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Editorial on the Research Topic 

African ocean stewardship: navigating ocean conservation and sustainable marine and coastal resource management in Africa




1 Introduction



1.1 Africa’s image, past and present

With a total coastline of 26,000 nautical miles and combined Exclusive Economic Zone (EEZ) area of 13,000 million km2 (Surbun, 2021) the oceans surrounding the second largest continent and its adjacent islands are among the most resource rich and biodiverse on Earth. Hosting some of the most productive large marine ecosystems anywhere (Trégarot et al., 2020), Africa’s coastal resources still support livelihoods as they have for millennia and continue to attract international interests in harvesting, mining, coastal development, energy, and tourism (Karani and Failler, 2020). Despite this there remain challenges in distributing benefits derived from exploiting and managing its marine resources back to the citizens of the 39 African coastal and island states. This is often attributed to the continent’s long colonial history and legacy, but also on ineffective governance, corruption, security, lack of technical or scientific capacity, and limited access to investment and development opportunities (Karani et al., 2022).

Infamously depicted as the ‘Dark Continent’ by the Victorian explorer Henry Morton Stanley1, this historic metaphor of Africa as ‘the other’ or being somehow different or inferior relative to the power-bearing west or global north (Jarosz, 1992) continues in relation to topics such as immigration, global wealth and health inequalities, human rights abuses; also, conservation (Pimm, 2007). Africa’s true significance continues to be underappreciated on multiple levels (Figure 1) and is viewed by many as a continent of much potential but little hope, a place that relies disproportionately on aid and instruction from more developed states due to an inability to sustainably manage its own resources and affairs. But does this image reflect reality or a lack of information?




Figure 1 | Africa’s true extent is commonly misjudged due to it not being shown to scale by widely used map projections such as Mercator which may reinforce historical perceptions of its insignificance or inferiority on the global stage (image in the public domain created by Kai Krause).



Certainly, a geographical bias exists in reporting on the successful emergence of African states from the post-colonial era to take up a more prominent position in facing the manifold challenges of the Anthropocene. In this respect, positive outcomes in sustainable marine and coastal resource management from Africa is a particularly neglected area (Failler and Ferraro, 2021). There is a persisting narrative that Africa remains a perpetual victim of neo-colonial influences (Langan, 2018; Okafor-Yarwood and Onuoha, 2023), though not entirely without evidence: e.g., Africa suffers disproportionately from the effects of harmful fishery subsidies originating from Europe and Asia (Skerritt et al., 2023).

But not all negative issues originate from outside the continent. It is widely recognised that systemic challenges such as corruption and lack of transparency and accountability undermine good governance in many African nations, which diminish developmental opportunities and deprive African people of a more sustainable and resilient future2. Likewise, the way in which political power is shared (or not shared), for example, through exclusion of traditional authorities (Henn, 2022) or marginalisation of women may have profound effects on how people access and manage marine resources.

This Research Topic aimed to uncover evidence that African coastal nations have moved on from being solely victims or policy-takers, to a new position in the traditional world order, e.g., through their embrace of the ‘Blue Economy’ narrative (Childs and Hicks, 2019; Failler et al., 2020; Okafor-Yarwood et al., 2020). An indicator of such change might include examples of bottom-up initiatives that allow local communities to take control of the resources available to them, or proof of breaking free from externally imposed governance structures or challenging entrenched patriarchal power arrangements.




1.2 Stewardship as an approach to achieving sustainability outcomes

In step with the rest of the world, the African discourse around resource management and conservation is increasingly being expressed in terms of conceptual frameworks with ambitious headline goals for sustainability such as the United Nations Sustainable Development Goals (SDGs), the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), or the Blue Economy (UNECA, 2016; Failler et al., 2022).

The successful implementation of such global development and resource management frameworks will ultimately depend on the actions taken by local actors (individuals, groups, or networks) at a local level (Andriamahefazafy et al., 2022). Such actions and their motivations are usefully framed by the concept of environmental stewardship which describes the interplay between actors, their actions, and the capacity to drive social-ecological outcomes (Barendse et al., 2016; Bodin, 2017; Bennett et al., 2018). Although it may have multiple meanings (Enqvist et al., 2018) in essence stewardship strives to deliver a sustainable future for species, ecosystems, and society (Chapin et al., 2015).





2 Marine stewardship in Africa

Our aim with this Research Topic was to help address the information gap regarding successful adoption of stewardship principles or implementation of stewardship actions in the marine and coastal environment that can or have contributed to positive outcomes in the conservation and sustainable resource management, specifically around the continent of Africa. Examples of the adoption of non-regulatory stewardship approaches or actions for the conservation of marine and coastal ecosystems and their sustainable management can include, but are not limited to: sustainable resource use and co-management, including traditional and community-based approaches; resource monitoring and knowledge production, including the use of traditional or local ecological knowledge and citizen science; preservation and restoration of habitats and ecosystem services at local or regional scales; market-linked mechanisms; and, benefit sharing arrangements.




3 Themes in this Research Topic

Seventeen articles were published under the Research Topic. These could be broadly assigned to the following three themes.



3.1 The role of women in resource management and governance – a gendered response

Women have always been an integral feature in African fisheries; however, in the male dominated societies common across much of Africa, their role and contribution have seldom been acknowledged in policy and research (Okafor-Yarwood and Bhagwandas, 2021; March and Failler, 2022). This does not mean that they do not play a critical role in resource management, but rather that it has rarely been formally documented. Three of the contributions start to address this gap in our understanding of women’s role in fisheries management. Chuku et al. highlighted the enormous scale of female involvement in West African fisheries by their finding that close to 571,000 households benefited from shellfish harvesting, undertaken by over 50,000 harvesters, mainly women. In the Gulf of Guinea, Okafor-Yarwood et al. looked at the contributions of women in fisheries and their resilience in the face of the COVID-19 pandemic while de la Torre-Castro et al. examined the adaptive capacity of women faced with the impacts of climate change in fisheries in Zanzibar. Together these papers not only demonstrate the scale of women’s role as critical stewards of marine resources, but also spotlight some of the unique conditions and challenges they face in the highly variable and vulnerable fisheries sector and how to address them.




3.2 Community-based management, and considering local information and knowledge in planning and policy

The importance of integrating local knowledge through participatory processes with community members cannot be overestimated. There is mounting evidence that without effective local community engagement and participation, conservation efforts are unlikely to succeed (Mann-Lang et al., 2021). Strand et al. showed how arts-based participatory research methods were able to co-create knowledge in Algoa Bay, South Africa. They suggested that these methods can help to surface cultural connections to the ocean, and thereby understand ways in which people relate to and care for the ocean and coast, therefore fostering stewardship. In a study in Kenya, Kinyua et al. found that involvement of resource users, in this case artisanal billfish fishers, helped to promote a bottom-up approach to the co-management of billfish which can complement current regional and national efforts which have previously focused primarily on commercial fisheries.

Marine spatial planning, inclusive conservation policy, and evaluation frameworks are crucial for informed decision-making and effective management of marine environments. While acknowledging the contribution of South Africa’s Marine Protected Area network in formally protecting marine biodiversity, Peer et al. used case studies to also highlight how the historical approach to protected area management in South Africa has led to the exclusion of coastal communities, and negatively impacted community perceptions of protected areas. They offer several suggestions that could contribute towards a more community-involved approach to the ongoing protection and management of marine ecosystems and biodiversity.

Ogara et al. presented an indicator-based approach for assessing the sustainability of port cities in the Global South, focusing on marine ecosystems and local communities. Smit et al. provided recommendations for overcoming challenges in coastal and marine assessments in developing countries. Thoya et al. examined the concerns of small-scale fishers in Kenya and Tanzania concerning the development of port infrastructure, proposing steps for their meaningful engagement and sustainable fishing practices. The importance of considering demographic and climate change dynamics, such as the scale of migration of artisanal fishers involved in harvesting when designing a management framework for West African small pelagic fisheries, was shown by Dème et al.




3.3 Fisheries management from local to global scale

The use of voluntary certification schemes and market-based mechanisms for fisheries management was the topic of three papers. Oloruntuyi et al. provided a broad overview of all involvement to date of African fisheries with the Marine Stewardship Council (MSC) fishery standard. They show that voluntary environmental standards may be used as a stewardship tool by a wide range of fisheries to achieve improvements, although attaining certification remains an elusive goal for many African fisheries, especially small-scale ones. This is supported by Nyiawung and Erasmus who provided a closer look at two very different fisheries: The Gambian sole and Namibian hake. The former is a small-scale fishery that has been engaged with the MSC standard since 2007 but never achieved certification, while the latter is only the second nearshore fishery to become MSC certified. Both fisheries exhibit the multiple dimensions of stewardship (Care-Knowledge-Agency) through engagement with the MSC. The sole fishery benefited through improved co-management and better cooperation, and thus wider stakeholder involvement in stewardship activities. For Namibian hake, apart from gaining access to premium export markets, certification has improved management of a shared hake stock with neighbouring South Africa and promoted the adoption of an ecosystem approach to fisheries management. While global ecolabels may not have gained a significant foothold in African seafood markets, Glass et al. found that there may be space for designing and implementing locally relevant seafood labelling programmes (e.g., linked to the tourism sector). Provided that there is broad consultation on economic, social, and cultural aspects and an acknowledgement of location-specific differences (Nthane et al., 2020), market-based approaches and certification may offer a viable way to engage with the Blue Economy and SDGs.

Although there may be doubt about the prominence of Africa on the global stage and its ability to take on established power arrangements, the management of highly migratory fish stocks provides an interesting case study. The importance of tuna resources for African countries is demonstrated by Oloruntuyi et al. who reported that 18 different tuna fisheries have engaged with the MSC, many now certified. These fisheries have complex configurations: many operate across multiple EEZs and the high seas, some include foreign flagged vessels, and they use a wide variety of fishing gears and practises, including fish aggregating devices (FADs). This echoes the complexity of the management systems in place for tuna resources in the form of Regional Fishery Management Organizations (RFMOs). Perhaps nowhere does this play out more strongly than on the management stage of the Indian Ocean Tuna Commission (IOTC) where, as discussed by Sinan et al., a grouping including several African nations have started to stand up against the might of the European Union fishing interests by opposing certain fishing practises3,4.





4 Conclusion

African coastal nations are beginning to adopt holistic approaches such as the Africa Blue Economy Strategy to set the agenda for its sustainable development over the next decades. This will require the adoption and implementation of diverse stewardship actions by multiple actors at different scales.

Given the extent of environmental degradation and magnitude of challenges associated with global climate change, the analysis by Kimeli et al. on how sea level rise might impact important mangrove forests is a timely reminder that holistic management and quality empirical data are crucial elements for designing lasting adaptation and restoration strategies. A real-world example is provided by Murray et al. who showcased how telemetry data generated by South Africa’s Acoustic Tracking Array Platform (ATAP) can promote effective ocean stewardship by allowing engagement with stakeholders and contributing to species and habitat conservation.

Some ‘Blue Projects’ from Africa have highlighted that positive outcomes can be achieved through local communities’ involvement, and by considering sustainability in its broadest sense (ecological, economic, socio-cultural, and institutional) (Okafor-Yarwood et al., 2020). On the other hand, these projects can also have negative impacts on the livelihoods of some communities or pitch different sectors against each other, e.g., industrial vs. artisanal fishers (March and Failler, 2022; Ayilu, 2023; Ayilu et al., 2023).

For some small-scale fishing communities, not enough has been done to integrate traditional management with policy, therefore allowing fisheries to fish down the food web as demonstrated by Gough et al. in western Madagascar. Failure to adapt to change could threaten food security of already struggling communities. This emphasises the need for any sustainability solutions to also be equitable (Folke et al., 2021).

Many of the contributions make a strong case for less reliance on external drivers in favour of home-grown African stewardship solutions to global environmental challenges. More research is required in this area: perhaps recent attempts to quantify and develop indicators for coastal stewardship actions and their motivations (Turnbull et al., 2020a; Turnbull et al., 2020b) may be helpful in framing such analyses in an African context.





Author contributions

JB wrote the first draft of the manuscript. PF, JM-L, and IO-Y wrote sections of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.




Acknowledgments

All contributing authors are thanked for choosing to submit their papers to this Research Topic. Kai Krause is thanked for creating the visualisation used in Figure 1 which is in the public domain.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.




Footnotes

1Stanley, H. M. (1890) Through the Dark Continent. London: Sampson Low. [Pdf] Retrieved from the Library of Congress, https://www.loc.gov/item/2021666780/
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Current ocean management approaches are often characterised by economic or environmental objectives, paying limited consideration to social and cultural dimensions, as well as Indigenous and local knowledge. These approaches tend to inhibit ocean stewardship, often marginalising coastal communities or limiting people’s access to spiritual, traditional and recreational uses of the ocean and coast. Piloting arts-based participatory research methods to co-create knowledge with co-researchers in Algoa Bay, South Africa finds that these methods can be useful in highlighting cultural connections to the ocean, and remembering and imagining, or reimagining, ways in which people relate to and care for the ocean and coast. For example, using photography and in situ storytelling often allows people to convey memories and histories of more accessible coastlines, or envisaging a future with more inclusive and participatory ocean management. The study finds that there is a strong sense of exclusion from and lack of access to coastal and ocean areas in Algoa Bay where Indigenous and local communities have depended on for spiritual, cultural and recreational purposes for several generations. Co-creation of knowledge regarding connections, values and priorities of the coast and ocean with Indigenous and local communities should therefore be planned for before the implementation of integrated ocean management approaches and intentionally designed as part of adaptive management processes. Emphasising these cultural connections, and better recognising them in ocean management has the potential to include i people’s awareness of the ocean which could translate into an increased sense of care and stewardship towards the ocean and coast as people feel more connected to their contextual seascapes. This could in turn contribute to a more sustainable sociocultural approach to ocean management which is necessary for equitable and sustainable future ocean social-ecological wellbeing.




Keywords: ocean stewardship, arts-based methods, indigenous and local knowledge, inclusive ocean management, knowledge co-creation, cultural connections, South Africa



1 Introduction

Our ocean is facing several environmental challenges such as pollution, biodiversity loss, acidification and damaging fishing practises, alongside climate change impacts such as global warming and sea-level rise (Rudolph et al., 2020). Current approaches to ocean management remain limited in their scope, reach and inclusivity (Rudolph et al., 2020; Saunders et al., 2020; Muhl and Sowman, 2020). These shortfalls are sometimes recognised to be related to the lack of attention to sociocultural aspects of people’s relationship to the ocean and coast, and the prevalent idea that we as humans are separate and dominant to the natural world around us. In this paper ocean stewardship is defined as the actions people take to, or sentiments people have towards, responsible use and care for the ocean and coast (Bennett et al., 2018), whilst ocean management is defined as decision-making regarding a specific marine area within a country’s exclusive economic zone (EEZ). The paper argues that the above shortfalls are related to a misalignment between ocean management and people’s sense of ocean stewardship, where a reimagining of the latter through arts-based participatory approaches can highlight ways in which local and Indigenous communities connect with and therefore care for the ocean and coast. These connections have the potential to transform ocean management to ensure it is contextually relevant, inclusive and encourages relationships of care and respect by people towards their oceans and coasts.

There is a recognised lack of research on the social and cultural dimensions of current ecological challenges facing our ocean, and sociocultural interactions with coastal environments remain poorly understood (Poe et al., 2013; Satterfield et al., 2013; Gee et al., 2017; Saunders et al., 2020). In this paper social dimensions refer to aspects of life such as welfare, livelihood, health and community relations, whilst cultural dimensions refer to values, beliefs, worldviews, practices, assets and processes such as language, rituals, stories, sites, and ‘collective understandings that enable social life’ (see Appadurai, 1996; Satterfield et al., 2013; Winthrop, 2014; Gee et al., 2017). It is important to note that both are dynamic and ever changing. As emphasised by Gilek et al. (2021), marine spatial planning (MSP) practice and research continues to be ‘dominated by blue economy and environmental concerns’, often neglecting social sustainability needs. This is equally true of other integrated ocean management approaches, such as marine protected areas (MPAs), where research show there is a lack of consideration given to social and cultural dimensions, values and beliefs, as opposed to economic and ecological dimensions and priorities (see Berkes, 2015; Christie et al., 2017; Muhl and Sowman, 2020). Social sustainability is closely linked to concepts of social justice, and central to the concept is the recognition of sociocultural diversity (Saunders et al., 2020), highlighting livelihoods, rights and wellbeing of Indigenous and vulnerable communities (Elwell et al., 2018).

These arguments and research findings are not new, but despite the growing emphasis on greater inclusion in marine governance and research, influential and top-cited marine research continues to exclude scholars from African institutions (Maas et al., 2021; Schipper et al., 2021),1 and marine governance perpetuates top-down management without adequate and sincere collaboration with the people most impacted by coastal and marine management decisions (Sowman and Sunde, 2018). Failing to properly recognise the cultural dimensions of the ocean can hinder collaborative management, reduce trust and reproduce social inequalities within ocean governance (Gee et al., 2017). Current area-based ocean management approaches tend to inhibit ocean stewardship by local and Indigenous communities by either intentionally or unintentionally marginalising coastal communities or creating conflict between ocean users (see Sowman and Sunde, 2018; Muhl and Sowman, 2020). This is why ocean and coastal stewardship and management needs to be reimagined and realigned. This study therefore set out to explore how arts-based participatory methods with residents of Algoa Bay, South Africa, could identify Indigenous and local knowledge that should be better ‘seen’ and ‘heard’ for more inclusive ocean governance.



2 Literature Review


2.1 Sociocultural Dimensions in Ocean Governance

Recognising that culture impacts everything we do, think, say and write (Said, 1993), and that culture plays an integral role in existing ocean management strategies and processes, this paper calls for an increased debate on what particular culture is defining and influencing current ocean stewardship practices, such as cultures of care, capitalism, conservation and co-existence, or cultures that underpin Blue Economy or conservation agendas. In a paper discussing the importance of a transition towards transformative change in ocean governance, Rudolph et al. (2020) emphasise the limitations of current ocean governance strategies in addressing complex social-ecological challenges and argue that we need to move towards a global approach to ocean governance that recognises it as a commons (‘a non-state, non-private shared resource’) to improve ocean stewardship. Without going in-depth about how and what cultures impact upon and are impacted by ocean governance, Rudolph et al. (2020) argue that transformative change requires a shift in culture away from ‘consumerism, marketization, (national) self interest and growth’ towards ‘values, frames and worldviews of well-being, sustainability and global commons’.

In this paper we move beyond the understanding of the ocean as a commons and argue that we need to learn from people and communities that have co-existed with their environment for centuries and recognise the ocean as part of our ecosystem. Rather than focusing on the ocean and coast as a repository of resources, we need to celebrate and respect the gifts that we receive from ocean life through its diverse ecosystems as well as acknowledge the interconnectedness between humans and nature. As poignantly articulated by Alexis Pauline Gumbs (2020) in her book Undrowned: Black Feminist Lessons from Marine Mammals, we need to engage in ‘undoing a definition of the human, which is so tangled in separation and domination that it is consistently making our lives incompatible with the planet’. Chilisa (2019) highlights how postcolonial Indigenous cultures often hold a worldview that recognises the ‘interconnectedness and interdependence of all things’ and the integration of values, beliefs, connections and experiences in what one recognises as reality. In South Africa specifically, Bam (2021) emphasises how Khoisan communities sometimes continue to practise environmental stewardship based on interdependence and co-existence. Learning from Indigenous and local communities to reimagine ocean stewardship can therefore be essential.



2.2 Indigenous and Local Knowledge Integration

One way of addressing the inclusion of sociocultural dimensions and recognising social sustainability for integrated ocean management is increasing representation of different knowledge systems in ocean governance and making sure Indigenous and local knowledge systems (ILKS) are informing management approaches and processes. Although the importance of integrating ILKS in ocean management is emphasised in recent literature (see Flannery et al., 2018; Okafor-Yarwood et al., 2020; Saunders et al., 2020; Williams et al., 2020), how to best do this remains unclear (see Strand et al., 2022, forthcoming).

In this paper, Indigenous knowledge is defined as values, beliefs and culture that have been handed down through generations, often by word of mouth, practices, rules and traditional rituals, and that is unique to a culture or a specific people group (see Gadgil et al., 1993; Grenier, 1998). As emphasised by Grenier (1998), it is knowledge that is often stored and expressed through cultural values, myths, proverbs, beliefs, agricultural practises and material artefacts. In the South African context this includes, among others, hunting, fishing and gathering practises, rituals, healing and traditional medicine, rules, histories and cosmology (Barnard, 1992). In and around Algoa Bay, the Sangoan people group, ancestors to Khoe and San Indigenous communities, settled at least 100,000 years ago. Approximately 8,000 years ago Nguni communities, ancestors to the amaXhosa and amaZulu communities among others, arrived in the Bay and settled along the rivers and coast.

One of the reasons for referring to Indigenous and local knowledge systems is to make explicit that in South Africa there is a blending or merging of cultural values, kinship and practises between Indigenous Khoi and San, the amaXhosa, amaZulu, and other ethnic groups of South Africa such as the Cape Malay, Indian, Dutch, Afrikaans and English communities that have settled in and around Algoa Bay since the early 1500s (Carstens 1966; Bernard, 2010). Carstens (1966) refer to this process as ‘acculturation’, arguing that Indigenous identity groups such as the Korana and Khoekhoe were ‘largely subsumed’ under Cape Nguni communities or the apartheid category of ‘Coloured’ (Bernard, 2010). Therefore, in the context of Algoa Bay, the lines between Indigenous and local traditions, knowledge and cultural heritage connected to the ocean and coast that have been handed down through generations are oftentimes blurred and cannot be neatly categorised and said to belong to a single grouping of people. Although these knowledge systems are vital to inform past, present and future interactions with the ocean and coast, this knowledge is seldom represented or integrated in ocean governance. In this paper local knowledge also refers to recreational use and connections to the ocean and coast, such as diving, fishing, surfing and swimming.



2.3 The Case Study: Algoa Bay, South Africa

The study is situated in Algoa Bay, Eastern Cape Province, South Africa, stretching from Cannon Rocks in the east to Sardinia Bay in the west (see Figure 1), which is the first pilot site to inform the national MSP framework (Dorrington et al., 2018). The Bay is recognised as ‘internal waters’ within the territory of South Africa2, meaning that any decision-making should follow all domestic legislation such as laws regarding maritime resources (Marine Living Resources Act, 1998), environmental management (National Environmental Management Act, 1998; Integrated Coastal Management Act, 2008) coastal activities on land (Spatial Planning and Land Use Management Act, 2013), underwater cultural heritage [National Heritage Resources Act (NHRA), 1999], alongside the MSP Act of 2018, aiming to provide a framework for MSP through the development of marine area plans (Dorrington et al., 2018; Rivers et al., 2022). Provincially, conservation authorities such as the Eastern Cape Parks and Tourism Agency (ECPTA) and South African National Parks (SANParks) manage nature reserves and MPAs alongside the relevant departments at provincial, district and municipal level. In Algoa Bay, the Nelson Mandela Bay Municipality (NMBM) manages areas spanning from Sardinia Bay to Colchester, whilst areas east of Colchester to Cannon Rocks are managed by the Sundays River Valley Local Municipality.




Figure 1 | Map of Algoa Bay, stretching from Cannon Rocks in the east to Sardinia Bay in the west.



The study engaged with Indigenous and local community representatives to co-create knowledge that can inform the MSP process in Algoa Bay through the Algoa Bay Project, aiming to develop an integrated, ecosystem-based approach that considers all stakeholders and sectors (Dorrington et al., 2018). The study piloted arts-based participatory research (ABPR) methods in the form of photography and storytelling. This knowledge co-creation process sheds light on problems with current ocean management and provides responses and alternative approaches to ocean conservation and management. The process also highlights dreams of a different future, looking back to pre-apartheid and sometimes pre-colonial memories and histories, Indigenous concepts of co-existence and current mechanisms of ocean stewardship that can be better included by planners, conservation agencies, decision-makers, and researchers.



2.4 Knowledge Co-Creation

Knowledge co-creation, or knowledge co-production, is the coming together of different actors (knowledge holders) in the social-ecological system to generate new knowledge or renewed approaches to a specific problem. Depending on your discipline or school of thought the concept might change, but in sustainability research and environmental management, knowledge co-creation is often thought of as a process that ‘seeks to connect researchers with diverse societal actors to collaboratively and iteratively produce knowledge, action and societal change’ (Chambers et al., 2021), or that ‘brings together Indigenous People’s knowledge systems and science to generate new knowledge and understandings of the world that would likely not be achieved through the application of only one knowledge system’3 (Yua et al., 2021). Knowledge co-creation aims to shift inherent power imbalances in academia and research more broadly and challenge the coloniality of methodologies (see Smith, 1999; Chilisa, 2019).

It is important to note that this paper does not seek to represent Indigenous and local knowledge in its entirety that should be integrated in ocean management. Instead of focusing on ‘integrating’ different knowledge systems into decision-making processes, and impact management processes in other contexts or on a broader scale, this study is rather aiming to reimagine ocean management in a very specific context as informed by local residents and managers. Knowledge holders therefore keep their own knowledge outputs but inform critiques of current ocean management and ways to better co-create knowledge for more inclusive ocean management processes in the future. Recognising that knowledge, culture and governance are all intertwined and interdependent (Latulippe and Klenk, 2020), this study rather aims to highlight what knowledge systems and cultures are currently informing and guiding ocean management, and encourage creative spaces to reconceptualise, reimagine and even remember more inclusive, interdependent and socioculturally sustainable approaches to ocean stewardship. The use of arts-based approaches has been significantly useful here.




3 Materials and Methods

The methods section outlines the use of contextualised ABPR methods in the form of photovoice and digital storytelling where Indigenous and local community representatives are recognised as co-researchers. The emphasis here is on participatory methods, which involves responsive design where the objectives, knowledge sharing and data collection methods are revised together with research participants (hereafter referred to as ‘co-researchers’)4 throughout the study duration (Minkler and Wallerstein, 2008). Participatory research often recognises the subjectivity of knowledge creation more broadly and seeks to form research partnerships with co-researchers to collaboratively approach a problem at hand (Leavy, 2017). As highlighted by Minkler and Wallerstein (2008), the goals of participatory research methods often include 'analysing personal lives in relation to the structures (both overt and hidden) that might control people’s lives; celebrating strengths and agency, not just emphasising victimisation; working for goals of social justice; and undermining the notion of the objectivity of science’. Participatory research design often includes social learning processes,5 and as the aim of this study is to co-create knowledge, it is imperative that the research approach is collaborative, flexible, iterative and dynamic. The specific research questions this study set out to answer are i) what is the usefulness of arts-based methods to identify and convey relevant Indigenous and local knowledge, and; ii) how can we better integrate this Indigenous and local knowledge into area-based ocean management in Algoa Bay?


3.1 Arts-Based Methods

Arts-based methods can be understood as knowledge production processes where art forms such as music, photography, craft, poems and drawing play a significant role in communicating experiences, thoughts, ideas, values, beliefs and knowledge (Barone and Eisner, 2012). Arts-based approaches to knowledge creation are often used when the objective of the study is to ‘explore, describe, evoke, provoke, or unsettle’, making it most relevant to a qualitative inductive study that aims to explore how ILKS can better inform ocean and coastal management in Algoa Bay (Leavy, 2017).

Arts-based methods have been found useful in sustainability research when it comes to encouraging creative innovation and thinking (Galafassi et al., 2018), conveying ‘alternative’ or omitted stories and narratives (Foster, 2016; Capous-Desyllas and Morgaine, 2018) and balancing out power dynamics between researchers and research ‘participants’ (Castleden et al., 2008; Leavy, 2020). For example, from research with Indigenous First Nation communities in Canada, Castleden et al. (2008) find that employing photovoice as a community-based participatory research approach addressed issues of injustice and inequality whilst fostering trust and building capacity. Working with community representatives, scientists, practitioners and government representatives in Kenya and Mozambique, Galafassi et al. (2018) experienced that storytelling was useful in imagining innovative solutions to more sustainable social-ecological systems. In this study, one of the aims has been to ensure that knowledge holders remain owners of their own knowledge throughout the research process using arts-based methods such as photography and storytelling.

The combination of photography and storytelling, where co-researchers take photographs to explore, explain or understand a particular issue and retain the power to explain the underlying or interrelated meaning of this photograph, can be referred to as photovoice, photo novella or reflexive photography (Castleden et al., 2008). The photographs, or the process of taking the photographs, can function as a ‘catalyst’ for dialogue on important issues of social change (Castleden et al., 2008), such as improved recognition of ILKS in ocean management processes (see Strand et al., 2022, forthcoming). Storytelling, in and of itself, is known to support knowledge holders in controlling the storyline and processes of self-representation and is often used when working with sacred or sensitive knowledge and narratives (Prins, 2004; Powell et al., 2007).



3.2 The Research Steps

Recognising that ABPR have been found to support the process of identifying, recognising and analysing different ways of knowing the ocean and coast and culturally significant areas, this section expands on the knowledge co-creation steps that could inform MSP in Algoa Bay. These steps included initial workshops with ILKS holders to shape the research objectives, training workshops in photography and recording audio stories using smartphones, field visits to sites of cultural significance to take photographs and record stories in-situ, collaborative analysis workshops to identify common themes and knowledge that should be recognised in decision-making, a public exhibition where co-researchers present their final photographs and stories, and finally a multi-stakeholder workshop with local managers to explore pathways to integrate ILKS in areas-based ocean management processes.


3.2.1 Step 1 - Outreach and Shaping Workshops

Initial shaping workshops were organised with Indigenous leaders and representatives, small-scale fishing representatives, research organisations and local residents of Algoa Bay. These workshops were organised following systematic outreach to different knowledge holders and community representatives that had already been involved in the Algoa Bay Project to explore who might have not been adequately engaged during the initial stakeholder engagement processes. The shaping workshops were organised both in person and virtually to accommodate people that could not work virtually, and to make sure that the space was conducive to roundtable discussions and brainstorming. Translators were present at the initial and subsequent workshops, ensuring that residents and co-researchers could share or understand information in their preferred language, which were often isiXhosa or Afrikaans.

These workshops discussed the initial idea about the research project, what redefined or alternative objectives could be, what knowledge some residents might want to share, and identified possible co-researchers that had important Indigenous and local knowledge of the coast that should inform management processes. These workshops also found that some direction was needed in terms of discussing the specific research methods and that many people were interested in participating in the study. Specifically, these workshops found that Indigenous knowledge holders, subsistence fishers, women and youth were often excluded from decision-making for area-based ocean management. The study therefore intentionally included co-researchers from these groups.

Following the broad definition of ILKS, purposeful snowball sampling from the initial outreach and shaping workshops, the final 24 co-researchers in this project include representatives of Khoisan communities, subsistence fishers and bait collectors, youth, spiritual leaders and recreational ocean users, all current residents in Algoa Bay. The co-researchers were carefully approached, usually through Whatsapp, with textual and visual outlines of the proposed study to take part in the project. Co-researchers were invited to the first workshop without any obligation to take part in the rest of the study, and were continuously asked to affirm their consent prior, during and following the field visits and sense-making workshops (see Step 4). The final group of co-researchers purposefully included 50% self-identifying women, and 20% youth between the ages of 15 and 20 as they are often omitted from knowledge creation processes even though they have the largest stake in how the future unfolds in terms of climate change threats and sustainability risks (Sweeney and Morgera, 2021).



3.2.2 Step 2 - Cross-Learning Workshops

Once the co-researchers had confirmed their interest in partaking in the study, the first arts-based learning workshops were organised according to people’s schedules and availability. These learning workshops delved deeper into the objectives of the study and created a space for everyone to introduce themselves and their connections to the ocean and the coast. The learning workshops were centred around cross-learning, where co-researchers shared their expertise and experiences with the coast, and a photojournalist and podcaster shared expertise and experiences about conveying knowledge, stories and connections through photographs and storytelling using smartphones. The learning workshops found that unlearning is just as important as learning (see Strand et al., 2022, forthcoming), and that the processes of listening and slowing down (see Bhabha, 2005) are central to facilitating conducive cross-learning spaces. While co-researchers were free to use a variety of methods to share, express and convey their connections to the ocean and coast, everyone subsequently decided to take photographs and record stories for a multi-media exhibition.



3.2.3 Step 3 - In Situ Photography and Storytelling

Following the cross-learning workshops, which also included practising the use of smartphones for audio recording and photography, the principal researcher (MS) accompanied co-researchers to their site or sites of choice. In some instances, co-researchers would take photos and record themselves using the smartphones, whilst in other instances co-researchers would highlight scenes, areas or objects for the principal researcher to take pictures of, and share their stories whilst in recorded conversation with the principal researcher. Co-researchers shared and recorded their stories in different languages, including English, isiXhosa and Afrikaans, which were later transcribed and sometimes translated by translators.

These in situ processes of photography and storytelling require a significant amount of time, slowness and flexibility (Strand et al., 2022, forthcoming), but are very important to recognise the contextuality of knowledge and location-specific connections, values and relationships. On average, the in situ photography and storytelling took a day or two to organise, and a full day in the place or places of choice with each co-researcher.



3.2.4 Step 4 - Sense-Making Workshops

Finally, after organising field visits that involved conversations around past, present and future connections to one or more specific places along the coast, often taking photographs recording stories, experiences and narratives, sense-making workshops were organised to get co-researchers together to discuss the knowledge products, the experience of developing these, and what they might mean in a broader ocean management context in Algoa Bay. Following the transcription of the stories, and sometimes translation of stories in Afrikaans and isiXhosa, and reviewing all the photographs, the principal researcher identified common themes emerging from the stories, narratives and photographs. These themes, which included ‘subsistence, income and food’, ‘spiritual and religious connections’, ‘history and culture’, ‘activities, fun and family time’, ‘aesthetics, beauty and wonder’, ‘sense of calm and peace’, and ‘learning’ were then presented to the co-researchers to see which, if any, resonated with them, if any other themes needed to be added and if some needed to be re-conceptualised.

Prior to and following these sense-making workshops, depending on their availability, co-researchers also reviewed all their own photographs to highlight their favourites, if any. Each co-researcher had the opportunity to select four of their favourite or most meaningful photographs to exhibit. These were selected through individual conversations in-person, on whatsapp and phone calls between the principal researcher and the co-researchers, including inputs from the assisting curator when co-researchers were unsure what photographs they wanted to exhibit. Participatory mapping exercises were also carried out during these sense-making workshops. Co-researchers were asked to mark areas of cultural significance on an A1-sized printed map of Algoa Bay. Different coloured markers signified different relationships with the ocean and coast, as recognised by the final themes identified by co-researchers following the initial discussions, which included the initial themes in addition to ‘mental health and wellbeing’ and ‘possible future uses and connections’. This process of participatory mapping resulted in discussions around the overlapping uses and significance of many places and areas, how to best manage such areas, the role of stewardship, particularly the ways in which people currently cared for the oceans and coast, and how residents could and should be further involved in decision-making in the future.

The research process of co-producing knowledge on indivudials’ relationship to the ocean and coast in Algoa Bay took more or less 12 months, including the multimedia exhibition and multi-stakeholder workshop. The former exhibited four photographs with accompanying snippets of stories as well as audio recordings of each co-researcher (96 photographs in total), whilst the workshop brought together the co-researchers as well as local municipal coastal managers and representatives from relevant authorities such as MSP, conservation, heritage and industry management to explore pathways to acknowledge and recognise this knowledge in future ocean management. Whilst this paper outlines steps 1-4, these further steps will be reported on in future publications.




3.3 Ethics

This study has institutional ethics clearance from Nelson Mandela University. Co-researchers were approached prior to the study with both verbal and written information about the study process, timeline and planned engagements. All workshops and engagements were conducted with informed consent (ethics number H21-BES-DEV-007).




4 Results

The results of this study can be divided into three interconnected findings. Firstly, the initial outreach, shaping and cross-learning workshops highlighted a strong sense of exclusion from and lack of access to coastal and ocean areas where Indigenous and local communities have depended on for spiritual, cultural and recreational purposes for generations. Secondly, the in situ storytelling and photography identifies themes of cultural, spiritual and traditional connections to the ocean and coast. These connections and values are often in conflict with current economic and environmental priorities in the Bay, at least when it comes to the significance of specific areas and places. Finally, this study finds that the use of ABPR allows for remembering the past and imagining more inclusive futures where local communities have more of a say in the stewardship of their coast and ocean. In each section we suggest ways in which ocean management could be reconceptualised or reimagined.


4.1 Exclusion and Lack of Access to the Ocean and Coast

In initial outreach, scoping and learning workshops, themes of exclusion, lack of access and a sense of loss when it comes to ocean and coastal connections and practises were identified. For small-scale or subsistence fishers6 this often involves strict permit regulations or closed off stretches of coast, estuaries or rivers. For Khoisan co-researchers this sometimes means fenced-off areas, nature reserves and paywalls where there are sacred historical heritage sites, ancient Khoisan fish traps or places along the coast that are important for ceremonies, rituals or specific events that they are unable to access. The fact that you have to pay to access some beaches, coastal areas and river banks, that there are fenced-off areas such as mostly white, higher income earner areas that have private properties that extend all the way to river banks or industrial development zones reminds the co-researchers of institutionalised racial segregation during colonialism and apartheid. These paywalls and physical barriers to the ocean continue to limit access to learning, recreational use and building further connections to the ocean and coast for themselves, their families and communities (see Figure 2).




Figure 2 | Photograph of a beach in Algoa Bay with a fence in front of it. Many areas are now fenced off for people to use, often with expensive paywalls.




“It would be nice if everybody could have access to the ocean. I feel like it is not fair that they ask money at the gate because every human being is supposed to be part of this” (Resident of Colchester community Bradley Links, 2021).



For several co-researchers the physical and violent experience of forced removals during the apartheid Group Areas Act (1950) from places on or close to the coast were part of their own or intergenerational experience. In particular, one co-researcher had personally experienced forced removals twice. First from the coastal area between Cape Recife and Sardinia Bay known to some as ‘the wild side’, to a residential area in the city of Gqeberha (formally Port Elizabeth) near the harbour called South End, and then from South End to the Northern Areas, which are even further away from the coast and ocean. Furthermore, scoping workshops also highlighted co-researchers’ exclusion from decision-making about the ocean and coast, therefore diminishing people’s sense of relevance and importance when it comes to managing areas of which they depend on for subsistence, livelihood, spiritual, cultural, recreational, heritage, physical, mental, historical, religious, educational and generational-related reasons (see Figure 3).




Figure 3 | Picture of Paramount Chief Human of the Kei Korana tribe in the Eastern Cape, looking out over what used to be areas where the Indigenous Khoi and San people lived.




“The Group Areas Act has driven us far away from the sea. We live in the Northern Areas now and transport is expensive. There are a lot of expenses to come to the sea. You must buy food, you must pay for the petrol to bring you here, and you must pay to enter. It is no longer free for us to enter. It is privatised, which is making it difficult for us, for the first Indigenous peoples of South Africa, to translate our culture and our heritage to our children’s children” (Paramount Chief Human of the Kei Korana 2021).



The lack of representation in decision-making for ocean management brings us back to the question of which cultures and priorities are currently informing management approaches, strategies and objectives in South Africa, and which cultures are not. Trouillot (1995) highlights the importance of scrutinising whose narratives inform the history we are presented with and paying attention to whose narratives might have been omitted or silenced in the process. Similarly with culture and ocean management, we need to scrutinise what and whose culture, values and worldviews have been omitted and excluded from current ocean management processes in a post-apartheid context. In the context of Algoa Bay, subsistence fishers argue that their experiences have been excluded from estuary management in the Swartkops Estuary.


“The problem that we are facing is that the river is being polluted and it is really affecting us in our community in Aloes further up the river. But they don’t listen to us that side. It’s been an ongoing battle... They are not even trying to make a plan with the polluted water coming from the Markman side not to enter into the river” (Subsistence bait collector and fisher from Aloes 2021).



Similarly, Indigenous cultural heritage in the form of physical ancient stone-walled fish traps and shell middens7 in a local nature reserve (Cape Recife) seem to be downplayed in the coastal management of the area, and residents recreational and historical relationships to parts of the coast in a local industrial development zone (Coega Development Zone) have been largely omitted. Some residents are continuously denied access, either through physical or financial barriers, to areas along the coast in Algoa Bay for environmental or economic reasons, without enough consideration to how their relationship and connection to the coast might actually align with current management objectives.


“This area is where our traditions were done. All our tradition is done nearby waters, mostly by the ocean. So it is very important that the ocean is open for us to do our rituals. The ocean is like a god in itself. It will talk to you. That is why we do rituals here. We have a connection to the ocean. The ocean also cleans you. When you go home, you will feel free. Now this coast here is off limits for us, which is making us very sad” (Khoisan spiritual healer Chrissila Billings 2021).



Rethinking ocean management with the co-researchers identified several alternatives to current approaches, like involving Indigenous and local knowledge holders on management committees to inform important events, rituals and practices where people should gain free access to the nature reserve or beach, provided that they leave sites as they found them. In situ storytelling and sense-making workshops highlighted the opportunity of removing paywalls for neighbouring communities, such as with the example of the Colchester community and access to the Sundays River Estuary. Traditional means of fishing and harvesting should be allowed within specific seasons, and Indigenous chiefs and communities should be in charge of restoring and maintaining ancient fish traps such as the ones found at the Cape Recife nature reserve (see Figure 4). Another approach that emerged from the sense-making workshops was to better map and safeguard people’s cultural uses and connections to the ocean and coast, to ensure that these are not threatened by pollution from potential oil and gas developments, bunkering, shipping and commercial fishing.




Figure 4 | A gully in the Cape Recife Nature Reserve where ancient fish traps exist, which is fenced off and requires people to pay to enter by car.





4.2 Spiritual, Cultural, Emotional and Physical Connections to the Ocean and Coast

The arts-based methods also highlighted that ocean stewardship is closely related to people’s spiritual, cultural, emotional and physical connections to the ocean and coast. Co-researchers want to take care of the ocean and coast and have a stronger say in their management because they have both intrinsic (an end in itself) and instrumental (a means to an end) value to them. Investigating Indigenous and local knowledge of the ocean and coast in Algoa Bay continuously highlights these cultural connections and their importance in everyday lives for wellbeing, identities, belonging, community, heritage and spirituality. For example, for many co-researchers from Nguni communities and traditions the ocean is sacred as it is the home of their ancestors (see Figure 5).




Figure 5 | Siyasanga Ntabeni, a sangoma (traditional healer), on a beach in Algoa Bay. The coastline of Algoa Bay is a place where Nguni traditional healers, Sangomas, come to connect and communicate with the ancestors.




“We respect the sea a lot because we believe it is where our ancestors lived and continue to live. This is our place of serenity and (…) When we encounter life’s challenges the sea is our place of prayer. The sea is a place to regain strength when we have fallen short due to life’s tribulations. We come here to seek help and guidance as we plead with our ancestral lineage” (Siyasanga Ntabeni, 2021).




“I love sitting on the rocks and watching the waves of the sea and its beautiful colour because I get relieved when I feel heavy. But before I sit on the rocks, I have to throw a coin into the water to connect to my ancestors and seek guidance. Then they sometimes appear in our dreams to guide us about the rituals we need to do so that there can be brightness in our future” (Anelisa Mcoli, 2021).



For many Indigenous and Nguni communities in the Eastern Cape, you are closer to God and the ancestors when you are near bodies of water such as the ocean, lakes or rivers (Bernard, 2010) and people often pray near these sites (see Figure 6). The ocean is believed to have healing powers, both physically and mentally, and it is known as a place to restore health and wellness for co-researchers independent of religion, tradition and cultural heritage (see Figure 7).




Figure 6 | Photograph by Anelisa Mcoli. People often come to the ocean to connect with their ancestors and seek guidance.






Figure 7 | Eileen Speelman, Haseline van Vught, Toetie Dow and Charlotte Bouah sitting on rocks at Hobie beach. Indigenous Khoisan people often come to the ocean to pray and to connect to their ancestors.




“The sea is a place where the Khoi and San, both men and women, lived. We would fetch our food from the ocean, dig holes in the beach and build fires there to cook our food that we gathered from the ocean. This is also a place where spiritual and bodily healing comes from. If you are one with nature, this is when you are the closest to God’s creation and miracles” (Haseline van Vught, 2021).



For many residents in Algoa Bay, the ocean is a place for learning and exploring, and several co-researchers highlight wishes to further explore the ocean and coast in the future. Indigenous and local knowledge of the ocean emphasises how much we all can learn from the ocean, which further highlights the importance of taking care of the ocean and treating it with respect. This means changing the ways in which we are currently polluting and exploiting the ocean, with little consideration for the ocean and ocean life as part of us, and even less so for the generations to come (see Figure 8).




Figure 8 | Photograph by future microbiologist Yaseen Albany at Schoenmakerskop, Gqeberha, highlighting the beauty of the ocean and that we need the ocean and the ocean needs us.




“I wouldn’t want to see a future where our children’s children or our children won’t be able to experience the ocean like we have. If we continue the way we are going, we will pollute the ocean, we will pollute the land around the ocean. And that will destroy it” (Yaseen Albany, 2021).



Finally, the ocean and coast is recognised by all co-researchers as a place for fun, family time, enjoyment and a place in which people find a sense of calm and peace. The co-researchers in Algoa Bay, whether they are Indigenous leaders, subsistence fishers, ocean educators, learners or swimmers, all find solitude and tranquillity in being near the ocean. Spending time near the ocean and coast therefore becomes necessary for wellbeing and mental health (see Figure 9).




Figure 9 | Photograph by Tarryn Swartbooi at Summerstrand, Gqeberha, emphasising the sense of calm she feels when she is near the ocean.




“I love this place as you completely lose the sense of time. The only way you know that time has passed is because the waves come closer and closer to your feet. And it feels so safe, you feel safe” (Tarryn Swartbooi, 2021).



Although this paper recognises the limitation of categorisation and characterisation of often very varied and differing experiences with the ocean and coast, the above spiritual, emotional, historical, experiential, relational and physical connections are sometimes grouped together and referred to as cultural connections in the remainder of this paper, arguing for the importance of their acknowledgement in future ocean stewardship and inform future ocean management.

The photographs and stories provided by the co-researchers highlight Indigenous and local knowledge that goes beyond the solely economic, biophysical and social relations to the ocean and emphasise the interdependence and co-existence of humans and the ocean (see Figure 10).




Figure 10 | Nozipiwo Hambaze walking along the stromatolites on the coast near Schoenmakerskop, Gqeberha.




“I think the ocean needs to be protected in so many ways. It needs to be protected from pollution, and we need to take action and stand against the injustices done to the ocean because without the ocean, there’s no life (…) Our life depends on the ocean. Actually, life on Earth depends on the ocean, so it is very important that we keep the ocean safe, and we protect the oceans for the generations to come” (Marine and coastal educator Nozipiwo Hambaze, 2021).



The photographs and stories, highlighting Indigenous and local knowledge of the ocean and coast, demonstrate the clear interdependence on the ocean by the co-researchers. This is not just directly from marine gifts, but also from knowing that they originally came from the ocean, how the ocean is home to their ancestors in Nguni traditions, or where the ancestors used to co-exist with nature in Khoisan histories, how it represents a place where they are closer to God, that the ocean has healing powers, both physically and mentally, and that they depend on the ocean for their wellbeing in so many ways. These are the ways in which Indigenous and local co-researchers in Algoa Bay already have a sense of stewardship of the ocean. Emphasising the importance of this interdependence and encouraging people to spend more time by the ocean has the potential to increase a sense of awareness and care, or stewardship for the ocean and coast.

During the sense-making workshops the co-researchers discussed and imagined ways in which ocean and coastal management could better highlight this importance. Some suggestions that emerged were the establishment of a World Heritage Site that acknowledges and protects the ancient fish traps near Cape Recife. Other suggestions included ensuring areas of cultural significance, such as parts of the Addo Elephant National Park MPA, the Swartkops River, Cape Recife, and Sardinia Bay MPA are co-managed by Indigenous and local community representatives. Co-researchers also suggested adding a cultural layer to the MSP process in South Africa which delineates specific cultural zones for people to access sites for cultural reasons and have a stronger say in the stewardship of these areas, whether this is for spiritual, cultural, recreational and emotional reasons.



4.3 Arts-Based Participatory Research Useful in (Re)imagining Better Futures for the Ocean and Coast

In this study, that explores ways in which Indigenous and local knowledge holders relate to the ocean and the coast in Algoa Bay, ABPR has proven particularly useful in conveying dynamic and ever-changing aspects of culture (Kirshenblatt-Gimblett, 2004), such as people’s sense of belonging, heritage, spiritual connections and sense of identity. These cultural dimensions should inform current ocean management approaches as they can contribute towards creative and innovative responses to ‘transformations in social-ecological systems’ (Galafassi et al., 2018). At a time when the ocean is facing complex social-ecological challenges and wicked problems (Benham and Daniell, 2016), coastal communities and their ocean knowledge can and should contribute to these innovative solutions (see Figure 11).




Figure 11 | Factories on the banks of the Swartkops River, near Aloes Community, contribute to industrial waste into the river where resident Francis Nkaki fishes and collects bait.



The particular arts-based process used was helpful in identifying themes of cultural, spiritual and traditional connections to the ocean and coast that should inform future ocean management. It allowed for remembering the past and imagining better futures where Indigenous and local communities had or have a stronger say in the stewardship of their coast and ocean. Piloting ABPR with co-researchers in Algoa Bay thus finds that these methods can be useful in remembering and imagining, or reimagining, ways in which people relate to and care for the ocean and coast.


“We who live off the fish feel the effects of ocean pollution and the changing climate the most. We have been living here for generations and have seen the changes ourselves” (Subsistence fisher and bait collector Francis Nkaki, 2021).



The combination of photography and storytelling, known as photovoice, has been useful in remembering the past. Whether this is through personal memories or stories handed down through famililies or community members, the value of remembering cannot be overstated in the context of post-apartheid South Africa and Algoa Bay. In the Bay, Indigenous Khoisan and Nguni communities settled thousands of years ago, and the dependence on the ocean for livelihoods, subsistence, spirituality, health, recreation and ceremonies dates back to at least 8,000 years (Barnard, 1992). The usefulness of in situ photography relates to the act of ‘going back’, activating the process of remembering, visiting places of memories and histories, and sometimes reliving these memories (see Figure 12).




Figure 12 | Delene Spandiel walking along Bluewater Bay, where she used to come with her family when she was younger.




“This is where it all started (…). We would come and camp and fish here on the banks. I have a real connection to the ocean. My father and forefathers were fishers. We are now involved with the small-scale fishing cooperative. It was something that we had to do. We did struggle in the past, but everything is falling into place” (Delene Spandiel, 2021).



ABPR is also useful in imagining alternative present and future scenarios. Current biodiversity research often fails to mobilise transformative change despite its scientific framing of ‘future trajectories of decline’ and creative approaches that encourage imagination are necessary to ‘foster new ways to address long standing problems to create better futures for people and the planet’ (Wyborn et al., 2020). In the context of Algoa Bay, several places have historically been closed off for residents due to apartheid regulations or is currently closed off for economic development or biodiversity preservation (see Figure 13). Co-researchers visited these places and expressed what these places meant to them, whether it be in the past, present or future. These conversations allowed for the development and creation of stories and narratives where there are no economic barriers, where transportation access is lessened, where people might even be able to move back to neighbouring areas, where people are again allowed to fish, harvest, perform rituals or camp, where people with invested interests in the wellbeing of the natural environment and biodiversity of an area are members of management committees, or even fully manage these areas themselves.




Figure 13 | Bradley Links walking along the beach near the Sundays Estuary, with dolphins playing in the waves in the background. People have to pay to access this estuary and beach.




“Everybody should have access to the ocean. The way you feel being near the ocean is so amazing, the feeling is indescribable. You feel at peace, you feel phenomenal, and nature can often help you find a purpose. I want more people from my community to have that feeling. By having access to this coast it could help more people in my community find a purpose or find themselves” (Resident of Colchester community Bradley Links, 2021).



Furthermore, several co-researchers emphasised the importance of increased access and sharing of information with the younger generations, as the ways in which we manage the oceans and coast today will impact them the most in the future (see Figure 14). Specific imaginings therefore included free access for children with an accompanying adult to all places along the coast in Algoa Bay and for schools to bring children to the ocean to teach them more about the ocean and ocean life. Generally, co-researchers emphasised the importance of increasing education focus on the ocean, as well as on how Indigenous people of South Africa used to live along the coast and co-exist with the ocean and the gifts it provides.




Figure 14 | The Swartkops estuary, where Jenny Rump works with the Zwartkops Conservancy to promote public awareness on caring for the river ecosystem.




“It is hard, but we try our best in educating the next generation to take care of the environment and know that it is not just for the aesthetic, it is for our survival” (Jenny Rump, 2021).



In a world, or Bay, where the management of our oceans seem so disconnected with people’s sense of connection with the ocean beyond economic gains or biodiversity preservation (see Lombard et al., 2019),8 the importance of encouraging the imagination to remember and imagine different realities cannot be overstated. Asking someone about their connection to a specific place, how they feel in a particular area, and what a location might mean to them without any word limit, timeframe or format, allows stories of senses, feelings, emotions and belonging. Another emerging result is that the more people feel connected to a place or an area, the more they want to be involved in managing and preserving it.


“To better preserve ocean life we need more education around it and give it in the hands of the cultural leaders, the fishing community or the cultural community. They will look better after it and they will preserve it and not exploit it" (Eastern Cape Khoisan Small-Scale Fishing Cooperative Chairman Deon Spandiel, 2021)”



Co-imagining solutions to better ‘hear’ and ‘see’ Indigenous and local knowledge in ocean decision-making identified potential approaches such as establishing an Indigenous and local knowledge committee to sit on the National Maritime Spatial Planning Working Group (DFFE, 2021), invite Indigenous and local residents in provincial, district and municipal meetings regarding the management of the ocean and coast, broadening the recognition of marine cultural heritage in the planning and implementation of management plans according to the legal framework as outlined by NHRA, ensuring that Indigenous and local community representatives take part in the mapping of the future marine area plans and recognising cultural uses and connections of the ocean and coast alongside economic, environmental and social priorities.




5 Discussion

To reimagine alternatives to top-down natural resource management, we need alternatives to knowledge production for sustainable resource management and governance that perpetuate asymmetric power relations. Current knowledge systems and science that currently underpins area-based ocean management needs to be questioned and whether these are contextually relevant. Furthermore, this section argues for the importance of a social-ecological systems (SES) approach to both knowledge production and ocean governance and argues for including the concept of ‘cultural sustainability’ alongside the social, environmental and economic. We argue that we should rethink our approach to marine resource stewardship in Algoa Bay and South Africa more broadly, to learn from ILKS in how we can better co-exist with our environment and challenge current top-down strategies which continue to exclude and marginalise those who depend on healthy oceans and coasts the most.


5.1 Knowledge Co-Creation to Inform Ocean Management Policy

One of the main findings from working closely with co-researchers across the Bay is that there are currently limited options for people to contribute to knowledge co-creation for ocean and coastal management and even to have their say about proposed management approaches and policies. An example includes the national MSP development and implementation process, which has, to date, mainly relied on virtual information sessions, leading to exclusion of stakeholders that lack access to online platforms. The establishment of MPAs in South Africa is also problematic as engagement is often of a consultative instead of collaborative nature, informing stakeholders of already established plans. Several studies on integrated ocean management approaches such as MSP and MPAs highlight the importance of ‘early and often’ stakeholder engagement for successful ocean management (Rivers et al., 2022), but the mandatory stakeholder engagement exercises are not prescriptive enough and often end up being mere tickbox exercises for management authorities.

As has been argued extensively elsewhere (Sloan, 2009; Gopnik et al., 2012; Rivers et al., 2022), the limited scope and reach of stakeholder engagement processes point to the fact that we should rather focus on stakeholder collaboration. To make sure we are working towards marine resource management and MSP that really acknowledges the interests of the people that depend on these resources, inclusive knowledge co-creation needs to inform policy-making at its initial stages and therefore inform the legal framework and finally, implementation. Co-creation of knowledge regarding the sociocultural connections, values and priorities of the coast and ocean with Indigenous and local communities should be organised before the implementation of integrated ocean management approaches and as part of adaptive management processes. Ideally, to avoid knowledge extraction, devaluation and depreciation (see Latulippe and Klenk, 2020), this should translate into meaningful representation on decision-making bodies and management councils that propose and execute policies and decisions.



5.2 Arts-Based Methods to Highlight Local Ocean Stewardship

One emerging alternative to top-down knowledge production is knowledge co-creation through ABPR. This study finds that ABPR proves significantly useful in conveying cultural connections and relationships to the ocean and coast that are often neglected, silenced or omitted in ocean management approaches. Although truly participatory and collaborative, knowledge co-creation processes take time and investment to build trust and relationships, resources to ensure equitable participation in workshops and field visits, and flexibility to accommodate co-researchers’ time, life and schedules. This dedication and commitment are necessary to ensure ocean management is inclusive and contextually representative. These ‘challenges’ will always remain a reality when aiming to facilitate truly collaborative processes.

Ocean stewardship, or people’s sense of responsibility and care for the ocean and the ways in which they interact with the coast and ocean, is not something that always needs to be taught or reinvented. When engaging with Indigenous and local community representatives in Algoa Bay, we find that ocean stewardship already exists through people’s cultural connections with the ocean and coast. The ABPR approach makes this knowledge explicit so it can be increasingly ‘heard’ and ‘seen’ in ocean management and therefore allows a reimagining of what ocean stewardship has meant in the past and can mean in the future.

Knowledge co-creation faces several challenges, however, such as the danger of knowledge extraction, knowledge depreciation, and the misconception of knowledge as ‘global rather than tied to a place or a way of life’ (Latulippe and Klenk, 2020). By treating knowledge as something that can be separated from its origins, and as ‘data that can be aggregated and understood in abstract and universal form’ (Latulippe and Klenk, 2020), knowledge co-creation processes can become transactional and extractive despite the best of intentions. This highlights the importance of place-based knowledge and contextually relevant responses, which are often in conflict with international efforts of sustainability research and national efforts at integrated ocean management approaches such as South African MSP only aiming to develop four different marine area plans (DFFE, 2021). Making sure Indigenous and local knowledge is properly ‘seen’ and ‘heard’ could at least improve the contextuality of these plans and support ocean stewardship in local contexts.



5.3 Conceptualising Place-Based ‘Cultural Sustainability’ for Ocean Governance

Cultural connections and values attached to ocean and coastal spaces are often neglected and overlooked in area-based ocean management approaches (see Gee et al., 2017; Saunders et al., 2020; Gilek et al., 2021). This is sometimes argued to be due to challenges of recording and conceptualising the intangible nature of these connections (Gee et al., 2017), which highlights the value of arts-based methods and alternative ways of conveying knowledge beyond the written word. Furthermore, because cultural values often generate a sense of identity and place and are often related to quality of life and well-being, Gee et al. (2017:140) highlight how the neglect of cultural aspects of people’s dependency on the ocean and coast can diminish people’s choices and lead to ‘irrevocable loss of key marine benefits’. As we have seen above, the ocean and coast play a vital role in defining local, regional and national cultures and signify places of heritage, ancestry, imagination and projection (also see Gee et al., 2017; DFFE, 2021).

Scrutinising current ocean management strategies in South Africa, this study finds that the cultural connections, as highlighted by co-researchers, are not adequately recognised. For example, a recent review of current MPA management in South Africa concludes that more than 50% of all MPAs currently have ‘seriously constrained’ or ‘no management’ of cultural heritage knowledge within the MPAs (Adams and Kowalski, 2021). Specifically in the Sardinia Bay MPA, in the West of Algoa Bay, cultural heritage is identified as ‘priority indicators for management effectiveness’ due to limited information about cultural heritage ‘assets. According to Adams and Kowalski (2021) this is in part due to the fact that both cultural heritage and biodiversity knowledge are ‘not in a format that is accessible and understandable to the MPA manager for decision making’. There is also a limited definition and understanding of what constitutes cultural heritage, as the report primarily focuses on shipwrecks and whaling stations (besides fish traps, guano, historical fishing sites, and seal harvesting sites, which are all mentioned once or twice). Cultural heritage sites should be managed using the Indigenous Knowledge Act of 2019 and the NHRA of 1999, which clearly recognises living heritage such as oral history, cultural tradition, rituals and Indigenous knowledge systems as well as the cultural significance of social and spiritual values (Republic of South Africa, 1999).

Although the South African Department of Forestry, Fisheries and the Environment (DFFE)’s MSP working group recognises the importance and relevance of ‘intangible values of the marine and coastal environment’ and states that the ocean forms part of ‘cultural, spiritual and aesthetic wealth’, shipwrecks are again the primary focus of marine cultural heritage (DFFE, 2021). Maritime cultural heritage is exclusively managed at a national level and although the country has a ‘firm legal and policy framework for the management and protection of maritime and underwater cultural heritage resources’, the ‘implementation of this framework is lacking due to capacity constraints’ (DFFE, 2021).

According to Gee et al. (2017), the reason for the neglect of cultural values in ocean management, and MSP more specifically, is their resistance to spatial delineation, awareness gaps about cultural benefits, and conceptual challenges related to the intangible nature of some cultural connections. Intangible heritage, as opposed to tangible heritage, is not necessarily linked to something concrete or static, whether it is an object, a place or a song. Intangible cultural heritage is often alive and ever-changing, linked to oral traditions, a system or dynamic spatio-temporal conditions (Kirshenblatt-Gimblett, 2004). The challenge therefore lies in sustaining and representing this system ‘as a living entity’, which is difficult to capture by the written word or a static map (Kirshenblatt-Gimblett, 2004). Another challenge is the different conceptualisations of culture and how some might resist classification and even articulation. An example is sacred heritage and places that are too sensitive to mention or mark on maps. As we have established earlier in this paper, there also seems to be a resistance in even discussing the cultural underpinnings of current area-based ocean management approaches and recognising that cultural values are at the core of defining priorities for ocean management, both at international and national scales.

By failing to acknowledge and understand cultural interactions with the environment and the cultural dimensions of ecosystem challenges, ocean governance strategies hinder collaborative management and instead reproduce social inequalities. As highlighted by DFFE (2021), the ways in which the ocean and coast forms part of people’s aesthetic, cultural and spiritual wealth is a ‘crucial source of socio-economic development and human well-being’.



5.4 The Relevance of Indigenous and Local Knowledge in Ocean Stewardship

We need local responses to local problems, where the knowledge and science that inform policies is built on and informed by local and Indigenous knowledge and representation (Nhemachena et al., 2016; Chilisa, 2019). By asking people what they would do if they could influence the management of an area, you encourage local priorities to envision or inform possible solutions or action. There is a need to challenge current top-down ocean management strategies which continue to exclude and marginalise people who depend on a healthy environment the most and fail to recognise cultural connections and relationships to the ocean and coast.

Exploring people’s relationship to the ocean and coast in Algoa Bay highlights that although these relationships are sometimes devalued or omitted from current ocean management approaches, this does not have to be the case. A majority of co-researchers agree with conservation measures but want to be further involved in these processes and have a say in how the areas are being managed. Suggestions by co-researchers include involving community members on management committees, improving the management of marine cultural heritage by adhering to the broad definition stipulated by the NHRA when it comes to both intangible and tangible heritage, and opportunities to establish world heritage sites as recognised by South African law (see DFFE, 2021). However, these suggestions will not necessarily translate into more inclusive ocean management because structures and mechanisms for collaboration and meaningful collaboration have to be put into place, as well as capacity built in for this. As a start, Indigenous and local knowledge holders should be offered meaningful representation on high-level decision-making bodies and management councils that propose and execute policies and decisions.

Vierros et al. (2020) argue that Indigenous and local knowledge systems can ‘provide valuable lessons on how to improve governance and management of the global ocean commons’, whilst Mulalap et al. (2020) highlight how traditional ecological knowledge in the Pacific region recognises the connectivity of social-ecological systems and species and provides best practice for environmental management through co-existence approaches that recognises communities’ interdependence to the ocean. In the context of Algoa Bay, co-researchers’ sense of identity and heritage tied to the ocean and coast strengthen their sense of ocean stewardship and desire to be involved in ocean management processes. As many environmental challenges facing our ocean are anthropogenic, an increased sense of stewardship by people can contribute towards increased ocean and coastal sustainability. ‘Hearing’ and ‘seeing’ ILKS in ocean management can therefore increase people’s sense of stewardship, not only contributing to more inclusive decision-making but also recognising existing ocean stewards and valuing them to further impact sustainable management of our oceans and coasts.




6 Conclusion

Following the above findings and discussion, this paper concludes that we urgently require co-produced knowledge with Indigenous and local communities as co-researchers to improve the ways we steward our oceans and coasts in an inclusive and equitable manner, which increases buy-in of communities, helps coastal managers and works towards developing shared visions of protection and benefit-sharing. Arts-based approaches to knowledge creation have the opportunity to bring together different ways of knowing, support creative thinking, and encourage the reimagining of what stewardship of natural resources and ocean management can and should look like, which is necessary for sustainable and equitable ocean and coastal futures. In Algoa Bay, which is the pilot site for the South African MSP development process, Indigenous and local knowledge holders’ sense of ocean stewardship is closely linked to their cultural connections to the ocean and coast, and further research should therefore investigate how ocean management processes can better ‘hear’ and ‘see’ these connections in the future.
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Footnotes

1None of the people on Reuters’ 2021 ‘Hot List’ of 1000 influential scholars in climate change are women from African institutions, and only four are from institutions on the African continent, which are solely men from South Africa (Schipper et al., 2021).

2See Maritime Zones Act, 1994.

3Knowledge co-creation is closely linked to the concept of social learning which also brings various stakeholders or knowledge holders together to work on complex social-ecological problems (Wals, 2007; Cundill and Rodela, 2012; Rodela et al., 2012)

4This study deliberately works with people as co-researchers, ensuring that ‘participants’ have opportunities to be involved in every step of the research process from defining objectives to analysing results (see Strand et al., 2022, forthcoming).

5While the definition of social learning is contested, a broad definition of the concept is ‘the bringing together of multiple perspectives, values and interests in order to creatively work on stubborn practices that lead to unsustainability’ (Rivers, 2015). Wals (2007) also argues that social learning is not so much what people should know or be able to do, but rather a process that uncovers what people want to learn, how they learn, how people overcome personal biases and group thinking, and how people can become more sensitive to alternative ways of knowing, valuing and doing. See Strand et al., 2022 (forthcoming) for an extensive discussion on the role of social learning in developing the methods for this specific study.

6See Sunde and Erwin (2020) on an extended discussion and elaboration about the challenge and politics around trying to make distinctions between these two groups of fishers in a South African context.

7See Kemp (2006) for an extensive analysis of stonewall fish traps on the southern coast of South Africa, and Jerardino (2012) on an outline of large shell middens on the western coast of South Africa.

8Lombard et al. (2019) highlight the strong economic growth focus of the National Development Plan and Operation Phakisa in South Africa, and the ecosystem-based focus of the Marine Spatial Planning Bill of 2018.
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The Blue Economy is a global initiative aimed at using marine resources to create economic viability and environmental sustainability. While successes have been reported, for example, in Europe and China, examples of African successes are notably missing. Abject poverty, unemployment and food insecurity are everyday concerns on the African continent; however, its large latitudinal coverage gives rise to extremely biodiverse marine fauna, which could promote socio-economic development of coastal communities through initiatives such as sustainably-managed fisheries. In order to improve sustainability via improved management, information on a species and its habitat is needed, particularly how it moves and in which areas it occurs. Acoustic telemetry is a powerful tool used to determine the movements of aquatic animals, the success of which has led to the development of several large-scale networks throughout the globe, including South Africa’s Acoustic Tracking Array Platform. This network, formally in place for the last decade, has now matured, and data are revealing insights into residency, habitat connectivity and transboundary movements of a multitude of animals, with some species having been continually detected for the past 10 years. These data are also actively being incorporated into marine spatial planning efforts, with the aim of protecting threatened and endemic species. Due to knowledge generation, successful benefit-sharing arrangements, and dedication to engage with the public and other stakeholder groups, the ATAP represents a highly successful example of ocean stewardship in Africa.
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1 Introduction

The United Nations Sustainable Development Goals (SDGs) are a list of 17 goals, whose collective implementation aim to eradicate poverty, while balancing economic and social development, as well as environmental protection and sustainable resource use (Lee et al., 2020). The concept of the ‘Blue Economy’ (or ‘Oceans Economy’), whose origin is linked with the SDGs (particularly SDG 14: Life below water) has gained significant traction over the past decade, and aims to improve human well-being and social equity through the sustainable use of aquatic resources for economic growth while maintaining ecosystem health (Smith-Godfrey, 2016; Wenhai et al., 2019). Successful applications of this concept have included the assessment of harmful algal blooms around aquaculture hubs in European Atlantic shelf seas, conducting ship-based oil spill risk assessments in Atlantic Basin coasts, and the ecological restoration of wetlands in China (Wenhai et al., 2019).

Despite these success stories, African examples are notably missing. Africa is surrounded by three oceans, and represents the largest latitudinal coverage of any continent resulting in a richly biodiverse marine fauna (Decker et al., 2003) with large fisheries resources (Belhabib et al., 2016; Muringai et al., 2021). However, many African countries are amongst the most impoverished, with abject poverty, high unemployment rates, and high levels of food insecurity being an every-day concern (Belhabib et al., 2015; Battersby and Watson, 2018). Consequently, many marine species are heavily targeted by African fisheries, spanning the recreational, commercial, and small-scale/informal sector. Together, these sectors contribute approximately US$ 24 billion annually, constituting 1.26% of the region’s Gross Domestic Product (Chan et al., 2019). Unfortunately, stocks are largely being harvested unsustainably, resulting in declining resources, which further negatively impacts food security (Belhabib et al., 2015; Temple et al., 2018; Muringai et al., 2021). For example, all West African fishing grounds are considered fully or over-exploited, with an estimated 6.7 million people relying on fishing activities for both food and livelihoods (Belhabib et al., 2015). Sustainably managed fisheries are essential for the development of Africa through alleviating poverty and promoting socio-economic growth (Chan et al., 2019). However, promoting growth and development is often at heads with conservation efforts, particularly when it comes to the protection needs of threatened and vulnerable species (Voyer et al., 2018). Many Blue Economy initiatives across the African continent also place significant emphasis on economic gains, with little to no regard to both environmental sustainability and conservation, and social inclusion (Okafor-Yarwood et al., 2020).

