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15.1 In Search of Principles
 The arc of the moral universe is long, but it bends toward justice.
 —Dr. Martin Luther King Jr.
 There are few inviolate laws of fisheries conservation and management. One such law is “Fish Die!” Its witty corollary is, “If your parents had no children, odds are good that you will not either.” The first Great Law of Fishing — “Fisheries that are unlimited become unprofitable”—has persisted since formulated by Michael Graham (1943). Scientists search for guiding principles to help organize our knowledge. A principle, when it is understood and accepted, serves to guide our thinking and assist in guiding actions. In the first chapter, I proposed the working principle, “Passionate and persistent people who understand the fish and the place will find a way to create partnerships to conserve valued fish in perpetuity.” This principle highlights the importance of groups of people because groups are collectively smarter than individual experts in problem solving, decision making, innovating, and predicting (Arminpour et al. 2020). Recovery stories of collapsed fisheries highlight the importance of people and partnerships (Krueger et al. 2019). In fact, the common traits of important leaders in nature conservation are passion, persistence, and engagement in partnerships (Nielsen 2017).
 Here I summarize key takeaways for implementing successful fish conservation organized as Fisheries Systems, Ecological Systems, and Management System principles.
 Decisions are made in context that includes ecological systems, social systems, and institutions or management systems.
 [image: Flow chart depicts fishing decisions are centered around connections between social, ecological, and management systems]Figure 15.1: An improved understanding of coupled social-ecological system dynamics will yield more effective fisheries and marine conservation decisions. Fisheries are continually changing as the many actors, institutions, and fish resources are influenced by the social-ecological setting (Figure 15.1). Each of these interacting systems may contribute to success or failure. In some cases, the habitat may be degraded. In others, the management system fails to respond to declines in catches in a timely manner. In others, the social system fails to support efforts to protect fish. Furthermore, understanding social systems, including cultural norms and institutions, local knowledge, and social learning, provides more options for enhancing well-being of fishing communities (Carlson et al. 2020).
 15.2 Fisheries Systems Principles
 Fisheries that are unlimited become unprofitable.
 Russell (1931) derived a simple equation for overfishing by expressing sustainable yield as the sum of recruitment and individual growth minus mortality (Figure 15.2). This simple equation means that what comes in must go out if you ever intend to get the population stabilized. Russell’s equation has had a profound influence on early thinking to classify fish stocks as overfished when their population is below the level that would maximize harvest. Consequently, much of fisheries science in the mid-20th century focused on estimating parameters and maximum sustainable yields for stocks (Schaefer 1954). Yet this simplistic single-species model underestimates the risks of harvesting on populations and ecosystems (Lichatowich and Gayeski 2020).
 [image: Long description available in figure caption.]Figure 15.2: Conceptual model depicting key factors that decrease or increase fish stock biomass according to Russell’s 1931 equation. Long description. Fishing remains the last major hunting and gathering industry. As such fishing supports human livelihoods, food security, human health, and recreation., the tremendous diversity of fishing activities and styles complicates management. Because fisheries are often public resources where access cannot be easily controlled, overfishing and fisheries collapse are common. Famous collapses of the Northwest Atlantic Cod and California abalone and sardine fisheries highlight the failures of weak regulations on fishing (Radovich 1982; Tegner 1993; Mason 2002; Bavington 2010; Kurlansky 2010) and subsequent ecological, economic, and social disruptions. Widespread and well-publicized fisheries collapses generated substantial public awareness (Clover 2008; Hilborn and Hilborn 2012), leading to the passage of new amendments to the Magnuson-Stevens Fishery Conservation and Management Act in 1996 and 2007. The recent amendments made overfishing illegal, while mandating the rebuilding of all depleted fish stocks.
 Overfishing is common across the full spectrum of fish life histories, not just top predators (Pinsky et al. 2011). Furthermore, overfishing is often exacerbated by illegal, unreported, and unregulated (IUU) fishing, leading to food and nutritional insecurity, loss of jobs, and loss of income to local fishers and economies (Agnew et al. 2009; Sumaila et al. 2020). Progress toward sustainable fisheries requires a global commitment to environmental, economic, and social goals over time (Duarte et al. 2020). Use of commonsense reforms could result in recovery of overfished stocks and increases in fish abundance, profits, and food security from marine fisheries (Costello et al. 2016; Cabral et al. 2018).
 Anthropocene era will be a time of uncertainty.
 Concern for the decline of biodiversity in the world’s oceans has never been higher as the combined failures of science, governance, subsidies, overcapitalization, and international cooperation have revealed (Costello et al. 2010; Sala et al. 2021). Nowhere is the biodiversity crisis more acute than in freshwater ecosystems, which cover less than 1% of Earth’s surface yet host approximately one-third of vertebrate species and approximately half of all fishes (Fricke et al. 2022). Twenty-eight percent of freshwater fishes are at risk globally (Dudgeon 2019; Tickner et al. 2020). Given recent dramatic declines in freshwater biodiversity, which far exceed declines observed in terrestrial or marine ecosystems, priority actions must be taken to reverse this trend (Ahmed et al. 2022). Yet many forms of freshwater life are valued more for their utilitarian value than their ecological and intrinsic value. Many fish are given unpopular or misleading labels, such as “trash fish,” “rough fish,” or “bait,” and receive little conservation attention (Monroe et al. 2009; Rypel et al. 2021).
 The future will bring uncertainty associated with rapid change in climate regimes worldwide (Davies 2016). As ocean temperatures warm, fish move poleward or upstream to find suitable temperatures. For example, fewer Atlantic Cod are caught in U.S. waters compared with historical levels, and sustainable yields for many exploited populations are declining (Free et al. 2019). Climate warming will result in a shift in some tropical tuna beyond traditional prime fishing grounds. Warming of inland waters will challenge current fisheries management priorities, as cold-water specialists are relegated to new habitats (Lynch et al. 2010; Dauwalter et al. 2020; Gallagher et al. 2022). Inland fisheries are important sources for food and sport, and collapses induced by recreational fishing and climate change will be challenging to predict (Cooke and Cowx 2004). While uncertainty can contribute to inaction, we should accept uncertainty as an inevitable reality that calls for continual learning and adaptive management. Given the growing uncertainty, alternative approaches to creating and applying new knowledge in collaboration with many partners will be needed to fill the gap that exists in applying evidence-based conservation in fish conservation (Toomey et al. 2016; Kidd et al. 2019; Nguyen et al. 2019).
 Learning from past successes, we can get off the pathological management treadmill that impedes recovery.
 Successful examples of fish conservation often share similar elements of governance structures that include successful and trusted partnerships. Partnerships are key to effective responses to management problems. Without engagement, governing bodies respond to problems with interventions that fail to solve the problem. Instead, the signals of problems increase, leading to further political concern (Figure 15.3; Webster 2015). For example, once overfishing is recognized as a problem, it is difficult to stop. Typically, when fish populations are severely overexploited, fishing effort increases with diminishing returns. While demand increases, fishing fleets have few alternatives and oppose new fishing restrictions. As conditions worsen, more and more intense signals are received by scientists, decision makers, firms, the public, and other actors. Political concerns grow until the political will supports new governance measures that permit a shift to the effective management cycle (right-hand side of Figure 15.3). A more effective vision of fishing often means catching fewer fish with greater value, less effort, and less habitat alteration. Over the long term, fisheries governance cycles between periods of effective and ineffective management. Strong and effective governance structures can prolong periods of effective governance.
 [image: Ineffective and effective governance cycles]Figure 15.3: The management or governance treadmill. The left-hand side shows an ineffective cycle, in which environmental problems send out socioeconomic signals that lead to increasing political concern. Strong governance leads to an effective cycle (right-hand side), where the problem decreases, signals weaken, and political concerns decline during a process of crisis rebound. It’s time to stop pretending that fish don’t feel pain and formulate animal welfare guidance for fishing and aquaculture.
 Currently, many are engaged in lively debates regarding the welfare of fish in recreational and commercial fisheries, as well as fish farms. Fish are capable of certain higher cognitive processes, which raises questions regarding ethics and welfare. The fundamental question whether and why fish matter in our moral deliberations is an applied ethics question (Bovenkerk and Meijboom 2012). New research is devoted to the difficult goal of establishing whether fish have awareness and can suffer (Browman et al. 2019; Hubená et al. 2022; Mason and Lavery 2022). The debate will continue, as some remain unconvinced that fish are sentient and call for higher standards for evidence, while others advocate for welfare protections for fish. An argument presented by Arlinghaus et al. (2020) bypasses the debate by promoting welfare based on the functions of natural populations of fish. This argument is summarized as follows:
 Premise: Well-being is important to the conservation of populations and fisheries, regardless of whether the animal is able to think and feel.
 Premise: Animal welfare can be considered without invoking or relying on concepts such as consciousness, sentience, or pain.
 Claim: Therefore, recreational angling welfare and ethics relies on measurable endpoints of fish well-being other than pain.
 Oversight and sanctions are needed to encourage compliance with regulations.
 Noncompliance with fishing regulations is a pervasive problem in recreational, commercial, and subsistence fisheries (Boonstra and Österblom 2014; Cepic and Nunan 2017; Bergseth and Roscher 2018). Without oversight, knowledge of fishing regulations may be lacking. Without oversight, illegal, unreported, and unregulated fishing will lead to overfishing. Subsidies for fishing fleets lead to overcapitalized and overfished fisheries. Advances in vessel tracking and electronic monitoring continue to improve our abilities to monitor for compliance.
 Comanagement holds great promise for successful and sustainable fisheries.
 Comanagement respects the rights of stakeholders to organize and establish institutions (including regulations) for long-term sustainability that are recognized by higher authorities (Ostrom 2009). Moving from top-down decision making based on Decide-Announce-Defend (DAD) to Engage-Deliberate-Decide (EDD) may lead to better decisions for complex fish conservation issues. DAD approaches may lead to quicker decisions but often results in ineffective policies. The DAD method is not suited for fisheries where a wide range of technical, social, cultural, and economic factors are influencing the current situation. Also, successful implementation involves a lot of people, and these people are not in an obvious command structure, but they can choose whether to cooperate (Walker 2009; Prince 2010). Comanagement of fisheries leads to enhanced interaction, deliberation, learning, and participation of stakeholders from the fishing community and government (Gutiérrez et al. 2011; Wamukota et al. 2012; McCay et al. 2014; Berkes 2015; Botto-Barrios and Saavedra-Díaz 2020; Arantes et al. 2021; Gurdak et al. 2022; Silver et al. 2022).
 Ecocertification of products from capture fisheries and aquaculture contributes to more sustainable, socially responsible seafood.
 The United States is the world’s largest fish importer, with 90% of seafood consumed by Americans coming from foreign fisheries (NOAA 2017). Yet, 25–30% of wild-caught seafood imported into the country is illegally caught (Pramod et al. 2014). Therefore the U.S. demand contributes to illegal, unreported, and unregulated (IUU) fishing worldwide. The power of this market demand can be used to encourage socially responsible fishing and seafood guides that affect retailers’ choice of what they will sell (Kittinger et al. 2017). To leverage the power of the market, fisheries must develop reliable systems for tracing seafood products so that labeling is possible (Willette and Cheng 2018).
 The Marine Stewardship Council’s theory of change describes how certification influences responsible fishing and marketing practices in ways that combat illegal fishing and provides greater benefits to fishers (Figure 15.4; Adolf et al. 2016; Arton et al. 2018; Willett and Cheng 2018).
 [image: Long description available in figure caption.]Figure 15.4: The Marine Stewardship Council’s theory of change describes how the organization envisages itself contributing to more sustainable seafood practices. Long description. 15.3 Social Systems Principles
 Fisheries management in poorer nations should have a much stronger emphasis on human health and well-being.
 People in the developing world heavily rely on fish for nutrition and fishing to support their livelihoods. Unfortunately, many of these developing countries have weak governance and are often net exporters of seafood to well-nourished countries with strong governance (Golden et al. 2016). Fish and other seafood will be essential to feed the estimated 10 billion people expected to be living on Earth by 2050. Industrialization of fishing, poor governance, and the expansion of foreign fishing threaten fisheries of small nations. Sensitivities to food insecurity in tropical ecosystems will be exacerbated by climate change and other human-induced habitat alterations (Free et al. 2019). Consequently, the historical rights of small-scale fishing communities to marine and inland resources, as traditional users for thousands of years, should be recognized to allow equitable allocation of fishery benefits (Schreiber et al. 2022). Currently, fishing incomes are below national poverty lines in 34% of the countries with data (Teh et al. 2020). In many artisanal fisheries (Figure 15.5), most of the catch is consumed domestically. Coral reefs and mangroves, which are essential ecosystems for many tropical coastal subsistence and artisanal fisheries, will be heavily degraded by coastal development, warming, and ocean acidification.
 Rights, equity, and justice are mainstream principles of good fisheries governance.
 [image: Man on shore balances 15 fish hanging from a stick]Figure 15.5: Small-scale artisanal fisheries target many species using handlines, and most fish landed are sold and eaten domestically. New norms of practice in the form of governmental laws and regulations, voluntary codes of conduct, trade agreements, and market-based tools have emerged in response to global concerns about overfishing and unjust distribution of fishery benefits (Lam 2016). Consequently, we apply ethical reasoning in fisheries management. Rights, equity, and justice are mainstream principles of good fisheries governance. The ethical matrix (table 15.1) combines consequentialist and rights-based ethics along with Rawls’ theory of justice as fairness, while considering all interest groups. Better compliance with the FAO code of conduct for responsible fishing will lead to enhanced fisheries sustainability.
 
