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			Over twenty years ago, I wrote (Norse and Crowder 2005):

			Today’s students and postdoctoral associates are the first generation of marine conservationists, and it is for them that this book has been written and edited. I hope they enjoy it and find it useful. In a field evolving as rapidly as marine conservation, a textbook is a moving target. Still, I hope the foundational effort of the authors and editors set the stage for continued exciting developments in research, education, and policy in marine conservation.
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Foreword

			
Kai N. Lee

			Consider our horizons. Standing in a dinghy in a calm sea, one can look out about 5 kilometers. Slip over the side, and one swims in the photic zone, which extends down as much as 200 meters. Here, 90% of the life in the ocean lives; a free-swimming human can traverse some of this zone. Our horizon is a small disk on the ocean, an ocean that covers more than two-thirds of our planet. Though our wide-ranging species has fished and made observations in many seas and reefs over the centuries, until recently, our knowledge of marine life was limited. 

			This book is a report from beyond our horizons: a space the French explorer Jacques-Yves Cousteau called The Silent World, punctuated by the bubbling of the SCUBA apparatus that he invented in the middle of the 20th century. With exploration comes science, powered increasingly by technologies invented during and after the Second World War. Then, by the turn of this century, an environmental awareness emerged: a realization that mere humans, with our myopic horizons and mighty technologies, were changing marine ecosystems dramatically. The result is a global concern for marine conservation. That is what is described in this volume by an impressive array of today’s explorers.

			In the pages that follow, the reader finds a diversity of views, mostly anchored in marine science, including, importantly, analytical perspectives from the social sciences. First, a wide span of geographies are discussed, from the Antarctic to the tropics, with a corresponding range of social and ecological circumstances. The authors represent different generations, not only in their ages, but also in how they make their contributions to a rapidly evolving marine conservation – from a focus on charismatic species, to efforts to respond to major pressures on ecosystems including climate change, to wrestling with the challenge of rebuilding sustainable socio-ecological relationships. They also engage with the vexing issues of diversity and equity, which have shadowed the mostly male, mostly white fields of marine science, where the costs of observation have been borne largely by rich countries. In this volume young writers from diverse underrepresented populations are represented to an unusual and commendable degree. Most of the authors have worked with the editor, Larry Crowder, whose research, teaching and mentoring over the past generation have shaped the emergence of marine conservation as a field, both in its intellectual content and the directions in which action has been taken.

			Marine conservation has been stimulated by concerns articulated by academic scientists. The burdens of activism and change have been taken up by civil society, some businesses, philanthropies and, haltingly, governments. The concerns reflect the extraordinary fact that humans are measurably interfering with the natural processes of the planet’s largest habitat:

			
			
					Fishing, an ancient activity, and the largest remaining part of the hunting and gathering economy, routinely reaches or breaches the limits of natural populations. Catches have been level for a generation, and growth in seafood production has been almost entirely in aquaculture.

					Climate change, including changes in chemistry as carbon dioxide increases the acidity of seawater, brings changes in weather, temperature, and the balance of the ocean-atmosphere system. Terrestrials see drought, flood, and storms, but we are less aware of disruptive changes offshore.

					The decline of valuable species, including those prized when caught and those prized when we can visit them at the surface or within diving range, has spurred actions to salvage what is left. Marine protected areas have been declared near every continent, mainly to constrain fishing; these are top-down solutions administered, sometimes indifferently, by governments. Local, bottom-up efforts to declare community rights have taken root – asserting and reasserting governance grounded in traditional knowledge and the realization that place and history matter in the management of resources.

					Still, sweeping changes in the ocean imperil small-scale fisheries, most of them poor, along the coasts. The vast majority of livelihoods dependent on the sea are to be found in these communities. In this way marine conservation intersects with the challenges of development and the improvement of human wellbeing.

					A host of industrial pollutants, including plastics and the residues of oil and gas production and use, have become the focus of what might be called charismatic disasters – oil spills, seabirds strangled by beer-can packaging rings, vast mid-ocean gyres of tiny plastic fragments, and climate change driven by the burning of fossil fuels.

					Underneath all is the reality that the seas are commons, where the interests of actors often do not align with the needs of their communities and ecosystems. In a commons there is no property: what belongs to everyone is no one’s responsibility. Garrett Hardin, an ecologist, famously wrote, ‘Freedom in a commons brings ruin to all.’ That is to say, collective action is essential, in order to channel behavior along constructive paths. A central puzzle of marine conservation is accordingly to strengthen, build, and maintain a range of institutions – from political bodies and administrative agencies to community governance, traditions and values – that can breathe life into rules, enforce them, and sustain responsibility. These institutions are frail or absent in many places, undermining marine conservation and much else.

			

			In the middle of the 19th century, Herman Melville looked northward toward Mount Greylock in Massachusetts, where he could see a looming mass, the outline of a whale. ‘The moot point is,’ Melville wrote in Moby-Dick, ‘whether Leviathan can long endure so wide a chase, and so remorseless a havoc; whether he must not at last be exterminated from the waters.’ The leviathan that is the oceans has endured much havoc over the generations since. Yet marine conservation is now on a rising trajectory. As one of the authors here writes, ‘The tide is turning, but we have a long way to go.’ There is navigational advice for the journey ahead in this volume.

			Kai N. Lee
Owl of Minerva LLC
Indianapolis

		

		
		

			
Navigating our way to solutions in marine conservation: An introduction

			
Larry B. Crowder1
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			It’s been nearly 20 years since Elliott Norse and I edited the first book dedicated to Marine Conservation (Norse and Crowder 2005). Elliott envisioned this book and invited most of the authors beginning in the early 2000s, recruiting me to assist in 2003, when I also became a member of the MCBI Board of Directors. At that time, there was increasing concern among scientists and activists about the loss of marine biodiversity. Marine Conservation Biology Institute held the first Symposium in Marine Conservation Biology in 1997 (the same year I initiated the Marine Conservation Biology course at Duke) and The Second Symposium in Marine Conservation Biology in 2001. As the title of this book suggests, the focus was on science, including a focus on marine populations, and threats to marine biological diversity (with a special emphasis on the impacts of commercial fisheries). The book also emphasized the science behind the emerging place-based approaches to managing marine ecosystems, including marine protected areas and ocean zoning. Human dimension issues, including legal approaches, engaging human communities in local conservation, and addressing governance and integrative management approaches, brought the book to a close.

			Looking back at the voices represented in this inaugural book, that celebrates the importance of biological diversity, it appears we failed to represent the diversity of human perspectives. Lead authors were 96% white, 76% male, and 88% academic. All lead authors were North American or European. Science-based chapters accounted for 80% of the offerings. Social science, law, governance, and other human dimensions topics came last in the book, which may appear to the reader to be an afterthought, even though that was not the case. Instead, it appears to be a reflection of the thinking within our community at the time. Refreshingly, we have since progressed and recognize the need for more diversity in thought and inclusivity in contributions. If we consider all the chapter authors, the diversity of people and perspectives is somewhat broader. But critical voices and insights were missing. Furthermore, while the Marine Conservation Biology book provided all the ingredients for a 21st century approach to problem solving in conservation, we have now learned better how to stitch these insights together (Crowder 2025, Chapter 24).

			I am struck by how much the field of Marine Conservation has changed. The early approach reflected in the 2005 book, was focused on the scientific and primarily biological basis for protection against the loss of marine biological diversity, from individual species to marine ecosystems, and on reducing impacts of human activities such as commercial fishing, which was then considered the number one threat to marine biological diversity. At the ecosystem level, the major innovations were marine protected areas (and often totally protected marine reserves) and ocean zoning. These approaches sought to eliminate (or substantially reduce) the impact of human activities, including fishing, on marine ecosystems. The underlying theme was that human activities cause extreme harm to marine biodiversity, and to protect the structure and function of marine ecosystems and to fix these degraded systems, one must eliminate people (or at least their most harmful effects) from these systems (Soule 2005).

			Marine conservation has moved beyond approaches that are purely science-driven. Insights from rigorous scientific research are necessary, but not sufficient, for solving marine conservation challenges in the real world. The emerging approach requires the integration of natural sciences and engineering, with social sciences and governance to design pathways to solutions. Ostrom’s (1990) seminal work on governance and rights-based solutions to the tragedy of the commons jumpstarted this integrative thinking regarding social-ecological systems, initially at the local to regional scale. Success also often involves partnerships among researchers, practitioners, and local communities. Designing solutions for marine conservation beyond the local scale requires a deliberate focus on a trans-disciplinary and multi-cultural approach (Crowder 2025, Chapter 24). 

			Navigating Our Way to Solutions in Marine Conservation was designed to reflect the broader insights and diverse voices that are now revolutionizing marine conservation. I sought chapter authors who were scholars and practitioners, who worked in governance as well as social and natural sciences. I sought authors who reflected a broader global experience and who represented a more diverse perspective than we included in Norse and Crowder (2005). 65% of our lead authors reflect the wide variety of races and cultures (Hispanic, Asian, Black and Indigenous); 35% are white. Male authors account for 46% of the total; academics account for half of the lead authors. Practitioners and people working in NGOs and governments account for 50% of authors. Half of the lead authors are from the US; the other half represent a variety of countries and cultures (Argentina, Barbados, Bahamas, Canada, Chile, China, Cuba, India, Malaysia, Mexico, Portugal, and Sri Lanka). Nearly all the authors fully integrate natural science, social science, and governance in their chapters. Beyond interdisciplinary and international, the emerging focus is trans-disciplinary and multi-cultural. Most of the case studies involve human communities with their biophysical environment in determining pathways to solutions.

			University faculty have traditionally pursued basic research focused on advancement of knowledge over applied research aimed at immediate applications. The former is based on acquiring a deep understanding of the mechanisms underlying the dynamics of the system under study. By contrast, applied research is often focused on solving immediate problems or needs, even if the underlying dynamics are not well understood. In academia, the terms basic and applied have begun to fall out of vogue. My colleagues often refer instead to fundamental vs. translational research; the subtext is that fundamental research is preferred, and if that fundamental knowledge has an application, it can be simply translated for designing solutions. Now, researchers have an increasing interest in Pasteur’s quadrant (Figure 1, Stokes 1997), characterized by use-inspired research. This research is aimed both at advancing knowledge, and solving problems in the real world. In marine conservation, the knowledge that we base policy and management decisions on must be excellent and unassailable, but it must also be appropriate for the scale and particulars of the problem. Designing pathways to solutions requires our best understanding of the natural science, social science and governance issues at play. There is no one optimal or best solution, but a series of solutions with different constraints and opportunities. Use-inspired research goes beyond just translating findings from basic research to solutions. Use-inspired research that emphasizes rigor and knowledge, as well as the potential for practical applications, may require asking different questions than the basic science researcher might ask. 