On the journey towards the sustainable development and use of aquatic resources, Africa’s Blue Economy Strategy was developed in 2018, with the aim of implementing this plan between 2021 and 2025 (Failler et al., 2020). This strategy built on global policies and initiatives to which African countries were already committed, including the 2014 Africa’s Integrated Maritime Strategy (2050 AIMS) and the SDGs, with emphasis being placed on SDG 14: Life below water (Failler et al., 2020). Five overarching themes were identified as being critical to the growth of the Blue Economy in Africa, all of which are similar to the implementation of the Blue Economy across the globe. These themes encompass renewable innovative marine energy industries; maritime transport, safety and enforcement; improved policy and governance; sustainable fishing, aquaculture and conservation; and marine and coastal tourism (Failler et al., 2020). Linked to the sustainable use and development goals of the African Blue Economy Strategy is the concept of ‘ocean stewardship’. The term stewardship broadly encompasses the principles and actions that aim to improve sustainability and resilience of social-ecological systems, that are grounded on values of voluntary altruism and long-term benefits (Barendse et al., 2016). Peçanha Enqvist et al. (2018) highlights that there are multiple meanings and frameworks of stewardship as it is used across disciplines, but argues that it can be considered as a conceptual ‘boundary object’ encompassing three components: care, knowledge and agency.

The knowledge dimension of stewardship specifically refers to the basic information and understanding about a species, habitat, or other resource that is being stewarded (Berkes et al., 2008; Peçanha Enqvist et al., 2018). While such knowledge can come from a variety of different knowledge systems, the conventional scientific method is highly relevant (Hansen, 2014; Peçanha Enqvist et al., 2018). In the context of stewardship as it applies to the ocean, knowledge generation around both marine species and habitats is vital, as these are both essential components that need to be managed sustainably under the umbrella of the African Blue Economy Strategy. Spatial management tools, such as Marine Protected Areas (MPAs), can be considered as good management practices in an African context. They provide ecological benefits by protecting both species and habitat (Roberts et al., 2005; Lester et al., 2009; Bennett and Dearden, 2014; Kirkman et al., 2021), social benefits such as rebuilding depleted fish stocks and supporting livelihoods, and providing recreation/tourism opportunities (Roberts et al., 2005; Lopes et al., 2015; Kirkman et al., 2021) all of which encompass the social-ecological aspects of ocean stewardship. However, in order for these benefits to be realised, spatial management tools need to be implemented effectively. For example, if MPAs are to be effective in protecting vulnerable species, information on animal movement is essential (Kerwath et al., 2007; Afonso et al., 2009; Mann et al., 2016). More specifically, knowing where and when an animal moves provides critical insights into ecologically and/or biologically significant areas (Kock et al., 2018).

Acoustic telemetry is a method used to study aquatic animal spatial ecology that has gained significant popularity over recent decades, and is being used to investigate and answer diverse questions for a multitude of animal groups including teleosts, elasmobranchs, marine mammals, reptiles and invertebrates (Hussey et al., 2015). This method involves attaching an acoustic transmitter to an aquatic animal which transmits uniquely coded acoustic signals that are detected, recorded and stored by acoustic receivers. Acoustic telemetry has allowed for the successful elucidation of various aspects of animal movement including residency and site affinity, home range size, seasonal migratory behaviours, and habitat connectivity (Heupel et al., 2005; Hussey et al., 2015; Cowley et al., 2017). More specifically, the success and popularity of passive acoustic telemetry, where acoustic receivers are stationed at fixed locations, has led to the development of several large-scale collaborative networks of acoustic receivers distributed across the globe. These include Australia’s Integrated Marine Observing System (IMOS) Animal Tracking Facility (Steckenreuter et al., 2017; Hoenner et al., 2018; Huveneers et al., 2021), the European Tracking Network (Abecasis et al., 2018; Reubens et al., 2019), the US’s FACT (Young et al., 2020) and Atlantic Cooperative Tracking networks (Block et al., 2016), and South Africa’s Acoustic Tracking Array Platform ATAP (Cowley et al., 2017). These large-scale networks are collecting movement data on a multitude of aquatic species, and are now in a position to incorporate these data into improved fisheries management (Nguyen et al., 2018; Lowerre-Barbieri et al., 2019).

The ATAP is the only network of its kind on the African continent. It represents a significant example of the successful implementation of ocean stewardship principles that can directly contribute towards sustainable resource management. Cowley et al. (2017) reflected on the first five years of the ATAP (2011 – 2016). This article aims to provide a decadal overview of the ATAP highlighting it as a successful ocean stewardship example for Africa, and in particular (i) detailing how the data collected are generating important ecological and biological knowledge, (ii) highlighting how this can be utilised in management and conservation tools through the provision of two case studies, (iii) discussing how the data-sharing arrangements benefit multiple stakeholders, and (iv) briefly touching on how stakeholder engagement and community outreach are also important aspects being practised by the ATAP.



2 ATAP as a Knowledge Generation Platform


2.1 Background and Spatial Coverage of the ATAP

The ATAP was first formalised in 2011 with a signed partnership agreement with the Canadian-based global Ocean Tracking Network (OTN; http://oceantrackingnetwork.org/) project and is managed by the South African Institute for Aquatic Biodiversity (SAIAB), a National Facility of South Africa’s National Research Foundation (NRF). The ATAP is a collaborative network of acoustic receivers (and temperature loggers) that provide the backbone of acoustic telemetry hardware to facilitate the large-scale, long-term monitoring of acoustically-tagged marine animals along the South African coastline. Furthermore, the ATAP maintains all metadata associated with receivers and transmitters, as well as a national database of detection data, which are shared with the relevant researchers (transmitter owners).

Since inception, the ATAP has had a mean of 179 (± 43) active acoustic receiver stations per year, and currently spans approximately 2200 km of the South African coastline (for further details on equipment and deployment, see Cowley et al., 2017). The focal monitoring sites are three large coastal embayments (False Bay, Mossel Bay and Algoa Bay; Figure 1), with receivers being deployed in one or more lines representing listening curtains. Additional receivers are deployed in the nearshore environment along the majority of the South African coastline, including (from west to east) Walker Bay, Gansbaai, Plettenberg Bay, Port Alfred, Port St Johns, Protea Banks, Jesser Point and Ponta do Ouro at the South Africa-Mozambique border (Figure 1). A number of selected estuaries also have at least one receiver deployed in them. Together these receivers allow for the assessment of residency, site fidelity, localised movement patterns, habitat connectivity, large-scale coastal movements, migration biology, and estuarine-marine connectivity of marine animals (Cowley et al., 2017). Additionally, where receivers lack water temperature sensors (VR2W as opposed to VR2AR; Innovasea, Halifax, Canada), temperature loggers are attached to selected receivers, which allows for the assessment of the influence of temperature on animal movement, a crucial aspect given the ectothermic nature of the majority of acoustically-tagged species.




Figure 1 | The locations of receivers (black dots) forming the greater Acoustic Tracking Array Platform currently deployed along the South African coastline. Influential ocean boundary currents are indicated, as are important sites mentioned in the text. The cool-temperate, warm-temperate and subtropical biogeographic regions are indicated by blue, yellow, and pink areas, respectively.





2.2 Importance of Location

The ATAP sits at an important geographical location on the African continent. Located at the southern tip of Africa, the coastal waters of South Africa are strongly influenced by two contrasting boundary currents – the cool Benguela associated with coastal upwelling and significant productivity (Harrison, 2003), and the warm Agulhas associated with warm tropical waters flowing down from the equator (Roberts, 2010). Together, these currents give rise to three distinct biogeographic regions: cool-temperate, warm-temperate and subtropical (Turpie et al., 2000) (Figure 1), making the region a global biodiversity hotspot with a rich diversity of species and a high degree of endemism (averaging 28% across all marine taxa [Griffiths and Robinson, 2016)].

Many fish species occurring in the estuarine, coastal and offshore southern African waters are targeted by both commercial and recreational fisheries; for example, Cape hakes Merluccius capensis and M. paradoxus, geelbek Atractoscion aequidens, yellowtail Seriola lalandi, soupfin Galeorhinus galeus and smoothhound Mustelus mustelus sharks (commercially exploited) [DEFF (Department of Environment, Forestry and Fisheries), 2020)], as well as dusky kob Argyrosomus japonicus and spotted grunter Pomadasys commersonnii (recreationally exploited) (Cowley et al., 2013; Childs et al., 2015; Dames et al., 2017). Both of these fishery sectors are highly important industries, providing economic and food security to millions of South Africans, but have had, and continue to have, a considerable impact on many marine species (Pradervand and Baird, 2002; Lamberth and Turpie, 2003; Cowley et al., 2013; da Silva et al., 2015; Lallemand et al., 2016). Additionally, the small-scale/informal sector places further stress on selected species, albeit in significantly smaller quantities relative to the former sectors (Baust et al., 2015). Subsequently, the stocks of many fish species have declined with others completely collapsing, including dusky kob, seventy-four seabream Polysteganus undulosus and red steenbras Petrus rupestris. This exemplifies the need for sustainable resource management through the African Blue Economy and ocean stewardship principles in South Africa.

South Africa has a rich history of marine spatial planning in an attempt to manage its marine resources. The first MPA was declared in 1964 at Tsitsikamma (Tsitsikamma National Park) on the south coast (Attwood et al., 1997) and by 2011, the year in which ATAP was formalised, 25 MPAs had been declared in South African waters. However, these MPAs only provided protection to <0.5% of South Africa’s Exclusive Economic Zone (EEZ), and lacked ecosystem representivity, especially of offshore habitats (Kirkman et al., 2021). Subsequently, systematic conservation planning was undertaken to identify priority areas to address the gaps in protection which fell under the government’s Operation Phakisa, a strategic initiative that would support sustainable development of economic opportunities in South Africa’s ocean space (Sink, 2016). Through this process, 20 new MPAs (mainly offshore) were declared and some existing coastal MPAs were expanded in 2019 (Findlay, 2020). While this significantly increased the MPA spatial coverage to 5.4% of the EEZ, and increased ecosystem representivity (87% of ecosystem types are now protected), only benthic habitat types were considered during this planning, and no data on the habitat use or movement patterns of marine animals were considered. Subsequently, a review of South African MPAs found that only about half of the assessed marine fish groups have been seen to occur within these MPAs (Kirkman et al., 2021).



2.3 What Has Been Monitored to Date?

TThere has been a total steady growth in both the numbers of individuals and species tagged with acoustic transmitters by researchers within the ATAP network since its inception (Figure 2). To date, there has been a total of 1579 individuals tagged spanning 48 species. The taxonomic group with both the most numbers of individuals and species tagged is chondrichthyans (924 individuals, 32 species), followed by teleosts (640 individuals, 12 species), turtles (11 individuals, 3 species), and birds (4 individuals, 1 species) (Figure 3 and Table 1). A mean of 33 (± 38) individuals per species has been tagged (range 1 - 158) and 24.6% of tagged individuals were endemic to the southern African region (Table 1). Given the three focal monitoring bays, 29% of individuals have been tagged within these bays (6%, 7% and 16% in False Bay, Mossel Bay, and Algoa Bay, respectively; these include tagging within estuaries in these bays). Despite this, tagging effort has been well spread out along the South African coastline for teleosts and chondrichthyans, stretching from the west coast eastwards to Mozambique (Figure 4).




Figure 2 | Cumulative number of individuals (grey bars) and species (blue line) tagged with acoustic transmitters per year since the inception of ATAP.






Figure 3 | Boxplot (median, first and third quartiles, 1.5*IQR, outliers) of the number of individuals tagged per species within each taxonomic grouping.




Table 1 | List of species which have been tagged by researchers in South Africa and have been, or are currently, monitored by the nationwide Acoustic Tracking Array Platform.






Figure 4 | The distribution of tagging effort for both chondrichthyans (blue circles) and teleosts (yellow triangles) has been nationwide along the entire South African coastline.



Prominent species tagged within the teleost group include dusky kob, leervis Lichia amia, spotted grunter and white steenbras Lithognathus lithognathus, while prominent species in the chondrichthyan group were all larger shark species (white shark Carcharodon carcharias, raggedtooth shark Carcharias taurus, sevengill shark Notorynchus cepedianus) (Table 1). This is reflective of the research interests of platform users, which include extensive work on estuary-associated teleosts in order to gain a better understanding of estuary use, estuary-marine connectivity and ontogenetic habitat shifts by these species (Næsje et al., 2007; Childs et al., 2008a; Childs et al., 2008b; Bennett et al., 2011; Bennett et al., 2012; Bennett et al., 2015; Childs et al., 2015; Dames et al., 2017; Murray et al., 2018), and learning more about the spatial ecology of large predatory sharks, especially given their relative proximity to water users (Kock et al., 2013; Daly et al., 2014; Engelbrecht et al., 2017; Kock et al., 2018). In more recent years, other more diverse species have been tagged. These include smaller endemic catsharks, with researchers aiming to answer questions related to spatio-temporal movements and the relative importance of MPAs to these species, as well as endemic and threatened rays (blue stingray Dasyatis chrysonota, common eagle ray Myliobatis aquila, duckbill ray Aetomylaeus bovinus, diamond ray Gymnura natalensis) and wedgefishes (white spotted wedgefish Rhynchobatus djiddensis, lesser guitarfish Acroteriobatus annulatus), with researchers aiming to assess both the local coastal movements and longshore transboundary movements between South Africa and southern Mozambique (the latter particularly for the wedgefish).

In order for these tagging efforts to be useful in the elucidation of movement behaviour, sufficient data need to be collected; in this case, a sufficient number of date/time- and location-stamped detections recorded by the acoustic receivers. The ATAP has gone through various iterations of the geographic placement of acoustic receivers, with some locations being discontinued indefinitely due to low numbers of detections on those receivers (particularly those deployed in deeper water - see Cowley et al., 2017; currently 76% of receivers are deployed in waters with a depth of 30 m or less). Additionally, receiver locations are often altered to suit the research objectives of active projects at the time. Consequently, and at the time of writing, the receivers of the ATAP have recorded more than 20 million detections between 2011 and 2021, with 41.7% of those being detected on receivers deployed in the nearshore (marine environment), and 58.3% in estuaries and harbours (Figure 5). Of the 1579 animals tagged over the past decade, at least 73% have been detected, with taxonomic groups being detected to varying degrees. Approximately 78.7% of all tagged chondrichthyans have been detected, 63.7% of teleosts and 55.6% of turtles. This relatively high rate of detection has resulted in extensive datasets, with some species accumulating almost consistent, daily detections over a 10-year period; for example, the large predatory bull, raggedtooth and white sharks, and the piscivores dusky kob and leervis. This illustrates the success of the configurations of the ATAP receivers, with the concentrations of receivers in select focal areas, linked by more sparsely distributed receivers in between, being able to detect and monitor the movements of the majority of tagged individuals across a wide taxonomic and movement behaviour spectrum.




Figure 5 | Number of detections recorded monthly on ATAP receivers between October 2011 and December 2021 (left). Blue bars denote detections recorded on receivers deployed in the nearshore environment (marine), and grey bars denote detections recorded on estuarine receivers. The number of receivers deployed and active in the ATAP by year from 2011 - 2021 (right).






3 Conservation Potential of ATAP-Generated Knowledge

One of the key management and conservation goals of the ATAP put forward by Cowley et al. (2017) was the provision of data to assist in the planning of conservation/management zones, particularly MPAs. Other global studies have highlighted how acoustic telemetry data can be used to assist in the planning of MPAs and to provide valuable insights on relative MPA use by both teleosts (Alós et al., 2011; La Mesa et al., 2012; Abecasis et al., 2014; Aspillaga et al., 2016; Novak et al., 2020) and chondrichthyans (Lea et al., 2016; Jacoby et al., 2020; Elston et al., 2021; van Zinnicq Bergmann et al., 2022). Despite significant investment in telemetry science, the documentation and assessment of the impact of telemetry research is still lacking (McGowan et al., 2016). However, in South Africa, the intention of using movement data collected by the ATAP to assist with marine spatial planning efforts, and to evaluate the effectiveness of the country’s existing MPAs to protect vulnerable and endemic species, is being realised.

Through the years the ATAP has supported, and continues to support, a number of acoustic telemetry projects of conservation concern, both in terms of the species being monitored and the placement of effort within several southern African MPAs. Firstly, almost two-thirds of all individuals tagged and monitored by the ATAP over the past decade were of conservation concern as defined by the International Union for Conservation of Nature (IUCN) Red List categories, one of the most objective and authoritative systems available to assess the extinction risk of a species (Mace et al., 2008). However, it is recognised that these category designations may not necessarily consider the use-related data associated with each species. Indeed, Marsh et al. (2021) found that 98.5% of all chondrichthyans, and 82.1% of all teleosts, irrespective of conservation status, are used as a biological resource, creating a conflict between resource use for economic gain and food security, and conservation measures. Specifically, 62.4% (n = 985) of tagged individuals detected within the ATAP were threatened with extinction, being classed as Critically Endangered (n = 178), Endangered (n = 328), or Vulnerable (n = 479), while 37.6% (n = 594) of tagged individuals were classed as Near Threatened (n = 118), or Least Concern (n = 476). Furthermore, approximately one-third of all individuals have been tagged within South African MPAs and, at time of writing, approximately 40% (n = 103) of the 251 active receivers were situated within MPAs (Figure 6). These partner projects within MPAs aim to (i) evaluate the efficacy of the De Hoop Nature Reserve in protecting endemic and threatened shark species, including endemic catsharks (Albano et al., 2021); (ii) investigate the movements of giant kingfish Caranx ignobilis in the Mtentu Estuary within the Pondoland MPA and their connectivity with surrounding areas (Dixon, 2022), including their known spawning aggregation site in southern Mozambique (Daly et al., 2019); (iii) investigate the connectivity between the Pondoland and St Lucia MPAs using catface rockcod Epinephelus andersoni as the focal species; (iv) investigate the movements of green jobfish Aprion virescens and potato bass Epinephelus tukula in the iSimangaliso Wetland Park (an MPA); (v) assess the influence of fishing pressure on the behaviour and activity of an endemic sparid red Roman Chrysoblephus laticeps tagged in the Tsitsikamma National Park MPA; and (vi) understand how the resident sparid white steenbras responds to oceanographic features within the Greater Addo Elephant National Park MPA (Figure 6). Together, these projects highlight the conservation potential that the ATAP has to inform whether vulnerable and endemic species are being effectively protected by the current MPA zonation in South Africa. Furthermore, telemetry data collected by the ATAP is also currently being used to advise spatial management plans for both chondrichthyans and teleosts. These are presented as two case studies below.




Figure 6 | The current MPA network in South Africa (green areas) covers approximately 5.4% of the country Exclusive Economic Zone. The majority of smaller research projects in the country are taking place in inshore MPAs, with focal study species (presented as silhouettes) being placed near the relevant MPAs. Note that not all focal species per region are shown. ATAP receivers are indicated by black dots and ATAP partner receivers are indicated by white dots. ATAP receivers are indicated by black dots and ATAP partner receivers are indicated by white dots.




3.1 Chondrichthyan Case Study

There has been a large effort, particularly in recent years, to tag chondrichthyans in South Africa as the region is a global hotspot for threatened and endemic chondrichthyan species, with 193 out of the ≈1188 known species worldwide occurring here (Ebert et al., 2021). However, 29% of these species occurring in South Africa are considered at risk of extinction (Ebert and van Hees, 2015), and South Africa has been identified as a priority region for conservation efforts (Davidson and Dulvy, 2017). In South Africa, coastal chondrichthyans are subjected to overfishing and habitat degradation, with species such as the common smoothhound shark and soupfin shark targeted by commercial shark fisheries (da Silva et al., 2015).

While there remains uncertainty in the contribution that spatial protection can have in shark conservation, especially for larger and more mobile species who frequently move outside MPA boundaries (Dulvy et al., 2014; Davidson and Dulvy, 2017; MacKeracher et al., 2019), there have been some studies showing the positive effect that localised MPAs can have on shark abundance (Goetze and Fullwood, 2013; Speed et al., 2016; Bond et al., 2017; MacNeil et al., 2020). However, on a global scale, existing MPAs do not overlap in space with threatened endemic chondrichthyans (Davidson and Dulvy, 2017). For conservation efforts to be successful, MPAs must encompass suitable habitat for these threatened species, which requires species-specific knowledge on movement and habitat use (Birkmanis et al., 2020). The planning of the current South African MPA network did not take into account any movement or habitat use data on focal marine animals, including chondrichthyans. To combat this, the WILDOCEANS Programme produced a systematic conservation plan (SCP) for sharks and rays in South Africa, which aims to improve the protection of the IUCN Red List threatened (Vulnerable, Endangered, and Critically Endangered) sharks and rays found within South Africa’s oceans, prioritising threatened endemics. The main outcome of the SCP was to utilise distribution data to develop a GIS-based SCP that identified candidate sites for the area-based management of threatened and endemic chondrichthyans (Beaulieu et al., 2022). The ATAP provided data in the form of GPS coordinates per station on which a species was detected. This provided an overall detection distribution per species. Data from 23 species, including 18 sharks and 5 stingrays, belonging to 11 researchers from nine different organisations, were ultimately included in the species distribution modelling phase of the SCP. This conservation plan will be presented to the South African government (Department of Forestry, Fisheries and the Environment), who will consider the data when developing a new National Plan of Action for Elasmobranchs. The MPAs are all currently promulgated but the intent of the plan is to highlight important areas for multiple species, which when identified, could be put forward or motivated for as needing increased protection.



3.2 Teleost Case Study

Despite immense MPA efforts including expansion of existing borders, the level of protection afforded to some species can remain low, largely because environments or habitats most important to those species have not been incorporated. This is particularly applicable to estuary-associated species which utilise estuaries predominantly as juveniles, but also to a large extent as adults. A spatial management tool which would provide significant protection to estuary-associated species is the designation of strategically-placed Estuarine Protected Areas (EPAs) which could either be extensions of existing MPAs [thus creating larger Marine and Estuarine Protected Areas (MEPAs)], or stand-alone EPAs in biologically or ecologically significant estuaries. EPAs have been described as the missing armour for the conservation of estuarine-associated species (Whitfield et al., 2020), and could be the key to increased catches of important vulnerable fishery species (including dusky kob, spotted grunter and white steenbras) for multiple fishing sectors along the majority of the South African coastline. Without this last line of conservation defence, catches will continue to decline (of already collapsed stocks) which will be detrimental to the people whose livelihoods and food security relies on these resources and have significant economic impacts on the recreational fishing sector (Whitfield et al., 2020).

Dusky kob, a large estuary-dependent piscivorous sciaenid, is arguably the most iconic recreational fishery species in South Africa, with the landing of larger individuals being particularly coveted. The South African population was declared collapsed more than two decades ago, with adult spawning biomass estimated to be between 1 and 4.5% of pristine levels (Griffiths, 1997), showing no signs of recovery since then (Kerwath, 2020). Despite the poor state of the population, one last ecological stronghold of large adults remains - the Breede Estuary and its adjacent coastal habitats in the Western Cape. Large adults are critical for maintaining populations and are crucial for the recovery of stocks. This requires improved conservation and management strategies, specifically aimed at rebuilding the stock. In order to protect these large adults, a night-time fishing ban on the Breede Estuary was gazetted in 2013, and a slot limit for this species has been approved (not yet gazetted) which prohibits the retention of all dusky kob <50 cm total length (TL) and >110 cm TL. Despite these slightly improved management regulations, the population continues to decline, with up to 150 - 300 large adult dusky kob being removed from the water every year. As such, it is crucial to gain a better understanding of the movements of these large fish and the variables (both environmental and cyclical) driving them. This would provide invaluable information for the development of appropriate species-specific conservation measures. Since 2016, 81 dusky kob (comprising juveniles and adults) have been tagged in the Breede Estuary and the adjacent De Hoop MPA. The results of this ongoing study have revealed many new insights into the movement behaviour of this species, including (i) broad-scale longshore movements have been far more limited than previously thought, with these fish tagged in the Western Cape never being recorded further than 150 km from their tagging sites; (ii) the majority of dusky kob tagged in the De Hoop MPA have mostly been detected within the MPA boundaries, showing how important existing spatial management plans can be to threatened species; and (iii) those adults tagged in the Breede Estuary have displayed extremely high levels of philopatry, consistently returning to this estuary every year. The predictability and restrictive nature of their movements, along with the high fishing pressure experienced in the estuary, has significant implications for this species, highlighting the necessity for more stringent management if this stock is to be sustained. While the estuary management plan for the Breede Estuary will be updated in 2025, these data will undoubtedly be extremely valuable in aiding the development of more appropriate estuary-specific management regulations for this severely threatened species.




4 ATAP and Benefit-Sharing Arrangements

There is great potential for acoustic telemetry to track animals over vast distances, and answer complex questions about animal movement behaviour across large spatial scales. However, this can only be effectively achieved with sufficient established infrastructure and the cooperation of scientists willing to share resources and data (Young et al., 2020; Reubens et al., 2021). Such efforts have been realised in large-scale collaborative telemetry networks around the world, where the necessary infrastructure includes both compatible hardware (i.e the acoustic telemetry receivers allowing transmitters to operate without hindrance within the network) (Harcourt et al., 2019) and centralised databases, as telemetry data are moving into the realm of ‘big data’ and there needs to be sufficient capacity to store, manage, access and share the large amounts of data generated (Nguyen et al., 2017). Often these collaborative networks are made up of nation-wide receivers provided through the network facilitator, as well as smaller local arrays of receivers that are provided by interested research partners (for e.g. non-profit organisations NPOs, university researchers and research institutes). The benefits of these collaborative networks are numerous, and at minimum include the opportunity for researchers to expand the spatial extent over which they can detect their tagged animals, as well as increasing opportunities for collaboration and access to additional tools and community knowledge (Young et al., 2020).

There have been published examples detailing how these collaborative receiver networks have provided distinct benefits to partners. For example, in the Australian IMOS network of receivers, bronze whaler Carcharhinus brachyurus and dusky C. obscurus sharks were detected significantly more often when including data recorded by nation-wide (IMOS) receivers compared to local array (non-IMOS) receivers, which provided important insights into inter-state movements that would have otherwise been under-represented or undetected (Huveneers et al., 2021). Huisman et al. (2016) observed European silver eel Anguilla anguilla tagged in catchments from three different European countries moving to the Dutch-Belgian coastal zone, which would have remained undetected if receivers were not present in the coastal zone of each country and data had not been shared. Through the collaborative efforts of several acoustic telemetry networks deployed in the US (including iTAG, FACT and ACT networks), stretching from North Carolina to Florida (approximately 2000 km), Griffin et al. (2018) were able to characterise the spatial ecology of Atlantic tarpon Megalops atlanticus, including migratory connectivity. Using the same US networks, DeGroot et al. (2021) was able to characterise intra-specific variability in migration patterns of white-spotted eagle rays Aetobatus narinari, which has important implications for population structuring and management efforts.

When considering South Africa’s current ATAP network, it comprises receivers belonging to multiple institutions, NPOs and individual researchers in addition to the receivers provided through the platform itself (Table 2). Prior to the formalisation of the ATAP in 2011, three smaller local acoustic receiver arrays were already operational; namely in False Bay, Gansbaai and Algoa Bay. In partnering with Canada’s OTN, which saw a large investment in telemetry infrastructure in the country, as well a substantial capital equipment grant from South Africa’s National Research Foundation, a nationwide backbone of receivers could then be deployed by the platform. Since then, several other smaller local receiver arrays were established by partners to fill in the gaps between ATAP receivers (Figure 6). Over the past decade, at least 216 partner receivers have been deployed along the South African coastline and of those, 61.1% (n = 132) remain active at the time of writing.


Table 2 | Organisational names (and type) of ATAP collaborators who run their own smaller local networks along the South African coastline, details of the networks, and the focal study species for which the network was initially established.



The benefits of this equipment and data sharing are two-fold: they increase the spatial coverage of the overall ATAP network providing a benefit to the platform and in return, the local receiver owners/researchers have access to the telemetry data collected on all of the receivers within the network (for their tagged animals) as opposed to only data collected by their respective receivers. Empirically, and as seen in other similar networks, this collaboration and data sharing within the ATAP network has resulted in significant increases in the data richness collected at larger spatial scales. Inherently, the vast majority of local partner receiver arrays are small-scale in nature, with only half of localised arrays having receivers covering >100 km of coastline (maximum straight-line distance), while only 20% of partner arrays had receivers covering >250 km of the coastline (Table 2). These spatial scales over which local receiver arrays were deployed were compared to the mean and maximum distances that all tagged species travelled in coastal waters during the 10 years of ATAP’s detection collection (this excluded estuarine detections). This revealed that a significant number of animals often travelled further distances from their tagging locations. Specifically, 10.8% (n = 781 345) of all detections, from 34 of the 48 tagged species, occurred further than 100 km from an individual’s tagging location and 5.7% (n = 412 647) of all detections, spanning 29 of the 48 tagged species, occurred further than 250 km from an individual’s tagging location. Additionally, for 76% of local receiver arrays, the focal species that receiver owners concentrated tagging effort on displayed greater average distances travelled (from their tagging locations) compared to the spatial extent of their local array (Table 2). Finally, while only one localised array extended further than 500 km (Table 2), 18 species travelled further than 500 km (Figure 7). These insights highlight the extra data that the ATAP, a large collaborative network of receivers, has collected when compared to small localised arrays of receivers. It is important to understand the large-scale, longshore movements that animals make to gain a better understanding of migratory behaviours, habitat connectivity, and to what extent spatial protection measures may be suitable for them.




Figure 7 | Average distance moved from tagging location (black circle, with confidence intervals indicating minimum and maximum distances) per species monitored by the ATAP between 2011 and 2021. Only chondrichthyans and teleosts were considered for this analysis.





5 Stakeholder Engagement and Development

Acoustic telemetry results can potentially impact society, particularly in relation to changes in existing management strategies e.g. declaration of MPAs or EPAs in popular fishing areas, or changes to existing traditional management measures, such as a reduction in both size and bag limits (Nguyen et al., 2019). Additionally, a significant portion of receivers in the greater network, along with the transmitters with which animals have been tagged, have been funded by government capital equipment grants, which is ultimately public money. As such, open and transparent communication with the public is crucial not only for buy-in on new or amended management interventions, but also for the public to build an active interest in the resources on which people rely for livelihoods and/or enjoyment and sport. Indeed, Cooke et al. (2016) highlighted several case studies where conservation of targeted species was a success due to active engagement by the angling community, including catch-and-release angling for Atlantic bluefin tuna Thunnus thynnus as an alternative revenue stream for displaced commercial fishers (Stokesbury et al., 2011), and increased revenue of sharks through tourism initiatives as opposed to consumptive use, including non-harvest angling (Gallagher et al., 2012).

The ATAP has always made an attempt to actively engage with the public using numerous avenues, which include participation in science festivals (e.g. SciFest - Africa’s largest school science festival), public presentations at angling clubs, and informal lectures to schools or universities, and with the scientific community via local and international conference presentations and platform user workshops. Given the enormous developments in online social media platforms over the past decade (Kumar and Nanda, 2019), and the subsequent exponential uptake of these platforms by the public, and the increasingly important role these platforms play in research and education (Zimba and Gasparyan, 2021), the next logical step was to start engaging in the virtual realm. As such, the ATAP now manages accounts on three social media platforms including Facebook (ATAP - Tracking fish movements), Twitter (@ATAP_ZA) and Instagram (@atap_za), and through regular efforts in content creation, there has been a steady increase in the number of followers per platform, ranging from >500 followers on Instagram, to almost 2,000 followers on Facebook.

Capacity building and skills development are important for enriching knowledge, expertise, and skill (Findlay and Bohler-Muller, 2018). However, many developing countries, including South Africa, face challenges associated with basic scientific capacity (Hassan, 2007; Miloslavich et al., 2019). Over the past five years, the ATAP has aimed to develop human capacity by running Summer Schools – a 4-day fieldtrip targeting undergraduate students hoping to pursue postgraduate degrees in the aquatic sciences. The emphasis of these Summer Schools is on training students from historically disadvantaged institutions – a user group severely under-represented in the biological science field, and involving female researchers, addressing the United Nations’ Sustainable Development Goals 4: Quality education and 5: Gender equality. Although the COVID-19 global pandemic has hampered the running of this school in recent times, the first three schools were successful, with uptake of postgraduate projects across all years.



6 Future Directions

The current ATAP network has an unmistakeable lack of listening power along the west coast of the country (Figure 1), with the closest station to the South African-Namibian border in the Berg Estuary. While good working terms exist between South African and Mozambican researchers, the lack of reliable deployment collaborators, as well as a general lack of research capacity, has seen no receivers being deployed further north, or into southern Namibia. However, the ATAP and the Namibian Rays and Sharks (NaRaS) Project have started a tentative collaboration, where the ATAP (at this stage) is acting in an advisory position, with both parties already committing to data sharing. NaRaS will, at a later stage, deploy their own transmitters on species which occur in both countries, including white sharks, sevengill sharks, spotted gully sharks, bronze whaler sharks and blue stingrays. The transmitters of species tagged in False Bay whose populations occupy both South African and Namibian waters are beginning to, or have expired (e.g. white sharks and sevengill sharks). However, other important mesopredators, including bronze whaler sharks, which have been acoustically tagged, are genetically indistinct between the two countries (Benavides et al., 2011), and have been recorded making transboundary movements, will still be monitored for approximately four years. This collaboration will see not only an increase in listening power along the west coast, but will also increase our understanding of the transboundary connectivity of numerous chondrichthyan and teleost species.

Climate change is anticipated to create a more volatile ocean, with, amongst other things, increases in marine heat waves (Frölicher and Laufkötter, 2018), a relative increase in ocean acidification (Kapsenberg and Cyronak, 2019), and an increase in ocean temperature, which alone is recognised as one of the biggest threats to marine ecosystems (Freer et al., 2018). Therefore, understanding how certain environmental variables may change is crucial to understanding how aquatic animals may, in turn, respond. Water temperature is arguably the most important abiotic variable influencing the movements of aquatic ecotherms such as fish (Little et al., 2020). In species that remain resident, sudden and extreme fluctuations in temperature can have devastating effects, resulting in fish kills (Durham et al., 2006; Stauffer et al., 2012). In mobile species, there is more room for adaption, where an animal can use movement as a coping mechanism to extreme fluctuations (Heupel and Simpfendorfer, 2008). Due to the close relationship between water temperature and fish movement, the importance of recording this abiotic variable is becoming increasingly evident. The ATAP has had temperature loggers (U22-001, Onset®, Cape Cod, Massachusetts, USA) in place at selected sites since its formalisation in 2011. As such, this network of temperature data, most of which has been recorded at a depth of 30 m, is becoming an invaluable source of information, which can be linked to a suite of studies, including movement assessments in relation to temperature, and ocean modelling. Moving forwards, the ATAP aims to maintain this nationwide temperature network, and is also hoping to expand recording power to a depth of 100 m (with temperature loggers being moored using acoustic receivers, model VR2AR, Innovasea), which will not only increase our understanding of the temperature of these more offshore regions, but will also provide new insights into the relative importance of offshore regions to inshore coastal species.



7 Conclusion

Despite some of Africa’s current failures to sustainably develop and use its rich resources, it is a place of hope and potential. The core values of ocean stewardship, knowledge generation around resources and the altruistic care of those resources for long-term benefit, are vital to see the potential of Africa’s Blue Economy realised. The ATAP represents a highly successful example of ocean stewardship in Africa. First and foremost, it is a platform for knowledge generation. The receivers of the ATAP situated in focal bays (eg, False Bay, Mossel Bay and Algoa Bay) allow researchers to gain insights into fine-scale habitat use and residency behaviours of tagged animals, while the linking receivers along the coastline allow for the determination of habitat connectivity, longshore movements, and migration patterns. Not only is this ecological knowledge valuable in and of itself, but it has direct and applied management and conservation benefits and, as outlined in the case studies, the information collected through the ATAP is currently being used in management planning of marine resources in South Africa. Furthermore, the ATAP has successful benefit-sharing arrangements in place with multiple NPOs, research institutions and universities in South Africa who provide additional acoustic receivers at certain locations along the coastline. The ATAP benefits from further receivers being in the water, while the partners benefit from having data collected on a much larger scale. These arrangements are built on principles of voluntary data-sharing and long-term benefits, both of which are core-values of ocean stewardship (Barendse et al., 2016; Peçanha Enqvist et al., 2018). Finally, the ATAP is dedicated to education, outreach and awareness through various platforms, to ensure the platform is as transparent and impactful as possible. Initiatives built on similar principles will help Africa to rise to its challenges, to understand its rich resources, and the best ways in which to sustainably develop and use those resources for important long-term socio-economic benefits.



Data Availability Statement

The datasets created and/or analyzed during the current study are unavailable due to various data-sharing agreements in place.



Author Contributions

TM, CE, and PC conceived the study. TM and CE analysed the data and wrote the manuscript. MP and JF contributed significantly to the fieldwork and data management, and all authors edited and approved the manuscript.



Funding

Capital equipment funding was provided by the Ocean Tracking Network and National Research Foundation and the Department of Science and Innovation-Shallow Marine and Coastal Research Infrastructure (DSI-SMCRI) programme, with running expenses funded by the African Coelacanth Ecosystem Programme and the Save Our Seas Foundation (Keystone Grant 227). Funding for CE and JF was provided by the NRF’s Postdoctoral Professional Development Programme, and funding for research in the Breede Estuary as part of JF’s postdoctoral study was provided by the SANOCEAN Programme (project number: 287015).



Acknowledgments

The Ocean Tracking Network (Canada) and South Africa’s National Research Foundation are thanked for the provision of capital equipment. The Save Our Seas Foundation and the African Coelacanth Ecosystem Programme (ACEP) of the National Research Foundation South African Institute for Aquatic Biodiversity (NRF-SAIAB) are thanked for funding to service and maintain the equipment. Logistical support in the form of manpower, access to boats, and provision of mooring anchors is provided by the South African Environmental Observation Network (SAEON) Elwandle Node, ACEP and the Acoustic Tracking Array Platform (ATAP) stakeholders at each of the deployment sites, which include Shark Spotters, South African National Parks, South African Shark Conservancy, Dyer Island Conservation Trust, Marine Dynamics, Live Ocean Trust, CapeNature, Oceans Research Institute, SAEON, Rhodes University, Eastern Cape Parks and Tourism Agency, and Oceanographic Research Institute. ATAP data provided for the chondrichthyan case study falls within the greater ‘Shark and Ray Project’ funded by Shark Conservation Fund and implemented by the WILDTRUST, through its WILDOCEANS programme, and the NRF-SAIAB. Data collected for the teleost case is part of the greater SANOCEAN project ‘Benchmarking knowledge-based adaptive management of estuarine fisheries in South Africa for a sustainable development’, project number: 287015.



References

 Abecasis, D., Afonso, P., and Erzini, K. (2014). Combining Multispecies Home Range and Distribution Models Aids Assessment of MPA Effectiveness. Mar. Ecol. Prog. Ser. 513, 155–169. doi: 10.3354/meps10987

 Abecasis, D., Steckenreuter, A., Reubens, J., Aarestrup, K., Alós, J., Badalamenti, F., et al. (2018). A Review of Acoustic Telemetry in Europe and the Need for a Regional Aquatic Telemetry Network. Anim. Biotelem 6, 1–7. doi: 10.1186/s40317-018-0156-0

 Afonso, P., Fontes, J., Holland, K. N., and Santos, R. S. (2009). Multi-Scale Patterns of Habitat Use in a Highly Mobile Reef Fish, the White Trevally Pseudocaranx Dentex, and Their Implications for Marine Reserve Design. Mar. Ecol. Prog. Ser. 381, 273–286. doi: 10.3354/meps07946

 Albano, P. S., Fallows, C., Fallows, M., Schuitema, O., Bernard, A. T., Sedgwick, O., et al. (2021). Successful Parks for Sharks: No-Take Marine Reserve Provides Conservation Benefits to Endemic and Threatened Sharks Off South Africa. Biol. Conserv. 261, 109302. doi: 10.1016/j.biocon.2021.109302

 Alós, J., March, D., Palmer, M., Grau, A., and Morales-Nin, B. (2011). Spatial and Temporal Patterns in Serranus Cabrilla Habitat Use in the NW Mediterranean Revealed by Acoustic Telemetry. Marine Ecol. Prog. Ser. 427, 173–186. doi: 10.3354/meps09042

 Aspillaga, E., Bartumeus, F., Linares, C., Starr, R. M., López-Sanz, À., Díaz, D., et al. (2016). Ordinary and Extraordinary Movement Behaviour of Small Resident Fish Within a Mediterranean Marine Protected Area. PloS One 11, 1–19. doi: 10.1371/journal.pone.0159813

 Attwood, C. G., Mann, B. Q., Beaumont, J., and Harris, J. M. (1997). Review of the State of Marine Protectes Areas in South Africa. South Afr. J. Mar. Sci. 14, 17131. doi: 10.2989/025776197784160910

 Barendse, J., Roux, D., Currie, B., Wilson, N., and Fabricius, C. (2016). A Broader View of Stewardship to Achieve Conservation and Sustainability Goals in South Africa. South Afr. J. Sci. 112, 1–15. doi: 10.17159/sajs.2016/20150359

 Battersby, J., and Watson, V. (2018). Addressing Food Security in African Cities. Nat. Sustainability 1, 153–155. doi: 10.1038/s41893-018-0051-y

 Baust, S., Teh, L., Harper, S., and Zeller, D. (2015). South Africa's Marine Fisheries Catches (1950-2010). pp. 129-150. In:  F. Le Manach, and D. Pauly (eds.) Fisheries catch reconstructions in the Western Indian Ocean, 1950-2010. Fisheries Centre Research Reports 23(2). Fisheries Centre, University of British Column.

 Beaulieu, N. F., Obers, J., Goodall, V., Lombard, P. A., and Harris, J. (2022). A Systematic Conservation Plan for Sharks and Rays in South Africa. Tech. Rep. WILDOCEANS. 76

 Belhabib, D., Lam, V. W., and Cheung, W. W. (2016). Overview of West African Fisheries Under Climate Change: Impacts, Vulnerabilities and Adaptive Responses of the Artisanal and Industrial Sectors. Mar. Policy 71, 15–28. doi: 10.1016/j.marpol.2016.05.009

 Belhabib, D., Sumaila, U. R., and Pauly, D. (2015). Feeding the Poor: Contribution of West African Fisheries to Employment and Food Security. Ocean Coastal Manage. 111, 72–81. doi: 10.1016/j.ocecoaman.2015.04.010

 Benavides, M. T., Feldheim, K. A., Duffy, C. A., Wintner, S., Braccini, J. M., Boomer, J., et al. (2011). Phylogeography of the Copper Shark (Carcharhinus Brachyurus) in the Southern Hemisphere: Implications for the Conservation of a Coastal Apex Predator. Mar. Freshw. Res. 62, 861–869.

 Bennett, R. H., Childs, A. R., Cowley, P. D., Næsje, T. F., Thorstad, E. B., and Økland, F. (2011). First Assessment of Estuarine Space Use and Home Range of Juvenile White Steenbras, Lithognathus Lithognathus. Afr. Zool. 46, 32–38. doi: 10.3377/004.046.0115

 Bennett, R. H., Cowley, P. D., Childs, A. R., and Næsje, T. F. (2015). Movements and Residency of Juvenile White Steenbras Lithognathus Lithognathus in a Range of Contrasting Estuaries. Estuarine Coastal Shelf Sci. 152, 100–108. doi: 10.1016/j.ecss.2014.11.015

 Bennett, R. H., Cowley, P. D., Childs, A. R., and Whitfield, A. K. (2012). Area-Use Patterns and Diel Movements of White Steenbras Lithognathus Lithognathus in a Temporarily Open/Closed South African Estuary, Inferred From Acoustic Telemetry and Long-Term Seine-Netting Data. Afr. J. Mar. Sci. 34, 81–91. doi: 10.2989/1814232X.2012.673287

 Bennett, N. J., and Dearden, P. (2014). From Measuring Outcomes to Providing Inputs: Governance, Management, and Local Development for More Effective Marine Protected Areas. Mar. Policy 50, 96–110. doi: 10.1016/j.marpol.2014.05.005

 Berkes, F., Colding, J., and Folke, C. (2008). Navigating Social-Ecological Systems: Building Resilience for Complexity and Change (Cambridge: Cambridge University Press).

 Birkmanis, C. A., Partridge, J. C., Simmons, L. W., Heupel, M. R., and Sequeira, A. M. (2020). Shark Conservation Hindered by Lack of Habitat Protection. Global Ecol. Conserv. 21, e00862. doi: 10.1016/j.gecco.2019.e00862

 Block, B. A., Holbrook, C. M., Simmons, S. E., Holland, K. N., Ault, J. S., Costa, D. P., et al. (2016). Toward a National Animal Telemetry Network for Aquatic Observations in the United States. Anim. Biotelem 4, 4–11. doi: 10.1186/s40317-015-0092-1

 Bond, M. E., Valentin-Albanese, J., Babcock, E. A., Abercrombie, D., Lamb, N. F., Miranda, A., et al. (2017). Abundance and Size Structure of a Reef Shark Population Within a Marine Reserve has Remained Stable for More Than a Decade. Mar. Ecol. Prog. Ser. 576, 1–10. doi: 10.3354/meps12241

 Chan, C. Y., Tran, N., Pethiyagoda, S., Crissman, C. C., Sulser, T. B., and Phillips, M. J. (2019). Prospects and Challenges of Fish for Food Security in Africa. Global Food Secur. 20, 17–25. doi: 10.1016/j.gfs.2018.12.002

 Childs, A. R., Cowley, P. D., Næsje, T. F., and Bennett, R. H. (2015). Habitat Connectivity and Intra-Population Structure of an Estuary-Dependent Fishery Species. Marine Ecol. Prog. Ser. 537, 233–245. doi: 10.3354/meps11456

 Childs, A. R., Cowley, P. D., Næsje, T. F., Booth, A. J., Potts, W. M., Thorstad, E. B., et al. (2008a). Do Environmental Factors Influence the Movement of Estuarine Fish? A Case Study Using Acoustic Telemetry. Estuarine Coastal Shelf Sci. 78, 227–236. doi: 10.1016/j.ecss.2007.12.003

 Childs, A. R., Cowley, P. D., Næsje, T. F., Booth, A. J., Potts, W. M., Thorstad, E. B., et al. (2008b). Estuarine Use by Spotted Grunter Pomadasys Commersonnii in a South African Estuary, as Determined by Acoustic Telemetry. Afr. J. Mar. Sci. 30, 123–132. doi: 10.2989/AJMS.2008.30.1.12.462

 Cooke, S. J., Hogan, Z. S., Butcher, P. A., Stokesbury, M. J., Raghavan, R., Gallaghe, A. J., et al. (2016). Angling for Endangered Fish: Conservation Problem or Conservation Action? Fish. Fisheries 17, 249–265. doi: 10.1111/faf.12076

 Cowley, P. D., Bennett, R. H., Childs, A. R., and Murray, T. S. (2017). Reflection on the First Five Years of South Africa’s Acoustic Tracking Array Platform (ATAP): Status, Challenges and Opportunities. Afr. J. Marine Sci. 39, 363–372. doi: 10.2989/1814232X.2017.1399927

 Cowley, P. D., Childs, A. R., and Bennett, H. R. (2013). The Trouble With Estuarine Fisheries in Temperate South Africa, Illustrated by a Case Study on the Sundays Estuary. Afr. J. Mar. Sci. 35, 117–128. doi: 10.2989/1814232X.2013.789079

 Daly, R., Filmalter, J. D., Daly, C. A., Bennett, R. H., Pereira, M. A., Mann, B. Q., et al. (2019). Acoustic Telemetry Reveals Multi-Seasonal Spatiotemporal Dynamics of a Giant Trevally Caranx Ignobilis Aggregation. Mar. Ecol. Prog. Ser. 621, 185–197. doi: 10.3354/meps12975

 Daly, R., Smale, M. J., Cowley, P. D., and Froneman, P. W. (2014). Residency Patterns and Migration Dynamics of Adult Bull Sharks (Carcharhinus Leucas) on the East Coast of Southern Africa. PloS One 9, (10), e109357. doi: 10.1371/journal.pone.0109357

 Dames, M. H., Cowley, P. D., Childs, A. R., Bennett, R. H., Thorstad, E. B., and Næsje, T. F. (2017). Estuarine and Coastal Connectivity of an Estuarine-Dependent Fishery Species, Pomadasys Commersonnii (Haemulidae). Afr. J. Mar. Sci. 39, 111–120. doi: 10.2989/1814232X.2017.1305991

 da Silva, C., Booth, A. J., Dudley, S. F. J., Kerwath, S. E., Lamberth, S. J., Leslie, R. W., et al. (2015). The Current Status and Management of South Africa’s Chondrichthyan Fisheries. Afr. J. Mar. Sci. 2338, 232–248. doi: 10.2989/1814232X.2015.1044471

 Davidson, L. N., and Dulvy, N. K. (2017). Global Marine Protected Areas to Prevent Extinctions. Nat. Ecol. Evol. 1, 1–6. doi: 10.1038/s41559-016-0040

 Decker, C., Griffiths, C., Prochazka, K., Ras, C., and Whitfield, A. (2003). “Marine Biodiversity in Sub-Saharan Africa: The Known and the Unknown Edited by,” in Mar. Biodiversity in Sub-Saharan Africa: The Known and the Unknown (Cape Town: Proceedings of the Marine Biodiversity in Sub-Saharan Africa), 284–312.

 DEFF (Department of Environment, Forestry and Fisheries) (2020). Status of the South African Marine Fishery Resources and Status of the South African marine fishery resources 2020. Tech. Rep. Department Environment Forestry Fisheries. Cape Town: DEFF. 132 https://www.dffe.gov.za/sites/default/files/docs/publications/statusofsouthafrican_marinefisheryresources2020.pdf.

 DeGroot, B. C., Bassos-Hull, K., Wilkinson, K. A., Lowerre-Barbieri, S., Poulakis, G. R., and Ajemian, M. J. (2021). Variable Migration Patterns of Whitespotted Eagle Rays Aetobatus Narinari Along Florida’s Coastlines. Marine Biol. 168:21. doi: 10.1007/s00227-021-03821-2

 Dixon, (2022). Movement Patterns of the Iconic Giant Kingfish Caranx Ignobilis From Southern Africa. Msc Rhodes Univ. 171

 Dulvy, N. K., Fowler, S. L., Musick, J. A., Cavanagh, R. D., Kyne, P. M., Harrison, L. R., et al. (2014). Extinction Risk and Conservation of the World’s Sharks and Rays. eLife 3, 1–35. doi: 10.7554/eLife.00590

 Durham, B. W., Wilde, G. R., and Pope, K. L. (2006). Temperature-Caused Fish Kill in a Flowing Great Plains River. Southwestern Nat. 51, 397–401.

 Ebert, D., and van Hees, K. (2015). Beyond Jaws: Rediscovering the ‘Lost Sharks’ of Southern Africa. Afr. J. Mar. Sci. 37, 141–156. doi: 10.2989/1814232X.2015.1048730

 Ebert, D. A., Wintner, S. P., and Kyne, P. M. (2021). An Annotated Checklist of the Chondrichthyans of South Africa. Zootaxa 4947, 1–127. doi: 10.11646/zootaxa.4947.1.1

 Elston, C., Cowley, P. D., Brandis, R. G. V., and Lea, J. (2021). Residency and Habitat Use Patterns by Sympatric Stingrays at a Remote Atoll in the Western Indian Ocean. Mar. Ecol. Prog. Ser. 662, 97–114. doi: 10.3354/meps13632

 Engelbrecht, T., Kock, A., Waries, S., and O’Riain, M. J. (2017). Shark Spotters: Successfully Reducing Spatial Overlap Between White Sharks (Carcharodon Carcharias) and Recreational Water Users in False Bay, South Africa. PloS One 12, 1–15. doi: 10.1371/journal.pone.0185335

 Failler, P., Karani, P., Gilau, A. M., Hamukuaya, H., and Diop, S. (2020). Africa Blue Economy Strategy – Implementation Plan 2021-2025 (Kenya: The African Union Inter-African Bureau for Animal Resources).

 Findlay, K. (2020). Challenges Facing Marine Protected Areas in Southern African Countries in Light of Expanding Ocean Economies Across the Sub-Region. in. ‘Mar. Protected Areas: Science, Policy and Management. Editors:  John Humphreys, W.E. Robert, and Clark. doi: 10.1016/C2017-0-02525-9 ISBN: 978-0-08-102698-4 Elsevier

 Findlay, K., and Bohler-Muller, N. (2018). South Africa's ocean economy and Operation Phakisa: lessons learned. In: :  V.N. Attri, and N. Bohler-Muller (eds.), The Blue Economy Handbook of the Indian Ocean Region vol. 231  J Humphreys, and RWE ClarkElsevier.

 Freer, J. J., Partridge, J. C., Tarling, G. A., Collins, M. A., and Genner, M. J. (2018). Predicting Ecological Responses in a Changing Ocean: The Effects of Future Climate Uncertainty. Mar. Biol. 165, 1–18. doi: 10.1007/s00227-017-3239-1

 Frölicher, T. L., and Laufkötter, C. (2018). Emerging Risks From Marine Heat Waves. Nat. Commun. 9, 2015–2018. doi: 10.1038/s41467-018-03163-6

 Gallagher, A. J., Kyne, P. M., and Hammerschlag, N. (2012). Ecological Risk Assessment and its Application to Elasmobranch Conservation and Management. J. Fish. Biol. 80, 1727–1748. doi: 10.1111/j.1095-8649.2012.03235.x

 Goetze, J. S., and Fullwood, L. A. (2013). Fiji’s Largest Marine Reserve Benefits Reef Sharks. Coral Reefs 32, 121–125. doi: 10.1007/s00338-012-0970-4

 Griffin, L. P., Brownscombe, J. W., Adams, A. J., Boucek, R. E., Finn, J. T., Heithaus, M. R., et al. (2018). Keeping Up With the Silver King: Using Cooperative Acoustic Telemetry Networks to Quantify the Movements of Atlantic Tarpon (Megalops Atlanticus) in the Coastal Waters of the Southeastern United States. Fish. Res. 205, 65–76. doi: 10.1016/j.fishres.2018.04.008

 Griffiths, M. H. (1997). Management of South African Dusky Kob Argyrosomus Japonicus (Sciaenidae) Based on Per-Recruit Models. South Afr. J. Mar. Sci. 18, 213–228.

 Griffiths, C. L., and Robinson, T. B. (2016). Use and Usefulness of Measures of Marine Endemicity in South Africa. South Afr. J. Sci. Vol. 112, 1–7. doi: 10.17159/sajs.2016/20150249

 Hansen, W. D. (2014). Generalizable Principles for Ecosystem Stewardship-Based Management of Social-Ecological Systems: Lessons Learned From Alaska. Ecol. Soc. 19(4), 13. doi: 10.5751/ES-06907-190413

 Harcourt, R., Sequeira, A. M., Zhang, X., Roquet, F., Komatsu, K., Heupel, M., et al. (2019). Animal-Borne Telemetry: An Integral Component of the Ocean Observing Toolkit. Front. Mar. Sci. 6. doi: 10.3389/fmars.2019.00326

 Harrison, T. D. (2003). Biogeography and Community Structure of Fishes in South African Estuaries. Ph.D. Thesis (Makhanda, South Africa: Rhodes University).

 Hassan, M. H. (2007). Building Capacity in the Life Sciences in the Developing World. Cell 131, 433–436. doi: 10.1016/j.cell.2007.10.020

 Heupel, M. R., and Simpfendorfer, C. A. (2008). Movement and Distribution of Young Bull Sharks Carcharhinus Leucas in a Variable Estuarine Environment. Aquat. Biol. 1, 277–289. doi: 10.3354/ab00030

 Heupel, M., Simpfendorfer, C., and Lowe, C. (2005). Passive Acoustic Telemetry Technology: Current Applications and Future Directions. Results VR2 Workshop Held 98.

 Hoenner, X., Huveneers, C., Steckenreuter, A., Simpfendorfer, C., Tattersall, K., Jaine, F., et al. (2018). Data Descriptor: Australia’s Continental-Scale Acoustic Tracking Database and its Automated Quality Control Process. Sci. Data 5, 1–10. doi: 10.1038/sdata.2017.206

 Huisman, J., Verhelst, P., Deneudt, K., Goethals, P., Moens, T., Nagelkerke, L. A., et al. (2016). Heading South or North: Novel Insights on European Silver Eel Anguilla Anguilla Migration in the North Sea. Mar. Ecol. Prog. Ser. 554, 257–262. doi: 10.3354/meps11797

 Hussey, N. E., Kessel, S. T., Aarestrup, K., Cooke, S. J., Cowley, P. D., Fisk, A. T., et al. (2015). Aquatic Animal Telemetry: A Panoramic Window Into the Underwater World. Science 348, 1255642. doi: 10.1126/science.1255642

 Huveneers, C., Niella, Y., Drew, M., McAuley, R., Butcher, P., Peddemors, V., et al. (2021). Continental-Scale Network Reveals Cross-Jurisdictional Movements of Sympatric Sharks With Implications for Assessment and Management. Front. Mar. Sci. 8. doi: 10.3389/fmars.2021.697175

 Jacoby, D. M., Ferretti, F., Freeman, R., Carlisle, A. B., Chapple, T. K., Curnick, D. J., et al. (2020). Shark Movement Strategies Influence Poaching Risk and can Guide Enforcement Decisions in a Large, Remote Marine Protected Area. J. Appl. Ecol., 57(9): 1782–1792. doi: 10.1111/1365-2664.13654

 Kapsenberg, L., and Cyronak, T. (2019). Ocean Acidification Refugia in Variable Environments. Global Change Biol. 25, 3201–3214. doi: 10.1111/gcb.14730

 Kerwath, S. E., Winker, H., Parker, D., da Silva, C., and Attwood, C.G. (2020). An Introduction to the Rich Methodology to Assess Data-Poor South African Linefishes,” in 5th Southern African Marine Linefish Symposium (Makhanda: Rhodes University). eds.  T.S. Murray, M.I. Duncan, A.C. Winkler, A-R. Childs, B.Q. Mann, and W.M. Potts 113 pp. doi: 10.5281/zenodo.3959750

 Kerwath, S. E., Götz, A., Attwood, C. G., Sauer, W. H., and Wilke, C. G. (2007). Area Utilisation and Activity Patterns of Roman Chrysoblephus Laticeps (Sparidae) in a Small Marine Protected Area. Afr. J. Mar. Sci. 29, 259–270. doi: 10.2989/AJMS.2007.29.2.10.193

 Kirkman, S. P., Mann, B. Q., Sink, K. J., Adams, R., Livingstone, T. C., Mann-Lang, J. B., et al. (2021). Evaluating the Evidence for Ecological Effectiveness of South Africa’s Marine Protected Areas. Afr. J. Mar. Sci. 43, 389–412. doi: 10.2989/1814232X.2021.1962975

 Kock, A., O’Riain, M. J., Mauff, K., Meÿer, M., Kotze, D., and Griffiths, C. (2013). Residency, Habitat Use and Sexual Segregation of White Sharks, Carcharodon Carcharias in False Bay, South Africa. PloS One 8, e55048. doi: 10.1371/journal.pone.0055048

 Kock, A. A., Photopoulou, T., Durbach, I., Mauff, K., Meÿer, M., Kotze, D., et al. (2018). Summer at the Beach: Spatio-Temporal Patterns of White Shark Occurrence Along the Inshore Areas of False Bay, South Africa. Movement Ecol. 6, 1–13. doi: 10.1186/s40462-018-0125-5

 Kumar, V., and Nanda, P. (2019). Social Media as a Tool in Higher Education Handbook of research on Diverse teaching strategies for the technology-rich classroom. 239–253. Information Science Reference doi: 10.4018/978-1-7998-0238-9.ch016

 Lallemand, P., Bergh, M., Hansen, M., and Purves, M. (2016). Estimating the Economic Benefits of MSC Certification for the South African Hake Trawl Fishery. Fish. Res. 182, 98–115. doi: 10.1016/j.fishres.2016.02.003

 Lamberth, S. J., and Turpie, J. K. (2003). The Role of Estuaries in South African Fisheries: Economic Importance and Management Implications. Afr. J. Mar. Sci., 25 131–157. doi: 10.2989/18142320309504005

 La Mesa, G., Consalvo, I., Annunziatellis, A., and Canese, S. (2012). Movement Patterns of the Parrotfish Sparisoma Cretense in a Mediterranean Marine Protected Area. Mar. Environ. Res. 82, 59–68. doi: 10.1016/j.marenvres.2012.09.006

 Lea, J. S. E., Humphries, N. E., von Brandis, R. G., Clarke, C. R., and Sims, D. W. (2016). Acoustic Telemetry and Network Analysis Reveal the Space Use of Multiple Reef Predators and Enhance Marine Protected Area Design. Proc. R. Soc. B.: Biol. Sci. 283, 20160717. doi: 10.1098/rspb.2016.0717

 Lee, K. H., Noh, J., and Khim, J. S. (2020). ). The Blue Economy and the United Nations’ Sustainable Development Goals: Challenges and Opportunities. Environ. Int. 137, 105528. doi: 10.1016/j.envint.2020.105528

 Lester, S. E., Halpern, B. S., Grorud-Colvert, K., Lubchenco, J., Ruttenberg, B. I., Gaines, S. D., et al. (2009). Biological Effects Within No-Take Marine Reserves: A Global Synthesis. Mar. Eco. 384, 33–46. doi: 10.3354/meps08029

 Little, A. G., Loughland, I., and Seebacher, F. (2020). What do Warming Waters Mean for Fish Physiology and Fisheries? J. Fish. Biol. 97, 328–340. doi: 10.1111/jfb.14402

 Lopes, P. F., Pacheco, S., Clauzet, M., Silvano, R. A., and Begossi, A. (2015). Fisheries, Tourism, and Marine Protected Areas: Conflicting or Synergistic Interactions? Ecosyst Serv. 16, 333–340. doi: 10.1016/j.ecoser.2014.12.003

 Lowerre-Barbieri, S. K., Kays, R., Thorson, J. T., and Wikelski, M. (2019). The Ocean’s Movescape: Fisheries Management in the Bio-Logging Decad-2028). ICES J. Mar. Sci. 76, 477–488. doi: 10.1093/icesjms/fsy211

 Mace, G. M., Collar, N. J., Gaston, K. J., Hilton-Taylor, C., Akçakaya, H. R., Leader-Williams, N., et al. (2008). Quantification of Extinction Risk: IUCN’s System for Classifying Threatened Species. Conserv. Biol. 22, 1424–1442. doi: 10.1111/j.1523-1739.2008.01044.x

 MacKeracher, T., Diedrich, A., and Simpfendorfer, C. A. (2019). Sharks, Rays and Marine Protected Areas: A Critical Evaluation of Current Perspectives. Fish. Fisheries 20, 255–267. doi: 10.1111/faf.12337

 MacNeil, M. A., Chapman, D. D., Heupel, M., Simpfendorfer, C. A., Heithaus, M., Meekan, M., et al. (2020). Global Status and Conservation Potential of Reef Sharks. Nature 583, 801–806. doi: 10.1038/s41586-020-2519-y

 Mann, B. Q., Cowley, P. D., and Kyle, R. (2016). Estimating the Optimum Size for Inshore No-Take Areas Based on Movement Patterns of Surf-Zone Fishes and Recommendations for Rezoning of a World Heritage Site in South Africa. Ocean Coastal Manage. 125, 8–19. doi: 10.1016/j.ocecoaman.2016.03.006

 Marsh, S. M., Hoffmann, M., Burgess, N. D., Brooks, T. M., Challender, D. W., Cremona, P. J., et al. (2021). Prevalence of Sustainable and Unsustainable Use of Wild Species Inferred From the IUCN Red List of Threatened Species. Conserv. Biol., 36(2) e13844. doi: 10.1111/cobi.13844

 McGowan, J., Beger, M., Lewison, R. L., Harcourt, R., Campbell, H., Priest, M., et al. (2016). Integrating Research Using Animal-Borne Telemetry With the Needs of Conservation Management. J. Appl. Ecol. 54, 423–429. doi: 10.1111/1365-2664.12755

 Miloslavich, P., Seeyave, S., Muller-Karger, F., Bax, N., Ali, E., Delgado, C., et al. (2019). Challenges for Global Ocean Observation: The Need for Increased Human Capacity. J. Operation. Oceanogr. 12, S137–S156. doi: 10.1080/1755876X.2018.1526463

 Muringai, R. T., Mafongoya, P. L., and Lottering, R. (2021). Climate Change and Variability Impacts on Sub-Saharan African Fisheries: A Review. Rev. Fisheries Sci. Aquacult. 29, 706–720. doi: 10.1080/23308249.2020.1867057

 Murray, T. S., Cowley, P. D., Bennett, R. H., and Childs, A.-R. (2018). Fish on the Move: Connectivity of an Estuary-Dependent Fishery Species Evaluated Using a Large-Scale Acoustic Telemetry Array. Can. J. Fisheries Aquat. Sci. 75, 2038–2052.

 Næsje, T. F., Childs, A. R., Cowley, P. D., Potts, W. M., Thorstad, E. B., and Økland, F. (2007). Movements of Undersized Spotted Grunter (Pomadasys Commersonnii) in the Great Fish Estuary, South Africa: Implications for Fisheries Management. Hydrobiologia 582, 25–34. doi: 10.1007/s10750-006-0563-8

 Nguyen, V. M., Brooks, J. L., Young, N., Lennox, R. J., Haddaway, N., Whoriskey, F. G., et al. (2017). To Share or Not to Share in the Emerging Era of Big Data: Perspectives From Fish Telemetry Researchers on Data Sharing. Can. J. Fisheries Aquat. Sci. 74, 1260–1274. doi: 10.1139/cjfas-2016-0261

 Nguyen, V. M., Young, N., Brownscombe, J. W., and Cooke, S. J. (2019). Collaboration and Engagement Produce More Actionable Science: Quantitatively Analyzing Uptake of Fish Tracking Studies. Ecol. Appl. 29, 1316–1330. doi: 10.1002/eap.1943

 Nguyen, V. M., Young, N., and Cooke, S. J. (2018). Applying a Knowledge–Action Framework for Navigating Barriers to Incorporating Telemetry Science Into Fisheries Management and Conservation: A Qualitative Study. Can. J. Fisheries Aquat. Sci. 75, 1733–1743. doi: 10.1139/cjfas-2017-0303

 Novak, A. J., Becker, S. L., Finn, J. T., Danylchuk, A. J., Pollock, C. G., Hillis-Starr, Z., et al. (2020). Inferring Residency and Movement Patterns of Horse-Eye Jack Caranx Latus in Relation to a Caribbean Marine Protected Area Acoustic Telemetry Array. Anim. Biotelem 8, 1–13. doi: 10.1186/s40317-020-00199-8

 Okafor-Yarwood, I., Kadagi, N. I., Miranda, N. A., Uku, J., Elegbede, I. O., and Adewumi, I. J. (2020). The Blue Economy-Cultural Livelihood-Ecosystem Conservation Triangle: The African Experience. Front. Marine Sci. 7. doi: 10.3389/fmars.2020.00586

 Peçanha Enqvist, J., West, S., Masterson, V. A., Haider, L. J., Svedin, U., and Tengö, M. (2018). Stewardship as a Boundary Object for Sustainability Research: Linking Care, Knowledge and Agency. Landscape Urban Plann. 179, 17–37. doi: 10.1016/j.landurbplan.2018.07.005

 Pradervand, P., and Baird, D. (2002). Assessment of the Recreational Linefishery in Selected Eastern Cape Estuaries: Trends in Catches and Effort. South Afr. J. Mar. Sci. 24, 87–101.