 	Interest group 	Ethical principle 
  	 	Well-being (consequentialist or utilitarian theory: welfare and health) 	Autonomy (rights-based or deontology theory: freedom and choice) 	Justice (social contract theory and Rawlsian "justice as fairness") 
 	Producers 	Satisfactory income and working conditions 	Managerial freedom 	Fair trade laws and practices 
 	Consumers 	Food safety and quality of life 	Democratic and informed choice 	Availability of affordable food 
 	Organisms 	Animal welfare 	Behavioral freedom 	Intrinsic value 
 	Environment 	Conservation 	Biodiversity 	Sustainability 
  
 Table 15.1: Ethical matrix from Lam (2016) showing outcomes for interest groups by following three ethical principles. Deontology refers to the study of the nature of duty and obligation. Rawlsian refers to a theory of justice, developed by John Rawls, that aims to constitute a system to ensure the fair distribution of primary social goods. 
 Effective governance of fisheries depends on effective community leaders.
 Leaders who can build legitimacy and find ways to balance the concerns of competing interest groups help make the shift to effective governance responses. For example, the fisheries commissioner in Maine, who is credited with establishing more effective lobster management, built social networks and won the trust of lobster fishers while keeping abreast of scientific studies of the lobster fishery. Consequently, when difficult times emerged, the political will was sufficient to support governance responses instituting a conservation ethic to prevent overfishing (Acheson 1997).
 Transform arguments into partnerships because facts don’t win arguments.
 The popular press often unwittingly spreads misinformation and misunderstanding about fish conservation issues (Orth et al. 2020; Shiffman et al. 2020). Increasingly, citizens are ready to deny findings from science that contradict their opinions (Schmid and Betsch 2019). Many of us do nothing to correct false or unsubstantiated beliefs, based on the presumed “backfire effect” myth, in which attempts to correct false beliefs increase misperceptions among the group in question (Nyhan 2021). However, it is preferable to form partnerships and develop trust among all stakeholders. The guidance to “build trust and listen” leads to group efforts focused on seeking the right answer together rather than defending one view. Formation of viable, long-term partnerships is more likely to lead to lasting policy changes.
 A nudge may be more effective in changing behavior than forced compliance. 
 A nudge, unlike forced compliance, uses subtle changes and indirect suggestions to make certain decisions more salient, thereby improving voluntary compliance (Thaler and Sundstein 2008). For example, scientists know that keeping fish in or over the water and holding them with clean, wet hands or a soft rubber net will help keep their slime layer and scales intact and the fish disease free. The nonprofit organization Keep Fish Wet works to change social norms about the practice of catch-and-release angling. Prominent anglers and guides demonstrate how to land fish with minimal air exposure and handling, thereby nudging others to adopt the new behavior. Social norms are important drivers of human behavior and are known to influence how fishers interact with animals and their environment. The role of social norms within the context of recreational angling is of particular interest, given that angling behavior is seldom formally or easily monitored and enforced (Mackay et al. 2018). Increasingly, findings from psychological science may serve to promote behaviors that support conservation (Clayton and Myers 2015).
 Conflicting value orientations are common in many fisheries.
 Throughout this book, we have seen many ways in which fish and fishing matter to people. Relational values comprise a broader framework for including all values, not simply economic values, that can arise from a person’s or society’s relationship with nature (Chan et al. 2018). The ecological, spiritual, cultural, financial, academic, and recreational significance of a fish in human experience reflects pluralistic values to consider when formulating conservation strategies. We may think about the values-beliefs-norms-action causal chain when evaluating potential conservation interventions. For example, consider how biocentric values support beliefs, norms, and actions regarding shark conservation (Figure 15.6). Those with strong biocentric, altruistic, and egoistic values are likely to believe in an ecological worldview that sharks are at risk and they have the ability to effect change. From these beliefs, a sense of obligation to take actions becomes a norm, which leads to certain specific actions to protect sharks. Similarly, biocentric values lead to beliefs about harms to individual fish and implementing welfare actions in aquaculture and in fisheries. Successful conservation requires that we acknowledge and consider pluralistic values from biocentric to anthropocentric.
 [image: Long description available in figure caption.]Figure 15.6: Values-belief-norms-actions framework for depicting the chain of causality liking relational values to beliefs, norms, and actions in the context of shark conservation. Long description. Values drive selection of management objectives, policies, and practices. 
 A wide variety of conservation and management approaches naturally emerge as a result of differing values (Figure 15.7). Heterogeneous values among stakeholders translate to differing priority for objectives, policies, and practices. Laissez-faire approaches arise from strong values of autonomy and belief in the workings of the free market. Utilitarian values lead to selecting an objective of maximum sustained yield, precautionary policies, and practices such as closed seasons or quotas. Conservation and wise use of fishery resources may in some cases greatly alleviate poverty and improve the well-being in fishing communities. In other cases, recreational fishing and diving provide largely unexamined psychological benefits to participants whose values focus on spending time in unspoiled natural systems. Laissez-faire approaches arise from strong values of autonomy and belief in the workings of the free market. Utilitarian values lead to selecting an objective of maximum sustained yield, precautionary policies, and practices such as closed seasons or quotas. Conservationists have put considerable hope into the idea that we may be able to defend ecosystem services by translating them into monetary terms. A fundamental criticism of this approach is that it may lead to marginalizing certain social groups (Sorlin 2012). In other cases, ecological reference points are emerging when stakeholders hold ecocentric values, such as we saw with new policies and practices implemented for Atlantic Menhaden management. Over long time horizons, we should anticipate shifts in how people value fish. For example, the change in anglers’ values from utilitarian self-interest toward biocentric, ecosystem-based conservation is evident among fly fishers and rough fish anglers. Biocentric value orientations contribute to greater support for stewardship objectives, policies, and practices, while at the same time contributing to less support for the use of technological angling aids (Bruskotter and Fulton 2007).
 The tragedy of the commons is not inevitable if we embrace pluralism and pragmatism.
 [image: Tree diagram. From roots to leaves: values, objectives, policies, practices.]Figure 15.7: Values drive selection of management objectives, policies, and practices. When fishers act solely in their own interests when accessing a public fishery, they ultimately overfish. The primary roles of government at the local, state, national, and international levels is to define and manage shared fisheries resources. However, notable failures have led many to adopt some type of participatory approach to involve fishers in management. Adopting pragmatism means that we emphasize actionable knowledge and practical experiences of all stakeholders. For these participatory programs to be effective, it must be clear how stakeholder input is used in decision making (Crandall et al. 2019). Pluralism emphasizes respect for multiple ways of knowing and thinking about fish conservation issues. Plurality means we examine perspectives and understandings from traditional Western and Indigenous knowledge systems to support decisions (Bingham et al. 2021; Reid et al. 2021).
  
 Building trust among various stakeholders is critical to effective governance and conservation. 
 Conservation programs require substantial interagency coordination, collaboration, and knowledge sharing. Yet, many fisheries institutions have a history of conflict and discrimination against women, Black, Indigenous, and people of color. Although historical injustices cannot be undone, changes in treatment may reduce discrimination in the future. Differing value orientations often lead to distrust. Distrust is often recognized as a major obstacle to effective natural resource management, leading to fear or opposition (Stern and Coleman 2015). Procedural fairness and technical competency are keys to developing stakeholder trust. Procedural fairness exists when stakeholders believe they have a voice in the decision process regardless of outcome (Riley et al. 2018). Direct, frequent, and timely communication is essential to demonstrate that stakeholder input is valued. Also, dialogue with stakeholders should focus on conversations that allow stakeholders to share their concerns and fears. New norms are emerging for stakeholder engagement with a greater attention to diversity, equity, inclusion, justice, and accessibility (Arismendi and Penaluna 2016; Worm et al. 2021).
 15.4 Ecological Principles
 Big, old, fat, fecund female fish, or “BOFFFFs,” contribute substantially to population productivity and stability. 
 The examples presented in fishing for living dinosaurs, Arapaima, and grouper highlight the importance of BOFFFFs for conservation. Larger females are far more productive than the same weight’s worth of smaller females (Barneche et al. 2018). Management practices that ignore the value of large females contribute to declines seen in some fish stocks, such as the Atlantic Cod Gadus morhua (Figure 15.8). In a broad range of fishes, older females spawn earlier and may have more protracted spawning seasons than younger females (Francis et al. 2007).
 Increasingly, modern methods for aging fish reveal longevity estimates far exceeding those from earlier studies. Fish having long life spans with repeated spawning is a bet-hedging response to life in variable environments where larval survival and successful recruitment may be uncommon. More large fish are living life in the slow lane. Recent studies revealed that Bowfins live ~2–3 times longer than previously estimated for wild populations. With Bowfin, over the past two decades, there has been increased demand for roe for caviar, increased participation in recreational angling, and increased harvest through modern bowfishing (Lackman et al. 2019, 2022; Scarnecchia et al. 2019). Ecological functions of Bowfin and other rough fish must be considered (Rypel et al. 2021).
 Sometimes it’s the habitat.
 [image: Long description available in figure caption.]Figure 15.8: Atlantic Cod is one of many fish where large females play a disproportionate role in producing future offspring. Long description. Initiatives to “protect the habitat” are common among supporters of bonefish, tarpon, trout, char, grouper, salmon, sharks, sturgeon, and many others. In fish that use multiple habitats to meet different resource needs throughout their lives, a loss of an essential habitat may limit the ability of an overfished population to recover. For example, many studies demonstrate the key function of mangroves and seagrass beds as reef fish nurseries and freshwater streams as salmon nurseries. Increasingly, marine protected areas (MPA) are used to protect essential habitats (Giakoumi et al. 2018; Sala and Giakoumi 2018; Gilchrist et al 2020). More than 17,000 MPAs protect almost 11.2 million square miles (29 million square kilometers) of ocean. In other words, nearly 8.2% of the ocean, an area the size of North America, is under some kind of protection (UNEP–WCMC 2020).
 Although there are few freshwater protected areas, the enforcement of the U.S. Clean Water Act and water quality standards led to improvements in diversity and abundance of riverine fish and other biota in many large rivers (Yoder et al. 2019). Scientific management of the Chesapeake Bay crab population that has called for cleaner water and improved habitat also will help crabs. Reducing the levels of nutrients reaching the bay from farms and lawns and better managing of polluted runoff before it gets into rivers and streams will help improve water quality and contribute to the recovery of both Blue Crabs and bay grasses. Habitat restoration is the most effective tool for conservation of nongame fish, which are often hardly visible, small bodied, co-occurring with a large number of species over their distributional range, and sharing essential habitat requirements. Because of these characteristics, freshwater (especially stream) habitat protection should achieve conservation for multiple species.
 Recovery of fish populations is possible but takes long-term effort and partnerships. 
 Well-documented case studies demonstrate this principle for Eastern Brook Trout, Goliath Grouper, Lake Erie Walleye, and Snail Darter, as well as others (Kraft 2019; Vandergoot et al. 2019; Koenig et al. 2020). In all successful recoveries, there is substantial effort in developing coordinated, multiagency approaches with stakeholder input. In 2022, the U.S. Fish and Wildlife Service announced an important milestone in fish conservation. The most famous darter in the world, the Snail Darter, was considered recovered (Loller 2022), demonstrating that the Endangered Species Act is working to recover endangered species.
 15.5 Final Takeaway
 It is easy to become disillusioned with the magnitude of the global challenges for recovering at-risk fish populations or maintaining valuable fisheries. However, if we focus on the principle that passionate and persistent people who understand the fish and the place will find a way to create partnerships to conserve valued fish in perpetuity, we can work to implement actions at local levels. Many inspiring stories exist about the recovery of overfished or collapsed highly degraded ecosystems (Krueger et al. 2019). Collectively, these stories revealed that no single silver bullet worked. Rather, strategies that engaged and nurtured partnerships with stakeholders led to increased trust and effective collaboration.
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 [image: Headshot of Emmanuel Frimpong]Figure 15.9: Emmanuel A. Frimpong, PhD. Emmanuel A. Frimpong is currently Professor in the Department of Fish Conservation at Virginia Tech. He grew up in Ghana, a country where fish were, first and foremost, food. He began fishing with his dad at the age or nine and recalls that every fish caught came home to be eaten by the family. This reminds us of the priority of food for human survival before humans can consider the role of fish, fishing, and conservation in a broader context. He recalls that for centuries, the indigenous people of Ghana have loyally guarded patches of forest and accompanying streams where freshwater fish are protected from harvest.
 Dr. Frimpong received his BS from the University of Science & Technology in Ghana, MS from the University of Arkansas at Pine Bluff, and PhD from Purdue University. Later he earned a second MS in statistics from Virginia Tech. He joined the faculty at Virginia Tech in 2007. He collaborates with the U.S. Agency for International Development’s AquaFish Innovation Lab on research and development projects in Ghana, Kenya, and Tanzania. He is a significant contributor to research and development in Ghana and sub-Saharan Africa and was named to the prestigious Carnegie African Diaspora Fellow program. As a fellow, he is actively engaged in educational projects proposed and hosted by faculty of higher education institutions in Ghana, Kenya, Nigeria, South Africa, Tanzania, and Uganda. His research in the United States is funded by the National Science Foundation’s Division of Environmental Biology and the U.S. Geological Survey’s Aquatic Gap Analysis Program.
 Dr. Frimpong and his students study the ecology and conservation of freshwater fish, with emphasis on how anthropogenic alterations to habitats and landscapes differentially affect species as a result of differences in their life history traits and the nature of biotic, especially mutualistic, interactions. Findings of his research team demonstrated how specific landscape and habitat changes, such as agriculture and aquaculture, urban development, introduction of nonnative species, and climate change, drive current conditions for stream fish. Frimpong developed a comprehensive database describing more than 100 biological traits of 809 freshwater fish, which is available to scientists everywhere. This improved understanding of determinants of fish distributions helps us predict how the distribution of species will respond to anthropogenic changes to their environment, while suggesting solutions to declining populations. In addition to studies of stream fish ecology, he has examined approaches to encouraging sustainable production aquaculture (especially in sub-Saharan Africa) as an alternative to overexploitation of natural fisheries.
 Dr. Frimpong has demonstrated that unremarkable streams and common fish can reveal many ecological principles, such as the existence of important mutualistic interactions among stream fishes. These small, common fish are also important to fish conservation initiatives. Lack of information about common fish perpetuates ineffectual conservation practices. Frimpong recommends that we put ourselves in the fins of a fish to better appreciate their special underwater capabilities and threats to their continued existence. Particularly, aquatic biodiversity in West and Central Africa is grossly undersampled and unstudied. In Ghana and elsewhere, many undocumented, undescribed, and cryptic clusters of species are lumped into one species due to lack of detailed study. These taxonomic oversights influence our understanding of rarity, a key to conservation status. Yet, he explains to his students and colleagues that people are unaware of fish in local waters, and fish appreciation remains an untapped need for fish conservation.
 