			
				
					[image: A research diagram categorising types of research into quadrants based on relevance for knowledge advancement and immediate applications, labelled as Pure Basic Research, Use-Inspired Basic Research, and Pure Applied Research.]
				

			

			

			Fig. 0.1 Approaches to research.

			Protecting biodiversity is still a laudable goal, of course, but given the myriad of challenges to marine ecosystems, including fisheries, climate change, invasive species, pollution, global markets, and colonialism, many are turning their attention to protecting ecosystem function as a goal. Increasing numbers of programs are being created in universities to address sustainability as the major goal. My university just created the first new school in 70 years, the Stanford Doerr School of Sustainability, and the focus is use-inspired research, as well as interdisciplinary and international engagement, that seeks solutions that work for people and the planet. The question is, where do we look for approaches to sustainability that allow the environment and people to co-exist over long periods of time? Perhaps the Polynesian cultures of the of the world’s largest ocean have something to teach us about Navigating Our Way to Solutions (Beamer, Tau and Vitousek 2022).

			
			Island perspectives on sustainability: A parable

			People who grow up on islands think differently than people who grow up on continents. All of history’s major colonial powers emerged on continents from the Romans, to Spain, Portugal, England, France, and other European powers. The United States, once colonized, is now itself a major colonial power, as are Russia and China. The march of history often begins with a people that, after depleting their own resources, move across continents to take resources from others, by invasion, warfare, and sometimes extermination. Strong forces arising on continents, can move relatively easily into adjoining territories to displace local people and seize their land and resources. Some of these powers leapfrogged to Africa, as well as North and South America, and rolled across those continents displacing major civilizations and native peoples alike. The attraction was often precious metals, jewels, and historically significant places. But captive human resources, in terms of forced labor, were also exploited to build out occupied land on behalf of the invaders. In essence, that mindset is if you need something, go get it, and if it’s not there, then go find it.

			
			The whole colonial movement, once celebrated (at least in the colonialist countries), is now subject to critique, and moves to decolonize major regions and nations of the world are emerging as native peoples seek to regain their freedom and autonomy. But colonialist footholds are strong, resisting efforts by indigenous peoples to reclaim their rights and regain their autonomy over their historical lands and resources.

			By contrast, island cultures and other remote peoples, have evolved societies that were forced to practice sustainability. The famous ‘Ahupua’a’ system in Hawaii, focused on a holistic approach to the relationship of people to the land and sea. Local people managed their resources from the top of the mountain to the edge of the reef and beyond. This practice has evolved elsewhere among island cultures and remains central to the thinking of island peoples. Living and non-living components of these watersheds were considered critical parts of the system, as were the people. The islander mentality seems to focus on sharing resources. In fact, the idea of owning land was considered absurd before western contact. This was the first development of the concept of ‘ecosystem-based management’, thousands of years before western scientists coined the term. 

			Why did island people focus on sustainability from year to year and across generations? Because their lives and the future of their people depended upon it! Depleting your own resources and simply moving to the next island was not trivial. Indeed, it required highly developed celestial navigational skills to engage in dangerous voyages to other unknown and uncharted islands. It wasn’t like fighting across an arbitrary land border. Furthermore, habitable islands were likely already inhabited by people who could see marine invaders at a distance and would fiercely defend their homes.

			So, if we want to understand how to Navigate our Way to Solutions for Sustainability, who best to teach us? Island cultures or continental cultures?

			

			The Earth is an island, in the sense that it has limited resources. Historically, colonizing civilizations have had a ‘move when needed’ or ‘explore and conquer’ mentality, which was not feasible for isolated island civilizations. Colonizing civilizations have also led efforts in sustainability, but maybe we should explore the ideologies behind island and indigenous communities, who have been practicing sustainability for centuries. If the Earth is an island, we need to adopt a sustainable approach to living here ‘as if our lives depended upon it’. We can’t deplete and despoil the Earth and just move across a border to capture another Earth. Planning to voyage to our new ‘earth island’ is a challenging and highly risky strategy. We need to seek out the wisdom of island peoples to help us find our way to sustainability for island Earth.
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Diverse approaches to species conservation


			Biodiversity and species conservation


			It is not unusual in marine conservation for practitioners and researchers to focus on threats to biodiversity at the species level. Although extinction in the sea has been relatively rare compared to that on land and small freshwater systems, we have lost species in recent history, and have species on the brink, largely due to the impacts of people. Human activities including the direct and indirect effects of fishing, ship strikes, development in coastal habitats, invasive species, and climate change have led to massive reductions in species abundance. Concerns about species often reflect the ‘charismatic megafauna’, but other less visible species are also at risk. In this section, the key authors are researchers/scholars that are actively involved in initiating effective conservation actions.

			Pablo Garcia Borboroglu and Laura M. Reyes detail their work on Magellanic Penguins in Patagonia. Massive loss and alteration of key nesting rookeries due to coastal ranching led to dramatic declines in the number of nesting penguins. Initial efforts sought to discover and protect these rookeries. But the authors also found critical losses at sea when parents forage to provision their chicks. Solutions to these issues required not only good science, but clever integration with local land owners, fishers and government.

			Krista D. Sherman, describes the rapidly emerging and persistent challenges to save the critically endangered Nassau grouper in The Bahamas. This effort has been characterized by short-term gains and setbacks, which requires cutting edge science and high-level engagement with local fishers, coastal communities, and government. Her high level of engagement in the community, as well as the science, seems to be the key to success.

			Fabián Pina Amargós, Tamara Figueredo Martín, and Yunier Olivera Espinosa, focus on the conservation challenges around the goliath grouper Epinephelus itajara in Cuba. Initially the subject of a targeted fishery, this long-lived species became rare and was subjected to several conservation efforts, including marine protected areas, better management of fishing effort and impacts, and a shift toward ecotourism to protect and value this species, all in the context of interesting formal and informal governance in Cuba.

			Dana K Briscoe, Bianca S. Santos, Calandra N Turner Tomaszewicz, and Larry B Crowder, characterize emerging approaches to conserving endangered sea turtles across the globe. Sea turtles have declined due to direct harvest from eggs to adults, loss of nesting habitat, and bycatch in fisheries. Researchers globally have developed an extensive tool-kit to address the dramatic declines in sea turtles, and have developed focused conservation actions based on detailed understanding of the life histories and spatial dynamics leading to some success in recovering species, such as Kemp’s ridley. This chapter describes those successes and illuminates remaining challenges.

		

		
		

			
1. Conserving penguins via land and sea protection

			
Pablo Garcia Borboroglu1 and Laura M. Reyes


			©2025 Pablo Garcia Borboroglu & Laura M. Reyes, CC BY-NC-ND 4.0 https://doi.org/10.11647/OBP.0395.01

			Worldwide, biodiversity is rapidly decreasing (IPBES, 2019). Seabirds are the most threatened bird group, and penguins are one of the most threatened seabird taxa (Croxall et al., 2012; Dias et al., 2019). Anthropogenic sources of mortality, coupled with a rapidly changing climate, have led to significant impacts on several species of penguins. In fact, half of the 18 penguin species are listed as threatened by the International Union for the Conservation of Nature (IUCN, 2020). As important marine predators, penguins play a key role in coastal and marine ecosystem structure and function. This bird group’s fragile conservation status foreshadows the urgent need to protect the oceans they depend upon.

			Penguins are flightless birds that inhabit the Southern Hemisphere. They breed in colonies, lay one to two eggs per breeding season, and take several months to raise their offspring. Penguins are also long-lived, and depend on marine food sources that are spatially and temporarily unpredictable. As a consequence of their natural history features, they are particularly sensitive to variations in ecosystem structure and processes, caused primarily by climate change, marine pollution, and extensive overfishing (Trathan et al., 2015; Boersma et al., 2020). 

			We are already feeling the effects of the Earth’s changing climate. Regions within the Antarctic are warming much faster than the average rate of the Earth overall. Shifts in ice formation and melting patterns, coupled with increasing rain and snow, have changed the quality and availability of breeding and feeding habitat for many penguin species. Within temperate regions, increases in the frequency and intensity of environmental cycles, such as the El Niño Southern Oscillation (ENSO), have changed the abundance and distribution of penguin species. Within these regions, dramatic population declines, modifications of breeding chronology, and reproductive failures have occurred (Garcia Borboroglu and Boersma 2013; Roupert-Coudert, 2019).

			
				
					[image: A satellite map of the Argentine coastline, highlighting key Magellanic penguin colonies at locations such as Punta Tombo, El Pedral, and Complejo Islote Lobos.]
				

			

			Fig. 1.1 Geographic location of the study cases described: Complejo Islote Lobos (Province of Rio Negro) and El Pedral and Punta Tombo (Province of Chubut). The three locations are found along the Atlantic coast of Patagonia in Argentina. 

			
			Anthropogenic pollution is a significant source of harm to penguins worldwide. Penguins are particularly vulnerable to petroleum spills, as they surface regularly to breathe while swimming, and do not fly, and so are not able to avoid petroleum in comparison to flying seabirds. The mortality of penguins due to accidental and chronic petroleum discharge is a long-term and large-scale problem. Thousands of penguins in Africa, South America, Australia, and New Zealand, and even Antarctica have been killed as a result (Garcia Borboroglu et al., 2008). More recently, plastic pollution has become a significant global concern. Plastics have invaded even the most remote penguin habitats and are commonly found along shorelines and within nesting sites. Penguins are unable to digest plastics and when ingested, plastic can cause a variety of health issues including neurological and reproductive disorders (Trathan et al., 2014; Wilcox et al., 2015). Furthermore, sharp fragments, known as micro-plastics, can cause internal injuries and blockages in the digestive tract.

			Fisheries also threaten penguin populations through competition for food and gear entanglement. Starting in the mid-20th century, large-scale industrial fisheries began to remove large numbers of fish from the Southern Oceans (WWF, 2007). New technology has increased catch capacity and, in some areas like Antarctica, there is high spatial overlap between penguin foraging areas and fisheries operations (Cury et al., 2011).

			Currently, some species of penguin face hazards within their colonies related to inadequate regulation of human activities such irresponsible tourism, coastal development, or introduced predators (Garcia Borboroglu and Boersma, 2013; Trathan et al., 2015). In addition, new emerging issues, such as the illegal trade of penguins, are generating concerns within the conservation community. This situation is driven in part by the resurgence of Asian economies, where new markets for wildlife trade have been established (Das, 2014). For example, as the number of aquariums in China increases, the demand for penguins and other marine wildlife has grown. Illegal traffic of wildlife is one of the most lucrative international crimes and is directly linked to species loss in some of the world’s most threatened ecosystems (UNODC, 2020).

			Overall, the effects of climate change cannot be addressed in the short term. However, we can increase the resilience of penguin populations by improving the management of anthropogenic activities. By reducing human pressures on penguin populations, we can enable them to cope better with the consequences of climate change.