 Reubens, J., Aarestrup, K., Meyer, C., Moore, A., Økland, F., and Afonso, P. (2021). Compatibility Acoustic Telemetry. Anim. Biotelem. 9, 4–9. doi: 10.1186/s40317-021-00253-z

 Reubens, J., Verhelst, P., van der Knaap, I., Wydooghe, B., Milotic, T., Deneudt, K., et al. (2019). The Need for Aquatic Tracking Networks: The Permanent Belgian Acoustic Receiver Network. Anim. Biotelem 7, 1–6. doi: 10.1186/s40317-019-0164-8

 Roberts, M. J. (2010). Coastal Currents and Temperatures Along the Eastern Region of Algoa Bay, South Africa, With Implications for Transport and Shelf-Bay Water Exchange. Afr. J. Mar. Sci. 32, 145–161. doi: 10.2989/1814232X.2010.481153

 Roberts, C. M., Hawkins, J. P., and Gell, F. R. (2005). The Role of Marine Reserves in Achieving Sustainable Fisheries. Philos. Trans. R. Soc. B.: Biol. Sci. 360, 123–132. doi: 10.1098/rstb.2004.1578

 Sink, K. (2016). The Marine Protected Areas Debate: Implications for the Proposed Phakisa Marine Protected Areas Network. South Afr. J. Sci. 112, 1–4. doi: 10.17159/sajs.2016/a0179

 Smith-Godfrey, S. (2016). Defining the Blue Economy. Maritime Affairs 12, 58–64. doi: 10.1080/09733159.2016.1175131

 Speed, C. W., Meekan, M. G., Field, I. C., McMahon, C. R., Harcourt, R. G., Stevens, J. D., et al. (2016). Reef Shark Movements Relative to a Coastal Marine Protected Area. Reg. Stud. Mar. Sci. 3, 58–66. doi: 10.1016/j.rsma.2015.05.002

 Stauffer, B. A., Gellene, A. G., Schnetzer, A., Seubert, E. L., Oberg, C., Sukhatme, G. S., et al. (2012). An Oceanographic, Meteorological, and Biological “Perfect Storm” Yields a Massive Fish Kill. Mar. Ecol. Prog. Ser. 468, 231–243. doi: 10.3354/meps09927

 Steckenreuter, A., Hoenner, X., Huveneers, C., Simpfendorfer, C., Buscot, M. J., Tattersall, K., et al. (2017). Optimising the Design of Large-Scale Acoustic Telemetry Curtains. Mar. Freshw. Res. 68, 1403–1413. doi: 10.1071/MF16126

 Stokesbury, M. J., Neilson, J. D., Susko, E., and Cooke, S. J. (2011). Estimating Mortality of Atlantic Bluefin Tuna (Thunnus Thynnus) in an Experimental Recreational Catch-and-Release Fishery. Biol. Conserv. 144, 2684–2691. doi: 10.1016/j.biocon.2011.07.029

 Temple, A. J., Kiszka, J. J., Stead, S. M., Wambiji, N., Brito, A., Poonian, C. N. S., et al. (2018). Marine Megafauna Interactions With Small-Scale Fisheries in the Southwestern Indian Ocean: A Review of Status and Challenges for Research and Management. Rev. Fish. Biol. Fisheries 28, 89–115. doi: 10.1007/s11160-017-9494-x

 Turpie, J. K., Beckley, L. E., and Katua, S. M. (2000). Biogeography and the Selection of Priority Areas for Conservation of South African Coastal Fishes. Biol. Conserv. 92, 59–72. doi: 10.1016/S0006-3207(99)00063-4

 van Zinnicq Bergmann, M. P., Guttridge, T. L., Smukall, M. J., Adams, V. M., Bond, M. E., Burke, P. J., et al. (2022). Using Movement Models and Systematic Conservation Planning to Inform Marine Protected Area Design for a Multi-Species Predator Community. Biol. Conserv. 266, 109469. doi: 10.1016/j.biocon.2022.109469

 Voyer, M., Quirk, G., McIlgorm, A., and Azmi, K. (2018). Shades of Blue: What do Competing Interpretations of the Blue Economy Mean for Oceans Governance? J. Environ. Policy Plann. 20, 595–616. doi: 10.1080/1523908X.2018.1473153

 Wenhai, L., Cusack, C., Baker, M., Tao, W., Mingbao, C., Paige, K., et al. (2019). Successful Blue Economy Examples With an Emphasis on International Perspectives. Front. Mar. Sci. 6. doi: 10.3389/fmars.2019.00261

 Whitfield, A. K., Attwood, C. G., Cowley, P. D., Lamberth, S. J., and Mann, B. Q. (2020). No-Take Estuarine-Protected Areas: The Missing Armour for the Conservation of Fishes. Koedoe 62, 1–7. doi: 10.4102/koedoe.v62i1.1648

 Young, J. M., Bowers, M. E., Reyier, E. A., Morley, D., Ault, E. R., Pye, J. D., et al. (2020). The FACT Network: Philosophy, Evolution, and Management of a Collaborative Coastal Tracking Network. Mar. Coastal Fisheries 12, 258–271. doi: 10.1002/mcf2.10100

 Zimba, O., and Gasparyan, A. Y. (2021). Social Media Platforms: A Primer for Researchers. Reumatologia 59, 68–72. doi: 10.5114/reum.2021.102707




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Murray, Elston, Parkinson, Filmalter and Cowley. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




ORIGINAL RESEARCH

published: 02 June 2022

doi: 10.3389/fmars.2022.873397

[image: image2]


Ocean and Marine Stewardship in Africa: The Marine Stewardship Council Certification in Namibia and The Gambia


Richard Achankeng Nyiawung 1* and Victoria Ndinelago Erasmus 2


1 Department of Geography, Environment and Geomatics, University of Guelph, Guelph, ON, Canada, 2 Fisheries Observer Agency, Operations Department, Walvis Bay, Namibia




Edited by: 

Jaco Barendse, Nelson Mandela University, South Africa

Reviewed by: 

Francis Neat, World Maritime University, Sweden

Salvador E. Lluch-Cota, Centro de Investigación Biológica del Noroeste (CIBNOR), Mexico

*Correspondence: 
Richard Achankeng Nyiawung
 rnyiawun@uoguelph.ca

Specialty section: 
 This article was submitted to Marine Conservation and Sustainability, a section of the journal Frontiers in Marine Science


Received: 10 February 2022

Accepted: 02 May 2022

Published: 02 June 2022

Citation:
Nyiawung RA and Erasmus VN (2022) Ocean and Marine Stewardship in Africa: The Marine Stewardship Council Certification in Namibia and The Gambia. Front. Mar. Sci. 9:873397. doi: 10.3389/fmars.2022.873397



Ocean and marine stewardship activities across different geographical areas contribute to global sustainability efforts, management, and conservation of ocean resources. The Marine Stewardship Council (MSC), through its sustainability standards and market-based mechanisms, rewards best practices for wild-caught seafood. To date, very few fisheries in Africa have participated in the MSC’s full assessment and obtained its certification. This paper explores the MSC certification scheme in the African continent by examining two case studies: the Namibian hake (Merluccius capensis and M. paradoxus) trawl and longline fishery and The Gambian sole bottom set gillnet fishery (Cynoglossus senegalenis and Synaptura cadenati). Drawing on document analysis, institutional ethnography, and extensive collaborative research with actors in these fisheries, we utilize three stewardship dimensions, i.e., Care-Knowledge-Agency, to qualitatively analyze how the MSC program provides an opportunity of actors to design ocean stewardship tools and promote fisheries sustainability in Africa. The Namibian fishery demonstrates a large-scale fishery with the adequate agency, technical knowledge, and interest in self-design improvements and stewardship, compared to The Gambian fishery, a small-scale fishery motivated to achieve certification but depends largely on external support to coordinate improvements and stewardship activities. The key motivation for Namibia and The Gambia actors to participate in the MSC’s assessment is the interest in increasing their international market access while ensuring ecosystem-based management and sustainability of the fisheries. Successful engagement with MSC requires establishing good governance structures, involvement of local actors, technical knowledge, and sufficient financial resources. The paper demonstrates the need for practitioners, government/market-actors, and academia to encourage sustainable seafood management in Africa by promoting various national and regional sustainability campaigns, environmental awareness programs and ocean stewardship initiatives.
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Introduction

Ocean and marine ecosystems face a myriad impact from human anthropogenic activities, resulting in depleting fish stocks, marine pollution, destruction of habitats, and unprecedented changes in the marine environment. These impacts threaten the ocean ecosystem health and its potential to continue to deliver essential resources and services to humans and the environment (Boyd et al., 2018; Fu et al., 2020). The sustainable harvest and management of marine resources remain a significant global concern requiring the participation and involvement of policymakers, scientists, seafood industry, seafood movements, and local actors in the fishing industry (Sutton and Wimpee, 2008; Konefal, 2013; Gutierrez and Morgan, 2015; Barendse et al., 2018; Blasiak et al., 2021). Increasing environmental awareness and stewardship, contributes to the growing demand for seafood from sustainable and well-managed sources (Jacquet et al., 2010; Sampson et al., 2015).

To be considered sustainable, a fishery must meet specific standards and performance measured against different sustainability and ecological indicators (Ponte, 2012). Amongst those commanding such performance and sustainability indicators for wild-caught fisheries is the Marine Stewardship Council (MSC). The MSC is a non-governmental international organization that sets certification standards for wild-caught fisheries and grants successful third-party assessed fisheries the right to use its blue ecolabel to sell in the international market (Gulbrandsen, 2009; Foley, 2012; Foley and McCay, 2014). The MSC standard is designed to reward sustainable and well-managed fisheries with market access and a ‘price premium’ for best practices (Carlson and Palmer, 2016; van Putten et al., 2020), including various marine and ocean stewardship initiatives. MSC advocates for sustainable management of the ocean ecosystem by ensuring the sustainability of the fish stocks, effective fisheries management, and a healthy ecosystem (Marine Stewardship Council (MSC), 2022a). Through its partners such as supermarkets and restaurants, the MSC program has secured about 38 000 market sites that have voluntarily accepted to buy or sell their seafood using the MSC’s unique ecolabel (Marine Stewardship Council (MSC), 2022b). As of 2022, about 12% of global wild-caught marine fisheries have MSC certified, with about 25, 000 seafood products using its label (Marine Stewardship Council (MSC), 2022b).

Like most certification programs, the MSC has faced several criticisms and challenges, especially the issue of accessibility for developing world small-scale fisheries (SSF) who find its certification process onerous and expensive to achieve and maintain (Pérez-Ramírez et al., 2012; Renckens and Auld, 2019; Velázquez Durán and Ortega, 2022). These challenges also include research finding limited benefits for small-scale fisheries and questioning the effectiveness and role of MSC in fisheries management across the globe (e.g., Bernstein and Cashore, 2007; Bailey et al., 2018; Velázquez Durán and Ortega, 2022). In terms of global MSC fisheries certification, more large-scale fisheries have been MSC certified compared to small-scale fisheries, with the MSC being criticized for advertising and promoting certifications for all wild-caught fisheries (Arton et al., 2020; Le Manach et al., 2020). Moreover, small-scale fisheries, especially those from developing countries, are often marginalized, and relatively few have attempted to engage in the MSC process (Wakamatsu and Wakamatsu, 2017; Nyiawung R. A. et al., 2021).

Most developing world fisheries are already challenged with limited resource capacity and enhanced regulatory capacity to support their activities to engage with the MSC program despite the benefits associated with being certified (Wakamatsu and Wakamatsu, 2017). The principal challenge for these fisheries is the cost of the MSC assessments and certification processes through its third-party assessors, getting the fisheries to the MSC certification standards, and maintaining the certification. Notwithstanding these drawbacks, some developing world fisheries engaged in the program are experiencing significant institutional and social changes in their fisheries governance and management (See Nyiawung R. et al., 2021). Some of these changes are supported by the engagement of a plethora of transnational actors, and key stakeholders acting beyond the specified MSC standards and Fishery Improvement Projects (FIPs) processes to support institutional and ecological improvements in these fisheries (Foley, 2012; Foley, 2013; Auld, 2014). However, while the number of certified fisheries from developing countries seems to be growing, only two fisheries in Africa have successfully obtained the MSC label; one attempted and failed, and many other aspirants are engaged in FIPs. To date, there is a paucity of studies on the MSC as a stewardship tool for the ocean and marine sustainability aspects in the African continent.

Specifically, this paper examines the MSC program in Africa as a tool for ocean and marine stewardship. The paper does so by exploring the driving factors and engagement of transnational and local actors to promote ocean stewardship activities and MSC certifications in Africa. The engagement comprises various multi-stakeholder partnerships involving international development agencies, the seafood industry, fishery experts, and NGOs. There has been slow participation in the African continent in the MSC, with just two MSC certified large-scale fisheries (Ponte, 2008; Jones et al., 2020) and no small-scale fisheries (Jeffers et al., 2019). The certified fisheries are the South African Hake trawl fishery and the Namibian Hake (Merluccius capensis and M. paradoxus) trawl and longline fishery, certified in 2004 and 2020, respectively – close to two decades apart. However, to promote sustainable fisheries and certification activities for developing world fisheries, especially for small-scale fisheries, external donors and local actors have been influential in supporting MSC and FIP-related activities (Fisheryprogress.Org, 2022). The MSC process requires enormous financial commitments and technical capabilities (Stratoudakis et al., 2016), which many small-scale fisheries cannot afford (Wakamatsu and Wakamatsu, 2017). For this reason and to achieve global environmental objectives, the international community has been proactive to help promote MSC and FIP-related activities and help fisheries make substantial improvements to get MSC certified if they decide to (Thomas Travaille et al., 2019).

Analytically, this article draws on the stewardship literature (Barendse et al., 2016; Bennett et al., 2018; Mathevet et al., 2018; West et al., 2018; Brown et al., 2019), precisely the three stewardship dimensions of Care-Knowledge-Agency to qualitatively analyze ocean stewardship for wild-caught fisheries in Africa through the MSC program (Enqvist et al., 2018). The paper uses two case studies (i) The Gambian sole bottom set gillnet (Cynoglossus senegalenis and Synaptura cadenati) fishery – a small-scale fishery in West Africa that has failed to obtain the MSC certification after two attempts in 2007 and 2015, and (ii) the Namibian hake trawl and longline fishery, a recently MSC certified commercial fishery in Southern Africa. We use these case studies to contribute to policy and scholarly discussions on ocean stewardship and marine sustainability in Africa. The paper draws on extensive collaborative research of the authors with local and international actors involved in these fisheries since 2016, including institutional ethnography of emerging institutions leading the MSC certification processes, i.e., the Namibian Hake Association in Namibia (NHA) and the National Sole Co-management committee (NASCOM) in The Gambia. The paper also builds on existing document analysis from published peer-reviewed and gray literature, including electronic documents from the MSC website and participating partners’ reports. The paper is divided into three sections and a conclusion. The next section provides an insight into the stewardship concept, followed by a background on the MSC in Africa, a discussion on the stewardship dimensions of Care-Knowledge-Agency in relation to MSC certification, and a conclusion.



Conceptualization of Stewardship

The term stewardship is a boundary word used by scholars and practitioners to describe humanistic, normative, and ethical approaches to natural resource management and sustainability. This normative perception of stewardship is guided by both intrinsic motivation (ethical considerations, values, and beliefs) and extrinsic motivation (incentives and rewards) (Worrell and Appleby, 2000; Bennett et al., 2018). Welchman (1999) defines stewardship as “a social role individuals adopt toward some other, a role sustained over time.” (p. 415). This definition reinvigorates and opens debates on aspects such as indigenous-led stewardship (Reo et al., 2017; Garnett et al., 2018); earth stewardship (Chapin et al., 2011); and environmental stewardship (Bennett et al., 2018). These different dimensions of stewardship are applicable in several contexts across scales and geographies (See for example Barendse et al. (2016) on biodiversity stewardship in South Africa; McConney et al. (2019) on stewardship and sustainable practices for small-scale fisheries; and von der Porten et al. (2019) on the indigenous resurgence in marine conservation; and Reed et al. (2020) on indigenous guardianship). Moreover, scholars have highlighted the importance of virtues (Welchman, 1999; Welchman, 2012; Sandler, 2013), self-determination of actors involved in environmental stewardship and related resource governance mechanisms (Reed, 2008).

To effectively conceptualize stewardship, the term has been categorized into different dimensions and theoretical underpinnings. These include the reformist vs radical, imaginative vs prosaic dimensions of stewardship (Mathevet et al., 2018); relational values – dwelling, sense of place and biocultural diversity (West et al., 2018); aspects of empathy, place, and identity (Brown et al., 2019); and, also in terms of ethics, motivation, action, and outcome (Enqvist et al., 2018). While all these categorizations opine the interconnections and use of the term stewardship as a boundary word, we contextualize our argument regarding ocean stewardship in Africa based on Enqvist et al. (2018) framing. Enqvist et al. (2018) outline aspects of ethics, action, motivation, and outcome to embody the concept of stewardship through three key lenses – Care, Knowledge, and Agency. Care constitutes aspects of ethics and motivation and refers to personal values, identity and emotions towards ocean stewardship; Knowledge (motivation and action) refers to the broader understanding of the existing social-ecological system complexities, species diversity and use of technology to advance stewardship initiatives; and finally, Agency (motivation and outcome) refers to the capacity and capabilities of individuals to design and achieve specific or global ocean stewardship objectives.

Thus, the intertwining aspects of Care-Knowledge-Agency underpinning the concept of stewardship provide a more explicit approach to our understanding of ocean stewardship, including factors that either enhance or constrain the sustainable use and management of marine resources in different geographies. Further, the Care-Knowledge-Agency provides room for practitioners, researchers, and civil society to reflect and reorganize debates in the African continent regarding ocean stewardship, including management and governance approaches. Therefore, conceptualizing this paper within the stewardship literature contributes significantly to the ocean stewardship literature (e.g., Blasiak et al., 2021) and ocean resources management in Africa.



Ocean Stewardship in Africa

The African continent has numerous natural resources, including access to the ocean, lakes, and other inland water bodies. Many communities in Sub-Saharan Africa harbour around the coastline with adjacency to the Atlantic and Indian oceans, with access to enormous fisheries and ocean resources. From Senegal, through Namibia, South Africa to Madagascar, Mozambique and Kenya, African maritime countries utilize ocean resources for food and livelihoods (Njock and Westlund, 2010; Sowman and Cardoso, 2010; Nyiawung R. A. et al., 2021). However, aspects of overexploitation (Parker et al., 2020; Erasmus et al., 2021a) and Illegal Unreported and Unregulated (IUU) Fishing (Glaser et al., 2019; Okafor-Yarwood, 2019) continue to handicap sustainable management and utilization of these marine resources. These problems necessitate policies and political interventions to avoid the further decline of fish stocks and ecological degradation. Among the different governance approaches, achieving sustainability standards and acquiring international market access through the MSC’s market-based approach have been efforts to steer ocean stewardship worldwide. Below, we provide a brief background on the status and progress of MSC certification in the African continent as a relevant ocean stewardship tool.


MSC Certification and FIPs in Africa

The MSC is the largest certification scheme for wild-caught fisheries, with approximately 12% of marine wild-caught fisheries certified and participating in its program across different geographies (Marine Stewardship Council (MSC), 2022b). Since its establishment in 1997, few southern fisheries have been engaged in the fisheries compared to those in the global North (Arton et al., 2020). Currently, there are only two MSC-certified large-scale fisheries in Africa, with no small-scale fisheries and others undergoing fishery improvements to meet the MSC standards and possibly certification (Figure 1). The two successfully certified fisheries in Africa are the South Africa hake trawl fishery which was the first to be certified in the region in 2004 (Ponte, 2008; Butterworth, 2016), and the most recently certified is the Namibian hake trawl and longline fishery, certified in 2020 (Jones et al., 2020; Iitembu et al., 2021). These two fisheries are similar in that they are both wild-capture fisheries, export-oriented, and large-scale fisheries targeting hake, a transboundary species in South Africa and Namibia, including the hake, species targeted a common shared stock (Henriques et al., 2016).




Figure 1 | A map showing African countries that are MSC certified, those that have attempted and failed to obtain MSC certification, and those currently under Fishery Improvement Projects (FIPs).



Like most other developing world fisheries, fewer fisheries can afford the cost and onerous nature of the MSC program due to varying challenges such as data-poor systems and lack of management infrastructure (Wakamatsu and Wakamatsu, 2017). The MSC certification can cost between US$15,000 to US$120,000; however, it can be as much as US$500,000 for large complex fisheries (Roheim et al., 2011). Additional costs include annual audits and indirect costs to rightsholders, such as changing or modifying gear. Notwithstanding these challenges, the MSC, through its developing world program, has put in place a risk-based framework (RBF) that can be used to assess these fisheries against the MSC standard, especially for data-poor small-scale fisheries. The use of the RBF has significantly increased the number of developing world fisheries engaged with the MSC (See Marine Stewardship Council (MSC), 2022c).

Further, the MSC, together with other organizations such as WWF are supporting FIPs around the world. FIPs are aimed at creating a collaborative environment between stakeholders within a fishery to make improvements to meet the MSC standard and possibly apply for certification if they choose to (Crona et al., 2019; Thomas Travaille et al., 2019). Some African fisheries are engaged in FIPs (See Figure 1), including The Gambia Sole fishery, the only small-scale fishery in the region to have engaged in the MSC certification process but failed to meet the required certification standard (Keus et al., 2015). Overall, engagement either directly in the MSC certification program or through FIPs depends on the motivation of different actors and stakeholders to support such ocean stewardship and sustainability efforts across the globe. The agency to drive such stewardship initiatives builds on the various relational aspects of care and ethics towards natural resources use and management. In what follows, we provide a brief background of two fisheries engaged with the MSC program to explain how the dimension of stewardship - Care, Knowledge, and Agency- is relevant in steering ocean stewardship in Africa.



The Namibian Hake Trawl and Longline Fishery

Industrial fishing in Namibia began in the 1950s, with fishing activities dominated by European fleets, especially for inshore pelagic fishing for the South African sardine (Sardinops sagax) and Cape anchovy (Engraulis encrasicolus) (Bianchi et al., 1999; Boyer et al., 2001; Kirchner et al., 2010). In 1969, the International Commission for the Southeast Atlantic Fisheries (ICSEAF) was established to control and regulate the harvesting of marine resources off the coasts of Namibia and South Africa, which was at the time open access (Bianchi et al., 1999; van der Westhuizen, 2001; Paterson et al., 2013). Despite the fisheries management measures implemented by ICSEAF, such as legal minimum mesh size and member country quotas, the abundance of marine resources, especially off Namibia, continued to deplete, primarily due to continued overfishing (Roux and Shannon, 2004; Paterson et al., 2013).

In Namibia, the fishing sector is the third-highest contributor to Namibia’s Gross Domestic Product (GDP) after mining and agriculture, contributing 3.9% in 2020, and directly employing about 16, 970 people in 2020 (Ministry of Fisheries and Marine Resources (MFMR), 2020). The hake is one of Namibia’s most economically valuable fish species (van der Westhuizen, 2001; Ministry of Fisheries and Marine Resources (MFMR), 2018; Kainge et al., 2020). The Namibian fishing sector is well organized, earning Namibia the Food Security Policy Leadership Award in 2010 and the Silver Future Award in 2012 (Paterson et al., 2013). The Namibian Hake Association (NHA), established in 1994, coordinates with all hake (both trawl and longline) rightsholders to manage the fishing activities targeting hake in consultations with MFMR and the Fishery Observer Agency (FOA).

The Namibian hake fishing industry is highly commercialized, owned by major industrial fishing companies that use advanced technologies to harvest fish and other marine resources. Very few people in Namibia fish for subsistence (Erasmus et al., 2021b). Unlike other African countries such as Ghana, Somali and Madagascar, Namibia has no legally recognized artisanal fishery (Sowman and Cardoso, 2010). Similarly, the hake fishing subsector employs the largest number (66.5%) of employees in the Namibian fishing sector (Ministry of Fisheries and Marine Resources (MFMR), 2020).

Namibia supplies fish and other seafood products to more than 80 countries, including Spain, Portugal, and France (Ministry of Fisheries and Marine Resources (MFMR), 2018; MFMR, 2020), exporting about 75% of all fish and seafood (Ministry of Fisheries and Marine Resources (MFMR), 2018), with small quantities consumed locally (Erasmus et al., 2021b). The Namibian hake trawl and longline fishery operate solely in the Namibian Economic Zone (EEZ). The hake fishery which is Namibia’s most economically exported fish species, is almost exclusively export-oriented (Kainge et al., 2020). Hake products are exported primarily as fresh, chilled, or frozen raw material. Spain, Italy, and Portugal have been the traditional markets for Namibian hake. Other countries like France, Switzerland, Germany, and Holland have accepted hake as a white fish species in competition with cod and Alaskan pollock). For example, in 2019/2020, Spain imported 49% of the Namibian hake (Ministry of Fisheries and Marine Resources (MFMR), 2020). The Namibian hake industry concentrated on value-added products but was finding that the markets of central and northern Europe, while wanting hake products, remained closed because Namibia could not supply fish from a sustainably certified fishery.

In terms of engagement with the MSC, actors within the Namibian hake fishery see certification as a means to increase international market access while also increasing attention to the fishery’s ecosystem management (Iitembu et al., 2021). Obtaining MSC certification was listed as one of the priority actions for the Namibian fishing industry in 2017 (Ministry of Fisheries and Marine Resources (MFMR), 2018). The main stakeholders involved in the Namibian hake fishery certification were the Namibian hake industry represented by NHA, MFMR, and assistance from the Fisheries Observer Agency (FOA). In terms of non-government organizations, the Albatross Task Force (ATF) has played an essential role in reducing the impact of the fisheries on seabird life (Da Rocha et al., 2021), which helped satisfy the conditions of MSC certifications with regard to ecosystem protection. MFMR provided services in kind, but the cost of the certification assessment and any scientific advice from non-local consultants were fully funded by the NHA from funds collected from the association members. Up to date, the costs are estimated to be around N$1.5 million (US$ 97, 911), with other projects in the pipeline which need to be undertaken during the current period of certification, including the costs of the annual audit review. However, the economic contribution of the MSC certification to the Namibian hake trawl and longline fishery and the Namibian economy is still to be uncovered, and the various improvements to the fishery. The South African MSC certification has increased access to export markets (Lallemand et al., 2016) and a 90% reduction in seabird bycatch (Butterworth, 2016).

The MSC certificate is made out to the Namibian Client Group, represented by NHA and MFMR and valid for five years, with a yearly surveillance audit. The general procedure for MSC certification is that the fishery does a pre-audit examination to determine if it can pass the full audit. Namibia’s interest in MSC certification began in 2003 (Standing, 2009). In 2008, the Namibian fishing industry experienced a reduction in the demand for the Namibian hake in Spain, one of the leading importers for this product, which raised discussions about the possibility of MSC certification (Standing, 2009). Namibia did a pre-assessment in 2010, which indicated that the hake fishery stood a good chance of being MSC certified and highlighted some areas for improvements. However, due to a lack of action towards certification from the government, the matter came to rest to be again debated in 2015. In 2017, the NHA and other fishing industry stakeholders prioritized getting the MSC certification through improvements in the fishery. Finally, the Namibian hake trawl and the longline fishery was MSC certified in November 2020. Based on the Public Certification Report for the Namibia hake trawl and longline fishery, positive aspects were identified, such as improvements in stock assessment, ecosystem health, and overall effective management of the fishery required by the MSC to be certified (Jones et al., 2020).



The Gambian Sole Bottom Set Gillnet Fishery

As mentioned earlier, The Gambian sole bottom set gillnet fishery in West Africa is the first small-scale fishery in Africa to have been pre-assessed by the MSC third-party assessors. Sole fishing in The Gambia contributes significantly to local socio-economic development through foreign exports, employment, poverty reduction and food security (USAID, 2013). The Gambia is one of the smallest countries in the continent, surrounded by Senegal, with adjacency to the Atlantic Ocean, and rich in fishery resources (Belhabib et al., 2016). The country has “an Exclusive Economic Zone (EEZ) of 200 nautical miles and a territorial sea extending to 12 nautical miles from the geographical coastal area, with a continental shelf area of about 4000km2” (Ragusa, 2014, p. 1). Primarily, the red sole and black sole are important commercial fish species in The Gambia (Keus et al., 2015). In 2014, the fishery had about 475 sole ‘fishermen’ and a total catch volume of approximately 1,300 metric tons, with an export value between US$ 300 000 to 500 000 (Coastal Resources Center of the University of Rhode Island (CRC), 2014). For more details on the social, political, ecological, and economic characteristics of the Gambian sole fishery, see Nyiawung R. et al. (2021).

Although described as a small-scale fishery, the bulk of sole fish is commercially exported to foreign markets in Europe with the support of local processing factories in both The Gambia and Senegal. The Atlantic Seafood Company Limited coordinates sole fish processing and export, with headquarters in the Netherlands (Government of The Gambia (GOG), 2012). With growing international market demand for sole fish, commercial actors and local stakeholders are interested in acquiring the MSC blue ecolabel to garner market benefits ascribed to the label and ensure the fishery’s sustainability. Despite two failed pre-assessments attempt to obtain the MSC certification through various multi-stakeholder and transnational actors’ engagements (Nyiawung R. et al., 2021), our interest in this paper is stakeholder’s motivation and participation in ocean stewardship activities.

The interest in MSC certification for the Gambian sole began with an initial invitation for pre-assessment by the Gambian Artisanal Fisheries Development Agency (GAMFIDA) in 2007 (Keus et al., 2015). The fishery was assessed based on MSC-designed sustainability principles and for which the fishery failed to meet the minimum requirement for full assessment (Coastal Resources Center of the University of Rhode Island (CRC), 2014). A total of nine action areas were recommended to address problems summarily around data collection/stock assessment, the fishery’s environment/ecosystem, and a management plan for the sole (Keus et al., 2015). With such ambition and motivation for certification for a small-scale fishery, several transnational actors have collaborated and are still collaborating with local stakeholders and fishers to address the MSC recommendations (Coastal Resources Center of the University of Rhode Island (CRC), 2014).

To support ocean stewardship and other sustainability efforts, the Government of Gambia, through DoFish and with support from other external actors, has established a sole management plan and created the National Sole Co-management committee to lead improvements and certification activities for the sole fishery. This progress came in place through revisions and amendments to the country’s Fishery Act of 2007, providing exclusive use rights to fishing groups/stakeholders (Government of The Gambia (GOG), 2012). Further actions include capacity building for fisheries officials at the state and local levels and building a flexible information gathering system for the fishery that will guide improvement, stock health, and productivity (Coastal Resources Center of the University of Rhode Island (CRC), 2014). Thus, building local stakeholders’ capabilities and capacity through engagement with the MSC program has helped promote local ocean stewardship activities in The Gambia.




The Stewardship Dimensions of Care-Knowledge-Agency in Africa’s Ocean and Marine Resources Management


Capability and Capacity for Ocean Stewardship

The scales of interactions, place identity, and agency influence the implementation of stewardship actions (Bennett et al., 2018; Cockburn et al., 2019; Quarshie, 2021; Chapin et al., 2022). Here, agency constitutes individuals’ capacity and capabilities to design stewardship tools or initiatives that promote the effective management of resources across scales (Enqvist et al., 2018, p. 24). The power with which different actors within a fishery can influence or mobilize effective decisions depends on the existing governance structure, capital, and other aspects of self-determination (Reed et al., 2020). In terms of agency, our case studies provide varying experiences and motivation to engage with the MSC program.

In The Gambia, institutionalizing a co-management system through the Fishery Act of 2007 provided power for local fishing associations to manage ocean and marine resources (Government of The Gambia (GOG), 2012). The policy provided authority for GAMFIDA, a local fishery organization, to invite the MSC for a pre-assessment of The Gambian sole bottom set gillnet fishery with the motivation to achieve its blue ecolabel and expand their international market access. Unfortunately, the fishery failed to meet the MSC certification standard in 2007 and 2015 and is yet to achieve certification. However, through the involvement of diverse transnational actors and external financial support, various improvements have been made to the fishery following recommendations from the MSC’s first pre-assessment in 2007. Key improvements include the establishment of the National Sole Co-management (NASCOM) in 2009 and the enhancement of capabilities of officials within The Gambia’s fisheries department on fishery management. Also, other local fishing groups have equally benefited from various capacity-building programs and have brought significant changes to the sole fishery from harvest management, processing, data collection, and export. This improvement to the sole fishery has provided a collective sense of action among actors and their power and ability to design and champion stewardship initiatives. Small-scale fisheries with a co-management approach have been proven to engage more in developing stewardship activities (Karr et al., 2017).

Meanwhile, for the Namibian hake trawl and longline fishery, while the MSC program serves as a stewardship tool and rigorous approach to ensure the sustainability of wild-caught fisheries, economic incentives principally drive actors’ motivation/engagement. As a large-scale fishery, the hake fishery’s activities are coordinated by the NHA, the Ministry of Fisheries and Marine Resources (MFMR), with scientific assistance from the Fisheries Observer Agency (FOA). The harvesting of the Namibian hake is regulated by a hake management plan. The government, through MFMR, determines the yearly total allowable catches (TAC) for each species, including hake, and assigns quotas for each rightsholder. As most large-scale fisheries engaged with the MSC, financial resources are available to coordinate improvements and achieve certification. The NHA, through funds collected from members, covered the cost of the MSC full assessment and the hiring of scientific consultants, which amounted to about N$ 1.5 million (US$ 97,911), including services in kind from the MFMR. The mobilization of resources with NHA and MFMR to achieve the MSC certification is aimed at helping the fishery expand its access to international markets and compete with neighbouring South African hake fishery. Thus, fisheries that constitute actors with the right powers (agency) to design stewardship activities can easily mobilize resources to engage and meet sustainability standards such as those of the MSC and contribute to ocean stewardship (Blasiak et al., 2021).



Understanding/Knowledge of the Fisheries

Achieving sustainability efforts and stewardship requires proper knowledge of the social-ecological system the willingness to learn, and a clear understanding of any existing complexities. While local ecological and scientific knowledge plays a significant role in marine and ocean resources management (Loring et al., 2014; Bennett et al., 2018), there are always emerging threats to the effective management of fish stocks and maintaining ecosystem health. Ecosystem protection and sustainable harvesting of marine resources can only be achieved when local actors understand the fishery (von der Porten et al., 2019).

For The Gambian sole fishery, engagement with the MSC program opened avenues for different transnational and local actors to collaborate and share their knowledge of the fisheries and design a management plan (Table 1). This process was possible with the willingness of actors to engage in hands-on training, capacity-building activities, and the institution of a collective learning process across scales (local and national levels). The fishery improvement processes included utilizing traditional and scientific knowledge systems to understand better and improve existing management practices and governance for the sole fishery. Since engaging with the MSC in 2007, The Gambian sole bottom set gillnet fishery has in place a mandatory six-month close season in line with the sole fishery reproductive cycle. Moreover, through support from a USAID BaNaFaa project, staff from the department of the fishery have received training on data collection and stock assessments (Coastal Resources Center of the University of Rhode Island (CRC), 2014). Other activities included the tagging/licensing of boats to ease monitoring and enforcement of regulations regarding fishing gear. However, there are issues with fishery closure as it directly impacts the fisher’s livelihood and the lack of alternatives, thus pushing some fishers not to follow the required closed season.

Unlike The Gambian sole fishery, the Namibian hake trawl and longline fishery presents a different characteristic. The Namibian fishery is more commercialized with the use of advanced technology in the industry (Table 1). The fishery benefits from expert knowledge and support from local scientists within MFMR and other government agencies such as FOA equipped with fisheries scientists that have a broader understanding of the hake fishery ecosystem and stock health. These local experts collaborate and help the fishery with support from the MSC to navigate the certification assessment and improvements necessary to achieve the MSC accreditation for the fishery. Thus, although the NHA coordinates and leads the MSC certification process and surveillance auditing, actors in the hake fishery collaborate to identify and set improvement priorities and mobilize experts and resources to meet the requirements of the MSC. Additionally, relevant institutes such as FOA and ATF also ensure success for the Namibian hake trawl and longline fishery.


Table 1 | Stewardship dimensions of the Namibian hake trawl and longline fishery and The Gambia sole fishery.





Sustainable Practices and Care for Ocean Resources

Ocean and marine resources provide not only a sense of place or identity for people in various locales around the world, but it also serves as a source of local subsistence and livelihood. For centuries, the attachment of coastal dwellers and their communities to the ocean creates a linkage between the ocean, culture, people, and their social well-being. Such connection and importance of the ocean and marine resources create a sense of care, empathy and responsibility towards its use and management (Muller, 2014; West et al., 2018; Brown et al., 2019). The aspect of care as a stewardship dimension “has primarily been invoked indirectly compared to the more explicit acknowledgement of knowledge and agency” (Enqvist et al., 2018, p. 24). For any marine social-ecological system, rapid changes from overfishing, for example, or the growing threats of climate change calls for collective actions, empathy, and care (Brown et al., 2019). However, such an approach needs a deep understanding of the impacts/change and to design a just sustainability and transformation plan (See Bennett et al., 2019) and actions across scales (Chapin et al., 2022).

For both the Namibian and Gambian fisheries, voluntary engagement in the MSC program as a stewardship tool is defined by the motivation to ensure market access and the local ethical responsibility toward long-term sustainability outcomes for the fishery resources. However, there is a contrasting motivation for engaging with the MSC between the two fisheries. For the Namibian hake trawl and longline fishery, the interest in the MSC certification is to gain access to international markets while believing it increases attention on ecosystem approaches to fisheries management (Iitembu et al., 2021). Further, the market incentive to comply with regulations to obtain the MSC certification was listed as one of the priority actions for the Namibian hake fishing industry and the need for improvements (Ministry of Fisheries and Marine Resources (MFMR), 2018). Principally, stakeholders within the Namibian fishery see engagement with the MSC to improve their reputation and unlock markets they could not be accessed and to secure economic and business opportunity for actors along the fishery’s value chain.

Meanwhile, for The Gambian sole, while access to the international market and the market incentive for certified seafood drives actors’ interest in the MSC, local stakeholders are also interested in ensuring the sustainability of the fishery resources. The Atlantic seafood company in the Gambia reported that the sole fish stock had been continuously decreasing to just under 500 tons in 2014 (Coastal Resources Center of the University of Rhode Island (CRC), 2014), thus a need to ensure its sustainability. Stakeholders see engagement with the MSC as a means to improve the fishery’s stock health, ensure effective management through boat labelling, recording of catch and ensuring monitoring and control of fishing activities. Moreover, just like the management of fisheries in other areas, actors see engagement in stewardship as an ethical responsibility to ensure sustainability (Loring and Hinzman, 2018). Also, by participating with the MSC, local actors have received training and improved capacity to manage the sole fishery and engaged in stewardship activities (Bennett et al., 2018). Thus, both market access and sustainability objectives are motivations driving the interest and engagement of sole fishery stakeholders in the MSC.




Conclusion

While there are debates on aspects of accessibility of large and small-scale fisheries to the MSC program – especially for fisheries in the global south, this paper focuses on the MSC certification scheme as a stewardship tool, contributing to ocean and marine sustainability. We use Enqvist and colleagues’ (2018) stewardship dimensions of Care-Knowledge-Agency to discuss engagement and participation in the MSC program. We examined the engagement and experiences of these two fisheries in the African continent with the MSC program, i.e., The Gambian sole bottom set gillnet fishery – a small-scale uncertified fishery and the Namibian hake trawl and longline fishery – a large scale fishery that recently received its MSC certification in 2020. While the MSC program is presented as a stewardship tool for the sustainable harvest and management of wild-caught fisheries, these two case studies show a broad range of interest, stakeholder motivation to engage in the program, and the capacity/capabilities to become certified.

The Namibian case study presents evidence of a large-scale fishery with actors having adequate capacity and capabilities (agency) to design management/stewardship activities. Comparatively, The Gambian sole fishery presents a small-scale fishery challenged with inadequate resources (both human and financial resources) to effectively engage, attain the MSC expected standards, and achieve certification. The Gambian case, like most other small-scale fisheries, supports scholarly arguments regarding accessibility to the MSC program for some fisheries compared to others (Jacquet et al., 2010; Wakamatsu and Wakamatsu, 2017).

Through the stewardship dimensions of Care-Knowledge-Agency, the MSC program serves as an important stewardship tool for ocean sustainability, although the problem of accessibility for African fisheries to the MSC program remains an issue. However, in the African context, ocean stewardship initiatives are challenged by a lack of regional/national environmental awareness, and sustainability campaigns. There are few programs promoting and ensuring the sustainable consumption of fisheries resources such as the Southern African Sustainable Seafood Initiative (SASSI). If global sustainability of wild-caught fisheries and stewardship initiatives are to be successful, Africans must be willing to buy their fish from a coordinated sustainable with good policy and governance structures and a massive environmental awareness campaign. The local consumption of certified seafood programs must be encouraged and promoted by all stakeholders.

Despite the potential of the MSC program as an ocean stewardship tool, the authors are aware of the challenges embedded within this eco-certification scheme. There are unanswered questions such as how Namibia as a country and the fishery would benefit from being certified and if they can maintain the label over time. Another question is the accessibility of developing world small-scale fisheries to certification programs like the MSC. Overall, the MSC program, as it stands, brings together local actors to care, make improvements, expand local knowledge, and design a management plan for fisheries interested in becoming certified.
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This study examines the response of women to disruptions caused by COVID-19 in small-scale fisheries (SSF) in the Gulf of Guinea (GOG). It interrogates the concept of resilience and its potential for mitigating women’s vulnerability in times of adversity. We define resilience as the ability to thrive amidst shocks, stresses, and unforeseen disruptions. Drawing on a focus group discussion, in-depth interviews with key informants from Cote d’Ivoire, Ghana and Nigeria, and a literature review, we highlight how COVID-19 disruptions on seafood demand, distribution, labour and production acutely affected women and heightened their pre-existing vulnerabilities. Women responded by deploying both negative and positive coping strategies. We argue that the concept of resilience often romanticises women navigating adversity as having ‘supernatural’ abilities to endure disruptions and takes attention away from the sources of their adversity and from the governments’ concomitant failures to address them. Our analysis shows reasons for “ocean optimism” while also cautioning against simplistic resilience assessments when discussing the hidden dangers of select coping strategies, including the adoption of digital solutions and livelihood diversification, which are often constructed along highly gendered lines with unevenly distributed benefits.
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Introduction

Throughout Africa, fish is vital to food and economic security. In the Gulf of Guinea (GOG), on sub-Saharan Africa’s west coast, the fisheries industry serves as a particularly important source of food, animal protein, income, and employment. It promotes rural development and boosts government revenue through fisheries agreements, licenses and taxes (Asiedu and Nunoo, 2015). The vast majority of fish consumed on the continent, along with employment opportunities in the fishing industry, is provided by small-scale fishers (Okafor-Yarwood et al., 2022). However, the small-scale fisheries industry (SSF) is highly vulnerable to external shocks. These include seasonal shifts in fish catch; disruptions due to epidemics like Ebola; the multiple, overlapping effects of climate change; shifting demands for coastal development (Khan and Sesay, 2015; Okafor-Yarwood et al., 2020; Ferrer et al., 2021); and depleting fish stocks from the overexploitation and illegal, unreported, and unregulated (IUU) fishing carried out by industrial fishing, which is carried out and dominated by foreign, distant water fleets.

These vulnerabilities are becoming only more urgent. Over the last decade, the income accrued by small-scale fishers West Africa plummeted by roughly 40% due to depleting catch (The World Bank, 2016). Measures introduced by coastal states in the region with the intention of addressing depleting fish stocks, such as closed seasons, marine protected areas and anti-IUU fishing patrols, disproportionately affect small-scale fishers, undermining their rights and pushing them further into poverty (Okafor-Yarwood et al., 2022). Those along the value chain, such as processors and sellers, many of whom are women, are disproportionately affected by these measures (Okafor-Yarwood et al., 2022).

SSF is mired by gender inequalities through which contributions made by women are systematically undervalued and “invisibilised” (Thorpe et al., 2014; Harper et al., 2017; Reva and Kumalo, 2020). Although men dominate fishing activities, women also often engage in the activity. More notably, however, women play a significant role in sustaining the sector by financing fishing activities (Harper et al., 2013; Torell et al., 2019), dominating the value chain (Okafor-Yarwood and van den Berg, 2021) and almost exclusively managing post-harvest activities (Du Preez, 2018). Operating within an already highly vulnerable sector, women in SSF are, therefore, further disadvantaged by the adverse effects of gender inequality (Kleiber et al., 2015).

The COVID-19 pandemic further amplified the challenges being faced by fisherfolk across the globe with the pandemic’s uneven effects felt most acutely by those populations and sectors whose long-standing marginalization makes them ill-equipped to adapt positively to adversity (WEF, 2021). Early research on the impacts of COVID-19 on SSF highlighted these adverse effects (see, for example, Love et al., 2021). While research on COVID-19 impacts and resilience in the SSF sector, in general, is nascent (see: FAO, 2020a; Avtar et al., 2021; Love et al., 2021), existing studies recognised the uneven distribution of COVID-19’s adverse impacts and highlighted the sectors and populations whose pre-existing vulnerabilities have been amplified by the pandemic’s disruptions. Yet, women’s responses to COVID-19 within SSF remain understudied. Where these studies do exist, they feature a heavy regional bias, with much of the literature dedicated to assessments of SSF in Southeast Asian contexts (see: Campbell et al., 2021; Ferrer et al., 2021; Manlosa et al., 2021).

Our paper addresses this lacuna by empirically and conceptually advancing understandings of the impacts of, and responses to, adversities in the Gulf of Guinea’s fisheries sector among women, emphasizing the COVID-19 pandemic, as a source of adversity for this sector. First, we examine the gendered impacts of COVID-19 disruptions on the SSF sector in the GOG, focusing especially on women and the nature of their responses. Secondly, we assess coping strategies employed by women and highlight examples of “ocean optimism” within SSF while also cautioning against simplistic assessments that equate all coping strategies as evidence of resilience in the sector in times of adversity. Finally, in view of our findings, we recommend strategies for transformational resilience/transformational change, recognizing that women and men respond differently to adversities in SSF and may benefit from targeted support in times of adversity. Our findings are significant for advancing the global discourse on SSF and its gendered realities by empirically grounding understandings of the impacts of, and responses to, COVID-19 disruptions. They also contribute to the global discourse on resilience and its varied contextual meanings.

Following our review of the concept of resilience, we describe the study area and qualitative methodology of the paper. This is followed by the results, which integrate primary findings with evidence from existing literature and details the gendered impacts of COVID-19 disruptions and their amplification of pre-existing gendered vulnerabilities for women in SSF. In subsequent sections, we examine women’s negative coping strategies to COVID-19 disruptions before turning to observations of what we term “ocean optimism” by illuminating evidence of positive coping strategies among women in the GOG’s SSF. We then critically reflect on digital solutions for SSF and diversification as coping/adapting strategies. Finally, we conclude with recommendations for cultivating gendered pathways to building transformational resilience in times of adversity. Our applied objective (post data-analysis) is to show that men and women’s vulnerabilities in SSF should be equitably but differentially addressed, and that there is a need for government intervention that addresses the root causes of these challenges.


Conceptualising Resilience

Resilience is a central concept within development discourses. It refers to the capacity to absorb shocks or disruption (USAID, 2012; UN, 2015; Love et al., 2021). It is intimately tied to vulnerability, understood as susceptibility to shocks or disruption (Adger, 2006; Cinner et al., 2012). Prominent definitions of resilience emphasize its reference to the ability to ‘resist’, ‘absorb’ (UN, 2015: 9), ‘adapt to’ (USAID, 2012: 5), and ‘recover from’ (USAID, 2012; UN, 2015, 5) shocks. Smyth and Sweetman (2015) underscore this by arguing that at the heart of resilience ‘is the idea of strength in the face of adversity’ (406).

Within prominent conceptualizations of resilience, the focus on the abilities of vulnerable ‘people, households, communities, countries and systems’ (USAID, 2012, 5) to survive shocks has been challenged by critics, who question the term’s tendency to avoid addressing the actual sources of external threats and shocks. Shwaikh (2021), for instance, argues that this deployment of the concept is both dehumanising and dangerous in its romanticisation of populations navigating adversity as having ‘supernatural’ abilities to endure, while simultaneously distracting attention and accountability away from the sources of adversity. For Shwaikh (2021), while resilience is widely considered a ‘valued and cherished trait’, the discourse masks issues like ‘vulnerability, structural violence, and trauma’ and frames resilience as ‘acts of heroism’. Resilience is also seen, in this vein, as absolving the larger structural factors, forces, and the actors behind them from their roles in producing the conditions of adversity (and the inequalities). MacKinnon and Derickson (2013) echo these risks by asserting that state agencies and experts’ knowledge often drive the definition of resilience. This top-down approach to resilience places the burden on populations affected by disruptions and reproduces wider social and spatial relations, exacerbating vulnerabilities and inequalities. Resilience thus places the onus of survival on the vulnerable and frees systemic forces and actors from accountability or responsibility to address the root drivers of inequality and vulnerability.

However, these criticisms do not invalidate the utility of term. Transformational approaches to resilience suppose that resilience is not merely an ability to ‘survive one shock after another’ (Smyth and Sweetman, 2015: 411), but to positively cope with disruption and build new development pathways amidst adversity (Folke, 2016). Our analysis aligns with Folke’s (2016) conceptualisation of resilience as coping strategies that are transformational, transcending coping/adapting or recovery, and forging new pathways that allow fisherfolk to thrive and continue to meet the needs of their households. In our context, however, government actors must support fisherfolk and work to address the causes of their adversities if resilience is to be sustainable.

We operationalise this transformational approach to resilience by categorising fisherfolk responses to COVID-19 disruptions according to coping mechanisms and adaptations. Coping strategies refer to what fisherfolk do in the short term to ensure their well-being in times of adversity. Once such behaviour becomes permanent, we see them as having adapted to the situation. We then distinguish between positive and negative fisherfolk responses to disruptions. We assert that coping mechanisms and adaptations in the face of adversity can take the form of negative responses – behaviours that mitigate the risks of a particular shock while simultaneously introducing new vulnerabilities and/or heightening existing vulnerabilities. In other words, when a coping mechanism or adaptation to a specific disruption creates or exacerbates other vulnerabilities, such responses are negative and insufficient to meet resilience needs within a transformational approach. Conversely, positive coping strategies and adaptations mitigate the effects of disruption while also reducing the vulnerability to further and/or future shocks. The key distinction is whether responses address or perpetuate the root vulnerabilities that dictate susceptibility to shocks and the extent to which governments provide support and seek to address the sources of adversities.

Within this framework, responses to disruption can thus only be considered indicative of resilience if they reduce the root vulnerabilities that determine the severity of disruptions in the first instance – see Figure 1.




Figure 1 | The cyclical representation of responses adopted by SSF in times of adversity.



In this paper, we focus on gender as a risk multiplier. Specifically, we focus on how women in the SSF sector have responded to the disruptions caused by COVID-19 and assess the resilience-potential of these responses based on how these responses interact with their pre-existing SSF vulnerabilities. This line of inquiry has critical importance, given the high degree of vulnerability that existing research within SSF has recognised among women within this sector (see, for instance, Thorpe et al., 2014; Harper et al., 2017; Galappaththi et al., 2022; Oloko et al., 2022). This also aligns with gendered resilience studies, which argue that a gendered view of resilience is critical to advancing an inclusive and sustainable understanding of resilience approaches (see, for example, Smyth and Sweetman, 2015).

We ground this social construction of vulnerability along highly gendered lines and its implications for experiences of, and responses to, disruption in Luft’s (2016) model of disaster patriarchy. Disaster patriarchy argues that resilience is conditioned on socially embedded gendered and racialised inequalities produced before a disaster occurs, and reproduced during and after the event (see Luft, 2016, V. 2021). Luft’s (2016) model provides a lens through which the profoundly gendered and racialised dimensions of disaster can be understood, along with the ‘political, institutional, organisational and cultural’ (Luft, 2016:1) systems in which people attempt to survive, resist, explain, and recover from crisis. These studies and other studies that adopted this approach (V, 2021) highlight the need to understand the social construction of women’s vulnerability, which ‘is not a natural attribute of women but rooted in gender inequality’ (Smyth and Sweetman, 2015, 410) that conspires to reduce women’s ‘adaptive capacity’ (Cinner et al., 2012: 13) in the face of disruption. By acknowledging the role that gender plays in shaping vulnerability, it becomes ‘essential to adopt approaches to resilience which challenge gender inequality and promote women’s rights’ (Smyth and Sweetman, 2015: 406).

Despite women’s crucial and significant role in SSF in Africa, women often find themselves marginalised and their contributions largely un(der)valued compared to those of men. These dynamics produce gendered vulnerabilities that further disadvantage them (see: Isaacs et al., 2022). Gendered definitions of fishing (Harper et al., 2017; Galappaththi et al., 2022), earnings gaps (Thorpe et al., 2014; Du Preez, 2018) and social expectations (Oloko et al., 2022) conspire to render women invisible in SSF, as their participation in SSF continues to be concentrated in the informal economy where they are excluded from institutional consideration or social protections (Okafor-Yarwood and van den Berg, 2021). Specifically, women’s fisheries work is often perceived merely as an extension of their gendered everyday lives (Harper et al., 2017), limiting their livelihood security and making them particularly vulnerable to disruptions that threaten their already precarious livelihoods. These vulnerabilities are not natural attributes, i.e., the result of being women, however defined. Rather, these vulnerabilities emerge because of the social construction of womanhood and the roles and limitations that accompany this gender category (Smyth and Sweetman, 2015). The evidence is overwhelming – throughout the GOG and in other parts of the world, SSF is bifurcated along gendered lines wherein men carry out the fishing and women, the processing (Harper et al., 2017).

Centring a gendered approach to understanding the construction of, experiences of, and responses to disruptions acknowledges the constitutive role of gender in disruption in two important ways. First, it recognizes that the gendered construction of vulnerability does not prohibit resilience strategies among women and avoids reducing women entirely to their vulnerabilities. Second, a gendered approach to resilience concurrently recognizes that resilience, like vulnerability, is socially constructed and conditioned. Our approach to understanding resilience acknowledges that local fisherfolk’s coping and adaptive potential is contingent on their access to the necessary logistics or resources. As such, fisherfolk’s ability to cope or adapt in times of adversity should not absolve the collective and structural forces of states, governments and NGOs that have within their power the ability to mitigate adversity and the need for resilience in the first place. Therefore, the gendered approach to resilience we adopt in this paper empirically and theoretically advances the need for gender sensitivity in resilience research and resilience-building, in line with a multi-level, inclusive and transformational understanding of the concept of resilience. We define gender as the roles, norms and expectations attached to SSF engagement for men and women in the GOG that are anchored in the sector’s identity politics of male and female differences.



Study Area and Methodological Considerations

The GOG covers 6,000 kms of coastline, extending from Senegal to Angola and includes the island nations of São Tomé and Príncipe and Cabo Verde – see Figure 2 below. The region is of critical global significance due to its vast marine and mineral resources.




Figure 2 | Map of the gulf of guinea with case study countries highlighted.



The case study selection and stakeholder interview sampling strategy for this research were fourfold. First, the cases of Cote d’Ivoire, Ghana and Nigeria were selected due to the significant contribution of the SSF therein – accounting for over 75% of total fish production in the region and often providing the main source of protein nutritional for communities in these countries (FCWC, 2020). Secondly, the adversity and gendered inequalities of the SSF sector in these countries are well recognised in literature, making them suitable cases for deepening understandings of women’s resilience in SSF. Thirdly, the positionality of interview respondents as representatives of larger and critical SSF stakeholder groups, including women’s fisheries cooperatives and SSF non-governmental organisations (NGO) personnel, provided a unique opportunity to broaden the scope of analysis stemming from mixed-gender Focus Group Discussions (FGDs) responses by integrating additional levels of stakeholder responses. Finally, primary data collection possibilities for this research have also been impacted by COVID-19 travel disruptions, placing limitations on the number of countries, interviews and FGDs that were possible at the time of this research.

We employed the triangulation method for data gathering, which involved combining five (5) qualitative in-depth key informant interviews, three mixed-gender FGDs with fisheries experts, representatives from Civil Society Organisations (CSOs), fishing cooperatives and fisherfolk in Cote d’ Ivoire, Ghana and Nigeria. This primary data was then combined with a review of published literature, and secondary source material including grey literature from governmental, intergovernmental, and non-governmental organisations.

We conducted an online interview with the president of The Union of Cooperative Societies of Women in Fisheries and Assimilated of Côte d’Ivoire (USCOFEP-CI), a union of several women’s cooperatives in Côte d’Ivoire.1 In Ghana, we conducted two interviews – one online with a female representative of a CSO and an in-person interview with a male fisheries livelihoods expert and a CSO employee. In Nigeria, we conducted two telephone interviews with the male and female representatives of the Bonny Indigenous Fishermen Cooperative Union – despite the name, women who are fishers, fish processors, traders, and marketers indigenous to Bonny Island are part of this Union.

Mixed-gender groups instead of single-gender FGDs were utilised because it allowed us to understand how men and women were affected differently by the COVID-19 disruptions. We deemed the dialogue between men and women, when confronted with each other’s opinions, to be necessary for ascertaining the varying degree to which they have been affected by and responded to COVID-19 disruptions. It allowed men and women affected by the same issue (COVID-19 disruptions) to benefit simultaneously from exploring different perspectives within a group (see: Strandbu and Kvalem, 2014)– see Table 1 for a description of FGD participants. Importantly, this approach was convenient for our participants. They belonged to the same cooperative groups and were keen to learn how others were affected by and responded to the impact of COVID-19 disruptions.


Table 1 | Description and of FGD participants.



Qualitative methods were used in supporting this project because they allowed us to gain an in-depth understanding of the perspectives and experiences of our participants. Triangulating our data sources enabled us to validate the findings derived from these sources (see: Carter et al., 2014) and deploy a constant comparison method in our analysis. This method entails interpreting and comparing interview findings and FGDs as they emerge from the data analysis with results from similar research elsewhere (Timonen et al., 2018). Specific to the study, we extended the seafood disruption framework provided by (Love 2021), which includes attention paid to demand, distribution, labour, and production, disruptions, to highlight the impact of COVID-19 disruptions on SSF with an emphasis on women.

The data was collected between June 2021 and August 2021. We employed purposeful sampling for our interviews and FGDs, which entailed identifying and selecting participants based on their knowledge and experiences as fisherfolk or as CSO personnel. The availability and willingness to participate and the ability to share experiences and opinions on the impact of COVID-19 disruptions and how they responded to their adversity reflectively were also considered (see: Palinkas et al., 2015). The data collection was done remotely for some interviews and in-person for others, and four languages were used: English (Ghana and Bonny Island – Nigeria), Ewe and Fante (Volta and Central region of Ghana), and French (Abidjan, Cote d’Ivoire).2 A translator was required for the non-English languages during the interviews, and FGDs and field notes were taken. The interactions with the participants were not recorded: this was to allow them to speak freely about their experiences. However, notes were taken to deepen the understanding of participants’ meaning, which enhanced the data and provided a rich context for analysis (see: Phillippi and Lauderdale, 2018).

We created contact summary forms, also known as memos, for each interview and FGDs to be familiarised with the data, capture key concepts, themes, or issues that arose during the data collection, and reflect on the data collection process. These notes were later analysed using thematic analysis (Braun and Clarke, 2012) because they allowed us to identify, analyse, and report themes from the qualitative data. The contact forms or memos helped us plan for the next interview and FGD, revise existing codes, literature review, and further analyse data (see, for example, Chikowore and Kerr, 2020). We then divided the data analysis into two; one focused on the gendered impact of COVID-19 on SSF, and the second focused on women’s responses to the impact of the pandemic and the general adversity they face in the SSF sector.

The interviewees’ roles as leaders of either cooperative societies or representatives of fishing CSOs, and fisherfolk’s participation in the focus groups provided depth, richness and validity to the data. Such an approach also provided ample opportunity to make a wider assessment of the impacts of COVID-19 disruptions and responses to it alongside the evidence from the extant literature. Our participants provided an opportunity for us to gain new insights and an in-depth understanding of their lived experiences around the impacts of COVID-19 and how they responded to their adversities. Whilst this research represents examples from select countries in the GOG, the findings are not generalisable. We do not aim to over-generalise these responses as a “one-size-fits-all” narrative, even though countries in the region share similar characteristics concerning challenges to sustainable fisheries and livelihoods in coastal communities. Our findings highlight the need for further study on the subject, and we believe our research method to be transferable to countries outside the case study areas.



Results: Impacts of COVID-19 Disruptions in the Gulf of Guinea

The adversities faced by the SSF sector have been amplified by COVID-19 disruptions (FAO, 2020a; FAO, 2020c). COVID-19 measures, particularly lockdown and social distancing measures implemented throughout the GOG to curb the spread of the virus, caused four types of disruptions to SSF in the GOG: demand; distribution; labour; and production disruptions (see: Love et al., 2021). For their part, the FAO (2020a) has acknowledged the impacts of COVID-19 disruptions across the globe by noting that fisheries were ‘disrupted, causing negative impacts on supply [i.e., production], demand and logistics [i.e., distribution] and adverse social and business [i.e., labour] consequences’ (FAO, 2020b:1). To show briefly how men and women in fisheries in the GOG were affected by COVID-19 restrictions, we extend Love et al.’s (2021) argument to show how these disruptions affected women’s activities within the fisheries value chain in the GOG – see Table 2.


Table 2 | Covid-19 Disruptions to seafood systems and their effects on women in SSF (adapted from Love et al., 2021).



Each of these four categories of disruption amplified the pre-existing challenges for those affected. The emphasis is on women due to their position in the value chain and the extent to which they are affected by the disruptions. Men dominate the at sea activities. Therefore, they are not affected in the same way.

Demand disruptions to SSF in the GOG due to market and border closures and travel restrictions reduced seafood demand by severing access to consumers in the GOG. The threats posed by these disruptions are bidirectional: women cannot access consumers and are thus unable to sell seafood products. Similarly, consumers cannot access seafood, which is a vital source of protein and nutrition for a vast majority of the GOG population. Demand disruptions also decrease the market value of seafood products (FAO, 2020a), forcing fisherfolk to sell their products at a loss. Throughout Guinea, Ghana, and Senegal, fisherfolk lost their products due to growing operational costs and reduced demand (CFFA, 2020c; Darko, 2020; Diallo, 2020). Respondents from Nigeria described how fishmongers ‘sold fish at a loss to avoid spoilage due to the locked down (sic) and reduced demand’ that followed.3 Respondents from Ghana and Cote d’Ivoire underscored this point, noting that market closures and curfews affected demand for fish which forced them to sell at a loss while others went to waste because they could not sell them.

Distribution was disrupted by lockdown measures which caused the entire SSF value chain to shrivel. In Cote d’ Ivoire, efforts to reduce congestion at ports, which crucially link landed fish to processors and marketers, resulted in rotating access to the San Pedro Port – the country’s second-largest port and one of the most important ports on the West African seaboard.

This system initially restricted access to the port to once every 15 days but was later extended to 19 days. This system effectively prevented women from being able to purchase fish to sell for almost three weeks.4

Transportation was also interrupted by the restrictions, which affected women’s ability to sell their fish. In Ghana, social distancing requirements saw public transport reducing the number of passengers and increasing the fees per passenger (Okyere et al., 2020). Distribution costs of transporting fish to consumers increased, while women fishmongers’ revenue potential significantly decreased. In Guinea, increasing transportation costs meant that women had to decide whether the costs of transportation to landing, processing and consumer sites were worth the little money they could earn in reduced demand (Diallo, 2020). At the height of the pandemic, women fish processors and marketers sold at a loss, as the distribution costs tied to transporting fish outweighed their revenue potential.

Labour disruptions induced by the restrictions affected both men and women. However, the extent to which women were affected was much greater due to the highly gendered division of labour in SSF, which concentrates on women in landing and processing sites and client-facing markets. As a result, while the lockdown measures affected men’s ability to go to sea, women in the value chain who work in the landing and processing sies, were out of jobs. In Ghana, fish processing businesses reduced the number of processors to implement the social distancing measures.

In places where ten processors used to work, this was reduced to three or four to observe the social distancing. Working in shifts means that multiple families are affected.5

Respondents from Nigeria and Cote d’Ivoire disclosed similar experiences, which align with the findings of an FAO (2020b:3) report that noted that implementing of social distancing requirements in fishery processing sites ‘reduced capacity’ which further reduces women’s economic welfare in SSF.

Finally, production disruptions caused by lockdown or social distancing measures affected fishermen’s ability to go to sea, reducing access to fish among women fish processors and sellers throughout the GOG; it also increased competition for fish (Harris, 2020). Production disruptions also affected the predominantly female population of fish processors in the GOG, as the demand for preserved fish (through smoking or freezing) increased (FAO, 2020b). Yet, the capacities to meet these shifts in demand remained limited due to a lack of access to fish. Even when some fish may have been available, processing capacities were also disrupted with restricted access to processing sites due to social distancing, curfews, and low processing capacities that typify SSF.6

These disruptions have cascading effects. In Cote d’Ivoire, fisherfolk welfare worsened due to COVID-19 restrictions that reduced the number of fishing crew and processors working at any given time, disrupted fishing supply chains, limited the movement of people, and caused market and border closures.7 In Cameroon, reduced catch resulted in decreased sales, as the fishers could not catch enough to sell to fishmongers. The impact on the value chain is that both the processors and the sellers did not have enough fish or sometimes did not have any fish to process or sell (Nyiawung et al., 2021).

Women in SSF in the GOG have experienced an acute growth of the pre-existing challenges that their gendered SSF roles ascribe to them due to COVID-19 disruptions. For instance, in describing the impact of COVID-19 on women in the fisheries value chain in Cote d’Ivoire, the president of USCOFEP-CI noted that ‘COVID-19 has unravelled [much] of the progress made by the cooperative to ensure fair treatment and secure livelihoods for women’.8 These disruptions thus provide a timely opportunity to explore women’s responses to adversities within the highly vulnerable SSF sector in the GOG.




Women’s Responses to COVID-19 Disruptions: Coping Strategies Deployed in Times of Adversities

This section explores how the responses of women to COVID-19 disruptions interacted with other vulnerabilities.


Negative Coping Mechanism: Access to Fish at a Cost! Sex for Fish or Finance

COVID-19 disruptions for the SSF sector throughout the GOG reduced fish access for most of the women population of fishmongers and processors. This reduced access, (Okyere et al., 2020) increased competition for fish among women in SSF, with dangerous consequences. Transactional sex in the fishing industry is commonplace, whereby women exchange sex for fish to ensure continued access to fish, and sometimes credit, from fishers (Béné and Merten, 2008; Okafor-Yarwood, 2020). The sex economy of fisheries reveals the murky depths of gender inequity within the sector, as hierarchical and patriarchal power relations push women to commodify their bodies to meet their livelihood needs and household responsibilities. HIV/AIDS infection rates in fishing communities across Africa, Asia and Latin America are between 4 and 14 times higher than national averages (Kissling et al., 2005), with transactional sex in the fisheries sector contributing to this high prevalence (FAO, 2015). In Ghana, during the pandemic, the “sex for fish” phenomenon has been exacerbated, as vulnerable women exchange sexual favours with male fishers for a regular supply of fish on credit, with payment to be made after the sale of the fish. Sharing an excerpt from their field research, one respondent declared:

…[The] “sex for fish” phenomenon is real in [Keta area of the Volta region]. Some women give themselves to migrant fishermen (especially those from Accra and Ada area) to buy fish on credit from them. It is a sad thing, but some desperate women indulge in it for survival … Many women in the community are in sexual relationships with fishermen, so they get fish supplies on credit. This is common, and some of these men have several female partners. It is an unfortunate situation, but since they are all adults and must satisfy their personal needs and their kids, a blind eye is turned to these things. It is affecting the health of many women [due to exposure to Sexually Transmitted Infections - STIs.9

A study by Fiorella et al. (2015) highlights that transactional sex in fisheries is strongly linked to access to fish, with fish catch reductions leading to increases in transactional sexual relationships. COVID-19 induced reductions in access to fish might have exacerbated this trend, with women pushed further towards transactional ‘sex for fish’ practices, exposing them to serious health risks. In Nigeria, some female fishmongers engage in the practice (sale of sex) to support their families. COVID19 worsened these women’s vulnerability: as fishmongers who are single mothers, and with no male income in the household, they sold sex to feed their children, having lost access to the market and no protection from the state.

…[the] single mothers were hit hard. With no fish to sell or support from anyone, they turned to begging. The people they are begging from are also struggling to survive. In extreme cases, some of them turned to ‘selling sex’ to make money to feed their children … Women are still suffering. Nobody cares about the women.10

While the sex economy in fisheries typically highlights the vulnerability of women in SSF who sell ‘sex for fish’ to ensure access to fish from fishermen, women are not the only ones who commodify their bodies to protect their fisheries livelihoods. A corollary phenomenon of ‘sex for finance’ whereby fishermen trade sex to secure financing from female fish financiers has been suggested in West African fisheries.11 The existence of a ‘sex for finance’ dimension of the fisheries sex economy mirrors a broader practice of the participation of men as providers of sex in transactional sexual relationships, as evidenced by Mojola (2014). The participation of men as providers of sex in the fisheries sex economy highlights once again that vulnerability is neither a natural nor exclusive attribute of women. The ‘sex for finance’ phenomenon among men in fisheries evidence that men, too, respond to their fisheries vulnerabilities, distinct from those of women, by deploying harmful coping mechanisms. Furthermore, the easy association between women and vulnerability renders this particular vulnerability among men largely invisible (Javanbakht and Ragsdale, 2019). Further research is needed to understand how commonplace the ‘sex for finance’ phenomenon is and how much it might have been heightened by COVID-19.

The sex economy of SSF aggravates the vulnerability of women within the sector and introduces a space for vulnerability among men that is largely invisible. Engagement in transactional sex for fish and financing thus forms a harmful coping strategy that both women and men employ to ensure their fisheries’ livelihoods and meet their household needs. In response to increasing competition for fish, and the lack of finance, which COVID-19 disruptions have exacerbated, women in SSF turn to the harmful coping strategy of transactional sex and confront increased health risks. Fisheries’ livelihood disruptions are also experienced by men, whose livelihoods are more secure but still precarious, and who are also turning to ‘sex for finance’ in response to SSF disruptions. Yet, a gendered examination of resilience that solely criticises responses to adversity also risks perpetuating the ‘tendency to use a language of victimhood and vulnerability when discussing women’ (Smyth and Sweetman, 2015:409). Persistent inequalities along gendered lines in SSF in the GOG have constructed distinct vulnerabilities for women within the sector. The preceding discussion has demonstrated how COVID-19 responses have reproduced and amplified these gendered vulnerabilities. Nevertheless, it is necessary to recognise that while the socially constructed vulnerabilities of women impact (and limit) their capacities and opportunities for resilience, it does not prohibit their resilience.

The negative examples of resilience in the fisheries sector sometimes mask the positive strategies that women in the SSF in the GOG have deployed to build resilience to their vulnerability amidst COVID-19 disruptions. These positive resilience strategies are discussed in the following sub-sections.


Positive Coping Mechanism: Examplar of Ocean Optimism in the Gulf of Guinea


Self-Mobilising to Implement Measures

As highlighted in previous sections, women’s fisheries contributions are largely informal and un(der)valued, resulting in their institutional invisibility within fisheries policymaking and governance. These long-standing invisibilities marginalise women in fisheries response measures to mitigate the disruptions caused by COVID-19 (Okafor-Yarwood and van den Berg, 2021). Their institutional marginalisation has led women in SSF in the GOG to self-mobilise in creative and independent ways to cushion the shocks of COVID-19 disruptions.

In the Volta Region of Ghana, reduced access to markets due to lockdown and the closure of international borders resulted in innovative ways of marketing fish. An interviewee noted:

During the COVID-19 lockdown, [the income generated by fish sellers was significantly reduced]. They found a more innovative way of selling their fish as a result. [They] dispatched large parcels of fish to customers using the local inter-city private sector taxi cabs or minibuses. [They] used mobile money transactions to receive the payments before sending the fish. Though the profit was not as much as [they] could have gotten if [they] sold in person at the various market centres, the expenses was reduced as [they] did not have to travel all the time therefore reducing risks of contracting [COVID-19] or spreading it.12

This innovative way of selling their produce leverages transportation options and digital solutions to ensure access to consumers while minimising risks of exposure to COVID-19 among female fishmongers. Women processors additionally installed and enforced sanitation and social distancing measures at processing sites and markets. In Côte d’Ivoire, the women’s fisheries cooperative USCOFEP-CI raised awareness of social distancing requirements among women fish processors. Limited support from the government meant that these women had to initially finance their own sanitary kits, including purchasing face masks and hand washing stations at the height of COVID-19 restriction measures in 2020. Although these kits were later funded by external actors, the additional operating costs depleted women’s already meagre financial resources and heightened overall feelings of institutional neglect among them.

Further, poor health and sanitary conditions of fish landing and processing sites have perennially plagued SSF throughout the GOG and cause highly gendered health risks for women in the sector. Overcrowding, poor sanitation, low processing capacities and hazardous fish processing practices typify the landing and processing sites where women’s SSF work largely occurs. More than merely shining a light on these poor working conditions, COVID-19 has also offered an opportunity to address these long-standing problems and build back better (UN, 2020). Reports from CFFA in Côte d’Ivoire evidence optimism among women fish processors who view the ‘pandemic as an opportunity to address these issues’ (Philippe, 2020a). The need for such a transformative approach to addressing the challenges of COVID-19 is underscored by the FAO (2020b) which emphasises that ‘current challenges should be taken as opportunities for governments to create better sustainability systems for fisheries’ that align with a ‘human rights approach’ (FAO, 2020a:13). Such a human rights approach must centralise the challenges of ‘the most affected and vulnerable groups along fisheries’ value chains, which crucially includes women FAO, 2020a:12).





Union of Cooperative Societies of Women in Fisheries and Assimilated of Côte D’Ivoire (USCOFEP-CI)

In the GOG, women’s cooperatives provide important ‘safety nets’ for women in fisheries and work to empower women in the face of persistent SSF marginalisation and neglect (Okafor-Yarwood and van den Berg, 2021).