 This chapter was reviewed by Francesco Ferretti and Emmanual A. Frimpong.
 Long Descriptions
 Figure 15.2: Flow chart depicts key factors in fish stock biomass; 1) recruitment; 2) growth; 3) stock biomass (leads back to recruitment and growth). Stock biomass points to either harvest or natural death. Jump back to Figure 15.2.
 Figure 15.4: 1) fisheries which meet the MSC standard are independently certified as sustainable; 2) consumers preferentially purchase seafood with the MSC ecolabel; 3) retailers and restaurants choose MSC certified sustainable seafood; 4) a traceable supply chain assures consumers that only seafood from an MSC certified fishery is sold with the MSC ecolabel; 5) market demand for MSC certified seafood increases; 6) more fisheries choose to improve their practices and volunteer to be assessed against the MSC standard. Jump back to Figure 15.4.
 Figure 15.6: 1) Values: biocentric, altruistic, and egotistic. 2) Beliefs: ecological worldview, perception of risk to sharks, realization of personal agency to reduce threats of sharks. 3) Norms: sense of obligation to take action to reduce threats. 4) Actions: adoption of shark conservation-centric fishing guidelines, membership in shark/marine conservation groups, participation in shark conservation policy processes, personal advocacy for fishery compliance, policy adoption. Jump back to Figure 15.6.
 Figure 15.8: Atlantic cod that is gray green with reddish brown spots. Their lateral line is pale, almost white. Cod are streamline in shape, have a broad square tail fin, three rounded dorsal fins, two anal fins and no fin spines. Jump back to Figure 15.8.
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		Integrating Fishers in the Management of Arapaima

								

	
				
 Learning Objectives
  	Investigate the significance of Arapaima fishing in the Amazon.
 	Examine the role of the Arapaima, one of largest freshwater fish of the world, as an example of a flagship species.
 	Appreciate the cultural significance of the Arapaima.
 	Explain how we detect overfishing.
 	Explain the benefits and successful application of principles for sustainable governance of common property resources.
 	Explore gender differences in Arapaima fisheries.
 
 
 
 11.1 People and Fish of Amazonia
 The settlement of the Amazon region is a story of many people and their relationship with the rain forest and its resources. Fish were a dominant part of the diets of indigenous people. The Amazon River basin, also known as Amazonia, is one of the world’s largest river systems, with approximately 12 times the volume of water carried by the Mississippi River. At its mouth, one cannot see across the Amazon from one bank to the other. The Amazonia region, which includes the Amazon, Orinoco, and rivers of Guyana, has the richest freshwater fish fauna in the world! Amazonia is a cradle of biodiversity, with over 3,000 fish species and likely many more yet to be discovered. For example, more than 100 new fish species were described between 2017 and 2019 (Jézéquel et al. 2020). The fish fauna in parts of the Amazon basin is still in a relatively good state of conservation (Reis et al. 2016), and fish provide for many ecosystem services, such as nutrient cycling, grazing, seed dispersal, and essential nutrition and livelihoods for many people of Amazonia. Sustainable fisheries are essential for the food security of people of this region, and unsustainable land and water use practices threaten this important hot spot for fish conservation (Pelicice et al. 2017).
 The first humans to migrate across the land bridge from Siberia to Alaska during the Pleistocene (at least 16,500 years ago) settled in western North America. By the late Pleistocene and early Holocene (~12,000 years ago), humans had migrated from North and Central America to South America, likely via the Isthmus of Panama (Hester 1966). Early humans likely domesticated manioc, maize, squash, and beans in addition to hunting, fishing, and gathering (Lombardo et al. 2020). By the time that explorers from Portugal discovered present-day Brazil in 1500, there were hundreds of native tribes inhabiting the region. Some experts speculate that there may have been 15 million Amerindians in the basin before Europeans arrived (Smith 1999). Fish were important wild food, as revealed by bones of many fish species, including small characiforms, catfish, and Arapaima, at archeological sites from 11,200 to 8,000 years ago (Roosevelt 1999).
 Portuguese colonists bartered with the native peoples and developed a profitable export trade for brazilwood and other commodities. However, tensions soon developed, and the Portuguese colonists turned to violent confrontations with indigenous tribes. The custom of native peoples of frequently moving villages to prevent damage to local flora and fauna conflicted with the European system of private ownership and permanent settlements. Indigenous people explored the many rivers and developed villages, passing on specialized local knowledge of fishing and other essential products from the rivers, lakes, and forests. The Native Amazonian people love and live successfully in rain forest communities. However, violence and exposure to novel diseases, such as smallpox, led to gradual replacement of indigenous people with colonists from Europe and Africa in the 17th century. Land surrounding large human settlements became highly modified due to logging, livestock grazing, and commercial agriculture.
 Indigenous peoples of the Amazonian floodplains are themselves a diverse group, called ribeirinho, or river settlers. Ribeirinhos live alongside the Amazonian floodplains and have intimate knowledge about the river and forest resources upon which their livelihoods depend (Moran 1993). Indigenous people settled in the flooded forest ecosystem, where they continue to live today with little advanced technology and live largely on cassava manioc (to derive flour, tapioca, and bread), wild fish, bush meat, and pequi fruit (Dufour et al. 2016; Schor and Azenha 2017). All indigenous groups recognize many wild plants and animals, their relations to soil quality, and their useful properties. Increasingly via cash trading, they also purchase canned goods, frozen chicken, dairy, and other refrigerated foods.
 Today, the people of Amazonia include indigenous peoples and colonists, each with differing cultures. Modern Brazilians descend from Portuguese colonists, African enslaved people, intermarriage of both races with indigenous peoples, and recent immigration by other Europeans and Asians (Hemming 2020). Colonists cleared the floodplains for farming and engaged in slash-and-burn tactics for profit-driven cattle grazing or soy plantations; hence it is difficult for each group to understand the other. Historically, the indigenous people have suffered genocide, violence, and exploitation of their lands for mining, cattle ranching, logging, hunting, and big agriculture.
 Brazil was ruled by a Portuguese monarchy for more than three hundred years before becoming independent in 1822. Millions of enslaved people were imported to work on coffee plantations, until slavery was outlawed in 1888. When Brazil began democratic rule in 1985, groups fought to get rights for indigenous people. Brazil’s constitution (1988) (1) declared that indigenous people were descendants of original Brazilians and hence owned lands, and (2) guaranteed respect for their way of life and provided exclusive use of the goods and resources on indigenous lands. Today every forest tribe has its land protected (Hemming 2020).
 Approximately 89% of the population of Brazil now resides in urban areas, and strong rural-to-urban migration continues. Children of rural migrants are exposed to different food options in urban areas, leading to reduced fish consumption. Fishing pressure is focused on few species (Bayley and Petrere 1989), and overfishing is driven by the demand for fish from urban settlements (Tregidgo et al. 2017). Agriculture production has grown dramatically in Brazil, resulting in clear-cutting of mature forest to plant grains and raise beef cattle (Nepstad et al. 2014). Deforestation is only one of many threats to the Amazon region. Other threats to fisheries include overfishing, nonnative species, aquaculture, pollution, water diversions, habitat loss, mining, and poor management.
 [image: Two people traveling on a river in a motorized canoe]Figure 11.1: Indigenous and ribeirinho people travel on rivers of Brazil in a voadeira, a motorized canoe. Fisheries, river and lake ecosystems, and wetlands of Amazonia support many regional economies and livelihoods of traditional and indigenous communities (Goulding 1996). Most fishing in rural communities is for subsistence to feed families, and only the surplus is sold. Fish are still the cheapest and most important source of animal protein in the central Amazon. Per capita fish consumption is high in the Brazilian Amazon, at 5.8 times the world average for riverine dwellers and 2.5 times the world average for urban dwellers (Isaac and Almeida 2011).
 Subsistence fisheries are a large economic activity and livelihood component of rural communities. Globally, small-scale fisheries contribute to food security and employ 32 million fishers (World Bank 2012). However, fisheries management agencies collect incomplete statistics because small-scale fisheries tend to be physically remote and agencies lack sufficient human and financial resources (Berkes et al. 2001). Arapaima fishing illustrates how innovative approaches to fisheries governance may lead to recovery of overfished populations and alleviate poverty without major government intervention.
 11.2 Arapaima: An Example Freshwater Megafauna and Flagship Symbol
 Arapaima (pronounced “air-ah-pie-ma”) is one of the most acclaimed fishery resources of the Amazon region and has considerable socioeconomic importance. In Brazil and Colombia, they are called Pirarucu, a Portuguese name meaning red fish. Arapaima are called Paiche in Peru, Ecuador, Venezuela, and Bolivia, and sometimes simply Giant Arapaima. Its large size (up to 3+ meters and >200 kg) and the high quality of its flesh make it one of the most historically important and overexploited fisheries in South America. The people of Guyana call Arapaima Oma, or the “mother of all fish,” which serves as a local taboo against harvest.
 [image: Arapaima with pink and green scales in aquarium]Figure 11.2: Arapaima gigas displayed in the Siam Centre, Bangkok. Arapaima is an important flagship genus for flooded forest ecosystem and human floodplain communities. Flagship taxa are used as a symbol to promote conservation awareness (Caro 2010). Their large size makes them a true freshwater megafauna like crocodiles, river dolphins, and other large fish. Freshwater megafauna face many threats, and 71% of these species are in decline (He et al. 2017, 2018). Arapaima continue to face intense fishing throughout their range (Watson et al. 2021). However, freshwater megafauna like the Arapaima have fewer conservation resources and efforts than marine or terrestrial megafaunas.
 Fishing, in general, and fishing for Arapaima in particular, is a central element of the local economy and culture in Amazonia. Because these fish are obligate breathers, they are traditionally harvested by fishers using harpoons at the time when they surface to breathe. Men typically fish from canoes and search for signs of Arapaima near the surface. As they near the Arapaima, the harpooner throws the harpoon by hand. This is a specialized type of fishing, and the local fishers possess knowledge of the behavior that increases their likelihood of catching one. With appropriate training, fishers’ participation in management processes can contribute to the conservation and governance of these small-scale fisheries.
 Many populations of Arapaima have been driven to local extinction due to overfishing (Castello et al. 2015a; Gurdak 2019a; Watson et al. 2021; Freitas and Sousa 2021). Much of the catch is illegal, with most specimens being caught below the minimum size limit or during the closed season (Cavole et al. 2015). The small-scale fishers are geographically dispersed, and governments in these regions have insufficient resources to devote to enforcing fishing rules. The riverine fishers who target Arapaima are marginalized and have limited formal education. Yet, compliance with regulations is essential to prevent overfishing and local extinction.
 Arapaima represent only a small fraction of the fisheries harvest, but they are culturally important and symbolic as a flagship genus of tropical South American fisheries and floodplain management and conservation. Reducing the threats to Arapaima will also provide protections for many of the highly migratory fish of the Amazon basin. Collectively, the migratory fish contribute most of the fishery’s landings in the basin (Duponchelle et al. 2021). Migratory fish depend on multiple, distant, but interconnected habitats during their life cycle. Any threat to one of the habitats or the corridor that connects them can influence these important food fish (Goulding et al. 2019).
 11.3 Habits, Habitat, and Life History of Arapaima
 Arapaima live in floodplain lakes that experience seasonal variation in water levels, ranging from 4 to 15 meters. The floodplain along the sediment-rich waters of the Amazon basin consists of seasonally inundated rain forests, lakes, and winding channels. The seasonal flood pulse creates a new and expanding littoral zone that moves with the rising waters. Seasonal flood pulses provide new nutrient, detritus, and sediment inputs from the main river channel and drive the high productivity of numerous prey fish of the Arapaima (Watson et al. 2013; Castello et al. 2015b; Carvalho et al. 2018). Arapaima are more abundant in deeper and larger lakes with more space and food (Arantes et al., 2013; Campos-Silva and Peres, 2016). Juvenile Arapaima in particular benefit from lakes with large littoral zones that move with rising water (Castello et al. 2019).
 [image: Long description available in figure caption.]Figure 11.3: Schematic diagram of the main drivers influencing freshwater ecosystems in the Amazon. Long description. Large Arapaima are the ultimate ambush predators. They belong to a group of primitive bony fish known as bonytongue fish, because their tongues are used to crush prey against the roofs of their mouths. Smaller Arapaima are generalist feeders, consuming a variety of invertebrates, such as the Amazon River prawns, mayflies, and crickets, while larger Arapaima can consume larger prey, often catfish, cichlids, hatchetfish, and pacu (Watson et al. 2013; Carvalho et al. 2018; Jacobi et al. 2020). During low water periods, many isolated lakes can become hypoxic (i.e., low in oxygen). The air-breathing habit permits Arapaima to survive in such environments and prey on fish stressed by low oxygen.
 In addition to overfishing of Arapaima, many of its essential habitats are modified by deforestation, dams, pollution, and logging in nearby wetlands (Figure 11.3; Castello et al. 2013b; Castello and Macedo 2016; Pelicice et al 2017; Gurdak et al. 2019a). Because freshwater ecosystems are highly sensitive to human activities on water and on land, these growing impacts are currently a major constraint to conservation (Pelicice and Castello 2021). Human influences cause a complex chain of effects that alter the hydrology, water chemistry, and food webs of Amazon floodplain rivers. Current government policies, guided by short-term economic profits, ignore the scientific evidence of environmental degradation and threaten efforts to conserve and protect aquatic ecosystems and the many fishes that depend on them.
 [image: Long description available in figure caption.]Figure 11.4: The generalized life cycle of the Arapaima can be divided into four main stages: (1) nest-bound embryo and sac fry, (2) adult-protected, schooling juveniles, (3) independent juveniles, and (4) reproductive adults. Long description. The life cycle of Arapaima is synchronized with the seasonal flooding cycle and consists of four main stages: (1) nest-bound embryo and sac fry, (2) adult-protected, schooling juveniles, (3) independent juveniles, and (4) reproductive adults (Figure 11.4). Although the Arapaima are among the largest freshwater fish in the world, their lifespan is only about 20 years. They attain reproductive maturity when they approach 150 cm in total length (TL) or age three or four. Size at reproductive maturity varies between 139 cm in the lower Amazon to 207 cm in the upper Amazon in Peru (Gurdak et al. 2019b). Arapaima migrate at the start of the rainy season in response to rising water levels and build nests in shallow, soft, sandy or muddy areas, usually under woody vegetation. Clearing a nest site likely serves to limit small predatory fish from eating eggs and larvae. Eggs are deposited in the nest by the female and fertilized by the male, and developing embryos are guarded by both parents. For such a large fish, fecundity is relatively low, with about 10,000 to 20,000 mature oocytes for an 80 kg female. However, the eggs are large (~2.5–3 mm) and hatch in about seven days to become sac fry.
 The small fry are a dark color and stay near the parental male Arapaima’s head. The male’s head turns dark to help hide the fry. Males release a pheromone that attracts his offspring and keeps them close by as he guides his offspring into zooplankton-rich areas for feeding. The substance is referred to by local people as “Arapaima milk,” which may provide nutrition to young Arapaima as well as provide a means of chemical communications (Torati et al. 2017). Both parents continue to guard the juveniles as they school in search of food, but the female normally leaves after about one month, while the male stays with his offspring for up to three months. Juveniles are often preyed upon by other species of fish, particularly the abundant cichlid fish, such as the piranhas and Peacock Bass (Cichla or tucunaré).
 [image: Long description available in figure caption.]Figure 11.5: Juvenile Arapaima exhibit the fastest growth recorded in fish, reaching 15 kg or larger within the first year. Long description. Growth is fast, and juveniles disperse and live independent of parents at about 50 cm total length. In the central Amazon, Arapaima may grow to 30 cm TL in 3 months and 88 cm and 20kg in a year (Figure 11.5; Arantes et al. 2010), which may be the fastest juvenile growth of any fish (Schwenke and Buckel 2008; Sakaris et al. 2019). Growth is faster in the dry season, as more prey are concentrated. As adults, Arapaima have few natural predators because of their tough layer of scales. Only the rain forest caiman is known to prey on adults. Arapaima scales are among the toughest biological materials in nature, and they protect them from the abundant piranha (Sherman et al. 2017; Yang et al. 2019).
 11.4 Biogeography and Conservation Status of Arapaima
 Arapaima gigas is the most well researched species of Arapaima. Ichthyologist Albert Günther (1868) declared with no rationale that it was the only valid species, a view that persisted for over 100 years only because scientists never questioned his claim. However, as many as three other species of Arapaima have been recently named in Brazil, Peru, and Guyana (Stewart 2013a, 2013b). The most recent was Arapaima leptosoma, found in the Solimões River in Brazil. Arapaima mapae comes from the Lago do Amapá in Brazil, from which it takes its scientific name. Arapaima agassizii was named after famous biologist Louis Agassiz. Although these four Arapaima species were described in the 1800s, it was their different characteristics that have allowed Donald J. Stewart to classify them separately in his recent work. Although there is still no consensus on Arapaima taxonomy (Farias et al. 2019), ongoing studies indicate that there may be up to six valid species. Donald J. Stewart admonishes other scientists to “Beware of conventional wisdom—what we know might be completely wrong” (Stewart 2013a).
 Available evidence indicates that Arapaima populations are likely decreasing in the entire Amazon basin (Castello and Stewart 2010). Where data do exist, there is a preponderance of juveniles, indicative of overfishing. Current distributions of the species cannot be accurately mapped due to uncertainty on the taxonomy and geographical distribution. However, the findings to date highlight the urgent need for caution in translocations of individuals. Conservation status is determined based on levels of reduction in population size, geographic range occupied, and number of populations. The Brazilian Environment Institute (IBAMA) classified Arapaima gigas as an overfished species or a species threatened with overfishing (Nogueira et al. 2020). Arapaima gigas was listed on the CITES Appendix II since 1975. Species listed in CITES Appendix II may be exported only after a nondetriment finding is affirmed. However, data are deficient for status assessment on most wild Arapaima populations. Populations from Guyana were classified as “near threatened” (Watson et al. (2021). Different species and different populations of Arapaima exhibit key life-history and ecological differences that may be relevant to their conservation (Watson et al. 2016; Watson and Stewart 2020). Two other species, Arapaima agassizii and Arapaima leptosoma, are recognized by the Brazilian Red List as “Data Deficient.” Given the taxonomic uncertainties, fisheries management in this region currently refers to Arapaima only at the genus level (Arantes et al. 2021).
 11.5 Vulnerability to Overfishing
 Several characteristics of Arapaima make them highly vulnerable to overfishing. First, they are obligate air breathers and typically must surface every 5–15 minutes to gulp air; this makes them easy to locate. Second, the high-quality, boneless flesh is highly sought, making Arapaima a popular commercial food fish. Third, their skin can be used in the manufacturing of shoes, bags and clothing, and its scales and tongue are used in the manufacturing of nail files and ornaments. One hundred years ago, Arapaima dominated fisheries in the Amazon. Unregulated fishing with gill nets led to overfishing and many local extinctions, leading to a ban on fishing for Arapaima in 1986. Yet, gill nets are still used in the Amazon to capture other small fish and inadvertently capture juvenile Arapaima.
 Characteristics of Arapaima that make them vulnerable to overfishing:
 	Obligate air breathers
 	High-quality flesh
 	Skin and bones used in products
 