			Penguins are excellent indicators of the health of the ocean and the condition of the coasts they inhabit, giving visibility to marine conservation issues. They use a wide range of marine habitats throughout the Southern Oceans, covering thousands of square kilometers during annual foraging and wintering migrations. As ocean samplers, they can serve as cost-effective indicators of the habitats they use, allowing scientists to have better insight into the nature, magnitude, and location of priority marine conservation issues (Agnew, 1997; Boersma, 2008). 

			Penguins need large-scale conservation protection because they use vast areas of the ocean to forage, but they also require focused local efforts for nesting and breeding habitats. Securing protection for large areas in the ocean presents a challenge, as it can generate strong resistance from political and private sectors that use those areas for fisheries, oil exploration and mining, and maritime traffic. On land, penguins use more restricted areas to build their nests and establish colonies. However, designating protected areas for those habitats can generate resistance in regions where interests exist to develop industrial infrastructure like harbors or energy plants, to promote urbanization, or to allow recreational uses, all of which can cause severe disturbance and impact the habitat quality. 

			Penguins breed across islands and continents throughout the Southern Hemisphere, so they face different realities depending on the sociocultural, political, and economic scenarios they encounter. Breeding and migration grounds are often under the jurisdiction of developing countries. Specifically, their breeding areas are within main territories of eight countries: New Zealand, Australia, South Africa, Namibia, Argentina, Chile, Perú, and Ecuador. They are also located on islands and overseas territories administered by the United Kingdom, France, and Norway. In some cases, developed countries’ administrations have proved to be more effective in addressing conservation problems like oil spills. When oil spills occur within the jurisdiction of these nations, the origin of the spills are able to be identified. These countries often have effective laws and enforcement to prevent spills. In addition, these laws are coupled with effective litigation procedures, and in most cases, the companies that are responsible for spilling petroleum are prosecuted and fined. On the other hand, in Africa and South America, the origin of many petroleum spills, including some of the most harmful ones, remain unknown. Law enforcement is often ineffective, and prosecution procedures are contextualized by judiciary systems that are not always independent from political or economic powers (Spiller and Tommasi, 2007). As a result, many companies that are responsible for oil-spill damage have not been required to compensate for the harm inflicted (Garcia Borboroglu et al., 2008). 

			Many conservation problems in developing countries are based on little to no protection as a consequence of poor planning and/or ineffective implementation and enforcement. Further, in many developing countries, environmental problems are not prioritized as highly as chronic economic problems and social issues relevant to securing a sustainable economy. The Global Penguin Society (www.globalpenguinsociety.org; GPS) has helped to deliver effective conservation actions to tackle the intrinsic shortcomings linked to developing and developed administrations. Throughout the last thirty years, the GPS has worked to apply science-based conservation to protect both marine and coastal habitats of penguins. These actions have further benefitted thousands of other species penguins coexist with. In this chapter, we describe particular case studies from Argentina, one of the countries where we work and currently live, that reflect the complexities we have faced, and the failures and successes in these endeavors.

			
				
					[image: A wide landscape photograph of a Magellanic penguin colony at Punta Tombo, Argentina, showing numerous penguins scattered across their nesting area with the ocean in the background.]
				

			

			Fig. 1.2 Punta Tombo Magellanic penguin colony in Chubut Province, Argentina, is one of the largest colonies of this species on the Planet, with a population of 140,000 pairs (Image: Global Penguin Society).

			
			Case studies

			The power of the social fabric: The Punta Tombo management plan case

			Punta Tombo, Argentina (see Figure 1.1), is one of the main tourist attractions in Patagonia, and encompassed the largest Magellanic penguin colony in the world until 2017 (Figure 1.2). The colony’s population has declined more than 30% since the late 1980s. Current reproductive success is low and feeding trips have lengthened by nearly 45 kilometers every ten years. Starvation, the primary cause of chick mortality, kills nearly 40% of chicks annually (Boersma et al., 2014). Although a 210-hectare provincial reserve protected half of the breeding colony on land, similar protections (e.g., via a marine protected area (MPA)) did not exist to protect their nearby feeding grounds. 

			The first management plan for the Punta Tombo Protected Area (Garcia Borboroglu et al., 2005) was conceived through a participatory strategic planning process that occurred between 2003 and 2005. This participatory process involved 128 people representing 40 institutions. One major challenge was to sustain the stakeholder participation throughout the two-year process, which included seven intense plenary workshops and hundreds of meetings. Three elements comprised the planning scenario: the provincial government as the main authority, two NGOs as the main sponsors, and the active participation of social stakeholders, including the landowner, scientists, travel agents, tour guides, industrial and coastal fisheries, the coastguard, and authorities of the main towns near the protected area. Along with a social science expert, we formed the planning team that facilitated and coordinated this process. This team was instrumental in achieving consensus among diverse individuals with different priorities, positions, and interests.

			
				
					[image: A Magellanic penguin chick emerging from its egg, with another chick being sheltered by the adult penguin in the nest, surrounded by natural materials such as grass and twigs.]
				

			

			Fig. 1.3 Penguin egg hatching and chick asking parent for food. This is the one of the most fragile stages of the breeding cycle since adults have to feed their chicks very frequently, so it is critical to find food available close to their colonies (Image: S. Sainz-Trapaga).

			This experience illuminated different strategies that proved successful when managing uncertainty and delivering conservation goals under difficult circumstances. One main accomplishment was the development of a strong social network among stakeholders. Many months of intense, regular, and cooperative work made it possible to integrate common interests into a shared vision. The network ensured the continuity of the planning process, even during very unstable political circumstances, when the official political party that initially drove the process lost the subsequent election. The new authorities did not deem the management plan an important issue. Additionally, throughout the project, five different individuals were named director of conservation within the Protected Areas Bureau. As a result, government support and its affetio societatis – the common will of several people or institutions to join and work towards a common goal – were often simply declarative, as they were not really interested in supporting the management plan as a product. 

			Our team was also able to identify the urgent need to create an MPA around the colony. An MPA protecting the foraging area for adults feeding small chicks (a critical stage of the breeding cycle) would reduce both chick starvation and adult mortality, increasing reproductive success (Figure 1.3). Working synergically, an ad-hoc team, composed of fishermen, fishing authorities, the coastguard and scientists developed a proposal for an MPA to be included in the management plan. Surprisingly, the chamber of coastal fisheries supported the creation of this MPA, as this would prevent the large-scale industrial fisheries from operating and competing with the local fisheries within this area.

			However, two years after the submission of the completed management plan document, it remained in the governmental offices waiting to be analyzed and officially approved. While the plan had not yet been approved, a recently appointed director of Protected Areas tried to initiate damaging construction activities in a delicate nesting area for penguins. Fortunately, we were able to reconnect the stakeholders’ network and request urgent approval of the plan by the governor and immediately stop construction. In 2007, four years after the beginning of the planning process, the management plan for the Punta Tombo Protected Area was officially approved, and the emerging construction was removed from the area. However, the arduous task of the creation of the marine protected area remained pending. 

			When opportunity knocks at your door: A marine protected area for Punta Tombo and the magic of Mickey Mouse

			Creating the marine protected area that the management plan proposed was a difficult task to achieve due to governmental proceedings. The provincial parliament was required to analyze, vote, and approve the proposal, despite pressure from the fisheries against its designation.

			In the years following the approval of the plan, our team continued to follow up with authorities on the status of the MPA. Through the GPS, we contacted and informed the governor and several congressmen about the urgent need to create the MPA to help increase the availability of food in critical stages of the breeding season, and reduce the high mortality of chicks by starvation. Unfortunately, our multiple attempts were always unsuccessful, despite the strong scientific evidence behind the proposal.

			Eight years after the completion of the management plan, an unexpected opportunity appeared when we received a visit from representatives of the Walt Disney Company. The corporation had been financing several educational and conservation projects for the GPS and wanted to learn more about the progress of the activities and the individuals who made it possible. During their stay, we informed them about the need to increase protections in the oceans for penguins. The governor learned about the visit and immediately required a meeting with the Disney team and the NGO. During the meeting, we immediately saw a window of opportunity.

			And the request from the Disney directive did not wait: 

			—Mr. Governor, everything is beautiful and magnificent, but the penguins need a Marine Protected Area for Punta Tombo.

			After several years of inaction, this simple and overwhelmingly clear sentence catalyzed political interest in the MPA. Over the next several weeks, the GPS team worked with the government of Chubut Province to design the new area, using the best available science, while Disney Fund for Nature supported the effort.

			
				
					[image: A group of Magellanic penguins gathered at a shoreline, some interacting with each other, with the sea glistening in the background under a clear sky.]
				

			

			

			Fig. 1.4 Magellanic penguin adult group socialising at the beach. During the planning stages of a penguin colony, it is fundamental to zone the area considering the different habitats relevant for the species, because not only the nesting area should be protected but also the beach areas that are intensively used (Image: Global Penguin Society).

			The MPA is now located on the central Patagonian coast of Argentina. It includes 60 kilometers of coastline and will influence the management of 100,000 hectares extending 12 nautical miles offshore. Its main goal is to protect the feeding area of 500,000 Magellanic penguins that breed in nearby colonies (Figure 1.4). The MPA also aims to protect the ecotourism industry and improve the management of fishing activity in the area. Nature-based tourism is one of the main sources of income and jobs for this region. The MPA is now one of the core areas of the Blue Patagonia UNESCO Biosphere Reserve, another layer of protection that we helped to designate in 2015. 

			Seven days before the change of governors, legislators, and the President in Argentina, the Legislative Body of Chubut Province approved the MPA (Law 103/15). Science was important, but political and economic interests behind the scenes were crucial aspects of negotiation. When industrial fisheries began to pressure politicians to stop the MPA process so that the law could be discussed at the congressional plenary session, scientific evidence was not significantly considered. At this point, we implemented a coordinated strategy, including interaction with the media, current and future government officials, and travel agents that operate in Punta Tombo, to help balance the discussion. Again, the official political party lost the election and had no power to foster the approval of the law, so we were left to negotiate with the political parties directly to obtain their votes before the official session. This was, by far, the most challenging and critical moment of the process, as most politicians could not initially understand the significance of this MPA. An influential member of one party did not read or write, therefore, we translated the available science into friendly and accessible language so he could better understand the project. After tackling several obstacles and making agreements through negotiations, the modified proposed area and draft law were successful in protecting foraging areas for penguins (Figure 1.5) and a rich assemblage of other marine species using these waters. Unfortunately, the marine protected area is still waiting for its effective implementation. We hope that the next opportunity will not be delayed for another ten years. 

			
				
					[image: Aerial view of a beach showing a colony of penguins gathered on the shore. Some are entering the ocean while others remain in groups on the sandy and pebbly terrain.]
				

			

			

			Fig. 1.5 Aerial image of a group of penguins going into the ocean. Penguins can take hours to go back walking to their nests but they can swim hundreds of kilometers per day when they are in the ocean (Image: S. Sainz-Trapaga).

