ecological processes and genetic diversity for present and future generations’’. The Atlantic fisheries policy requires stakeholders to participate directly in management of the fishery and share in accountability for outcomes through a shared-stewardship process. The operational harvest strategy within the framework will include limit and target reference points and rules for scaling resource use to stock conditions to avoid undesirable outcomes and to rebuild depleted stocks. The Pacific salmon policy focuses on the conservation of wild populations. Unlike the Atlantic fisheries policy, the terms conservation and sustainable are defined separately. Conservation is defined as ‘‘the protection, maintenance, and rehabilitation of genetic diversity, species, and ecosystems to sustain biodiversity and the continuance of evolutionary and natural production processes’’. Sustainable use is defined as ‘‘the use of biological resources in a way and at a rate that does not lead to their long term decline, thereby maintaining the potential for future generations to meet their needs and aspirations’’. Conservation, therefore, takes on a broader meaning in the Pacific salmon policy than it does in the Atlantic fisheries policy. This is an evolutionary step recognizing obligations under Canada’s Species at Risk Act and the UN Convention on Biological Diversity. The Pacific salmon policy considers three status zones, designated red, amber, and green, separated by status benchmarks. The lower benchmark, between the red and amber zones, is at a status designation high enough to ensure that there is a substantial buffer between it and any level of abundance that could lead to a conservation unit being considered at risk of extinction by COSEWIC (Committee on the Status of Endangered Wildlife in Canada), the independent advisory body under the Species at Risk Act. The higher benchmark, between the amber and green zones, identifies whether harvests are greater or less than the level expected to provide maximum annual catch from the conservation unit. The red zone is undesirable because there is a risk of extirpation, whereas the amber zone implies that caution in management should be exercised. The Pacific salmon policy is not prescriptive regarding management actions or harvest control rules in each status zone, recognizing that economic and social needs are to be balanced against conservation objectives when these actions and rules are formulated. Consultation is ongoing to make the policy operational. #
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Guiding principles for sustainable fisheries management National policy and international agreements reviewed above can be distilled into a number of important guiding principles that can form the basis for developing and implementing operationally explicit sustainable management strategies for wild marine capture fisheries. (a) Fisheries management should make use of the best available scientific information and should aim to achieve both conservation and sustainable-use objectives. (b) Conservation should give high priority to the protection, maintenance, and rehabilitation of genetic diversity within both species and ecosystems. This must extend to all species, not only those of immediate commercial importance, but also those caught incidentally or negatively impacted by fishing operations. (c) Sustainable use should be based on predetermined management plans that respond to changes in stock status. This can best be achieved by implementing a harvest strategy framework, incorporating biological reference points (limits and targets) and feedback harvest control rules. Control rules should maintain the stock in the vicinity of the target with high probability, while allowing only very low probability of falling below the limit reference point at any time. The harvest strategy should ensure that stocks below target reference points rebuild within prescribed time frames. (d) Harvest control rules need to be evaluated through simulation testing, preferably prior to implementation, to determine whether they are likely to perform satisfactorily under a variety of fishery behaviours, change in stock size and productivity, and range of uncertainty. (e) Conservation and sustainable use involve trade-offs. In keeping with changing governance policy towards openness and transparency, management strategies for wild marine capture fisheries should be developed in cooperation with First Nations, stakeholders, and groups representative of public interests (e.g., conservation, recreation, etc.) to fully reflect societal values. Recent developments in Canada with respect to the Atlantic fisheries policy and the Pacific wild salmon policy demonstrate intent to embrace these principles. More detailed implementation plans are now required to move from policy to action.