 To protect rich native biodiversity in the Amazon, biological reserves were established. The largest is the Mamirauá Ecological Reserve, one-third of which is in flooded forest. This reserve is approximately half the area of New Jersey. The thrust of this reserve is the integration of local people into reserve management. In biological reserves, agreements guarantee indigenous fishers the exclusive right to fish (or to hunt) Arapaima but only with harpoons. Harpoons provide an efficient catch method for targeting Arapaima. The harpooners, referred to as laguistas, are specialists in handling harpoons and are familiar with the habits of the Arapaima (Sautchuk 2012). Searching for Arapaima involves catching the fish unaware, to facilitate approach and, ultimately, harpooning. Experienced fishers have an extraordinary ability to detect very subtle visual and acoustic information from surfacing Arapaima (Castello 2004).
 Where management is weak or nonexistent and multiple fishers compete to catch fish, the large individuals are rapidly removed from the population and catch rates are barely sufficient to cover the costs of fishing, and fishers seek other areas. Remoteness of the fishing communities means that government presence and enforcement of regulations are lacking. Monitoring landings is practically impossible because of the decentralized and illegal nature of the trade. One survey from 81 fishing communities indicated that the local Arapaima stocks are depleted in 76% of the communities and overfished in 17% (Castello et al. 2015a). Only 5% were well managed and only 2% were unfished. Illegal fishing is still the principal threat to Arapaima populations (Castello and Stewart 2010; Cavole et al. 2015; Faria et al. 2018).
 [image: Long description available in figure caption.]Figure 11.6: Theoretical length frequency for unfished (top) and fished (bottom) populations of Arapaima. Long description. In many areas, Arapaima are poached before they are able to mature and spawn; in some populations, 80–90% are killed long before they mature (Figure 11.6). A fishery that includes many small, immature fish in the catch is subject to growth overfishing, where the fish are removed well before they reach sexual maturity and their full growth potential. The result is size and age truncation, which is prevalent and often severe in exploited fish populations (Barnett et al. 2017).
 Old fish have disproportionate effects on population growth, and scientists are beginning to recognize the benefits of big, old, fat, fertile, female fish in the population (BOFFFF; Hixon et al. 2014). Removal of too many immature fish reduces the number of BOFFFFs so that replenishment potential is restricted. Larger Arapaima are likely more effective at producing more offspring and protecting young from many predators.
 Questions to ponder:
 What characteristics of the Arapaima make them particularly vulnerable to overfishing? How might you develop a monitoring program to determine if overfishing is occurring for Arapaima?
 
 [image: Boots made from arapaima leather]Figure 11.7: Boots made from Arapaima leather, by Lucchese Boots, advertised on U.S. eBay website. The principle regulatory measures for Arapaima have been closed fishing season during the high-water spawning seasons (December 1 to May 31) and a 1.5-meter minimum length limit. Arapaima gigas is coveted in the leather fashion industry for their unique skin pattern, and the leather trade has increased in recent decades (Figure 11.7). CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora) is an international agreement between governments to ensure that international trade in specimens of wild animals and plants does not threaten their survival. In the United States, legal and illegal trade of Arapaima is monitored using Law Enforcement Management Information System (LEMIS) data from the U.S. Fish and Wildlife Service (USFWS). Legal harvest of Arapaima must be conducted with a specific management plan, and their international commercialization is also under control. In Brazil, Arapaima leather yields higher prices per unit on international markets than Arapaima meat, and the leather products are more likely to get exported. Arapaima leather trade has increased in recent decades as a substitute for decline in leather from pangolin, the most heavily trafficked wild mammal (Heinrich et al. 2019).
 Exports of Arapaima are only allowed if they are either wild caught from management areas or captive bred (Sinovas et al. 2017). However, a recent study from Brazil revealed that almost 80% of Arapaima landings were illegal (Cavole et al. 2015), which was observed to be the highest level of illegal fishing activity reported in the literature. Trade in Arapaima is still new and changing, and future trends and effects on populations need further study.
 11.6 Incorporating Fishers in the Management of Arapaima Fishing in the Amazon
 Small-scale fisheries are often poorly managed, yet they employ most of the world’s 51 million fishers, produce about half of the global reported catch, and provide food, income, and livelihood to about 1 billion people. Hardin’s “Tragedy of the Commons” argued that without government regulations or private ownership, overharvest of common property resources was inevitable. Federal governments own the fishery resources of the Amazon and, therefore, are responsible for setting rules that govern fish harvest. In Brazil, resource management is done by the Brazilian Institute of the Environment. Policies of this agency are based on a scientific management model in which government technocrats and field agents design, implement, and enforce fisheries management regulations. Consequently, fishing agreements made by local communities were initially thought to have no legal validity because communities had no right to regulate local fisheries (McGrath et al. 2015).
 “Common property” refers to the right to use something in common with others. However, after collapse of major fisheries, some planners began to lose faith in government regulation of fishing. As an alternative, Elinor Ostrom in Governing the Commons (1990) advocated for community-based management (or comanagement) approaches to manage the common property resources. Community-based management has the potential to overcome the tragedy of the commons. One flaw in the tragedy of the commons idea is that it ignores the social relations that characterize fishers throughout the world. Fishers are subject to social pressures that shape their behavior. Therefore, efforts to reduce illegal fishing should focus on establishing and enforcing sanctions for fishers who violate rules and regulations.
 Top-down policies, often referred to as Decide-Announce-Defend (DAD), as noted earlier, too often lead to abandoned or ineffective policies. The DAD method is not suited for fisheries where a wide range of technical, social, cultural, and economic factors are influencing the fishing status and alternatives. Implementation of regulations involves a lot of people, and most are not in an obvious command structure (Prince 2003; Walker 2009). The alternative participatory approach is Engage-Deliberate-Decide (EDD). Here the fishers choose whether to cooperate in a process to deliberate among alternative management interventions. Traditional knowledge held by the fishers may play important roles in creating alternative approaches. The approach is sometimes referred to as “two-eyed seeing” (Reid et al. 2021). An early proponent of two-eyed seeing, Dr. Albert Marshall, describes two-eyed seeing as “learning to see from one eye with the strengths of Indigenous knowledges and ways of knowing, and from the other eye with the strengths of mainstream knowledges and ways of knowing, and to use both these eyes together, for the benefit of all.” Whether or not comanagement regimes will prevent the tragedy of the commons depends on strong commitment from leadership to work with local stakeholders to develop and enforce quotas (Gutiérrez et al. 2011; McGrath et al. 2015; Campos-Silva et al. 2017).
 Two-Eyed Seeing
 “Two-eyed seeing” means that we will be learning to see from one eye with the strengths from indigenous knowledge and indigenous ways of knowing, while the other eye is using mainstream knowledge or Western ways of knowing. We use both of these ways of knowing (i.e., eyes) simultaneously. Hopefully, we’re learning more in this way. With indigenous people, the knowledge is all about transforming the holder of that knowledge. And then that holder will bear a responsibility to act on knowledge. It’s not a Western approach to knowledge where the knowledge is just put in a book for others to find. However, knowledge is there to be acted upon. Indigenous ways of knowing are more interconnected because it’s the people who are learning and sharing. It’s more holistic learning and occurs in many different ways. Indigenous knowledge is not hierarchically structured. For example, in Western scientific organizations, we have high-level scientists and low-level workers. In indigenous ways of knowing, everyone is fully engaged in the traditions and experience by which most indigenous people learn new things, whereas the Western ways of knowing are individualistic. We compartmentalize knowledge, especially as we develop scientific disciplines. Sociology, biology, physics, chemistry, and other sciences are part of the work in different laboratories. The science and technology disciplines are often male dominated, objective, and scientific. Ways of knowing in Western science are not necessarily better or worse, just different from the ways of knowing in indigenous societies.
 