			El Pedral: The power of the few

			In 2008, we discovered a recently established penguin colony in an area of Patagonia called El Pedral (see Figure 1.1). Over the years, the GPS has helped transform El Pedral into a healthy coastal habitat. When penguins first arrived, El Pedral was littered with trash and the fledgling colony was plagued by severe human disturbance. People hunted wildlife, burned and destroyed penguins’ nests, and brought dogs to the area that often harmed the penguins. Moreover, people with vehicles and motorbikes drove across the area without paying attention to the nests. The fate and persistence of this colony depended on our ability to improve their habitat and implement adequate protections from human activities.

			When a new colony is established, the area is surveyed by the founder group of penguins that decide breeding site suitability. The site chosen will be utilized for the duration of their lives, as they have a strong bond with the place they breed. We realized that we needed to implement actions urgently to secure a safe place for the first few breeding pairs. If we were successful, penguins would continue recruiting within this colony. Unfortunately, after speaking to the government, we learned that protection tools could not be applied immediately. Therefore, in agreement with the landowners, we closed the access gate to protect the emerging colony, and to provide time to explore other options. Several pressures, threats, acts of vandalism, and even intimidating phone calls resulted from the decision to close the gate. Despite all these shortcomings, we maintained our position. After two years, we were able to advance measures by working with the local government and landowners to designate El Pedral as a protected wildlife refuge (Figure 1.6). Although it was a challenge to foster agreements among landowners, convince decision-makers of the relevance of this area, and negotiate with groups of recreational fishermen who used the area, we were able to design and implement the management plan for this area. 

			
				
					[image: Close-up silhouette of a penguin standing on a rocky beach at sunset, with its beak open as if calling out. Other penguins are visible in the soft-focus background.]
				

			

			

			Fig. 1.6 A Magellanic penguin stretching its flippers on the beach at El Pedral colony, Patagonia, Argentina (Image: S. Sainz-Trapaga).

			We helped landowners develop a responsible and sustainable small-scale ecotourism operation. This allowed not only oversight into the area and implementation of the management guidelines, but also generated jobs and significant income for the local economy. In addition, we developed educational activities to engage children and the local community in various conservation actions. For example, we bring adolescents from local schools to collect garbage and debris from the beach and nesting areas before the penguins arrive from their annual winter migration. We have also established a program for thousands of children to visit the refuge and learn about the value of penguins to help connect them to nature.

			
				
					[image: A group of Magellanic penguins standing on a pebble beach near the ocean. The water is calm, and the penguins are in various postures, some preening and others standing upright.]
				

			

			Fig. 1.7 During very warm days, Magellanic penguin concentrate along the beach of their colonies to refresh and wait for the sea breeze to arrive (Image: Global Penguin Society).

			
			These conservation efforts, along with their education and community engagement programs, have helped El Pedral to become a beautiful and safe coastline and have allowed the colony to grow from six pairs in 2008 to 3,200 pairs of penguins in 2020 (Figure 1.7). A thriving ecotourism operation now brings income to the area while protecting the colony. The conservation effort has benefitted this fragile coastal zone and several other species, including elephant seals, sea lions, guanacos, and Patagonian hares. This case study serves as a model to combat the challenges of a changing ocean and foster the movements of species to areas where they did not previously occur and protect species from threats they did not previously encounter.

			Complejo Islote Lobos National Park: Redefining identity and the sense of ownership in an industrial mining town

			Sierra Grande and Playas Doradas are two coastal towns in northern Patagonia whose economies, growth and identities have long been based on an iron mining industry. Located only 30 kilometers from these towns, the Complejo Islote Lobos provincial protected area (Figure 1.1), designated in 1977, is home to seabird and sea lion colonies. However, this designation was largely ineffective as the protected area did not have a strategic plan, and local wardens maintained a very limited oversight of it. 

			Local people were not aware of this natural area and its valuable resources. Even during the summer when tourists came to enjoy the beach, the natural area was not advertised as a regular attraction. In 2002, a new Magellanic penguin colony was established in this natural area, adding potential value to the site. However, the area remained without effective protection and outside of the community’s awareness. 

			In 2018, the GPS coordinated the development of the first management plan (Reyes and Garcia Borboroglu, 2019) through a participatory process where 47 stakeholders from 21 private and public institutions joined organized workshops. In addition, 12 researchers contributed their expertise to enrich the document. This process was critical to increase the value and visibility of the natural area for the community. Local people learned about the 464 terrestrial and marine species that inhabit the area, including the northernmost Magellanic penguin colony in the Atlantic Ocean. Moreover, the workshops heightened awareness of the valuable cultural resources of the area, particularly graves of indigenous people that occupied the area 2,700 years prior. The rich biodiversity, attributes of the coastal marine landscape, unique archaeological features, and relative proximity to major cities in Patagonia, highlighted the value as a potential tourist destination. 

			Both the community and the government were positively impacted by the planning process. The management plan developed through this process reached the desks of important decision makers, and was instrumental in catalyzing the designation of this area as a new National Marine Park for Argentina. The plan became the core of the document that justified its creation and even allowed the transfer of jurisdiction from the province to the country. Scientific literature was previously available in English via international peer-reviewed journals, but it was not available in Spanish or in a format accessible to the local citizens or decision makers. The participatory process made this information available. The process provides an example of how to make science accessible so that it can be used for solutions that enrich communities socially and economically, while securing conservation outcomes. Overall, this case demonstrates why science was critical to help redefine the identity and sense of ownership of a mining industry community that will now foster conservation as a source of income and jobs.

			Conclusions and lessons learned

			Science is a critical component, but is not sufficient alone, to deliver solutions in conservation planning. Within each case study described, sound and compelling scientific evidence to reasonably justify the designation of each protected area had been previously available for many years. However, the evidence alone was not enough to ensure action. Oftentimes, scientific information is only available within jargon-heavy English papers or publications, leaving it inaccessible for Spanish-speaking decision makers and stakeholders. In these scenarios, science-based conservationists must make information available in clear and understandable language, to generate the interest of communities and catalyze political support. 

			Conservation problems are multidimensional, and therefore efforts to address these issues require contributions from several disciplines (Clark et al., 2002). While natural sciences provide sound information related to wildlife and the environment, social sciences are necessary to provide insight and understanding of the human dimensions that govern decision making. In many cases, scientists provide information to managers but do not effectively engage in conservation processes and policy development. Additionally, many countries lack the intermediate institutions needed to facilitate the process between when a conservation issue is discovered, and the development of a solution. Researchers have a critical role in helping to foster a solution, but must also be aware of the social components of the problem-solving process, which are often based on politics and human values, rather than only scientific evidence. When conservational biologists contribute to management, they can find themselves in a role of political advocacy, which has garnered criticism in the past for straying from the value-neutral domain expected of most scientific disciplines (Soule, 1985). Today, the growing urgency of conservation issues has fostered the resurgence of a new generation of researchers willing to both generate science, and work to integrate their research into applied solutions. Some scientists still question advocacy, especially for a particular solution or outcome; however, scientists can always advocate that solid science be used to inform decision making.

			Within uncertain scenarios, the key is to build a network of committed stakeholders. Developing countries can be very unstable, politically, socially, and economically, and often see high turnover of decision makers. One solution is to build a social network within the members of the community that will persist throughout these instabilities. The involvement and investment of these stakeholders will increase the likelihood that a conservation outcome will be successful in its implementation and long-term impact. This was a key component within the case of the Punta Tombo management plan, where the network of stakeholders fostered the continuity of the planning process and the final approval of the management plan. 

			As conservationists, we must be ready to act when an opportunity arises. Within the Punta Tombo MPA case, ample scientific evidence was available to justify the MPA designation, yet that was not sufficient to generate the necessary political support. Windows of opportunity can open and close very quickly within the political domain, so being ready to act, and moving quickly, is crucial. Sometimes, it is not possible to accomplish everything you aim to do. Lack of time to conduct a comprehensive participatory process, data gaps, and political circumstances, such as changes in authority, can alter original plans and require adaptations. If a political opportunity opens, it is advantageous to implement conservation measures that may not be perfect, but can be improved upon in the future. 

			Allies can emerge unexpectedly in conservation. In some cases, the private sector can be a great ally for conservation measures. The El Pedral conservation success story demonstrates how partnerships with landowners helped to address an urgent situation that could not wait for political action. This partnership allowed for the initial protection of the penguin colony, and helped to generate economic benefits from tourist operations for the local people. Within the Punta Tombo example, the coastal fisheries unexpectedly agreed to support the creation of the MPA, as it would prevent competition with the large-scale industrial fisheries.

			Causes of biodiversity loss are primarily grounded in economics, however effective solutions are also grounded in economics (Fisher et al., 2015). Economics is the study of how individuals make choices under conditions of scarcity, and of the results of those choices for society (Frank and Bernanke, 2003). A major challenge in conservation is determining how to protect resources, while also benefiting communities and incentivizing people to make sustainable choices. The key to garnering the support of a community or government is to highlight the economic and social benefits that can result from conservation measures. In the case studies presented here, we were able to sustain livelihoods within each community through the development of ecotourism operations, which became a powerful tool in the negotiations with decision-makers.

			
			You may ask, what was the key to accomplish conservation goals against the many challenges that are intrinsic to developing countries? If we had to summarize the answer in a few words, we would say: Tenacity, patience, adaptability, passion, optimism and most importantly… hope. 
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			Humans are intrinsically linked to the environment and have the potential to hinder or support management policies aimed at protecting ecosystems and the species that reside within them (Turner et al., 2014; Wise, 2014; Hayes et al., 2015). As such, species conservation is a complex and nuanced process, requiring robust scientific data to help inform and evaluate management strategies that encompass both biological and socioeconomic factors. Significant and sustained investments in time and financial resources are required to facilitate this process and work toward achieving desired conservation outcomes.

			Nassau grouper (Epinephelus striatus) is a predatory marine fish that occupies nearshore habitats throughout the Tropical Western Atlantic, the Caribbean Sea, and parts of the Gulf of Mexico. This species is ecologically, economically, and culturally highly valued in The Bahamas and the Caribbean (Sadovy de Mitcheson and Colin, 2012; Sherman et al., 2016). In The Bahamas, Nassau grouper have generated over $32.5 million USD in revenue within the last two decades through commercial landings alone, and remain highly sought after across commercial, subsistence, and recreational fisheries (Sherman et al., 2016, 2018c). Unfortunately, due to their life history characteristics, overexploitation, and unsustainable fishing practices (e.g., fishing on fish spawning aggregations (FSAs)) along with other biotic and abiotic threats, Nassau groupers are currently listed as critically endangered on the IUCN Red List (Sadovy et al., 2018) and the long-term viability of the fishery is at risk. Within The Bahamas, commercial harvest peaked at 514 tons in 1997, but has declined by 86% over the past 20 years (Sherman et al., 2016). Moreover, several historically active FSAs no longer form and those that persist have reduced spawning biomass, and as such capacity to replenish the fishery (Sherman et al., 2016; Stump et al., 2017). 