In July 2020, USCOFEP-CI acquired a forty-foot refrigerated container in the Ivorian San Pedro port with external support from the European Union (EU) to combat fish spoilage in fish processing. Women fish processors highly celebrated the container’s arrival as a step towards achieving their economic independence (Philippe, 2020b). However, with reduced demand due to COVID-19, this container is yet to operate at its full potential. Notwithstanding the limitations that COVID-19 has placed on the container’s operating potential, it remains a positive achievement for women in Côte d’Ivoire’s SSF, who would suffer higher fish losses without it. According to USCOFEP-CI Chairwoman Micheline Dion:

Although the container is currently half-empty due to COVID-19 disruptions, it mitigates fish loss through spoilage by providing women processors and sellers with the ability to preserve and store their fish for longer periods. This is vital given reductions in consumer access and demand induced by COVID-19 restrictions.13

According to the FAO (2020a), fisheries cooperatives have ‘played a vital role during the COVID-19 pandemic’ (4) to ensure labour continuity, overcome challenges and coordinate fisherfolk. For women in SSF, the FAO stresses the role of cooperatives in providing women with access to information and resources during the pandemic (FAO, 2020a). In Vietnam, Ferrer et al. (2021) found that women’s cooperatives significantly enhanced awareness of COVID-19 and how to prevent it. In Cote d’Ivoire, USCOFEP-PI has been actively responding to the impacts of COVID-19 through sensitisation campaigns at landing sites about social distancing requirements and through lobbying and advocacy on behalf of women in SSF by calling upon the government and the EU to implement adequate and inclusive response strategies in SSF (Philippe, 2020a). The narrative is similar in Ghana, Togo, and Benin, where fishing cooperatives have worked collectively to support their members and sensitise them on the health advisory measures for preventing COVID-19.14 COVID-19 has made much of the work done by cooperatives impossible, as they are no longer able to conduct the fundraising activities upon which they rely, and external funding is ad-hoc and inadequate.15 As Ferrer et al. observe, fisher’s cooperatives ‘need to be strengthened’ (2021:104) to better support their respective communities to build back better in a post-COVID-19 world.

In response to the limitations that COVID-19 disruptions have placed on cooperative support for women in SSF in Cote d’Ivoire, and confronted with mercurial support from institutional actors such as the government and the EU, USCOFEP-CI is carving a creative path to resilience through an unexpected ally. In 2021 the cooperative entered a partnership with Conservation des Espèces (CEM) – a marine conservation NGO whose mission is to protect marine and coastal ecosystems and promote local community participation and sustainable development for these purposes. CEM focuses on protecting marine turtles and their habitats, and partners with local coastal communities to achieve this. In exchange for cooperative and community members ‘leaving the turtles alone’, discouraging turtle poaching and encroachment on their habitats, and aiding CEM in monitoring turtle population numbers and movements through reporting turtle sightings, CEM will provide the cooperative with a cold room and ice factory for women in SSF. Like most conservation efforts, there is a risk of negative implications on fisherfolk and other members of communities who might feel excluded. However, the project’s collaborative nature would allow for the concerns of fisherfolk to be taken into account and addressed accordingly. CEM also works with hotels in Grand Bereby and San Pedro in Côte d’Ivoire to promote eco-tourism, which may provide additional livelihood benefits for women in SSF in the region, in the form of increased demand for fish from expanded tourism.16 Further research is needed to understand the implications of CEM’s project on coastal livelihood.



West Coast Women Ambassadors (WWA), GHANA

The West Coast Women Ambassadors (WWA) has worked with fishing communities in Ghana to set up a Community Village Savings and Loans Association (VSLA) to provide financial services. The WWA is a civil society women’s organisation formed in 2010. Their objective is to socially and economically empower women, especially single-parent female-headed households in the coastal-fishing communities in the Western and Volta Regions of Ghana. The COVID-19 pandemic and the resultant lockdown depleted the business capital of many women in the fish trade value chain through fish spoilage inflicted by the difficulty in reaching markets or spending their trading capital in meeting the needs of their families. As the lockdown eased, WWA sought ways to support these women to organise and support each other since they do not have access to loans from financial institutions. To this end, in April 2021, they set up the VSLA to bring financial services closer to members and to act as a rallying point for initiating necessary legitimate community development activities such as sustainable fishing, farming, education, literacy/numeracy, business education and ecosystem management. As of September 2021, WWA’s VSLA operates in two communities, Whuti (Anloga District), and Vodza (Keta Municipal) both in the Volta Region of Ghana. There are currently 50 members each in two groups in Whuti community comprising fishmongers, farmers and petty traders, with each member contributing 20 Ghana Cedis per week (90% of whom are women). There is also one group of 80 members in the Vodza community (98% are women). Since the VSLA started in April 2021, other communities have shown enthusiasm to introduce similar initiatives. 17

The work of the VSLA illustrates how resilience is fostered when people are organised and presented as a group. In June 2021, the VSLA in the Whuti community secured a loan with the support of WWA. Up to 2000 Ghana Cedis each was made available for 40 members to borrow if they wanted it. WWA provided the institutional support to secure the loan from the Business Advisory Centre (BAC) in Sogakope, South-Tongu Municipality, Ghana, which transferred it through the local Anlo Rural Bank. BAC is a state public agency that provides business advisory and training services and marketing avenues to micro and medium scale business enterprises. BAC was convinced to give the loan because WWA made a strong case for the VSLA as an organised group, presenting evidence of their VSLA contributions. The total loan made available to the VSLA members was 45,000 Ghana Cedis, which they have invested in their businesses. WWA is overseeing the repayment of the loan, which is done in agreed-upon flexible weekly instalments.18




The Gendered Complexities of Coping Strategies

The previous two sections discussed COVID-19 responses among women in the GOG’s SSF as falling into the categories of either harmful (or negative) coping mechanisms, which seek to alleviate the disruptions caused by COVID-19 while simultaneously heightening other threats and vulnerabilities among women in the sector, or positive resilience strategies, which comprise responses that enable women to not only survive the adverse effects of COVID-19 disruptions but which also contribute to their longer-term abilities to thrive in the face of disruption. However, a binary understanding of responses oversimplifies the complexities contained within them. The third and final part of our discussion examines the gendered complexities of these strategies as response measures whose deployment are highly gendered in construction and in the distribution of their benefits.


The Gendered Distribution of Digital Solutions

Following market closures, reduced access to consumers gave rise to digital marketing solutions to directly connect fisherfolk to consumers (FAO, 2020a). The introduction and proliferation of these digital solutions are both global and emblematic of broader trends in COVID-19 responses across sectors, that have increasingly turned to digital spaces to replace physical interactions. As highlighted above, women in the GOG’s SSF have leveraged digital solutions to ensure consumer access and the continuation of their fisheries livelihoods through the use of mobile money. However, a critical gendered examination of digital solutions in SSF for the GOG also reveals significant dangers inherent in this widely celebrated coping mechanism and highlights its limitations and harmful implications.

At the height of the COVID-19 pandemic wherein restrictions resulted in the shutdown of the supply chain in South Africa, fisherfolk pivoted from delivering to restaurants to supplying fish to homes and have now also launched a product line that customers can use to order online (http://fishwithastory.org/). In South Africa, the Abalobi app exemplifies how technology has been leveraged to support the SSF sector (http://abalobi.org/about/). The South African example demonstrates how a short-term coping strategy can evolve into a long-term tool for adaptation and potentially add to fisherfolk resilience through this initiative.

Online fish selling as a coping mechanism and strategy for adaptation is also evidenced in the GOG. In Ghana, an online fish startup called Loojanor, created in 2018 to connect fishers with consumers, has offered an alternative to the traditional market (CFFA, 2020b). The success of this initiative has evolved into a thriving adaptation at the heights of the pandemic as the company has now expanded its partnerships with other stakeholders in the Ghanaian food sector.

The use of digital spaces as a coping strategy for COVID-19 disruptions has been both prolific and highly celebrated, showing how technology can be utilised as a long term adaptation tool in the SSF as fisherfolk sought to build back better in a post-COVID-19 world. However, despite the role that digital solutions played for some fisherfolk at the height of the pandemic, access limitations remained a significant challenge for the majority of fisherfolk and are discussed here in three areas; along geographic, socio-economic, and gendered lines, to highlight the fact that they are discriminatory digital spaces that may be reproducing food and income insecurities rather than alleviating them.

The first problem associated with digital solutions to COVID-19 disruptions in SSF in the GOG relates to internet access. Fundamentally, these digital solutions connecting fisherfolk to consumers require high internet penetration to present a viable alternative to physical marketplaces. A recent report by the Institute of Labour Economics (Rodríguez-castelán et al., 2021:3) describes West Africa as a ‘subregion with one of the lowest levels of mobile internet penetration in the world’. While Nigeria boasted an internet penetration of 73% in 2020 (the third highest in Africa) (Statista, 2020), most countries in the GOG are characterised by low access to the internet. As of 2020, internet penetration in Angola, Liberia and Sierra Leone stood at 26.5%, 14.7% and 12.8%, respectively (Statista, 2020). Therefore, the appropriateness of digital solutions for fisherfolk in response to COVID-19 disruptions is extremely limited for most countries and people in the GOG. These country-level statistics do not reflect variation in internet penetration at the sub-national level, which is inevitably higher in urban centres and much lower in rural coastal communities (see: Broadband Commission, 2021:35). The need for high internet penetration for digital solutions in SSF to be effective and its corresponding absence throughout much of the GOG reveals a deeply urban and rural divide in West African contexts.

Related to the divide in urban-rural digital access is the socio-economic nature of digital access. This implies that online fish marketing solutions are highly susceptible to elite capture, further marginalising fisherfolk and consumers who lack access to the requisite digital tools and literacy required to benefit from such initiatives. Digital solutions for SSF in the face of COVID-19 demand disruptions in the GOG may thus further reduce access to fish for the most impoverished fisherfolk in the SSF sector and the most food-insecure consumers. The potential for elite capture of SSF through digital solutions in response to market closures and reduced consumer access is evidence of disaster capitalism at work by conditioning access to consumers and fish – a crucial source of nutrition – on digital access.

A third access challenge is the gendered digital divide. Digital access is highly gendered due to systemic socio-economic advantages that give men higher access to education and income than women. The need to reduce the digital divide for women and men in fishing communities and the higher digital access challenges women face in Mexico were highlighted in a recent report by COBI (2020). Ferrer et al. (2021) also draw attention to the gendered digital divide in the SSF sector in Southeast Asia, highlighting that while e-commerce has become a common fish marketing response, ‘the skills in online marketing and fish handling techniques of small-scale fishers, especially women and young people, still need to be enhanced’ (Ferrer et al., 2021: 107).

A similar gendered digital divide exists in fishing communities in the GOG, where women exhibit lower levels of education, literacy and have lower incomes than men, all of which interact to limit their abilities to access digital spaces. In a case study on women in Nigeria’s SSF, Zanna and Musa (2020) found that 37.4% of sampled women were illiterate. They conclude that women’s overall educational status in the fisheries sector is inferior compared to men’s. This is further complicated by the fact that women barely receive training on the use of digital technology. Reinforcing this point, the fisherfolk (women and men) that contributed data to this research have noted that they too, hardly receive any technological training/education. Although fish processing and marketing can be labour intensive and time-consuming, technologies have not been simplified adequately enough to motivate women to adopt them. The gendered digital divide that prevents women from benefiting from digital solutions as a response to COVID-19 disruptions is evidence of disaster patriarchy that fails to integrate the particular and pre-existing disadvantages that women in SSF in the GOG face, thereby perpetuating both their invisibilities and inequalities in these response measures.

Access challenges along geographic, socio-economic (elite) and gendered lines significantly reduce the reach and appropriateness of digital solutions as a path to resilience for fisherfolk in the GOG. The gendered limitations of these digital solutions may further marginalise women in fisheries (albeit unintentionally) by removing the need for physical markets, where women dominate the workforce. Specifically, in replacing traditional real-world markets, these digital solutions are intended to cut out the middleman by connecting fisherfolk directly to consumers. Given the concentration of women in the fisheries value chain in the GOG, these solutions, in reality, cut out the middle woman. Therefore, a gendered interrogation of digital solutions in SSF showcases that availability should not be conflated with accessibility. While growth in digital spaces for fisherfolk in SSF has increased the availability of these solutions, the accessibility of these solutions is highly gendered. So too is the distribution of digital solution benefits, which privilege men and marginalise women. Further research is needed to interrogate the gendered distribution of benefits associated with the implementation of such digital solutions.



The Burden of Diversification

Recommendations to improve fisher household resilience when confronted by disruptions include ‘diversifying livelihood(s) to reduce dependency on the fishery and provide for additional sources of income and food’ (Ferrer et al., 2021: 99). Diversification of income sources for small scale fisherfolk is a common practice by both men and women as a potential way out of poverty (de Steenhuijsen Piters et al., 2021; Roscher et al., 2022). However, we focus specifically on diversification by women in fisheries due to the extent to which they dominate diversification in fishing businesses (see: Gopal et al., 2020; Gustavsson, 2020).

Throughout West Africa, in addition to working in the fishing value chain, most women also separately engage in vegetable gardening or farming. In Ghana, women in the fishing value chain often engage in other economic activities such as retail trading in consumables – condiments for preparing meals and soap. Others are seamstresses, hairdressers, or bakers. All these go to supplement the family’s income, particularly during periods of low fish catches (Johnson and Boachie-Yiadom, 2011). In Nigeria, the extent to which women diversify is dictated by access to capital. As a result, many of the women are unable to diversify due to the lack of finance. However, those with access to capital work in the fishing value chain and operate ‘Petti-stalls’ where they sell provisions and food items. At the same time, others also sell ‘Okrika’ – second-hand clothing.19

The evidence of resilience among women in SSF in the GOG amidst COVID-19 and the general adversity they face in the fishing sector is cause for a degree of ocean optimism. Across the GOG, women in SSF have responded to the highly gendered disruptions brought on by COVID-19 and persistent institutional marginalisation not with inaction but with adaptation. Women have self-mobilised to ensure the continuation of their fisheries livelihood activities. Women-led fisheries cooperatives have provided critical support and responded to limitations caused by COVID-19 disruptions by galvanising creative solutions with unexpected allies, including through diversification.

However, this ocean optimism is not without qualification. As evidenced above, women’s diversification responses to disruptions within their fisheries livelihoods are widely regarded as evidence of their resilience. However, the appropriateness of such celebratory assessments merit interrogation. Luft’s (2016) model of disaster patriarchy and criticisms of resilience put forward by Shwaik (2021) and MacKinnon and Derickson (2013) remind us of the need to interrogate the gendered inequalities contained within and perpetuated by the discourse of diversification. The gendered burden of diversification is underpinned by patriarchal assumptions inherent to whose livelihood activities are recognised as important and therefore consequently protected. Women working in SSF have always needed to diversify their income sources, as gendered earning gaps and invisibilities limit their earnings potential within the sector. This is compounded by the fact that they carry a disproportionate responsibility to ensure the food security of their households (Thorpe et al., 2014).

The feminisation of poverty thesis holds that women experience a higher incidence of poverty as compared to men. Chant (2008:176) interrogates the analytical problems contained within this widely accepted proposition and argues that ‘perhaps more important’ than the feminisation of poverty is the ‘feminization of responsibility and obligation’ that places women’ increasingly at the frontline of dealing with poverty’. The primary responsibility placed on women to ensure ‘household survival’ (Chant, 2008: 182) pushes them to diversify and intensify their inputs towards household survival. Thorpe et al. (2014) highlight the feminisation of poverty for women in SSF in Sierra Leone and argue that variegated access to capital that disadvantages women based on their gender and the multiple roles that they must occupy as a result of gendered expectations pushes them to diversify by deploying coping strategies like labour substitution towards or away from fisheries (Thorpe et al., 2014). They further add that almost half of women in Sierra Leone’s SSF diversify their incomes through non-fishing activities, while men in SSF are conversely far less likely to have diverse income sources. This further perpetuates the feminisation of poverty by ensnaring women in the need to prioritise short-term consumption smoothing at the expense of being able to engage in longer-term profitable investments that requires specialisation.

It follows that women’s responses to COVID-19 fisheries disruptions by diversifying their livelihoods is nothing new. Rather, it is an extension of the resilience they have been forced to develop due to enduring gender inequalities and expectations in SSF. Positive assessments of women’s diversification strategies in response to COVID-19 disruptions without qualification of the contexts thus risks reinforcing gendered expectations that force women to balance and navigate multiple roles. At the same time, men are afforded the luxury to continue specialising, benefiting from response measures that protect their livelihoods. Ultimately, the gendered diversification trends in SSF due to COVID-19 disruptions thus illuminate a bitter truth: women are apt at diversifying because they have never been provided with the security that would enable them to specialise. Evidence from Ghana and Cote d’Ivoire reveals that fishermen loiter along the shores in the face of fishing disruptions, waiting for their turn to fish (CFFA, 2020a; Darko, 2020). In Sierra Leone, fishermen have even responded to restrictions with violence (Kamara, 2020). Meanwhile, women within the sector cannot risk inaction or violence, given their centrality to ensuring food security at the household level. Thus, whilst women continue to exhibit resilience in times of adversity through diversification, we must exercise caution in its advocacy.



Implications and Conclusion

SSF plays a vital role in millions of people’s food and economic security throughout the Gulf of Guinea (Okafor-Yarwood, 2019). Though both men and women are affected by vulnerabilities in the sector, the gender inequalities that pervade it renders women in fisheries particularly susceptible to the disruptions in SSF (Okafor-Yarwood and van den Berg, 2021). The adverse effects of COVID-19 caused by disrupted demand, distribution, labour, and production have worsened the vulnerabilities of SSF, particularly for women therein (FAO, 2020b; Love et al., 2021). To understand the responses deployed by fisherfolk in the face of COVID-19 disruptions, and their gendered dimensions, we critically analysed the concept of resilience. While resilience is often projected as something positive (Kolar, 2011; USAID, 2012; UN, 2015), we argue that some strategies intended to build resilience further exacerbate societal vulnerability writ large. This is demonstrated most clearly in how some coping mechanisms deployed by women in SSF in response to COVID-19 disruptions place them at further risk: to STIs and other harmful behaviours. These findings challenge an uncritically positive narrative of resilience. We also shared examples of ocean optimism in the GOG to show some of the positive examples of resilience, evidenced in the coping strategies adopted by women in the face of their adversities. Finally, we also revealed the grey zone of gendered complexities through assessing responses to disruption that cannot neatly be understood as simply either harmful coping mechanisms or positive resilience strategies, due to the patriarchal construction and gendered distribution of benefits that accompany the deployment of digital solutions and diversification in SSF.

For fisherfolk, especially women, to be truly resilient in the face of adversity, they need to get to the point of transformation, wherein they can not only return to the previous level of welfare before the COVID-19 disruptions but become empowered. Achieving this requires states, governments, NGOs and CSOs to actively address the root causes of the challenges fisherfolk face and invest in infrastructure that enables the sector to transcend beyond recovery to transformation. For instance, to close the gendered gap between digital solution availability and accessibility investment, an effort must be made in enhancing the digital infrastructure of the GOG; specifically, greater priority needs to be given to digital skills training for women (Afram et al., 2021).

We also caution against perpetuating the gendered discourse of diversification in SSF, which by applauding women’s capacities to diversify ensnares them within patriarchal poverty-spirals of short-term consumption smoothing. Instead, we call for the protection and promotion of women’s SSF livelihoods by granting them greater institutional visibility, recognition, voice, and opportunities for sustainable fisheries participation. This requires multi-level action and investment by governments, fisheries management bodies, NGOs and other actors. In Nigeria, Eja-Ice, a private company dedicated to creating environmentally friendly opportunities for women in Africa, provides solar-powered refrigeration for women fish traders, and was founded to address high fish spoilage in Nigeria and its particularly devastating impacts for women fish traders. According to the company’s annual impact report, in 2020 Eja-Ice refrigeration and cold-chain solutions for women in Nigeria’s SSF saved 133,760 fish from being wasted – accounting for 40% of total fish sales among their female fish-trader clients. This type of targeted support is thus significantly contributing to empowering the fisheries livelihoods of women in SSF in Nigeria, offering them technological security and allowing them to ensure and grow their fisheries livelihoods instead of pushing them to diversify to meet their livelihood needs (Eja-Ice, 2020:8).

Women’s cooperatives in SSF also play a pivotal and innovative role in lobbying for and advancing women’s recognition, empowerment, and participation within SSF. However, the absence of reliable support for these cooperatives makes them vulnerable to disruption and limits the consistency of their capacities to champion women in SSF. Financial support and institutional recognition of the vital role that women’s fisheries cooperatives play in supporting women in SSF needs to be ensured and institutionalised at national and regional levels to enable these cooperatives to effectively empower women in SSF. Further cultivation and expansion of these and other efforts to promote and protect women’s SSF livelihoods is critical to dismantling the gendered vulnerabilities that define SSF and to dismantle the patriarchal foundations of SSF resilience.

The full empowerment of women in SSF requires addressing the root causes of gender inequality that define their vulnerabilities in SSF and constrain their capacities for resilience, as well as acknowledging and addressing women’s participation in constructing vulnerability within the sector and in the sex economy of fisheries in particular. Evidence from our research of men’s participation in ‘sex for finance’ with female fish financiers in fisheries also indicates that easy assumptions that reduce women to vulnerable ‘victims’ in such exchanges prevents recognition of the role they may play in embedding the fisheries sex economy; we thus run the risk of marginalising the vulnerability of men in such transactions. Promoting and protecting legitimate and sustainable fisheries livelihoods among women may serve to deter the participation of female fish financers in this ‘sex for finance’ phenomenon, while greater agentive integration and recognition of women’s participation in fisheries can broaden understandings of vulnerability to grant greater visibility to the exploitation of men within transactional sex practices in the SSF sector.
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Footnotes

1Interview with USCOFEP-CI was supported by the Coalition for Fairer Fishing Agreement (CFFA); they also made their online Zoom translation software available to us.

2Whuti and Sroegbe communities are in the Anloga District, one of the 18 districts in the Volta Region. The residents are predominantly fisherfolk, and the local language is Ewe. The Region (Volta) is one of Ghana's sixteen administrative regions. It stretches from the coast of the Gulf Guinea through all the vegetative zones found in Ghana (i.e. coastal-savanna, forest, transitional and savanna zones). The region is multi-ethnic and multilingual, with three main groups: Ewe, Guan, and Akan. Gomoa-Fetteh, in the Gomoa-East District, is one of the 16 District Assemblies in the Central Region. The residents are predominantly fisherfolk, and the local language is Fante. The Central Region is located in the South of Ghana and the centre of the country's 550-kilometre-long coastline. The region has the longest coastline in the country at 150km and is amongst four on Ghana's coast, bordering the GOG section of the Atlantic Ocean. The other regions on the coastline are (from east to west) Volta, Greater-Accra, Central and Western Regions. Abidjan is the economic capital of Cote d'Ivoire. It is located in the Ébrié Lagoon on the coast of the Gulf of Guinea. Bonny Island is situated in Bonny Local Government Area in Rivers State, in the Niger Delta area of Nigeria. The majority of the people on the island derive their livelihoods from fisheries. The island is also home to the Nigerian Liquefied Natural Gas (NLNG) company.

3Online interview with the woman leader, Bonny Indigenous Fishermen Cooperative Union, 29th June 2021. Despite the name, women who are fishers, fish processors, traders, and marketers indigenous to Bonny Island are part of this Union.

4Interview with Micheline Dion, president of The Union of Cooperative Societies of Women in Fisheries and Assimilated of Côte d'Ivoire (USCOFEP-CI), 13/07/2021.

5Focus group discussion with fisherfolk from Whitu and Srogboe Community, Anloga District, Volta Region, Ghana. 24th July 2021.

6This analysis is surmised from the focus group discussion and interviews with fisherfolk and CSO representatives in from Ghana, Togo, Nigeria, and Côte d'Ivoire conducted between June and August 2021.

7Focus group discussion with representatives of FENASCOOP-CI, 9th August 2021.

8Interview with Micheline Dion, president of USCOFEP-CI, 13th July, 2021.

9Interview with Mr Randolph Kwesi Johnson, a Sustainable Fisheries and Coastal Management Expert for the West Coast Women Ambassadors, Ghana, 25th June 2021. The excerpt he shared was from field research he did in April 2021.

10Online interview with the woman leader, Bonny Indigenous Fishermen Cooperative Union, 29th June 2021. Despite the name, women who are fishers, fish processors, traders, and marketers indigenous to Bonny Island are part of this Union.

11Insights from discussion with participants from Nigeria and Ghana.

12Interview with Mr Randolph Kwesi Benyi Johnson, a Sustainable Fisheries and Coastal Management Expert, Ghana, 25th June 2021.

13An excerpt from the interview with Micheline Dion, president of USCOFEP-CI. 13th July 2021 (online).

14This analysis is based on the discussion with Micheline Dion, president of USCOFEP-CI online, on the 13th of July 2021 and in-person in Abidjan, Cote d’Ivoire, on the 12th of August 2021.

15Interview with Micheline Dion, president of USCOFEP-CI. 13th July 2021 (online).

16Interview with Micheline Dion, president of USCOFEP-CI. 13th July 2021 (online).

17Focus group discussion with Whittu Community in the Volta Region, Ghana, and interview with Mr Randolph Kwesi Benyi Johnson, a Sustainable Fisheries and Coastal Management Expert for West Coast Women Ambassadors Ghana. 24th July 2021.

18Focus group discussion with Whittu Community in the Volta Region, Ghana and interview Mr Randolph Kwesi Benyi Johnson, a Sustainable Fisheries and Coastal Management Expert for Westcoast Women Ambassadors Ghana. 24th July 2021.

19Online interview with the woman leader, Bonny Indigenous Fishermen Cooperative Union, 29th June 2021. Despite the name, women who are fishers, fish processors, traders, and marketers indigenous to Bonny Island are part of this Union.



References

 Adger, W. N. (2006). Vulnerability. Global Environ. Change 16 (3), 268–281. doi: 10.1016/j.gloenvcha.2006.02.006

 Afram, A., Afenyo-agbe, E., and Sefa-nyarko, C. (2021). Digital Technologies Use Among Female-Led MSMES in Ghana: Access, Constraints and Options for Closing the Gaps. Available at: https://www.pdaghana.com/index.php/policy-briefs/item/download/142_38703551a15c3993e63ccfba40ed1a96.html.

 Asiedu, B., and Nunoo, F. K. E. (2015). “Declining Fish Stocks in the Gulf of Guinea: Socio-Economic Impacts,” in Assessment and Impact of Developmental Activities of the Marine Environment and the Fisheries Resources of the Gulf of Guinea. Accra: Department of Marine and Fisheries Sciences Reader. Ed.  P. K. Ofori-Danson, E. Nyarko, K. A. Addo, D. K. Atsu, B. O. Botwe, and E. K. Asamoah Accra: Department of Marine and Fisheries Sciences Reader, 201–218.

 Avtar, R., Deepak, S., Deha, A. U., Ali, P. Y., Prakhar, M., Pranav, N. D., et al. (2021). Impact of COVID-19 Lockdown on the Fisheries Sector : A Case Study From Three Harbors in Western India. Remote Sens. 13 (183), 1–20. doi: 10.3390/rs13020183

 Béné, C., and Merten, S. (2008). Women and Fish-For-Sex: Transactional Sex, HIV/AIDS and Gender in African Fisheries. World Dev. 36 (5), 875–899. doi: 10.1016/j.worlddev.2007.05.010

 Braun, V., and Clarke, V. (2012). “Thematic Analysis” in APA Handbook of Research Methods in Psychology; Vol. 2: Research Designs: Quantitative, Qualitative, Neuropsychological, and Biological, vol. 2 . Eds.  H. Cooper, P. M. Camic, D. L. Long, A. T. Panter, D. Rindskopf, and K. J. Sher (Washington D.C: American Psychological Association), 57–71.

 Broadband Commission (2021). Connecting Africa Through Broadband: A Strategy for Doubling Connectivity by 2021 and Reaching Universal Access by 2030. Available at: https://www.broadbandcommission.org/Documents/working-groups/DigitalMoonshotforAfrica_Report.pdf.

 Campbell, S. J., Jakub, R., Valdivia, A., Setiawan, H., Setiawan, A., Cox, C, et al. (2021). Immediate Impact of COVID-19 Across Tropical Small-Scale Fishing Communities. Ocean Coastal Manage. 200. doi: 10.1016/j.ocecoaman.2020.105485

 Carter, N., Bryant-lukosius, D., Dicenso, A., and Blythe, J. (2014). Methods & Meanings. Oncol. Nurs. Forum 41 (5), 545–547. doi: 10.1188/14.ONF.545-547

 CFFA (2020a). ‘If Small-Scale Fishing Declines, There Will be a Food Crisis’ (CFFA-CAPE). Available at: https://www.cffacape.org/coronavirus-crisis-impacts-on-african-artisanal-fisheries/if-small-scale-fishing-declines-there-will-be-a-food-crisis.

 CFFA (2020b). In Ghana, a Startup That Sells Fish Online and Delivers Home is Prospering, CFFA-CAPE. Available at: https://www.cffacape.org/coronavirus-crisis-impacts-on-african-artisanal-fisheries/in-ghana-a-startup-that-sells-fish-online-and-delivers-home-is-prospering.

 CFFA (2020c). Senegalese Fisheries Professionals Express Their Support to the Government (CFFA-CAPE). Available at: https://www.cffacape.org/coronavirus-crisis-impacts-on-african-artisanal-fisheries/senegalese-fisheries-professionals-express-their-support-to-the-government.

 Chant, S. (2008). The “Feminisation of Poverty” and the “Feminisation” of Anti-Poverty Programmes: Room for Revision? J. Dev. Stud. 44 (2), 165–197. doi: 10.1080/00220380701789810

 Chikowore, N. R., and Kerr, J. M. (2020). A Qualitative Inquiry Into Collecting Recyclable Cans and Bottles as a Livelihood Activity at Football Tailgates in the United States. Sustainability 12 (5659), 5–6. doi: 10.3390/su12145659

 Cinner, J. E., Mcclanahan, T. R., Graham, N. A. J., Daw, T. M., Maina, J., Stead, S. M., et al. (2012). Vulnerability of Coastal Communities to Key Impacts of Climate Change on Coral Reef Fisheries. Global Environ. Change 22 (1), 12–20. doi: 10.1016/j.gloenvcha.2011.09.018

 COBI (2020). Gender Equality at Sea? An Analysis During the COVID-19 Pandemic. Available at: https://cobi.org.mx/wp-content/uploads/2020/08/COBI-Gender-and-COVID19-3-August.pdf.

 Darko, N. K. (2020). Highly Mobile Ghanaian Artisanal Fishers Cannot Circumvent the Closure of Borders (CFFA-CAPE). Available at: https://www.cffacape.org/coronavirus-crisis-impacts-on-african-artisanal-fisheries/hemmed-in-by-covid-19-highly-mobile-ghanaian-artisanal-fishers-cannot-circumvent-the-closure-of-borders.

 de Steenhuijsen Piters, B., Nelen, J, Wennink, B, Ingram, V, Tondel, F, Kruijssen, F, et al. (2021). West African Food System Resilience (Wageningen). 

 Diallo, M. A. (2020). In Guinea, the Fish Supply and Processing Chains Are Under Severe Strain (CFFA-CAPE). Available at: https://www.cffacape.org/coronavirus-crisis-impacts-on-african-artisanal-fisheries/in-guinea-the-fish-processing-and-supply-chains-are-under-severe-strain.

 Du Preez, M.-L. (2018). Gender and Small-Scale Fisheries in Africa. No. 173 Johannesburg: South African Institute of International Affairs.

 Eja-Ice (2020). Solar Powered Refrigeration & Cold Chain Services. Available at: https://ejaice.com/publications/EJA-ICE-Limited-2020-Impact-Report.pdf.

 FAO (2015). Addressing HIV/AIDS in Fishing Communities of West Africa can Secure Employment to Youth and Women and Better Livelihoods. Available at: https://www.fao.org/africa/news/detail-news/en/c/274831/.

 FAO (2020a). FAO Vigo Dialogue on Social Responsibility in the Fisheries and Aquaculture Value Chains - Addressing Current Problems Triggered by COVID-19 Rome: Food and Agriculture Organisation of the United Nations.

 FAO (2020b). How Is Covid-19 Outbreak Impacting the Fisheries and Aquaculture Food Systems and What can FAO do (Rome: Food and Agriculture Organisation of the United Nations). Available at: http://www.fao.org/fileadmin/user_upload/faoweb/FI/COVID19/COVID19_Information_Paper.pdf.

 FAO (2020c). The Effect of COVID-19 on Fisheries and Aquaculture in Asia. Available at: https://www.fao.org/3/ca9545en/CA9545EN.pdf.

 FCWC (2020). Joint Actions for Secure and Sustainable Small-Scale Fisheries in West Africa, FCWC (Tema, Ghana: Fisheries Committee of West Central Gulf of Guinea). Available at: https://fcwc-fish.org/download/3090/brochures-leaflets/14414/2020-fcwc-theme-leaflet.pdf.

 Ferrer, A. J. G., Pomeroy, R., Akester, M. J., Muawanah, U. M. I., Chumchuen, W, Chiat Lee, W. E.N., et al. (2021). Fisheries in Southeast Asia : Impacts and Responses’. Asian Fish. Sci. 34, 99–113. doi: 10.33997/j.afs.2021.34.1.011

 Fiorella, K. J., Camlin, C. S., Salmen, C. R., Omondi, R., Hickey, M. D., Omollo, D. O, et al (2021). Transactional Fish-for-Sex Relationships Amid Declining Fish Access in Kenya. World Dev. 74, 323–332. doi: 10.1016/j.worlddev.2015.05.015

 Folke, C. (2016). Resilience (Republished). Ecol. Soc. 21 (4). doi: 10.5751/ES-09088-210444

 Galappaththi, M., Armitage, D., and and Collins, A. M. (2022). Women’s Experiences in Influencing and Shaping Small-Scale Fisheries Governance. Fish Fish. 1–22. doi: 10.1111/faf.12672

 Gopal, N., Hapke, H. M., Kusakabe, K., Rajaratnam, S., and Williams, M. J. (2020). Expanding the Horizons for Women in Fisheries and Aquaculture. Gender Technol. Dev. 24 (1), 1–9. doi: 10.1080/09718524.2020.1736353

 Gustavsson, M. (2020). Women’s Changing Productive Practices, Gender Relations and Identities in Fishing Through a Critical Feminisation Perspective’. J. Rural Stud. 78 (August 2019), 36–46. doi: 10.1016/j.jrurstud.2020.06.006

 Harper, S., Zeller, D., Hauzer, M., Pauly, D., and Sumaila, U. R.. (2013). Women and Fisheries: Contribution to Food Security and Local Economies. Mar. Policy 39, 56–63. doi: 10.1016/j.marpol.2012.10.018

 Harper, S., Grubb, C., Stiles, M., and Sumaila, U. R.. (2017). Contributions by Women to Fisheries Economies: Insights From Five Maritime Countries. Coastal Manage. 45 (2), 91–106. doi: 10.1080/08920753.2017.1278143

 Harris, G. (2020). Liberian Fishing Communities Adapt Operations to Stay Afloat Amid COVID-19 Crisis (CFFA-CAPE). Available at: https://www.cffacape.org/coronavirus-crisis-impacts-on-african-artisanal-fisheries/liberian-fishing-communities-adapt-operations-to-stay-afloat-amid-covid-19-crisis.

 Isaacs, M., Onyango, P., and Akintola, S. L. (2022). Small-Scale Fisheries in Africa: A Regional Portrait Tbti Global Publication Series (St John’s, NL, Canada: TBTI Global Publication Series). Available at: https://tbti-global.net/.

 Javanbakht, M., and Ragsdale, A. (2019). Transactional Sex Among Men Who Have Sex With Men: Differences by Substance Use and HIV Status’. J. Urban Helath 96, 429–441. doi: 10.1007/s11524-018-0309-8

 Johnson, K. R., and Boachie-Yiadom, T. (2011). Gender in Fisheries Trends II (Accra: Friends of the Nation (FoN)).

 Kamara, A. (2020) Riot at Tombo Fishing Village, Cocorioko. Available at: https://cocorioko.net/riot-in-timbo-fishing-village/ (Accessed 12 December 2021).

 Khan, A. S., and Sesay, S. S. S. (2015). Seafood Insecurity, Bush Meat Consumption, and Public Health Emergency in West Africa: Did We Miss the Early Warning Signs of an Ebola Epidemic? Mar. Stud. 14 (1), 560–61. doi: 10.1186/s40152-015-0020-2

 Kissling, E., Allison, E. H., Seeley, J. A., Russell, S., Bachmann, M., Musgrave, S. D., et al. (2005). Fisherfolk are Among Groups Most at Risk of HIV: Cross-Country Analysis of Prevalence and Numbers Infected. AIDS 18 (19), 1939–1946. doi: 10.1097/01.aids.0000191925.54679.94

 Kleiber, D., Harris, L. M., and Vincent, A. C. J. (2015). Gender and Small-Scale Fisheries: A Case for Counting Women and Beyond. Fish. Fish. 16, 547–562. doi: 10.1111/faf.12075

 Kolar, K. (2011). Resilience: Revisiting the Concept and its Utility for Social Research’. Int. J. Ment. Health Addict. 9, 421–433. doi: 10.1007/s11469-011-9329-2

 Love, D. C., Allison, E. H., Asche, F., Belton, B., Cottrell, R. S., Froehlich, H. E., et al. (2021). Emerging COVID-19 Impacts, Responses, and Lessons for Building Resilience in the Seafood System. Global Food Secur. 100494, 1–39. doi: 10.1016/j.gfs.2021.100494

 Luft, R. E. (2016). Racialized Disaster Patriarchy : An Intersectional Model for Understanding Disaster Ten Years After Hurricane Katrina Racialized Disaster Patriarchy: An Intersectional Model for Understanding Disaster Ten Years After Hurricane Katrina’. Feminist Formations 28 (2), 1–26.

 MacKinnon, D., and Derickson, K. D. (2013). From Resilience to Resourcefulness: A Critique of Resilience Policy and Activism. Prog. Hum. Geography 37 (2), 253–270. doi: 10.1177/0309132512454775

 Manlosa, A. O., Hornidge, A.-K., and Schluter, A. (2021). Aquaculture-Capture Fisheries Nexus Under Covid-19 : Impacts , Diversity, and Social-Ecological Resilience’. Mar. Stud. 20, 75–85. doi: 10.1007/s40152-021-00213-6

 Mojola, S. A. (2014). Providing Women, Kept Men: Doing Masculinity in the Wake of the African HIV/AIDS Pandemic. Signs: J. of Women Cult. Soc. 39 (2), 341–363. doi: 10.1086/673086

 Nyiawung, R. A., Ayilu, R. K., Suh, N. N., and Ngwang, N. N. (2021). COVID – 19 and Small-Scale Fisheries in Africa: Impacts on Livelihoods and the Fish Value Chain in Cameroon and Liberia. EcoEvoRxiv pp, 1–22. doi: 10.32942/osf.io/5zvx2

 Okafor-Yarwood, I. (2019). Illegal, Unreported and Unregulated Fishing, and the Complexities of the Sustainable Development Goals (SDGs) for Countries in the Gulf of Guinea. Mar. Policy 99, 414–422. doi: 10.1016/j.marpol.2017.09.016

 Okafor-Yarwood, I. (2020). The Cyclical Nature of Maritime Security Threats: Illegal, Unreported and Unregulated Fishing as a Threat to Human and National Security in the Gulf of Guinea. Afr. Secur. 13 (2), 116–146. doi: 10.1080/19392206.2020.1724432

 Okafor-Yarwood, I., Kadagi, N. I., Miranda, N. A. F., Uku, J., Elegbede, I. O., and Adewumi, I. J. (2020). The Blue Economy-Cultural Livelihood-Ecosystem Conservation Triangle: The African Experience. Front. Mar. Sci. 7 (586). doi: 10.3389/fmars.2020.00586

 Okafor-Yarwood, I., Kadagi, N. I., Belhabiib, D., and Alliso, E. H. (2022). Survival of the Richest , Not the Fittest: How Attempts to Improve Governance Impact African Small-Scale Marine Fisheries. Mar. Policy 135, 104847. doi: 10.1016/j.marpol.2021.104847

 Okafor-Yarwood, I., and van den Berg, S. (2021) Women Are a Mainstay of Fishing in West Africa. But They Get a Raw Deal (The Conversation). Available at: https://theconversation.com/women-are-a-mainstay-of-fishing-in-west-africa-but-they-get-a-raw-deal-159283 (Accessed 1 July 2021).

 Okyere, I., Chuku, E. O., Ekumah, B., Angnuureng, D. B., Boakye Appiah, J. K., Mills, D. J., et al. (2020). Physical Distancing and Risk of COVID−19 in Small−Scale Fisheries: A Remote Sensing Assessment in Coastal Ghana. Sci. Rep. 10 (22407), 13. doi: 10.1038/s41598-020-79898-4

 Oloko, A., Fakoya, K, Ferse, S, Breckwoldt, A, Oloko, A, Fakoya, K, et al. (2022). The Challenges and Prospects of Women Fisherfolk in Makoko, Lagos State, Nigeria The Challenges and Prospects of Women Fisherfolk In. Coastal Manage. 0 (0), 1–18. doi: 10.1080/08920753.2022.2022969

 Palinkas, L. A., Horwitz, S. M., Green, C. A., Wisdom, J. P., Duan, N., Hoagwood, K., et al. (2015). Purposeful Sampling for Qualitative Data Collection and Analysis in Mixed Implementation Research. Adm. Policy Ment. Health 42 (5), 533–544. doi: 10.1007/s10488-013-0528-y

 Philippe, J. (2020a). Hard Hit, Ivorian Women See Also an Opportunity to Address Postponed Issues (CFFA-CAPE). Available at: https://www.cffacape.org/coronavirus-crisis-impacts-on-african-artisanal-fisheries/hard-hit-by-the-covid-19-crisis-ivorian-women-in-artisanal-fisheries-also-see-it-as-an-opportunity-to-address-long-postponed-issues-z8jtw.

 Philippe, J. (2020b). This is the First Time Fishing Communities are Seeing a Concrete Positive Impact of the Agreement With the European Union (CFFA-CAPE). Available at: https://www.cffacape.org/news-blog/this-is-the-first-time-fishing-communities-are-seeing-a-concrete-positive-impact-of-the-agreement-with-the-european-union.

 Phillippi, J., and Lauderdale, J. (2018). A Guide to Field Notes for Qualitative Research: Context and Conversation. Qual. Health Res. 28 (3), 381–388. doi: 10.1177/1049732317697102

 Reva, D., and Kumalo, L. (2020). Women in Africa’s Maritime Space. Pretoria, 5–8.

 Rodríguez-castelán, C., et al. (2021) Mobile Internet Adoption in West Africa Mobile Internet Adoption in West Africa Rogelio Granguillhome Ochoa. Available at: https://ftp.iza.org/dp14151.pdf.

 Roscher, M. B., Allison, E. H., Mills, D. J., Eriksson, H., Hellebrandt, D., and Andrew, N. L.. (2022). Sustainable Development Outcomes of Livelihood Diversification in Small- ­Scale Fisheries. Fish. Fish. 00, 1–16. doi: 10.1111/faf.12662

 Shwaikh, M. (2021). The Dehumanizing Discourse of Resilience, Progressive Policy Review. Available at: https://ppr.hkspublications.org/2021/05/28/resilience-discourse/.

 Smyth, I., and Sweetman, C. (2015). Introduction: Gender and Resilience Introduction: Gender and Resilience. Gender and Development 23 (3), 405-414. doi: 10.1080/13552074.2015.1113769

 Statista (2020). Share of Internet Users in Africa as of December 2020, by Country. Available at: https://www.statista.com/statistics/1124283/internet-penetration-in-africa-by-country/.

 Strandbu, Å., and Kvalem, I. L. (2014). Body Talk and Body Ideals Among Adolescent Boys and Girls: A Mixed-Gender Focus Group Study. Youth Soc. 46 (5), 623–641. doi: 10.1177/0044118X12445177

 The World Bank (2016). Safety and Sustainability for Small-Scale Fishers in West Africa, News. Available at: http://www.worldbank.org/en/news/feature/2016/05/16/safety-and-sustainability-for-small-scale-fishers-in-west-africa (Accessed 11 August 2016).

 Thorpe, A., Pouw, N., Baio, A., Sandi, R., Ndomahina, E. T., and Lebbie, T. (2014). Fishing Na Everybody Business: Women’s Work and Gender Relations in Sierra Leone’s Fisheries. Feminist Econom. 20 (3), 53–77. doi: 10.1080/13545701.2014.895403“FISHING

 Timonen, V., Foley, G., and Conlon, C. (2018). Challenges When Using Grounded Theory: A Pragmatic Introduction to Doing GT Research. Int J Qual Methods 17, 1–10. doi: 10.1177/1609406918758086

 Torell, E., Bilecki, D., Owusu, A, Crawford, B., Beran, K., and Kent, K.. (2019). Assessing the Impacts of Gender Integration in Ghana’s Fisheries Sector. Coastal Manage. 47 (6), 507–526. doi: 10.1080/08920753.2019.1669098

 UN (2015). Sendai Framework for Disaster Risk Reduction 2015 - 2030 (New York: United Nations). Available at: https://www.unisdr.org/files/43291_sendaiframeworkfordrren.pdf.

 UN (2020). Policy Brief : The Impact of Covid-19 on Women. United Nations.

 USAID (2012). Building Resilience to Recurrent Crisis: USAID Policy and Progam Guidance. Available at: https://www.usaid.gov/sites/default/files/documents/1866/Policy%26ProgramGuidanceBuildingResiliencetoRecurrentCrisis_Dec2012.pdf.

 V. (2021) Disaster patriarchy: how the pandemic has unleashed a war on women, The Guardian. Available at: https://www.theguardian.com/lifeandstyle/2021/jun/01/disaster-patriarchy-how-the-pandemic-has-unleashed-a-war-on-women

 WEF (2021). Global Gender Gap Report: Insight Report (Switzerland: World Economic Forum). Available at: http://reports.weforum.org/global-gender-gap-report-2021/dataexplorer.

 Zanna, B., and Musa, M. (2020). An Analysis of the Impact of Women in Small Scale Fisheries on Poverty Reduction: A Case Study of Lake Chad Basin Area, Nigeria. Poultry Fish. Wildlife Sci. 8 (212), 4–6. doi: 10.35248/2375-446X.20.8.212




Conflict of Interest: Author IO-Y is an Advisory Board member at Eja-Ice'.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Okafor-Yarwood, van den Berg, Collins and Sefa-Nyarko. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




PERSPECTIVE

published: 30 June 2022

doi: 10.3389/fmars.2022.886373

[image: image2]


A Roadmap to Advance Marine and Coastal Monitoring, Biodiversity Assessment, and International Reporting: A Developing Nation Perspective


Kaylee P Smit 1,2*, Lara Van Niekerk 3,4, Linda R. Harris 4, Abigail McQuatters-Gollop 5, Lynne J. Shannon 2 and Kerry J. Sink 1,4


1 Marine Programme, South African National Biodiversity Institute (SANBI), Cape Town, South Africa, 2 Department of Biological Sciences, University of Cape Town (UCT), Cape Town, South Africa, 3 Coastal Systems and Earth Observation, Council for Scientific and Industrial Research (CSIR), Stellenbosch, South Africa, 4 Institute for Coastal and Marine Research, Nelson Mandela University (NMU), Gqeberha, South Africa, 5 School of Marine and Biological Science, University of Plymouth, Plymouth, United Kingdom




Edited by: 

Vitor H. Paiva, University of Coimbra, Portugal

Reviewed by: 

Alida Bundy, Bedford Institute of Oceanography (BIO), Canada

*Correspondence: 

Kaylee P Smit
 kaylee.smit@uct.ac.za

Specialty section: 
 This article was submitted to Marine Conservation and Sustainability, a section of the journal Frontiers in Marine Science


Received: 28 February 2022

Accepted: 23 May 2022

Published: 30 June 2022

Citation:
Smit KP, Van Niekerk L, Harris LR, McQuatters-Gollop A, Shannon LJ and Sink KJ (2022) A Roadmap to Advance Marine and Coastal Monitoring, Biodiversity Assessment, and International Reporting: A Developing Nation Perspective. Front. Mar. Sci. 9:886373. doi: 10.3389/fmars.2022.886373



Despite the increasing number of tools and indicators to measure biodiversity status and trends, many developing countries struggle to initiate and advance coastal and marine assessments needed to monitor and track national and international progress in biodiversity targets. We identified five key challenges that hinder progress in this context, based on a national marine assessment workshop held in South Africa, and developed recommendations and tangible actions to address these challenges drawing from multiple national assessments, regional initiatives, and global collaborations over the last 15 years. Challenges include a poor understanding of methods, limited capacity and funding for assessments, a lack of systematic approaches to biodiversity assessment and indicator development, and scattered efforts that often fail to link science to policy. Key actions could enable the development of a coordinated framework to feed into policy and decision-making at multiple scales. We provide South African examples to highlight a developing country’s progress toward marine biodiversity assessment and provide a roadmap to integrated monitoring, assessment, and reporting based on positive outcomes. Recommendations to address challenges include building collective understanding of assessment tools and methods, prioritizing pressures urgently needing mitigation measures, using relevant indicators to support reporting at multiple scales, applying coordinated approaches to identify gaps and opportunities, codeveloping coordinated approaches with direct policy links, and leveraging resources and technical capacity for iterative improvement. This roadmap can guide developing and developed countries and support global best practices to collaboratively advance marine and coastal ecosystem monitoring and assessment at multiple scales for meeting many objectives.
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Introduction

Increased human pressures in the oceans are linked to unprecedented losses in marine biodiversity and ecosystem services that are essential for human wellbeing (Hooper et al., 2005; Crain et al., 2008; Halpern and Floeter, 2008; Micheli et al., 2014). To mitigate these impacts and maintain healthy oceans, we need sustained measurements of the status and trends of marine biodiversity and ecosystem condition to better assess the effects of human pressures and to apply this information to inform management actions and policy development. Global policies, research initiatives, and biodiversity frameworks have resulted in the development of numerous tools to track progress in meeting biodiversity targets; this has led to the identification of a wide range of methods and indicators for biodiversity monitoring and assessment, particularly in developed countries (Teixeira et al., 2016; Smit et al., 2021). However, this has resulted in confusion and a lack of standardization. Moreover, top-down indicators developed for global synthesis and reporting are often not useful at a national scale, unless validated with country-level data and accurate interpretation of available indicators. Thus, there is a need to identify flexible global indicators that can be tailored to regional- to local-scale requirements, with appropriate institutional support structures, including cross-cutting national indicators that can support meaningful reporting in a global context.

South Africa has made substantial progress in assessing the marine and coastal environment at a national scale and could be regarded as a leader among developing nations [considered here as countries receiving Official Development Assistance (ODA) aid (oecd.org/dac)] in this context. The South African National Biodiversity Institute (SANBI) is mandated to conduct a National Biodiversity Assessment (NBA) every 5–7 years, reporting on two headline indicators; ecosystem threat status and protection level to track the state of biodiversity over time (Skowno et al., 2019). In the most recent NBA, the IUCN Red List of Ecosystems (RLE) criteria (Rodríguez et al., 2015; Bland et al., 2018; Bland et al., 2019) were applied to determine ecosystem threat status at a national scale (Sink et al., 2019a). At a regional level, in the Western Indian Ocean (WIO) a state of the coast report has been developed every few years (UNEP-Nairobi Convention and WIOMSA, 2015), and a recent assessment following the IUCN RLE approach was used to determine the threat status of marine ecoregions in the WIO region (Obura et al., 2021a). In this paper, we refer to biodiversity assessments in a broad sense that encompasses species and ecosystem assessments in the marine environment.

Despite progress made in South Africa and in Africa, developing countries (particularly those in the Global South) face a unique set of challenges in biodiversity monitoring and national assessment, resulting in clear disparities in progress compared with developed countries (OECD, 2020; Obura et al., 2021b). Some of these limitations include data availability, lack of funding, and poor infrastructure that inhibit data collection and assessment at relevant temporal and spatial scales. In addition, there is generally poor harmonization and coordination among relevant research agencies and reporting channels, and this is often underpinned by a lack of responsibility and ownership for assessment at the ecosystem level. A list of data gaps and research needs were identified in the South African NBA that included the need for “measuring and mapping ecological condition, which is crucial for biodiversity assessments, where biological and ecological data and indices of condition need to be explored across a range of ecosystem types to compare such assessments of condition with assessments made through cumulative pressure mapping” (Sink et al., 2019a). A first step toward addressing these needs included a national marine condition workshop that was hosted by SANBI and the University of Cape Town in October 2021, which provided the basis for this paper. The workshop was attended by participants spanning 11 institutions including representatives from national government, research agencies, and non-governmental organizations (NGOs) (a workshop summary is provided in the Supplementary Material). Discussions from the workshop led to the identification of key challenges for advancing marine biodiversity assessments in developing countries and provided the basis for a set of recommendations and priority actions that reflected our unified thoughts on how to consolidate fragmented efforts and facilitate a way to move biodiversity assessment in the marine realm through to management and policy level.

This paper aims to address the broad challenges identified in the workshop, by providing a roadmap of recommendations and priority actions to facilitate and support national biodiversity assessments. We use South Africa as an example because regular, home-grown national biodiversity assessments (NBAs) have been undertaken since 2004 (Driver et al., 2005; Driver et al., 2012; Skowno et al., 2019), which increasingly draw on and use international approaches in alignment with global best practice, but subject to local constraints (e.g., data or resource requirements). Further, regional and global initiatives are increasingly reaching out to South Africa (among other developing countries) for participation in a variety of new approaches to assessing coastal and marine ecosystems in the Indian, Atlantic, and Southern Oceans. Finally, like many African coastal nations, South Africa is expanding its ocean-based economy (WWF-SA, 2016; Findlay, 2018; AU-IBAR, 2019; Harris et al., 2022b) and must identify, assess, and employ appropriate indicators to monitor the effects of expanding, intensifying, and diversifying activities in support of sustainable development and environmental stewardship.



Challenges and Opportunities for Marine Biodiversity Assessments

Measurement of ecological condition is required to inform ecosystem threat status and other national indicators and project objectives (Sink et al., 2019b; Orejas et al., 2020; Harvey et al., 2021; Monaco et al., 2021). However, some of the biggest challenges that hinder the effective use of capacity and resources for marine assessment include uncoordinated reporting on multiple commitments and objectives and an often extensive but scattered marine policy and legislative landscape (Taljaard et al., 2019). For example, a concise list of common reporting needs, including international strategies and frameworks, systemic assessments, networks, or research platforms and projects, that require indicators from the marine realm are outlined from a South African perspective (Table 1). Well-established international assessment frameworks, such as the European Marine Strategy Framework Directive, the Ocean Health Index (OHI), and the IUCN Red List of Ecosystems, have standardized fit-for-purpose indicators, especially suited to high-level national reporting (Borja et al., 2011; Halpern et al., 2012; Andersen et al., 2014; Rodríguez et al., 2015; Rowland et al., 2019; Nicholson et al., 2021). However, there are many limitations and challenges that hinder progress in implementing these frameworks, particularly in developing countries in a local context.


Table 1 | A concise list of marine-related frameworks and policies, integrated systemic assessments, networks, online data sharing platforms, and projects, relevant to marine biodiversity assessment in South Africa and that are commonly referred to in the text.



Outputs from the South African workshop (see Introduction) resulted in the identification of five key challenges that need to be addressed at the country level to advance marine biodiversity assessments (Figure 1A). These include (1) poor understanding of methods and tools for marine biodiversity assessment; (2) lack of systematic approaches to prioritize pressures and select pressure and state indicators; (3) limited data (and capacity) at a national scale, or at the scale of management objectives; (4) scattered initiatives and poor alignment among scientists, managers, and policymakers; and (5) a lack of funding and resources. It is beyond the scope of this paper to discuss in detail the underlying factors linked to these challenges. However, some common issues, particularly relevant to developing countries, include a history of scattered uncoordinated efforts to monitor and assess marine ecosystems, poor links to management and policy, and a lack of co-development and limited resources (including equipment, human capacity, and funding).




Figure 1 | (A) Schematic showing the five identified challenges that hinder progress for national marine biodiversity assessment in developing countries, recommendations (in bold text at top of each pillar), and tangible actions to overcome these challenges. (B) A roadmap illustrating how the five recommendations, linked to each identified challenge, should be collectively applied to advance marine biodiversity monitoring and the co-development of an assessment framework. These steps need to be guided by a set of key principles that will enable a harmonized, coordinated, equitable, and sustainable iterative process.



There is an urgent need to develop tangible actions to overcome these challenges to advance marine biodiversity assessment at scales relevant to a range of management and sustainable development objectives. The approach used in the South African National Biodiversity Assessment is effective for estimating ecological condition and threats to marine ecosystems at broad spatial scales covering a large (national) area. However, this approach relies on pressures, as a proxy of ecological condition rather than ecological data and in situ ocean observations. Thus, there is a need to groundtruth the country-level assessment, advance the IUCN Red List of Ecosystems assessment methods, and develop national condition assessments using observed (and modeled) data. Harmonization is required among current approaches and methods by identifying synergies, commonalities, and a common set of metrics and indicators that can inform assessments at multiple scales and for multiple reporting objectives (Table 1) (Borja et al., 2019; Evans et al., 2019; McQuatters-Gollop et al., 2019; Pavlidou et al., 2019). Key to this will be to find ways to harness available data, resources, and technical capacity to codesign an indicator and assessment framework for national marine monitoring and assessment. The question is, how do countries go about doing this practically?



A Roadmap: Recommendations and Priority Actions to Address Key Challenges in Coastal and Marine Biodiversity Assessment

The challenges presented here (Figure 1A) are not unique to developing countries but are often harder to overcome where limited technical capacity and resources hinder achieving goals and targets. A set of recommendations and priority actions was identified from discussions and key outputs from the national workshop held in South Africa to address each challenge (Figure 1A). This roadmap can guide developing and developed countries and support global best practices and networks to advance ecosystem monitoring and assessment at multiple scales for multiple sustainability objectives. This roadmap is targeted at researchers, managers, and decision-makers, to guide the efforts of those who are directly or indirectly involved with conducting marine biodiversity assessments. However, we note here that this roadmap will be most useful for national governments and research agencies who are responsible for national reporting and whose mandate is to monitor the status and trends of marine biodiversity and measure the condition of ecosystems.

The actions for implementing the proposed recommendations should be guided by a set of underlying guiding principles that will enable collaborative support for the co-development of an indicator and assessment framework for national marine biodiversity assessment (Figure 1B). Guiding principles were identified by participants during the workshop and drew from international literature (Ojaveer and Eero, 2011; Goldsmith et al., 2015; Haase et al., 2018; Muller-Karger et al., 2018; Skern-Mauritzen et al., 2018; McQuatters-Gollop et al., 2019) to identify enabling conditions to advance marine assessment. These principles include co-development with key links to policy, transparency, harmonization of assessment methods to include global best practices, stakeholder engagement, transparency, and capacity building to ensure iterative improvement of assessments (Figure 1B). The roadmap (Figure 1B) demonstrates how achievement of recommendations (and associated tangible actions) could lead to a collaborative and effective marine monitoring program and assessment framework. We propose that a successful implementation of priority actions (Figure 1A) could help to facilitate improved alignment of marine biodiversity assessment in developing countries, supported by international and regional efforts, and increase standardization of methods, indicators, and outputs to advance assessments in the developing world.



Discussion

The proposed roadmap addresses the five key challenges that developing countries face in undertaking marine biodiversity assessments and presents a key recommendation and tangible actions for each challenge. If implemented, these actions could help to advance and synergize biodiversity monitoring and assessment for sustainable development. The roadmap illustrates the progress that can be made by developing countries to reduce the disparities with biodiversity assessment and monitoring in developed countries. The underlying challenges and proposed actions, with examples from South Africa’s progress in overcoming some of these challenges, are discussed with lessons for other African and developing nations.

To address the first challenge, which centers on a poor understanding of methods and assessment approaches, an online national workshop was held in South Africa with the purpose of harmonizing marine biodiversity assessments at multiple scales, upon which the basis of this paper was developed. The workshop brought together relevant stakeholders, to provide a joint understanding of different methods and tools, and to investigate application in a local context. The intended outcome was to align global approaches (like those used in the EU Mission Atlantic project, the Ocean Health Index, and the Marine Strategy Framework Directive) (Table 1), with South Africa’s upcoming fourth iteration of the NBA. Stakeholders improved their understanding of the different assessment approaches and indicators, culminating in a conceptual framework of how the different approaches can fit together in South Africa and potential ways to overcome some of the challenges that hinder progress in this context.

For other developing countries, we recommend actions like this collaborative workshop to build collective understanding of approaches, networks, and potential interlinkages and to identify commonalities and shared objectives among monitoring and assessment approaches for key reporting channels (Figure 1A). In doing so, research and management agencies can facilitate the alignment of activities and streamline assessment efforts and reporting to increase harmonization and reduce duplication of effort without reinventing the wheel. For example, monitoring and assessment should also learn from, and align with, relevant networks and research platforms (Table 1). International networks often offer opportunities for collaboration with current research programs that can provide additional resources and technical capacity (i.e., funding, equipment, or data). We recommend that countries establish their own national working group or an official Biodiversity Observation Network (BON) that can facilitate these steps locally and provide support for collaboration, harmonization, and knowledge generation.

South Africa is making progress toward addressing the second challenge, the lack of a systematic (holistic, methodological, and repeatable) approach for identifying key pressure and state indicators to facilitate biodiversity actions. A total of 31 human pressures are measured and mapped at a national scale for the NBA (Majiedt et al., 2019), with expert-driven scoring to quantify ecosystem impacts. Although the assessment provides a comprehensive overview of pressures in the EEZ, some sectors are poorly quantified. Further, there is a need for uncertainty to be accommodated, especially in the case of risks imposed on biodiversity by synergistic pressures. Recently, South Africa applied the Options for Delivering Ecosystem-Based Marine Management (ODEMM) approach to prioritize key sectors, pressures, and affected ecosystem components. Further, a literature review of indicator types and assessment approaches was conducted for country-level application (Smit et al., 2021). Key marine indicators are now being categorized for inclusion in a revised National Biodiversity Framework. However, there is still a need to codevelop a multilevel/hierarchical indicator framework of indicators that can be implemented at multiple scales, using global best practices as a departure point.

To address the second challenge, we recommend that a set of smaller projects be conducted that can test selected global indicators with available measured data for sensitivity/viability, and the hosting of a suite of focus workshops with managers and researchers to discuss and distill findings. From this, a hierarchical indicator framework can be built, with time frames (and possible funding streams) to facilitate this. Toward this, other countries could also investigate the use of the ODEMM approach, which is useful for identifying management objectives and guiding indicator selection for biodiversity assessment (Knights et al., 2011; Pedreschi et al., 2019). Further, a DPSIR (Driver Pressure State Impact Response) approach can help better quantify the links between drivers, pressures, and ecosystem state and inform management responses (Piet et al., 2015; Oesterwind et al., 2016; Patrício et al., 2016). Management agencies in developing countries should identify available indicators for marine assessment and categorize them according to reporting levels and relevant scale, like ecosystem threat status which is applied at a national scale, or Essential Ocean Variables (EOVs), which are applied at a more local scale (e.g., phytoplankton biomass) (Edgar et al., 2016; Miloslavich et al., 2018; Bax et al., 2019; Obura et al., 2019). These processes can help to identify existing gaps to monitoring ecosystem change under current and future pressures, with a view to informing appropriate management actions. Development of an indicator and assessment framework should be an objective, transparent, and inclusive process, which generates support for co-development (scientists, managers, and policymakers) and obtains consensus among stakeholders (McQuatters-Gollop et al., 2019; Stephenson et al., 2019; Lear et al., 2020; Karcher et al., 2022). Key to this is sector buy-in from government departments tasked with data collection, biodiversity assessment, and reporting.

For the third challenge of limited data, there are often more marine and coastal data available than are realized, and the challenge (and opportunity) is to increase collaboration to harness existing data and resources for biodiversity assessment. Using regular science gatherings, such as the Southern African Marine Science Symposium (SAMSS), can provide a platform to identify key stakeholders in the marine community and available datasets. In 2015, a national marine monitoring workshop was conducted to identify key marine datasets and identify monitoring needs for South Africa (Atkinson et al., 2016). South Africa also uses various national data platforms to make a range of datasets freely available for use and easily accessible (see examples in Table 1). The challenge here is to identify novel and innovative tools to increase collaboration and to develop a national database of key stakeholders and datasets, following FAIR (Findable, Accessible, Interoperable, and Reusable) principles. A potential way to do this is through the development of a mobile phone app or website to monitor students, researchers, and projects, including an incentivized program to implement this. Alternatively, a new database could be supported by existing data platforms, as seen in Table 1, which is already well supported in South Africa.

So far, positive outcomes from South Africa have provided examples of how to address the first three challenges; however, there are still many gaps that need to be filled, particularly related to the fourth and fifth challenges (Figure 1A). The recommendations and tangible actions outlined for these challenges require large effort with a few champions to drive these processes, yet to be achieved in South Africa. To address the fourth challenge of scattered initiatives and poor alignment, there is a need to develop an effective coordinated structure and framework of policymakers, practitioners, and scientists to enable co-development of assessment frameworks that are nested across multiple scales, linking to common objectives. The high number of sector role players tasked with managing activities and/or resources in the coastal and marine environment (e.g., fishing, water, biodiversity management, mining) (Taljaard et al., 2019) underpins the issue of scattered initiatives. A single management or research agency (e.g., SANBI in South Africa) needs to take ownership or responsibility of conducting biodiversity assessments at a national level, through collaborated efforts across sectors and stakeholder groups (Sink et al., 2019b). It is recommended that spatially explicit assessments at a national scale will be more effective for communicating results to policy and decision-makers than piecemeal assessments of individual ecosystem types (Botts et al., 2020). Through workshops and other training initiatives, improved knowledge generation and capacity building should be conducted with key actors in the policy and science realms, which will also enable the codesign of monitoring and assessment methods (McQuatters-Gollop et al., 2019; Rochette et al., 2019). Communicating results in an effective way for a specific target audience and being ready for new legislative developments are also key enabling conditions to improve co-development and collaboration between scientists and policymakers (Evans et al., 2019; Botts et al., 2020; Hetherington and Phillips, 2020). There is a need to develop a formal science-to-policy framework to improve communication and collaboration along these channels.

Tangible actions identified for the fifth challenge, relating to a lack of funding and resources, include the inclusion of indicators and biodiversity assessments into existing funded processes, as is done in the case of the National Biodiversity Assessment (Sink et al., 2019b). Ecosystem-level indicators are still missing from existing, regular national environmental and fisheries status reports. However, efforts are currently underway to develop ecosystem status reports that can be added to reports such as the annual “Status of the South African Marine Fisheries Resources” (DEFF, 2020). Government and management agencies should identify novel ways to leverage funding opportunities and sustainable financing solutions to minimize reliance on (not exclude) international donor funding (see other tangible actions in Figure 1A). Possible examples are provided by Emerton et al. (2006); Binet et al. (2015), and Riddell et al. (2020), including, but not limited to, payment for ecosystem services, environmental taxes, debt (i.e., blue bonds and debt-for-nature), and microfinance. In South Africa, progress has also been made in including natural capital accounting (including ocean accounts) into formal national budgets and economic reporting, which is supposed to help streamline funding channels for environmental activities and sustainable development (Potgieter, 2018; Findlay et al., 2020; Van Niekerk et al., 2020; Statistics South Africa, 2021). South Africa has also drafted a “Green Finance Taxonomy,” which was published for consultation in June 2021, as a regulatory framework for sustainable finance including key objectives linked to marine resources (Government of South Africa, 2022).

Successful implementation of the proposed recommendations and tangible actions could lead to a more inclusive, coordinated, and holistic approach to managing marine and coastal resources, centered on environmental stewardship and effective use of available resources and capacity. Steps achieved in South Africa provided positive examples of how to overcome some of the challenges identified. The solution is to not reinvent the wheel but to apply international best practices in a local context to harness available data and capacity in a joint approach toward identifying key indicators that can be used for multiple sustainability objectives. The roadmap is presented to help guide an enabling environment with tangible actions to support the development of a codesigned indicator and assessment framework that can be taken up into policy. This framework would also guide biodiversity monitoring programs and research priorities, while achieving multiple reporting obligations.
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The governance of coastal and marine resources remains a complex socio-ecological endeavor in many African countries, but women are leading the way and demonstrating a pathway for food fish security through rights-based co-management of shellfisheries in estuarine and mangrove ecosystems in West Africa. We report comprehensively, for the first time, the scale of estuarine and mangrove ecosystem-based shellfisheries across the West African coast (Senegal, Gambia, Guinea Bissau, Guinea, Sierra Leone, Liberia, Côte d’Ivoire, Ghana, Togo, Benin, and Nigeria), the gender dynamics, and implications for the sustainable management of this small-scale fishery. We find an extensive geographical coverage of active shellfisheries within these ecosystems with close to 571,000 household beneficiaries and over 50,000 harvesters, mainly women, being the primary resource users. An annual shellfish harvest of over 300,000 MT valued at USD 336 million is potentially undocumented across the region. Harvested shellfish species of economic importance comprised 18 species of mollusks, 11 species of crustaceans, and a few unidentified groups of gastropods, crustaceans, and cephalopods. The West African mangrove oyster, periwinkle, bloody cockle, whelk, and razor clam were, in that order, the most harvested estuarine shellfish. The bivalve and gastropod value chains are dominated by women harvesters at all nodes whereas women play significant roles in the processing and marketing of crustacean and cephalopod fisheries. Formal laws specific to the regulation of estuarine shellfisheries are generally nonexistent, however, the organized women shellfish harvester groups of the Tanbi wetlands (The Gambia) and Densu Delta (Ghana) have championed sustainable governance actions resulting in successful women resource user-led fisheries co-management. The elements of success and opportunities for scaling up these examples are discussed. The presence of such groups in several locations offers an entry point for replicating a similar co-management approach across the West African coast.
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Introduction

Fish and fisheries resources remain critical components of global food production and nutrition, providing livelihoods for many with an estimated production volume of 179 million tonnes amounting to a total value of about USD 401 billion by the end of 2018, globally (FAO, 2020). In Africa, the management of the fisheries sector has centered on marine and inland fisheries as these have contributed the most to reported fish production volumes. These sub-sectors receive the most attention and investments while estuarine fisheries are largely unknown, and more so, the role of women in estuarine and mangrove ecosystem-based shellfisheries (EMES).