 Comanagement is an efficient management scheme across fishery types to avoid the tragedy of the commons. In comanagement, fishers collaborate with managers and scientists. Fishers enact their own management by self-regulating under the advice of scientists. Scientists and fishers work together in enacting the management. For many small-scale fisheries, comanagement can be the only way to manage fisheries where other more institutional form of controls are absent or ineffective. This is true in most tropical coastal and developing nations. To be successful, comanagement should (1) develop practices embedded locally, historically, and culturally; (2) focus on fishers; and (3) empower fishers in decision making (Castello et al. 2009). When expected benefits of managing a fishery exceed the perceived costs of investing in better rules and norms, most users and their leaders are likely to organize around a comanagement scheme. The following eight principles were developed to guide effective comanagement of Arapaima fishing (Ostrom 1990; Castello et al. 2009):
 	Boundaries of resources and users are clearly defined.
 	Rules are established to permit the resource to be exploited sustainably.
 	Collective action is functional.
 	Resources and behavior of fishers are monitored.
 	Rule offenders are sanctioned.
 	Conflict resolution mechanisms exist.
 	Central governments authorize and recognize comanagement arrangements.
 	Management tasks are organized and distributed at different institution levels.
 
 In the case of managing harvests of the Arapaima, the native fishers of the community provide much of the management and enforcement, as government attempts to restrict fishing have been unsuccessful due to a lack of enforcement. From 1993 to 1995, only 30% of the harvested Arapaima were longer than the legal length limit (Castello et al. 2011). Efforts to engage the Arapaima fishers in an experimental management process began in the newly created Mamirauá Sustainable Development Reserve in 1998. Part of the reserve was zoned for sustainable use and allowed local people to harvest resources if rules were in place to assure sustainable harvest. The first challenge was to replace the view that native peoples of Amazonia were “backward” with an attitude of respect for their role in stewardship of the ecosystem. The second was to overcome the lack of data on Arapaima populations so that harvest quotas could be developed.
 Comanagement began in four fishing communities in one area of the reserve. Here a counting method was developed so that experienced harpooners could accurately count surfacing Arapaima soon after dawn based on subtle visual and aural cues. The counts proved to be highly correlated with abundance estimates conducted by scientists (Castello 2004). Arapaima are relatively sedentary during the first hours after dawn, reducing the chance of those individuals being double counted (Campos-Silva et al. 2018). This counting method was ~200 times faster and less expensive than the marking and repeated capture method used by scientists. By counting numbers of Arapaima before the harvest season, fishers learned to self-manage populations. Briefly, annual counts made in lakes during the dry season were used to determine the harvest quotas for the next year (Figure 11.8). Mathematical analysis of Arapaima populations demonstrated that catch rates of about 25% of adults were likely to maximize the sustainable harvest (Castello et al. 2011). Government officials visited the fishers and the experimental management areas and were convinced that the management scheme was sound.
 [image: Cycle showing pre-season counts of arapaima before harvest quota is set]Figure 11.8: Integrating fishers who conduct counts of Arapaima prior to the fishing season in order to set harvest quotas. The results of this first experiment with comanagement of Arapaima fishing were indisputable (Figure 11.9). The total population of Arapaima increased 9-fold, and the harvest quotas increased 10-fold within seven years. In addition, the number of fishers participating in management more than doubled, and the per capita income of fishers increased 8-fold (Viana et al. 2004; Castello et al. 2009). Arapaima fishers were more engaged in this new management scheme, and there were fewer violations of the newly formulated rules.
 [image: Long description available in figure caption.]Figure 11.9: Responses of the Arapaima population, number of fishers, income per fisher, and fishing quota to the experimental comanagement process in the newly created Mamirauá Sustainable Development Reserve. Long description. This type of comanagement scheme has proven successful in several different fishing communities that target Arapaima. For example, community-protected lakes in the western Brazilian Amazon had 33 times more Arapaima individuals than open-access lakes (Campos-Silva and Peres 2016). Similar responses to comanagement were observed elsewhere, leading to increases in the household income of Arapaima fishers (Oviedo et al. 2015, 2016; Petersen et al. 2016; Gurdak et al. 2019a; Watson et al. 2021; Gurdak et al. 2022). In addition, comanagement schemes resulted in time savings in fishing families, permitting more time for alternative pursuits, such as agriculture and cattle grazing (Schons et al. 2020). If the comanagement scheme could be implemented widely, the restored and well-managed Arapaima fisheries could yield as much as U.S. $30 million per year (Castello et al. 2011).
 Experiences with comanagement of Arapaima demonstrated the importance of bridging knowledge across stakeholders, such as inviting government officials to observe the monitoring practices. Also, the scheme would be ineffective if not for the melding of the unique skills fishers can offer in conducting fish counts with scientific knowledge to estimate allowable catch levels (Castello et al. 2011b). Comanagement of Arapaima fishing can promote a more just distribution of benefits while recognizing cultural and gender differences among fishers (Lopes et al. 2021). Incorporating Ostrom’s design principles did increase the density of Arapaima, and future refinements should emphasize defining boundaries and formulating graduated sanctions for violators (Arantes et al. 2021).
 Among the indigenous people, fishing and hunting are always done by males, whereas domestic tasks, such as getting water, gathering firewood, and childcare are principally performed by females (Meggers 1996). Processing of fish captured by males is a task done mostly by females. Because the most valuable catches are sold, Arapaima fishing provides one of the very few sources of income for females. After comanagement for Arapaima began, both men and women showed increased interest in participating in the local fishing association, and female income increased eightfold (Freitas et al. 2020).
 Question to ponder:
 What elements of comanagement of Arapaima do you think are most important for conservation?
 
 11.7 Culture of Arapaima
 Arapaima meat is in great demand because it is boneless, odorless, mild, low in fat content, and high in protein. Therefore, it demands a high price in the “gourmet” restaurant market. International market price is U.S. $20–25 per kilogram in Europe and the United States and $12–15 per kilogram in South American cities (FAO 2022). Arapaima are also pet traded in Europe, North America, South America, and Asia. Demand for juvenile Arapaima as ornamental fish is also high, partly because as obligate air breathers they tolerate hypoxic (low levels of dissolved oxygen) water uninhabitable by other fish (Ohs et al. 2021). As Arapaima were supplied to ornamental fish breeders in other countries, some escaped and established populations in Java and Sumatra in Indonesia (Marková et al. 2020). While threatened in its native range, the Arapaima populations elsewhere have spread rapidly and become invasive. This phenomenon is called the “biodiversity conservation paradox”—species at risk in their native range are abundant in other settings.
 Aquaculture of Arapaima for food has been nonintensive and generally conducted in ponds or in net cages in reservoirs (dos Santos et al. 2014). The production cycle begins when breeding size fish are allowed to breed in ponds and offspring are stocked in tanks, net cages, or ponds and fed pellets. A major barrier to successful aquaculture of Arapaima is the production of a sufficient number of juveniles for stocking. Fry survival is high only in the early months of the flooding season (Núñez et al. 2011). Closed recirculating aquaculture systems show promise for increasing survival of fry and juveniles (Burton et al. 2016). Within 14 months after egg hatching, Arapaima attain a marketable size of 10–15 kg (22–33 pounds) and 110–120 cm (43–47 inches) (Núñez 2012; Ohs et al. 2021).
 Brazil has invested in rapid expansion of new aquaculture facilities in public waters (Lima-Junior et al. 2018). However, poor aquaculture management practices and aquaculture of nonnatives and water use conflicts are troubling in this megadiverse region. Government support for aquaculture has decreased in the past decade (Nobile et al. 2020). Revised laws that foster aquaculture have encouraged farmers to raise tilapia and other nonnative fish without containment systems to prevent escapes (Padial et al. 2017).
 Arapaima culture operations are still in the early phase of development, and many challenges remain. Aquaculture production in Brazil is based largely on nonnative species (Lima et al. 2018). As many as 501 nonnative species have been imported for the ornamental trade. Native species, such as Arapaima, have great, unrealized potential to contribute to food security and poverty reduction, if integrated with national and local development plans for biodiversity protection (Schaefer et al. 2012). Aquaculture production of Arapaima is still relatively low compared to the potential and represents about 6% of total farmed fish production in Brazil (Nobile et al. 2020). Exports of farmed Arapaima are sold in high-end supermarkets, such as Whole Foods Market®, which uses a “Responsibly Farmed” logo to promote farmed Arapaima.
 Question to ponder: 
 What concerns would you have about culture of nonnative fish species in Brazil’s aquaculture industry?
 
 11.8 Fly-Fishing Tourism Targeting Arapaima
 Sportfishing for Arapaima is not a part of local indigenous culture. Yet, Arapaima are already providing benefits from ecotourism, such as fish watching and catch-and-release sportfishing in the Rewa and Rupununi rivers of Guyana. Approximately 89% of Arapaima caught by fly-fishing survived release (Lennox et al. 2018). Obligatory air-breathing habits of Arapaima mean that fishing guides must always hold fish at the surface, enabling fish to access air for three or four breaths (typically) prior to release. Adopting similar comanagement principles, some indigenous peoples have developed ecotourism lodges, which cater to foreign visitors and provide employment and income to indigenous communities. This approach promotes support for local culture and local ecosystems while permitting sustainable tourism. Use of traditional ecological knowledge to develop tourism based on nature and recreational fishing represents an innovative approach to economic development in rural parts of Amazonia. Here the local people serve as fishing guides, and fly-fishing and catch-and-release practices assure that released Arapaima will survive. This type of nature tourism is likely to increase in popularity and participation in Guyana, where the Arapaima is protected by national legislation but recreational fishing is still permitted. The hope of conservationists is that recreational fishing will encourage anglers to support Arapaima conservation via protection of habitats, river-floodplain connections, and avoiding illegal trade.
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 [image: Headshot of Leandro Castello]Figure 11.10: Leandro Castello, PhD. Leandro Castello, is Associate Professor of Fish Conservation at Virginia Tech. He is from Brazil, and from an early age he loved to be in or near the water and wanted to work in a field that explored the roles of fish and fishing in aquatic ecosystems. His early exposure to fish showed him there were other worlds to explore. When diving, he loved the feeling of being underwater, where fish and other aquatic life often move slowly and make many sounds in this foreign world.
 Castello began to study Arapaima after the Mamirauá Sustainable Development Reserve was established. Here he developed a keen eye for seeing the big picture and making connections among different elements in the social and ecological parts of the region. In fisheries and fish conservation, too often people focus exclusively on the fish and ignore the connections between fish and people and the ecosystems that sustain them both.
 Dr. Castello worked directly with local fishers to observe their fishing techniques and assist in training to determine if fishers could accurately count Arapaima before harvest season to derive a harvest quota. His collaborations with local Arapaima fishers led to the first evaluation of community-based management of Arapaima fishing. The initial findings from his and other evaluations of Arapaima comanagement have achieved remarkable social and ecological outcomes. As a result, poverty has been alleviated in many rural communities of Amazonia, as fishing benefits can now be sustained.
 He has also studied the migration habits of Arapaima, which required many hours searching for tagged Arapaima. In doing so, he noticed the curiosity of Arapaima, as they would approach the canoe and watch what he and his field partners were doing. He also witnessed the learning capabilities in Arapaima. These fish prove to be very difficult to capture with seine nets. When corralled in a net, they either bury their bodies in bottom muds or jump over the seine net. Efforts to culture Arapaima have provided other opportunities to observe their habituation and social learning.
 Translating scientific knowledge into workable policies and practices will serve to facilitate conservation in the face of the major environmental challenges of our times. Castello’s developing body of research and outreach addresses the gap between science and policy. This “science-policy gap” is often considered in negative terms, thereby increasing anxiety among early career scientists seeking to influence policy. Through persistence in efforts to develop trusted relationships needed for participatory management, he has pioneered joint learning and reflection among stakeholders. Along with many collaborators, Castello has successfully influenced policy and practices in Amazonia, and the effects of comanagement of Arapaima fishing provide others with a sense of optimism. His influential studies of tropical, small-scale fisheries provide many lessons to apply to conservation and restoration of exploited fisheries. The small-scale fisheries he studies are extremely neglected by most scientists, society, and governments. Yet, these complex systems are filled with mysteries yet to be fully understood.
 Leandro Castello teaches courses in fisheries techniques and systems ecology in conservation. He works diligently to instill a sense of service in his students. Consequently, his students and colleagues are making a difference in promoting better approaches to conservation. In addition to managing to prevent overharvest, his research has demonstrated the need for increased protection of floodplain forests to benefit food, income, and livelihood of local fishing. These advances made by Castello and his colleagues come at a time when environmental policies in Brazil are unfriendly to environmental protection and push for more mining, hydropower development, deforestation, and agribusiness. His research and writings provide a framework for reversing unprecedented degradation of freshwater ecosystems in the Amazon basin.
 Leandro recognizes the many connections between existing and proposed hydropower dams and ongoing land cover changes and climatic shifts. For example, with other world-renowned scientists, he provided advice for balancing the need for hydropower with biodiversity conservation in some of the largest and most threatened rivers of the world. He and his scientific colleagues called for mitigation of environmental impacts from human developments in the Amazon, Congo, and Mekong rivers. These three river basins hold roughly one-third of the world’s freshwater fish species, most of which are not found anywhere else. Consequently, the siting of future hydropower dams will be critically important for conserving biodiversity. Many other fish that feed and sustain us, such as less charismatic forage fish (often smelly and slimy), need more attention by scientists and conservationists. The strong role of hatcheries in fish conservation and management is a North American legacy. However, in most other parts of the world, fish provide subsistence and a means for a livelihood and poverty reduction.
 