From policy to action Policy documents are peppered with the term sustainable; however, there is very little detail on what the term actually means and how sustainability should be achieved in practice. A widely applied theoretical basis for sustainable fisheries management is the Graham (1935) – Schaefer (1954) model in which the equilibrium surplus production (yield) is a concave and symmetrical function of fishing effort and stock biomass. In practice, data for most commercially exploited stocks suggest that the surplus production function is asymmetrical. Regardless of the actual shape of the function, fishing is sustainable under this model over a broad range of use. At the lower end of the range, a very low
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catch may be sustained with very little fishing mortality. At the opposite extreme, a similar catch may be sustained, but at a much higher fishing mortality such that the population is maintained at a low biomass near the brink of extinction. Clearly, this range encompasses foregone opportunities at one end and wasteful practices with a high risk of disaster at the other. The level of use that would provide the desired benefits to society without compromising the conservation of the stock lies somewhere within this range and needs to be identified to sharpen our definition of sustainability and to direct fisheries management actions. The peak of the surplus production function is termed maximum sustainable yield (MSY). The associated fishing mortality and equilibrium biomass at which this occurs are FMSY and BMSY, respectively. Economic considerations related to the costs and revenues from harvesting the resource compared with the value placed on conserving fish stocks and maintaining ecosystem functioning may result in a perceived societal optimum that differs from MSY. Under simple economic assumptions, a stock above BMSY requires less fishing effort to obtain an equivalent harvest relative to a stock below BMSY, giving rise to lower harvesting costs and, consequently, higher economic rent. Maximum economic rent is achieved at the point at which marginal cost equals marginal revenue and this occurs at a stock size above BMSY and a fishing mortality below FMSY. Consideration of an economic discount rate can have a major impact on fisheries management decision-making (Clark 1985). If a normal business discount rate of, for example, 10% is assumed, then the optimal stock size may be below BMSY and the optimal harvest rate may be above FMSY. For an unproductive resource in which the intrinsic rate of increase is less than the discount rate, there is incentive to fish the stock to extremely low levels. However, Clark (1985, p. 27) points out that the social rate of discount is usually less than the business rate, leading some authors to argue that ‘‘consideration of intergenerational equity requires the use of zero discount rate in public conservation decisions’’. Discount rate is not explicitly considered in the UNFSA, the Johannesburg Accord, and the two recent Canadian fishery policy documents. Canadian ratification of the UNFSA and its default management targets of BMSY and FMSY indicate support for the use of a social discount rate close to zero. Other economic considerations may also have important impacts on the fishery, which may not be consistent with sustainability (Clark 1973). In a competitive open-access fishery or a fishery with ineffective entry or capacity controls, fishing effort will tend to increase until economic rent is dissipated or alternative employment becomes more attractive. Depending on the lag in response by the stock to fishing, existence of alternative employment, current value of the harvest, and the cost of fishing, a stock may be depleted well below BMSY. Overcapacity in a competitive fishery can be a major impediment to achieving sustainability. Subsidies and income-support programs designed to meet other societal objectives such as enhancing coastal communities and protecting sovereignty may lower the cost of fishing, allowing effort and capacity to be maintained on a declining stock and resulting in a propensity for greater depletion. Note that even in a rights-based fishery in which #



2008 NRC Canada



2310



there is some form of tenure and competition is largely eliminated, stocks may be depleted relative to BMSY depending on the perceived discount rate, as discussed above. The propensity for stock depletion may increase in mixed-species fisheries and in fisheries where bycatch of other valuable species occurs. Societal value placed on maintaining biodiversity and ecosystem functioning is an increasingly important consideration. In contrast to the fishing industry, society in general is likely to place more emphasis on recreational value, non-use value, and safeguarding future options, which tends to drive the perceived optimum stock size above BMSY. In terms of ecosystem functioning, theoretical studies suggest that MSY from a system of interacting species will be less than the sum of individual MSY values computed on the basis of single-species models (May et al. 1979; Beddington and Cooke 1982). Given that one cannot maximize the sustainable yield from all species simultaneously, fisheries management under an ecosystem-based approach should be more conservative than would be predicted based on single-species assessment models by keeping stocks above BMSY. In many cases, current fishing mortality exceeds that required to achieve MSY on a species-by-species basis. This led Mace (2001) to suggest that reducing fishing mortality to below FMSY would be a positive first step in moving towards ecosystem approaches to fisheries (EAF). Management plans need to be revised to include a predetermined, operationally explicit, harvest strategy to move from policy to action with regard to sustainable fisheries. We describe a general harvesting strategy framework that has recently been developed by Fisheries and Oceans Canada and suggest how it may be made operationally explicit.