Coastal intertidal ecosystems are easily accessible, allowing women residing in adjacent coastal communities to engage in fish harvesting, an activity largely perceived as a preserve of the male gender. Many coastal households in West Africa engage in small-scale fishing in estuarine and coastal systems, especially young men using canoes and gill nets, but women and children also operate on foot or with small hand paddled canoes to harvest mollusks and bivalves such as oysters, clams, periwinkles, and other invertebrates. These marine species provide critical livelihood and nutritional support for the women and their households in Africa, and globally (Harper et al., 2013; Harper and Kleiber, 2019; Harper et al., 2020).

Prior to this study, women were observed in selected communities in Senegal, The Gambia, and Ghana to be the main exploiters of some shellfish, particularly bivalves and gastropods. These were, however, hypothetically assumed as isolated occurrences with their true extent not well-known at the regional scale. In addition, there is the emergence of women oyster harvesters from Ghana and The Gambia mobilizing into formalized groups and spearheading the governance through rights-based fisheries co-management arrangements. In the current context of African fisheries governance, however, women governing a fishery Africa could be described as unusual as the existing structures of fisheries governance in the region conform to the ideological notions of gender identity and roles (Thorpe et al., 2014). An idea that places women’s role at the processing and marketing nodes of the fisheries value chain (Thorpe et al., 2014; Lentisco and Lee, 2015), skewing the governance of fisheries and water resources in general toward fisher “men” (Weeratunge et al., 2010; Tantoh et al., 2021).

The highly centralized framework for governing fisheries in the region has resulted in a policy direction with a sectoral bias rather than a multisectoral approach, thus, derailing the stewardship of the fisheries resources of interest (Tantoh et al., 2021). The absence of sound gender analysis in the governance of fisheries and its policies in West Africa may result in measures unbeneficial to the people’s livelihoods and well-being, and to the ecosystem from which food and other ecosystem services are derived (Béné et al., 2010; Weeratunge et al., 2010; Béné and Friend, 2011). For a fishery so connected to other natural assets and with such gender sensitivity, its management requires critical nature-based and gender-centric solutions.

In spite of the observed participation of women in estuarine and mangrove ecosystem shellfisheries, there is little information on the extent of their involvement. While there has been a recent global study on mangrove associated fisheries (zu Ermgassen et al., 2020) that highlights the importance of this fishery in West Africa, no mention was made of the gendered dimensions of mangrove fisherfolks. Data required for sound management such as annual catch and aquaculture statistics are not available for the estuarine shellfisheries in many coastal West African countries. Where information is available, it is not up to date. Neither is the breakdown by gender of the fisherfolks involved in these fisheries available (Harper et al., 2020). Women’s role in decision making and access to fisheries resources ought to be strengthened and secured by promoting their education and empowerment in the fisheries sector as an important strategy for enhancing food and nutrition security in the region (Hasselberg et al., 2020).

This study, therefore, sought to broadly explore the opportunities available at the regional level to leverage the successful implementation of women-led fisheries co-management models in The Gambia (Adité et al., 2018) and Ghana (Ghana Ministry of Fisheries and Aquaculture Development and Fisheries Commission, 2020; Ministry of Fisheries and Aquaculture Development, 2020) for potential further replication and scale-up in similar ecosystems of the region. Through a participatory process involving the resource users, government, academia, NGOs, and local authorities, we describe the socio-ecological aspects of the estuarine and mangrove ecosystem-based shellfisheries, highlighting the participation of women, in 11 countries on the West coast of Africa, from Senegal to Nigeria.

We apply a livelihood-gender-governance lens on a value chain structuring, considering a combination of the socio-economic elements and the ecological system (mainly mangroves and estuarine ecosystems) supporting a somewhat neglected fishery. We attempt to establish the presence or otherwise of shellfisheries in coastal communities of each of the 11 countries and quantify the number of harvesters and household beneficiaries. The study details shellfish exploitation in the estuarine and mangrove ecosystems of West Africa by identifying the species exploited, estimating the volume and value of the fishery and its reliance on mangroves. We further examine the gender dynamics across the region, the role of women in its governance, highlight existing examples of successful governance frameworks, and discuss the potential for scaling up this sustainable governance system across West Africa’s estuarine and mangrove ecosystems.



Methods


Study Area

The West Africa region in this assessment comprises 11 continental coastal countries of the Economic Community of West African States (ECOWAS) where coastal shellfisheries are noted to provide livelihood, income, and nutrition, and are of conservation value for the natural habitats including mangroves. The countries of the assessment were, from west to east, Senegal, The Gambia, Guinea Bissau, Guinea, Sierra Leone, Liberia, Côte d’Ivoire, Ghana, Togo, Benin, and Nigeria. The length of the coastline is approximately 4,472 km and spans the eastern Canary Basin and the Gulf of Guinea. This region of Africa is endowed with several river basins giving rise to many smaller rivers and streams that flow southwards into the Atlantic Ocean (Plank and Forsyth, 2016). An identifiable feature of the coastal greenery in this region is the large expanse of mangrove vegetation fringing the shores, especially in the intertidal zones where estuaries are formed by the convergence of rivers and the ocean (Figure 1).




Figure 1 | Coastal countries of the Economic Community of West African States where estuarine and mangrove ecosystem-based shellfisheries are located. These areas present continental rivers, entering the Atlantic Ocean, with mangrove shores. [The map was developed originally by this study. Data sources: Shellfishing location points from this study; Mangrove data from Global Mangrove Watch; Africa Administrative Level 2 shape file from the Intergovernmental Authority for Development Climate Prediction and Application Centre Geoportal; Rivers data from Diva GIS].





Research Design

A mixed-method exploratory approach was employed comprising a social survey of shellfish stakeholders, and a literature review on estuarine and mangrove ecosystem-based shellfisheries. The semi-structured survey questionnaire was designed to collect data from each country through a participatory approach, conducting interviews with key informants from various stakeholder groups consisting primarily of the resource users (EMES harvesters) and others from government, academia/research, NGOs/CSOs, and traditional authorities. The survey questionnaire included both closed and open-ended questions and was crafted to collect data on the background of respondents, shellfisheries activities, the status of mangrove ecosystems present, and governance/management regimes established. All questions were relevant to respondents of the resource-user category whereas the other stakeholders were exempted from answering questions related to the direct exploitation of the resource as they were not expected to be able to adequately provide responses to such questions.

To administer the questionnaire, a lead enumerator was contracted for each country based on their relevant experience in fisheries issues. A virtual training and a questionnaire-testing session was held for all the lead enumerators through online video conferencing. These lead enumerators then visited coastal communities in their respective countries where there was EMES, conducted in-person interviews with individuals identified as shellfish resource users, and held focus group discussions in some instances. The research was conducted during the COVID-19 pandemic when there were varying country restrictions on international travel, meetings, and social gatherings. To ensure the safety of enumerators and participants, there was strict compliance to social research ethics; ethical approval from the University of Rhode Island’s Institutional Review Board, verbal informed consent from participants, COVID-19 risk information sheets provided to participants, and social distancing and wearing of face masks during interviews.

The questionnaire was developed in English but was translated to the local languages of each community visited. To avoid translation errors and bias, local knowledge and experience in the subject and English proficiency were key considerations in selecting the enumerators. This control and the training of enumerators were used as checks, to ensure that the instrument solicited the right answers to the questions posed. The inclusion criteria for participation as a resource user were to be directly engaged in EMES activities including mainly harvesting, processing, transporting, and retailing/marketing. For other stakeholders, their occupational engagement was related to fisheries or shellfisheries and mangrove area management. Survey response data was entered by the enumerators via a web-based version of the questionnaire, then cleaned and de-identified prior to analysis.

The number of surveys conducted differed among countries due to varying scales and numbers of communities with shellfisheries activities. In all, the total number of key informant interviews (KIIs) conducted across the 11 countries for the respective stakeholder groups were 217 for resource users, 22 for government, 20 for academia/research, 16 for NGO/CSOs, and 3 for traditional authorities. Responses from resource users were analyzed to describe the exploitation, gender dynamics, and value chains whereas responses from the other stakeholders were used as supporting data on harvested species, governance, and mangroves. The surveys were conducted from February to August 2021. Insights were drawn from the open-ended questions in the interviews by synthesizing key themes around all the responses to specific questions. Quantitative questions were analyzed in percentages and figures obtained for volume and value of production were extrapolated to obtain an approximation of the regional scale across West Africa.

Two apparently successful examples of estuarine and mangrove ecosystem shellfish co-management arrangements, one each from Ghana and The Gambia, emerged from the regional survey as the only formalized management arrangements in the region. Therefore, a detailed review and inductive synthesis of interviews at these sites were conducted including a desktop review of reports and available documents on the implementation of the co-management plans. From this exercise, these two case examples are presented to highlight key elements of success, lessons, and principles for potential scale-up in West Africa.



Estimating the Number of Harvesters and Their Household Beneficiaries

Resource users were asked to give an indicative estimate of the number of harvesters in their communities and/or harvesting areas for each community visited in each country. Conservative estimates were made with the assumption that each respondent represents exclusively one harvesting area/community. This approach likely underestimated the number of shellfish harvesting sites as the total number of EMES areas in the region is not known, and hence, a statistical computation of a threshold number of sites to consider in this assessment could not be done. Nonetheless, in communities with very intensive EMES where individual respondents repeatedly gave high numbers of harvesters for the same area, the responses were averaged to represent that single community. The total number of harvesters was estimated as the sum of harvesters indicated by each respondent for their representative community for each country except Guinea. The estimated number of women shellfishers for Guinea assumed 10% of the total artisanal fishers reported by Cormier-Salem et al. (2010) as cited in (Ottaviani, 2020). The respondents (resource users) were also asked for the number of members in their household. The product of the average number of household members and the total harvesters was the used to estimate the number of direct beneficiaries.



Estimating Harvest Quantities/Volumes and Value

In the absence of standardized metrics for quantifying shellfish harvests in the study countries, harvest weights were obtained as unstandardized measurements used by the harvesters themselves such as pans, trays, buckets, baskets, tins, or cans per day. Where possible, respondents gave a corresponding price per unit of shellfish for various shellfish species. This challenge notwithstanding, for countries like The Gambia, Ghana, and Nigeria, standardized metric equivalents were probed further by taking sample weights of the indicated containers filled with shellfish and subtracting the empty container’s weight. A conservative regional estimate was then calculated using oyster catch and prices and by drawing on assumptions from the results of the survey.

For The Gambia, the price obtained was for 63 g of meat weight which translates to approximately 500 g of the whole weight of shell-on or unshucked oysters using a regression equation derived from oyster biometric data collected from March to May 2021 in a parallel study under the USAID Women Shellfishers and Food Security Project (see Supplementary Figure 1). Data (n = 1,080) for the “whole weight”–“meat weight” relationship was drawn from monthly sampling from six different ecosystems, three each in Ghana and The Gambia, over 3 months, hence, variations in condition due to spawning are possibly accounted for.

The total estimated annual harvest volume of EMES by women harvesters in West Africa was deduced using the equation:

	

The total estimated annual harvest value of EMES by women harvesters in West Africa was deduced using the equation:

	



Mapping the Estuarine and Mangrove Ecosystem-Based Shellfisheries Locations

A map of the shellfish harvesting sites was developed using Geographic Information Systems techniques. First, the Global Positioning System coordinates of survey locations visited were converted into shape files. Where coordinates were not obtained directly from the country enumerators, participatory mapping was conducted remotely via video conferencing where the enumerator indicated the harvesting location on a map shared via “share screen”. The aerial extent of mangrove cover for each country (1996-2016) was downloaded from the Global Mangrove Watch1 database and converted from raster to vector format in ESRI ArcMap 10.5 to improve on its visualization. The Africa Administrative Level 2 shape file data was also obtained from the Intergovernmental Authority for Development Climate Prediction and Application Centre Geoportal2 to create the country boundaries. River shape file data was downloaded from the Diva GIS website3. All the datasets were overlaid on ESRI ArcMap 10.5 base map.




Results


Geographical Coverage of Estuarine and Mangrove Ecosystem-Based Shellfisheries in West Africa

Estuarine and mangrove ecosystem-based shellfisheries were found in all the 11 countries in this study, from Senegal to Nigeria (see Figure 1). In each country, there were a minimum of four major locations, including communities and ecosystems, that have active shellfisheries connected to estuaries, lagoons, and mangroves. The mapping of rivers showed several rivers discharge into the Atlantic Ocean at these harvesting locations, forming estuaries with large expanses of mangrove vegetation with total coverage of 1,532,443 ha. The eastern and western coasts of the region had wider mangrove coverage as compared to the central coast, from Liberia to Benin. The eastern coast, mainly the Nigerian coast, had689,417 ha, the western coast, bordering Senegal, The Gambia, Guinea-Bissau, Guinea, and Sierra Leone, had 790,671 ha, and the central coast spanning Liberia, Côte d’Ivoire, Ghana, Benin, and Togo, had 52,355 ha of mangrove area.



Estimated Number of Harvesters

Across the 11 countries assessed, are an estimated 55,558 shellfishers (Table 1), mostly women. Nigeria had the most, with 39,340 shellfishers, or on average, 79 per community, for the approximately 500 coastal settlements; the number of coastal settlements (fishing communities) in Nigeria is constructed from data available in the literature. There were an estimated 2,000 shellfishers each for Senegal, Ghana, and The Gambia. The number of shellfishers in Guinea-Bissau, Sierra Leone, Côte d’Ivoire, Togo, and Benin were each less than 1,000. The average household size of these shellfishers was nine people, with Ghana having the smallest average household size (seven) and The Gambia having the largest average of thirteen. Considering the household sizes presented for each country, 571,935 people were estimated to be directly dependent on the shellfish resources within the West African estuarine and mangrove ecosystems.


Table 1 | Total estimated number of shellfishers and estimated direct shellfisheries beneficiaries from shellfishers’ households in the coastal countries of West Africa.





Gender Dynamics and the Shellfish Value Chain

The local shellfishing communities surveyed were involved in harvesting, processing, retailing/marketing, transportation, consumption, and a few other limited activities. Generally, women were the dominant users of estuarine shellfish resources, constituting more than 60% of shellfishers identified in each country (Figure 2) and 79% regionally. There was further gender differentiation of harvesters, based on species harvested (Figure 3). Women harvesters in the bivalve and gastropod shellfisheries cut across the value chain with complete representation at the processing, marketing and transportation nodes. Men controlled the harvesting and transportation nodes of the crustacean and cephalopod fisheries whereas women remained chiefly in the processing and marketing nodes.




Figure 2 | Gender disaggregation of shellfishery resource users’ overall participation for each country. Number of respondents, n = 217; Senegal, Guinea-Bissau and Togo had focus group discussions of at least five resource users per meeting—the response from each meeting counted as one (n = 1) for these countries. [Data source: Resource user survey from this study].






Figure 3 | Gender dominance of shellfish harvesters along the value chain of different shellfisheries along the West African coast. Gender dominance is determined by more than 60% participation by a particular gender. [Infographic developed originally by this study. Data source: Resource user survey from this study].



Figure 4 depicts the involvement of actors surveyed at the various nodes of the shellfish value chain indicating as many as 80% of the respondents consume shellfish. Following consumption, in terms of relative involvement, are harvesting, retailing/marketing, processing, transportation, and “others”, in that order. Of the 210 actors (96.8% of respondents) responding that they were directly engaged in some part of the value chain, 6.2% were involved exclusively in one node along the value chain (Supplementary Table 1). This was either exclusive consumption (0.48%), harvesting (5.24%), or processing (0.48%) of shellfish. The majority were involved in multiple activities along the value chain. The highest percentage of multiple-node involvement was those who combined harvesting, transportation, processing, retailing/marketing, and consumption, representing 29% of the actors. The second-largest group in the value chain, which is 17% of resource users surveyed, combined harvesting, processing, retailing/marketing, and consumption without transportation. About 8% of the respondents were involved in harvesting and consumption but did not engage in processing. Only 4% of respondents indicated involvement to include “Other” activities. The “other” category included open water ranching of clams, rack culture of oysters, shell trade, use of shells for designs and decorations, or participants in the governance of shellfish.




Figure 4 | Resource users’ involvement in the shellfisheries value chain in West Africa. [Data source: Resource user survey from this study].





Species Harvested

A total of 18 mollusk species, 11 crustacean species, and a few unidentified gastropod, crustacean, and cephalopod groups were found to be harvested as economically valuable or for household food and nutrition (Table 2). The West African mangrove oyster (Crassostrea tulipa), the West African bloody cockle (Senilia senilis), and the freshwater clam (Galatea paradoxa) a.k.a.”Volta clam”, were among the region’s most harvested and widespread bivalves. Mangrove oysters were found in all 11 countries making them the most popular commercially harvested shellfish in the estuarine and mangrove ecosystems. Second in importance in terms of geographic distribution was the gastropod Tympanotonus fuscatus, a periwinkle, with substantial utilization in seven of the eleven countries. Five countries namely Senegal, The Gambia, Côte d’Ivoire, Ghana, and Nigeria were significant exploiters of the whelk Pugilina morio. Found in four countries—Ghana, Guinea, Sierra Leone, and The Gambia—the West African bloody cockle, S. senilis, was fifth in importance regionally. Figure 5 is a depiction of the region’s most harvested shellfish species in estuarine and mangrove ecosystems. Reportedly harvested by some women at the North bank of the Gambia river, and identified in Senegal, was a species of the pearl oyster Pinctada spp.


Table 2 | Shellfish species harvested in the estuarine and mangrove ecosystems along the coast of West Africa from Senegal to Nigeria.






Figure 5 | Common shellfish species harvested along the coast of West Africa; left to right on top row—(A) The West African mangrove oyster (Crassostrea tulipa), (B) periwinkles (Tympanotonus fuscatus), (C) bloody cockle (Senilia senilis), and (D) whelks (Pugilina morio). Left to right on bottom row—(E) razor clams (Tagelus adansonii), (F) freshwater/Volta clam (Galatea paradoxa), (G) shrimps (Penaeids), and the (H) brown mussel (Perna perna). [Data source: All images captured by authors for this study].





Harvest Volume and Value

The assumptions underlying the estimation of volume and value of shellfish in this study are presented in Table 3. Following these assumptions, the total estimated annual harvest volume of shellfish by women harvesters in West Africa was deduced as follows:


Table 3 | Details and rationale of assumptions used in the estimation of the volume and value of estuarine and mangrove ecosystem-based shellfisheries (EMES) in West Africa.



	

Standardized shellfish prices were obtained from only a few locations in Ghana, The Gambia and Nigeria. The mangrove oyster was the least priced shellfish throughout the locations in Ghana, with prices ranging from USD 0.10 to USD 0.40/kg of live (unshucked) oysters. In The Gambia, a cup equivalent to 63 g of oyster meat (wet meat weight) was sold at about USD 1.00 (Saine et al., 2021). The price of unshucked oysters in The Gambia translates to USD 2.00/kg using the derived equation for the “whole weight”–”meat weight” relationship. Unshucked oysters were also reported to cost USD 0.10/kg, USD 0.30/kg, and USD 0.90/kg in Nigeria’s Ondo, Akwa Ibom, and Cross Rivers states, respectively. Averagely, 1 kg live weight of oysters was priced at USD 1.10. The total estimated annual harvest value of EMES by women harvesters in West Africa was deduced as follows:

	





Mangrove Ecosystems as Support for Shellfisheries

Mangrove ecosystems were present in over 90% of the shellfish harvesting locations identified. These mangroves were found to provide critical habitats for shellfish, most visibly as a substrate for the settlement and growth of the West African mangrove oyster. Nonetheless, more than 60% of the harvesters surveyed attested to the active exploitation of mangrove products within their harvesting sites by community members. These were mainly non-shellfishing community members. Shellfish harvesters were minimally involved in mangrove trading, mainly utilizing mangroves as fuel wood for processing shellfish as well as for constructing and fencing processing sheds. Some shellfish harvesters appeared to know the importance of mangroves to shellfish, therefore, employed harvesting techniques that do not harm mangroves.



Governance Regimes

The estuarine and mangrove ecosystems in West Africa, to a large extent, were found to be open and accessible to all. In most shellfish harvesting locations surveyed, there were either no specialized formal laws or legislation for the regulation of the shellfisheries and mangrove systems, or resource users were not aware of them. Some of the survey locations are designated Ramsar sites and Biosphere Reserves with varying degrees of protection for mangroves and wetlands, but rarely if at all regulate shellfish harvesting. More than 495,000 hectares of coastal Ramsar sites across the region have potential shellfisheries (see Supplementary Table 2).

Two examples of explicit and formalized community-based governance arrangements in the region are found in Ghana and The Gambia. These were a cockle and oyster co-management plan regulating harvesting in the Tanbi Wetlands National Park in The Gambia (Gambia Ministry of Fisheries Water Resources and National Assembly Matters, 2012) and a similar co-management plan for the Densu Delta oyster fishery in Ghana (Ghana Ministry of Fisheries and Aquaculture Development and Fisheries Commission, 2020).

There were several women shellfisher groups in the region (see Supplementary Table 3), some of whom are the chief custodians of management and regulation of the conduct of harvesting within their catchment areas. All countries except Guinea and Togo had such women groups. The Gambia had the highest number of formalized community-based women’s groups, followed by Senegal and Côte d’Ivoire. Among all these groups, the TRY Oyster Women’s Association in The Gambia is the only national women shellfishers association with membership from formalized satellite groups in different communities.

Customary laws were identified to contribute to the traditional governance of mangroves and shellfish, such as the “cut one, plant three” rule used to protect mangroves in some locations in Sierra Leone. Shellfish were also not exploited during periods of customary rites usually preceding traditional festivals. An example is in the Densu Delta in Ghana where there is a ban on all forms of fishing including shellfishing for about a month before the “Homowo” festival—a traditional festival that signifies the end of hunger by people of the Ga tribe. At many coastal shellfish harvesting locations across the region, there were fishing holidays believed historically to be sacred days for the gods. In a few communities, certain locations within the wetlands and estuarine/mangrove areas were designated as sanctuaries where only traditional authorities are allowed to enter to perform traditional rites and rituals. Some other gender-centric norms prohibit menstruating females and lactating mothers (for about 3 months after childbirth) from entering coastal ecosystems.



Success Elements of The Ghana and The Gambia Shellfish Co-Management Plans

The inductive synthesis of the two co-management plans identified revealed five key success elements. These were found to be based on the principle of sustainability and driven by the resource users in response to the need to protect their livelihood. The five success elements were:

1. Existence, or formation if absent, of organized resource user groups;

2. Empowerment of these organized groups to enhance their capacity to appreciate and lead conservation action;

3. Evidence of the socio-ecological issue/problem;

4. Strong and inclusive stakeholder constituency building; and5. Financing and partnerships for the co-management process.




Discussion


Estuarine and Mangrove Ecosystem-Based Shellfish Exploitation in West Africa

This study reveals shellfishing livelihoods derived from the estuarine and mangrove ecosystems are widely interspersed along the entire stretch of the West African coast. The numerous rivers forming estuaries at the point of discharge into the Atlantic Ocean provide suitable locations and flourishing mangrove habitats that increase the productivity of many different shellfish species. Notable estuarine and mangrove ecosystem-based shellfishing areas in the region include the Saloum Delta, designated as a biosphere reserve in 1981, a wetland of international importance under the Ramsar Convention in 1984, and a UNESCO world heritage site in 2011. As a result of the abundance of oysters in many of the estuaries and mangrove ecosystems in the region, oyster harvesting, processing, and marketing are commonplace in several coastal communities. The Casamance river estuary or Lower Casamance region of Senegal, the Densu Delta, Narkwa lagoon and the Volta estuary in Ghana, and the Tanbi wetlands of The Gambia are examples of these ecosystems. Coastal communities in Benin harvest in coastal lagoons due to the abundance of shellfish in this area. In Nigeria, shellfish harvesting areas include the Calabar river estuary and the Niger Delta. All these areas are almost exclusively accessible to the public, with no private ownership.

The features of the estuarine and mangrove systems in the region vary considerably. Senegal, Gambia, and Guinea Bissau have many sheltered bays, deltas, and wetlands with marine or brackish features. Other countries have classic brackish water estuaries formed by rivers discharging into the ocean. Certain shellfishing areas have few mangroves (Narkwa and Densu lagoons in Ghana), whereas others are associated with dense stands (Gambia river mouth and Saloum Delta). The whole coast of Togo is a legally protected conservation area and dominated by coastal lagoons. Benin’s Coastal Lagoon is dispersed along its entire shore, serving as critical habitat for shellfish. The large expanse of estuarine and mangrove systems and large populations in coastal Nigeria are probable reasons for the relatively high estimate of estuarine and mangrove ecosystem-based shellfishers for that country in comparison to the others. Although mangroves are important indicators of the presence of active shellfisheries, countries with significant artisanal fisheries and high per capita fish consumption but with low mangrove cover such as Ghana had relatively high numbers of shellfishers possibly due to the importance of fish in the diets of coastal households. Several countries, including Ghana, Togo, and Benin, have dominant and thriving oyster populations residing on the bottom sediment of lagoons and estuaries in addition to those attached mainly to mangrove roots which are typical of Senegal and The Gambia. Relative to the coastal stretch of the region, subsequent studies on countries with larger populations like Nigeria, Senegal or others with extensive mangrove and estuarine areas need more in-depth and larger sample sizes, which is a limitation in this study.

A majority of the significant shellfish species found in the regional estuarine and mangrove ecosystems are mollusks, which represent the second biggest phylum of invertebrate organisms and the second most abundant animal group on earth. The bivalve and gastropod subgroups of mollusks were the most frequently exploited species for food and subsistence. Naturally, these are considered as the main species of mangrove forests; gastropods are well distributed in mangrove habitats probably due to their mobility and bivalves are confined to a narrow area, due to feeding and reproductive behavior, and substrate requirements (Kabir et al., 2014). All other shellfish species are known natives of the region except for the pearl oyster (Pinctada spp.) identified in Senegal and The Gambia. Until now, the geographical distribution of the pearl oyster, either of natural stocks or by introduction, was not documented to include locations along West Africa but in regions of the Indian and Pacific Oceans, as well as the Caribbean (Sims, 1992a; Sims, 1992b; Aideed et al., 2014; Whalan et al., 2021). According to some women harvesters, “marble-like materials” (pearls) have been extracted from these oysters.

The apparent non-existence of standardized methods and fisheries officers responsible for estimating the catch volumes and pricing of shellfish harvests in West Africa makes attempts to construct the catch volumes and value very challenging at the regional scale (Hutchison et al., 2015). In Ghana, earlier research evaluated the value of oysters at USD 1.07 for 15 kg live whole weight (unshucked) at Narkwa Lagoon (Asare et al., 2019) and USD 7.00 for 29 kg at the Densu Delta (Osei et al., 2020), or around USD 0.10–0.20/kg, which is comparable to the lower end of the price range for shellfish identified in this assessment. The higher price of oysters in The Gambia is due partial processing before sale; the oysters are parboiled, shucked and the meat is sold. Hence, the cost of processing influences the shell-on price per kilogram deduced from the indicative price. In addition, oysters have relatively greater popularity in The Gambia where the harvest season usually coincides with Ramadan festivities when the oyster meat is a delicacy and in high demand, particularly at localities in and near the capital of Banjul.

The production volumes (305,480 MT) and value (USD 336 million) estimates of this study are likely to be close to real values, or at worst an underestimation, as they are drawn from data collected from shellfish harvesters but also based on conservative assumptions on key parameters such as the total number of harvesters, total catch, and the price per kilogram. The West African shellfish production value represents 6% of the USD 5.6 billion landed value of the fish catch by women globally (see Harper et al., 2020) and the regional catch is close to the annual small-scale catch by women in the Pacific (Harper et al., 2017).

Estimating the number of actors, in this case shellfish harvesters, especially where there is no data, is challenging (Teh et al., 2013). An earlier attempt to estimate women oyster harvesters and construct estimates was premised on two assumptions; first by assuming the number of oyster harvesters to be equal to the number of coastal artisanal fishers and second by assuming that oyster harvester households equaled the number of fishing households, but with a note of caution (Ottaviani, 2020). This proxy method may not be appropriate due to the enormity of artisanal fisheries in the region compared to the relatively smaller scale women shellfisheries. Using a proportion of the artisanal fishers to women shellfishers may be more appropriate method for future studies as was done for estimating global coral reef fishers (Teh et al., 2013) and applied to estimate the number of women shellfishers in Guinea in this study.

Harvesting methods vary among sites (Figure 6) and men may specialize differently due to their peculiar capabilities. Men employ diving techniques with no special apparel in collecting shellfish from depths. This is common for the clam fishery of the Volta estuary and the oyster fishery of the Densu Delta, both in Ghana. Women wear improvised foot protection gear to avoid injury for harvesting shellfish. The footgear is usually made of old clothing such as severed trouser trunks, worn on the feet, and tied firmly for wading during under-water harvesting at high water levels. Men in the Volta clam fishery use motorized air compressors with a hose (hookah) to supply air while they are underwater and a hauling net to aid in diving for clam collection. Men also deploy traps with bait for the exploitation of crabs (e.g., C. armatum), and use seine nets for shrimp harvesting.




Figure 6 | Different modes of harvesting oysters by women. Some women harvest directly from mangrove roots with their hands or a hatchet, others harvest oysters from the bed of the estuary by wading through and picking with hands and placing them into pans and canoes, and in estuaries with hard/rocky beds, a cutlass is used to remove oysters. [Data source: All images captured by authors for this study.].



The observation of oyster harvesting with a hatchet, a specialized mini axe (see Figure 7), without severing the roots on mangroves corroborates the finding that shellfish harvesters were not the main harvesters of mangroves and were not key actors in the trade of mangroves. The economic benefits derived from oysters associated with mangrove resources could be a primary motivating factor limiting the widespread exploitation of mangroves by the women (Aheto et al., 2016). Nonetheless, the general decline in mangrove covers from 1996 to 2016 in all countries of the region except Benin and The Gambia (Chuku et al., 2020) is a concern.




Figure 7 | Specialized mini axe (hatchet) used for harvesting oysters from mangrove roots without cutting the mangroves. [Data source: Image captured by authors for this study].





Gender Dynamics, Value Chain, and the Governance of Estuarine and Mangrove Ecosystem-Based Shellfisheries in West Africa

Small-scale fisheries are generally seen as “everybody’s business” in many developing countries and its gendered resource use concentrates production in the hands of fishermen while women resort to postharvest processing and retailing (Thorpe et al., 2014; Lentisco and Lee, 2015). This stems from a long-held perception of a highly gender-segregated division of labor, i.e., men fishing and women processing (Lentisco and Lee, 2015; Harper et al., 2017), which has long influenced the generalized approach for supporting development initiatives and governance structures for small-scale fisheries (Lentisco and Lee, 2015). This narrative has been shifting since 2012 after World Fish and the World Bank estimated that 47% of fishworkers worldwide were women (World Bank et al., 2012; Harper and Kleiber, 2019), drawing significant attention to women’s involvement in small-scale fisheries. Nonetheless, there remains much to be learned about the gendered contribution to fisheries at the different nodes of the value chain. This study contributes to this body of knowledge by demonstrating women’s central role in the shellfisheries of West Africa and further reveals their specialization with keyspecies groups of marine organisms in a specific environment.

Such specialization by women is probably due to the accessibility of the harvesting grounds, the ease of capture of the target species, i.e., bivalves and gastropods in particular, and the unsophisticated technologies required for the current scale of the fishery. Men’s participation in estuarine fisheries appears greater where crustaceans and cephalopods were the main species exploited with more sophisticated gear (nets and traps) and by using boats. Even in these fisheries, however, women maintained traditional roles as processors and retailers.

The value chain analysis provides insights relevant to the governance of the fishery. The involvement of women harvesters at multiple nodes of the shellfish value chain—harvesting, processing, marketing, and transportation, including consumption—especially for bivalves and gastropods, shows how strongly women harvesters dominate the sector and how vertically integrated the value chain is. Vertical integration increases the opportunity for women harvesters to benefit from improvements at any node in the value chain. This provides an opportunity and a potential incentive to adopt sustainable management measures. It also could reduce the risk of external capture of benefits other than the women harvesters who may be disconnected from longer-term sustainable resource management that can incentivize rapid overexploitation of the resource.

Transportation to and from harvesting locations occasionally involved men because they own the canoes, although the women were capable of rowing their own canoes. Men’s involvement was also pronounced in the other livelihoods related to shellfishing. For instance, in the Volta river clam fishery in Ghana, men are the main harvesters as exploitation uses boats and hookah gear for harvesting. The men also engage in a form of capture-based aquaculture (or “aqua-ranching”) of the Volta clam. Another economic activity in the Volta clam fishery is shell processing controlled by medium-scale companies. Togo has five such shell processing units, the largest seen in the region in this study. The main customers of the processed shells are feed mills or manufacturers of animal feed ingredients and large poultry producers. The shell value chain in Togo illustrates the opportunity to strengthen links between sustainably managed shellfisheries and improve local production in the poultry value chain in the region for food security and livelihoods, which is now dominated by imports. In some communities, shell processing involves the production and sale of lime for construction whereas some women return shucked shells back into the estuaries to improve settlement substrate for stock enhancement.

Shell planting is an indigenous conservation measure employed by shellfishers in some communities. That and other pro-environment customary laws form the traditional governance mechanisms regulating fishing in general and by extension the shellfisheries. The general lack of a formalized governance of estuarine and mangrove ecosystem-based shellfisheries in the region leaves the sector unregulated and woefully underreported. Some of the customary laws documented in this assessment serve as de-facto fishing closed seasons (holidays) and no-take zones essential for regulating exploitation levels. Other community level by-laws help protect mangroves, which are essential habitat for healthy adult oyster populations, for example the prohibition of, “Akadja” or “Atidza” (brush park) fishing. This method of involves the use of tree branches (mainly mangroves) to create micro-habitats that lure fish in for shelter and food, the area is encircled with a net and harvested after about one to three months. Increasing population pressure, in coastal zones, unrestricted use of common-pool resources (as is the case for open access fisheries), cultural changes, new markets, and technological advances, threaten the effectiveness of traditional norms and respect for traditional laws and consequently could result in further depletion of fisheries resources (Pomeroy et al., 2007; Eigaard et al., 2014; Urquhart et al., 2014; Cinner et al., 2021). All of these represent threats and drivers of excessive mangrove and shellfishery exploitation for the West Africa region as well.

The importance of mangrove ecosystems to shellfisheries makes them a critical resource for conservation. Mangroves in the region are generally protected by forestry and environmental protection laws. Shellfishing locations within Ramsar sites benefit indirectly from the protection and conservation priorities of the Ramsar Convention. Hence, the over 495,000 hectares of coastal Ramsar sites across the region present the opportunity to align investment in improved shellfisheries management with existing national and international commitments.

This assessment identified only two examples in West Africa of formalized governance arrangements for shellfisheries, with legally approved and gazetted co-management plans for areas in Ghana and The Gambia. They reference fisheries and other existing laws and regulations and formalize the delegation of exclusive shellfish harvesting or use rights in these areas to legally recognized associations. These co-management examples in Ghana and The Gambia are prime examples and archetypes for potential scale-up across the region, and therefore, are described in more detail in the next section. Where there were strong co-management arrangements, there are active and organized shellfisheries groups that were the main drivers of these management regimes.



Lessons From Ghana and The Gambia Women-Led Estuarine and Mangrove Ecosystem-Based Shellfisheries Co-Management, and Opportunities for Scale-Up in West Africa

The examples of resource-user-driven fisheries co-management from Ghana and The Gambia targeting the sustainable exploitation of oysters and cockles in specific brackish and mangrove ecosystems are rare in the region. They were both motivated by the realization by an active resource user group of the need to reverse declining yields to protect their primary source of livelihood and based on the fundamental principle of sustainability, limiting extraction while taking measures to improve abundance. Sustainability is only achievable with restricted access to a large extent of the exploited stock (Pauly et al., 2005). Management measures specified in these plans are decisions made by the resource users through a participatory capacity development and planning processes. They include annual harvesting closed seasons, minimum sizes, and ecosystem stewardship actions. These two co-management plans are touted in both countries as some of the most successful fisheries management efforts in aspects of resource-user led sustainable fisheries management and environmental stewardship decision-making [for Ghana see (Okyere et al., 2020)]. Several factors play critical roles in the creation process and the effectiveness of the co-management arrangements seen in Ghana and The Gambia.

First was the existence, or formation, of organized user groups with the social capital to take up stewardship of the shellfishery upon the devolution to them by national fisheries authorities through exclusive use rights in a co-management arrangement. These groups were formalized with proper internal organizational governance structures and an active membership. The TRY Oyster Women’s Association of The Gambia (Equator Initiative, 2013) and DOPA of Ghana have robust governance structures consisting of a Board of Directors, an Advisory Council, a Local Governing Board, and an Executive Director. The existence of many other shellfisher groups in West Africa as found in this study provides an excellent entry point for scaling up shellfishing use rights and co-management plans as successfully demonstrated in Ghana and The Gambia.

Second, as part of the co-management creation process, these organized groups were empowered through capacity building and boosting their confidence through active engagement and participation in meetings. This is seen as critical for community-based management (Hasselberg et al., 2020). Peer-to-peer learning was another empowerment strategy applied in these cases. Both women’s associations had several training and peer exchange programs (USAID/BaNafaa Project, 2014; Development Action Association, 2017; Adité et al., 2018). These experiences helped change the perspective of the resource users on the possibilities and potential benefits of managing their own fishery. In the case of the Densu Delta, the establishment and legal registration of the Densu Oyster Pickers Association (DOPA) was a result of the co-management planning process. Co-management planning processes can strive to integrate the local ecological knowledge and social capital that are the foundations for traditional systems of natural resource management with scientific knowledge and evidence-based decision making. Co-management planning processes that strengthen use rights can empower resource users to join forces to lead and maintain the implementation of sustainable practices for their mutual benefit.

Third is gathering substantial baseline data and monitoring to understand the biological, ecological, fishery and environmental sanitary conditions of the specific ecosystem of interest, as conducted in both Ghana and The Gambia cases. A poor judgement of the socio-ecological dimensions of natural resource and ecosystem management needs could lead to misguided recommendations for management that may not yield the desired benefit ( Crawford et al., 2010). A useful approach is to apply citizen science where the resource users have first-hand experience participating in data collection and grasp the basic scientific concepts underlying such activities, which makes the uptake of results much easier (Fairclough et al., 2014; Fulton et al., 2019; Wilmoth et al., 2020). These participatory monitoring practices were applied in Ghana and The Gambia where women harvesters were involved in data gathering and educated on the basic biology and ecology of oysters and cockles. The specificity and narrow focus of co-management arrangements on species groups and ecosystems that are primarily of interest to women harvesters may also appear to hold more potential for success.

Fourth, a transparent and inclusive process of stakeholder constituency building from the bottom up was demonstrated in the two countries (Development Action Association, 2017; Development Action Association, 2018). Theoretically, to be successful at scaling up co-management demands active engagement with all facets of national and local governing regimes to coalesce a diverse group of actors, which makes it an endeavor that is larger than its smaller units (Steenbergen et al., 2022). In Ghana, co-management committees were set up that included resource users where local and national authorities were tasked with advisory committees (Ghana Ministry of Fisheries and Aquaculture Development and Fisheries Commission, 2020). This process is beneficial as the state authorities were willing to delegate power to the resource user and commit resources for its success. For example, government buy-in and support led to the allocation of land to the TRY Oyster Women’s Association in The Gambia for the future construction of an office, processing, and training facility to further facilitate the co-management (USAID/BaNafaa Project, 2014).

Fifth is financing and partnerships. Support is required to undertake co-management planning activities leading to the establishment of the co-management plan, and for financial assistance towards eco-remediation measures such as mangrove replanting and sanitation. Both co-management plans of Ghana and The Gambia were significantly supported by donor funding and development programming. In The Gambia, microfinance schemes were initiated to help resource users establish the habit of saving and to support supplementary livelihoods during closed harvest seasons. Closely linked to financing is partnerships for research, capacity building, and behavior change communications during and after the co-management development process. These community groups were supported by technical experts from donor-funded development projects in partnership with university researchers, NGOs, and the government in the gathering of data and drafting of the technical document, with the resource users at the center, coordinating and leading the process. Extension initiatives by universities were pivotal in building the capacity of communities as well as engaging with government towards the successful implementation of co-management in the gleaner women-based shellfisheries in Nicaragua and Tanzania (Crawford et al., 2010).

The five elements discussed above could form the main pillars for scaling up EMES co-management in the West Africa region. However, the mechanisms and processes to success may have to be adapted to the prevailing social, ecological, and political landscape as well. Identifying the needed changes and distinguishing structure from process as suggested in the theory of scaling for community-based fisheries management is essential (Steenbergen et al., 2022). Structural change will be characterized by the changes in social behavior or policy outputs in support of co-management whereas process-driven change will involve the push and pull factors that influence structures. These cut across the success elements discussed and may differ from country to country, and at different locations within each country in the region. For instance, the operational architecture of the resource user (women) groups in Ghana and The Gambia are quite different but have both obtained exclusive use rights for their primary livelihood resource and its associated ecosystem.

The TRY Oyster Women’s Association of The Gambia is a resource-user-led umbrella oyster women association, more of an autonomous parent organization, coordinating activities of several satellite community-level oyster women groups, all formally registered. Their Ghanaian counterparts, the Densu Oyster Pickers Association, operate on a different model where their activities and programming are coordinated by a farmer based non-governmental organization, Development Action Association, which is not operated by the resource users. Both models have proven effective for the co-management process, however, questions on their varied capacities to propel continued innovation and maintain a grasp on their resource user base to sustain the gains as pressure on the resource continue to increase, and required further determination. In southern Africa, after 10 years of implementing fisheries co-management in Malawi, Mozambique, and Zambia, it was concluded that co-management responsive to the community whose institutions are constituted of fishers mainly, and whereby conservation efforts are seen as local contributions to village life other than rule enforcement mechanisms, have been the most successful (Wilson et al., 2010).




Conclusions

The observation of an across-the-region presence of estuarine and mangrove ecosystems with several harvested species of socio-economic importance to women harvesters and their households signals the feasibility of women-led shellfisheries as an avenue for an integrated approach to sustainable management of these systems in West Africa. The results spotlight the unrecognized regional scale of shellfisheries and women’s dominance in many of these in West Africa (summarized in Figure 8). It highlights the critical importance of this small-scale fishery on the livelihoods, food security and socio-economic empowerment of women and their households. With an estimated yield of about 300,000 MT and over USD 300 million realized annually, there is a need to enhance the sustainability of shellfishing to protect women’s livelihoods and create more opportunities for the sector. There was a strong vertical integration of shellfisheries value chains dominated by women harvesters throughout the region (i.e., for the bivalve and gastropod value chains). This further indicates an opportunity to incentivize sustainable management of these resources through improvements at all nodes of the value chain, and the empowerment of women to retain control even with the emergence of an industry in the future. The sector, however, remains vulnerable to the loss of critical habitats, mainly mangroves, whose conservation is required to improve stocks but would also benefit from sustainable shellfish harvesting practices. The potential effect of the COVID-19 pandemic on this assessment is unclear. Although there could be inherent market disruptions because of lockdowns and market closures, fishing was classified as an essential service in some countries, hence, the impact on production could be minimal.




Figure 8 | Summary infographic for the estuarine and mangrove ecosystem-based shellfisheries of West Africa. [Infographic developed originally by this study. Data source: Values for the number of shellfishers and their beneficiaries, women’s participation, volume, and value of shellfisheries were obtained from the resource user survey from this study; mangrove area data from Global Mangrove Watch].



The study further highlights two women-led co-management regimes that are working well, drawing from the successful examples of the TRY Oyster Women’s Association of The Gambia and Development Action Association (Densu Oyster Pickers Association) of Ghana, and provides a framework for its scaling up in the region. The five elements of success identified are (1) the existence, or formation if absent, of organized resource user groups, (2) empowerment of these organized groups to enhance their capacity to appreciate and lead conservation action, (3) evidence of the socio-ecological issue, (4) strong and inclusive stakeholder constituency building and involvement, and (5) financing and partnerships to support the co-management process.

The organized women’s groups throughout the region identified in this study, several of which are formalized, provide the initial enabling condition for initiatives on scaling up women-led shellfishery co-management in West Africa. These existing groups could be the focus of government and the donor community, but should not be engaged in isolation. Shellfisheries co-management arrangements involving government, research institutions, non-governmental organizations, and the shellfish harvesters, and grounded on rule-setting and compliance as the central operational practices should be promoted. Achieving region-wide sustainable shellfisheries management could improve the food security and livelihoods of at least 565,000 vulnerable coastal dwellers, especially women, and sustain a healthy coastal marine environment through the conservation of mangroves, estuaries, and the plethora of marine and freshwater species that depend on these areas covering more than 1.5 million hectares for various ecosystems services.
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Marine Protected Areas (MPAs) in South Africa have a long history with currently 5% of the mainland’s ocean territory protected. The MPAs are celebrated and appreciated for their representative coverage of several habitat types and their ecological benefits. However, the story of correlational coastal community exclusion is not one that is often told in the ‘success’ story of South African MPAs. In this review we describe the history of marine conservation in South Africa and examine how the legislation and motivation has evolved since Apartheid. While legislation provides direction in terms of community inclusion, this is rarely the reality as we explore with five case studies. We go on to discuss how top-down governance continues to exclude communities and suggest key lessons drawn from our case-studies that could lead to a more community-involved approach to the ongoing protection and management of our marine habitats for greater conservation success.
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Introduction

On the 1st of August 2021 the first ever Africa’s Marine Protected Area Day was celebrated. Marine protected areas (MPAs) are a critical tool that aims to help conserve marine biodiversity and protect species through delineating zones according to management objectives (Day et al., 2012; Jones, 2014). Increasing development and subsequent activity in the oceans has led to concern for the sustainable management and governance of marine spaces, and MPAs have been widely proclaimed as a potential solution (Dehens and Fanning, 2018). The United Nations (UN) Sustainable Development Goal 14, the Convention on Biological Diversity (CBD) and the post-2020 global biodiversity framework have significantly influenced the global agenda for the conservation of biological diversity relevant to MPAs (Charles et al., 2016). These targets are currently shaping how we will conserve marine and coastal biodiversity conservation for the next 30 years. However, while MPAs can be a powerful tool for conserving marine species and habitats (Laffoley et al., 2019), if implemented inequitably, without considering the social impacts and local development needs, MPAs can lead to social and environmental injustice (Bennett and Dearden, 2014a; Sowman and Sunde, 2018; Bennett et al., 2021). Pressure is building for South Africa to meet the goals of the UN CBD 30x30 initiative (CBD, 2021) and MPAs are at the centre of accomplishing this goal. However, if we are to successfully meet this goal for all South Africans, it is imperative that we carefully and critically reflect on our current conservation model whilst acknowledging the often-problematic roots. There is thus a need for further discussion around the complicated context of MPAs in South Africa.

We are a group of South African Indigenous and non-Indigenous researchers with a variety of professional experience including marine ecology, political ecology, coastal governance, youth engagement, environmental documentary-making, and coastal community development. Through our careers, we have all worked closely with and researched MPAs and while we acknowledge the need to conserve nature, we question the completeness of issues considered when protected areas are established and their potential impact on coastal peoples.

In South Africa, the history of MPAs is one that has resulted in dispossession for many local communities and has been rooted in top-down conservation enforced by external state-led authorities that adopts a ‘fences and fines’ approach. The subsequent lack of access to marine resources has disrupted local coastal communities who rely on the ocean and coasts for their livelihoods, cultural practices, and well-being, resulting in dispossession and increased marginalization (Sunde and Isaacs, 2008; Sowman and Sunde, 2018; Muhl, 2019). Drawing on a selection of South African case studies, our paper examines the potential social implications of South Africa’s commitment to 30x30. We do so by critically examining current conservation models or experiences in five MPAs. First, we begin by outlining the historical events that led to the current conservation practices of zonation and how that has led to conflict and dispossession. Second, we explore how current conservation policy does not consider communities within conservation. Thirdly, using case studies, we demonstrate how the current South African model of conservation management is dismissive of Indigenous stewardship, and disregards local and Indigenous knowledge held in communities and by Indigenous peoples, often providing barriers to access coastal and marine resources. Fourth, we discuss the implications of MPAs and other conservation strategies on coastal communities, when implemented without considering issues of equity or the potential impacts of ‘protection’ on local livelihoods, cultural practices, and well-being. Lastly, we make the case for centring communities at the heart of conservation for greater long-term sustainability, outlining key considerations for future management and potential roles for various stakeholders. The case studies are based on our research and practical experiences. Observations and information are provided from the literature, personal observations in the field, and personal communications with collaborators from the areas discussed.



The History of South African Conservation and MPAs

The first record of fishing restrictions in South Africa can be traced back to as early as 1652 in the Western Cape province by the then Dutch commander Jan van Riebeeck. Five years later, fishing restrictions led to the exclusion of local freemen in fisheries their involvement in colonial affairs subsequently took the form of agricultural labour (Sunde, 2014). The trend of fishing restrictions creating both a benefit for the Cape colonists and the exclusion of locals in these activities strengthened in the late 1890s (Dennis, 2009). During this period control over South Africa’s natural resources evolved into a form of co-management between the colonial state and landowners to conserve threatened game (1886), birds (1899) and flora (1903) (van Sittert, 2003; Sowman et al., 2011). Due to declining commercial fish catches in the 1890s (van Sittert, 2003), there was pressure on the state to protect coastal and estuarine waters by a complicated collection of marine tenure arrangements in the 1900s (Sunde et al., 2013). As such, the colonial administration slowly started dispossessing local communities from access to certain resources (Sunde and Isaacs, 2008). Between the early 1930 and late 1950s, the state planned and implemented several other laws and restrictions that would protect natural resources (Sunde, 2014).

It was in the 1960s that the South African Apartheid government supported the call by the International Union for Conservation of Nature (IUCN) for the establishment of MPAs (Sunde, 2014; Fielding, 2021). Globally, and as with South Africa, many governments created MPAs opportunistically and/or based on growing public pressure instead of starting with an integrated and objective evaluation of the primary need for the MPAs (Hockey and Branch, 1997). The centralised approach to MPAs meant that the primary and only goal of many MPAs was biodiversity conservation (Faasen, 2006). As such, there was no plan for a rational network of overall MPA distribution or predetermined criteria for MPA selection; rather South Africa’s MPAs reflected colonial and apartheid interests where only white, commercial interests were valued (Sunde, 2014). In response to calls for MPA expansion along the South African coast, the government gazetted the Sea Fisheries Act (1973 – 1988) and its various amendments, shifting how the state managed and regulated fisheries and marine conservation (Sunde, 2014). In 1964 South Africa saw its first MPA, Tsitsikamma National Park, declared under the Sea Fisheries Act (1973 -1988) (Fielding, 2021).

In 1994, the first democratic elections took place, and the post-apartheid government began extensive reforms to redress past injustices and achieve equity in fisheries by drafting new policies and laws (van Sittert et al., 2006). Over the next few years, new policies were developed in stages, starting with the Quota Board in 1994-1998, the Marine Living Resources Act (MLRA) (amended 2014) from 1998-2000, the MLRA with subsistence permits from 2000-2001, and the medium-term rights allocation from 2002-2006 (Dennis, 2009). During this period, the South African government was awarded entry into the international community which subsequently influenced fisheries policies to reflect those prioritised by the international community including equity, sustainability, and economic stability (van Sittert et al., 2006). By 2019, South Africa had 25 officially declared MPA’s which covered 0.4% of South Africa’s oceans. In August 2019, 20 new MPAs were established a few months after being gazetted. This was after the 2011 National Biodiversity Assessment indicated that the offshore ecosystems were poorly protected. South Africa now has 42 MPAs covering a total of 5% of its oceans (Mann-Lang et al., 2021).



Current Conservation Policy

Globally, MPAs have been identified as an important tool for protecting marine resources and have been defined by the IUCN as “clearly defined geographical space, recognized, dedicated and managed, through legal or other effective means, to achieve the long-term conservation of nature with associated ecosystem services and cultural values” (Day et al., 2012:12). This international definition of MPAs has been used to inform the understanding of MPAs in South Africa (Chadwick et al., 2014). South Africa draws on various international policies and instruments in devising domestic approaches, policies and legislation pertaining to conservation. This is because the country is party to a suite of international instruments that inform conservation principles, including the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, the CBD, the Convention on Wetlands of International Importance (Ramsar Convention), and the World Heritage Convention.

At a national level, South African conservation is overseen by the Department of Forestry, Fisheries, and the Environment (DFFE) which coordinates management through various provincial and local authorities. In terms of national policy, conservation is covered by the National Environmental Management Act (NEMA No. 107 of 1998) which accounts for all matters related to environmental governance and maintaining environmental function. Within the framework of NEMA, the Biodiversity Act (NEM : BA No. 10 of 2004), the Protected Areas Act (NEM : PA No. 57 of 2003), the Integrated Coastal Management Act (NEM: ICMA No. 24 of 2008), and the World Heritage Convention Act (WHCA No. 49 of 1999) provide greater detail for conservation and social inclusion respectively. The Biodiversity Act outlines clear protocol for establishing protected regions (or bioregions), monitoring these areas, and promoting research around biodiversity. Laws for dealing with threatened and alien/invasive species are also provided, along with bioprospecting protocol, and consequences of transgressions. The Protected Areas Act outlines laws regarding the declaration of protected areas and management thereof. This Act served to replace the National Parks Act which was established under the Apartheid regime. The Act also accounts for MPAs specifically in terms of mining and prospecting. Regarding the Integrated Coastal Management Act, laws are outlined regarding coastal access and ownership, waste disposal, estuarine and coastal management plans, and public participation in these processes.

Other influential legislation includes the National Water Act (NWA No. 36 of 1998) and the Waste Act (NEM: WA No. 59 of 2008). The NWA, although not directly linked to MPAs, provides legislation for the management of water resources including catchment areas. Effective management of catchment areas is influential to the adjoining coastal region. The Marine Living Resources Act (MLRA) (No. 18 of 1998), and the Small-Scale Fisheries Policy of South Africa were introduced by the post-apartheid government as a way of providing redress to historically disadvantaged people in South Africa. The MLRA was the post-apartheid government’s first attempt to recognize fishers from marginalized Black, Coloured and Indian coastal communities within the sector, and their historical rights of access. However, the MLRA failed to provide the desired redress and recognition of historical rights of fishers (Isaacs, 2006; Sowman et al., 2014). This resulted in activism within the small-scale fisheries sector that propelled the enactment of the 2012 Small Scale Fisheries Policy of South Africa. This policy was the first to recognize customary rights of small-scale fishing communities. Despite this, MPAs can still act as a barrier to small-scale fishing communities wanting to exercise fishing rights in areas from which they were forcibly removed during Apartheid.

While legislation surrounding conservation makes provisions for public participation and access, it is not explicit in how the public should be included. For example, participation is often limited to members of the public who retrospectively add comments to draft management plans thus there is no opportunity to ensure that social needs are considered before management plans are drawn up. Furthermore, while biodiversity monitoring is essential for protected areas (Section 43, NEM : PA), there is no mention of monitoring social indicators to ensure that coastal land user needs are met.



Case Studies

Our five case studies are located along the South African coastline (Figure 1). Four of these studies are state-implemented, established MPAs and the fifth, Mngazana Estuary, is in the process of being zoned.




Figure 1 | Case study locations (green markers) across South Africa in relation to major coastal cities and towns (grey markers).




The Karbonkelberg Reserve

The Karbonkelberg Reserve refers to a restricted zone situated within the Table Mountain National Park (TMNP) on the Cape Peninsula (Figure 2). The Reserve ranges from Hout Bay to Oudekraal in the Western Cape and lies directly adjacent to the fishing community of Hangberg.




Figure 2 | The Karbonkelberg Reserve is a restricted zone (green dashed box) situated within the Table Mountain National Park (green border). This national park borders the city of Cape Town.



This Reserve provides a relevant example on the value of customary use rights when declaring an MPA. It also forms a unique example due to its proximity to the city of Cape Town. City planning during the Apartheid regime combined with natural resource zoning have both contributed to the exclusion of the Hangberg community from the MPA formation process. Although the TMNP MPA was only formed in 2004 (DEAT, 2004), the Karbonkelberg Reserve had been previously designated as the Hout Bay Lobster Sanctuary, which was made a restricted zone in 1934 (van Sittert, 1994). Although the harvesting of West Coast Rock Lobster has occurred in the Hout Bay and Karbonkelberg areas for centuries (van Sittert, 1994), the impact of the Karbonkelberg Reserve on the local community was further exacerbated by the Apartheid Group Areas Act. The 1950 Act zoned the town of Hout Bay as a ‘White’ residential area and designated the Harbour area for ‘Coloured’ occupation (Isaacs, 2006) forcing many residents to move to the non-white designated area where many of the traditional fishermen still occupy today. The inclusion of the Karbonkelberg Reserve in the TMNP MPA in 2004 further perpetuated the Apartheid era exclusion which directly ignored the Hangberg community’s rights to access traditional fishing grounds (Sowman et al., 2011). Furthermore, this exclusion persists even though commercial fishing vessels are allowed into the area in March every year (Hauck, 2009). A lack of meaningful engagement with the Hangberg community (Sowman et al., 2011) combined with the economic circumstances that most of the community members find themselves in means that fishing has continued, albeit illegally, with no effective way to monitor and police catches (Omari, 2007). Further exacerbating the situation is the force with which the community is met – rather than engaging with the community, the response has been to increase policing, fines, and the confiscation of equipment (Omari, 2007; Sowman et al., 2011). In a post-Apartheid city that still sees huge segregation along race and class lines, the criminalisation of the Hangberg community further calls into question their sense of settlement and belonging which is already made visible by the public displays of conflict between residents and law enforcement over the decades-long housing crisis (Piper et al., 2021).



Tsitsikamma MPA

As Africa’s oldest MPA, the Tsitsikamma National Park (NP) (also referred to as Tsitsikamma MPA) provides crucial insight into the challenges and complexities of trying to achieve the 30x30 targets in the context of South Africa. Situated on the border of the Western and Eastern Cape Provinces in the Koukamma Municipality, the Tsitsikamma NP covers a 60km stretch along the coastline (Figure 3).




Figure 3 | The Tsitsikamma National Park or Tsitsikamma MPA (green border) with the 3 restricted zones (green dashed boxes). Neighbouring communities are also indicated (grey markers).



The ecological context and complex management history are outlined in Table 1. There are two key dimensions that the Tsitsikamma case reveals. The first challenge is a failure to address diverging objectives. The second challenge involves the need to balance and consider rights, access, and equity issues in relation to conservation efforts in South Africa. A key challenge confronting South African conservation efforts is the need for balancing social, economic and ecological objectives (Muhl et al., 2020). Ecological objectives linked to higher economic benefit (i.e. tourism and the idea of a ‘pristine wilderness’) are almost always the driving concern in South African marine conservation (Muhl et al., 2020). However, the link between ecological health and adjacent community livelihoods, cultural needs and social benefits are often overlooked. For example, in the Tsitsikamma NP, the purpose of conservation has long been a source of misinformation, with limited communication with coastal communities and decreased benefits resulting from the closure of marine areas historically used for harvesting culturally important food sources (Faasen and Watts, 2007: Muhl and Sowman, 2020).


Table 1 | An overview of the five case studies highlighting their location, ecology, history, current zonation, and challenges to allow for comparison across sites.



The lack of meaningful engagement with conservation decision-makers has led to a perceived failure of the managing authority to consider community needs (cultural, social, and economic) (Mann-Lang et al., 2021). One of the key questions is whether targets and challenges are aiming to protect nature through closure and exclusion of people or through managing areas and people as an enclosed system. This ultimately requires participants in the South African conservation community to focus issues of rights and access. In the Tsitsikamma NP, the exclusion of certain groups from long-held traditional areas that were previously accessed for livelihood and cultural benefits has been a fundamental reason for the ongoing contestation and compliance challenges. The creation of the MPA has created poaching in a place where people historically used to sustainably coexist with nature. Local fishers consider customary access to the area for harvesting resources a right, while park authorities perceive local fishers to be trespassing and fishing illegally (and therefore fishers are labelled as “poachers”) (Muhl and Sowman, 2020). The outcome of this is that a failure to deal with issues of rights and access leads inevitably to a widespread perception that conservation continues to be a colonial practice and one that leads to illegitimate intervention (Mann-Lang et al., 2021).



Hluleka MPA

The Hluleka MPA is one of the smallest in South Africa, located along the Eastern Cape’s Mpondoland adjacent to the Hluleka Nature Reserve. The MPA covers an area 41km2 with a 4.5 km coastline that extends 6 nautical miles offshore (Emdon, 2013; Sowman and Sunde, 2018; De Villiers, 2021; Fielding, 2021) (Figure 4).




Figure 4 | Hluleka MPA (green border) and neighbouring communities (grey markers) are situated around the Hluleka Nature Reserve.



During the 1920s and 1930s, the state sought to conserve natural resources by introducing laws and restrictions that subsequently dispossessed local communities from access to forest and marine resources (Emdon, 2013; Sowman and Sunde, 2018). The Hluleka community’s access to marine resources was not affected by these laws in the 1920s due to the district magistrate’s support of the coastal community (Emdon, 2013). The magistrate refused to place marine resource restrictions on the community when concerns over future overexploitation arose, recognizing the value of fishing and harvesting to the coastal community and acknowledging that fishing was an activity that was passed down generations (Emdon, 2013). However, this changed once the Sea Shore Act No. 21 of 1935 was passed and resulted in the forced removal of families along the Hluleka coast. The Act forbade people from living near the high-water mark and limited access to marine resources (Emdon, 2013).

In 1976 the Hluleka Nature Reserve was officially proclaimed. While community consultation prior to the declaration of the reserve offered resistance, authorities made promises of job opportunities, continued fishing and harvesting in the Reserve, a 10% cut in Reserve profits, and forest management training, to gain the community’s vote (Emdon, 2013). The promises were not met, and the terms around access to the Reserve tightened leading to arrests and physical assaults from the rangers (Emdon, 2013). This resulted in 450 households forcefully removed (Sowman and Sunde, 2018). However, it was in 1991 (Mann-Lang et al., 2021) when the reserve’s coastline was declared as a MPA under the Transkei Fisheries Regulations that the community first highlights negative impacts from marine conservation. For example, overnight Reserve guests had fishing rights while the adjacent community lost these rights (Emdon, 2013). These restrictions also coincided with the shift in the political economy in the Eastern Cape. During this time there was increased reliance on marine resources as an alternative livelihood because of the retrenchment of many migrant workers. When the MPA was declared as a no-take zone in 2000 this severely impacted the community’s livelihoods (Sowman and Sunde, 2018). As such, the Hluleka MPA case study highlights how hasty decision-making neglected the socio-economic needs of a community that could have benefited from engagement and inclusive decision-making.

De Villiers (2021) highlights the disconnect between various stakeholders. Local community members are recorded as not understanding the value of the MPA from an ecological perspective but being open to hearing more from researchers in this regard (p. 265). The author also discusses how the MPA was proclaimed based on top-down decisions with no engagement of the local communities and no real research basis. Currently, the relationship between local communities and conservation authorities is contentious as community members continue to harvest and fish within the MPA, and the authority issues fines in response.



Mngazana Estuary

The Mngazana Estuary forms the boundary between Caguba Traditional Authority in the north and the Gomolo Traditional Authority in the south (Figure 5). The five surrounding villages of Magcakini, Cwebeni, Nkwilini, Kunonyonga, and Mqaleni are the communities that derive likelihoods from this estuary.




Figure 5 | The Mngazana Estuary together with neighbouring communities and traditional authorities (grey markers).



This estuary contains the third largest mangrove forest (118 ha) in the country.The local fishermen collect bait from the mangrove swamps and the livestock from the surrounding villages are grazed here (E. Mtambeki, 2021, pers. comm.). Communities are dependent on resources harvested from the mangrove forest to meet livelihood needs. Resources include building materials for housing, food, bait, and firewood. The current levels of harvest are considered unsustainable (Rajkaran et al., 2004) although these demands are now declining (Mtambeki 2021, pers. comm.). Reconciling demands with sustainable use limits might prove to be challenging. The estuary is not formally protected although an Estuarine Management Plan has been drawn up for the Mngazana Estuary system (Figure 5) (DEA, 2015). This management plan was an effort to engage and involve local people in the management of the estuary and its mangroves. It was largely motivated by the need to create economic incentives for communities surrounding the Mngazana mangroves to sustainably manage the forest and income generating opportunities (Lewis and Msimang, 2004) through canoe tours and beekeeping. The bees here are mainly dependent on mangrove flowers creating a unique kind of honey. Management plans on communal land are often associated with projects to motivate communities to protect nature. These act as an incentive for conservation activities that the community is expected to do.



Kosi Bay

Kosi Bay is located within the iSimangaliso Wetland Park which also contains the iSimangaliso MPA (Figure 6). The Kosi Bay system consists of several coastal habitat types (Table 1) and a unique four-lake system ranging from marine to freshwater lakes.




Figure 6 | The Kosi Bay system (black border) is made up of the four lakes and the estuary mouth and is situated within the iSimangaliso Wetland Park (green border). The park borders Mozambique to the North. Neighbouring communities are indicated here (grey markers).



Due to its high biodiversity and habitat richness, the Kosi Bay system, and the iSimangaliso Wetland Park as a whole, was granted UNESCO World Heritage Site status in 1999. However, formal conservation in areas within the boundaries of iSimangaliso has existed for over 100 years, and the nearby St Lucia Nature Reserve is one of the oldest protected areas in Africa, having been established in 1895 (IWPA, 2011). One of the reasons for the progressive creation of protected areas within and around the boundaries of iSimangaliso Wetland Park is the need to protect increasing populations of hippopotamuses, sea turtles and black rhinoceros within the system (IWPA, 2017).

The people of Kosi Bay have a long history of weaving together their livelihood strategies using coastal resources, engaging in activities such as fishing, harvesting indigenous forest products, eco-tourism, and agriculture for centuries. However, in the post-Apartheid era (after 1994), the area has been subject to intensified multi-scalar conservation interventions governed through instruments such as a UNESCO, the Ramsar Convention, a state-designated MPA, and a state-designated terrestrial forest reserve. This had become an issue of contention due to the mismatch between conservation expansion plans and rural development plans that are meant to uplift the livelihoods of people (Mbatha, 2018). Marginalization due to Apartheid policies and exclusionary conservation governance processes and practices is still widespread in these areas. For instance, the National Development Plan of South Africa (NPC, 2012) seeks to eradicate poverty and promote food security and development in rural areas of South Africa. Simultaneously, the government’s conservation targets are increasing, while the demarcation of new MPAs and the existence of old ones largely affects the same rural coastal communities. This therefore creates conflict between conservation and development goals, which is an issue that is prevalent in the Kosi Bay case.

Multi-scalar and plural conservation governance in Kosi Bay has implications on local livelihoods because the rural coastal community not only resides adjacent to an MPA, but also exists within and adjacent to a UNESCO world heritage site, a Ramsar site and a Coastal Forest Reserve. The plurality and overlap of these conservation governance arrangements creates ambiguity and confusion about governance mandates and livelihood rights (i.e. fishing rights) (Mbatha, 2018). Furthermore, part of the MPA exists where there is an ongoing land claim by a local customary structure that represents people in the community who were forcibly removed from coastal land during apartheid. Due to these forced removals, local people lost physical access to the marine environment that is important for their livelihoods, and spiritual and cultural wellbeing.

These issues remain key challenges in Kosi Bay, as there are ongoing conflicts between local people and conservation authorities, as local people perceive conservation governance processes and practices to be exclusionary and not accommodating to their social, economic, and cultural wellbeing. This is exacerbated by the fact that the establishment of the MPA and World Heritage Site is often stated as an economic benefit to communities with the influx of tourism and with increased training and capacity development (Odendal and Schoeman, 1990, IWPA, 2017, Mbatha, 2018). However, benefits are not equally shared with local communities still receiving income based on informal roles as guides, fishing aides, and vendors. There is no real stake in the park and thus no input regarding management of resources.




Implications of Excluding Stakeholders

When considering local perceptions of MPAs on human dimensions (Bennett and Dearden, 2014b; Gurney et al., 2015; Charles et al., 2016; Christie et al., 2017; Sowman and Sunde, 2018), it is clear that MPAs often result in the undermining of local and Indigenous communities. This includes reduced access and tenure to resources, poor governance processes, interference with local development processes, as well as poor recognition of traditional and cultural identity and knowledge. There is need for research that explores the continued social and livelihood impacts of MPAs on marginalized coastal communities. This is a pertinent issue in the South African context where MPAs were tools for excluding coastal communities of colour from resource access and use (Sunde and Isaacs, 2008). This legacy continues to be perpetuated by governance processes that have prioritized ecological goals over socio-economic and cultural needs.

Sowman and Sunde (2018) document an array of socio-political and governance related negative impacts borne by marginalized coastal communities in South Africa due to MPA existence and ongoing management processes and practices. Among others, they note the weakening of local rights, loss of resource tenure livelihoods and access has contributed to increased marginalization with subsequent conflict at local levels (Sowman and Sunde, 2018). Including stakeholders could alleviate the continued marginalization faced by fishers and other marine resource users, and potentially provide a protective role as co-managers of coastal and marine resources (see Isaacs and Witbooi, 2019) However, more knowledge is needed to understand the implications of MPAs on communities which are excluded from them spatially, economically and from a food security perspective (Mann-Lang et al., 2021). It is also worthy to note that conflicts surrounding the existence of MPAs are ever evolving, and the nature of these conflicts vary per case study.


Economic Factors

Mann-Lang et al. (2021) discuss in greater depth the research and analyses surrounding economic gains and losses associated with MPAs along the South African coast. The authors highlight a lack of research with only a few studies documenting long-term economic gains for local users. While the economic gains associated with MPAs remain largely unrecorded, the exclusion of community input and expression regarding perceived gains remains problematic. For example, a long-term economic gain is not always considered a tangible benefit by community users who sometimes face more immediate issues of food security. Reporting on a long-term gain is thus not synonymous with community inclusion or perceived benefit. McClanahan et al. (2005), in their paper on the perception of MPA management in Kenya highlight the discrepancy in government and local peoples’ opinions on the economic benefits of MPAs. Using examples from small-scale fisheries management and coastal mining sectors, Mbatha (2011), and Mbatha and Wynberg (2014) demonstrate that perceptions of benefits to local communities held by those in power in natural resource use governance are usually different from perceptions of local communities about what benefits should entail to whom, and when. The mismatches between managers and local communities about what benefits entail is usually a result of poor governance processes The failure of MPAs to provide equitable and fair economic benefits is highlighted in the literature, with emphasis on the need for MPA governance processes to be fair, equitable and participatory if they are to enhance local perceptions of benefits, and increase economic, job and development opportunities for marginalized coastal communities (Bennett and Dearden, 2014b; Charles et al., 2016; Abukari and Mwalyosi, 2020).