 Key Takeaways
  	Arapaima comprise a prime example of a threatened freshwater megafauna (i.e., animals ≥ 30 kg) for which conservation status evaluations are needed.
 	Arapaima are highly vulnerable to overfishing due to obligate air breathing, large size, and high-quality meat.
 	Arapaima prefer large floodplain lakes with abundant macrophytes for spawning and juveniles.
 	Obligate air breathing means that Arapaima must surface every 5 to 15 minutes to gulp air, thereby exposing themselves to specialist harpoon fishers.
 	With appropriate training, fishers’ participation in management processes can contribute to the conservation of small-scale fisheries.
 	Arapaima represent a culturally important, symbolic flagship genus that serves to support floodplain management and conservation.
 	Illegal harvest and overfishing greatly reduce the economic returns from Arapaima, often leading to their local extirpation.
 	Including local stakeholders in conservation planning of Amazonian floodplains leads to restoration of Arapaima populations while alleviating poverty among fisherfolk.
 	Involvement of indigenous communities in management is a significant step (two-eyed seeing) toward sustainable fisheries that should continue to be promoted.
 
 
 
 This chapter was reviewed by Leandro Castello.
 Long Descriptions
 Figure 11.3: 1) Deforestation impacts uplands and wetlands, which impacts water chemistry and food chain; 2) dams impact dams and waterways, which impact hydrological alteration; 3) pollution impacts nutrients and toxins, mercury, and oil and gas, which impacts water chemistry and food chain; 4) overharvesting impacts wetland logging and exploitation of animals, which impacts food chain alteration. Jump back to Figure 11.3.
 Figure 11.4: Life cycle of arapaima divided into four main stages: 1) nest-bound embryo and sac fry (~7 days); 2) adult-protected, schooling juveniles up to age 6 months); 3) independent juveniles (up to age 3-4 years); 4) reproductive adult (aged 3-4 years or more). Jump back to Figure 11.4.
 Figure 11.5: Growth of juvenile arapaima rises substantially during the dry season with a growth of 1 kg/month and heightened growth continues into the wet season. Jump back to Figure 11.5.
 Figure 11.6: Two length frequency distributions contrasting fished and unfished arapaima populations. Length of fished arapaima reach their maximum frequency before unfished arapaima. Jump back to Figure 11.6.
 Figure 11.9: Top graph: x-axis shows year, y-axis shows arapaima (>1 m) per hectare. Jaraua (study area) increases consistently, with a decrease from 2003-2004. Bottom graph: x-axis shows year, y-axis shows income per fisher/fishing quota. Fishers, fishing quota, and income per fisher all increase. Income per fisher decreases from 2002-2003 and passes fishers in 2005. Jump back to Figure 11.9.
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		Gender and Fishing

								

	
				
 Learning Objectives
  	Describe the roles that women play in fishing, fisheries, and aquaculture.
 	Recognize the contributions of women to the science of managing fish and fishing.
 	Explain the activities of governance where women’s issues are not recognized.
 	Explore intersectionality as a starting point for discussions of human rights and social justice related to fish conservation.
 
 
 
 7.1 Why Gender Is Relevant to Sustainable Fishing
 The old axiom goes “Give a man a fish and he eats for a day. Teach a man to fish and he eats for a lifetime.” A feminist version of this would be, “Teach a woman to fish, and everyone eats for a lifetime” (Sharma 2014). Contributions of women in fishing and fisheries science have been historically invisible because someone else got credit for them. Furthermore, in scientific fields dominated by white males, harassment and other behaviors discourage participation by women. Women’s contributions to fishing communities may be direct or indirect, such as: (1) direct contribution of women’s labor in catching or processing operations; (2) creating the next generation by bearing and raising children; and (3) special responsibilities because of the absence of men away while fishing (Thompson 1985). In some fisheries, the catching of fish for sale is dominated by males, while the catching of fish for feeding the family is dominated by females (Bennett 2005; Santos et al. 2015; Ameyaw et al. 2020; Tilley et al. 2020).
 Women hold knowledge, skills, and traditions relevant for fisheries management. However, despite the seemingly valuable contributions, women are often not paid for their work and, consequently, women’s fishing activities are not included in official statistics. Because of both diminished appreciation and differing roles, women in the fishing industry are likely to have a smaller role in governance and suffer disproportionately during difficult times. For example, the COVID-19 pandemic affected women fishers differently due to gender-based norms or restrictions (Lopez-Ercilla et al. 2021; Woskie and Wenham 2021). More inclusive consideration of gender in fishing should result in more sustainable fisheries, yet important obstacles remain.
 Gender refers to a social construct based on how women and men relate. Thus, gender is expressed in behaviors, roles, social status, and rights of women and men as organized and justified by society on the basis of biological differences between the sexes. However, gender analysis in fisheries is impossible without observations and data by gender or sex. Categorization of gender and sex as binary (i.e., male or female) is not a full or accurate portrayal of the diversity of human behavior or biology. American adults identifying as lesbian, gay, bisexual, transgender, queer, intersexual, or asexual (LGBTQIA) rose to 5.6 percent in a 2021 Gallup poll (Jones 2021). LGBTQIA adults are unlikely to see themselves represented in fishing and fish conservation arenas and other groups.
 Increasingly, we are examining gender differences in participation in different types of fishing. Much of this work has focused on small-scale subsistence fishing, where fisheries support the economy of local communities (Campbell et al. 2021). Contributions of women in all types of fisheries, as well as in fisheries science and management, are overlooked by society, industry, and policy makers. However, the premise and promise of sustainability is rooted in the belief that no effort to restore ecological balance and integrity will succeed if it does not also address the social inequities and human suffering in our communities.
 In this chapter, I examine implicit biases related to gender and fishing and encourage you to consciously and explicitly consider gender and diversity of those engaged in fishing. A modern view of fisheries should begin with the assumption that women do fish, rather the inverse. When we take a gender perspective, we identify where there are differences that generate inequalities, vulnerabilities, fears, and exclusion. Transforming harmful social ideas and practices requires everyone’s collaboration, regardless of their gender. This more inclusive view will bring women and historically underrepresented groups into the management process and will provide the base for better governance and policy reform.
 Questions to ponder:
 What is gender? What gender-related information would you want to have in order to manage a fishery or conserve a threatened fish population?
 
 7.2 Harmful Fishing Stereotypes
 A stereotype is any overgeneralized, widely accepted opinion, image, or idea about a person, place, or thing. We use stereotypes to simplify our world and reduce the amount of thinking we have to do. You may have heard someone remark that “women are bad luck on boats,” “girls are bad drivers,” “women are too emotional,” “the humanities are useless,” or “males are better at math.” At a boat ramp or fishing pier, one might hear that “you did really well for a woman,” which leads to anger and hostility. Stereotypes are harmful because we don’t work to see or understand the person and their identity. Instead, we substitute the stereotype. Such stereotypes may serve as self-fulfilling prophecies and affected individuals are at risk of being marginalized. Stereotypes may also lead to hostility between groups. Imagine that you are being judged and labeled without sharing anything about your creativity and uniqueness.
 Our language continues to support the stereotype that those who catch fish are males. The term “fishermen” dominated the scientific literature in fisheries during most of the 20th century. Attempts to use gender-neutral terms, such as fisher or fisherfolk, have been increasing to the point that fishers and fishermen occurred equally in the most recent literature (Branch and Kleiber 2015). According to Welch (2019), women do not consistently take offense from the term “fishermen.” Two quotes from females are instructive:
 I enjoy the term fishermen. I’d much rather be called a fisherman than a fisher woman. I feel like it would separate me as crew. I don’t want to be treated like a woman on the boat. I want to be treated like a crew member.
 As a woman I have always considered myself a fisherman. My dad taught me how to fish, and I feel like it is something that is important to many families. Especially father daughter relationships and I think it should stay the way that it is.

 The way we govern fisheries is influenced by gender stereotypes. Holding a stereotypic view that only males do the fishing means that access to fishing grounds, ownership of fishing boats, and the rights to fish are considered the domain of males (Figure 7.1). Therefore, males often have greater support from governing bodies in controlling harvest and influencing decisions than do females. Unfortunately, this leads to poor management decisions and marginalizing the role of women in fishing communities.
 Questions to ponder:
 What familiar stereotypes have you encountered? Are they positive or negative? What gender-neutral term do you typically use to describe one who harvests fish? Why would you prefer to use a gender-neutral term?
 
 [image: Long description available in figure caption.]Figure 7.1: Conventional fisheries governance gives greater support for traditional roles of males, leading to lower representation of females in decision making. Long description. 7.3 Gender Issues That Prevent Gender Equality
 Women are a minority in many male-dominated sectors of fishing value chains, fisheries management, and fisheries science. Gender equality is not only a basic human right, but its achievement has enormous socioeconomic ramifications. Creating a world without gender-based discrimination is a global priority. Therefore, the United Nations Food and Agriculture Organization (FAO) and others have encouraged the use of a gender lens to examine and promote fisheries sustainability (FAO 2015, 2017; Kleiber et al. 2017). Only by applying a gender lens can we identify and eliminate barriers that exclude women from equal access to fisheries jobs, markets, and fishing resources. Avoidance of gender discrimination requires each of us to speak up and oppose inappropriate sexist behaviors and policies.
 Sexism refers to any prejudicial attitudes or discrimination against women on the basis of their sex alone. Sexism is evident in our (a) beliefs, (b) behaviors, (c) use of language, and (d) policies reflecting and conveying a pervasive view that women are inferior (Herbst 2001). Nine issues are so engrained in society that most people experience one of these at some point but may fail to identify or call it out:
 	Gender stereotypes
 	Unrealistic body standards
 	Unequal pay
 	Negative female portrayals
 	Sexist jokes
 	Shaming language
 	Gender roles
 	Sexual harassment
 	Toxic masculinity
 
 Gender stereotypes. Many cultures around the world adopt a patriarchy—that is, a hierarchical system of social organization in which cultural, political, and economic structures are controlled by men. Male hegemony refers to the political and ideological domination of women in society.
 Among those who fish for sport, only 27% of U.S. anglers are female, and females appear on 10% of covers, in 9% of fishing images, and in 6% of hero images in sportfishing magazines. Only 1% of feature articles are authored by females (Carini and Weber 2017; Burkett and Carter 2020).
 Unrealistic body standards. These unrealistic standards of beauty have psychological effects that lead to women fixating negatively on their weight and appearance. From an early age, girls are subjected to unrealistic body images. Fishing is an activity that should emphasize safety as a priority, not body image. Another unrealistic assumption is that females prefer pink and will buy pink-colored fishing attire (Merwin 2010).
 Unequal pay. Globally, women represent about 50% of all seafood workers. Yet, female workers are consistently overrepresented in low-skilled, low-paid, low-valued positions, remaining mostly absent at the other end of the value chain (Briceño-Lagos and Monfort 2018). Women’s labor is likely to be viewed as being part of the household duties assisting their husbands, while the high-paid positions in fisheries are mostly occupied by men.
 Negative female portrayals. While many women are experts in fishing, ecology, and conservation, this expertise is not reflected in media portrayals. Rather, media portrayals too often focus on the rarity of “females who fish,” rather than on the expertise these individuals possess. Males who fish are not judged by their appearance and neither should females.
 Objectification. There are many examples of fishing cultures that sexually objectify women and seek and to share photos of scantily clad women showing off the fish they catch. Among the detrimental effects of sexual objectification (Miles-McLean et al. 2019; Sáez et al. 2019), we can expect that objectification is a barrier to participation.
 Sexist comments and jokes. The purpose of sexist jokes or comments is to disparage women. For example, the sexist joke — “What do you call a woman with half a brain? Gifted”—conveys the notion that women as a group are not very smart. The use of humor decreases the perception that the speaker is sexist and ultimately decreases the probability that the listener will confront the perpetrator (Mallett et al. 2016). In male-dominated fields, such as fishing or fisheries science, the frequency of sexist jokes is likely higher. Sexist jokes result in stress and anxiety over how or whether to respond or confront. Furthermore, sexual jokes may increase tolerance of sexual harassment. Clearly, men view sexist humor as more humorous and less offensive than do women. In the workplace, women who experience sexual humor are less likely to be satisfied with their jobs and more likely to withdraw from the workplace. This inappropriate behavior continues until men are confronted about the unwelcome jokes. People often hesitate to confront sexism for fear of social repercussions. Women, in particular, may be accused of being overly sensitive when they confront the perpetrator.
 Failing to call out the sexist joke teller is a tacit endorsement of inappropriate behavior and damages group culture. Confronting sexism means quickly expressing disapproval when a sexist comment or situation arises (Monteith et al. 2019; Woodzicka et al. 2020; Woodzicka and Good 2021). Direct responses to sexist jokes and comments using the following statements are most effective.
 	That made me uncomfortable.
 	That’s against our code of conduct.
 	That wasn’t funny at all.
 	I don’t get it, can you explain.
 	Disrespectful words are not tolerated here.
 