Harvest strategy Canada has developed a flexible harvest strategy framework for implementing the minimal requirements of the PA for wild capture fisheries to meet international standards (Fisheries and Oceans Canada 2006; Fig. 1). The upper stock reference (USR) is the stock size (in units of spawning stock biomass or equivalent) below which the removal rate is reduced to promote recovery and thus ensure a low risk of serious harm. Stocks above the USR are considered to be in a healthy zone. The limit reference point (LRP) is the stock status level below which productivity may be sufficiently impaired to cause serious harm but above the level at which the risk of population extinction becomes a concern. The stock status zone below the LRP is called the critical zone. The stock status zone above the LRP but below the USR called the cautious zone. The removal reference (RR) is the maximum acceptable removal rate in terms of the ratio of all human-induced removals to total exploitable stock size (in units of fishing mortality rate or equivalent). Under UNFSA, the fishing mortality rate that generates MSY (FMSY or equivalent) is a minimum standard for a PA fishing mortality limit reference point. Therefore, the RR under the Canadian Framework should be less than FMSY irrespective of stock status. Fishing mortalities set at or below FMSY will result in the spawning stock biomass fluctuating around BMSY or above. In the cautious zone, fisheries management actions should promote



Can. J. Fish. Aquat. Sci. Vol. 65, 2008 Fig. 1. A general framework for harvest strategy compliance with the precautionary approach developed by Fisheries and Oceans Canada. Vertical lines represent reference points demarcating healthy, cautious, and critical zones. The horizontal line in the healthy zone demarcates a removal rate limit that should, under the United Nations Fish Stocks Agreement, correspond to FMSY or its proxy or less. Removal rate decreases through the cautious zone with decreasing stock size and is as close to zero as possible in the critical zone (broken line).



stock rebuilding to the management target located in the healthy zone (i.e., to the vicinity of BMSY or above). To achieve this, the RR should progressively decrease as the stock level approaches the LRP following some prescribed harvest control rule that takes into account the risk of falling into the critical zone and the probability of recovery to the healthy zone. In the critical zone, the status of the stock has declined to such a low level that serious harm may have been done and the stock is thus in a precarious state. In this zone, conservation is a first priority and fishery management must promote stock growth by keeping human removals at the lowest level possible. Technically, a fishery could be considered to be sustainably managed in any one of the three stock status zones. However, we argue that only fisheries in the healthy zone being managed at a harvest rate below FMSY, or fisheries in the cautious zone being managed at a harvest rate demonstrated to be low enough to rebuild the stock to the healthy zone with a high probability in an acceptably short period of time, can be considered to be sustainably managed in accordance with Canadian fisheries policy and international agreements. To make the harvest strategy described above fully operational, it has to be fleshed out in more detail on a stock-by-stock or fishery-by-fishery basis. It then needs to be implemented and the performance monitored. Closedloop simulation testing (e.g., Martell and Walters 2002) prior to implementation is strongly advised to determine the potential robustness of the strategy to various forms of uncertainty such as observation error, estimation error, model misspecification, and natural variability. This form of testing has been advocated by the International Whaling Commission since the late 1980s (Butterworth 2007) and is gaining #
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broader international recognition as management strategy evaluation (MSE; Kell et al. 2007). A management strategy is the combination of stock status data, a method to analyse these data, a decision rule to convert the analysis results into action, and implementation. Candidate strategies are evaluated for robustness to uncertainties about the underlying fisheries system and for performance relative to fishery objectives. Some progress has been made on a few Canadian stocks with regard to determining LRPs based on an interpretation of serious biological harm that may be difficult to reverse. However, USRs and harvest control rules require broader consideration of management objectives, risk tolerances, and performance measures, and almost no progress has been made. We suggest operationally explicit defaults for a stock for which there is an analytical (quantitative, model-based) assessment. We draw on the proposed harvest strategy standard for New Zealand fisheries (New Zealand Ministry of Fisheries 2007), recognizing that a comparable initiative to develop such a standard has yet to commence in Canada. For stocks for which there are insufficient data to develop analytical assessments and apply the suggested defaults, suitable proxies need be developed to attempt to capture the intent of the defaults. The proposed New Zealand (NZ) standard has three core components. The first is a specified target around which the stock should fluctuate. The default target is BMSY or better (‘‘or better’’ means more conservative in all cases). The second component is a soft limit