Conflict

Conservation conflicts can be defined as “situations that occur when two or more parties with strongly held opinions clash over conservation objectives and when one party is perceived to assert its interests at the expense of another” (Redpath et al, 2013). A community-conservation conflict thus specifies a conflict between conservation objectives and local communities. Conservation objectives can be represented by management authorities, researchers, or government departments. Community-conservation conflict often drives unregulated and illegal activity which in turn leads many conservationists and ecologists to call for stricter top-down enforcement (Baynham-Herd et al., 2018) possibly creating an unsustainable positive feedback loop. This is seen in South African protected areas, where priority is given to conserving and monitoring ecology with little insight regarding the translation of ecological processes into social benefits (Kirkman et al., 2021). Often biodiversity monitoring research and reports deliver a message to tighten top-down control with no insight into the social structure around these protected areas as is seen in the recent case of a Dwesa-Cwebe study (Bullock et al., 2021). While there is undoubtedly immense value in these studies which highlight the success of MPAs, presenting findings without context of historical inequality further perpetuates the narrative that local communities are a threat to biodiversity and that top-down enforcement must be the solution. Despite the physical top-down control, illegal fishing will most likely continue in the park, further driving conflict between enforcement authorities and local communities. Similarly, in Hangberg, the community is frequently at loggerheads with local authorities, with the conflict often turning violent from both sides (De Greef, 2014). This type of conflict further serves to ostracise the community and complicates community perceptions of MPAs with both ‘poaching’ for sustenance and as an act of defiant protest occurring in some of South Africa’s MPAs (Schultz, 2015; Isaacs and Witbooi, 2019).



Loss of Ownership

A combination of historic forced removal, current top-down regulation of protected areas, and lack of integration of traditional and cultural knowledge in MPA governance leads to a continued sense of loss. MPAs that are associated with the exclusion of local people in their design, implementation and governance tend to result in loss/erosion of rights, way of life, material assets, culture, identity, traditional practices, local knowledge and human-nature interactions between local people and resources (Bennett and Dearden, 2014a; Christie et al., 2017; Sowman and Sunde, 2018). The ideals embodied by strictly top-down regulation - and the impacts thereof - are acutely illustrated in the literature (Sunde and Isaacs, 2008; Emdon, 2013; Sunde, 2014; Mbatha, 2018; Sowman and Sunde, 2018; Muhl, 2019; De Villiers, 2021). These studies find that where community participation is referenced, this participation is generally “instrumental”, meaning that communities are expected to participate in the implementation of management initiatives but generally have no say in the designing and implementation of the initiatives. All these authors go on to list the clearly-documented costs to local communities including loss of livelihood, expulsion from traditional fishing grounds and living spaces, as well as violations of human and community rights.

These losses have been recorded specifically for the Dwesa-Cwebe community (Sunde, 2014; Sunde, 2016), Tsitsikamma communities (Muhl, 2019), and Kosi Bay communities (Mbatha, 2019). In Kosi Bay where the issues of land claims remain unresolved, loss of ownership is compounded by the World Heritage status of the park where local communities say they were not consulted in the World Heritage process and that protection and regulations are for the benefit of international tourists (Mbatha, 2018). Documentaries created by local filmmakers also highlight community perceptions, perhaps more directly, than official records. An examples includes 'Hluleka' (Janna, 2020), a documentary directed by Jamila Janna, which explores the Hluleka MPA from the perspective of the Hluleka community, including harvesters and fishers. Another example includes 'Removed' (Loubser, 2020), directed by Loren Loubser, which highlights the Apartheid-era forced removal of the Redhill community. This community is still unable to reclaim their land which is now officially protected by SANParks and falls within the TMNP.

This loss of ownership stretches into a perpetuation of pre-democracy exclusive research and management practices. This includes not requesting permission from traditional leadership, ignoring the social or human component of ecosystem and conservation models, and dismissing traditional knowledge. The Karbonkelberg Reserve is a prime example, where a local small-scale fishing community has been excluded from fishing an area that has been part of their lives for centuries while commercial fisheries are allowed to harvest in the area, based on a pre-democracy designation that itself was based on opinions of the South African Food Canners Council. Although governance has changed for the country, the exclusive laws remain.




Key Lessons

If we hope to successfully and meaningfully meet the 30x30 MPA target in South Africa, we will require conservation that considers local needs tied to marine and coastal resources. In this section we highlight common insights drawn from our five case studies situated in South Africa. We focus on three key lessons that have implications for future management, which emerged across all five case studies. Out of the five case studies, one is a no-take MPA, three are partially closed MPAs with zoning partially open in specific areas for restricted and controlled use, the last case study (Mngazana) is currently in the process of being zoned. Although these areas have been used by community members for their livelihoods and cultural needs for generations, their proclamation and zoning are relatively recent occurring between 1964-2004 (with the exception of Mngazana), except in two areas where restriction was indirectly a consequence of forced removal under Apartheid. The proclamation and subsequent enforcement within these areas often remain contested as resource-use and cultural practices are tied to ocean and estuarine access, effectively linking people and nature in multiple ways.

Using these five case studies we highlight three key lessons for moving forward: 1) Engagement; 2) Stewardship; and 3) Valuing place-based knowledge. We use Figure 7 to outline possible actions for community involvement in each step of a simplified cyclical process illustrating the path from basic research to MPA planning, implementation, and monitoring.




Figure 7 | A basic representation of the research - to - protection process with possible actions to improve community involvement in each step. Each box contains actions categorised into Engagement, Stewardship, and Ownership. These correspond to the Key Lesson categories where ownership reflects the acknowledgement of formally valuing place-based knowledge.




Engagement

A critical issue that emerged across all case studies is the need for further engagement. A key need for community engagement, specifically, emerged in our case studies. Community engagement is selecting a representative group of people to identify issues that affect their well-being over a period of extended time (International Association for Public Participation, quoted in VAGO, 2015). Engagement has been widely endorsed internationally as contributing to trust and leading to improved management in academic and policy circles (Reed, 2008; Sayce et al., 2013; Gaymer et al., 2014; Sterling et al., 2017). Considerations for effective community engagement requires: (1) considering who is involved, (2) recognising agency (do they want to be included), and (3) providing opportunity and access (Day, 2017). The complexity surrounding engagement is illustrated in Kosi Bay, Hluleka and the Tsitsikamma where unsettled and ongoing land claims require ongoing communication not just with local leaders but also land claimants and resource users (e.g. fishers). For communities such as Hangberg, the issue of agency requires careful and considered engagement. Fishers who have been previously policed and fined may be wary to engage, requiring a steady commitment that leads to concrete changes in how the area is being managed to address fishers’ concerns.

Reflecting on who is engaged and selecting a representative group will better capture the interests, needs and concerns and provide an entry point to better understand conflict and risk. However, engagement is not limited to only community engagement. For example, in Mngazana, the five adjacent communities are driving the conservation process and there is a need for management and support for mangrove protection that requires engagement with ecologists, biologists and conservation managers for a conservation plan. Often such management plans are drawn up without meaningful engagement between ecologists, policy makers, communities, and technical stakeholders. Adams et al. (2020) provide a framework for estuarine research, restoration and management and propose a socio-ecological systems approach where both ecological indicators and social indicators are continuously monitored to assess success in reaching defined targets. This certainly encourages a more inclusive approach as opposed to the current research and monitoring practices in most of South Africa’s MPAs and coastal systems in general. Meaningful and inclusive engagement at all stages of the process (Figure 7) helps create opportunities and builds relationships between individuals and groups based on shared interests. While lack of capacity and time-constraints can hinder engagement, successful protected area management hinges on long term, ongoing commitment and communication that allows for trust-building between groups that ultimately leads to more effective and harmonious conservation management (Ban and Frid, 2018; Cvitanovic et al., 2018; Dehens and Fanning, 2018).



Stewardship

Stewardship is defined by Bennett et al. (2018) as “the actions taken by individuals, groups or networks of actors, with various motivations and levels of capacity, to protect, care for or responsibly use the environment in pursuit of environmental and/or social outcomes in diverse social–ecological contexts”. Stewardship is the promotion of human-environment interactions for guiding sustained and constructive environmental protection (MEA, 2005; Díaz et al., 2015).

Local stewardship has been written about extensively as evidenced and documented by Bennett et al. (2018) as “community-based conservation (CBC), community-based management (CBM), community-based natural resource management (CBNRM), Indigenous and community conserved areas (ICCAs), integrated conservation-development projects (ICDPs), locally managed marine areas (LMMAs), (Berkes, 2004; Cinner and Aswani, 2007; Jonas et al., 2014; Riehl et al., 2015; ICCA Consortium, 2022). In practice, local stewardship in South Africa is often challenging in the marine landscapes due to a strong biodiversity focus and the non-emergence of co-management initiatives (Barendse et al., 2016; Cockburn et al., 2019). As a result, communities are either excluded and fined rather than engaged (see above examples) or the complexity of the socio-ecological system is ignored (Barendse et al., 2016; Cockburn et al., 2019). The need to promote local stewardship is ever pressing in the context of ecological decline and Mngazana provides a crucial example of local community protection and stewardship over an estuarine system that requires government support. An increase in government support that fosters stronger socio-ecological and environmental stewardship would lead to visible community benefits (i.e. protection of estuarine resources for sustainable use) and enforcement of rules that are community-led.

Our focus on local stewardship also aligns with an increasing emphasis on centering local communities and resource users in conservation and environmental management policies, programs, and practice globally. As these examples show, locally oriented stewardship practices, policies and programs have emerged in fisheries, agriculture, forestry, protected areas, wildlife, ecosystem service, and water management across rural to urban environments.

Environmental stewardship is a valuable and holistic concept for guiding productive and sustained relationships with the environment that can lead to solutions where both communities and conservation benefit.



Recognising Ownership and Knowledge-Holders

Place-based knowledge is defined as the intimate knowledge that locals have of their “community and the surrounding areas both in terms of the natural landscapes, local culture, and values” (Shamah and MacTavish, 2009). This knowledge is gained from the exploration of the place and the interactions with the land and other community members (Shamah and MacTavish, 2009). Traditional ecological knowledge is defined by Berkes (1993) as “a cumulative body of knowledge and beliefs, handed down through generations by cultural transmission, about the relationship of living beings (including human beings) with one another and with their environment”. The exclusion of traditional ecological knowledge (TEK), local knowledge, and Indigenous knowledge in MPA planning, design, implementation, and monitoring results from a lack of meaningful engagement with communities. Further, with the sense of loss of ownership from the communities and lack of strong environmental stewardship, as highlighted in the previous sections, valuing place-based knowledge (PBK), TEK, and cultural practices linked to the ocean, is a necessary step towards inclusive MPAs.

For the sustainable use of coastal resources PBK as well TEK should be documented and included in conservation goals. For example, in the case of the Hangberg community, existing traditional fishermen have PBK which would be useful for mitigating conflicts, re-evaluating economic goals, and improving future management of the TMNP MPA. Similarly, in the case of Tsitsikamma, Hluleka and Kosi Bay, the traditional and cultural values tied to the coastal environment have been neglected – due to forced removals and loss of access - and require stronger recognition in all aspects related to MPAs. Restrictions and access to resources influenced by PBK should be community led, as many communities in Africa implemented management practices before the intervention of scientists (Mathooko, 2005). For example, it was tradition for fishermen from Hluleka to exclude juvenile fish from their catch (Janna pers. comm., Hluleka and Janna, 2020). Disrupting the idea that researchers and scientists are the only stakeholders with knowledge that is beneficial to local and Indigenous communities’ wellbeing, or that researchers are entitled to extract knowledge from local communities without acknowledging them (Davidson-Hunt and O’Flaherty, 2007) is fundamental in preventing further marginalisation of these communities in decision-making. In 2021 a court interdict was granted against Shell’s exploratory seismic survey off the South African Eastern Cape coastline. While the first interdict was dismissed based on inadequate supporting information, small-scale fishers and the local coastal communities continued to quietly add their voices and work together with researchers to gather a solid body of evidence against the social and ecological impacts of seismic exploration (Mail and Guardian, 2021). The community-led second interdict was granted and bears testament to the dedication of local communities to protect their resources. In 2022 the small-scale fishers from the west coast of South Africa won another interdict, this time against the Australian company Searcher which planned to conduct a seismic survey along the coastline (Mail and Guardian, 2022). These examples perhaps show that while scientific knowledge is valuable, a strong synergy between TEK/PBK and scientific knowledge is required (Mathooko, 2005) where coastal and Indigenous communities are concerned (Figure 7).




Conclusion

There is no doubt that MPAs offer immense ecological benefit. However, the means of designing and enforcing protected areas are called into question in our review. We highlight that many South African MPAs and associated regulations were designed during a colonial era in which environmental protection was implemented in association with forced removal of non-white local communities. The removal and protection led to diminished livelihoods, reduced connection to the environment, loss of ownership and economic stability, and increased conflict between park authorities and displaced communities. In the post-Apartheid era, we have not accounted for the dark origins of many South African MPAs and continued to expand the network of top-down protected areas with no proper inclusion of the adjacent or associated communities. Despite this, it is well-known globally that local communities hold knowledge of their land and resources and in many cases, are dedicated to the same protection that we hope to achieve with MPAs. Recognising that conflicts surrounding MPAs are dynamic over time and with each case, it is important for South African researchers and conservationists to work towards understanding these issues so that they are accounted for in future planning, execution, and monitoring. To bridge this gap, we put forward a few key actions for conservationists, researchers, managers, and policy makers to consider as we move forward so that South African MPAs move away from contested and unjust top-down managed parks towards more inclusive, collaborative areas that are beneficial to all.
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The Republic of Seychelles is one of six African Small Island Developing States (SIDS) and has a marine-based economy reliant on fisheries and international tourism. Seychelles has been flagged by the United Nations as highly vulnerable to climate change. Climatic threats are compounded with population declines of key fishery species. A progressive national stance towards ocean sustainability and an emerging economy partially driven by tourists are two of several factors that make Seychelles a good candidate for a sustainable seafood labelling and consumption programme, which would provide market-based incentives for fishery harvesters, regulators, buyers and consumers to improve sustainable practices. To address the feasibility of such a programme, we conducted a pilot study, surveying 33 artisanal fishers and mapping supply chain structure to examine incentives and challenges. Questions addressed fishers’ years of experience, reliance on fishing for income, and flexibility in gear type and species targeted. Of the total number of respondents, 64% would like to see a programme implemented but only 34% thought it would be successful. Participants identified several barriers and benefits that primarily spanned socioeconomic and regulatory themes. Our pilot results indicate the sociocultural and economic impacts of sustainability programmes in Seychelles are as important as environmental considerations, a finding pertinent to anyone undertaking similar research efforts in other SIDS. We advocate for the necessity of thorough, location-based research and in-depth stakeholder consultation to elucidate economic, societal, behavioural and cultural factors that will affect the success of designing and implementing seafood labelling programmes in SIDS.
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Introduction


Small Island Developing States

Developing countries play an increasingly larger role in global fish export and consumption (FAO, 2020). Many developing countries with significant marine resources belong to the United Nations Small Island Developing States (SIDS), a group comprising 58 nation states that represent some of the smallest and most remote nations in the world. The livelihoods and economies of SIDS depend on healthy marine ecosystems, yet these nations are some of the most vulnerable to climate change, over-exploitation of fisheries by industrial off-shore fishing, and by pressure placed on local resources from tourism (Techera and Appadoo, 2020). Small-scale fishery resources, in particular, are critical for food security and economic livelihoods in SIDS. Six SIDS are considered part of Africa: Cape Verde, Comoros, Guinea Bissau, Mauritius, Saõ Tome and Príncipe, and Seychelles. Among them, Seychelles has been a leader in climate change adaptation strategies (Robinson, 2017) and pioneering efforts towards establishing a blue economy (Hicks and Schutter, 2019; Christ et al., 2020).



Opportunity for Seafood Labelling 
in Seychelles

Sustainable seafood labelling and rating strategies and awareness campaigns have been developed in several countries worldwide and are designed to incentivise the alignment of harvesters, regulators, buyers and consumers around sustainable resource management (Jacquet and Pauly, 2007; Roheim et al., 2018). To-date, no sustainable seafood labelling initiative has been established domestically in African SIDS, or – to our knowledge  – in any SIDS globally.

A number of factors suggest Seychelles may be well-suited for the introduction of a sustainable seafood labelling and consumption programme. First, Seychelles has a marine-based economy, with industrial tuna fishing and marine tourism comprising the two main productive sectors (Breuil and Grima, 2014). Second, Seychelles has a number of initiatives already underway that illustrate its readiness to undertake leadership to safeguard marine resources. The country hosts the world’s first debt-for-nature swap, which has led to the establishment of marine protected areas and sustainable use zones comprising 30% of the nation’s federal waters (Silver and Campbell, 2018; Techera and Appadoo, 2020). Other initiatives include a comprehensive marine spatial plan and the development of a Blue Economy Roadmap (Commonwealth Secretariat, 2018). Third, geo-politically Seychelles has been considered an emerging economy since 2015 (Commonwealth Secretariat, 2018), partially due to the high rates of tourism from Europe, where labelling of seafood is commonplace (Paolacci et al., 2021). The awareness of ocean-oriented tourists to sustainable seafood concepts presents the potential for intuitive use of local seafood labels and a possible readiness to absorb price increases that would cover costs of implementing gear shifts or other sustainability improvements. Addressing these challenges is particularly important in nations heavily reliant on marine resources, such as Seychelles and other African SIDS.



Pilot Study Objectives

The complex and distinctive interplay between market actors and members of the public sector in SIDS nations suggest that piloting the feasibility of a sustainable seafood labelling programme is a wise step to optimise strategic use of project resources (time, funding and expertise) and to avoid unintended consequences (Lewis et al., 2020). With Seychellois project leaders, we used Seychelles as a case study to examine both incentives and challenges associated with a possible Seychelles Sustainable Seafood Initiative (SSI), aiming to anchor our work on a clear operational understanding of local supply chains. We started with a “skeletal” understanding of value chains and used our pilot interviews to both examine incentives and to adjust Figure 1 to most accurately represent the importance/significance of market actors and their relations (i.e., line weighting represents ‘weight’ in the system and relative connectivity). Here we report on pilot surveys with 33 fishers to demonstrate the breadth of information gleaned from just one stakeholder group. We also draw conclusions about necessary steps for market-based sustainable seafood strategies and discuss operational considerations for SIDS practitioners who may wish to implement such strategies in their nation’s waters.




Figure 1 |  Fisheries value chain in Seychelles. Thicker lines connecting fishers and local residents, traders, and seafood processors indicate that these three channels represent the majority of customers for fishers. The dashed lines represent scenarios where the traders and processors have direct arrangements with fishers to target specific species for a specific retailer.






Methods


Small-Scale Fisheries in Seychelles

The artisanal fishery of Seychelles is charterised by approximately 500 active vessels using gear types including handlines, traps, gill nets, beach seines and harpoons. Artisanal fishers operate off small boats (< 14 m length), usually within 10 nm of the core granitic islands, the ‘inshore’ area, and often in waters adjacent to vessel mooring and landing sites. Artisanal fishers target reef-associated species such as Lutjanidae (snappers), Serranidae (groupers), Lethrinidae (emperors), Scombridae (notably the Indian mackerel), Sphyraenidae (barracuda), Carangidae (trevallies), Siganidae (rabbitfish), and Scaridae (parrotfish). Some species such as groupers and snappers are also exported. Larger, semi-industrial vessels (14–23 m length) target offshore banks and the outer islands, with catches often landed in Port Victoria, Providence or other landing sites to then be exported. Depending on the season and species targeted, larger vessels may also operate inshore. The catches of the artisanal vessels supply the local market demand, including hotels and restaurants (Figure 1).



Questionnaires

During 2021–2022, we surveyed numerous relevant stakeholders in Seychelles to begin gauging interest in a sustainable seafood labelling and consumption programme. Our pilot study targeted sample sizes based on practical considerations including participant flow, budgetary constraints, and the number of participants needed to reasonably evaluate feasibility goals. The stakeholder groups consist of fishers (artisanal), retailers (including traders, seafood processors, suppliers, restaurants, hotels, catering and take-aways), consumers (Seychelles residents and tourists), and regulators (Seychelles Fishing Authority). We designed questionnaires that were conducted face-to-face in one of the three national languages: Seychellois Creole, English or French. These surveys were led by a local team of experts and developed by project partners who were on-the-ground in Seychelles, had extensive experience working with the Seychelles fisheries sector, or who had global experience with sustainable seafood labelling and consumption programmes and ecolabel -certifications. We aimed to address several pilot objectives pertinent to carrying the project forward (Table S1). In our survey of fishers – the focus of this paper – questions spanned economic, social, regulatory and ecosystem considerations to understand how long they have been fishing, the percent of their income from fishing, gear types used, and flexibility in gear type and species targeted (Supplementary Material). We also asked targeted questions about fishers’ opinions on a Seychelles SSI after briefly explaining what such a programme might entail, using the Southern African Sustainable Seafood Initiative (WWF SASSI, 2016) as an example system. Targeted questions included, “do you think a SSI programme would work and why?” and, “would you like to see a SSI programme and why?” with options for open-ended responses.



Data Analysis

The interviewee responses were transcribed and each transcript was reviewed to develop a conceptual framework from the qualitative data using an inductive coding approach (Hsieh and Shannon, 2005). First, we listed perceived barriers to a Seychelles SSI mentioned by fishers, followed by perceived benefits. Inductive coding was used to allocate each barrier and benefit to one or more topics which emerged to form the coding framework. These topics were reduced to five overarching themes; socioeconomic, regulatory, technological, behavioural and environmental.




Results

We present pilot study results after surveying 33 fishers (Figure 2). All fishers interviewed were male and 88% of participants were fishers by profession (Table S2), 55% of whom have been fishing for more than 20 years. There are very few female fishers in Seychelles; there are some female boat owners but they do not fish. Additional demographic information on fisher pilot respondents is available in the Supplementary Material (Figures S1–S5). Overall 64% of respondents would like to see a SSI programme implemented in Seychelles but only 34% thought such a programme would be successful (Figure 2A). When asked why they thought such a program would or would not work, respondents voiced 16 perceived barriers to an initiative such as a Seychelles SSI (Figure 2B). The barriers most frequently mentioned by fishers were concerns over a lack of regulation and enforcement, whereby they perceived nothing would change, as well as a lack of control by fishers over what species they catch. The most frequently perceived benefit of a SSI programme was the potential to increase the price of a broader range of species. The barriers spanned socioeconomic, regulatory, technological, behavioural and environmental themes, although the majority (56%) were socioeconomic (e.g., ‘‘poorer people will eat any fish’’), followed by regulatory (e.g., ‘‘lack of data on stock assessments hinders such initiatives;’’ Figure 2B). Likewise, four of the eight (50%) perceived benefits of a SSI identified by the fishers were socioeconomic (e.g., ‘‘[A SSI could] raise the price of a broader selection of species’’) followed by benefits relating to behaviour (e.g., ‘‘[A SSI could] decrease stigmas around species deemed bad to eat;’’ Figure 2B).




Figure 2 | Figure 2 | Results from 33 fisher surveys demonstrating (A) responses to direct questions about a sustainable seafood initiative (SSI) in Seychelles, and 
(B) perceived barriers (left panel) and benefits (right panel) to such an initiative, grouped into five themes (middle panel).





Discussion

After conducting a pilot survey of fishers – one of five identified stakeholder groups relevant to the Seychelles artisanal seafood value chain (Figure 1) – we obtained key information that will drive additional research. Important for our piloting purposes is that by surveying a small subset (~7%) of Seychelles’ fishers, we could still identify numerous barriers and benefits to implementing a SSI programme. These barriers and benefits spanned socioeconomic, regulatory, technological, behavioural and environmental themes, with several responses addressing one or more themes simultaneously. Fishers brought up legitimate concerns about a sustainable seafood labelling and consumption programme, some of which were anticipated by our research team (e.g., fishers have limited control over what they can catch) and others which were novel (e.g., perception of more work for fishers but no reward). Given that a critical component of market-based incentive programmes is buy-in from fishers (Pérez-Ramírez et al., 2012), such concerns are important to acknowledge so they can guide future research and communication.

What is immediately apparent from our work is that in Seychelles the sociocultural impacts of sustainability programmes must carry a comparable weight to environmental impacts. Our results may also guide similar efforts in other SIDS nations with equivalent dependencies on small-scale fisheries. Indeed, market-based conservation tools are currently poorly linked to metrics used to assess ecosystem services where such services are intuitively understandable from a human value perspective (Murphy et al., 2021).

Most Seychellois fishers in our pilot survey depend on fishing for their livelihoods, spending 5–7 days a week fishing. As such, any incentive system must be equitable, inclusive and avoid undermining, penalising or shaming certain fisher groups or gear types, particularly those without the financial capital to make behavioural and technological changes. If not implemented carefully, conservation policies can lead to unintended negative consequences such as supply chain shortages and increased pressure on sustainable fisheries, both of which are detrimental to local food security (Lewis et al., 2020; Murphy et al., 2021). Some fishers surveyed expressed concerns that a SSI programme would raise the prices of local species too high for local Seychellois, or that the programme would only benefit certain fisher types. We anticipate our additional planned surveys will add new insights that span these five themes.

Notably, our pilot study revealed distinct attributes of the Seychelles artisanal fishery value chain likely to impact the future effectiveness of a SSI programme: these merit additional attention. First, there is a high reliance on traders due to their more-flexible pay structure (Figure 1), a common situation in small-scale fisheries (Thủy et al., 2019; Bartkus et al., 2021). Bypassing traders – a common tactic in programmes aimed to increase fisher earnings – would therefore disrupt the existing value chain in Seychelles and would likely face strong resistance, since traders hold significant power in the community. Second, there was distrust expressed by several fishers in government-led initiatives due to a variety of historical and cultural factors (Wood, 2007; Daw et al., 2011). As such, we believe a SSI programme would be more successful if initiated and implemented by a non-governmental organisation. Third, many fishers are not aware of existing trends indicating poor stock status for species they fish and may resist a sustainability programme that ranks a species as unsustainable (Daw et al., 2011; Robinson et al., 2019; Christ et al., 2020; Robinson et al., 2020; Bijoux, 2021).

One of the reasons leading to mistrust and miscommunication between regulators and fishers in Seychelles is poor attendance by many fishers at workshops hosted by regulators, in spite of incentive awards for attending (Daw et al., 2011; Trimble et al., 2014). Sometimes workshops are held during fishing seasons, making it difficult for fishers to attend, but poor attendance also stems from feelings of indifference in fishers arising from a history of mistrust and frustration with regulators. Moreover, misinformation can spread quickly, and there is a perceived belief by artisanal fishers that they receive unequal treatment from regulators compared to operators of larger, industrial vessels (e.g., purse seiners). For example, when asked if they would stop fishing for any reason, one fisher stated, “No, I will keep fishing. [The] problem is the large vessels, not [the] small people.” During the time of our fisher pilot surveys, strict quotas on yellowfin tuna catches in Seychelles were being negotiated by the Indian Ocean Tuna Commission, which attracted high media coverage in local newspapers and on social media. These negotiations coincided with new regulations for the artisanal fishery– specifically, size limits for two overexploited species – set by the Seychelles Fishing Authority and Ministry of Fisheries and the Blue Economy. While these events were not directly related to our survey questions, this context surfaced in interviews. Several fishers made unsolicited statements that they thought size limits would be enforced on the artisanal fishers but not on the industrial fleet, which they felt was unequitable. It is also important to acknowledge that current events (e.g. fishery regulatory changes, the COVID-19 pandemic) may have affected our pilot survey responses. Nonetheless, identifying critical barriers upfront- particularly behavioural and sociocultural obstacles- and whether those barriers can be overcome, is a necessary step to advancing market-based sustainability solutions.

We reviewed the quality of our questions, examining the amount of time it took fishers to answer questions, the range of interpretations apparent in responses, and root cause ambiguity in wording. On this basis, we identified some questions that will require significant modification to more-accurately capture the nuances of the Seychelles artisanal fishery in a full-scale feasibility study. For example, some questions such as “What were your fishing strategies before COVID?” garnered a wide variety of answers from fishers (Table S3). Our interpretation of this question, specifically, speaks to the challenges of disentangling current events – the COVID-19 pandemic – with what has been a relatively rapid development of fisheries in Seychelles over the past ~30 years. Several fishers we interviewed have been fishing for over two decades and have already had to make many adjustments to their fishing methods and gear over time (Woodhead et al., 2021). Climate change, including severe coral bleaching events (Gudka et al., 2020), as well as seasonal weather variations and tourism levels have all fluctuated largely over the past several years and led to constant changes in the market demand for fresh fish (Woodhead et al., 2021). COVID-19 was just one additional component of this change. After a one-month shutdown in 2020, the Seychelles government gave fishers a lockdown exemption and facilitated a nation-wide fish purchasing programme, possibly even increasing the demand for local fish. Moreover, fishers are already accustomed to three-month gaps in fishing, given the Seychelles’ monsoon patterns. As such, the impacts of COVID-19 on fishers in island nations such as Seychelles may have been relatively minimal (Ferguson et al., 2022), and we observed several responses to this question that were more representative of all the changes fishers have had to make because of previous events over the past 20-30 years. We therefore stress the importance of critically evaluating survey questions and responses via pilot studies and making adaptive changes in survey phrasing and delivery to better capture targeted information.

In addition to the wording of the questions themselves, we assert that market-based research etiquette, specifically the manner in which surveys are conducted, is also critically important. Without a team on-the-ground in Seychelles with expert knowledge of the market structure, of social and cultural contexts, and with the ability to gain the trust of fishers to answer survey questions honestly, coupled with independent experts unaffiliated with any government regulatory organisation, the barriers and benefits identified by fishers may not have been so readily captured. For example, the primary fisher surveyor had significant experience interviewing Seychelles fishers and a full suite of local language/dialect skills. The interviewer also recognized the importance of conducting surveys between monsoon seasons - and at times of day and in locations - when fishers had more time to answer questions. Along with capturing important considerations for future surveys, approaching fishers respectful of their primary need to fish, and the voluntary generosity of responding to surveys, also represented investing in an appropriate tenor for future relations.

The take-home from this pilot study is the necessity of thorough, location-specific research and in-depth stakeholder consultation to elucidate unique economic, societal, behavioural and cultural factors that will affect design considerations for seafood labelling and consumption programmes. We believe the findings from this study in Seychelles are generalizable across several SIDS. The very definition of SIDS means these nations share economic, geographic and ocean reliance features (Briguglio, 1995; Thomas et al., 2020). The most comparable pilot study conducted to-date on market-based seafood sustainability opportunities in SIDS, to our knowledge, took place in Bonaire, Saba and St. Eustatius: Caribbean islands belonging to the Netherlands Antilles. On these islands, researchers encountered similar challenges, including difficulties with data-limited stocks and lack of effective communication between fishers and governing bodies (WWF Netherlands and Good Fish Foundation, 2020). In Africa in particular, there is a pressing need to conduct in-depth, market-based fisheries research across the six African SIDS, as every one of them – from Seychelles to Cabo Verde – are engaging to various extents in Blue Economy strategies to enhance sustainable ocean production aligned with the United Nations Sustainable Development Goal 14 (SDG 14; AU-IBAR, 2019; Techera and Appadoo, 2020). Indeed, seafood labelling programmes are specifically proposed by the UN as a tool to help SIDS achieve SDG 14 (UNCTAD, 2019), highlighting the importance of helping countries perform gap analyses to build or develop the components needed to use market-based approaches and tools effectively in burgeoning Blue Economy frameworks, including mapping fishery supply chains. We believe this pilot work can serve as a valuable guide to direct future research on the development of seafood labelling programs in African SIDS nations. African SIDS share a disproportionate reliance on the ocean for economic production via tourism and fisheries, food security and cultural heritage, and face similar threats such as over-exploitation and climate-induced habitat loss (Obura, 2017; Intchama et al., 2018; González et al., 2020). Many African SIDS also share similar aspects of their fisheries which are deemed important for a seafood labelling program. These include multi-sector fisheries, targeting a variety of species, and distinctive value/supply chains for export, local and tourist consumption (UNCTAD, 2017; Advance Africa Management Services, 2018; González et al., 2020; Sweenarain, 2012).

We recommend that researchers and agencies working in SIDS adopt a community and human-centred approach to implementing questionnaires related to sustainable seafood initiatives. Relationship-building and upfront consideration of fishers’ time or other constraints were crucial to the success of this pilot study. We also emphasise the importance of thorough background research before implementing market-based incentive sustainable seafood programmes, acknowledging that such research demands significant time and resources. While several of our conclusions are generalizable across African SIDS, we recognize the challenges faced by SIDS are not always homogenous and acknowledge the complexities unique to each nation.
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Small-scale fisheries (SSFs) are often undervalued and unmanaged as a result of a lack of data. A study of SSFs in Menabe, western Madagascar in 1991 found diverse catches and a productive fishery with some evidence of declining catches. Here we compare data collected at the same landing site in 1991 and 2011. 2011 had seven times greater total monthly landings due to more people fishing and higher individual catches. Catch composition showed a lower mean trophic level in 2011 indicating overfishing, the true extent of which may be masked due to changes in technology and fishing behaviours. Limited management action since 2011 means these trends have likely continued and an urgent need for both greater understanding, and management of these fisheries remains if they are to continue providing food and income for fishing communities.
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Introduction

Small-scale fisheries make significant contributions to nutrition, food security, and coastal economies, particularly in low-income countries (FAO, 2019). Yet there is often a lack of data documenting their contribution, and importantly their composition and change over time (Jackson et al., 2001; Andrew et al., 2007; Jacquet and Pauly, 2008). Fishing activities are increasing worldwide both as a result of a growing population and increased per capita consumption (Cai and Leung, 2017). This growing demand places additional pressure on the health of fish stocks. Although there is evidence of improving trends in the stock abundance of well managed fisheries, this is not the case for fisheries in much of the global south where effective governance, monitoring and management are often lacking (Costello et al., 2016; Hilborn and Hilborn, 2019).

In addition to the threats of overfishing, climate change is expected to impact fish and fisheries through a complex suite of linked processes (Brander, 2010). Larger declines are predicted particularly in tropical regions and therefore likely to disproportionately impact the communities that rely on the ocean for their livelihoods (Lam et al., 2016; Ding et al., 2017).

Madagascar is listed as the eleventh poorest country in the world (International Monetary Fund, 2019) and more than 77% of its people live on less than USD $1.90 per day (Alkire et al., 2019). Similar to many countries in the global south, the country lacks the institutional and governance capacity to monitor and manage the socially dynamic, multi-species and often geographically remote fisheries effectively. Therefore, policy and management often remain largely uninformed, ineffective and unable to identify - let alone respond to - changes in fisheries resources and sustainability (Le Manach et al., 2011; Le Manach et al., 2012).

Madagascar’s marine capture fisheries production was estimated to be around 125,000 tonnes in 2017 (FAO, 2019). A study published in 2011 estimated that Madagascar’s small-scale marine fisheries contributed as much as 65% of total fish production (Le Manach et al., 2011), and this same study highlighted that Madagascar’s national fisheries statistics were under-reported by up to 200% between the 1950s and 2000’s (Le Manach et al., 2011). In a country where coastal regions have historically had a higher incidence of poverty than the rest of the country as a whole (Horning, 2008; Moran et al., 2008), the contribution of small-scale fisheries to the national economy and food security is likely to be greatly undervalued.

In much of Madagascar, and particularly in the south-western regions of Atsimo Andrefana and Menabe, fishing and associated activities, including aquaculture and fish processing, are the principal, and often only, source of income for many people (Laroche et al., 1997; Lilette, 2006). This stretch of coastline is home to the Vezo, a semi-nomadic ethnic group of traditional fishers (Astuti, 1995; Sanders, 2005; Lilette, 2006; Cripps and Gardner, 2016). With up to 95% of households in these coastal communities being reliant on fishing as their primary source of income (Barnes-Mauthe et al., 2013), effective fisheries management is vital to ensure the livelihoods and food security of people most at risk from overfishing as well as other human-induced and external threats e.g. climate change.

In 1991, Laroche et al. (1997) surveyed the small-scale fisheries in coastal cities of Toliara, Morombe and Morondava. They found diverse catches, comprising of pelagic, reef and coastal species, with differing species composition across the three main coastal towns. Fisheries in Toliara and Morombe focused on reefs, while in Morondava it primarily focused on sandy coastal areas, with some hand line fishers targeting scattered coral banks. The town of Morondava, also the focus of the current study, had the highest diversity of catches, with a greater composition of high-value and higher trophic level species than the other towns. Despite lower catch rates, particularly noted for handlines, fishers were still able to generate a good income from targeting high-value species in the region in 1991.

Laroche et al. (1997) also highlighted that fishers consistently reported that they were already adapting their activities to mitigate impacts of declining catches on their lives. These adaptations included increasing effective fishing effort (e.g. more hooks, longer nets, and smaller mesh sizes), developing technical solutions (e.g. using longer lasting nylon nets instead of cotton), and seeking supplementary income sources (e.g. farming or dockwork (boutry) in the nearby port). The authors reflected on the reasons for fisheries declines, including changes in the market forces across all of the towns, while specifically focusing on the competition with the commercial shrimp-trawl fishery in Morondava. They concluded that the fisheries were overexploited and in need of improved management and called for the integration of traditional management with government policy, and attribution of exclusive access rights to traditional fisher groups. They also noted that the use of marine sanctuaries could be particularly useful for maintaining species diversity and abundance and suggested that management would be most effective if associated with strategies for supporting livelihood diversification and stabilising population growth.

Since Laroche et al. (1997), a handful of isolated studies have been conducted on Madagascar’s small-scale fisheries, notably those involving finfish (Davies et al., 2009; Doukakis et al., 2009; Brenier et al., 2011; Gough et al., 2020), marine invertebrates (McVean et al., 2005; Barnes and Rawlinson, 2009; Bemiasa, 2009), sharks (McVean et al., 2006; Cripps et al., 2015; Humber et al., 2017a) and marine turtles (Walker and Roberts, 2005; Humber et al., 2011; Humber et al., 2017b), as well as monitoring methods (Behivoke et al, 2021). However, the majority of these studies provide only temporal ‘snapshots’ of fishery status; and none have assessed medium term trends in small-scale finfish fisheries. The current deficiency of accurate fisheries information underlines the need to improve understanding of temporal trends in small-scale fisheries in order to develop recommendations for adaptive management.

Building upon the analysis presented in Gough et al. (2020) that provided evidence of overfishing in the region in 2011, the current study compares landings from 2011 with those from the same fishing communities in 1991 (Laroche et al., 1997). We look at what had changed over the two decades between the two studies and interpret findings with a view to guiding future research and management that will safeguard fisheries livelihoods and human wellbeing.



Materials and Methods


The Morondava Fishing Area

Morondava is a town of around 53,000 people situated on the Menabe coastal region of western Madagascar (INSTAT, 2020) (Figure 1A). It is characterized by a shallow underwater shelf, which is around 30 km in width and less than 20m deep. A scattered coral bank lies at the seaward periphery adjacent to the continental shelf edge. Numerous rivers and extensive mangrove forests result in high turbidity within the sandy-bottomed lagoon (Cooke et al, 2003).




Figure 1 | Map of study site (A) Location of Madagascar off the east coast of Africa in the Mozambique channel, and Morondava in the region of Menabe, west Madagascar. (B) The two villages (fokontany) of Betania and Avaradrova where landing surveys were carried out in both 1991 and 2011, and the commonly visited fishing sites recorded by fishers. (C) The number of fishers in each study as reported by village presidents (Note there was no village breakdown provided by Laroche et al., 1997). The two types of traditional boat used by the Vezo in the region’s small-scale traditional fishery (D) laka, and (E) molanga.



The study was carried out in Betania and Avaradrova, two fokontany (a political and administrative subdivision equivalent to a village or group of villages) within the urban commune of Morondava (Figure 1B). Fishers in this region use two types of wooden canoe, locally known as pirogue. The larger canoe with outrigger (laka) is often used for offshore fishing trips and customarily uses a sail (Astuti, 1995) (Figure 1D). The smaller (molanga) is a simpler single hulled canoe usually powered by paddle and more frequently used for nearshore fishing excursions (Figure 1E).



Landings Data Collection

In 1991, Laroche et al. stationed surveyors at two landing sites in the commune of Morondava on the west coast of Madagascar; the first in the fokontany of Avaradrova, and the second in the fokontany of Betania (Figure 1B). The monitoring was carried out for 22 days a month over a 7-month period from April to October 1991. Each day the surveyors recorded the total fishing effort as the number of pirogues that went out to sea from the landing site and sampled ten of the returning pirogues for catch (although there is no record of sampling strategy for these ten pirogues). For each pirogue sampled, the surveyor recorded the number of individuals taking part in the fishing operation, the name of the fishing sites visited, the type of fishing gear employed and a visual estimation of the weight of each species caught, with surveyors being trained prior to sampling in estimating catch weights (Laroche et al., 1997). The number of fish in catches was not recorded. Note that only gillnet and handline fishing gears were recorded in 1991. The presence and recording of other gear types in the same study in other locations (Morombe and Toliara) suggests that if other gear types were being used in the Morondava fishery they would have been recorded.

In 2011, as part of a wider participatory project to understand fishing in the region (Gough et al., 2020), the present study stationed fisheries surveyors at the same landing sites as in Laroche et al. (1997). Two local surveyors were recruited from each village and following training and piloting of data collection in November-December 2010, sampling was undertaken for a minimum of two days every week at each landing site for the year (Jan-Dec) of 2011, with a break over the month of June due to local celebrations.

Fisheries surveyors recorded total fishing effort for the landing site as the number of boats (both laka and molanga) that went out to sea from the landing site each day of surveying (between 2 and 4 days per week). As the boats returned to the beach, the surveyors gathered information on each boat. The number of fishers, time spent fishing and location were recorded for each boat. Additionally, the weight of the total catch and the weight and number of each species were recorded as described in Gough et al. (2020). Surveyors received strong cooperation from fishers allowing them access to their catches during the survey period.

While fisheries monitoring is ongoing elsewhere in the region, monitoring in these two fokontany was not continued after 2011 following the cessation of project funding.

Raw data from the 1991 study were not available and so comparisons are made with results as presented in the paper published by Laroche et al. (1997).



Data Analysis

To ensure consistency and allow comparisons between the results from Laroche et al . and data obtained in 2011, we calculated the same five metrics for each fishing gear as Laroche et al. (1997) using the same methods and equations.

Catch per unit effort (CPUE) is a measure of how much biomass is caught by a single unit of fishing effort. Laroche et al. (1997) reported CPUE in kg fisher-1 hr-1, per the following formula.

	

Where Pik is the capture weight (kg) and ni is the number of fishing hours (# fishers x trip duration). Average CPUEi (expressed as kg trip-1) was also calculated for each gear type per calendar month.

Total fishing effort (fi) was also calculated as in Laroche et al. (1997) by gear type.

	

Where t is the number of fishing trips recorded per month and d is the number of fishing days per month and s is the number of days when surveys were conducted. In 2011, data collectors reported observing only 60% of fishing trips. Therefore, observation numbers were adjusted to provide an estimate of the total number of trips.

Monthly catch Estimation of the catch (Ci) for each month by fishing gear type was then calculated.

	

The following metrics as reported by Laroche et al. (1997) were also calculated for each gear;

FISHM: the number of people employed in the use of a particular fishing gear

LENG: the average duration of a fishing trip (minutes)

ACTI: the estimate of the daily proportion of pirogues fishing [ACTI = (number of trips during the whole survey period x 100)/total number of pirogues x number of days surveyed)].

Each of these results calculated for 2011 observations by gear type was then compared with the results reported by Laroche et al. (1997) for the data collected in 1991.

Raw data values and measures of variance were not presented in the 1997 publication; therefore, summary descriptive statistics are used to make comparisons between 1991 and 2011 metrics.

Laroche et al. (1997) provides a summary of the taxonomic composition of catches reporting the major family groups and their proportional contribution to catches. Laroche et al. (1997) grouped sharks and rays as well as grouping unidentified families and those with small contribution to the total catch as ‘other’. The proportional contribution of each family was calculated using 2011 data and then families grouped in the same way as presented by Laroche et al. to allow comparison. For each family/group the original (1991) proportional contribution was then subtracted from the present (2011) contribution to ascertain which families had increased and/or declined in catches between the two studies.

Laroche et al. (1997) provided a summary of the trophic group composition of reef and reef associated fish catches in 1991. To compare the present study with Laroche, the different fish species were classed according to their degree of reef association (Bellwood, 1988) as described by Laroche et al. (1997). Where new species were observed in 2011 but were not assigned in Bellwood (1988), the degree of reef association was taken from FishBase (Froese and Pauly, 2000). In order to allow direct comparison to Laroche et al. (1997), data on the species designated as reef species or reef-associated species were then retained and those on non-reef species not considered. Each of the remaining species was then allocated to one of five trophic groups: herbivore/detritivores, planktivores, macroinvertebrate feeders, piscivores, piscivore/macroinvertebrate feeder, or unassigned, using the same references as Laroche et al. to ensure comparability (Hiatt and Strasburg, 1960; Hobson, 1974). To be able to compare trophic group composition for the entire catch, and not just reef and reef associated species, trophic groups were assigned to the composition data reported by Laroche et al. (1997). This was then compared to the proportional composition for all species catches in 2011.

Finally, in addition to comparing the metrics presented in Laroche et al. (1997), trophic levels (TL) from FishBase (Froese and Pauly, 2000) were assigned to each fish family group (TLf) for both 2011 and 1991. The median trophic level was calculated for both 1991 and 2011 by taking the median value from the percentage frequency distribution, and the mean trophic level of the catch for both years was then calculated using the proportional composition of each family group (Pf).

	




Results

In 2011, surveys were conducted 2-4 days per week (overall 34% of total fishing days in Avaradrova and 40% of fishing days in Betania). Data collectors observed a total of 18,304 boats going fishing, with an average of 68 and 77 boats per day in Avaradrova and Betania respectively, which was estimated by the data collectors to represent 60% of the total number of boats out fishing on any given day. They collected samples from a total of 1,555 fishing trips (570 in Avaradrova and 985 in Betania) which indicates that samples were taken for between 6 and 8% of the active boats. The number of fishers on a single fishing trip ranged from 1 to 11 and catch surveys recorded 72,234 kg of fish landed, comprising a total of 447,585 individual fish from 32 families. A further 2,158 kg of crustaceans and 41 kg of holothurians was also landed but excluded from this analysis as the study by Laroche et al. focused solely on finfish. In the 1991 study, monitoring was carried out on 22 days per month, with 10 pirogues sampled for catch each day (Laroche et al., 1997). Although Laroche et al. reports recording the number of pirogues, these data are not published and so we do not know what proportion of the fleet, or consequently, the catch this sample represented in the paper.


Population of Fishers

Laroche et al. reported that, in 1991, of the estimated 40,000 inhabitants of Morondava, 235 reported fishing as their primary activity in the communities of Betania and Avaradrova. Official census data reports that the population of Morondava was 64,071 in 1993 (INSTAT, 1997) and has increased to an estimated 153,994 in the 2018 census (INSTAT, 2020). Interpolation of the INSTAT population data places the population of Morondava at an estimated 120,000 in 2011 with a growth rate slightly higher (3.5%) than the national average of 3%. The presidents of the two villages reported the population of fishers to total 1510 in 2011 (460/1300 inhabitants, in Betania and 1050/3250 inhabitants in Avaradrova) suggesting an estimated 9.8% annual growth rate (Figure 1C) and a 6.4 fold increase in the number of fishers over the 2 decades.



Fishing Gears and Fishing Grounds

Fishing in Morondava in 2011 was still undertaken using traditional fishing boats as described by Laroche et al. (1997) (Figures 1D, E). Laroche et al. reported that in 1991 fishers were using only handlines and fixed gillnets, with a distinct contrast between the fishing grounds used for each gear type. In 1991 handlines were commonly used in both inshore areas and offshore coral banks, which can be up to 30 km out to sea (Figure 1B), while gillnets were used close to the coast in the sandy lagoon area near the town of Morondava.

In 2011, handline fishers appeared to be almost exclusively fishing offshore. Gillnets and other nets, with the exception of shark nets, were still being used mainly in the inshore coastal waters, with a small increase in the use of gillnets in offshore areas (Figure 2). In addition to the handlines and gillnets reported by Laroche et al. however, the present study also recorded the use of beach seines, longlines, mosquito nets, shark nets, spears and spear guns in the Morondava fishery (Figure 2). Gough et al. (2009) provides a summary of the characteristics of each gear type used by Vezo fishers in southwest Madagascar.




Figure 2 | Proportional location of deployments of each gear in 1991 (Laroche et al., 1997) and 2011, this study (N/R, location not recorded; Gears, GN, gillnet; HL, handline; BS, beach seine; LL, longline; MN, mosquito net; SN, shark net; and SP, spear/speargun) by each location type. Temporal comparison (left) shown only for gillnet and handlines as other gears were not reported as being used in 1991.





Estimation of the Production Per Gear Type

The mean monthly catch in Morondava in 1991 (Laroche et al., 1997) was estimated at 16.8 tonnes per month and dominated by handline catches (80%) over gillnets (20%), whereas in 2011 mean monthly catch was estimated as almost sevenfold greater at 122.1 tonnes per month and dominated by gillnet catches (35.8%) over beach seine catches (27.0%) and handlines (26.5%; Table 1). Mean monthly landings from gillnets were estimated to be twelve times higher in 2011 than observed in 1991, while handline landings were estimated to have doubled since 1991. The mean monthly catch from only gillnet and handlines in 2011 was estimated to be 4.5 times larger than in 1991. Taken as a whole the overall mean monthly and daily catch per fisher increased from 71kg/fisher/month and 2.4kg/fisher/day in 1991 to 81kg/fisher/month and 2.7kg/fisher/day in 2011.


Table 1 | Comparisons of estimated average monthly catch (± 95% confidence interval) by fishing gear between 1991 (Laroche et al., 1997) and 2011.





Species and Trophic Composition of Catches

In 1991, Laroche et al. reported 37 fish families amongst the catch, with seven families accounting for 80% of the catch. In 2011, 37 fish families contributed to catch from all gears with six families contributing more than 80% of the catch, with a similar result for handline and gillnet catches only (Table 2). In the 1991 data, the authors grouped sharks and rays which contributed to 11.1% of the catch. An additional 5.8% was grouped as ‘Other’, referring to unidentified finfish families and those with small contribution to the total catch with no further detail given on the families present. Only the Istiophoridae (billfish family) were known to be present in 1991 but absent in 2011, while only Hemiramphidae (halfbeaks) which were absent in 1991 were present in catches in 2011 although in small numbers (<0.1% of catch). Since further information was not available on which families comprised the “other” or “sharks” categories in the 1991 study, we are unable to know if there were further family groups lost or new ones appearing between the two studies (Table 2 and Figure 3).


Table 2 | The major fish families caught in Morondava (Avaradrova and Betania) and their percentage contribution to the total catch (by weight) in 1991 and 2011with arrows indicating the direction of the trend between the two studies.






Figure 3 | Change in fish family composition between 1991 (Laroche et al., 1997) and 2011 (this study) for all gear types. Red bars indicate fish families that reduced in proportional representation by weight in catches between 1991 and 2011 (e.g. sharks and rays dropped by 6.4% from 11.1% in 1991 to 4.7% in 2011, while Istiophoridae comprised 6.8% in 1991 but was absent from catches in 2011. Those in grey appeared more frequently in catches in 2011 (e.g. Sciaenidae increased by 0.5% from 1.7% in 1991 to 2.2% in 2011). **Other included 19 families in 2011 (Acanthuridae, Albulidae, Ariidae, Belonidae, Chanidae, Chirocentridae, Congridae, Diodontidae, Echeneidae, Engraulidae, Kyphosidae, Leiognathidae, Lobotidae, Mullidae, Muraenidae, Sillaginidae, and Soleidae, Synodontidae and Trichuridae). No further information was given on the composition of the group ‘Others’ in Laroche et al. (1997).



Laroche et al. (1997) highlighted the diversity of catches, with pelagic, reef, and coastal species represented. They further noted that Serranidae (groupers) were particularly targeted by fishers and comprised 10.6% of the catch. In the present study, this same family had declined in its contribution to catches comprising just 6.5% of the catch from HL and GN, and 6.1% of catch from all gear types (Table 2 and Figure 3). Indeed, of the top 10 fish groups reported by Laroche et al. (1997), only Clupeidae (herring, shad, sardine) and Sciaenidae (drums and croakers) had increased in prevalence in 2011, while all other families decreased (Table 2 and Figure 3).

Laroche et al. (1997) highlighted that piscivores and piscivore/macroinvertebrate feeders comprised a combined total of 91% of catches of reef and reef associated fish in 1991 (Figure 4A). In 2011, these trophic groups made a much smaller contribution of just 56% to the catches of reef and reef associated fish (Figure 4B) and 53% to handline and gillnet catches of reef and reef associated fish (Figure 4C). Assigning trophic groups to the non-reef families reported by Laroche et al. (1997) (Table 2), piscivores comprised an estimated 73% of the overall catch (including both reef and non-reef species) in 1991 (Figure 4D), while in 2011 this group comprised 62% of handline and gillnet catches (Figure 4E) and 52% to catches from all gear types (Figure 4F).




Figure 4 | Change in the proportional contribution of fish from each trophic group between 1991 reported by Laroche et al. (1997) and 2011. (A) reef fish only reported by Laroche et al. and compares with (B) 2011 reef fish catches for handline and gillnets only, and (C) 2011 reef fish catches for all gear types. While (D) compares proportions of trophic groups from all species in 1991 (E) all species in 2011 from handline and gillnet catches only and (F) all species from all catches in 2011. Further breakdown of trophic group composition of catches by gear type are provided in Supplementary Data (S1).



The median trophic level (MTL) calculated from Laroche et al. (1997) was 4.0 in 1991 (mean 3.9) while in 2011 (across all gear types and for handline and gillnet catches only) the MTL was 3.65 (mean 3.7) a drop of 0.35 over the two decade period.



Main Characteristics of Fishing Techniques

Laroche et al. (1997) provided a summary of the following four variables for each of the landing sites; FISHM (the number of fishers employed in the use of a particular fishing gear), LENG [the average duration of a fishing trip (minutes)], CPUE (the amount of fish caught per fisher per hour), and ACTI (the estimate of the daily proportion of pirogues fishing). By comparing the 2011 data with that reported by Laroche et al. we found some notable change across the two decades.

There was little difference in the mean number of fishers operating a particular fishing gear on a single trip (FISHM) between 1991 and 2011. Although there was a drop in the mean number of fishers using handlines in Avaradrova, from 2 (error not reported) in 1991 to 1.4 fishers (± 0.5 SD) in 2011, suggesting handline fishers are increasingly operating alone in this village. The mean number of fishers on a trip employing gill nets in both villages remained at 1.0 (± 0.1 SD) in both villages, and handlines in Betania remained stable from 2 fishers in 1991 (error not reported) to 1.9 fishers (± 0.3 SD) in 2011 (Figure 5A). Fishers appeared, however, to be spending a markedly longer time at sea (LENG) in 2011 than in 1991 across all gear types (Figure 5B). The difference in the length of fishing trips using gillnets ranged from a mean of 36 minutes longer in Avaradrova, from 260 minutes in 1991 (error not reported) to 296 minutes (± 4.2 SD) in 2011 to a mean of over two hours longer for gillnet fishers in Betania from 200 minutes in 1991 (error not reported) to 333 minutes (± 87.4 SD). Handline fishers from both villages spent between 50 minutes to an hour longer fishing in 2011 than in 1991, on average from 500 minutes in 1991 (error not reported) to 550 (± 123.0 SD) in 2011 in Avaradrova, and from 550 minutes in 1991 (error not reported) to 608 (± 113.9 SD) in 2011 in Betania.




Figure 5 | Comparisons between the 4 main fishing effort variables used by Laroche et al. (1997). (A) Average number fishing by gear type (FISHM). (B) Average duration (minutes) of a trip (LENG). (C) Average daily activity (ACTI - the estimate of the daily proportion of pirogues fishing), and (D) Average catch per unit effort (kg person-1 h-1) (CPUE). Error bars indicate standard deviation. Variation was not reported by Laroche et al. (1997) and thus error bars are not shown for 1991 values.



There was an increase in the total fishing effort (ACTI) for gillnets in both Avaradrova (from 0.3 in 1991 to 0.6 in 2011) and Betania (increasing from 0.2 in 1991 to 0.8 in 2011). Total effort exerted by handline fishers appeared to have declined in Avaradrova (0.4 in 1991 to 0.1 in 2011) but increased slightly in Betania (0.3 in 1991 to 0.5 in 2011) (Figure 5C).

Mean catch rate for an individual fisher on a fishing trip (CPUE) was higher for gillnets in both villages in 2011 when compared to 1991. CPUE was 2.2 kg/fisher/hr (± 2.4 SD) in 2011 for gillnets in Avaradrova and 2.1 kg/fisher/hr (± 1.8 SD) in Betania compared to 1.4 kg/fisher/hr and 0.7 kg/fisher/hr (error not reported) for each of these two sites respectively in 1991. Handline catches were also higher in 2011 in Avaradrova (1.4 kg/fisher/hr ± 1.4 SD) compared to 1991 (0.6 kg/fisher/hr error not reported). The only exception was that CPUE was slightly lower in 2011 in Betania (0.8 kg/fisher/hr ± 0.6 SD) compared to 1991 (1.1 kg/fisher/hr error not reported).




Discussion

This paper provides a useful snapshot of the temporal change in the small-scale fishery of Morondava focusing on the changes that occurred between 1991 and 2011. The main results of the comparison point towards overexploitation of the resources revealing that; 1) the catch composition had changed between the two studies, with fewer high-trophic level species in catches in 2011 than in 1991 (Figures 4A, B and Table 1) the estimated total monthly landings had dramatically increased between the two years. The seven-fold increase in catches appear to be explained by the substantial increase in the population of fishers between the two study periods (Figure 1C) and diversification of fishing gears, signified by the introduction of gears such as beach seines and long lines that were not reported in the 1991 study. We observed that gillnet and handline fishers were fishing further afield, spending more time fishing (Figure 5B) and returning with a slightly higher catch weight per fisher for a single fishing trip (CPUE) (Figure 5D). We examine each of these findings below and discuss what may be contributing to these results and what they may mean for the fishery and fishers of Morondava.

In 2011, Morondava fishers continued to catch a large diversity of demersal and pelagic species from offshore reef and sandy lagoon habitats, similar to that observed in 1991 by Laroche et al. (1997). While the number of fish families remained similar, some fish families that were present in 1991 became reduced or absent in the 2011 study. The reduction in the proportional contribution from families such as Istiophoridae (sailfish), and Serranidae (grouper) as well as sharks and rays was notable, as well as that from Lethrinidae (emperor) and Nemipteridae (sea bream), again larger and slow maturing species that show high vulnerability to fishing pressure (Cheung et al., 2005). Since many of these species are from high trophic levels, it explains the observed decline in median trophic level (MTL) of the catches. The 0.35 decline in trophic level (TL) observed in the Morondava fishery between 1991 and 2011 is higher than the reported global average of 0.1 TL per decade (Pauly et al., 1998). This provides evidence that the fishery may have been experiencing the phenomenon commonly referred to as ‘fishing down marine food webs’ and is considered indicative of a fishery under unsustainable exploitation (Pauly et al., 1998). A similar trend has been documented in the small-scale fishery of Toliara, southwest Madagascar (Brenier et al., 2011) as well as in a number of other small-scale tropical coastal fisheries (McClanahan and Mangi, 2004; Mangi and Roberts, 2006). Although change in trophic level could be explained by other factors besides resource overexploitation (Branch et al., 2010; Sethi et al., 2010) in this case the change is most likely associated with the change in catch composition (see below).

Essington et al. (2006) additionally defined ‘fishing through’ marine food webs describing how the MTL may decline due to the sequential addition of low TL catches rather than simply the decline of high TL species. The increased contribution of some low TL families, such as Clupeidae (sardine) in 2011 may reflect changes in markets and targeted fish species but is also likely a reflection of the introduction of new fishing gears, in particular the increased use of beach seines in the region over the 20 year period. The increased abundance of these species in catches has also been noted in a similar comparison conducted in the small-scale fishery of Toliara a region ca. 400km from the current site (Brenier et al., 2011).

Conversely, there may be some ‘fishing up’ the marine food web (Branch et al., 2010; Stergiou and Tsikliras, 2011) that is not captured by the overall change in TL as a number of higher TL families that were absent from the 1991 study were present in our 2011 surveys (although they may have been included in Laroche’s ‘other’ family group). Again, these are also likely to have appeared as a result of the introduction of new fishing gears and sites (Figure 3), for example Lobotidae (tripletails), being caught primarily by longline fishers at offshore sites, and Trichuridae (cutlassfish), and Chirocentridae (wolf herring) being caught by small mesh gillnets in inshore waters.

Fishers in Avaradrova, particularly those using handline, were fishing for longer periods (Figure 5B) and more frequently at offshore sites in 2011 than in 1991 (Figure 2). This may reflect the targeting of some of these larger bodied high trophic level fish families found predominantly in offshore areas, such as Scombridae (tuna and mackerel), or reef fishes such as those of the Serranidae (grouper), Lutjanidae (snapper) and Lethrinidae (emperor) families found on and around offshore reefs. Since these were some of the main families targeted in 1991 and their contribution to catches has declined (Figure 3), it is likely that this shift may be due to reduced catches of these species on nearshore reefs, driving fishers further afield. In addition, the diversification of fishing gears, such as the introduction of shark nets and longlines to target sharks and scombrids, as well as fishing further afield in deeper or previously less exploited waters may also be partially maintaining catches and masking the decline in higher trophic level value (Morato et al., 2006). The fish families caught by small-scale fishers are targeted for both local consumption and export markets. Increases in fishing effort across these families is therefore likely linked to both the requirements of feeding a growing local population and meeting the growing demands for export. A socio-economic survey carried out in the region in 2011 reported that 63% of fishers identified a large decrease in the abundance of fish in catches, and that they subsequently fished further away (26%) or more frequently (7%) to compensate for the changes (Dewar, 2012). These behavioural responses have been observed in numerous other small-scale fisheries around the tropics (Padilla et al., 2003; Eder, 2005; Sadovy, 2005; Fabinyi, 2010) and are often driven by declining catches and can sometimes mask trophic declines (Stergiou and Tsikliras, 2011).

Beyond the absence of some fish families in catches, intensive fishing has been demonstrated to lead to imbalances in ecosystem function, which has ramifications for community structure overall (Jennings and Kaiser, 1998; Jennings et al., 1999). Fishery removals may induce indirect trophic (food web) interactions, and thus fishing can have many effects on community structure (Botsford et al., 1997). These interactions become increasingly more complex in multispecies fisheries where multiple gear types are deployed (Jennings et al., 1999; Jennings, 2005) as observed in this study.

In addition to the changes in trophic composition, the overall average monthly landings for the Morondava landing sites in 2011 were estimated to be 700% higher than estimated by Laroche in 1991 (Table 1). It is likely that the increase in landings is due in part to increases in total fishing effort, particularly the number of fishers operating within the fishery. The population of Morondava has more than doubled from Laroche’s estimate of 40,000 to an estimated 120,000 in 2011. However, the population of fishers has increased more than 6-fold in this same period. This high growth is likely due to a combination of high fertility rates as well as the migration of fishers from communities to the south, who travel north as fisheries resources decline further south, attracted by the growth of export markets for shark fin and sea cucumbers and more plentiful resources further north (Cripps and Gardner, 2016). There is also a strong flow of agro-pastoralists and others from inland communities towards the coast as crop yields decline and communities face rising food and physical insecurity (Marikandia, 2001; Chaboud, 2006; Bruggemann et al., 2012). Migrants therefore have variable experience and expertise in fishing livelihoods depending on where they originated. Small-scale fisheries continue to make an important contribution to the livelihoods, income and food generation of the Vezo people living in the coastal town of Morondava and the wider south-west region of Madagascar. Yet with increasing numbers of people operating in the fishery, fishers often cite the number of fishers as being an important contributor to the changes they have seen in their catches over time, alongside the presence of an industrial shrimp-trawl fishery (Jones, 2011; Dewar, 2012).

Higher total monthly landings are, in part, explained by the diversification of fishing gears. Our results show the presence of shark nets, longlines, beach seines and mosquito nets in the Morondava fishery in 2011 (Figure 2 and Table 2), yet these gears were absent in the records from 1991. The absence of these gears in the 1991 study however, may not indicate absence in the fishery, but may be a result of the limited geographic and temporal scope of the original study. While these gears may not have been routinely employed in the fishing communities of Betania and Avaradrova, it is likely that these gears were being employed in the wider Menabe region in 1991 as they were reported to be common at the time in other Vezo fisheries, e.g. Toliara and Morombe (Laroche and Ramananarivo, 1995; Laroche et al., 1997). Other anthropological studies in the Menabe region also note the use of mosquito nets (Astuti, 1995) and shark nets (Sanders, 2005). However, it is likely that these gear types were not used as extensively in the study villages at the time of the original study or because they were used seasonally and outside of the Laroche et al. (1997) study period (Apr-Oct). Beach seines and Mosquito nets for example, were used between October and December, and mosquito nets were previously reported to be used only seasonally to target a small shrimp known locally as patsa (Acetes erythraeus) (Le Reste, 1970) rather than finfish. Shark nets, which were used in the present study between August and December, and Longlines (used all year round), may have previously only been more commonly used by migrant fishers operating on the nearby islands of Nosy Andriangory and Nosy Andramitaroky (Sanders, 2005).

Additionally, the slightly higher catches observed for gillnets and handlines may also suggest that they have improved in efficiency between the two studies. Observations were already reported in 1991 that fishers were using nets with smaller mesh sizes and increased numbers of hooks to compensate for declining catches (Laroche et al., 1997). However, since the 1997 paper does not report on net lengths or mesh sizes, it is not possible to quantify the change in more precise measures of fishing effort. Fisher interviews conducted in 2011 showed that they had been increasingly deploying nets with mesh sizes as small as 10 mm, and with numerous lengths of nets spliced together, forming barriers of up to 1 km in length in attempts to maintain catches (Dewar, 2012). This phenomenon of “technology creep” may also have allowed fishers to maintain or increase catch rates despite a declining ecological condition, through the use of increasingly effective and often destructive fishing gears (Rijnsdorp et al., 2006; Eigaard et al., 2014).

The authors of the 1991 study already noted that the fisheries of Morondava were showing signs of overexploitation and were in need of management intervention (Laroche et al., 1997). Yet it is notable that with reduced abundance of high trophic levels and a much larger monthly catch, overfishing has continued in these fisheries since the original study, with further evidence of overfishing highlighted by a wider analysis of fisheries catches in the region (Gough et al., 2020). The 1997 paper specifically noted the contribution that the commercial shrimp-trawl fishery made to declining catches through large bycatch rates and high discards, and this fishery continues to operate in the same area as the small-scale fishery and continues to be cited by local fishers to be contributing to fisheries declines in the region (Jones, 2011; Dewar, 2012). However, it is not possible to determine the impact of the trawl fishery on the small-scale fisher catches without investigating the trawl fishery itself.

We were unable to perform statistical comparisons due to the absence of raw data from 1991, but wherever possible we have noted where variation in 2011 overlaps with 1991. This highlights an issue around access to data needed in order to inform fisheries management. Data deficiency is often cited in respect to small scale fisheries, and this is often due to data not being collected. However, this study highlights that even where data exists it may not be accessible to fisheries managers in a form that enables further analysis. This is changing however with increasing innovation in fisheries data collection and management (Bradley et al., 2019) including new tools and methods that could be incorporated to allow more precision in understanding changes to effective fishing effort (Behivoke et al, 2021) and a growing trend in sharing of data for transparency, reproducibility and verification purposes (Pendleton et al., 2019).

Due to both studies providing a snapshot of the fishery across a single year we are unable to assess the contribution that inter-annual variation makes to the differences observed. While additional data have not been collected from the villages of Betania and Avaradrova since 2011, socio-economic assessments conducted in 2018 in 10 villages to the south of Morondava reported that 71% of fishers reported declining catches. Of those reporting declines, 31% attributed this to increasing numbers of fishers, and a further 21% to growing use of destructive fishing gears and methods (Blue Ventures, 2018, unpublished data). The villages in the 2018 study were located not more than 60 km south of Morondava and so it is likely that these results reflect the ongoing situation of overfishing and fisheries declines across the region, particularly given the management situation in the study villages has not changed dramatically since the 2011 study.

The original Laroche et al. (1997) paper highlighted the need for integrating traditional management with government policy and attributing exclusive access rights to traditional fisher groups and noted that the use of marine sanctuaries could be particularly useful for recovery of overexploited populations and for maintaining species diversity and abundance. While there isn’t yet any formal management in place in the Morondava fishery where this study was conducted, since 2003 a growing network of locally managed marine areas, which also include a number of permanent no-take-zones, have been established across the country. There is also growing evidence from the Toliara region that these no-take-zones are helping the recovery of fish biomass (Gilchrist et al., 2020).

A number of fishing villages to the south of the study location have been trialling periodic closures of their mangrove mud crab fisheries with strong social support from fishers (Rocliffe et al, in review), similar management could be supported in the communities engaged in this study. Additionally, the MIHARI (MItantana Harena Ranomasina avy eny Ifotony – translated as marine resource management at the local level) network, a civil society network established in 2012 by locally managed marine area leaders and supporting NGOs, put forward three position statements on three key issues, documented as motions during the 2017 national LMMA forum. These motions advocate for the formalisation of local management (MIHARI network, 2017b), the regulation of gears used in small-scale fisheries (MIHARI network, 2017c) and finally, to address the issue of spatial overlap with commercial shrimp-trawl operations and, the instalment of an exclusive fishing zone for small-scale traditional fishers (MIHARI network, 2017a). These motions are a significant first step towards LMMA leaders having a greater voice in management of their fisheries. These motions are under consideration by the Government, particularly as it aims to triple the area in marine protected areas (World Parks Congress, 2014), and would contribute to the management of the fisheries included in the study.