 Shaming language. Shaming or patronizing language toward women—for example, explaining unnecessary things (e.g., mansplaining)—can make it more difficult to build productive working relationships in a male-dominated field. “Mansplaining” refers to the tendency of men to explain things to women, whether they need them explained or not. In many cases, a man may assume that a female is unaware of tips for winterizing a boat motor, finer points of baitcasting, or when to drift a nymph versus a dry fly. Adding further insult, the man may interrupt or speak over women, a behavior sometimes referred to as “manterrupting.” Often, men may compliment women at the expense of other women. For example, if one says “Most women are terrible when it comes to navigating with maps,” they are implying that there is a rule that women are inferior or incompetent in some way. Also, men may use gendered language to imply what is right or good. For example, a male may refer to another male as a “pussy” or may urge him to “man up,” which perpetuates a myth that females are weak.
 Gender roles. Many fishing communities and organizations reflect the culture of society, and males typically have greater access to power. Commonly the division of labor in fishing communities is based on gender, which leads to unequal access to benefits of fishing. Gender roles are a source of prejudice and place limits on individuals and their behavior. Rural women face obstacles emanating from a strong patriarchal culture, prejudice, and tyranny rooted in religious traditions, as well as limited control over economic resources and the decision-making process (Deb et al. 2015). In some fishing communities, women fish close to home with little costly equipment in places where fishing may be done in the company of children. In Ghana, women called “Big Mammies” play major roles financing the tuna trade (Drury O’Neill et al. 2018). Gender roles can and do change over time (Gustavsson 2020). For example, in North America, the latter half of the 20th century saw an increase in working wives and mothers and their struggle to balance work and family life.
 Sexual harassment. Harassment includes unwanted sexual advances, requests for sexual favors, or other verbal or physical conduct of a sexual nature. The growing sexual harassment problem hinders women’s participation in male-dominated parts of the fisheries value chain as well as the management and science sectors. Many women have been the target of some form of harassment, especially those with less power in the workplace. In a 2013 global survey across scientific disciplines, 64% of respondents reported being subjected to sexual harassment during fieldwork and 20% to sexual assault (Clancy et al. 2014). Among female observers on Alaskan commercial fishing boats, roughly half said they had experienced sexual harassment aboard vessels (Gross 2019). Such inappropriate and sexist behavior and its aftermath can derail a career and close off opportunities for women (Nelson et al. 2017).
 Toxic masculinity. The term “toxic masculinity” was coined in the 1980s by Shepherd Bliss to characterize his father’s authoritarian masculinity. Toxic masculinity, sometimes called harmful masculinity, involves cultural pressures for men to behave in a way that corresponds to an old idea of “manliness” that perpetuates dangerous societal standards, such as male domination, homophobia, and aggression. In conversation, a male might respond with “I’m a guy, what do you expect?” Toxic masculinity teaches men that aggression and violence are acceptable solutions to problems. Toxic masculinity is expressed in some connections between environmental degradation and sexual power (Voyles 2021).
 Recognizing that these gender issues exist is the first step in examining fishing with a gender lens. It is unacceptable to assume that if I don’t see it, it must not exist. Codes of conduct and rules for enforcement are essential to equal opportunity for all participants. The pervasive nature of these gender issues means that many allies will be needed to support gender equity in fishing and fisheries. These allies recognize that “If I were to remain silent, I’d be guilty of complicity.” Therefore, the message to all is to “See it. Name it. Stop it.”
 7.4 Foundational Gender Concepts Apply to Fishing
 [image: box and arrows show relationship between individual differences and preference, privilege, and power]Figure 7.2: The progression of gender influences begins with difference and illustrates a common pattern by which power is accrued by individuals who embody certain characteristics. Many differences exist among individuals and how they fish or do not fish. The problems arise when individual differences translate to differing preferences, privilege, and power (Figure 7.2). Differences mean that individuals display preferences that lead to certain unearned privileges. These privileges of males in fishing and fisheries are often a result of patriarchy where men are dominant figures who hold power. In fishing communities, males have much greater power in the catching and management of fish and occupy positions of power. In these male-dominated situations, males have ready access to resources and maintain differential power, and females are oppressed or their roles discounted. Over time, the oppression is internalized in ways that members of marginalized groups may see themselves as less or inferior. Men—especially middle-aged, middle-class white ones—are lacking in self-awareness of unearned privilege because they have gone through life taking their privileged position for granted (Perry 2017).
 [image: Long description available in figure caption.]Figure 7.3: Intersectionality is a powerful framework that acknowledges that everyone has unique experiences of discrimination and privilege. Long description. In addition to gender, multiple forms of oppression and identity interact to create one’s experience and access to influence and power (Figure 7.3). Therefore, the term “intersectionality” is a useful construct here as it acknowledges that everyone has their own unique experience of discrimination and privilege. Intersectionality is a crucial starting point in discussions and is grounded in social justice (Crenshaw 1989, 1991). Fishing controversies are seldom single-issue struggles. For example, fishing access may be constrained by race, class, language, or disability. Numerous factors, including gendered stereotypes, pedagogy, and science curricula, all conspire against a young woman’s ability to develop a science identity. In small-scale fisheries, gender intersects with issues such as human rights, well-being, food security, and climate change.
 Society traditionally regards women as dissimilar to men in most fishing contexts. The difference often leads to societal preferences for men in fishing and may limit participation by women. Women are a minority in many male-dominated sectors of fishing value chains, fisheries management, and fisheries science. Participation by females in sportfishing depends on local culture and its ideas about a woman’s place (Toth and Brown 1997).
 Gender socialization refers to the learning of behavior and attitudes considered appropriate for a particular gender. The group’s beliefs, behaviors, language, and policies will influence an individual’s initial involvement, attachment, and commitment. Females in fishing groups were seeking social aspects of fishing, while males were more interested in sport-related aspects (Kuehn et al. 2006).
 Question to ponder:
 Individuals reveal their sexist attitudes in their beliefs, behavior, and language, whereas institutions reveal sexist biases in established policies. Can you think of sexist beliefs, behaviors, language, or policies related to fishing?
 
 Ecological feminism considers several foundational beliefs to guide our viewing of fishing through a gender lens (Gilligan 1988; Gaard 1993; Gaard and Gruen 1993). Foundational beliefs of feminism include the following:
 	Women are oppressed and mistreated.
 	The oppression and mistreatment of women is wrong.
 	The analysis and reduction of the oppression and mistreatment of women are necessary (but not sufficient) for the creation and maintenance of the kind of individual and communal lives that should be promoted within good societies.
 	Because different forms of oppression are intermeshed, the analysis and reduction of any form of oppression, mistreatment, or unjustified domination is necessary for the creation and maintenance of the kind of individual and communal lives that should be promoted within good societies (Cuomo 1998).
 
 Language, practices, and values that lead to oppression of women are similar to those leading to exploitation or degradation of nature. For example, consider the passage from Warren (1994, 37):
 Women are described in animal terms as pets, cows, sows, foxes, chicks, serpents, bitches, beavers, old bats, old hens, mother hens, pussycats, cats, cheetahs, bird-brains, and hare-brains. . . . “Mother Nature” is raped, mastered, conquered, mined; her secrets are “penetrated,” her “womb” is to be put into the service of the “man of science.” Virgin timber is felled, cut down; fertile soil is tilled, and land that lies “fallow” is “barren,” useless. The exploitation of nature and animals is justified by feminizing them; the exploitation of women is justified by naturalizing them.

 Systematic analysis of gender differences in fishing is lacking, leading to persistence of implicit biases. “Implicit bias” describes when we have attitudes toward people or associate stereotypes with them without our conscious knowledge. Further analysis may help us understand differences in behavior and reveal biases that persist. We must remember that just as all men are not alike, all women are not alike. Yet, the studies done thus far support the conclusion that women experience more constraints to their participation.
 [image: classification of gender blind and gender aware policies with instrumental and intrinsic values]Figure 7.4: Policies may be gender blind or gender aware, and gender-aware policies may be instrumental or intrinsic. Author Ernest Hemingway wrote about the quintessentially masculine image in this story of big game fishing in The Old Man and the Sea. Santiago, the main character, says, “I’ll kill him and all his greatness and his glory. I will show him what a man can do and what a man endures.” This is clearly a male author using masculine language to communicate this—the struggle between him and the fish. Ernest Hemingway and other writers always promoted the idea when they’re fighting these big trophy fish, that they were males and they were referred to as males—an implicit bias. This male bias misinforms us about the biology of fish. Females are more likely to be the larger individuals in many big game species, such as swordfish.
 Fishers are a socially and culturally diverse group of people. However, the privilege and power differentials often lead to poor representation of marginalized groups in decision making. Therefore, fishing policies are often inappropriate when viewed with a gender lens (Williams 2008). Fishing and aquaculture policies currently do not collect gender-disaggregated data and do not value all the forms of labor. This leads to gender-blind policies, which may be inappropriate because they do not recognize the difference in motivations or roles (Figure 7.4). Gender-aware policies that take into consideration the gender differences so that better outcomes are achieved use instrumental frames to promote gender equality, whereas other gender-aware policies rely on intrinsic frames of fairness and justice as primary outcomes.
 7.5 Towards the Goal of Gender Equality
 Dialogues on gender equality in the seafood and fishing industries should be stimulated to create consciousness, to bring information, to share good practices, and to stimulate progressive initiatives. When we take a gender perspective, we look at relationships between women and men to identify where there are differences that generate inequalities, vulnerabilities, fears, and exclusion. Transforming harmful social ideas and practices requires everyone’s collaboration, regardless of their gender.
 What prevents women from entering sportfishing? It only takes a single barrier to prevent females from becoming regular participants in fishing. The list below, shared by Betty Bauman of Ladies, Let’s Go Fishing!®, is only a partial list.
 Sample Barriers to Participation by Females in Recreational Fishing:
 	Husband/boyfriend says fishing is for guys only, won’t take them
 	Can’t learn from others on the boat—no time to instruct
 	Want to take their kids fishing but nobody knows how
 	They have to stay home with kids while husband fishes
 	Too early in the morning
 	No one else to fish with
 	Don’t like touching slimy fish
 	Seasickness
 	Feeling like “the alien” when entering a tackle shop
 	Lack of knowledge and confidence regarding fishing skills (being on the team when you don’t know the game)
 	Unable to launch or drive a boat
 	Yelling / condescending comments / afraid to ask stupid questions
 
 To encourage participation by females in sportfishing, we need to understand that certain motivations are unique to females. In a survey of licensed anglers in Minnesota in 2000–2001,
 	Men reported higher involvement in fishing than women did.
 	Women rated motivations related to catching fish for food higher than men did.
 	Men rated developing skills and catching trophy fish higher than women did.
 	Men agreed more with ethics related to catch-and-release fishing (Schroeder et al. 2006).
 
 Questions to ponder:
 In your lifetime, who has had the greatest influence on your behavior and personality? Take the implicit assumption test https://implicit.harvard.edu/implicit/ , which is a free test designed to allow an individual to identify their own unconscious biases related to gender, race, ethnicity, and obesity. What privileges do you possess due solely to your individual characteristics?
 
 7.6 Examples of Women’s Impact
 Sportfishing. Among those who fish for sport, only 27% of U.S. anglers are female (Burkett and Carter 2020). Underrepresentation of females in sportfishing is ironic, as the first publication on fly-fishing, dating from the 15th century, was written by Dame Juliana Berners, entitled Treatyse of Fysshynge with an Angle, a publication that heavily influenced novelty of the sport for European enthusiasts. Though sometimes invisible, women are slowly changing the world of sportfishing by breaking stereotypes. Future growth of sportfishing will rely on female anglers, instructors, and guides. Here I share a few examples on women making a substantial impact through their passion toward fishing. These examples demonstrate women who loved and valued what they did. If the paucity of female role models discourages females from seeing the relevance of fishing to them, these examples should inspire.
 [image: Black and white image of a woman with a fishing rod standing over a large fish]Figure 7.5: Georgina Ballantine holds the British record for a 64-pound rod-caught salmon from River Tay, Scotland in 1922. Frederick Buller (2013) chronicled the very long list of large Atlantic Salmon caught by female anglers, which are outnumbered 200 to 1 by male salmon anglers. Georgina Ballantine holds the British record for a 64-pound rod-caught Atlantic Salmon from River Tay, Scotland, in 1922 (Figure 7.5). Joan Wulff was introduced to fly-fishing by her father when she was ten and won several fly-fishing accuracy championships before winning the 1951 Fishermen’s Distance competition against all-male competitors. She became the first female spokesperson for Garcia Corporation in 1959 and advocated for women anglers in her writings for Outdoor Life and Rod & Reel. Today, females make up 30% of participants in the sport of fly-fishing (Recreational Fishing and Boating Foundation 2021). Joan Wulff participated in many distance casting events and did trick casting. She snapped a cigarette from the mouth of Johnny Carson on the TV show “Who Do You Trust?” (Fogt 2017). Starting in 1978, Wulff opened a fly-casting school on the Upper Beaverkill River in New York. Her Fly-Casting Techniques, published in 1987, and New Fly-Casting Techniques, published in 2012, are classic guides to learning her techniques. When asked about her favorite fish, she would respond, “Whatever I’m fishing for,” and her favorite place to fish was “Wherever I am.”
 Most avid bass anglers can identify Roland Martin, Bill Dance, and Jimmy Houston, who dominated competitive bass fishing in the first decade of Bass Anglers Sportsman Society (B.A.S.S.) and have had TV fishing shows for decades. Kim Bain-Moore began competing in bass tournaments at age 19 and in 2009 became the first woman to compete in the Bassmaster Classic tournament. Only three females have been inducted into the Bass Fishing Hall of Fame. The first was Christine Houston, who organized the first-ever all women’s bass club, the “Tulsa Bass Belles.” But female participation in competitive bass fishing never took off as expected. Fewer that one in five readers of Field & Stream, Outdoor Life, and Bassmaster magazines are female (Carini and Weber 2017).
 There are signs of change since Betty Bauman, the founder and CEO of Ladies, Let’s Go Fishing!® created “The No-Yelling School of Fishing.” Baumann realized that women preferred a nonintimidating atmosphere where they could learn fishing techniques (Crowder 2002). Since the first program in 1997, over 8,000 participants have graduated from the Ladies, Let’s Go Fishing! Training. In 2018, the Lady Bass Anglers Association was formed to promote the Women’s Pro Bass Tour. Wild River Press released Fifty Women Who Fish, by Steve Kantner. Many female fishing guides are emerging, as well as fishing resources for female anglers. One indigenous fly-fishing guide, Erica Nelson, became an avid fly fisher, guide, and advocate for inclusive fishing (Aiken 2022).
 Subsistence Fishing. Women make up a significant, yet hidden, portion of the subsistence fishing workforce (Ogden 2017). Many times the catches are taken along the shoreline, on foot, or from small nonmotorized boats (Figure 7.6). Yet recent estimates suggest that the catch by women is a substantial contribution, especially to local communities (Harper et al. 2020). According to the Food and Agriculture Organization (FAO), 47% of the 120 million people who earn money directly from fishing and processing are women, while women make up some 70% of those engaged in aquaculture (Montfort 2015).
 [image: 2 women walk through a field carrying a fishing net built with netting and branches]Figure 7.6: Rana Tharu women go fishing in southwest Nepal. Catches by women are partially for home consumption or sold to support the household and child-rearing expenses, they are not part of the measured economic output. The work of women in subsistence fishing helps improve their living conditions, educate children, and gain economic independence. In Asia and Africa, many small-scale fisheries also produce dried fish (Figure 7.7). Over 50% of the workforce in fish drying yards of Bangladesh are women from marginalized groups, such as lower castes and refugees (Belton et al. 2018). Women working to process and market dried fish are constrained by gender restrictions that influence their ability to purchase fresh fish (Manyungwa et al 2019). Policy makers and development practitioners throughout the world often overlook the women’s burdens that are not shared by her brothers (Sharma 2014). The hegemony of dominant male fishermen is slowly beginning to crack as contributions of women are demonstrated (Weeratunge et al. 2010; Harper et al. 2012, 2017; Branch and Kleiber, 2017; Frangoudes and Gerrard 2018; Smith and Basorto 2019). Yet, many changes are needed for gender equity in fishing.
 [image: Woman transporting Dried fish with bicycle to fish market]Figure 7.7: Woman selling dried fish at fish market in Cambodia. Commercial Fishing. Earliest commercial fisheries in North America recruited migrants to work in seasonal fisheries. Only white men engaged in these fisheries, and violence was common as men sought their place or power in commercial fishing industries. In the salmon fisheries that developed on the Columbia River, the fishing culture shifted from a rough, violent masculinity of seasonal labor to one dominated by ethnic patriarchy that emphasized fishing as the principal work for family breadwinners. Women played important if unrecognized roles as bookkeepers, parts runners, and general hands. By the 1970s, technological advancements provided a few openings for women on the boats, but by that time the commercial fisheries had dramatically declined in scope (Friday 2006).
 Today, commercial fishing fleets are overwhelmingly male dominated, with fewer than 4% of commercial fishing licenses issued to women in Oregon and Washington states. Yet women contribute to resilient communities by caring for family and maritime households, and increasingly women play a significant role in science, fisheries management, policy, and decision making (Calhoun et al. 2016). The following quote is from a participant in an oral history project:
 I used to go to groundfish management team meetings 25 years ago, and if there was one woman scientist in the groundfish management team it was a big deal. And now you see women are the chairs of the groundfish management team. So seeing changes, growth of women in both management and in science. Although I know those areas are still a challenge too. And then the rise of women participating in the decision-making process. (Calhoun et al. 2016)