that triggers a requirement for a rebuilding plan that would recover the stock to the target within a specified period of time. The default soft limit is 50% BMSY or 20% B0, whichever is greater. The third component is a hard limit below which fisheries should be considered for closure. The proposed default is 25% BMSY or 10% B0, whichever is greater. The standard advocates using MSE to ensure that candidate management strategies have (i) the probability of achieving the target of at least 50%, (ii) the probability of breaching the soft limit that does not exceed 10%, and (iii) the probability of breaching the hard limit that does not exceed 2%. The NZ standard suggests that (ii) and (iii) could be simplified within the MSE to a probability of no more than 5% of breaching the soft limit. There are clear similarities between the New Zealand standard and the Canadian framework. The NZ standard target stock size of BMSY or better is a reasonable default target for Canada. There is not an equivalent soft limit in the Canadian framework to demarcate the point at which a ‘‘formal, time-constrained rebuilding plan’’ is triggered. However, there is a requirement for a recovery plan under the Species at Risk Act for Canadian stocks that are deemed to be at risk of extinction, and we see this as an important control mechanism to initiate management actions to reverse stock declines before reaching a situation where serious harm to the stock may occur. The NZ standard hard limit is similar to the Canadian LRP, and the proposed default values are acceptable. Combining the soft and hard limits given, as suggested in the NZ standard, and using a 5% probability as the evaluation criterion in MSE shifts emphasis to the higher soft limit. The Canadian framework requires an explicit relationship between stock size and removal rate in the cautious zone,
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whereas this is not prescribed in the NZ standard. In both the NZ standard and the Canadian framework, it is clear that to have at least a 50% probability of fluctuating around a target of BMSY or better, the highest acceptable fishing mortality would have to be FMSY or less. Furthermore, FMSY is considered a minimum standard for a limit reference point under UNFSA. It is also clear that if the stock size falls below the target because of unfavourable environmental conditions affecting recruitment or growth, the removal rate will have to be set at a level that will promote rebuilding. In both the NZ standard and the Canadian framework, candidate management strategies will therefore include decision rules that vary the removal rate in relation to stock status. There are at least two ways in which the notion of risk and risk management can be introduced in the implementation of the harvest strategy framework. The first is to determine the state of the stock and then provide risk plots for short-term projected stock sizes relative to reference points under a range of total allowable catch (TAC) options as a guide to decision-making (Walters and Punt 1994; Gavaris and Sinclair 1998). Typically, the risk of biomass falling below the USR or fishing mortality falling above the predefined RR would be evaluated in the healthy zone. The risk of biomass falling below the LRP or fishing mortality falling above the RR would be considered in the cautious zone. Our experience in providing this kind of scientific advice on numerous Canadian groundfish stocks over the last 10 years has shown that fisheries managers have difficulty interpreting risk plots. Consequently, TAC decisions are often irrationally risk prone on a declining or depleted stock. Critics of this approach stress that estimates of current stock size may be very uncertain and the appropriateness of selected reference points may be questionable (Hilborn 2002) and that projections commonly ignore structural or model uncertainty, resulting in risk advice that may be of limited value (Butterworth 2008). An alternative approach is to use MSE as a comprehensive risk management tool within an open and transparent decision-making environment. The MSE simulations would include conservation and sustainable use performance measures. Only those strategies that meet the conservation standards described above would be considered for implementation. Sustainable use performance measures would include measures of average catch and interannual variability in catch. Uncertainties regarding the true state of nature would be limited to plausible alternatives that reflect the best available knowledge. Evaluation of alternative strategies would be done collectively by stakeholders to ensure acceptance and representation. It is inevitable that there will be debate on the trade-off between conservation and sustainable use performance measures during the evaluation process. Rather than developing an overall weighted mean performance measure to determine a ‘‘winner’’, it may be more useful to eliminate those management strategies that fall outside an acceptable range for any one performance measure and then discuss the relative merits of those that satisfy the acceptability conditions. Experience with this approach indicates that those strategies that often perform best tend to involve a relatively simple interpretation of annual data to make decisions, but that there is a need for periodic re-evaluation of the strategy as new knowledge and #
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experience are gained and incorporated into the operating model (Butterworth and Punt 1999).