			Selected countries (e.g., the Cayman Islands and St. Thomas) have documented conservation success for Nassau grouper, driven by proactive and properly enforced management measures (e.g., bans on fishing at spawning sites) in conjunction with well-funded long-term research, and community education and outreach programs (Sadovy de Mitcheson and Colin, 2012; Waterhouse et al., 2020). In contrast, The Bahamas has had fewer resources to support consistent enforcement, research and monitoring, and community engagement, despite covering a much broader geographic area than any of these countries. Indeed, information on the status of many Nassau grouper FSAs is lacking, yet identifying active sites, where they still aggregate to spawn is critical to protect this species. FSAs are crucial because they account for almost all the reproductive output for Nassau groupers. Reducing knowledge gaps with regards to the status of Nassau grouper spawning stocks, characterization of FSAs, genetic connectivity, and spatiotemporal patterns of fish reproductive behavior throughout the country have been identified as national priorities and research is ongoing to address these needs (Sherman et al., 2016, 2018a, 2018b; Nassau grouper PSA).

			Nassau grouper PSA2


			Various management strategies have been implemented to conserve Nassau grouper within The Bahamas. These include the establishment of the country’s first no-take marine protected area, the Exuma Cays Land and Sea Park, a 3 lb (≥1.36 kg) minimum size limit, partial site-specific FSA closures, varied (1–3 month) national closed seasons, and ultimately a fixed national three month closed season (1 December–28 February) each year to protect fish from capture during part of the spawning season (Sherman et al., 2016). Despite these regulations, however, groupers are still being harvested illegally and sold during the closed season (Nassau grouper PSA). In part, this can be attributed to the continued practice of cultural and historic traditions associated with fishing Nassau grouper and eating them in classic Bahamian dishes that coincide with the spawning season and Christmas holidays. However, illegal fishing or poaching by Bahamians and foreigners is also problematic especially in the southern parts of the archipelago. Accordingly, decades of conservation efforts have had limited success in improving the status of Bahamian Nassau grouper populations (Sherman et al., 2016, 2017, 2018b, c; Stump et al., 2017).

			As such, in addition to addressing ecological gaps for the country (Sherman et al., 2016, 2018b), understanding the motivations and perspectives of local stakeholders is critical (e.g., Wise et al., 2014), but has been lacking, necessitating the integration of social science into the fisheries management process. Utilizing this information to develop and strategically implement communication and outreach materials can help to build consensus and promote behavior change among key stakeholders (e.g., Ghazali et al., 2019). 

			Preliminary research has been conducted to investigate and assess stakeholder knowledge and perspectives regarding the status and management of Nassau grouper and the commercial fishery (Sherman et al., 2018a, 2018b). This initial study along with a national survey administered by the Department of Marine Resources (2019-2020) has provided useful insights into barriers that constrain progress for effectively managing Nassau grouper populations within The Bahamas (Sherman et al. in prep). Some of the major challenges facing Nassau grouper conservation, potential solutions for tackling these issues, and desired outcomes are presented in Table 2.1. 

			Table 2.1 Barriers, potential solutions, and desired outcomes for Nassau grouper conservation in The Bahamas.

			
				
					
					
					
				
				
					
							
							Challenges/Barriers

						
							
							Potential Solutions

						
							
							Desired outcomes

						
					

					
							
							Cultural norms/traditions

						
							
							Integrate/incorporate key findings from social science & economic studies into messaging for different stakeholders. 

							Develop and implement communication strategy and campaign to effectively engage all stakeholders - fishers, marine resource managers, policymakers, consumers, etc. 

							Explore use of incentives to encourage sustainable fishing practices

						
							
							Increased local stakeholder knowledge and awareness about the status of Nassau grouper and reason/need for fishery regulations. 

							Increased stakeholder compliance with fishery regulations and support for marine conservation. 

						
					

					
							
							
							Lack of funding

						
							
							Explore non-traditional funding streams. Increase private-public partnerships (nationally, regionally, and internationally). 

							Solicit annual financial commitments from the government to support Nassau grouper research and conservation.

						
							
							Adequate funding exists to support research and monitoring, enforcement, stakeholder engagement and communication.

							Annual funding made available by the government to subsidize and support research and conservation.

						
					

					
							
							Capacity constraints

						
							
							Strengthen existing collaborations/partnerships and develop new partnerships at national, regional, and international scales to leverage better support (resources, staffing + technical capacity) for enforcement, research and monitoring and governance. 

						
							
							Expanded capacity (skills + resources) for enforcement, research and monitoring, communication, and outreach. 

						
					

					
							
							Politics

						
							
							Improve intra- and inter-agency communication and cooperation using sound legislation, policies, cross-sectoral agreements, standardized data collection and reporting etc. 

							Conduct economic valuation studies to highlight the benefits/value of Nassau grouper and provide additional justifications for its sustainable management. 

							Link and/or make stronger connections between the impacts of coastal development and national projects on marine ecosystems, fisheries productivity, and coastal protection.

						
							
							Increased collaboration, cooperation, and strategic coordination within and among government agencies and NGOs tasked with fisheries and marine resource management. 

							Increased collaboration with regional fisheries management authorities to strengthen and support governance frameworks.

							Politicians support and encourage sustainable development projects that do not undermine conservation efforts.

						
					

					
							
							Inadequate fishery regulations

						
							
							Inclusion of scientific data into national regulations and policies via amendments to existing fishery regulations or the creation of new regulations. 

							Use of precautionary management approaches and regional or international best practices to inform decisions where data deficiencies exist. 

						
							
							Established process/system to facilitate timely adoption and implementation of science-based policies to support sustainable fisheries management.

						
					

				
			

			Although Nassau grouper populations are in a precarious position (Sherman et al., 2017, 2020; Stump et al., 2017), there is still hope. The Bahamas has more reported Nassau grouper spawning aggregation sites than any other country, relatively healthy fish biomass, and has made progress in addressing national research priorities and advocating for science-based policy reform (Sherman et al., 2018b and references therein). The significance of Nassau grouper to the Bahamian culture, economy, and environment warrants a well-defined management approach to mitigate threats and improve conservation efforts to cultivate a sustainable fishery (Sherman et al., 2016). With a true commitment from all stakeholders and sustained support, we can collaboratively continue the race to conserve this species.
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			The goliath grouper Epinephelus itajara is the largest grouper in the western hemisphere and one of the two largest groupers in the world, growing to 250cm in total length (TL) (Heemstra and Randall, 1993) with a maximum weight of 320 kg (Smith, 1971). The goliath grouper is a long-lived species (at least 37 years) and reaches maturity at 6-7 years (120 to 135cm TL) for females and 4–6 years (110 to 115cm TL) for males (Bullock et al., 1992). The species makes ontogenetic, seasonal, and spawning migrations (Coleman et al., 2000) and forms relatively small (10 to 100 individuals) spatially and temporally predictable spawning aggregations (Sadovy and Eklund, 1999). Adult and juvenile goliath grouper show high site fidelity (Eklund and Schull, 2001). These combined features make goliath grouper particularly susceptible to overexploitation. Once relatively abundant throughout its range, goliath grouper populations began to decline in the 1960s, undoubtedly a consequence of both intensive fishing on spawning aggregations and spearfishing on unwary adults (Sadovy and Eklund, 1999). As a result, the goliath grouper is now overexploited and rarely observed (Sadovy and Eklund, 1999). In the USA, population declines led to a fishery closure and catch moratorium in 1990 in all territorial waters (SAFMC, 1990) until recently when a limited catch had been authorised through a harvest permit and tag system due to the recovery of the species (FFWCC, 2024). Internationally, the goliath grouper was listed as Critically Endangered but now is considered Vulnerable (Bertoncini et al., 2018).

			In Cuba, the goliath grouper has been poorly studied and, until recently, inadequately protected. A single management approach through fisheries regulation was for many years the common practice, missing the diverse management approaches, based on the goliath grouper conservation success presented in the previous paragraph. For many years, the protection was an arbitrary 40-cm minimum size regulation which permitted landing almost all goliath groupers caught in Cuban waters (Resolution 561/96 Ministry of Fisheries, Resolution 126/09 Ministry of Food (formerly Ministry of Fisheries)). There is only one peer-reviewed manuscript published specifically about goliath grouper, which focused on the species movement patterns in southeastern Cuba (Pina-Amargós and Gonzalez-Sansón, 2009). Claro and Lindeman (2003) reported 21 spawning aggregation sites for snappers and groupers on the Cuban shelf but none of these are reported spawning aggregation sites for goliath grouper. Previous research has investigated the relationship between predator-prey sizes (Claro et al., 2001). Pina-Amargós and Gonzalez- Sansón (2009) used conventional external tagging within and adjacent to the Jardines de la Reina Marine Reserve (JRMR) to understand goliath grouper movement patterns. This information was applied to improve management for this endangered species. Tagging for this study took place in Jardines de la Reina (JR) in 2001, taking advantage of traditional knowledge of abundant populations of goliath grouper and logistic support from the tourism company. Five individuals were tagged in 2001 and tracked until 2003, with 541 underwater resightings through summer 2002 at the tagging sites. None of the tagged goliath groupers were again sighted after July 2002 at JR diving sites. In February 2002, one individual was caught 36km northeast of the tagging site. In August 2002, a second tagged specimen was caught 77km southeast of the tagging site. In August 2003, two individuals were captured 168km southeast of the tagging site, at a possible spawning aggregation site. All recaptures took place outside JRMR boundaries. The authors highlighted that despite the protection afforded to juveniles and adults by the JRMR, individuals obviously remain susceptible to capture during migrations.

			Pina-Amargós and Gonzalez-Sansón (2009) recommended that management approaches to conserve the species included combining fisheries regulations and protected areas. The first approach would entail protecting the spawning aggregation sites, if they occur, by means of catch moratoria and gear restrictions; the second would require the creation of small or medium-sized marine protected areas (MPAs) that contain the spawning aggregation sites and migratory corridors in conjunction with other already established MPAs protecting non-spawning grouper habitat. As such, more research is needed to verify and characterize the status of potential goliath grouper spawning aggregations at Punta Macao and Cabo Cruz and provide recommendations for the spatial planning and designation of MPAs.

			Pina-Amargós and Gonzalez-Sansón (2009) implicitly recognized the importance of promoting non-consumptive use of the goliath grouper as an ecotourism attraction for SCUBA divers and snorkelers, as has been happening in JR since the 1990s, but it was Figueredo-Martín et al. (2010a) who quantitatively assessed the importance of large fish species for JR ecotourism. Several of these facts were also included in a peer-reviewed paper about MPAs in Cuba (Perera-Valderrama et al., 2018). 