 Fisheries Science. In the early 20th century, research universities were seldom willing to offer women academic positions and a lab of their own. However, some women prevailed despite the discrimination (Brown 1994). I describe experiences and influences of Eugenie Clark and Emmeline Moore, recognizing that there were many other female scientists who were inspirational figures.
 Eugenie Clark (1922–2015) was a zoologist at a time when the field was male dominated. Her illustrious career accomplishments are even more impressive when one considers the blatant sexism early in her career. In her first book, Lady with a Spear, she wrote of her expeditions to the West Indies, Hawaii, Guam, Palau, and the Red Sea, as well as early research trials on vision and behavior in gobies, puffers, triggerfishes, and sharks. In an interview, she said, “We had to work extra hard, especially on field trips, to prove we could keep up with males.” Eugenie Clark became a self-taught expert in the art of throwing a cast net and catching fish with both wooden-handled harpoons and spearguns. She pioneered research on behavior of sharks, conducted numerous submersible dives around the world, and founded the Mote Marine Lab before becoming a professor at the University of Maryland. Clark was a productive researcher who made 71 research dives with submersibles, and her many awards and accolades include the Legend of the Sea Award (Staff 2015).
 Emmeline Moore (1872–1963) was a pioneering researcher investigating lakes from an ecosystem and landscape perspective (Zatkos 2020). Moore was the first woman scientist employed by the New York Conservation Department (1920–1925) and later led the New York Biological Survey, the most comprehensive watershed study of aquatic resources at the time. She was Chief Aquatic Biologist for New York State from 1932 to her retirement in 1944. Moore was an active member and leader in the American Fisheries Society, being elected as first female president of the organization in 1927. Her research on pond plants, food web dynamics, pollution, and fish parasites helped change the way fish were managed.
 7.7 Toward More Inclusive Public Participation in Fisheries
 Conventional wisdom for managing fisheries has focused on employment and products that contribute to value of all goods and services. However, mainstream economists (mostly male) tend to focus only on those things measured in monetary terms. Yet, feminist economists argue that many measures of human well-being from fisheries are ignored by prevailing governance systems (Cohen et al. 2019). Furthermore, the “tragedy of the commons” maintained that in trying to serve their own self-interests, individuals end up hurting themselves—and the public good—in the long run. Consequently, government intervention was needed to prevent the collapse.
 The pioneering work of Elinor Ostrom demonstrated that human cooperation, self-governance, and sharing allow people to overcome the tragedy of the commons (Ostrom 1990). She argued that there was “no reason to believe that bureaucrats and politicians, no matter how well meaning, are better at solving problems than the people on the spot, who have the strongest incentive to get the solution right.” Her research has led to management of natural resources via comanagement. FAO’s Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries in the Context of Food Security and Poverty Eradication (FAO 2015, 2017) is one of the few policy guidelines that addresses the role of gender in fisheries. These guidelines call for equal participation of women and men in organizations and in decision-making processes. Consider the following argument claim for comanagement of fisheries:
 Premise: Historically, fisheries decision-making literature focused primarily on stakeholder groups who were mostly comprised of men. 
 Premise: Environmental knowledge is gendered.
 Premise: Who has a voice in community conservation influences how well a group functions and who gains and loses from or is affected by interventions.
 Premise: Omitting stakeholders may also obscure the difference between those who have a stake in fish conservation and those who have the ability to act on it.
 Premise: Participatory approaches often aim to overcome stakeholder neglect by purposefully including diverse stakeholders.
 Normative Claim: Solutions to problems should be built on shared negotiation processes with all stakeholders.
 
 Comanagement of fisheries represents a wide spectrum of user participation. Consider the range of opportunities for participation illustrated (Figure 7.8). Management approaches that consciously and explicitly consider gender and diversity of actors may provide the basis for better fisheries governance (de la Torre-Castro 2019). In simpler cases, participation by fishers is limited and governments are able to effectively manage fisheries with minimal exchange of information. This is sometimes called Decide-Announce-Defend, or DAD for short. The DAD method is not suited for fisheries, where a wide range of technical, social, cultural, and economic factors are influencing the current situation and the various possible alternatives to it, and successful implementation involves a lot of people, and these people are not in an obvious command structure. Governments may provide opportunities for participants to provide input (consultative). Most believe comanagement requires at least a cooperative arrangement where participants are equal participants. In fisheries where staffs of small governments are overwhelmed by the number of fishers who are mobile and can select from many fishing opportunities within a region, governments may choose to allow groups to advise or make management decisions collectively. One example demonstrated that comanagement provided a new source of female income from fisheries and an unprecedented recognition of female participation in fishing activities (Freitas et al. 2020).
 [image: Long description available in figure caption.]Figure 7.8: Spectrum of comanagement showing increasing participation of users from government-based to user group–based management. Long description. Today, there are organizations throughout the world to support equitable participation in fishing. A few examples are listed here:
 	Commercial and Subsistence Fishing 	Strength of the Tides: Community organization aiming to support, celebrate, and empower all women, trans, and gender queer people on the water.
 	Dried Fish Matters: Goal is to identify the overall contribution of dried fish to the food and nutrition security and livelihoods of the poor and examine how production, exchange, and consumption of dried fish may be improved to enhance the well-being of marginalized groups and actors in the dried fish economy.
 	Minorities in Aquaculture: Goal is to educate women of color on the environmental benefits of aquaculture and support them as they launch and sustain their careers in the field, growing the seafood industry and creating an empowering space for women along the way.
 	Women in Fisheries Network and other initiatives support women fishing.
 	Gender in Aquaculture and Fisheries: Addresses the data gaps and issues faced by women in fisheries.
 
 
 	Recreational Fishing 	Ladies Let’s Go Fishing: Dedicated to attracting women to fishing and to promoting conservation and responsible angling.
 	Angling For All: Encourages fishing companies to sign the Angling for All Pledge that establishes a commitment to addressing racism and inequality throughout a pledgee’s internal culture, consumer-facing behaviors, and broader community.
 	Brown Folks Fishing: Cultivates the visibility, representation, and inclusion of people of color in fishing and its industry.
 	United Women on the Fly: Committed to building an inclusive community that educates, provides resources, encourages, and connects anglers from all backgrounds into the sport of fly-fishing.
 
 
 
 Today we are regendering many types of work and leisure activities, including fishing. The significant challenges that we face in fish conservation at home and abroad will require input from all. Rather than propagating stereotypes of fishing activities, we need to explore the participation across gender and other differences so we can do a better job evaluating outcomes of conservation for the well-being of all humans.
 Women and men have significantly different approaches and views on public policy issues, which means that women’s voices and those of minorities need to be heard.
 —Janet Yellen
 Profile in Fish Conservation: Danika L. Kleiber, PhD
 https://pressbooks.lib.vt.edu/app/uploads/sites/21/2023/05/Chapter-7.mp3
 
 
 [image: Headshot of Danika L. Kleiber]Figure 7.9: Danika L. Kleiber, PhD. Danika Kleiber is a fisheries social scientist for the National Oceanic and Atmospheric Administration (NOAA) based in Hawai‘i. She was always interested in blending her interests in fisheries biology and feminism and earned a degree in biology and women studies at Tufts University.
 Today, her research specialty focuses on issues of equity and the intersection of gender and natural resources, in particular socioecological research approaches to small-scale fisheries management. Her research has uncovered some hidden relations between gender, food security, and participatory governance.
 In a study for her dissertation, Kleiber characterized the participation of women in small-scale fisheries from 106 case studies from around the world. This landmark study revealed reasons why women are seldom adequately studied in fisheries. In some cases, it is considered culturally unacceptable for women to fish. In other cases, analysts used very limited definitions of what counts as fishing. In fact, in some languages, such as Greek and Greelandic, there is no female equivalent for the term “fishermen.” These and other gender biases reinforced the clear need for fisheries scientists to embrace gender approaches and appreciate women in fishing as parts of an interdisciplinary ecosystem approach.
 Kleiber’s studies of small-scale fisheries demonstrated the scope and economic impact of women in a variety of roles. Gleaning was often overlooked by previous studies. But this hand collection of invertebrates from shallow intertidal water is the main livelihood for many rural women. To advance fisheries management, Kleiber is pioneering studies of social impacts of proposed fisheries management measures on fishing communities. Social impact assessment tracks many indicators beyond catch and revenues and recognizes that fishing also contributes to culture and social cohesion of island communities.
 
 Key Takeaways
  	Women are involved in all aspects of the fishing industry, including skinning, drying, curing, salting, processing, and marketing seafood.
 	Rights, equity, and justice are mainstream principles of good fisheries governance.
 	Women’s role in fishing or fisheries is often overlooked in decision making for cultural reasons.
 	Foundational concepts of ecofeminism and intersectionality are useful constructs for analyzing fisheries gender issues.
 	Fisheries management policies are set by governance bodies that exclude women.
 	Intersectionality is a crucial starting point in all discussions and is grounded in social justice.
 
 
 
 This chapter was reviewed by Kafayat Fakoya.
 Long Descriptions
 Figure 7.1: Government, Institutions, NGOs, & Donors, provide assets and services give support to fisheries governance. Chart splits showing, left: fisheries governance gives greater support in traditional roles to (male symbol) in access, ownership, rights; leads to control harvest, more influence in governance; right: fisheries governance gives less support in traditional roles (female symbol) with limited access, no ownership, limited rights; leads to conduct post harvest, less influence in governance. Both lines lead to lower representation in decision making increases community vulnerability. Jump back to Figure 7.1.
 Figure 7.3: Intersectionality displays how social identities intersect with one another and are wrapped in systems of power with overlapping circles of a spirograph, including 1) race, 2) ethnicity, 3) gender identity, 4) class, 5) language, 6) religion, 7) ability, 8) sexuality, 9) mental health, 10) age, 11) education, 12) body size, and many more. Quote by Kimberle Crenshaw reads, “intersectionality is a lens through which you can see where power comes and collides, where it locks and intersects. It is the acknowledgement that everyone has their own unique experiences of discrimination and privilege.” Jump back to Figure 7.3.
 Figure 7.8: Range of co-management arrangements from government-based management to user group-based management. From left, 1) instructive, minimal exchange of information between government and users; 2) consultative, mechanisms exist for government to consult with user groups, but all decisions are taken by government; 3) co-operative, government and users co-operate as equal partners in decision-making. For some this is the definition of co-management; 4) advisory, users advise government of decisions to be taken and government endorses these decisions; 5) informative, government delegates authority to make decisions to user groups, who are responsible for informing government on these decisions. Jump back to Figure 7.8.
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