Implementation Although much good policy on sustainable fisheries management exists, both within the international community and nationally, implementation on marine capture fisheries off the coasts of Canada has occurred slowly, if at all. Limit reference points have been defined for only a few stocks. Other aspects of the PA framework, including the harvesting strategy, remain to be fleshed out in nearly all cases. Consequently, the majority of existing fisheries management plans in Canada cannot be demonstrated to be consistent with international sustainability or PA standards. A number of fisheries are being pursued in the absence of any scientific assessment of sustainability because of lack of data and resources. This needs to be rectified. In other cases, some data exist but are insufficient to obtain quantitative estimates of absolute stock size or MSY-related reference points. In these cases, relative indices and proxy reference points should be applied to implement basic precautionary harvest strategies, while striving to collect more and better data to provide more reliable quantitative estimates of stock status, reference points, and risk in the future. In yet other cases, there are sufficient data to carry out a comprehensive analysis and to develop harvest strategies that can be demonstrated to be robust to uncertainty and to meet PA and sustainability requirements while still allowing commercially viable fisheries. These cases teeter on the brink of implementation, held back by a reluctance to discard current largely ad hoc nonprescriptive approaches despite ample demonstration that these approaches are ineffective. Canada is committed to implementing sustainable fisheries management in accordance with a growing list of international and national statutes and accords. The Bruntland definition of sustainable development has been adopted in two recent Fisheries and Oceans Canada policy statements covering Atlantic groundfish and wild Pacific salmon. Canada has ratified the UNFSA and the UN Convention on Biological Diversity and endorsed the PA to fisheries management as outlined by FAO, as well as signed the Johannesburg accord regarding managing fisheries at MSY. Recent new national statutes have further emphasized this commitment by recognizing the PA in the Oceans Act and the protection of species from extinction in the Species at Risk Act. The Privy Council Office of Canada reviewed the application of the PA across all government activities and the application to capture fisheries has been accepted. A general harvest strategy compliant with the PA has been developed. Fisheries and Oceans Canada is also committed to using an open, transparent, and inclusive governance process for implementing fisheries management strategies in accordance with these accepted agreements. There are a number of important guiding principles for implementing sustainable management that emerge from these formative documents: (i) management should be based on the best available science; (ii) conservation should receive the highest priority; (iii) sustainable use should be based on predetermined plans that respond to changes in stock status; (iv) management strategies should be evaluated
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through simulation testing; and (v) conservation and sustainable use trade-offs should be reconciled in an open, transparent, and inclusive manner. Despite this strong commitment, progress toward effective implementation has been slow compared with how long these concepts have been around. We have noted through several years of experience that some important changes in governance have been made. Scientific meetings that used to occur in camera are now open to interested stakeholders. The top-down process that dominated decision-making in the 1970s and 1980s is changing, but change is slow. This more open process has resulted in increased communication among stakeholders, managers, and scientists, but being open and transparent means listening to other opinions and objectives, finding common ground, and seeking resolution to conflicts. This has been time consuming; the required institutional changes have not yet occurred, and more work is required. Sharpening the definition of sustainable fisheries management will hasten the implementation process. Under the current vague definition, fisheries may be considered sustainable over a very broad range of use spanning foregone benefits at the low end and commercial extinction, or worse, at the other end. We can do much better. We endorse the New Zealand MSY-based harvest strategy standard as a good starting point for an operationally explicit Canadian framework. Although the Canadian Fisheries Act does not mention MSY, the body of international and national statutes and agreements that Canada has ratified and accepted is sufficient to require accountability with regard to this objective. To harvest populations at a rate that exceeds FMSY and to maintain fish stocks below BMSY for extended periods of time with no commitment to rebuilding makes no sense at the fish population, ecosystem, economic, or societal level. To move forward on the implementation of sustainable fisheries management in Canada, a sharper definition of sustainability is required to ensure that fisheries management clearly ‘‘meets the needs of the present without compromising the ability of future generations to meet their own needs.’’
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