			Extensive interviews have been conducted throughout the entire country to gather traditional knowledge (ecology and fisheries) of goliath grouper (authors FPA and TFM, unpublished data). Traditional knowledge has proved to be an invaluable source for the gathering of information, and the protection and management of species of which little scientific information is available, such as goliath grouper in Cuba. Traditional knowledge about goliath grouper has been used to assess changes to abundance and distribution (Bravo-Calderon et al., 2021); understand reproduction, feeding, and behavior (Gerhardinger et al., 2006); generate information on spawning aggregation sites (Gerhardinger et al., 2009); consider the impacts of some fishing gears (Giglio et al., 2017); and discuss the effectiveness of certain conservation strategies (Zapelini et al., 2017).

			Recently, a comparison of the monetary benefits contributed by large groupers (including the goliath grouper) between fisheries and ecotourism was published (Figueredo-Martín and Pina-Amargós, 2023). Fisheries of large groupers in the fishing zone surrounding Jardines de la Reina National Park (JRNP) represented US$121,707 per year, while ecotourism with these species inside JRNP reach US$417,328 annually. This result showed that the enjoyment of large grouper by SCUBA divers and snorkelers provides 3.4 times more monetary benefits than their consumption as food.

			Here we summarize the scientific knowledge of the species in Cuba, including unpublished results on movements outside the spawning aggregation site, dynamics at the spawning aggregation site and fisheries information, and how a combination of tools (protected areas, ecotourism, and fisheries) and stakeholder involvement, has strengthened the protection of goliath grouper in the largest archipelago of the Caribbean. In this chapter we aim to show that diverse sources of information, stakeholders’ involvement and the combination of management tools yield the best results for conserving endangered species such as goliath grouper.

			
				
					[image: A map that depicts the Jardines de la Reina archipelago off the southern coast of Cuba, highlighting its geographic extent and key features. It includes the boundaries of the Jardines de la Reina National Park, outlined in orange, and the islands and marine areas within it. The map identifies specific sites with coloured markers: red dots represent non-spawning aggregation sites, while blue dots indicate spawning aggregation sites. An inset map in the upper right corner shows the location of the archipelago in relation to the island of Cuba and the Caribbean Sea. A scale bar and coordinates provide additional spatial context.]
				

			

			

			Fig. 3.1 Map of the study sites. Details showing goliath groupers tagged and released outside the spawning aggregation site (red circles) and goliath groupers tagged and released and sighted at the spawning aggregation site (blue circles).

			Information about goliath grouper: quantitative and qualitative

			This research took place nationwide, but with an underwater fieldwork focus in southeastern parts of Cuba, on Sancti Spíritus, Ciego de Ávila, and Camagüey provinces, mainly in Cayos de Ana María, islands of the Golfo de Ana María and JR (Figure 3.1), spatially expanding upon the previous study (Pina-Amargós and Gonzalez-Sansón, 2009). In 1996, approximately 950km2 of JR was declared as a Marine Reserve (JRMR) where only lobster fishing and limited catch and release recreational fishing was allowed as part of a tourism operation that included SCUBA diving (Figueredo-Martín et al., 2010a, b) (Resolution 562/1996, former Ministry of Fisheries). In 2010, around 2,170km2 were declared as a National Park (JRNP) (Agreement 6803/2010, Council of the State). JRNP regulations are based on fisheries regulations of the JRMR but more detailed zoning was included and regulations were expanded to all uses allowed in the area such as tourism, navigation, anchoring, scientific research.

			Ten expeditions were carried out to study the goliath grouper (2013 (March, April–May, July, August, September); 2014 (April–May, July, August, September); 2015 (February)). Fishing effort of set-lines on mangrove shorelines and mangrove channels (0.5–4m deep) was 21,750 hooks.hours during 91 days at 74 sites (Box 3.1, Figure 3.2A). Fishing effort of hand-lines on coral reef slopes and spur and groove (25–45m deep) spawning aggregation sites was 417 hooks.hours during 32 days at one site (Figure 3.2B). Visual census effort on spawning aggregation sites consisted of 52.7 dives.hours during 22 days at 6 sites (Figure 3.2C and 3.3). Logistical constraints prevented surveys during all moon phases, so we decided to focus on before and during the Last Quarter, which corresponds to peak spawning according to the fishers we interviewed. We collected measurements and biological data from goliath groupers caught by fishers at the spawning aggregation site to assess their size, sex structure, and reproductive status. We classified gonad stages according to García-Cagide et al., (2001).

			
				
					
					
				
				
					
							
							
								
									[image: A man working on a boat during daytime, handling equipment in a mangrove area. He is surrounded by dense vegetation and is partially covered to protect against the elements.]
								

							

							

						
							
							
								
									[image: A man on a boat untangling and handling fishing lines at night. The deck is scattered with fishing gear and the man is barefoot, wearing casual clothing.]
								

							

						
					

					
							
							
								
									[image: A scuba diver swimming alongside a large Goliath grouper fish underwater in a coral reef. The water is a deep blue and the diver is wearing yellow goggles and a breathing apparatus.]
								

							

						
							
							
								
									[image: A man shows an educational poster to two other men, highlighting information about goliath grouper conservation efforts near a harbour setting, with boats and bicycles in the background.]
								

							

						
					

				
			

			Fig. 3.2 Research methods used to study goliath grouper. Legend: A: set-line, B: hand-line, C: visual census, D: interviews.

			We interviewed 36 fishers at sea and within their communities to obtain local ecological knowledge about the species ecology and history of goliath grouper fisheries (Figure 3.2D). We used a semi-structured questionnaire for the interviews (see Supplemental Bibliography). We also reviewed fisheries data from Cuba from 2000 to 2013 to assess temporal changes of commercial landings of goliath grouper.

			Movements outside the spawning aggregation site


			We caught (tagged and released) a total of 15 specimens and sighted a total of five specimens outside spawning aggregations (mean size 92.37 ± 2.83cm) (Table 3.1, Figure 3.1, Figure 3.3). One specimen (69.2 cm) was caught on a patch reef 3m deep outside JRNP. One specimen (89.7 cm) was caught on a wreck in a seagrass channel 3m deep inside the JRNP. Thirteen (81–120.5 cm) were caught in mangrove channels 2.5–3.5m deep inside JRNP. The five sighted goliath groupers were seen in mangrove channels (sizes around 1m and 1–3m deep), inside JRNP. Regardless of the high fishing effort of the project, abundance was very low even in the well protected JRNP. This is not surprising due to the large size of the species and its spatial and feeding requirements (Sadovy and Eklund, 1999) and also owing to the high artisanal and commercial fishing pressure outside the protected area at the time of the study. The smallest specimen was observed in shallow water close to the mainland of Cuba. Medium sized fish (around 1 m) were located around shallow waters far from the mainland. The largest individuals (>1.5 m) were found on deep coral reefs along the shelf edge. This finding is consistent with ontogenetic habitat shifts and differences between juveniles and adults (Coleman et al., 2000).

			
			Table 3.1 Tagging information of goliath grouper on southeastern Cuba. PR: patch reef, MC: mangrove channel, W: wreck.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Tagged

						
							
							Recapture

						
							
							Growth (cm.y-1)

						
					

					
							
							Date

						
							
							Tagged location

						
							
							Habitat

						
							
							Size (cm)

						
							
							Time at liberty (days)

						
							
							Recapture location

						
							
							Size (cm)

						
					

					
							
							03/10/2013

						
							
							Punta Arena

						
							
							PR

						
							
							69.2

						
							
							
							
							
					

					
							
							05/07/2013

						
							
							Auras

						
							
							MC

						
							
							120.5

						
							
							
							
							
					

					
							
							05/14/2013

						
							
							Cachiboca

						
							
							MC

						
							
							103.2

						
							
							449

						
							
							Same

						
							
							110.0

						
							
							5.53

						
					

					
							
							06/03/2013

						
							
							Estero Guasa

						
							
							MC

						
							
							100.0

						
							
							
							
							
					

					
							
							08/06/2013

						
							
							Auras

						
							
							MC

						
							
							92.0

						
							
							5

						
							
							Same

						
							
							92.0

						
							
							0

						
					

					
							
							08/07/2013

						
							
							Auras

						
							
							MC

						
							
							92.5

						
							
							267

						
							
							Same

						
							
							101.5

						
							
							12.3

						
					

					
							
							08/11/2013

						
							
							Auras

						
							
							MC

						
							
							92.0

						
							
							264

						
							
							Same

						
							
							97.0

						
							
							6.91

						
					

					
							
							05/01/2014

						
							
							Auras

						
							
							MC

						
							
							93.5

						
							
							90

						
							
							Same

						
							
							97.0

						
							
							14.19

						
					

					
							
							05/01/2014

						
							
							Nicola

						
							
							MC

						
							
							93.0

						
							
							
							
							
					

					
							
							05/02/2014

						
							
							Auras

						
							
							MC

						
							
							93.0

						
							
							89

						
							
							Same

						
							
							97.0

						
							
							16.4

						
					

					
							
							05/04/2014

						
							
							Juan Grin

						
							
							W

						
							
							89.7

						
							
							
							
							
					

					
							
							05/19/2014

						
							
							Tronconera

						
							
							MC

						
							
							81.0

						
							
							87

						
							
							Same

						
							
							83.0

						
							
							8.39

						
					

					
							
							05/20/2014

						
							
							Tronconera

						
							
							MC

						
							
							88.0

						
							
							87

						
							
							Same

						
							
							90.0

						
							
							8.39

						
					

					
							
							08/15/2014

						
							
							Tronconera

						
							
							MC

						
							
							88.0

						
							
							
							
							
					

					
							
							08/15/2014

						
							
							Tronconera

						
							
							MC

						
							
							90.0

						
							
							
							
							
					

				
			

			It is premature to discuss movement patterns and site fidelity since we have only recaptured eight goliath groupers, all of which were juveniles or early adults (90 -110 cm). All specimens were recaptured no more than 100m from their release point in mangrove channels, after 87 - 267 days (Figure 3.5A). This result is consistent with movement patterns detected for juveniles and early adults elsewhere (Eklund and Schull, 2001). As more movement data come in, we are expecting longer distance movements of adults, as found in Florida, U.S. (Eklund and Schull, 2001) and Jardines de la Reina, Cuba (Pina-Amargós and Gonzalez- Sansón, 2009). Growth was estimated at 10.30 ± 1.53cm per year, similar to those reported elsewhere for the size range of our study (Sadovy and Eklund, 1999; Artero et al., 2015a).

			
				
					[image: A detailed map of Jardines de la Reina archipelago in Cuba, showing non-spawning and spawning aggregation sites for goliath groupers, with bathymetry lines at 20 and 200 metres depth.]
				

			

			

			Fig. 3.3 Location of underwater visual census at a goliath grouper spawning aggregation site off Jardines de la Reina, Cuba.