In conclusion this comparison between the fisheries data collected in 1991 and 2011 highlights a concerning trend in the small-scale fisheries of Morondava and given the lack of management in the region since the study it is likely that this trend has continued. A substantial increase in estimated total monthly landings for the fishery, as well as changes in family and trophic composition of catches supports other evidence of overfishing within the region’s fisheries (Brenier et al., 2011; Gough et al., 2020). It is likely that technological advancement, increases in effective fishing effort, and employment of less selective methods such as beach seining is contributing to larger catches in addition to masking some of the effects of overfishing by enabling fishers to continue to catch target species despite their reduced abundance. Failure to respond to the challenge of managing this and other comparable small-scale fisheries in western Madagascar may have enduring consequences for local food security in one of the poorest countries in the world, particularly as climate change is expected to cause further fisheries declines in the tropics. Regular monitoring, in addition to improvements in the precision of monitoring including the addition of length based measures (Gough et al., 2020) and improvements in monitoring effective fishing effort (Behivoke et al., 2021) would all support improvements in understanding the trends in the fishery and address some of the limitations of the current study.
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As the climate crisis persists, there is a crucial need to increase knowledge on adaptive capacity and the underlying factors building it. This is particularly important for disadvantaged groups, such as coastal women in East Africa. Women’s livelihoods in these seascapes are and will be more severely affected by climate change and the capacity of East African states to deal with these challenges is limited in terms of financial and human capital. In this research, we investigated the underlying factors building the adaptive capacity of coastal women in Zanzibar (Unguja Island), Tanzania. Coastal women (N=117) were interviewed in villages around the island to gather information about potential factors supporting adaptive capacity. This was analysed applying Cinner et al (2018) five domains typology for adaptive capacity, i.e. assets, flexibility, organizations, learning and agency. The results show that women had relatively low adaptive capacity, extended poverty and very high dependence on seaweed farming of red algae, a livelihood providing low income and already being seriously affected by climate variability and change. Women’s observations of key variables related to environmental changes corresponded to most scientific findings. It was, however, unclear how that knowledge is useful and enhances adaptive capacity. Adaptive capacity was generally low but individual differences were found in which ten women had a high income. The results show that the factors underlying adaptive capacity are complex and interact with each other, being positive, negative and unclear. Many of the identified factors deserve future research. This study adds to the pool of knowledge by addressing women (not only men); coastal ecosystems (as land and freshwater systems are more studied) and the individual level (since most studies focus on national and community levels). The study illustrates that institutional renewal, bridging and cooperation is possible in Zanzibar bringing good news to the region.
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Introduction

As the climate crisis continues, there is a growing need to increase knowledge about people’s adaptive capacity around the globe. This is particularly important when information is scarce and populations are poor and vulnerable. Economically poor people, particularly women, have been identified as highly vulnerable to climate change (Paavola, 2008; Thomas et al., 2019; Andrijevic et al., 2020). For example, common activities performed by women in rural areas, such as food gathering and water fetching, will be negatively affected in most tropical settings (e.g. Lauria et al., 2018). Women who are already in a disadvantaged position may experience further stress (Dankelman, 2001) and rural women depending on ecosystem services will suffer from production decreases and ecosystem damage (Dankelman, 2001; Nyangoko, et al., 2022). Although generalizations about women being victims or virtuous to deal with climate are unhelpful (Arora-Jonsson, 2011); it is clear that women are vulnerable to natural resource degradation and due to their position providing food security, and their lack of participation in decision-making, the consequences of not addressing the links between women and climate change are potentially devastating. Adaptive capacity, women and gender are central in the “Paris Agreement” (UNFCCC, 2016) which highlights the importance of gender equality and women empowerment (P. 2); the whole Article 7 is devoted to adaptation and adaptive capacity, stating it should be gender-responsive (P. 9-11). In addition, the importance of women and gender is largely acknowledged in the climate change literature (Arora-Jonsson, 2011; Berrang-Ford et al., 2011; Cohen et al., 2016; Djoudi et al., 2016; Pearse, 2017; Rao et al., 2017; Rao et al., 2019; Hans et al., 2021; Vercillo et al., 2022). For coastal zones, this information is particularly important, as the predictions of negative effects in these areas are high (e.g. sea-level rise, increase in water temperature, acidification, species migration, shifts in underwater vegetation, changes in circulation, etc.) (Harley et al., 2006; Hoegh-Guldberg and Bruno, 2010; Hoegh-Guldberg et al. 2017). Moreover, climate change is predicted to have a high influence on coastal livelihoods and food security (Pauly et al., 2005; Ricel and Garcia, 2011; Berman et al., 2020; Hastings et al., 2020), and the degree of adaptive capacity is not uniform for coastal areas around the globe (e.g. Ferro-Azcona et al., 2019; Hidalgo et al., 2022). Therefore, knowledge about the adaptive capacity of coastal women in specified geographic settings is a central opportunity for policy-making, management and program intervention (e.g. FAO ISFS, 2019), and timely since 2021-2030 is the UN decade of the ocean when “adaptation science for the ocean” (Hidalgo et al., 2022) can be further developed.

The urgency of addressing women and the sea to understand management, adaptive capacity and paths for sustainability was also stated in the FAO international symposium on fisheries sustainability (FAO ISFS, 2019) (Figure 1). There is a clear paucity of information on adaptive capacity in the sea compared to land1. Geographically, studies in Africa dealing with gender and climate change are scarce, but increasing (Vercillo et al., 2022). However, the themes of adaptation and coastal resources are clearly under-investigated (Vercillo et al., 2022). In this study, we focus on women in a tropical coastal setting in a low-income country (Tanzania has been recently upgraded to lower-middle). The objective is to investigate the factors building and mediating adaptive capacity of women to deal with climate variability and change in the seascapes of Unguja Island (hereafter Zanzibar) and discuss ways to work further with adaptive capacity of women in Zanzibar; Tanzania. Women in coastal Zanzibar are particularly vulnerable since these areas are highly attractive for coastal tourism, which may displace local people. Women work with nature dependent livelihoods that are at stake when temperature and other key variables for ecosystem health are changing. Thus, women in Zanzibar coastal areas experience multiple pressures. Here, we focus on adaptive capacity to climate variability and change but recognize the complexity and multiple links to other stressors. The research contributes to fill some important gaps in knowledge, 1) it adds to the relatively low number of studies on women and climate change as compared to studies with pooled or aggregated data; 2) the low number of studies dealing with marine coastal areas as compared to land and freshwater and 3) the relatively few studies addressing adaptive capacity at the individual level (as most of them are at community or national levels). Concerning this, we analysed the adaptive capacity of coastal women based on Cinner’s typology for coastal tropical contexts comprising five domains constructed to understand adaptive capacity (Cinner et al., 2018). Briefly, the first domain is assets, and refers mainly to financial and physical assets, but also technical and service-related ones. The second one is flexibility, and deals with people’s ability to switch between different activities, strategies, and/or occupational sectors. Social organization constitutes the third domain and relates to social organization for cooperation, collective action, and knowledge sharing. The fourth is learning and deals with “people’s capacity to generate, absorb, and process information related to climate change”. Finally, the fifth domain of agency brings up the capacity of people to actively shape their own lives and future. The data for the analysis was collected by applying a mixed interview form (combination of semi-structured sections with closed questions), to coastal women in Zanzibar and analysed the information in relation to the five domains. The article begins with a short depiction of the local context and climate change; followed by methods, results of the interviews and links to the domains in the discussion. Finally, a table summarizing the findings and a brief discussion of the way forward is given; the text ends with a concluding section. The study contributes to the Sustainable Development Goals (linking SDG goals, No. 5. Gender equality; No. 14. Life below water; and No. 13. Climate action). Specifically, the analysis is valuable for policy design, management and program intervention in Zanzibar.




Figure 1 | Word cloud presented during the concluding session in the FAO international symposium on fisheries sustainability – strengthening the science-policy nexus. The words “women” and “gender” rank among the most mentioned during the whole event. Nov. 21st, 2019.





Methods


Local context and general features of climate change in Zanzibar

Zanzibar is a tropical island situated off mainland Tanzania’s coast (Figure 2), rich in tropical ecosystems and species from all Phyla. Seascapes are comprised of coastal and mangrove forests, seagrass meadows, and coral reefs (Richmond, 1997; Berkström, 2012). It is within this ecological context that people’s livelihoods take place. The main livelihoods are small-scale fisheries for men (finfish and shellfish) (Jiddawi and Öhman, 2002). Sea cucumbers are particularly highly valued (Eriksson et al., 2012; Eriksson et al., 2015). For women, collection/gleaning of invertebrates (e.g. shellfish) is a common activity (Nordlund et al., 2010; Fröcklin et al., 2014; Nordlund et al., 2014); but until recently, the majority were dedicated to seaweed farming of red algae for carrageenan extraction, an activity introduced in the 1980s that has spread and become a key livelihood for coastal women around the island (Bryceson, 2002; de la Torre-Castro and Lyimo, 2012). The seaweed farming introduction at the beginning brought large benefits for women and still does for women who have large cultivations (Msuya and Hurtado, 2017). However, there are social-ecological negative effects of the seaweed farming activities. In social terms, low-income generation (de la Torre-Castro et al., 2017); women’s health damage (Fröcklin et al., 2012) and women’s increased vulnerability (Folkeryd, 2020). Ecologically, the farms change fish species composition (Eklöf et al., 2006; Chacin et al., 2020) and diminishes underwater vegetation important for fisheries and stabilizing ecosystem services (de la Torre-Castro and Ronnback, 2004; Eklöf et al., 2005). A significant problem is that genetic diversity of the Zanzibar algae used for cultivation is very low and it can be compared with a monoculture on land with high risk of suffering from both diseases and physical disturbances. The low genetic variation stems from the fact that all cultivated plots derive from an original variety introduced from the Philippines (Bryceson, 2002; Halling et al., 2013). In addition, the cultivation covers large areas of the coastal zone (Hedberg et al., 2018) and it is well known that spatial configuration is essential for marine planning and adaptive capacity (Weis et al., 2016). There is no consensus in the scientific community about the livelihood value of seaweed farming. Some argue that the low income compared to the environmental damage and the entrenchment of women is not worth the activity, while others think that even if the earnings are small, they are needed and thus welcomed. Aquaculture researchers tend to be positive because the algal growth requires no additional inputs. At the core of the issue, there is a large variation in the benefits from seaweed farming between producing countries (Valderrama et al., 2015).




Figure 2 | Zanzibar (Unguja Island), Tanzania. (A) Zanzibar’s position in relation to Tanzania. (B) Zanzibar map showing the research sites. The black dots represent the villages where the interviews were conducted with coastal women (N=117) to investigate their adaptive capacity to climate change.



Zanzibar’s coasts experience great pressure due to tourism expansion. During the last decades, increases in hotels, roads and walls, as well as effluents to the ocean have changed traditional coasts with multiple livelihoods and local traditions, to places with links to the global economy. Local people are facing a growing international tourism industry with environmental degradation and restricted access to beaches (Lange, 2015). Tourism has also changed the relationships between people and the environment, jeopardizing sustainability (Gössling, 2002). Competition over space and land is taking place on the island. For instance, in the Fumba peninsula (Zanzibar’s West coast), a large urban housing project has affected the people’s access rights, with no proper compensation (Johnsson, 2017). The coastal population is generally poor in economic terms (Makame and Mzee, 2014; Moffat et al., 1998; Wallner-Hahn et al., 2016; de la Torre-Castro et al., 2017), while food security and health status are dependent on the intake of high-quality animal protein from fish and shellfish, and the carbohydrates from fruits and vegetables cultivated in family plots (shambas).

Summing up, most coastal people are facing poverty, limited livelihood opportunities, and rapid changes due to globalization. Before the introduction of seaweed farming, women were engaged in cooking, baking, handcrafts, embroidery, tailoring, and small-scale trade, parallel to their main activities in the sea like invertebrate collection, and some fishing (de la Torre-Castro and Lyimo, 2012). Tourism, degradation of marine resources and seaweed farming have radically changed coastal villages.

Regarding gender, traditional roles for men and women are, in general, present in Zanzibar (exemptions always exist, but this is the usual pattern). It is important to remark that gender relationships have shifted historically with periods in which women had high status, however, gender inequality is found at present (Askew, 1999). Men have higher independence, mobility and agency while women are responsible for the household and children. These traditional values are persistent, particularly in coastal villages (Tobisson, 2013). At the same time the situation is complex and changing, women at present play roles that were exclusively for men, for example being a fish trader. Women are not static actors, they rather have some degree of mobility and individuals can be very successful (Fröcklin et al., 2013; Fröcklin et al., 2018; Msuya and Hurtado, 2017). Despite this, men have the highest societal status and are in a better position in most aspects, for instance, their income is much higher (Wallner-Hahn et al., 2016; de la Torre-Castro et al., 2017); they are also owners of the most important assets such as houses, lands and boats (Fröcklin et al., 2013; Wallner-Hahn et al., 2016; Folkeryd, 2020). Fröcklin et al (2013) compared men and women regarding their roles in the fishery business as traders and concluded that men were more organized, had larger contact networks; had access to higher value fish species and markets, as well as equipment. Men’s savings and economic assets were larger, and they had more mobility and freedom. Most of the households were men-headed and had higher representation and participation in public arenas. Overall, society in this context has been considered traditional by a number of scholars (Tobisson, 2013) and traditional systems can survive parallel to modern structures (for example political organizations) (Dean, 2013). In Zanzibar, women’s and men’s separate beaches are still found; women pray in separate places in the Mosques, and they are separated in ceremonies and rituals (Dean, 2013). Moreover, the use of the coastal space and the activities performed is also highly gender-segregated (Dean, 2013; de la Torre-Castro et al., 2017). A majority of studies on adaptive capacity in the Western Indian Ocean, which includes Zanzibar, address men (e.g. McClanahan et al., 2008; Cinner et al., 2012b; Cinner et al., 2015; Silas et al., 2020), and aspects of gender and social equity in villages are not commonly addressed in the Tanzanian national programs for climate change (Smucker et al., 2015).



The climate change situation in Zanzibar, Tanzania

In Tanzania, there is attention to climate change “in paper” but “real” adaptation in the mainland and in the islands is needed (Watkiss and Hunt, 2012). One of the most evident changes related to climate change is the increase in sea water temperature which has taken place during the last two decades in combination with “El niño/La niña” years causing damage and extended coral bleaching (Watkiss and Hunt, 2012; McClanahan et al., 2019). This has profound consequences due to the people’s dependence on fisheries. Marine ecosystems are projected to suffer negatively from climate change, particularly coral reefs (e.g. Hoegh-Guldberg et al., 2007, Hoegh-Guldberg et al. 2017). Acidification damages all shell-forming organisms including molluscs, echinoderms and corals (Doney et al., 2009). Fish catch potential within the tropics has been calculated to drop by 40% (Cheung et al., 2010), and the effects of climate change on fish and fisheries can be traced back as long as four decades, with increasing temperature playing a key role (Cheung et al., 2013). The red algae, (genera Euchema and Kappaphycus) grown by women, is very sensitive to temperature changes. Algal growth declines as temperature increases and salinity changes (Buriyo et al., 2001). Climate change may produce more storms and rain variability (IPCC, 2014). Although there is a lack of data to make strong statements about rain variability, time series show a reduced rainfall in East Africa during the last 30 years during March and May-June (corresponding to the so-called long rain period in Zanzibar). The horn of Africa has experienced less rainfall during the last 60 years. Warming ocean waters seem to have caused more storms and drought episodes in East Africa during the last 30-60 years. This situation affects coastal areas subject to changing patterns of run-off and erosion. Even more seriously, climate change is projected to undermine food security due to biodiversity loss and redistribution of marine fishes and organisms, which is expected to take place or is already taking place (IPCC, 2014). A local analysis for Zanzibar indicates that current and future climate change can jeopardize livelihoods and economic growth relatively soon (mid-long term) (Watkiss and Hunt, 2012).

Tanzania works actively with climate change policy and the central government has a National strategy for Adaptation (Tanzania’s NAPA), and a National Climate Change Strategy (NCCS). However, these policies have been considered technocratic and insufficient to address complex multi-scalar issues and inequalities such as gender (Smucker et al., 2015). A lot of work remains to address the huge challenges in the country. Empirical evidence of temperature increases and higher rain variability is found in different records and databases at national and local levels (e.g. Tanzania Meteorological Agency; Zanzibar Meteorological Office) and international agencies which have broader data such as SST (superficial sea temperature), sea-level change, etc. (e.g. NASA ECCO). There is a broad consensus that the current increase of about 1°C global mean temperature has and will have serious negative effects in Tanzania including the islands (Adjei and Amaning, 2021). Models at more local scales (e.g. the large Wami-Ruvu river basin connecting with the sea in middle Tanzania) show the same trends as the data, in this case, temperature may increase between 0.2 to 7.5 °C and precipitation variability is very high depending on the scenario used. These models were run up to the year 2080 showing that just a few decades ahead serious changes might happen (Gulacha and Mulungu, 2017). Mkonda et al (2018) showed that temperature was increasing for all seven large agroecological zones studied in Tanzania. Sekadende et al (2020) analysed the small pelagic fishery of the Pemba channel concluding that gaps in the knowledge about climate change are large, however current data on SST show an increasing trend. Predictions show that acidification will increase and there will be less available oxygen for marine life. Fortunately, it seems that the SST in Tanzanian coasts is not increasing as fast as in other areas (e.g. Artic waters), but some hotspots are close to the area, i.e. Mozambique channel, South African coasts and parts of the Indian Ocean (Sherman et al., 2009). In addition, it is crucial to consider other factors when considering climate change in the ocean. Popova et al (2016) found that water circulation patterns play a key role and hotspots found today might be different to those projected due to changes in ocean circulation. This means that regions considered hotspots today might not be tomorrow and vice versa.

When it comes to social-ecological perceptions, there is experienced climate variability and change reported by people in the mainland as well as in the islands. For example, pastoralists in rangelands have experienced the effects of climate change through severe droughts (Kimaro et al., 2018); fishers have been strongly affected by climate change amplified by the El Niño/ENSO effects and extended bleaching in coral reefs (McClanahan et al., 2019; Ussi et al., 2019). Seaweed farmers report higher temperatures, winds and irregular rainfall (de Jong Cleyndert et al., 2021) in addition changes in waves and salinity were reported by Hassan and Othman (2019).

Yanda et al (2019) wrote an extensive book with cases from all over Tanzania documenting climate change in both land and water-based ecosystems, including the islands. The overall conclusion is that climate change has happened and is happening. A more difficult question is to make accurate and correct projections and modelling, particularly when it comes to rain pattern changes. Nyangoko et al (2022) stress that even though the reason for rain change patterns (climate change or seasonal/decadal variation) is not conclusive now, the effects of these changes on livelihoods in the coastal zones are taking place and thus they should be addressed. The results of their study of community perceptions of climate change impacts on ecosystem services delivered by mangrove forests in the Rufiji Delta showed that, contrary to what is believed, people could detect very small changes in climate conditions and those, in turn, can decrease well-being and the flow of ecosystem services.



Research approach, data collection and analysis

The understanding of climate change in the study is based on the IPCC’s definition stating that climate change is “a change in the state of the climate that can be identified by changes in the mean and/or the variability of its properties and that persists for an extended period, typically decades or longer.” (IPCC, 2018). Furthermore, from the marine perspective, key variables were considered essential for climate change in the ocean (e.g. superficial sea temperature SST, pH values (acidification) and oxygen levels in the water. Changes in these variables directly impact biota in marine ecosystems. So, it was assumed that women had an idea of what is “normal” in their coastal environment and thus can identify and report variations. The empirical data for this study was gathered through interviews with 117 coastal women in Zanzibar. An interview form consisting of a mix of questions (for example demographic data, household data, and yes and no answers) and semi-structured sections (to discuss complex issues such as livelihoods, problems, perceptions of natural changes and climate change) (Kvale, 1997; Bryman, 2008) was used (see Appendix 1 in Supplementary Materials). Two pilots (20 interviews on each occasion) were carried out before the final interview schedule was decided. This was done to ensure that the use of key terms such as “climate change”; “temperature rise”; “ecosystem changes” and the like were understood and properly translated. It was stressed that climate change refers to a long-time phenomenon. Decades as well as events in Zanzibar’s history were used as references. The pilot interviews were not used for the analysis, only new interviews using the final schedule form. The whole research was done in collaboration with researchers from the Institute of Marine Sciences, and staff from the Department of Fisheries in Zanzibar. On all occasions, we cooperated with the same translator to perform the interviews. The interviews lasted around 90 minutes each. The translator and a researcher were always present. Interviews were voice and note recorded and took place in public places (house veranda, local fish markets or in the water as seaweed farmers sat and worked). Purposive sampling was used and the work in the villages was done with the permission of the village leaders (Shehas), people selection was done with the help of the local beach recorders in each village (Bwana dikos), in this way we assured that the most important authority in the place was informed and we were welcomed and that the person working daily with coastal issues selected appropriate candidates for the study. Selection of interviewees was based upon a) being a woman permanently residing in the selected village b) being an adult c) having their main livelihood related to coastal work, and d) willing to participate in the study. Two open information meetings were held to inform all the people in the villages about the project objectives and the possibility of participation. All respondents provided oral consent and anonymity was ensured. A total of 117 interviews with women were performed with the final schedule during September and October 2013. The villages selected for the study were Bweleo, Jambiani, Kizimkazi, Marumbi, Paje, Unguja Ukuu and Uroa. The village selection was based on discussions with local researchers, geographical spread, accessibility and previous knowledge of the area (Figure 2). We are aware that changes have taken place in the system since 2013; particularly in the policy and economic spheres, Zanzibar has continued to receive funds from the Global Environmental Facility (GEF) and the World Bank to perform projects, e.g. SWIOFish which uses a regional approach to fisheries (mainly in deeper waters), tourism, and aquaculture. The coastal/marine policy favouring the establishment of Marine Protected Areas and the Blue Economy has continued and strengthened. The original research idea was to perform a longitudinal study analysing 2013-2023, however, due to the urgency to accelerate knowledge for policy and action, it was decided that the publication of these results even without the ten-year comparison was pertinent.

The interview form was designed to gather information relevant to evaluate adaptive capacity, e.g. livelihoods and alternatives, relationships and knowledge about local ecosystems, and opinions and perceptions about climate variability and change. Table 1 shows how interview data informed Cinner’s domains. As a complement to the qualitative information, data was coded and transcribed digitally in an electronic sheet to compute descriptive statistics and graphs (see Appendix 2 in Supplementary Materials). Qualitatively, information was analysed by themes and group categorization. To be able to discuss adaptive capacity levels (high, medium or low) we assume that a woman will have high adaptive capacity when she has relevant local ecological knowledge, allowing a general understanding of climate change, possible threats deriving from it and some idea on how to tackle this (Jones et al., 2010). A woman with high adaptive capacity has the capacity to choose between different options and livelihoods and to secure a decent income over time. To evaluate the economic dimensions of having a “good” life, we use the official data on minimum salaries for Zanzibar, which is 300,000 TZS per month (10,000 TZS per day) (Tanzania Government homepage; wageindicator.org homepage), and living wages (how much is really needed), and the amount was 762,800 TZS/month for an average family (tradingeconomics.com homepage). We discussed these indicators with local researchers and all thought that the official minimum wage amount was not enough to have a decent quality of life; according to them, people need at least the double (20,000 TZS/day). Furthermore, higher formal education levels were considered to correspond to higher adaptive capacity as well as higher levels of organization. For the analysis, no quantitatively aggregated measure of adaptive capacity was used. All the data from the interviews were then categorized, linked, and analysed using Cinner et al. (2018) five domains (Assets, learning, flexibility, agency, and organization) (see Table 1). Cinner’s domains function as an organizer framework and are gaining popularity and influence both in the climate change scientific community and in policymaking. For the choice of framework, it was also important that Cinner’s typology was specifically proposed for tropical coastal communities.


Table 1 | Themes for discussion during the semi-structured interviews with coastal women (N= 117) in six villages in Zanzibar to gather information about their adaptive capacity.






Results and discussion


Knowledge, seascape changes, climate variability and change

Research on adaptive capacity emphasizes that knowledge is important (e.g. Pahl-Wostl, 2009; Lemos et al., 2012) and can produce better policy outcomes, for example combining scientific knowledge and local knowledge in an iterative process (Lemos et al., 2012). A general assumption is that local ecological knowledge will enhance adaptive capacity since the more that is known about a problem, the more understanding and capacity is to tackle it. In this case, a majority of women (≈ 65%) had difficulties relating to the question about what climate change is and what it means to them. For clarification purposes, two expressions of “climate change” were presented in Swahili. The results showed that some women had clear opinions about climatic changes, such as wind seasonal changes, changes in rain patterns and temperature increases. However, some respondents did not answer at all and a relatively large group (about 20%) linked it to social issues which were unclear and difficult to understand, e.g. “I think this is an issue of morals”; “To me it means less development in society”. Climate change is a complex concept embedded in a Western scientific perspective and other understandings might be in place, thus climate change can mean different things in different contexts and epistemologies. It seems also, that it is difficult to identify, describe, and relate to a natural phenomenon that manifests slowly; some researchers argue that humans cannot perceive climate change due to the large temporal scale (see Reyes-García et al., 2016 for a discussion). The local researchers and our translator expected a higher degree of knowledge aligned with the Western conceptualization of climate change since information in scientific terms has been reported continuously by NGOs, government officials, and via media (mainly TV and radio reports) in Zanzibar. This can indicate that critical information may not reach women, because the ownership of TVs and radios varies a lot in different households. There is an important intersection between gender, economic power and climate change knowledge. It is also possible that barriers in language and understandings are present.

Women had, however, clear perceptions about environmental changes for a number of variables. There was consensus about air and sea temperatures increasing, rainfall decreasing and therefore droughts increasing. Changes in salinity had no clear pattern. Perceptions about changes in monsoons were more problematic, with no consistent answers. About half of the women reported windier monsoon seasons, while about a third observed less wind, and the rest mentioned no changes. Highly varied answers were given regarding changes in monsoon duration. The answers to the questions regarding responses and information about climate change were very similar among all women interviewed. Information about climate change (from state, civil society, NGOs or individuals) and its consequences were reported as nearly absent. Confronting this with the fact that climate change information is disseminated on the island, it could be that women either have not been particularly targeted or that they have been missed for other reasons. It could be that information is given in public places when women perform household chores and thus they cannot partake. Lack of participation in environmental issues is of course detrimental and unfortunately widespread and well known in the women and environment literature (e.g. Dasthagir, 2009; Agarwal, 2010; Fröcklin et al., 2013; Gustavsson et al., 2014; Hanson, 2016; de la Torre-Castro, 2019).



Livelihoods and alternatives

Livelihood diversification has been emphasized as a solution to poverty and increase resilience. However, this is not always a positive strategy (Bryceson, 2007; Hanh and Boonstra, 2018; Eriksson et al., 2020), and results are not always successful (Roscher et al., 2022). Previous research in Zanzibar shows that diversification is very difficult and expectations should be moderate (Torell et al., 2010). Despite this, as climate variability and change will affect most coastal livelihoods the question of livelihoods is fundamental. Common livelihoods are of rural character, related to the environment and direct extraction of coastal resources. A vast majority had seaweed farming of red Euchemoid algae as their primary livelihood combined with something else. “Mwani (the algae) alone is not enough”. In order of importance, the following primary livelihoods were reported (N=117): Seaweed farming in intertidal shallow areas (103 women); fish traders (3); baking of cookies and/or cakes (3); farmers on land (2); invertebrate collection (1); petty commerce with groceries (1); local restaurant owner/employee (2); tailor (1); madrasa teacher (1). The most mentioned complementary livelihoods were: Farming on land (17); stitching/tailoring (17); baking (12); and firewood collection (12). When asking women about other activities that they can perform as a coping strategy to handle environmental variability and climate changes, a large majority (≈ 75%) said that there were no more good options available. The rest of the women provided information on rural activities with little market demand, i.e. petty business, farming, firewood collection, cooking, handicraft production, livestock activities, rope making, agriculture, bivalve collection, goat dairy products manufacture, irrigation, making juice, and knitting.



Economic factors (income and assets)

Financial capital is essential to understand adaptive capacity (Freduah et al., 2019). A sufficient and stable income, and having the possibility to sell assets into cash are critical. Economic security and savings can make migration possible, start a business, or reduce vulnerability. In agroforest systems, credit provision was also beneficial given the right circumstances and in the short term (Caretta, 2014). Specifically, for women, economic independence is needed for empowerment, emancipation and freedom (Kabeer, 1999; Nussbaum, 2000).

Income was classified into three categories: High ≥ 10,000 TZS/day; mid 3 – 9, 000 TZS/day and low ≤ 3,000 TZS/day. A significant majority of women fall in the low-income category (72%). Further, a total of 84 women fall below the poverty line. The mid group earned slightly more but not as much to reach the salary needed for a “good/decent” life in this context (about 20,000 TZS/day see method). Within the high-income category, only 10 women were found (Table 2). The main difference between these women and the rest of the group was that they were more business-oriented with two of them having a small restaurant, one dealing with fish commerce, and another one owning a baking business. Six also had seaweed farming as the main livelihood but their diversification degree was higher. A multivariate significance test (SIMPER/PRIMER) showed no significant differences between the high earning group and the low earning group. Pairwise comparisons also showed no significance. Thus, the actual reasons require further research.


Table 2 | Income categorization for the women interviewed during the study along coastal villages in Zanzibar, Tanzania (N=117).



Other important economic assets such as credit, savings and remittances were absent for the majority, “It is rare to have more, we focus on the earnings of the day”; “Do you really mean that people will send money from abroad? (Laughing))”. About 60% of the households reported a traditional structure with men as breadwinners. “You should know that here in Zanzibar, men and male elders take decisions … they are very important…”. However, in about 20% of cases, women were the main provider while the other 20% reported an equal provision of money. Thirty percent (30%) of women inherited assets (valuable items, jewellery or money) from deceased relatives or parents. The seaweed farmers were particularly concerned about their economic situation “Mwani (the algae) was good, but now many have to quit”; “Life is difficult, but I have to endure…”; “Things are bad … the algae is spoiled”; “Do you have pain killers? Working with seaweed is bad for my back”.

Other material assets showed an uneven distribution. With a few exceptions, women did not own assets such as cell phones, bikes or motorcycles, “You can ride when you are a girl, but after is stop”. When it comes to animals, ownership was reported for about 50% of women. About 30% of women reported being the formal owners of the family house. Fishing items were almost absent for women, but eight women reported having fishing gears, and many of them owned some equipment such as buckets, knives, bags or ropes (used for the invertebrate collection activities). No woman owned a fishing boat. About half of the women owned some jewellery. Electricity was still a luxury in the household, and about two-thirds reported having no electricity at all. It follows that no TV and fridges were present. However, most households had a toilet (even though in most cases very basic, a small room with a hole in the ground). A majority reported having running water. Radio was a common asset, but still not present in all households.



Women and organizations

Women’s situation related to social capital was investigated by checking the type of organizations found and if they were part of it or not (organized or not organized). There were no restrictions for noting the type of organizations in the interviews. Any organization mentioned was recorded, i.e. formal, informal, governmental, or NGO. A total of 33 organizations were mentioned by women ranging from livelihood-related (e.g. Fisheries committee, Agriculture committee, or Seaweed farming committee), to general aspects concerning village life (e.g. Development committee, School committee, or Madrasa committee). Economic-related organizations were mainly related to micro-credits (e.g. Credit provision, and informal saving groups). Organizational membership was as follows; from the total of 117 women interviewed, 70 (60%) were not organized; 47 (40%) were organized in at least one organization. JECA (Jozani Environmental Conservation Association) was the organization with the highest number of members (16); six women were part of the village’s Environmental committees and remarkably only eleven (11) women were members of the Seaweed farming committee. Knowledge about organizations beyond the local village level was very rare. This lack of organization and internal drive to organize have to be addressed as it can be detrimental to adaptive capacity (more in the next section linking results to the adaptive capacity domains).



Education levels

Formal education for women was relatively high (compared to other African countries with high illiteracy levels). About half had studied to some year of secondary level. However, none of them had reached all the way up to the last year of high school. The school levels were reported as follows: Primary (35 individuals); secondary (67 individuals); almost finished high school (only one woman). Ten women reported having religious education only (e.g. Quran School/Religious lessons); one woman reported having no education, and three were not sure. These data show that education levels are quite different among women in Zanzibar and the problem of reaching all people to partake in governmental planned education is prevalent.




Women’s adaptive capacity linked to the five domains

The literature looks at adaptive capacity as a key feature to deal with climate change and/or other stressors. Eakin et al. (2014) and Lemos et al. (2016) identify generic adaptive capacity (aspects that allow development, e.g. state, institutions, and programs in place) and specific capacity (climate change-related risks and aspects). In this study, we focused on adaptive capacity to climate change. However, in the context of Tanzania, both aspects are relatively weak since institutional and economic support is low and women showed limited knowledge about broader climate aspects and higher scales, although observations about environmental changes were accurate. Adger and Vincent (2005) state that adaptive capacity is “the vector of resources that represent the asset base from which adaptation actions can be made”. Adaptive capacity concerns also a latent possibility that can be used and disclosed when needed (Engle, 2011). Further, Grothmann and Patt (2005) define adaptive capacity as “the conditions that enable people to anticipate and respond to change, to minimize the consequences, to recover and take advantage of new opportunities”. On tropical coasts, more research is needed and important to keep in mind is that in this context development interventions might be structurally unfair and might not reach women (Gustavsson et al., 2014). A gender and pro-poor perspective to understand adaptive capacity is desirable. Based on the results, we discuss women’s adaptive capacity within the five domains identified for tropical coastal communities i.e. assets, flexibility, social organization, learning and agency (Cinner et al., 2018). Table 3 summarizes the findings for each adaptive capacity domain.


Table 3 | Classification and summary of the results of women’s adaptive capacity in coastal Zanzibar, showing the five domains of Cinner’s typology for Adaptive Capacity (Cinner et al., 2018).




Assets

We focused on assets owned by women to analyse how these sets of resources may or may not contribute to their adaptive capacity. Normally these data are taken at the household level, but we designed the data collection to target information about the individual situation. It can be argued that having more assets will enhance adaptive capacity; however, this is not always the case. Even if women have an asset (different from cash), the value of the asset can only be realized through selling or exchanging it for another asset or cash that can enhance adaptive capacity. In this context, assets are prioritized for emergencies such as sickness or funerals; but not for environmental problems. Other economic assets such as credit, savings and remittances were low among the interviewed women. Income (Table 2) for the high-earning group (10 women) was well above the poverty line; while the mid-group (23 women) was just on the borderline of poverty. However, the vast majority (84 women) were below extreme poverty, not reaching even 1.25 dollars a day (Table 2). So, in income terms, the majority of women are poor and vulnerable. Compared to men, the income gap is apparent. Men’s average income was about 2.81 USD/day compared to the 1.30 USD/day earned by seaweed farmers (de la Torre-Castro et al., 2017; this study). Other studies mainly for Indonesia have reported more economic benefits, for example, a study investigated 39 households doing seaweed farming in South Sulawesi, Indonesia in 2017. Seaweed farming brought several benefits and no related negative aspects to the well-being of small-scale producers. However, income as such was not considered in the set of factors measured, what was measured was the perception of having extra money (Larson et al., 2021). Rimmer et al. (2021) concluded that seaweed farming is potentially beneficial but does not always works to escape poverty. Nevertheless, economic performance considering the type of farming systems used was highest for Indonesia followed, in decreasing order, by Mexico, Solomon Islands, Philippines, India and Tanzania (Valderrama et al., 2015). From this information, it is clear that there is a lot of space for economic improvement in Zanzibar.

Another aspect important here is that men have more freedom to move and work within different occupations, while women perform their activities in the shallow shores near the household where temperature increases due to climate change are more pronounced (Fröcklin et al., 2013; de la Torre-Castro, 2019). Simply put, climate change will bring negative changes to the environmental assets on which women’s livelihoods depend while the capacity to realize assets’ value, migrate or shift livelihoods is low. The high-income group, represented by ten women, had advantages due to their better purchasing power and their entrepreneurship. These women have increased possibilities to invest in health, education and household things if needed; but in the case of a sudden catastrophic event or rapid climate damages, they would still face difficulties to migrate, change or invest. The role of other assets to enhance adaptive capacity was unclear. For example, the case of owning animals, having jewellery or being the owner of the house. Women having these assets surely can have more space for adaptation but the constraints to realize the economic value of the assets remains; as no woman reported the easy realization of these assets in times of need. Cohen et al. (2016) study in The Solomon Islands found that assets are key to mediate adaptive capacity. This study confirms this finding. Balama et al. (2017) concluded that adaptive capacity increases when the individual and the household gain access to resources not normally used. In their case, situated in forests in Tanzania, people who accessed other products than just timber benefitted. In this case, having access to a variety of assets can be beneficial, even if it seems to be difficult. Important to note is that the gendered power relationships at societal and household levels play a key role. The traditional gender views and the confinement of women to household work and childcare may contribute to men’s power and authority in economic decision-making. Previous studies show that women use assets for family well-being, and men’s power within the household may hinder women’s self-development, economic independence and decision-making (e.g. Garikipati, 2008). This is found in coastal fishing families as well (Fregene Tosan and Bolorunduro, 2009).



Flexibility

The situation above is closely linked to the flexibility domain. The capacity to switch between adaptive strategies, to do something else, plan for change, and to be able to fulfil those plans is constrained by the lack of knowledge, opportunities and financial resources. Cinner et al. (2018) highlight the ability to shift livelihoods and occupational sectors. There are, however, few options and opportunities in this context. There are no alternative livelihoods, at most there are complementary ones (e.g. honey production, chicken farms, handicrafts). The programs introducing alternative livelihoods in Zanzibar have unfortunately not been successful (Gustavsson et al., 2014) and present elements of injustice (Gustavsson et al., 2021). In this context, there are no major industries that employ women like, for instance, those in South-East Asia. The labour market is very limited. Women have without doubt varied skills, which may provide flexibility. The problem is that the current alternative activities that generate money do not secure a worthy daily income covering needs and leaving mental strength for future planning and reflection. Commonly, women are too busy with various social and organizational burdens to be able to manage additional things (Hoschild, 1989).

The complementary livelihoods that women engage in, provide very little extra income (see Appendix 2 and sections above). Common activities like farming, baking and tailoring are done for the local, village market. The potential to transform complementary livelihoods into main ones is low since substantial national demand for such products will be required, which in turn, depends on the existence of a large middle class. It also requires a more labour-intensive type of production. A case in point is when women in the villages are encouraged to start a “bread business” (“Chapati” bread production). The market is too small since most women bake their own bread and tourists do not consume this bread. Where is the market to drive the business? Tourism has not brought the trickle-down effect expected and women are seldom employed by the industry. Local women are not demanded due to several factors, for example, they lack skills and fluency in English, they have religious limitations to deal with alcohol, and cultural ones to leave the family sphere. Thus, opportunities are limited, and labour is imported. An opportunity is working with housekeeping (see also Lange, 2015; de la Torre-Castro et al., 2017) which can bring some income but is a low-status activity. In addition to individual limitations, there are structural problems in the tourism industry in Tanzania, which has not succeeded in being pro-poor and faces challenges such as foreign ownership, low salaries, and poor working conditions (Kinyondo and Pelizzo, 2015). Adding to this, tourism’s environmental damage is extensive (Lange, 2015). Some external interventions have been more successful for women, i.e. the introduction of shell and pearl handicrafts. The activity has increased women’s quality of life by increasing asset ownership (cell phones, fridges, electricity, and house ownership), knowledge (marketing, organizational), and capacity to organize (Fröcklin et al., 2018). However, the activity reaches only a small number of women and how to scale up such interventions is still unresolved. The jewellery business faces similar market problems such as those mentioned above. The designs are modest, having no high demand. Tourists buy some pieces as an action of solidarity contributing to social sustainable tourism. However, wealthy people in Zanzibar or in mainland Tanzania that could afford them are not interested. The case for algal soap production is similar.

There are big expectations in livelihoods introduction but unless market demand is in place they are prone to fail. Interventions must differ depending on their goals, for example, if the goal is to increase resilience or break poverty traps, or increase adaptive capacity or a combination (Torell et al., 2017). Moreover, livelihoods’ introduction is normally gendered, and may not account for the local contexts of norms, traditions, and power structures. Therefore, in order to be effective, livelihood interventions must consider gender inequalities in which women are often disadvantaged (Lawless et al., 2019). If new interventions are designed, it should be remembered that about 75% of women said that there were no livelihoods options (Appendix 2, Figure 7). From those who answered the creation of handicrafts, goats for diary production (particularly cheese making) and preparing fresh juice are the most plausible ones if the tourism industry opens up for cooperation and a legitimate broker is involved in the process (our emphasis).

Women in Zanzibar are extremely flexible in other ways, they have managed to juggle between household chores and work; they have managed to accept a tourism industry that overlaps with their working places along the seascape (de la Torre-Castro et al., 2017) and clashes with their customs and religion. Furthermore, they have accepted conservation measures that often have little direct benefits. This flexibility can be understood as an adaptive strategy to endure and to go on. Since adaptive capacity is latent, probably this flexibility and multitasking ability can be an asset in the future. However, as expressed in the interviews, this type of flexibility has also brought frustration and a feeling of being “powerless spectators”, with limited agency (as in Fabricius et al., 2007 typology), “We adapt and we follow instructions from governments and village councils (all with men in high positions), but we cannot create something … I don’t know how to explain … but something for ourselves”.



Organization

Organization leading to improved social capital is considered positive both in rural environments and in the context of climate change adaptation (Adger, 2003; Cinner et al., 2012a; Marin et al., 2012). In marine contexts, Gutierrez et al. (2011) found that leadership was most important but social capital was crucial too. Later, Crona et al. (2017) confirmed that leadership seems to be more determinant. In this study, we checked belonging to formal and informal organizations following Putnam et al. (1994) argument (the higher organizational belonging the higher the social capital). Forty percent (40%) of the women were part of some type of local organization. However, and importantly, the type of organizations in which they were members did not match the livelihoods they worked with, a surprising result. A clear majority of the women were seaweed farmers, but from the total interviewed (N=117), only eleven (11) were members of the Seaweed farming committee. This result deserves future research. From previous interviews women gave lack of time as important reason to limit their possibilities to organize. Seaweed farming is a highly demanding activity causing also negative health effects (Fröcklin et al., 2012). Osborne et al. (2008) demonstrated that the key factors for participation in groups and organizations are 1) not working fulltime, 2) being married and 3) having high levels of education. Women in Zanzibar worked full-time and none had higher education. The management and work literature points out that women’s own awareness of the benefits of increasing social capital is fundamental (Kumra and Vinnicombe, 2010), but for women in Zanzibar this has to our knowledge not been investigated. In the development literature it was found that provision of microcredits can, due to the necessity to meet, in the long-term lead to higher social capital, since isolated women can get new connections, networks and relationships. The meetings themselves seem to be empowering and women organized to achieve actions that required collective organization (Sanyal, 2009). Women in Zanzibar have been targeted by various micro-credits programs. However, microcredits are not a panacea and can have its own problems of power disputes, embedded interests, etc., so careful attention is needed if they are introduced (Mayoux, 2001). In addition, Mayoux (2001) found that these types of microcredit programs create mainly bonding capital (among group members), however bridging capital (with other external groups) is also needed and, in that case, higher education levels and other social dynamics may play a crucial role.

Other studies analysing seaweed farmers have found that governments and donors cherish the activity and promotes it as highly positive. However, organization and creation of social capital is not easy, and benefits vary depending on the scale of the organization. Andriesse and Lee (2021) found that at the local level associations and cooperatives can even be negative due to corruption and power disputes. Thus, the personal problems of the women together with dynamics of local politics can lead, under certain circumstances, to a decrease in adaptive capacity. Another reason for weak organization has been related to changes in environment, seaweed farmers in particular settings in the Philippines stopped producing and organizing due to poor water quality and lack of financial means (Andriesse, 2022). Women in Zanzibar experience and observe the environmental changes. They also notice the negative effects on seaweed growth; but they do not have arenas for discussion, which are essential for problem identification, solution creation and further organization (Ostrom, 1990). These results are consistent with previous findings. It has been identified that women’s organizational level is low in Zanzibar as compared to other parts of Africa, South-East Asia and Latin America (Fröcklin et al., 2018). Moreover, engagement in environmental issues does not always emerge automatically. Social norms and gender may hinder organization and possibilities for collective action (Agarwal, 2010). The issue of leadership role and its emergence was not investigated, but it is highly possible that being a woman leader in this traditional masculine society will involve confrontation with strong norms and traditional values. This confrontation is a very high price to pay for women. Political engagement, fights for aquaculture workers' and fishers’ rights in the villages were not identified as such.



Learning

Women’s learning takes place all the time, as a continuous process of observation and experimentation by living with nature daily. This is a common feature related to learning about climate change (Berkhout et al., 2006). In this study, the results about observed environmental/seascape changes were remarkable. Broadly speaking, women’s observations of key variables from the field fit well with most scientific observations. This has also been observed in other villages in Zanzibar (Makame and Shackleton, 2020). However, a major challenge is how to use the knowledge in the context of climate change and action. Knowledge should be useful for better adaptation, and a combination of knowledge is the way further for historical understanding, forecasting and policy formation (Saldivar-Lucio et al., 2021). Complementarity between traditional ecological knowledge and conventional scientific knowledge is possible and important (e.g. Moshy and Bryceson, 2016).

Theoretically, women’s observations of the environment/seascape could be an incentive strong enough to radically change and/or abandon the seaweed farming activity, whether the negative impacts are caused by climate change or not. In fact, many women are leaving the activity at present. However, environmental knowledge was spatially constrained (women had deep knowledge in the particular coastal space where they work). There was a scarcity of knowledge about higher scales and a holistic understanding of climate change as a physical phenomenon could not be identified similar to Makame and Schakleton’s findings (2020) in which little exposure to climate change as a global issue was found. A central issue for further research is thus how to use women’s seascape knowledge for management, policy and adaptation. In other words, how the situated knowledge of these women can enhance both adaptive capacity and climate adaptation planning. Lemos et al. (2012) suggest two components for climate change knowledge i.e. usefulness and usability; in this case, knowledge is present but its usability is unclear. Furthermore, there is no consensus about the value and merit of local ecological knowledge for climate change. Some scientists argue that there is little value in this knowledge (Doyle, 2009), while others consider it critical and complementary to scientific knowledge (e.g. McMillen et al., 2014; Hosen et al., 2020). A recent review analysing local knowledge found that there is a lot to consider before this type of knowledge can be integrated. The review shows that unusual events tend to be overrepresented as well as broad categories instead of specific variables (Reyes-García et al., 2016). However, for Tanzania’s fishing community integration of local knowledge (despite the difficulties involved) is recommended as scientific knowledge tends to be limited (Mwaipopo and Mahongo, 2020). The environmental observations from the farmers are important since seaweed production seems to face similar environmental impacts elsewhere. Indonesia, the largest current producer of red seaweed is having critical problems too due to diseases, pests, excessive epiphyte growth on the algae and seedling quality (Kambey et al., 2020).

In addition, learning in terms of adaptive capacity can be related to climate change causality but also to other local matters such as learning about markets. Links between markets and the environment have been highlighted as fundamental (e.g. Galaz et al., 2018), and this is also valid for gender and women studies. Williams (2019) argues that research on women, gender and fisheries has to address political economy, e.g. globalization processes, markets, labour and value chains. This is extremely important for women in Zanzibar, as the seaweed market is global, and demand and prices are set by influential producers in South-East Asia, and by the chemical industries in the North buying raw material (the dried algae) for carrageenan production. Thus, knowledge about the links between the local villages to the global economy, knowledge about project management, and knowledge about market constraints would be very useful to increase women’s adaptive capacity. Learning can be formal or informal. In this case, women have relatively good formal education compared to other low-income settings and excellent informal learning about the environment. However, they do not have places to share, compare and discuss knowledge since most of the women are not part of the Seaweed farming committees and time for discussion in other arenas is highly limited. It would be interesting to investigate other forms of informal sharing and organization, if any. Formal education is absolutely desirable and there is a need to encourage women to achieve higher levels. Women in this context were not illiterate, but none of them had higher education, which is necessary to get employment in other sectors such as the government, tourism and to deal with globalized markets. Higher education increases marketplace bargaining power and importantly gives access to political processes and legal systems (Nussbaum, 2010). Structural positive changes are well documented in the literature when formal education increases for women; for climate change, this can mean, a better translation of local knowledge for its incorporation into management, policy or science; increased skills to plan and anticipate; and higher agency for participation. Careful attention should be given to advances when formal education is introduced; a pastoralist case in Kenya found that women with or without formal education reacted similar to droughts caused by climate change, however, women with formal education had higher risk perception (Walker et al., 2022). Making the issue of formal and informal knowledge complicated when it comes to behaviour for adaptation. Therefore, nurturing both types of knowledge is required.



Agency

Agency is related to the capacity to make choices and to be able to act (Brown and Westaway, 2011), and is a key factor for transformation (Westley et al., 2011; Westley et al., 2013). Agency implies a sort of initiative, desire for change or thinking, an inner individual capacity to do things. Agency is the power and liberty to mobilize other domains of adaptive capacity (Cinner et al., 2018). In that sense, “generic” agency can be regarded as high since women are always doing things to assure their own, their children’s and in general the family’s survival. But there is little time for reflection and planning for the future. So, a key question is agency for what? Actively shaping for the future is considered fundamental in this domain, but for women in the Zanzibar context, time invested in heavy work and household chores follows a day-to-day basis. When it comes to climate change, it would be important and desirable that women develop strategies for anticipation and change, which are linked to learning and education and the large temporal scale (see above). For the Western Indian Ocean, a study performed in Mozambique found that temporal scale is critical, in the short-term people could cope with changes, but in the long run, planned adaptation and learning are absolutely needed (Osbahr et al., 2008).

It seems that the triple burden that women face (focus on income, household and social work) are major agency constraints for change and long-term planning. Women are immersed in the local reality and other regional or global alternatives were hard to envision. The knowledge found was at most at the national level. This was clear from the results when asking about coping strategies; all answers were expressed in local terms. Agency does not exist in a vacuum. Social structures, local norms and expectations as well as “gender blind” interventions can shape and reshape individual agency (Lawless et al., 2019). Social life and its influences have a fundamental role in individual decision-making (Barnes et al., 2020). One important finding was that about 5% of the women had strong religious beliefs contrary to Makame and Schakleton (2020) who found a vast majority expressed religious beliefs. Here, these few women pointed to God’s will when discussing initiatives, coping strategies and future perspectives. “I will just sit down and see what God’s plan is”, “God will give me the clue”, “God will send a miracle”. This type of thinking may slow down agency and initiative-taking, but at the same time brings some hope and removes problems for the self.




Summing up and the way forward

Table 3 summarizes the key findings of the study. The identified underlying factors shaping adaptive capacity of coastal women in Zanzibar are classified as enabling (positive), unclear and constraining (negative). It is important to note that the findings may be relevant for different domains. The relationships are complex and there is not necessarily one- to-one correspondence.

The unclear factors shown in the table deserve future research, as well as these particular questions:

	Is there any indigenous local knowledge related to climate change in these settings?

	What are the power and social structures limiting women’s agency (in-depth studies)?

	How to increase organizational capacities and social capital leading to collective action?

	What is the role of the “Blue economy” in Zanzibar linked to livelihoods and future planning?

	How can climate justice and coastal people’s rights be considered in coastal governance?



The role of the state cannot be underestimated as well as the role of external donors. Adaptive capacity and adaptation are on-going processes that need to be framed in social, economic and political contexts and not only treated as technical matters (Nightingale et al., 2020); they should be well-anchored in people’s lives (Ensor et al., 2019). In the long run, the causes that reduce adaptive capacity should be tackled by societal transformation (e.g. O'Brien, 2012).

For Zanzibar, it is crucial to address the problem of seaweed farming linked to climate variability and change since the ocean temperature is rising, precipitation is highly variable and the algae responds negatively to the impacts of those changes. In the future, it is also important to continue addressing other activities related to coastal women. Much focus has been on seaweed farming since the results showed it was the dominating activity, but invertebrate collection, cooking and frying small pelagic fish as well as the activity as women fish traders will equally face challenges due to changes in ocean variables. A few women who drive small local restaurants in which fish and shellfish are offered will also face the effects of the marine ecosystem changes. Not to speak about the small-scale jewellery production that will suffer from ocean acidification.


A window of opportunity: Zanzibar’s institutional set-up to enhance women’s situation

There are possibilities to accelerate the adaptive capacity of coastal women using the institutional set-up on the island; through bridging and cooperation and the windows of opportunity found at the moment of writing, where reorganization of ministries is taking place. Zanzibar has, despite many challenges in coastal management, a very good organizational structure (de la Torre- Castro, 2006), and this is constantly evolving to respond to contemporary challenges. At present, the whole ministry dealing with ocean and marine resources is being re-structured into a ministry that seriously tackles the advent of the Blue Economy and highlights marine conservation and protection more clearly than before. The structural proposal for the new Ministry of Blue Economy and Fisheries encompasses five departments namely, Department of Blue Economy, Department of Fisheries Development, Department of Marine Reserves, Department of Operations and Services and Department of Policy Planning and Research. Each department contains units/divisions devoted to specific areas, one key area is the Division of Seaweed/Algae Development. Having the new structure working, internal links to key issues can be established, for example links to research, new policy that benefits women, marine spatial planning and fair commercialization of the product. Placing women’s problems and challenges within the ministerial structure is an excellent opportunity to visualize and further implement solutions and also to legitimate the needs through formalization. The lack of a holistic understanding of climate change can be assessed through the division of environmental education. Moreover, beyond internal links within the Blue Economy and Fisheries ministry, links with other relevant ministries and organizations can be done, e.g. Ministry of Tourism, Ministry of the Environment, as well as the Ministry of Health which has a subdivision for women and youth. External donors, NGOs, etc. can focus more on climate change action, education and concrete proposals, for example, investigations about resistant varieties of algae to high temperatures, improvement of growing methods, biosecurity and multiple species aquaculture. These are good news for Zanzibar, since one of the most challenging aspects to promote sustainability and positive transformation is already in place, i.e. organizational structure capacity.




Conclusions

This study investigated the adaptive capacity of coastal women in Zanzibar (Unguja Island), Tanzania, and discussed the results using Cinner et al. (2018) typology (assets, flexibility, organizations, learning and agency). The most important conclusion from the overall analysis is that adaptive capacity is relatively low and adaptation to climate change is more reactive than proactive for women in coastal Zanzibar. Realities of everyday life are constantly faced and environmental changes in the seascapes are observed but not linked to wider climate variability and change. In this sense information about climate phenomena, scenario planning and awareness is highly needed, but also to tackle fundamental needs in parallel such as the creation of worthy livelihoods.

When it comes to assets, women owned different assets that were difficult to capitalize. A few women had a relatively high income due to small-scale business. Women seem to be very flexible in non-climate-related matters, this flexibility can be mobilized for dealing with and adapting to climate change. Organizational levels are very low, so there is a lot of space for interventions to empower women and create higher social capital. Women presented outstanding capacities for learning and observation, their observations about seascape changes should be linked to a holistic understanding of climate change. Climate change takes place in a large temporal scale and this is a huge challenge that needs attention. Agency is high in this context, but women have large limitations in time for reflection. Through highlighting different aspects of adaptive capacity as positive, unclear and negative, the study contributes with approachable targets for intervention into Zanzibar women’s adaptive capacity. However, the unclear factors found deserve future research (Table 3).

The study further emphasises a specific vulnerability faced by women in that their major livelihood, seaweed farming of red algae, is particularly prone to climate-driven negative changes. To enhance women’s adaptive capacity, empowerment measures are necessary and they are possible through Zanzibar’s organizational structure. The multi-level organization and focus in co-management is an excellent start. Zanzibar’s evolution of organizational structures for the management of the marine environment has followed contemporary developments and can be considered a window of opportunity bringing good news for positive change.

Another important finding is that the individual level is important but not enough; connecting with regional and global agendas is needed, for instance, strong investors like the World Bank, the Global Environmental Facility (GEF) and the SDGs global agenda. The reliance on seaweed farming is a case in point having links with global scales (global warming and price setting in international markets) and thus strategies are needed to consider these dynamics at the local level. The question of livelihoods is critical and should be a priority for politicians, policy makers and managers. Interventions, such as the introduction of alternative or complementary livelihoods have to go hand in hand with market analysis and clearly defined goals as well as a thorough analysis of possible negative consequences (Jones et al., 2022).
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Appendix 2 | Diagrams based on the results of the interviews (N=117 women in Zanzibar, Tanzania).



Footnote

1Results from the Web of science: climate change AND forest≈77,000 hits; climate change AND agriculture≈75,000; climate change AND coastal zones≈5,500 climate change AND ocean≈65,000 checked 2022-06-30.
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Recently, the rights of small-scale fishers have increasingly been acknowledged in ocean governance because coastal development and various maritime activities have reduced traditional fishing grounds. More specifically, small-scale fisheries (SSF) are increasingly being threatened by ocean grabbing, pollution, and a lack of inclusiveness in decision-making processes. Although there are guidelines to resolve and reduce conflict, formal avenues to include fisher concerns, particularly in the context of ocean development and governance, remain a difficult task. Moreover, there is insufficient information on how fishers are impacted by coastal and marine development and how their concerns are included in the decision-making process. Hence, this study contributes to the SSF discourse by understanding and describing the characteristics and concerns of small-scale fishers from two coastal towns in East Africa with different levels of port development. Using data from perception surveys, focus group discussions, and participatory mapping, we discuss how fishers were involved in the decision-making processes to develop ports in Lamu, Kenya, and Bagamoyo, Tanzania. We found that fishers rely on nearshore ecosystems such as mangroves and coral reefs because of their accessibility since most fishers only use low-powered boats for fishing. Moreover, we found that the fishers’ livelihoods were severely affected by port development and that they were excluded from the decision-making process concerning the port’s construction and fishers’ compensations. While some fishers believe that new ports in the region can increase their livelihoods by creating new markets and jobs, this is unlikely to happen since most fishers are not qualified to work in formal port-related jobs. We propose three steps that will allow fishermen to participate in port development decision-making processes and contribute to the development of a sustainable SSF. These include improving engagement with fishers to allow meaningful participation in decision-making, developing a blue economy policy focused on SSF, and implementing maritime spatial planning.
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1. Introduction

Small-scale fisheries (SSF) contribute to food security worldwide and provide jobs to millions of people, especially in developing countries (Bevitt et al., 2021). Moreover, SSF is an economically important coastal livelihood activity in East Africa, because it has been estimated to employ approximately 50,000 fishers (GoK, 2016; Sector, 2016). SSF in East Africa is characterized by artisanal fishers that use nonmotorized boats like canoes and small sailboats, which are easy to use and maneuver in nearshore areas, to fish for subsistence and earn some income (McClanahan and Mangi, 2004; UNEP-Nairobi Convention and WIOMSA, 2015; Van der Elst et al., 2005). Despite the importance of SSFs to the socioeconomic development of coastal communities in East Africa, the interests of fishers are largely ignored by government development agendas. Moreover, small-scale fishers are increasingly experiencing reduced access to fishing areas (Thoya and Daw, 2019), low catches due to overfishing and degraded coastal and marine ecosystems (Jackson et al., 2001), a weak market for their seafood (Wamukota, 2009; Purcell et al., 2017), conflicts with large-scale fishers (Munga et al., 2014), and problems with recent blue economy development such as oil and gas exploration and port expansion (Rodden, 2014).

Many governments and civil society organizations worldwide are increasingly advocating for more meaningful engagement of small-scale fishers in decision-making processes to give them space to raise their socioeconomic rights (Bennett et al., 2021). As such, participatory processes have been promoted to reduce inequity and injustice in society while fostering a fair distribution of the costs and benefits of coastal and marine resource development (Agyeman, 2005). The need to safeguard small-scale fisheries and include fishers in stakeholder engagement processes is recognized worldwide because fishers make up the biggest group of marine resource users and significantly contribute to global food security (FAO, 2020). The Food and Agricultural Organization’s “Voluntary Guidelines for Securing Small-Scale Sustainable Fisheries in the Context of Food Security and Poverty Eradication” (hereafter FAO SSF Guidelines), ratified in 2014, emphasize the importance of securing the tenurial rights of small-scale fishers, which include providing them equal access to fishery resources and fishing grounds (Kurien, 2015). However, the implementation of these guidelines has been resisted in many regions and is yet to make the desired impact on local communities (Jentoft et al., 2017).

Another important initiative advocating for SSF rights is the “blue justice” movement, led by the Global Partnership for Small-Scale Fisheries Research (TBTI, 2021). Blue justice is a critical approach to promoting sustainable ocean development by investigating how ocean-based development affects coastal communities and SSF. It arose from the recent interest of countries to expand the maritime sectors, commonly referred to as the “blue economy” (BE), which threatens the sustainability of the SSF (Bennett et al., 2019). Blue justice advocates for the historical rights of small-scale fishers and coastal communities and urges governments to reduce pressures that are likely to jeopardize the rights and well-being of fishers (Arbo et al., 2018; Bennett, 2019).

As with other countries, East Africa has adopted the blue economy concept with the United Nation’s Nairobi Convention and COP 8 decision supporting the strengthening of ocean governance strategies to enhance blue economy activities in the region. The government of Kenya, for example, values the importance of the blue economy and its potential role in improving Kenya’s overall economy. Hence, the Kenyan government has mandated the expansion of mariculture, shipping and transportation, tourism, and oil exploration, which have been identified by the government as key to achieving the ambitious country’s economic development plan, “Vision 2030”. Moreover, the government prioritized blue economy activities as part of the state department for fisheries, aquaculture, and the blue economy (GoK, 2007; Sharon, 2020). Similarly, Tanzania has put the blue economy at the center of its economic growth and has created a comprehensive roadmap for its blue economy development (Hafidh et al., 2021). Although the blue economy has enormous developmental potential for East African countries, the current trend toward ocean-based economic development raises concerns because it can conflict with the achievement of blue justice objectives (Okafor-Yarwood et al., 2020).

The effects of the promotion of the development of the East African blue economy on stakeholders, particularly those who may be adversely affected by large-scale growth linked with it, are yet to be determined. Moreover, there is currently insufficient information on how small-scale fishers are affected by port developments in East Africa and how their concerns are considered in decision-making. To help address this gap, this study aims to understand and present the perceptions of small-scale fishers in relation to port development in Kenya and Tanzania using blue justice as a broad analytical framework. We selected two coastal towns each in Kenya and Tanzania because of their similar histories and contexts, levels of resource use, and governance arrangements. However, both countries have slightly different economies, with Kenya classified as a lower middle-income country and Tanzania as the least developed country per the Organization for Economic Co-operation and Development (OECD, 2021).



2. Materials and methods


2.1 Study area

While both Kenya and Tanzania have major ports located in the cities of Mombasa and Dar es Salaam, respectively, the governments of both countries have started to enhance their maritime transportation infrastructure to support economic growth and the expansion of the ocean economy in East Africa (Kanai and Schindler, 2019; Rasowo et al., 2020) (Figure 1). Currently, the ports are being developed north of Mombasa in Lamu County in Kenya, and south of Dar es Salaam in Bagamoyo district in Tanzania. Both ports have financial support from foreign investors, particularly the Chinese government (Hönke and Cuesta-Fernandez, 2018; Were, 2019).




Figure 1 | The county of Lamu is located north of Mombasa, which is a major port city in Kenya. The Bagamoyo district is located north of Dar es Salaam, which is the capital and a major port city of Tanzania.



The Lamu port is located on Lamu Island near the Somali border in the north of Kenya (Figure 1). The port is part of the larger Lamu Port, South Sudan, Ethiopia Transport Corridor (LAPSSET). The LAPSSET corridor program is Eastern Africa’s largest and most ambitious large-scale infrastructure project, linking Kenya, Ethiopia, and South Sudan to improve access and transport, and consequently economic development. When completed, the project will have highways, railway lines, and oil pipelines constructed traversing the three countries (LAPSSET, 2021). The port is still under construction and will have 32 berths upon completion (LAPSSET, 2021).

The Bagamoyo port is located 60 km from Dar es Salaam in Tanzania. It falls within the area where the government plans to create a Special Economic Zone (SEZ) to decongest the Dar es Salaam region. The port will serve as a transportation hub for processed commodities that local businesses produce (Kanai and Schindler, 2019).

Data collection was conducted in September and October 2019, in both Lamu and Bagamoyo. The field data collection included participatory mapping exercises with invited fishers and community perception surveys. During fieldwork in Lamu, the construction of the first three berths of the port was about 80% complete. Currently, there are four berths that are operational. At Bagamoyo, initial plans for the development of the port had already been undertaken, including land compensation.



2.2 Participatory mapping

We used the participatory mapping approach described by Daw et al. (2011) to locate and characterize high-value fishing grounds for small-scale fishers. Generally, participatory mapping elicits fishers’ spatial knowledge of their fishing areas through group discussion and visual aids such as maps (Kafas et al., 2017; O. Nyumba et al., 2018; Silvano and Hallwass, 2020). The computer-based maps, which were produced using the Google Earth Engine©, depict locations in nearshore areas with easily recognized habitats such as coral reefs and mangroves. We conducted a total of four participatory mapping sessions from September 2019 to October 2019, two in Lamu and two in Bagamoyo. The sessions were held in Faza and Amu locations in Lamu, and Mlingotini and Pande in Bagamoyo. Each session took about 2 h to complete for each study area. The lead author (PT) led and ran the participatory mapping sessions, which included 25 fishers in each location (n = 50 fishers in Lamu, n = 50 fishers in Bagamoyo). The participants that were invited represented artisanal fishers that used the four most commonly used fishing gears (i.e., spear, net, trap, and line). According to Krueger and Casey (2000), a group of six to eight people is adequate for a focus group discussion, but a larger group of fishers attended the discussions due to the encouragement of fishing group leaders. Working with fishing group leaders, they identified and recommended fishers that have had a long history of fishing (i.e., at least 10 years). More experienced fishers were invited because they are known to have greater precision in identifying a fishing ground’s exact location. The sessions were all conducted using Swahili, the official language in both the study areas and countries, to ensure the effectiveness of communication and proper documentation of the data.

The first step in the participatory mapping process asked fishers to identify key land-based and nearshore geographic and bathymetric features such as houses, coral reefs, and islands on Google Earth©. Second, using the markers and features as a basis, fishers were asked to delineate the extent of the fishing grounds. As the participants identify the fishing grounds, discussions also involved fishers’ local ecological knowledge and fisheries, particularly the key fishing grounds and spawning areas, biophysical qualities such as depth and habitat types, and their preferred fishing gears. By characterizing the SSF into subgroups, we can understand which fishing grounds areas are essential and accessible to fishers and how port developments can affect their livelihoods. The fishing grounds identified on Google Maps were saved in Google Earth Pro and analyzed in ArcMap (ESRI®).



2.3 Perception surveys

We conducted semistructured in-person perception surveys with a total of 189 fishers from October to September 2019. In Lamu, we surveyed 97 fishers from beach management units (BMUs) surrounding the port, which included Amu, Matondoni, Shella, Kizingiti, Pate, and Faza, where the impacts of the port development will most likely be felt (Figure 1). For Bagamoyo, we interviewed 92 fishers from Pande and Mlingotini, the closest SSF landing areas to the port area. The BMUs consist of individuals who traditionally depend on fisheries activities for their livelihoods (e.g., fishers, fish traders, boat owners, and fish processors) (Oluoch and Obura, 2008). Moreover, BMUs are also informal governance units that are typically responsible for coastal management and named after villages, which are recognized as part of the co-management system of ocean governance in Kenya and Tanzania.

The in-person perception surveys were done because it was a good approach for extracting meaningful information about fisheries to help understand problems experienced by fishers, which include reduced access to marine space (Daw et al., 2011; Silvano and Hallwass, 2020). The number of fishers that participated in the survey represents 20% of the total fishing population in the study sites, which was regarded as an adequate representation of the collective experiences in the BMUs (Dzoga et al., 2018). Only fishers who agreed to participate in the survey were chosen because conversations about fishers’ fishing grounds are considered private (Daw et al., 2011). The survey participants included all fishers that attended the participatory mapping sessions and other fishers that were chosen at random by the BMU leaders. The lead author (PT) and two research assistants conducted all the surveys in all of the BMUs using the same questionnaire. Each survey lasted about an hour and was conducted in Swahili, the official language of all the study locations.

The survey was structured into two parts. The first part was designed to obtain demographic data about the fishers (e.g., age and number of years fishing) and information about fishing practices (e.g., number of days fishing per week, fishing gears and boats used, and targeted fish families). Fishers were also asked to identify their preferred fishing grounds from the list of locations generated from the participatory mapping exercise. The second part aimed to understand fishers’ perspectives on port development and their perception of the impacts of port development on SSF. Some questions included: (i) if the fishers used to fish at the port area; (ii) if the fishers were engaged in decision-making; and, (iii) how the port has affected their livelihoods, the environment, and ecosystems. A follow-up inquiry was asked on the specific impacts each fisher had experienced, whenever needed. The responses were recorded in English and then transferred to an excel spreadsheet for further analysis.



2.4 Data analysis and synthesis

The results of the participatory mapping and perception surveys were analyzed by: (i) defining fisheries attributes and the importance of key habitats to the SSF in each of the study areas; (ii) describing the impacts of port development and its implications on SSF; and, (iii) evaluating and identifying blue economy policy gaps in each of the countries to mitigate the impact of port development on SSF.

To evaluate the importance of the different ecosystems to SSF, we estimated the fishing intensity in the three primary habitats, which are coral reefs, mangroves, and pelagic habitats. The fishing intensity was calculated by getting the sum frequency of fishers that identified their preferred fishing grounds during the surveys. We then identified the most important habitats for the fishers by measuring the distance between the identified fishing grounds to the nearest coral reefs and mangroves. Using the coral reef and mangroves map shapefiles from the UN Environment Programme World Conservation Monitoring Centre (UNEP-WCMC) (Giri et al., 2011; UNEP-WCMC,W.C. and WRI, 2021), we calculated the distance of the fishing locations to the habitats different habitats. A fishing location within a 1-km radius of coral reefs was categorized as a coral reef fishing ground, whereas, those within a 1-km radius of mangroves were categorized as the mangrove fishing ground. Fishing grounds within a 1-km radius of both mangroves and coral reefs were categorized as coral-mangrove fishing grounds. As coral reefs and mangroves occupy the shallow area in the study area, the fishing locations outside the 1-km radius of coral reefs and mangroves were deemed to be in offshore areas and were categorized as pelagic fishing grounds.

The fisher characteristics and perception of port development impacts were analyzed using descriptive statistics, including central tendencies such as means, medians, and percentages. The fisher characteristics for both study areas were presented and analyzed to allow for quantitative comparisons. Additionally, the targeted fish families described in the survey were also aggregated according to ocean zones, which were also used to validate the described preferred fishing grounds.