			Dynamics at the spawning aggregation site


			Goliath groupers were mostly observed during the morning and afternoon during the two moon phases we surveyed (Full Moon and Last Quarter). In a 200m segment of the easternmost site, we counted 21 specimens (average of 5.3 specimens per dive) and caught (tagged and released alive) 11 specimens (Table 3.2, Figure 3.3 and 3.4). Mean size of caught specimens was 160.78 ± 8.57 cm. Our estimate of abundance is among the lowest reported for goliath grouper spawning aggregation sites (GMFMC, 1990; Sadovy and Eklund, 1999) and is presumably an indicator of overfishing. Out at the easternmost site no goliath groupers were sighted.

			
				
					[image: A bar chart displaying the percentage distribution of goliath grouper size groups across various site types, including non-spawning, spawning visual censuses, and other spawning sites.]
				

			

			Fig. 3.4 Size composition of goliath grouper in south eastern Cuba. Legend: Non SpagT: specimens tagged outside the spawning aggregation site, SpagVC: specimens sighted by visual censuses on the spawning aggregation site, SpagT: specimens tagged at the spawning aggregation site, SpagF: specimens caught by fishing boat at the spawning aggregation site.

			
			Table 3.2 Goliath grouper caught at the spawning aggregation in Jardines de la Reina. NI: not identified, M: male, F: female, Gonad stage according to García-Cagide et al. (2001): V: Ovulation and sperm release, VI: spent.

			
				
					
					
					
					
					
				
				
					
							
							Method

						
							
							Date

						
							
							Size (cm)

						
							
							Sex

						
							
							Gonad stage

						
					

					
							
							Tagging

						
							
							09/02/2013

						
							
							107.4

						
							
							NI

						
							
							NI

						
					

					
							
							Fishing

						
							
							09/02/2013

						
							
							123.5

						
							
							M

						
							
							V

						
					

					
							
							Fishing

						
							
							09/02/2013

						
							
							157.4

						
							
							F

						
							
							V

						
					

					
							
							Tagging

						
							
							09/05/2013

						
							
							178.5

						
							
							NI

						
							
							NI

						
					

					
							
							Fishing

						
							
							09/05/2013

						
							
							183.7

						
							
							F

						
							
							V

						
					

					
							
							Fishing

						
							
							09/05/2013

						
							
							142.5

						
							
							M

						
							
							V

						
					

					
							
							Tagging

						
							
							07/19/2014

						
							
							124.5

						
							
							NI

						
							
							NI

						
					

					
							
							Fishing

						
							
							07/19/2014

						
							
							171.4

						
							
							F

						
							
							VI

						
					

					
							
							Tagging

						
							
							07/23/2014

						
							
							168.5

						
							
							NI

						
							
							NI

						
					

					
							
							Fishing

						
							
							07/23/2014

						
							
							190.0

						
							
							F

						
							
							V

						
					

					
							
							Tagging

						
							
							08/17/2014

						
							
							136.0

						
							
							NI

						
							
							NI

						
					

					
							
							Tagging

						
							
							08/18/2014

						
							
							175.5

						
							
							NI

						
							
							NI

						
					

					
							
							Tagging

						
							
							08/19/2014

						
							
							186.5

						
							
							NI

						
							
							NI

						
					

					
							
							Fishing

						
							
							08/19/2014

						
							
							201.6

						
							
							F

						
							
							VI

						
					

					
							
							Fishing

						
							
							08/19/2014

						
							
							134.7

						
							
							M

						
							
							V

						
					

					
							
							Fishing

						
							
							08/19/2014

						
							
							158.5

						
							
							F

						
							
							VI

						
					

					
							
							Tagging

						
							
							08/21/2014

						
							
							192.7

						
							
							NI

						
							
							NI

						
					

					
							
							Fishing

						
							
							08/21/2014

						
							
							180.0

						
							
							F

						
							
							V

						
					

					
							
							Fishing

						
							
							08/21/2014

						
							
							145.3

						
							
							M

						
							
							V

						
					

					
							
							Fishing

						
							
							08/21/2014

						
							
							169.5

						
							
							F

						
							
							VI

						
					

					
							
							Tagging

						
							
							09/16/2014

						
							
							145.5

						
							
							NI

						
							
							NI

						
					

					
							
							Fishing

						
							
							09/16/2014

						
							
							182.5

						
							
							F

						
							
							V

						
					

					
							
							Fishing

						
							
							09/16/2014

						
							
							185.7

						
							
							M

						
							
							V

						
					

					
							
							Tagging

						
							
							09/17/2014

						
							
							164.5

						
							
							NI

						
							
							NI

						
					

					
							
							Fishing

						
							
							09/17/2014

						
							
							147.5

						
							
							M

						
							
							VI

						
					

					
							
							Fishing

						
							
							09/17/2014

						
							
							163.2

						
							
							F

						
							
							VI

						
					

					
							
							Tagging

						
							
							09/18/2014

						
							
							189.0

						
							
							NI

						
							
							NI

						
					

				
			

			We used a generalized additive mixed model (GAMM) (the model) to analyse the data gathered (see details in Supplement section). The model showed an increase in the abundance of goliath groupers in the spawning aggregation site as the Last Quarter moon phase advanced (Table 3.3). Furthermore, the abundance of goliath grouper decreased during the morning and increased toward sunset (Table 3.3, Figure 3.6A).

			
			Table 3.3 Results of the GAMM model applied to goliath grouper abundance and presence/absence by size (TL in meters) at one spawning aggregation site. Significant variables are in bold. St. error: standard error, edf: effective degrees of freedom, sq. Chi: squared Chi.

			
				
					
					
					
					
					
					
				
				
					
							
							Negative binomial GAMM model (abundance)

						
					

					
							
							
							
							Estimated

						
							
							St. error

						
							
							Z

						
							
							P

						
					

					
							
							
							Intersect

						
							
							-0.065

						
							
							0.226

						
							
							-0.288

						
							
							0.773

						
					

					
							
							
							Day

						
							
							0.059

						
							
							0.028

						
							
							2.116

						
							
							0.036

						
					

					
							
							
							
							edf

						
							
							
							sq. Chi

						
							
							P

						
					

					
							
							
							Hour

						
							
							4.784

						
							
							
							9.531

						
							
							<0.001

						
					

					
							
					

					
							
							Logistic GAM model (size < 1 m)

						
					

					
							
							
							
							Estimated

						
							
							St. error

						
							
							Z

						
							
							P

						
					

					
							
							
							Intersect

						
							
							-0.300

						
							
							0.431

						
							
							-0.695

						
							
							0.487

						
					

					
							
							
							day_2

						
							
							-27.330

						
							
							78310.0

						
							
							0.000

						
							
							1.000

						
					

					
							
							
							day_7

						
							
							-0.472

						
							
							0.589

						
							
							-0.801

						
							
							0.423

						
					

					
							
							
							day_8

						
							
							-0.446

						
							
							0.607

						
							
							-0.735

						
							
							0.463

						
					

					
							
							
							day_10

						
							
							-0.533

						
							
							0.595

						
							
							-0.897

						
							
							0.370

						
					

					
							
							
							day_11

						
							
							1.102

						
							
							0.555

						
							
							1.987

						
							
							0.047

						
					

					
							
							
							day_12

						
							
							0.064

						
							
							1.136

						
							
							0.056

						
							
							0.955

						
					

					
							
							
							
							edf

						
							
							
							sq. Chi

						
							
							P

						
					

					
							
							
							Hour

						
							
							4.223

						
							
							
							26.140

						
							
							<0.001

						
					

					
							
					

					
							
							Logistic GAM model (size 1-1.5 m)

						
					

					
							
							
							
							Estimated

						
							
							St. error

						
							
							Z

						
							
							P

						
					

					
							
							
							Intersect

						
							
							-1.801

						
							
							0.451

						
							
							-3.994

						
							
							0.000

						
					

					
							
							
							July.2014

						
							
							0.950

						
							
							0.424

						
							
							2.240

						
							
							0.025

						
					

					
							
							
							August.2014

						
							
							1.412

						
							
							0.438

						
							
							3.227

						
							
							0.001

						
					

					
							
							
							Septiembre.2014

						
							
							1.043

						
							
							0.393

						
							
							2.656

						
							
							0.008

						
					

					
							
							
							day_2

						
							
							-31.630

						
							
							790700.0

						
							
							0.000

						
							
							1.000

						
					

					
							
							
							day_7

						
							
							0.513

						
							
							0.434

						
							
							1.182

						
							
							0.237

						
					

					
							
							
							day_8

						
							
							0.640

						
							
							0.441

						
							
							1.453

						
							
							0.146

						
					

					
							
							
							day_10

						
							
							-0.311

						
							
							0.461

						
							
							-0.675

						
							
							0.500

						
					

					
							
							
							day_11

						
							
							0.016

						
							
							0.442

						
							
							0.036

						
							
							0.971

						
					

					
							
							
							day_12

						
							
							-1.856

						
							
							1.063

						
							
							-1.746

						
							
							0.081

						
					

					
							
							
							
							Edf

						
							
							
							sq. Chi

						
							
							p

						
					

					
							
							
							Hour

						
							
							4.710

						
							
							
							30.820

						
							
							<0.001

						
					

					
							
							
							
							
							
							
					

					
							
							
							Logistic GAM model (size >1.5 m)

						
					

					
							
							
							
							Estimated

						
							
							St. error

						
							
							Z

						
							
							p

						
					

					
							
							
							Intersect

						
							
							-4.258

						
							
							1.707

						
							
							-2.494

						
							
							0.013

						
					

					
							
							
							July.2014

						
							
							1.386

						
							
							0.582

						
							
							2.383

						
							
							0.017

						
					

					
							
							
							August.2014

						
							
							1.294

						
							
							0.591

						
							
							2.190

						
							
							0.029

						
					

					
							
							
							September.2014

						
							
							0.395

						
							
							0.515

						
							
							0.767

						
							
							0.443

						
					

					
							
							
							day_2

						
							
							-28.500

						
							
							73500.0

						
							
							0.000

						
							
							1.000

						
					

					
							
							
							day_7

						
							
							-0.016

						
							
							0.793

						
							
							-0.021

						
							
							0.983

						
					

					
							
							
							day_8

						
							
							0.322

						
							
							0.851

						
							
							0.379

						
							
							0.705

						
					

					
							
							
							day_10

						
							
							-1.018

						
							
							0.826

						
							
							-1.233

						
							
							0.218

						
					

					
							
							
							day_11

						
							
							2.058

						
							
							0.799

						
							
							2.577

						
							
							0.010

						
					

					
							
							
							day_12

						
							
							-2.950

						
							
							1.286

						
							
							-2.294

						
							
							0.022

						
					

					
							
							
							Depth

						
							
							0.136

						
							
							0.052

						
							
							2.585

						
							
							0.010

						
					

					
							
							
							
							edf

						
							
							
							sq. Chi

						
							
							p

						
					

					
							
							
							Hour

						
							
							3.501

						
							
							
							28.430

						
							
							<0.001

						
					

				
			

			

			
				
					
					
				
				
					
							
							
								
									[image: Two individuals on a boat carefully release a tagged goliath grouper into the water near mangrove vegetation, demonstrating conservation efforts.]
								

							

						
							
							
								
									[image: A large goliath grouper rests on the floor of a fishing boat, highlighting its massive size and distinct markings.]
								

							

						
					

					
							
							
								
									[image: A person holds a handful of freshly extracted fish eggs in their hand, presumably from a goliath grouper, showing a reproductive study.]
								

							

						
							
							
								
									[image: A fisherman holds a sturdy fishing gaff hook on a boat, suggesting its use in capturing large marine species such as the goliath grouper.]
								

							

						
					

				
			

			Fig. 3.5 Field work on goliath grouper in southeastern Cuba. Legend: A: goliath grouper recaptured at mangrove channel, B: goliath grouper caught at the spawning aggregation site landed, C: Testis of goliath grouper full of milt, D: hand line gear.

			
			The model showed significant differences in the days of the lunar phase, with smaller goliath grouper occurring in larger numbers towards the end of the surveys (Table 3.3). Diel patterns were the same as observed when we modelled total abundance, where the presence of small goliath groupers decreased during the morning and increased toward sunset (Table 3.3, Figure 3.6B).

			According to the model, medium-sized goliath groupers (1–1.5m TL) sighting frequency showed significant differences between September 2013 and the three months surveyed in 2014, but there were no differences among 2014 months nor among the days of the moon phase (Table 3.3). Diel patterns were consistent with the previous two analyses (Table 3.3, Figure 3.6C).

			According to the model, large-sized goliath groupers (>1.5m TL) sighting frequency showed significant differences among September 2013 and July and August 2014 (Table 3.3), with more presence of those large individuals in 2014, but there were no differences among spawning months in 2014. The model showed significant differences in the days of the lunar phase, with large goliath grouper occurring more towards the end of the Last Quarter moon phase (Table 3.3). In the case of depth, large goliath groupers were more abundant in deeper waters. Diel patterns followed the same as the previous three analyses (Table 3.3, Figure 3.6D).

			
				
					[image: Set of four plots labelled A to D showing diurnal variations, with smoothed curves and shaded confidence intervals, analysing temporal patterns based on hourly data.]
				

			

			Fig. 3.6 Curves of the GAMM models applied to goliath grouper abundance (A) and to presence/absence by size (TL in meters) (B-D) from a spawning aggregation site at Jardines de la Reina, Cuba. (A) abundance, (B) <1 m, (C) 1-1.5 m, (D) >1.5 m. The shaded area represents the 95 % confidence interval.

			Most of our findings related to spawning months are consistent with previous research. Summer spawning has also been confirmed in the south-eastern U.S.A. (Bullock et al., 1992; Eklund and Schull, 2001; Koenig et al., 2011). Previous studies have shown that the New Moon is the peak of the spawning in several places (e.g., Koenig et al., 2011 for U.S.A; and Bueno et al., 2016 for Brazil). In the present study, goliath grouper abundance and catch rates were highest during the Last Quarter moon. As we did not see actual spawning at daylight, we assume spawning of goliath grouper occurs at night as reported by fishers and scientific publications (e.g., Mann et al., 2009). To the best of our knowledge, the two findings of diel abundance changes and large-size specimens being more abundant on deeper reefs have not previously been reported. In all cases, the number of goliath grouper at the spawning aggregation site decreased through the morning, with a minimum at noon, and increased again toward the end of the afternoon. Whether that is a result of a daily movement pattern to deeper/shallower habitats, and what the causes of it are, deserves further research. 

			The other novel finding is that larger goliath groupers (presumably females according to our data, see below) were consistently observed in deeper waters while medium and small size fish seem to use the whole range of depth surveyed. Sex segregation by depth on spawning aggregations (and out of spawning season as well) has been observed on gag grouper (Mycteroperca microlepis) (Coleman et al., 1996; Koenig et al., 1996; McGovern et al., 1998; Sedberry et al., 2006). Females of this species form pre-spawning aggregations in relatively shallow water (20 m) before moving to shelf-edge reefs (50-100 m) for spawning. Outside of the spawning season, males remain on spawning sites while females move into shallower water. Whether goliath grouper show similar behaviors requires further research. Although statistically significant, diel fluctuations of abundance/presence/absence and size related depth findings were based on small sample sizes, thus these findings should be taken cautiously. An alternative explanation would be that larger specimens are scarcer in shallower water due to fishing. This is supported by anecdotal information showed in the following section but, to the best of our knowledge, this hypothesis has not been tested for this or other species in the Caribbean or elsewhere.

			Fisheries information at the spawning aggregation site 

			We were able to survey one commercial fishing boat fishing at the goliath grouper spawning aggregation site for eight nights in September 2013, and July, August, and September 2014. A total of 16 goliath groupers were caught (123.5–201.6 cm; 32–155 kg gutted; sex ratio 1.66:1 (10 females, 6 males)) (Table 3.2; Figure 3.3, 3.4, 3.5B). This sex ratio is similar to that previously reported (Bullock et al., 1992). The gonads were in spawning condition (stage V, 62%) or spent (stage VI, 38%), as found in previous studies on spawning season (Bueno et al., 2016; Koenig et al., 2016) (Figure 3.5C). The stomachs of all specimens were empty. Previous studies show around half of the stomachs empty (Artero et al., 2015b), likely, due to its larger sample size when compared to our study.

			The abundance/presence/absence of goliath grouper detected through underwater visual censuses on the easternmost site, temporal patterns of those variables (day, moon phase and months), the confirmation of the commercial fishing of goliath groupers taking place in the site as well as the active reproductive condition of gonads sampled suggests the existence of a spawning aggregation site, the first detected by science in Cuba.

			According to fisheries data and fisher interviews, the goliath grouper is not a highly valued fishery resource in Cuba, despite being considered a high-quality species. Commercial fisheries data from southern Cuba between 1981-2013 show that goliath grouper landings represented an average of 0.02% (average of 8.6 tons, minimum of 0.9 tons and maximum of 23.7 tons) of the total national landings (Figure 3.7). Commercial landings from southern Cuba have decreased steadily since 1981, reflecting overfishing: average landings between 2003 and 2013 (3.2 tons) represented 17% of that between 1981-1991 (18.6 tons). Southern Cuba was the most important goliath grouper fishing ground: average landings represented 76% of the entire country between 1981-2013 (8.6 tons of 11.6 tons) (Figure 3.7). However, this data does not reflect the total fishing mortality since, according to our interviews, goliath grouper is heavily targeted by spear fishers nationwide, which species’ landings likely surpassed those of the commercial fisheries as reported in the Atlantic and Gulf of Mexico coasts of U.S.A. (Sadovy and Eklund, 1999).

			
				
					[image: Line graph showing annual landings (in tons) for Zones A, B, C, D, and total from 1980 to 2010, highlighting significant fluctuations, particularly in total landings.]
				

			

			

			Fig. 3.7 Landings of goliath grouper between 1981 and 2013 from the four Cuban fishing zones.

			Despite its low commercial fisheries importance, goliath grouper caught are consumed by fishers and their families or marketed informally. Thus, commercial fisheries data do not accurately reflect true catch. The fishery of goliath grouper in Cuba is divided into artisanal and commercial. The artisanal fishery uses spearguns throughout the year, and handlines during the spawning season. Speargun fishers targeted the species at fish aggregating devices, wrecks, piers, deep mangrove channels, patch reefs, and deep coral reef slopes, and spur and groove habitats. During the spawning aggregation season (July to September) artisanal fishers used hand-lines (Figure 3.5D). The gear is made of 2–3mm monofilament and/or 8–10mm rope armed with large hooks baited with large pieces of fish such as barracuda chunks, whole lobsters, or medium-sized live reef fish. 20 or more years ago, hand line fishing for goliath grouper took place around 30m depth, but in 2013-2014, fishers began fishing deeper (e.g., > 50 m). This was likely due to the depletion of spawning populations in shallower waters, though, we saw spawning size specimens around at 30 to 40m deep. Commercial boats fished for goliath grouper as a secondary source of income. All boats had another primary target species, typically deeper water snappers and groupers, but at the end of the fishing day they anchored in a selected spot (known in Cuba as “potala”) and fished for goliath grouper throughout the night until daylight. 

			Fishers indicated that goliath grouper bite more during the Last Quarter moon between the months of July–September and less in other moon phases during the spawning season. Fishers also reported that during the Last Quarter goliath grouper are caught in larger numbers in shallow waters, but this differs from other phases of the moon where fish are caught in deeper water. Based on our limited catch surveys, and fisher interviews, we estimated that an average of 154 goliath grouper were caught every year from the population at only one site (surveys: 16 specimens caught over 8 nights, commercial fishing effort on the spawning aggregation site averages 77 nights per year). The average weight of those goliath groupers was estimated to be 35.7 kg (154 specimens divided by 5.5 tons (average landing per year of the fishing boat surveyed)). The largest goliath grouper ever caught by the fishing boat surveyed was a 173 kg gutted specimen.

			
			History of goliath grouper conservation in Cuba

			There are several tools available for protecting goliath grouper. Fisheries regulation was the only one used in Cuba for long time, with spatial protection and non-consumptive uses such as ecotourism, as the ones Cuba has been implementing for this iconic species in the last few years. Spatial protection of the marine environment is relatively new in Cuba. In the early 1990s, there were no marine protected areas (MPAs) declared under environmental or fisheries legislations, but in 2001, 18 MPAs were designated under environmental legislation (Perera-Valderrama et al., 2018) and 40 marine reserves were declared under fisheries legislation (Kritzer et al., 2014). In 2012, numbers increased to 56 MPAs (Perera-Valderrama et al., 2018) and as of 2021 Cuba legally has approved 64 MPAs (Perera-Valderrama et al., 2021). More than half of these MPAs do not allow fishing inside their boundaries. Even though none of these MPAs have been created specifically to protect goliath grouper, their coverage of Cuban shelf habitats should contribute to its conservation. Currently, a fifth of the entire Cuban shelf, more than a third of Cuban coral reefs, more than a quarter of seagrasses, and more than a third of mangroves are located inside MPAs (Perera-Valderrama et al., 2018). Scientific evidence in Cuba and elsewhere suggest that goliath grouper have a relatively small home range that theoretically should allow even small, protected areas to support its conservation. However, with periodic migrations outside the boundaries of protected areas, they remain highly vulnerable to fishing. In addition to this, enforcement of regulations within many MPAs is still weak and illegal fishing is common practice (Perera-Valderrama et al., 2018).
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