For the blue economy policy gaps, we used the review by Benett et al. (2021) as a broad analytical framework. Benett et al. (2021) posited that there are 10 main domains that may hinder the achievement of a sustainable blue economy and blue justice. These include: (i) dispossession, displacement and ocean grabbing; (ii) environmental justice concerns from pollution and waste; (iii) environmental degradation and reduction of availability of ecosystem services; (iv) livelihood impacts for SSF; (v) lost access to marine resources needed for food security and wellbeing; vi) inequitable distribution of economic benefits, (Vii) social and cultural impacts; (viii) marginalization of women; (ix) human and Indigenous rights abuses; and, (x) exclusion from governance. Since blue justice research is still in its infancy and was not factored in our original research approach, we applied an inductive coding procedure to our original questions to facilitate the incorporation of the novel knowledge of blue justice domains outlined by Benett et al. (2021). Since fishers were asked how they were affected (i.e., positive, negative, or neutral) by port development in their different life aspects (e.g., livelihood, fish market, access to the fishing area). We calculated the proportion of fishers who replied in each category and referred the results to the coded blue justice domains. throughout the discussion.




3. Results


3.1 Fishers’ characteristics

The characteristics of fishers and fishing activities in both study areas are very similar. All the fishers surveyed in Lamu and Bagamoyo were men and had an average age of 41 and 44 years, respectively (Figure 2A). Most of the fishers interviewed had substantial fishing experience, with an average number of years fishing of 24 years for fishers in Lamu and 23 years for fishers in Bagamoyo (Figure 2B). Most fishers from both study areas used wooden boats ranging from 2 to 20 m in length and fished for 6 days a week on average (Figure 2C). The majority of fishers surveyed in Lamu and Bagamoyo had a daily income of less than $20 (Figure 2D) and spent up to 6 years on average in school (Figure 2E). There were differences in propulsion modes for fishing boats, with most of the fishers in Lamu using fishing boats with engines (73%) and sailboats (23%). In Bagamoyo, the majority of fishers reported the use of paddle boats (59%), sailboats (25%), and motorized boats (16%) (Figure 3). In terms of preferred fishing gears, fishers in Lamu mostly used seine nets (31%), handlines (25%), gill nets (21%), and spears (25%). Whereas, in Bagamoyo, handlines (47%) and gillnets (45%) were the most commonly used fishing gears (Figure 3).




Figure 2 | Summary of different fisher characteristics in Lamu (left panel) and Bagamoyo (right panel). Fishers’ characteristics include (A) age; (B) the number of years fishing; (C) the number of fishing days per week; (D) daily income; and (E) the number of years spent in school.






Figure 3 | Diagram describing the diversity of types of fishing boats and gears used and the targeted species groups by fishers from Lamu (left panel) and Bagamoyo (right panel).



For the targeted fishes, 75% of the respondents in Lamu targeted demersal fish families that are often found in or near coral reefs. These include Palinuridae (lobsters), Scombridae (tuna), and Lethrinidae (emperors). In Bagamoyo, fishers targeted lethrinids, palinurids, and carangids (trevallies or scads) (Figure 3). Lobsters are considered a high-value species collected by divers using harpoons.



3.2 Important fishing grounds

Coral reefs and mangroves were identified as the most preferred fishing habitats for the majority of the respondents in both Lamu and Bagamoyo (Figure 4). More specifically, 34% of fishers in Lamu identified coral reefs as the most favored fishing grounds, followed by mangroves with 22% and pelagic waters with 19%. Of the respondents in Bagamoyo, 27% fished in coral reef-mangrove areas, 19% in mangrove areas, and 16% in coral reefs. Spatially, fishing intensities varied across the different habitats. For fishers in Lamu, fishing grounds with the highest fishing intensities mostly overlapped with coral reefs followed by pelagic waters. Similarly, in Bagamoyo, coral reefs had the highest fishing intensities, followed by mangroves. Most of the fishing grounds identified were within 10 kilometers of both ports in Lamu and Bagamoyo (Figure 5).




Figure 4 | Distribution of fishing effort and fishing intensities based on the number of times the fishers mentioned a fishing ground in the interviews in (A) Lamu and (B) Bagamoyo. The bar charts indicate the mean number of fishers in the four habitat categories. Error bars present the standard error of the mean.






Figure 5 | Distance between the preferred fishing grounds of fishers to the port area in (A) Lamu and (B) Bagamoyo.





3.3 Fishers’ perception of port development impacts

Using six of the blue justice domains described by Benett et al. (2021), we describe the perceptions of the fisher respondents in Lamu and Bagamoyo on port development and implementation. The majority of the fishers surveyed in both study areas believed that the proposed ports would have negative impacts on the environment and their livelihoods (Figure 6).




Figure 6 | The perceived impacts of port development on SSF using the six blue justice dimensions (1–6, modified after Bennett et al., 2021).




3.3.1. Dispossession, displacement, and ocean grabbing

Most fishers surveyed in Lamu and Bagamoyo reported that the proposed port areas were an important fishing ground and that they had been displaced and forced to find new fishing grounds (Figure 6). These findings are consistent with the location of multiple fishing grounds in the port area, as shown by maps of fishing grounds and intensities (Figure 3).



3.3.2. Exclusion from governance

A great majority of fishers surveyed stated they were not involved or at least consulted during the port planning process. However, after probing the BMU leadership and some of the respondents, we found that there had been some forms of consultation undertaken, which included interviews, BMU-level consultation meetings, and public hearings in villages. For those that have been involved in consultation processes, they stated that they were included in a survey, or participated in BMU-level meetings or village-level public hearings. In Lamu, 62% of the fishers were consulted at the BMU level, 24% personally, and 14% at the village-public hearing. In Bagamoyo, for those who said they were consulted, 31% said they were consulted at the BMU level, while 69% said they were consulted at the village public hearing.



3.3.3. Environmental justice concerns from pollution and waste

Port development and implementation are believed to pollute fishing grounds. More specifically, 84% and 94% of respondents in Lamu and Bagamoyo, respectively, said that the port would degrade ecosystems and reduce water quality because of dredging and port operations. Surprisingly, fishers in Lamu feared that the port would attract more predators, such as sharks, which could endanger fishers. Respondents from Lamu had mixed perceptions on the impact of the ports on the fish catch; where, only 48% of respondents believed that the ports would have a negative impact, 26% believed there would be no impact, and 26% believed the port would improve their fish quality. In Bagamoyo, 59% of the respondents believed the port development would reduce fish quality, while 35% believed there would be no impact. Additionally, some fishermen from Bagamoyo believed that increased predators such as sharks would improve fish quality.



3.3.4. Environmental degradation and reduction of availability of ecosystem services

Almost all of the respondents in Bagamoyo and Lamu said that port development would cause the degradation of coral reefs and mangroves. They identified dredging, increased depth, and sedimentation as the most likely causes of coral reef damage, and mangrove clearing, erosion, and sedimentation as the potential causes of mangrove forest degradation.



3.3.5. Livelihood impacts for small-scale fishers

The perceptions of fishers on the effects of port expansion on their livelihoods were mixed. In Lamu, most of the respondents thought port development would negatively impact their livelihoods. Reduced catches, displaced fishing grounds, environmental damage, and more accidents resulting in the loss of fishing gear were some of the negative consequences of port development and implementation. Those that claimed the positive effects believed that the port could increase income, expand their market bases, and introduce new jobs. In Bagamoyo, most of the fishers said port development would harm their livelihoods. Fewer catches and displacement were suggested as potential negative implications, while new jobs and increased jobs were suggested as beneficial impacts of the port on fishers’ livelihoods.



3.3.6. Lost access to marine resources needed for food security and wellbeing

In Lamu, most of the fishers believe their catches will decrease. The drop in fish catch was believed to be due to dwindling fish stocks, habitat changes and displacement, and increased predators. Some fishers thought the port structures acted as artificial reefs and would influence the increase in catches. In Bagamoyo, most fishers thought their catches would also decrease for the same reasons reported by the fishers from Lamu. However, these respondents believed that increased predators were a sign of a good impact on catches compared to the responses of Lamu fishers (Figure 6).





4. Discussion

This study presents the perceptions of small-scale fishers toward port infrastructure development and its potential consequences for SSF in Lamu and Bagamoyo. Many of the fishers included in the group discussions and surveys were concerned about the potential negative effects of port development. The power imbalance shown by the fishers’ lack of meaningful engagement in decision-making processes reveals policy inadequacies that may assure equitable treatment of small-scale fishers as the blue economy expands in the study areas and eventually the entire countries of Kenya and Tanzania. Given the growing importance of coastal and maritime activities in East Africa, this is one of the first studies to describe the possible social and environmental injustices that small-scale fishers may face due to ocean-based developments in the region.

Since the majority of fishers from Lamu and Bagamaoyo use low-capital fishing boats and gears, they are often limited and unable to access offshore fishing grounds (Thoya and Daw, 2019), which makes them more reliant on nearshore and coastal ecosystems like coral reefs and mangroves (Honda et al., 2013; Carrasquilla-Henao and Juanes, 2017). Moreover, the majority of the targeted fish and invertebrate families, which include high-value species such as lobster and crab, depend on nearshore habitats. These high-value species are commonly targeted by fishers because they can earn a higher income from them. Hence, it is important to manage activities that can damage nearshore habitats so that nearshore fisheries resources, livelihoods, and food sources will not be affected (Fondo and Martens, 1998).

Another important finding of this study was that most fishers believed port development would expel them from their fishing grounds and damage the fish habitats, which threatens their livelihoods and food security. These perceptions were also supported by participatory mapping results that revealed that most of the fishing grounds highlighted by the fishers are located in areas that are likely to be impacted by the ports, either through pollution, navigation, or habitat conversion to make room for the port area. The impacts are already visible in Lamu, where fishers have experienced decreased catches and some have been forced to quit the fishery. Fishers that use diving methods and low-power fishing boats are the most vulnerable because their fishing activities are limited to the areas closer to the ports (Thoya and Daw, 2019). While fishers with high-powered fishing boats can adapt by fishing further offshore, this could still increase the cost of fishing due to additional fuel costs compared to fishing in nearshore areas. Considering the high cost of fishing, the catch per unit effort could decrease and the profit margin could shrink (Bastardie et al., 2013).

Better markets often appear to be a reasonable outcome of port development. Hence, some fishers thought the port development would benefit them by boosting their income and livelihood due to potential increased access to new markets and job opportunities. Moreover, Lamu and Bagamoyo are remote from the major cities and towns in Kenya and Tanzania. Fishers from these districts often have low incomes because their fish catch usually goes through intermediaries that pay low prices instead of getting sold in the cities directly. The growing population in the area will almost certainly result in a larger market and higher pricing (Wamukota, 2009; Kimani et al., 2020). On the other hand, we believe the fisher’s perceptions that the port will provide them with job prospects are unlikely to happen. Our findings show that most fishers’ education falls short of the minimum requirements for adapting to better and more formal positions at the port (Cinner et al., 2015; Cinner et al., 2018). Unfortunately, politicians and leaders responsible for gaining fisher support for these projects sometimes foster this idea, ignoring the poor education level of the local community and the difficulty of obtaining such job prospects (da Costa Oliveira et al., 2016).

The poor engagement of fishers in decision-making for the port development, as evidenced by the fisher’s response, was a crucial outcome of our study. We find that this engagement was low because some of the fishers that were part of this study were not consulted throughout the port’s development process. Moreover, it could also be possible that while some fishers were consulted, the engagement was not meaningful because their concerns were not considered. An informal talk with one of the Lamu fisheries officers confirms the lack of consideration of fishers’ interests in the decision-making process. The officer mentioned that some disagreements have happened between the fishers and the port administration because of the insufficient amount of compensation offered due to port impacts and payment delays (personal communication). Hence, the fishers’ strong stance against port development may have resulted from a poorly handled compensation procedure. However, since a large majority of fisher respondents said they were not consulted, it is highly likely that there was an insufficient number of consultations held. While some forms of consultation were carried out, we believe these consultations did not engage the fishers in more meaningful discussions. These discussions could include properly presenting the potential impacts of port development, ways to minimize and manage these impacts, and different approaches to compensate and support fishers that will be displaced and affected by the port.

While both Kenya and Tanzania have legislations that guide development projects, which include stipulations that require stakeholder participation in planning processes, our results showed that the participation of the fishers from Lamu and Bagamoyo in port planning and decision-making processes was minimal and showed discrepancies in the application of the relevant policies. The Environmental Management and Cooperation Act (EMCA) of 1999 in Kenya, and the Environmental Management Act (EMA) No. 20 of 2004 in Tanzania are the anchor legislations for undertaking Environmental Impacts Assessments (EIA) and strategic environmental assessments (SEA). Currently, these laws are used to guide ocean development and public engagement in each country. However, several obstacles still prevent effective public engagement in environmental decision-making, which include inaccessible information that contributes to the lack of public understanding of stakeholders’ duties and rights during EIA and SEA processes, incomprehensible language in proposed project proposals, and insufficient regulations for public engagement during SEA are all issues (Okello et al., 2009). These obstacles need to be addressed and should also include building the capacity of BMUs and their leaders so that they can properly represent fishers in the development process. Increasing the capacity and role of BMUs will also be advantageous because they can improve the engagement of fishers in future ocean development projects in both countries (de Mattos et al., 2022).

Addressing policy gaps, strengthening and properly implementing existing policies to assure social fairness, equitable benefit distribution, and stakeholder participation can help protect the rights of people and affected communities, help develop trust between the stakeholders involved, and effectively manage ocean development (Bennett et al., 2019; Cohen et al., 2019). Since the blue economy is based on sustainable ocean development, it emphasizes the importance of increasing human well-being and social fairness apart from lowering environmental dangers and ecological scarcities (United Nations, 2014). Many countries have embraced the blue economy concept and developed relevant policies that align with their national development plans (Wenhai et al., 2019). Currently, Tanzania has a blue economy for the autonomous region of Zanzibar, while Kenya is still yet to create a blue economy policy (Hafidh et al., 2021). Given the importance of SSF in the region, the SSF Guidelines that FAO member states ratified in 2014 might be a valuable resource to utilize in the blue economy policy-making process to align future policies with the requirements of SSF (Jentoft, 2022).

Marine spatial planning (MSP) is another crucial instrument that African nations are using to boost the blue economy (AU-IBAR, 2019). It entails mapping and assigning marine space for various users and objectives (Ehler et al., 2009). The MSP process emphasizes stakeholder participation, equitable sharing, and sustainable use of resources (Pomeroy and Douvere, 2008; Ehler et al., 2009; Ntona and Morgera, 2018), and can be utilized with the blue economy policy to protect the rights and interests of small-scale fishers, ensure socioeconomic justice, and meaningful stakeholder participation in the ocean development process. Several African countries, including Kenya, have MSP initiatives at different stages of development (Ehler, 2021). This serves as an important opportunity that can reduce disputes between fishers and other users and lower pollution that could harm SSF if activities are well planned (Jentoft and Knol, 2014; Jentoft, 2022).



5. Conclusion

Small-scale fisheries is a very important sector in East Africa that supports the livelihood and food security of coastal communities. Ocean grabbing, environmental degradation, loss of livelihood, and a lack of inclusivity in decision-making are some of the dangers and risks posed by the recent increase in maritime development operations. Governments must take action to treat small-scale fishers fairly and to include them in ocean governance so that fishers can have sustained access to marine resources and livelihoods. This study employed interactive mapping through group discussions and community perception surveys to investigate and describe the perceptions of fishers in Lamu and Bagamoyo on the impacts of port development. Our results show that fishers in both study areas have been negatively impacted by port development, which has contributed to the increasing concerns about the survival of SSF. Currently, port activities have displaced fishers and contributed to the degradation of nearshore coastal habitats and reduced fish catch. While some fishers believe the port expansion will open new markets and job prospects, which may be true to some extent as with other port cities, these opportunities might not be that favorable to the Lamu and Bagamoyo fishers due to their lower levels of education and capacity. Moreover, we found gaps in governance in both Kenya and Tanzania, which limit fishers’ engagement in decision-making processes that contribute to injustices in the implementation of the blue economy.

To address these gaps, we propose three approaches to help increase the representation of SSF in the blue economies of Kenya and Tanzania, and potentially the entire East African region. First, small-scale fishers should have access to correct information about ocean development projects and proper representation in decision-making processes, such as the EIA and SEA, to help them make informed decisions and have the space to voice their concerns about such projects. Second, Kenya, Tanzania, and the other East African countries should adopt blue economy policies that have safeguards for SSF, such as the FAO SSF recommendations, to ensure the sustainability of SSF and protection of the rights of small-scale fishers. Lastly, MSP has been recommended and is increasingly being able to demonstrate its utility in developing spatial management plans that can guide ocean development. Since MSP also strongly promotes stakeholder participation, it can help ensure proper representation of SSF and protect the interests of fishers.

This research, which builds on other studies such as Okafor-Yarwood et al. (2020) and Rodden (2014), is one of the first studies that described and critically analyzed the impacts of port development on SSF and the power imbalances in various sectors within the blue economy discourse. It is important that more research should be done to understand the extent and complexities of SSF and ocean development interactions and to evaluate policy gaps, interactions, and implementation to increase fairness and achieve blue justice in East Africa.
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Mangrove ecosystems are often called “makers of land” due to their ability to promote deposition, trap, and augment sediments. Accurate location- and region-specific elevation information is required to assess and mitigate threats to mangroves caused by their vulnerability to sea-level rise. The provision of land building services by mangroves is primarily sediment-dependent. It is therefore influenced by local factors, including sediment availability and supply. In the present study from Kenya, we measured and examined the variations in surface elevation in mangroves at variable distances from the creek channel using a combination of surface-elevation tables and horizon markers for three years. Elevation changes varied with distance from the creek channel (p < 0.05), with both surface loss and gains recorded. Elevation changes varied between -80 mm (most significant subsidence) and 42 mm (highest accretion) in stations closer to the creek, while farther from the creek (~200 m away), elevation changes ranged between -68 mm (most significant subsidence) and 29 mm (highest accretion). However, net surface elevation changes over the three years showed that shallow subsidence occurred in both stations closer to the creek (-45 ± 7.2 mm) and those farthest from the creek (-20 ± 7.1 mm). At the same time, an average of 18 mm of sediments were accreted above the horizon markers translating to ~9 mm yr-1 of accretion, a rate larger than both the current global rates of sea-level rise (~3.1 mm yr-1) and local measured rates of sea-level rise (3.8 mm yr-1) in Mombasa, a tide-gauge station nearest (~100 km) to the study site. Cumulatively, sediment elevation changes in Vanga indicate that they are outpacing the current rates of sea-level rise. However, they could be vulnerable to predicted and accelerated rates. It, therefore, calls for more holistic management and monitoring of the dynamics within the mangrove forests and adjacent terrestrial hinterlands.
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Introduction

Mangroves are halophytic coastal plants that occupy a highly dynamic environment between the high and low watermarks in tropical and subtropical regions. Mangroves provide numerous ecological and economic services, including fish breeding habitats (Barbier, 2011; Igulu et al., 2014; Woodroffe et al., 2016; Saintilan et al., 2020), sediment traps and blue carbon sinks (Polidoro et al., 2010; Okello et al., 2013; Lang’at et al., 2014; Okello et al., 2020) and physical buffers against coastal erosion, wave action, flooding, and Tsunamis (Dahdouh-Guebas et al., 2005; Mazda and Wolanski, 2009; Ellison, 2015; Phan et al., 2015). However, mangroves and other critical coastal habitats, including temperate marshes, coral reefs, and seagrasses, are confronted by naturally and anthropogenically induced challenges. One of the imminent threats to mangroves is the rising and predicted sea-level rise (SLR) acceleration due to climate change’s consequential effects. This is inevitable as mangroves occupy a highly variable habitat sensitive to upward or downward sea–level change (Figure 1). For example, mangroves can be vulnerable due to low tidal range, e.g., the mangroves of Doula Cameroon, coastal subsidence for mangroves of Tikina Wai, Fiji (Ellison, 2015), and lack of space to migrate to due to human settlement, e.g., in the mangroves of Gazi, Kenya (Di Nitto et al., 2014). However, mangroves are less vulnerable in some regions due to favourable but localized dynamics, e.g., an uplifting coastline for the mangroves of Rufiji, Tanzania (Ellison, 2015). As reported in other studies, mangroves can indirectly moderate the effects of SLR and thus prevent possible loss of mangrove forests due to submergence (Krauss et al., 2014; Lovelock et al., 2015; Ward et al., 2016; Friess and McKee, 2021). Their complex root structure attenuates current flow velocities and enables sediment deposition, consolidation, and accretion (Furukawa and Wolanski, 1996; Krauss et al., 2014). Mangroves are thus inherently adapted to relative sea-level changes. This is further evident from mangrove resilience observed for paleo sea-level fluctuations, covering extensive time scales dating back to the late Oligocene (Soares, 2009; Collins et al., 2017; Woodroffe, 2018; Sugden, 2020). A combination of subsidence, sediment supply, enhanced tidal range and availability of space favor’s the mangroves of the South China Sea (Collins et al., 2017). Although SLR is an imminent threat to mangroves, sea-level drop (SLD), observed in the past, could also be detrimental to mangroves. SLD could be occasioned by land subsidence, a localized and primarily regional process (Figure 1).




Figure 1 | Diagram showing the regional and localized dynamic processes controlling both the short- and long-term mangrove surface elevation.



Mangrove habitats have developed strategies to cope with SLR and SLD (Woodroffe et al., 2016). However, SLR could be less difficult to mitigate than SLD, mainly because SLR is gradual and would give time for a gradual response, adaptive measures, and other response/feedback mechanisms (Rogers, 2021). On the contrary, due to tectonic subsidence, SLD would be sudden, and mangroves would have no time to respond or adapt adequately. Research by Collins et al. (2017) has shown that mangroves can keep pace with localized tectonic subsidence of up to 3 mm yr-1. They attributed this to enhanced tidal range coupled with sediment supply, the reworking of sediments and the availability of accommodation space. SLR and SLD have varied effects on mangrove habitats (Gilman et al., 2008; Neubauer, 2008; Polidoro et al., 2010; Ellison, 2015; Ward et al., 2016). High rates of SLR would lead to the submergence of mangrove habitats and subsequent loss of entire ecosystems (Ellison, 2015). For example, with SLR rates of 20 mm yr-1, the Indo-Pacific mangroves are predicted to be submerged by as early as 2070 and 2100 with less than 2 m and 4 m tidal ranges, respectively (Lovelock et al., 2015). Due to local subsidence, SLD would enhance the tidal range, allowing for more sediment supply, deposition, and increased tidal velocities that would assist in reworking sediments to suitable sizes (Collins et al., 2017).

Any mangrove loss would result in a cascade of ecological, environmental, and economic losses of local and global magnitudes (Barbier, 2011). Some of the losses would include the loss of livelihoods (Hamza et al., 2020), wave and tsunami buffers (Dahdouh-Guebas et al., 2005) and ecological benefits (Barbier, 2011; Igulu et al., 2014). The loss of mangroves would also herald the loss of carbon sinks (Kusumaningtyas et al., 2019; Hamza et al., 2020) and ecosystem engineering services (Gutiérrez et al., 2012) that would be detrimental to other habitats.

Climate-change-driven global mean sea-level (GMSL), as derived from satellite altimetry, has been steadily rising since the 1960s and rose at an average rate of 3.2 ± 0.4 mm yr-1 between 1993 and 2009 (Nerem et al., 2018; Dangendorf et al., 2019). This rise was comparable to in-situ measured rates of 2.8 ± 0.8 mm yr-1 obtained for the same period in the tropical Pacific and the Indian Ocean (Church and White, 2011). Mangrove habitat migration, adaptation, and resilience towards current and projected SLR scenarios depend on the elevation equilibrium between mangrove surface elevation and rates of SLR (McKee, 2011; Friess and McKee, 2021). One of the ways that mangroves would respond to SLR has been predicted to be a migration to higher grounds (Di Nitto et al., 2014). This would largely depend on space availability to accommodate the migration (Rogers, 2021). Another is their indirect “engineering” through sediment trapping and promotion of sediment accumulation. This would enable mangroves to grow their surfaces with respect to SLR (Mcivor et al., 2013; Ellison, 2015). The equilibrium between mangrove surface elevation and the SLR rate depends on the net balance between material inputs (siliciclastic and organic material) and material removal via erosion and organic matter decomposition (Neubauer, 2008; Ward et al., 2016).

Additionally, sediment compaction by sediment overload results in water expulsion from the sediment column, leading to compaction and elevation changes. Through the constant supply of sediments and net accretion, it has been argued that mangroves can keep pace with SLR and avoid submergence (Sanders et al., 2008; Ward et al., 2016; Woodroffe et al., 2016). Mangrove surface elevation is a direct function of several biophysical processes, including the supply and deposition of lithogenic and organogenic sediments. Sediments delivered by fluvial systems and flood tides contribute to total sediment accumulation within the ecosystem. The cumulative effect of accretion, erosion, compaction, and subsidence (Figure 2) would lead to a net surface elevation.




Figure 2 | Conceptual model of the biophysical processes that control the localized net surface elevation in mangroves. [+] indicating positive/incremental (accretion) influence while [-] indicate a negative (subsidence, loss of surface elevation) influence.



Localized and sudden or excessive input of sediments due to storm surges, floods or tsunamis to a mangrove habitat would disrupt this net equilibrium. The disruption would be detrimental to the survival of mangroves (Okello et al., 2013; Okello et al., 2020). For example, mangrove die-back and loss attributed to massive and sudden sedimentation after the 1997-1998 El-Niño event have been reported in Kenya (Kitheka et al., 2002; Bosire et al., 2014) and in Vietnam (Fagherazzi and Bryan, 2017; Nardin et al., 2021). In general, sediment deposition has been described as episodes of emplacement of sediment particles to a surface. However, sediment accumulation is the net sum of deposition episodes, a combination of deposition, resuspension, and re-deposition (Cahoon and Lynch, 1997; Woodroffe et al., 2016). Net mangrove surface elevation results from sediment accumulation, erosion, land uplift, subsidence, peat production, and root zone expansion (Krauss et al., 2010; Friess et al., 2019). Shallow subsidence is caused by sub-surface processes, including decomposition of organic matter, auto-compaction due to weight of subsequent deposition, and dissolution of minerals, which tend to shrink the volume of sediments (Cahoon and Lynch, 1997; Krauss et al., 2010; Webb et al., 2013). Other studies have shown that biotic processes - peat accumulation controlled by belowground root growth, expansion, and decomposition - can be the main driving factor of sediment accretion and surface elevation changes (Krauss et al., 2008; Kirwan et al., 2013; Crosby et al., 2016). Total sediment accumulation in mangrove ecosystems can also vary in space and time, mainly due to varying mangrove root density and type (Cahoon and Lynch, 1997; Lovelock et al., 2015), lateral and longitudinal distances from the main river and creek channel (Neubauer, 2008). Mangrove habitats’ vulnerability to sea-level changes is extremely site-specific (Woodroffe, 2018). The quantification of localized sedimentation rates and monitoring of the same is required to assess the habitat stability of mangroves and their possible responses to sea-level changes (Neubauer, 2008; Adame et al., 2010; McKee, 2011).

To our knowledge, no in-situ data has been collected or studies on vertical accretion or surface elevation change done within the mangroves of Vanga (Kenya). Most studies in and around the mangroves of Vanga have focused more on fisheries, water quality, mangrove structure and socioeconomics (Ochiewo et al., 2010; Kiteresi et al., 2012; Mungai et al., 2019; Fortnam et al., 2020; Kimani et al., 2020). The mangroves of Vanga have suffered a significant loss of cover than other adjacent mangrove areas in Kenya and Tanzania (Mungai et al., 2019) and within the proposed transboundary conservation area (Figure 3). Due to observed losses, Vanga has been designated as a hotspot of mangrove loss, with an average annual loss of 25 ha (Mungai et al., 2019). This change has been attributed to anthropogenic activities, including harvesting and land-use changes. The loss of mangroves has the cascading effect of diminishing the mangrove-derived services including sediment trapping and retention, consequently affecting sediment accretion rates and local subsidence. However, natural factors such as sea-level change and subsequent influence on sediment dynamics have been assessed and considered. Therefore, this study aims to investigate surface and subsurface elevation changes and quantify current elevation change rates in the mangroves of Vanga.




Figure 3 | Location of the study area in Vanga, Kenya, showing the experimental plots perpendicular to the main creek channel.





Materials and methods


Study site

This study was conducted within the mangroves of Vanga Estuary (4° 39’ 18” S and 39° 13’ 20” E), ~100 km south of Mombasa, Kenya (Figure 3). Vanga Estuary is a river-dominated system with a total mangrove cover area of >3,000 ha (Mungai et al., 2019). The dominant mangroves in the estuary are Rhizophora mucronata, Ceriops tagal, Sonneratia alba and Avicennia marina. This mangrove patch is part of the Vanga-Funzi mangrove block (Kiteresi et al., 2012; Mungai et al., 2019) within the proposed transboundary conservation area (TBCA) between Kenya and Tanzania (Figure 3). This region has annual mean precipitation >1000 mm (IUCN, 2003), and the estuary experiences a semi-diurnal tidal influence. It also receives terrigenous sediment and freshwater from the transboundary Umba River year-round (Tesfamariam et al., 2021). It also benefits from the deposition of autochthonous organic sediments derived from in-situ production and the accumulation of biogenic material (leaves and roots).



Set up for measurement of surface elevation changes

Surface elevation changes were measured using surface-elevation tables (SET) and horizon markers (MH). SETs are mechanical, portable, or fixed (or a combination of both) levelling set-ups designed to assist in measuring vertical surface elevation changes (Cahoon and Lynch, 1997; Cahoon et al., 2002; Krauss et al., 2010; McKee, 2011; Webb et al., 2013; Callaway et al., 2015). SETs can account for positive (accretion) and negative (shallow subsidence) elevation changes. MH comprise many water-insoluble materials and is easily distinguishable from sediments. They are used as references in sediments against which periodic measurements of accreted sediments can be made (Lang’at et al., 2014). This study used crystal violet (Ammonium oxalate) powder as our horizon marker mainly due to its local availability. In other studies, white feldspar (kaolin) markers have been utilized (Krauss et al., 2003; McKee, 2011; Lang’at et al., 2014).

On the contrary, MH does not account for sub-surface processes but only measures positive elevation changes (accretion). A combination of both allows for determining both surface accretion and subsidence. Due to the dense mangrove, proximity to Vanga village and vulnerability to vandalism, a sophisticated and relatively elaborate SET experimental set-up (Cahoon and Lynch, 1997; Krauss et al., 2010; Callaway et al., 2015) was not feasible in our study site. Therefore, an improvised low-cost and low-maintenance experimental set-up (Figure 4) was used in this study. The SET-MH were set up in 20 × 20 cm plots within the mangrove stands. In two opposite vertices (Figure 4) of the plots, 3m-long stainless-steel rods (6 mm in diameter) were driven to refusal (e.g., bedrock). The rods were sunk below the ground, and the length exposed above the surface was set at 25. All the experimental SET-MH plots were set up perpendicular to the main channel. Some of the plots (A stations) were close (~10-20 m) to the main channel, while others (C stations) were set up farther away (~150-200 m) from the main channel. The distance was to assess and apportion the influence that frequency and depth of tidal inundation had on sediment elevation changes. The assessment of the influence of mangrove species was not feasible because the Vanga-Funzi mangrove is characterized by mixed stands (Mungai et al., 2019). The lack of distinct zonation along the salinity/tidal gradient posed the challenge of inhibiting the setting up of SETs and MHs in specific species zone for quantification of each species or functional root type influence on mangrove surface elevation changes.




Figure 4 | (A) Conceptual illustration (not to scale) of the surface-elevation table and horizon marker and (B) the actual field set up (right) within Vanga mangrove forest, Kenya. Elevation changes were measured along the wooden board levelled using a spirit level, and surface accretion changes were measured based on the accreted sediments above the purple crystal violet horizon marker (see panel B).



Twelve (12) height measurements from the mangrove surface to the heights of the rods were made at twelve points along a spirit-levelled wooden board placed diagonally across each set of rods (Figure 4). The 12 measurements were averaged to obtain a single measurement per plot. Subsequent SET measurements were recorded over three years (between 2017 and 2021), taken every 3 to 4 months within the monitoring. However, there were long periods between i) April 2018 and Feb 2019 and ii) July 2019 and August 2020 when elevation measurements were not taken owing to unavoidable project delays. Measurement of accretion above the MH was done by carefully obtaining 2 × 2 cm cores (blocks) on the edges of the plots using a sharp knife (Figure 4). The height (in cm) of sediment above the MH was recorded, and the block returned to its position (Lang’at et al., 2014). Due to the perturbation of some MH by sesarmid crabs, it was impossible to obtain MH cores and measurements.



Sea-level and estimated mangrove surface elevation

Sea-level data was obtained from the Mombasa tide gauge – one of the only two tide gauges along the Kenyan coastline with data available for public use. The Mombasa tide gauge (~100 km north of Vanga) was operationalized in 1986. The tide gauge is located at Mwache Creek, Kilindini Harbor. The creek is geomorphologically different from the Vanga estuary. However, sea-level variations along the entire Kenyan coastline are comparable (Kebede et al., 2010). It is currently part of the Global Ocean Observation System (GOOS) network in the tsunami early warning system context. All the data from the GOOS network are stored in the centralized data repository of the GOOS network at the University of Hawaii Sea Level Centre (UHSLC, https://uhslc.soest.hawaii.edu/).

Mean monthly and hourly sea-level data were obtained to assess long-term sea-level and during-study variations. The elevation of the study site with respect to sea level was estimated barometrically using Van Essen© hydrostatic divers. We obtained relative water levels by determining the hydrostatic pressure differences derived from barometric diver measurements and corrected them for atmospheric pressure. A diver (mini DI701 Cera diver) submerged during tidal flooding and measured water pressure. The Cera diver was tied to mangrove roots close to the mangrove surface (approx. 3 cm) to minimize the error when the divers were not submerged. There is also a possibility of underestimating or overestimating water levels above the mangrove surface in turbulent flood tides. However, waves are typically attenuated in dense mangrove vegetation (Furukawa and Wolanski, 1996; Ndirangu et al., 2017). This minimizes the variations due to turbulence. The barometric diver (mini D1801 Baro diver) was placed high enough in mangrove branches to avoid inundation, including spring tide. The D1801 Baro diver was used to measure only the atmospheric pressure. The Baro diver’s readings were considered representative of the study area since atmospheric pressure does not vary over short distances. The two divers were both installed at station 14A (Figure 3). The hydrostatic pressure is obtained by subtracting the measured atmospheric pressure (obtained using the Baro diver) from the measured water pressure (obtained from the Cera diver). This can be transformed into a water column depth (in m) above the mangrove surface. The high-water levels (HWL, in m) measured by the tide gauge in Mombasa were correlated with the calculated water depths at the mangrove sites at high tides. The two daily high-water levels (HWL) referenced to the official chart datum, the lowest astronomical tide (LAT) recorded by the tide gauge, correlated with the corresponding high-water depths measured within the mangroves the divers. Since the highest pressure is recorded during high water levels, the corresponding high diver pressure measurements represent the maximum water depth. The average difference between the corresponding tide gauge measurement (m LAT) and the water depth (m) measurement from the divers gave an estimate of mangrove surface elevation (m LAT) in the study area.



Data analysis

The average elevation measurements from the 21 SETs (Figure 3) were obtained between Dec 2017 and April 2021. Variations in elevation changes were examined between sites considering the distance from the creek and stations for normality and significance differences using the Shapiro-Wilk test and Two-Way ANOVA, respectively.




Results


Sea-level and estimated mangrove surface elevation

The sea level has been rising at Mombasa (4° 4’ 12” S and 39° 23’ 47.65” E), ~100 km north of Vanga. Based on the tide-gauge measurements, the MSL has been rising at a rate of 3.8 mm yr-1 (Figure 5), represented by the slope of the linear trend. The sea-level has been referenced to the mean lowest astronomical tide (LAT). The mean LAT derived from the tide gauge data is 0.81 m, the average of all monthly mean low water (MLW). In comparing water depths derived barometrically in the study (in Vanga) with water levels recorded in the Mombasa tide gauge, the estimated mangrove surface elevation in Vanga is 3.22 m above MSL. The sharp drop in sea level between 2000-2003 could be the possible effect of the decadal-scale 18.6-year lunar cycle (Euler effect) which causes either a sharp fall or rise in sea level (Mckinnell and Crawford, 2007; Baart et al., 2012). The 18.6-year lunar nodal cycle is borne of the change in the inclination of the moon’s orbital path to the plane of the Earth’s equator. The lunar orbital oscillation changes range ±5° relative to 23.5° tilt of the equator relative to the ecliptic (Mckinnell and Crawford, 2007) with an effect on the magnitude of the lunar diurnal tide. The change in inclination modulates the tidal amplitudes and currents (Thiébot et al., 2020), with the largest tidal variations experienced during years of maximum lunar orbital declination at 28.5°.




Figure 5 | Plot showing a rising (increasing) trend of sea-level in Mombasa derived from tide gauge data between June 1986 and December 2020. From the linear trend, the sea level in Mombasa has been rising at 3.8 mm yr-1.





Elevation changes of the mangrove sediment surface

From the periodic measurement from the installed SET, we observed both accretion and elevation loss within the mangroves of Vanga. In stations near the creek channel (A stations), elevation changes over the three years varied between -80 and 20 mm (Figure 6), while those farther away from the creek channel (C stations) showed variations ranging between -68.5 and 29.3 mm (Figure 7). However, cumulatively, A stations exhibited mean loss of elevation ranging between -77.7 and -16.4 mm over the monitoring period with an average mangrove elevation loss of -45.2 ± 7.2 mm. On the other hand, C stations experienced an average loss of mangrove elevation between -76 and -2.2 mm with an average of -20 ± 7.1 mm.




Figure 6 | Mangrove surface elevation changes measure between Dec 2017 and April 2022 close to the main creek channel within the mangroves of Vanga at (A) stations 2A, 5A, 9A, 13A, 14A and 15A and (B) stations 16A, 19A, 20A, 21A and 22A. The top x-axis represents the stations, while the bottom x-axis is the monitoring time stamps. Error bars represent the standard deviation.






Figure 7 | Mangrove surface elevation changes rates between Dec 2017 and April 2021 farther away from the main creek channel within the mangroves of Vanga at (A) stations 2C, 5C, 6C, 9C and 10C and (B) stations 13C, 14C, 15C, 19C and 22C. The top x-axis is the stations, while the bottom x-axis is the monitoring time stamps. Error bars represent the standard deviation.



It was evident that mangrove elevation loss was pronounced in stations closer to the main channel than stations farther away. The elevation changes also showed significant variation between sites i.e. A stations and C stations (F-value = 7.87, p = 0.03), however, the variation between the individual stations although discernible in relative terms, was not significant (F-value = 1.43, p = 0.33). Two years (in 2019) after the placement of horizon markers, the cored subsamples in selected un-perturbed MH plots showed average positive sediment accretion above the MH, ranging between 12.3 and 26.0 mm (Table 1).


Table 1 | Measured rates of surface accretion in the mangroves of Vanga, Kenya, for two years.



This translated to an average surface accretion between 6.1 mm yr-1 (station 14A) and 13 mm yr-1 (stations 2C and 5C). The surface accretion in all stations exceeded the current rates of SLR measured at the Mombasa tide gauge (Figure 5). For example, in station 13A, up to 1.5 cm, equivalent to 15 mm of accretion, was recorded (Figure 8). It represented a cumulative accretion of 7.5 mm yr-1, a value higher than the rate of SLR (3.8 mm yr-1) recorded at the Mombasa tide gauge (Figure 5). The average accretion of 18.0 mm, equivalent to 9 mm yr-1 was measured in all the stations. The A stations showed lesser accretion (7.8 mm yr-1) than the C stations (9.6 mm yr-1). The cumulative elevation loss in A stations (-45.2 mm) and C stations (-20 mm) for three years translates to a mangrove surface elevation loss of -15.1 mm yr-1 and -6.6 mm yr-1, respectively. Comparing these elevation changes with the recorded accretion rates of 7.8 and 9.6 mm yr-1, we can deduce a net mangrove surface loss of 7.3 mm yr-1 in the A stations and a net elevation gain of 3.0 mm yr-1 in the C stations.




Figure 8 | (A) Image showing the cored sediments with discernible sediment accretion in station 13A and (B) image showing the effects of crab mud overturning and mixing (in some of the plots set up (e.g., in stations 9A, 16A, 22A).






Discussion

Mangroves promote sediment trapping, accumulation, and consolidation through their dense and complex root structures. Mangroves are also considered ecosystem engineers (Gutiérrez et al., 2012). Through sediment and organic matter retention, mangroves modify the physical environment and colonize new habitats and platforms. This is vital for mangroves in the face of SLR and as they migrate to higher grounds, but this is also important for other flora and fauna. The mangroves of Vanga have exhibited sediment retention evident by the positive (up to 9.0 mm yr-1, Figure 8) accretion above the MH. However, there is also marked shallow subsidence attributable to subsurface compaction, decomposition of buried OM (Gutiérrez et al., 2012; Lang’at et al., 2014) and possible collapse of fiddler sesarmid burrows. This leads to loss of surface elevation (Kristensen, 2007) and poses a considerable challenge for the mangroves of Vanga, especially with the current and predicted rates of SLR. The surface elevation loss within the mangroves of Vanga of up to -45 mm is relatively high. However, it is comparable to Gazi Bay’s (~50 km north of Vanga), which reported up to -51 mm elevation loss (Lang’at et al., 2014). Similar elevation losses have been associated with mangrove die-back and cover loss due to anthropogenic impacts (Krauss et al., 2014; Lang’at et al., 2014). Indeed, anthropogenic-driven loss of mangroves has been reported in Vanga (Mungai et al., 2019). We could, therefore, partly attribute the localized subsidence to the local mangrove loss. During this study, there was a short-lived upstream disruption of Umba River flow and discharge occasioned by road construction. The disruption was between sampling periods and therefore presented no avenue for monitoring or quantification of its influence. Disruption and obstruction of natural river flow can cause a reduction in the sediment load due to the trapping of sediments or redirection (Okuku et al., 2018). Therefore, it inhibits the benefits of sediment supply to the downstream low-lying coastal habitats, including the growth of mangrove surface elevation. In most African regions, it has been reported that the sediments deposited are mainly minerogenic (Balke and Friess, 2016). However, other studies have reported the dominance of organic sediments (roots, leaves) in other tropical regions (Neubauer, 2008; Krauss et al., 2014). Indeed, the mangroves of Vanga receive more terrigenous sediments (Kimeli et al., 2021). We can, therefore, assume that the disruption reduced the supply of minerogenic sediments and led to the increased dominance of the autochthonous organic sedimentation, predominantly root matter and aboveground biomass, including leaf litter (Rogers et al., 2014; Woodroffe et al., 2016). The dominance of organogenic sediment accumulation and enhanced decomposition would have led to pronounced elevation loss.

Accretion has also been reported to be relatively lower in brackish/saline than freshwater (Neubauer, 2008). This broad generalization has been attributed to saline water’s acceleration of OM decomposition. On the contrary, freshwater promotes the accumulation and preservation of OM, consequently translating to increased mangrove surface elevation. Therefore, applying this generalized conclusion, the mangrove surface elevation loss in Vanga could be qualified. However, this would require further assessment and evaluation. Compared to C stations, the relatively high elevation loss in A stations could result from saline waters brought by flood tides reaching these stations during spring and neap tides, accelerating the decomposition, unlike the C stations being inundated only during spring tides. The experimental plots, both A and C stations, were set up in mixed mangrove stands (primarily a mixture of two or more). Different root morphology could also influence elevation changes. For example, it has been shown that prop roots have better capabilities in attenuating flow currents and promoting settling suspended sediments from estuarine waters; however, they are not as successful as pneumatophores in maintaining sediment elevation for longer periods (Krauss et al., 2003). In Vanga, the non-significance in elevation changes between stations would support the findings of (Krauss et al., 2003), that functional root types, root area and root density may have minimal influence on elevation changes. We further postulate that the effect of mixed stands in Vanga would augment the influence of the different species. Although our study did not evaluate sub-surface process including build-up of autochthonous peat layer and growth of fine roots, they are also controlling factors of elevation change in mangroves (Middleton and McKee, 2001; Mckee et al., 2007).

The elevation loss recorded in this study is also within 11.2 to 2.5 mm yr1, documented for similar ecosystems of fringe and riverine mangroves (Krauss et al., 2014). It is projected that GMSL will rise between 4.3 mm (2.9 – 5.9 mm) and 8.4 mm (6.1 – 11 mm) by the end of this century (2100) under the low (RCP 2.6) and high (RCP 8.5) confidence scenarios, respectively (Shukla et al., 2019). Comparing the projected GMSL with elevation changes within the mangroves, Vanga paints a picture of imminent threat, but the threats can be mitigated with informed interventions and adaptations. This threat is also reported for similar habitats, including the projected loss of ~50% of Mngazana, South Africa estuary mangroves with a 3.7 mm yr-1 SLR rate (Yang et al., 2014; Adams and Rajkaran, 2021), the reported loss of >15,000 ha of mangroves due to SLR in Sundarbans (Rahman et al., 2011; Bomer et al., 2020). A regional assessment in Australia, Singapore, Indonesia, Philippines, Malaysia, and Vietnam using a network of comparable SET elevation measurements indicated a ~6 mm yr-1 elevation deficit with respect to current and predicted SLR rates (Alongi, 2008; Woodroffe et al., 2016). However, the fundamental strength of the mangroves in Asia has been reported to be the presence of multiple species of mangroves (Ward et al., 2016; Woodroffe et al., 2016) that increase resilience due to interspecific interactions and organic matter input (Huxham et al., 2010). In the context of long-time scales, mangroves have exhibited resilience and have hitherto adapted to various elevation changes due to paleo sea-level fluctuations (Krauss et al., 2008; Mcivor et al., 2013; Collins et al., 2017; Saintilan et al., 2020) and land elevation changes occasioned by both shallow and tectonically-driven deep subsidence (Collins et al., 2017). It is evident by the observed mangrove colonization and contribution to the net organic carbon budgets identified as far back as the Oligocene (Collins et al., 2017) and more pronounced in the Holocene (McKee, 2011; Mcivor et al., 2013). The inherent resilience of mangroves to sea-level changes, even on open fringe coasts, is borne from the indirect feedback mechanisms derived from the increased tidal ranges, currents, sediment supply and accommodation space (Rogers, 2021). For example, enhanced tidal range and currents increase the reworking of sediments to sizes suitable for mangroves and create numerous tidal channels that increase rugosity suitable for sediment trapping (Collins et al., 2017).

The current and predicted rates of SLR are essential drivers for policymakers, responsible for long-term adaptation measures, conservation, and protection of coastal habitats and human populations. Information derived from this study forms part of the site-specific empirical data that would inform management towards mitigating the effects of the rising SLR. It adds to the growing but still minimal evidence and information of elevation changes within the mangroves of Kenya and the wider Western Indian Ocean region (Okello et al., 2013; Lang’at et al., 2014; Stringer et al., 2015). The information derived from this study will also form part of a suite of baseline data that would inform the setting up and demarcation of a transboundary conservation area (TBCA) between Kenya and Tanzania (Figure 3). Most management and conservation strategies, including restoration, especially for mangroves, have hitherto focused on the ecological aspects but minimally on sediments which is one of the critical pillars for their success. To mitigate the effects of SLR, artificial embankments and interventions to complement nature-based adaptation and resilience have been suggested (Takagi, 2018; Dasgupta et al., 2019). These artificial embankments are intended to increase the efficiency of tidal damping and velocity attenuation and optimize the mangrove functionality of sediment trapping and consolidation. However, some studies have also cautioned on the long-term efficacies of artificial embankments and dykes and other human-induced interventions (Romañach et al., 2018; Zimmer, 2018).



Conclusions

Vanga has been identified as a hotspot for mangrove degradation and loss. It has been mainly attributed to anthropogenic factors. However, the effects of other biophysical factors, including sediment accretion, shallow and deep subsidence and expected SLR, have been minimally assessed. The current study provides data and information on the elevation changes within the mangroves of Vanga. It reveals that the current rates of elevation changes outpace the current rates of SLR. However, it also reveals the vulnerability of Vanga mangroves to submergence and the threat of the projected accelerated SLR and the influence of shallow subsidence. It also gives impetus to the need for a more holistic look at the management and conservation of mangroves by incorporating biophysical drivers like sedimentation within the context of land-use changes, sources, and sinks. Further monitoring is recommended to capture the elevation change pulses that arise from flash floods, river flow disruption and erosion. We also recommend that more multi- and inter-disciplinary research on the Vanga ecosystem considers the sediment sources, freshwater and sediment discharge, and sediment budgets to build a complete picture.
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Tuna regional fisheries management organizations (RFMOs) have long suffered from the domination of distant water fishing nations (DWFNs) in decision-making processes. The Indian Ocean Tuna Commission (IOTC) is no exception. In recent years, coastal states of the Indian Ocean (IO) have tried to change this dynamic - led by countries like the Maldives, Kenya, South Africa, and Australia - to deliver greater benefits to the region, including East Africa. These countries are gathered under the informal group of G16 and have increasingly improved their involvement in the IOTC. Here, we ask how the rise of the G16 benefited coastal States through participation and collective understanding in the Indian Ocean. To do this, we analyzed proposals submitted by the G16 for conservation and management measures and the participant lists of the Commission meetings in the past ten years. Our results show that, individually and collectively, the G16 has played a significant role in shaping the IOTC’s rules. The coastal States have established a good representation, with only a handful of Members absent in some years. Unveiling the efforts of coastal countries is essential to guide further capacity building in the region in terms of negotiations. We also call for international oversight of the actions of DWFNs, such as the EU, whose efforts often differ markedly from their claims of being sustainability champions. The G16’s work is essential to keep the coastal States of the Indian Ocean in the driver’s seat for managing Indian Ocean fisheries to benefit future generations.
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Introduction

Regional Fisheries Management Organizations (RFMOs) are tasked with managing highly migratory fish stocks, those that are present in both national waters of multiple countries and the high seas. The transboundary behaviour of these fish stocks means their management can only be possible through cooperation and collaboration between States. Recognizing this, the 1982 United Nations Law of the Sea Convention [UNCLOS (UN, 1982)] and 1995 UN Fish Stocks Agreement (UNFSA (UN, 1995)] mandate States with an interest in these stocks to be a member of RFMOs and cooperate, conserve, manage and use resources sustainably. While some Regional Fisheries Bodies have advisory capacities, others, including tuna RFMOs, have the mandate to adopt legally binding measures.

Despite their critical importance in managing fishing activities in our ocean, RFMOs have often been criticized for their lack of success in achieving the mandate laid out in UNCLOS and UNFSA (Cullis-Suzuki and Pauly, 2010). This slow pace of progress has been attributed to the complex biological characteristics of tuna species, scientific uncertainties, gear complexities, economic and social importance of the fishery to different actors, geopolitics, pace of consensus-based decision making and the complexity and ambiguity of international legal instruments (Bailey et al., 2013; IOTC, 2016b; Yeeting et al., 2016; Andriamahefazafy, et al., 2019; Friedman, 2019; Fischer, 2020; Haas et al., 2020; Schiller et al., 2021; Sinan et al., et al., 2021). This makes tunas – one of the most traded highly migratory species groups – more susceptible to the ‘tragedy of the commons’ (McWhinnie, 2009) and it is perhaps not surprising that the status of IOTC fish stocks continues to decline (IOTC, 2016a; IOTC, 2021).

Until the late 20th century, the ocean space, and in particular where tuna fisheries take place, was dominated by the “global north”, especially advanced economies such as Japan, and prominent member States of the European Union like Spain and France. These countries have relatively high economic power and levels of development especially in global fisheries (FAO, 2022) and have enjoyed this wealth freely (Mancke, 1999). With geopolitical wave of countries gaining independence this dominance over tuna grounds steadily diminished (Bell et al., 2017) while new entrants to the fisheries also increased in particular from the Asian fleet with countries such as China and South Korea. Further, with the creation of Exclusive Economic Zones (EEZs) under UNCLOS and the dissipation of marine resources in the global north, the strategy of marine wealth accumulation changed to undertaking distant water fishing and developing ‘fishing access agreements’ or ‘sustainable fisheries partnerships’ to access developing country waters subsidized by public funds (Andriamahefazafy, et al., 2020; Sinan, 2021).

The Indian Ocean is one of these ocean spaces where Distant Water Fishing Nations (DWFNs) operate in the EEZs of coastal countries but also in the high seas. Apart from access agreements, public funds are also used for construction and modernizing vessels to travel fast distances, and to subsidise fuel and other operational costs (Sumaila et al., 2019; Sinan, 2021). These DWFNs have been accused of paying lip service to the importance of sustainability and benefits arising from this access to resources developing countries, but when it comes to practice, the focus is on wealth accumulation instead (Andriamahefazafy, et al., 2020). Furthermore, these DWFNs claim that these fisheries access agreements provide government revenue to develop coastal countries and enable them to use the resources at maximum sustainable levels (Iheduru, 1995; Le Manach et al., 2013). However, for coastal countries on the ground, the results are unfair competition, reduced size of fish, reduced revenues for local fishers and lack of seafood self-sufficiency (Iheduru, 1995; Gegout, 2016; Andriamahefazafy, et al., 2020; Nash et al., 2022). This extraction of resources has continued often at times with the acceptance, willingness and participation of the coastal developing countries. Furthermore, in order to compete in capitalist markets, some developing countries have duplicated or aspire to use the same extractive methodologies utilized by the DWFNs even though they might end up losing eventually. DWFNs have been important actors in the IO including as development aid partners for developing coastal states. They have also been involved in fisheries in the IO since the 1980s contributing to revenues in coastal countries though access agreements and employment through canneries and usage of ports of the region.

At the Indian Ocean Tuna Commission (IOTC), the RFMO in charge of tuna fisheries management in the region, these complexities and entanglements have had substantial impacts on decision-making and often created a divide between DWFNs and coastal states or even amongst coastal states. Despite these differences, a group of Indian Ocean coastal States (G16 like-minded coastal States group) has been working collectively since 2011 to raise their collective bargaining position and to improve the understanding of, and build capacity in, science and tuna fisheries management.

Our paper seeks to describe the nature of the rise of G16 and asks whether this has helped to contribute to increase in participation and collective understanding of the issues in the Indian Ocean. Based on these results we elaborate on some of the challenges for the G16 in the years ahead.



Methodology


Study area and scope

The IOTC is an offshoot of the Indian Ocean Fisheries Commission (IOFC) which was established in 1969 (Sinan and Bailey, 2020). Almost 25 years later, in 1993, the IOTC was established as an Article XIV body of the Food and Agriculture Organization of the United Nations (FAO) Constitution1. The bodies established under Article XIV are considered as projects for the FAO, but in the case of IOTC, the FAO allowed a greater autonomy to IOTC compared to other Article XIV bodies (Sinan and Bailey, 2020). IOTC’s management boundaries reflect FAO’s Ocean management areas: area 51 (Western Indian Ocean) and area 57 (Eastern Indian Ocean: Figure 1). As an RFMO, the IOTC is a rule-making international organization. The Agreement for the Establishment of the Indian Ocean Tuna Commission, the IOTC’s constituent Treaty, permits the Members of the Commission to adopt conservation and management measures for the region’s tuna and tuna-like fisheries (IOTC, 1993). The IOTC’s rule-making powers relative to the region’s high dependence on tuna for its economic security means the IOTC has the potential to significantly affect both the region’s fisheries and its people.




Figure 1 | IOTC Membership and IOTC area of competence for managing tuna and tuna-like species identified by the shaded area. Yellow-shaded countries are full members of the IOTC (Sinan, 2021).



Unlike tuna fisheries in the Pacific or Atlantic that are dominated by industrial operations, artisanal fisheries take a greater proportion of the tuna catch in the Indian Ocean (Sinan, 2021). This is despite the fact that the IOTC Agreement Area comprises about 34% EEZs and 66% high seas areas. The Indian Ocean Tuna Commission is key to the strategic and economic interest of the region’s coastal States. Around 70 per cent of the Commission’s Membership are developing coastal States who rely on the tuna resources of the Indian Ocean. Among members, there is a significant variation in fisheries management objectives. These objectives include food security, local trade, export and import, fisheries processing, access to foreign vessels, and employment in fisheries processing and fishing sector (Sinan et al., 2021). While countries negotiate to conserve and manage the stocks, there is a significant influence from powerful member States to exert influence and lead to a lack of transparency in decision making (Fischer, 2020). These include economic sanctions, national security concerns, trade measures, and development projects not related to fisheries management (Sinan et al., 2021). Non-profits, government organizations, retailers, wholesalers, and other intergovernmental organizations also influence fisheries management. Moreover, 2/3rd of the IO’s coastal States are also ranked below the global average in corruption indices and there are alarming practices of corrupt activities within the IOTC decision-making processes (Sinan et al., 2021).

The G16 includes Australia, Bangladesh, Comoros, India, Indonesia, Iran, Kenya, Madagascar, Malaysia, Maldives, Mauritius, Mozambique, Oman, Pakistan, Seychelles, Somalia, South Africa, Sri Lanka, Tanzania and Thailand2. Some countries, like the Maldives and Mozambique, joined G16 before becoming Members of the IOTC. The G16 initially called itself ‘like-minded coastal States’ before calling itself the Group of Like-Minded Coastal States, named for Article XVI of the IOTC Agreement which protects coastal State rights, from 2013 (IOTC, 2013), and ‘G16 Group of Like-Minded Coastal States’ from 2016. ‘G16’ first gained recognition in IOTC lexicon in 2018, in the context of a Technical Committee on Allocation meeting, and then the 2018 annual Commission meeting (IOTC, 2018).

While the G16 is not established by Treaty, it operates collectively to build support and capacity of its coastal States and to strengthen regional solidarity including through developing joint proposals for IOTC, building capacity at the national and regional level, upholding coastal State sovereign rights and improving information sharing (G16, 2022). The G16 met for the first time on 15 February 2011 in the margins of the first Technical Committee on Allocation Criteria (TCAC), a working group established under the auspices of the IOTC through Resolution 10/01 in March 2010. The World Wide Fund for Nature provided support to this first preparatory meeting. The G16 gathered to discuss the guiding principles that, in their view, should underpin the way the IOTC determined how to distribute (“allocate”) tuna quota between its Members (IOTC, 2011). By 2012, the G16 was meeting regularly ahead of IOTC meetings. G16 held 32 meetings between its inception and April 2022, its 11th year of operation. During this time, G16 progressively advanced its presence, coordination, and influence in shaping the IOTC.



Assessing levels of cooperation and participation

Conservation and management measures (CMMs) define how Member countries act on the management of target and non-target species of a fishery. CMMs can cover a broad range of topics, including management and compliance. These measures can impact the economic viability of the fishery at both a national and regional level, impact the future sustainability of the resources, impact small administrations by imposing new regulatory burden or affecting distributional equity (the way benefits derived from the fishery are distributed between IOTC Members). Subject to specific objection procedures in the IOTC treaty, these measures are binding at international law on the entire Commission’s membership. In IOTC, the CMMs are adopted based on proposals submitted by a member State or a group of Member States (sponsorship) when there is a collective agreement among those States. Thus, to understand the cooperation and collective understanding of the G16 Member States, we analysed the proposals submitted by Members for CMMs since the inception of G16 in 2012 to 2021. To identify the level of cooperation we tabulated the year, details of the proposals, including the proponent, the sponsoring Members, the intended conservation and management use of the proposal. To analyse the level of success, each proposal was earmarked with the adoption as a CMM (1) and rejection (0) by the IOTC Commission. The details of the proposals and the adopted CMM details were sourced from IOTC website (www.iotc.org). Our research brings novelty with its focus on the cooperation of coastal states through CMMs. Other studies on CMMs have mostly been thematical, for example: comparing RFMOs regarding fishing capacity (Aranda et al., 2012) or the implementation of the precautionary principle (de Bruyn et al., 2013), or looking at bycatch management at the IOTC (Martin and Shahid, 2021).

To understand the participation of the G16 member States, we tabulated and analysed the meeting participants (name of the participant, country and the year of participation) from the published IOTC Commission meetings reports. We looked at participation because it provides an idea of the evolution of coastal states in terms of involvement with the IOTC proceedings. To this end, we analysed each delegation, looked at the size of delegation and highlighted the number of delegates that have been consistently present in the past 10 years. We only focussed on the Commission meetings as it is the rule making body of the organization and the level of participation in scientific meetings by developing countries might be affected by the lack of qualified scientists even though there is a willingness to participate (Sinan et al., 2021). Schiller (2021) conducted a similar analysis to understand the level of participation of Member States in Western Central Pacific Fisheries Commission (WCPFC). Based on the results from the analysis, anecdotal evidence in the literature, we present two distinct challenges for the G16 going forward in the discussion. These challenges were further developed based on published reports of the meetings, circulars issued by the IOTC secretariat and published literature.




Results


Cooperation among coastal States

Due to the geographic situation and economic dependence, G16 Members have both the most to gain from well-managed tuna fisheries, and the most to lose if poor decisions are made (including decisions which remove benefits from the region). G16 Members have individually and collectively played a significant role in shaping the IOTC’s rules. A total of 162 conservation and management measures were proposed to the IOTC Commission by one or more Members from 2012-2021. Of these, 85 proposals were initiated by G16 Members, or about half of proposals made in that timeframe (Table 1). Furthermore, out of these 85 proposals, 24 were co-sponsored with other G16 Members. The European Union accounted for almost all of the non-G16 Member proposals.


Table 1 | Summarizes the number of proposals made by each G16 Member.



Despite the economic challenges and ‘low power’ challenges that are characteristic of developing States (Campling and Havice, 2013; Nanda et al., 2021), particularly Small Island Developing States, the G16 has a strong track record of success in shaping the IOTC rules and norms to benefit the region. Of the 85 proposals made, 56 proposals were adopted (either in whole, or in part), equating to a 66% success rate in that period. Fifteen of 20 G16 Members have made at least one proposal to the IOTC since the G16 formed (Table 1).

Some of the region’s smallest fisheries administrations, such as the Seychelles, Maldives, Mozambique and Mauritius have made a significant contribution to advancing the region’s interests. The Maldives has sponsored the most proposals and is the only G16 Member to have made a proposal every year since the G16 formed (Table 1)3. Indonesia and South Africa were relative latecomers to developing proposals, tabling their first proposals in 2016 and 2017 respectively, but have consistently made proposals every year since. Kenya has contributed variously, with 8 proposals since 2016. Bangladesh, India, Iran, Malaysia, and Thailand have not proposed any measures during this period. India and Iran’s participation in the IOTC meetings has not been consistent and Bangladesh joined the IOTC in 2022.

G16 Members have made proposals on a wide range of topics such as shown in Figure 2. In some cases, the same (or similar) proposal has been made in multiple years with different G16 proponents4. In other cases, G16 Members have proposed different amendments to the same conservation and management measures5. There are no documented reasons explaining why Members do or do not submit proposals. There could be a range of contributing factors including capacity (too difficult to dedicate time to developing and prosecuting a proposal), political (not wanting to ‘take over’ an issue that a bilateral partner has typically led) or implementation (not desiring a change in management).




Figure 2 | Category of proposals submitted by G16 Member States from 2012 – 2021. The width of the pie represents the number of the proposals submitted by each Member State.



While there is clear evidence of strong commitment and willingness to shape the rules governing the region’s fisheries at the individual country level, there is also clear evidence that cooperation in proposed conservation and management measures has been a major factor in the G16’s engagement in the IOTC. For example, even from as early as the G16’s inception in 2011, there are examples of G16 countries with different direct interests cosponsoring proposals where they share a view: for example, the Maldives, Mauritius, and the Seychelles cosponsored proposals on the precautionary approach, and interim target and limit reference points for skipjack tuna in 20126.

In 2018, the highest level of multi-country sponsorship occurred, where 14 G16 Members co-sponsored a proposal on socio economic indicators (adopted), 8 G16 Members co-sponsored a proposal on vessel chartering (adopted), 11 G16 Members co-sponsored a proposal on how tuna resources should be allocated to each IOTC Member (no consensus), and 5 G16 Members co-sponsored a proposal to protect mobulid and manta rays (no consensus).

Notably, some G16 Members are more likely to cooperate on a bilateral or trilateral level, whereas other G16 Members are more likely to join major, multi-country G16 efforts. There are clear trends showing frequent cooperation between Seychelles, Maldives, and Mauritius; Australia and the Maldives; Maldives and Mozambique; and Maldives and South Africa. The Maldives has the highest frequency of co-sponsorship. Mozambique, Maldives, and South Africa consistently co-sponsored major, multi-country initiatives. Conversely, G16 Members such as Comoros, Tanzania, Indonesia, Pakistan, Madagascar, Somalia was more likely to join major, multi-country initiatives than to propose their own proposals or to cooperate bilaterally.

There is merit to both approaches. Frequent bilateral or trilateral cooperation ensures that there is a consistent G16 presence on the agenda and serves as a clear reminder of the region’s stake in these fisheries. However, high levels of co-sponsorship, particularly on issues of high regional importance (such as allocation of tuna resources) has clear strategic benefits. For example, if 14 G16 Members co-sponsor a resolution, that demonstrates that nearly 50% of the IOTC Membership supports a proposal before the formal meeting has even commenced. More broadly, both approaches demonstrate high levels of collectivism and unity despite national differences in view.

However, as observed by Sinan et al. (2021), some of the proposals submitted by Member States are to protect or to regulate their national interests and fishing fleet. Thus, the mere number in increase in proposals does not necessarily elicit an increase in sustainability of the stocks. The consensus nature of decision-making makes the conservation and management measure diluted enough to ensure everyone’s interests are protected.



Participation of G16 States to the IOTC

Considering the differentiated socio-economic contexts of G16 Members (Sinan et al., 2021), the participation of Members to the commission meetings has been a key part of the building and sustaining of the group. An analysis of the list of delegates since the inception of the G16 in 2012 highlights that G16 Members have shown good representation. This has also been facilitated by the existence of meeting participation funds within the IOTC to sponsor the presence of two representatives from developing coastal states. Australia and China have voluntarily contributed to the meeting participation fund on top of the IOTC budget allocation.

Most G16 Members have been regularly represented at IOTC commission meetings with only a handful of Members absent in some years. A total of 523 different delegates have participated in IOTC meetings of which 58% of the delegates participated only in 1 meeting. Only 31 delegates from 14 different countries participated in five or more Commission meetings in the last 10 years (Figure 3). The average composition for G16 members is around 5 delegates with a minimum of 1 delegate in some years (cases of Bangladesh, India, Iran, Kenya, Pakistan, Somalia, and South Africa) to a maximum of 38 (case of Indonesia as a host country in 2017 and online in 2021) as shown in Table 2. All G16 Members except Bangladesh (which was only a full IOTC member in 2018) have had delegates that attended the annual IOTC Commission meeting at least two consecutive years, with a handful of countries with the same delegates in the past 7 to 10 years. Countries such as Maldives, Mauritius, the Seychelles, and more recently Indonesia have shown the most consistency in their participation, with delegates present during four to 10 IOTC sessions (Figure 3). This participation aligns with the high number of proposals submitted by these countries amongst G16 Members. It also emphasizes the importance of tuna fisheries to these countries and their commitment to the management of the resources.




Figure 3 | Extent of continued presence of G16 delegates for more than 2 consecutive annual sessions of the IOTC Commission meetings between 2012 and 2021.




Table 2 | G16 Members and participation patterns of delegates (number of individual delegates and average delegation size per year) from 2012 - 2021.



Another interesting aspect of delegation composition is the number of advisers within a delegation. The number of advisors in the delegation provides unique insights into the capacity constraints of Member States but also in their participatory approach. These advisers can include government officials, academics, industry, NGOs and other advocates. Here the G16 Members have been highly disparate ranging from none at all for some years for countries like Comoros, India, Iran, Oman, Pakistan, Somalia, and South Africa to up to 12 to 22 and 36 advisers for Seychelles, Thailand, or Indonesia, respectively (details are in Supplementary Table). This figure is also higher when coastal countries host the meeting (the case of Indonesia in 2017 or Thailand in 2018). In comparison, DWFNs delegations have had between 8 (case of China and Japan) to 21 advisers (case of the EU) on average. The transition to online meetings in 2020 and 2021 also increased the number of advisers for most G16 countries from 2 to 6 times the number before 2020. Tanzania for example had 12 advisers in 2021 compared to an average of 2 before. Comparatively, DWFNs followed similar trends with up to 63 advisers for the EU in 2021. The increase in participation during online meetings suggests that G16 Members are willing to involve more of their national capacity into IOTC negotiations but are often limited by the means to attend meetings in person. The online setting has provided more opportunities for involvement to G16 Members; however, it also came with challenges such as the legalities of votes of delegates behind screens (Circular 2021-48 on the adoption of proposal IOTC-2021-S25-PropE_Rev2 on Fish Aggregating Devices (FAD) management). From a participatory approach, a higher number of advisors shows that G16 Members are increasingly seeking advice from a broader range of stakeholders to improve their decision-making at the commission meetings and also in their proposals. Our personal observations have shown that various advisers from NGO representatives to academics have advised G16 countries on proposal contents and provided knowledge on technical aspects raised during the negotiations.

The integration of fishing industries and local fishers within delegations has also brought different practices within G16 Members. The majority of G16 Members apart from Bangladesh, Kenya, Mozambique, Pakistan, Somalia, South Africa, and Tanzania have representatives of their fishing industry within their delegations. This can include representatives of local fishers and companies and exporters like in most delegations, representatives of flagged vessels for Mauritius and Seychelles, or representatives of foreign fishing fleets operating within the coastal state’s EEZ such as the case of Madagascar. The number of representatives from the fishing industry within delegations varies from 1 or 2 representatives to more than half of the delegations (case of the Seychelles only, having both local fishers, flagged vessels and foreign fleets’ representatives). Compared to DWFNs’ delegation, the EU delegation follows the trend of the Seychelles with a high number of fishing operators. The industry representation is less pronounced for other DWFNs like China or Japan. The integration of the fishing industry within delegations has allowed G16 Members to have the interests of their local fleets represented, however, this has not been systematic for all delegations which mostly represent larger scale operations and at times DWFNs’ operators.




Discussion

While the above results show that G16 members are actively involved in the management of tuna resources at the IOTC, the G16 faces several challenging dynamics between member States and other entities that can undermine its current efforts. We discuss two of the main challenges that we have identified in more detail in the next two sections.


Coastal States vs DWFNs

The divide between coastal developing States and DWFNs has been evident since development of the UNCLOS and has continued in subsequent legal instruments. These tensions have now evolved in RFMOs and in particular in the Indian Ocean (Abolhassani, 2017). Coastal States in particular the developing coastal States want space to develop their tuna fisheries, while DWFNs wants to maintain and reward from their investments (Sinan et al., 2021). This is particularly evident in the ongoing allocation negotiations for future fishing opportunities (Andriamahefazafy, et al., 2020; Sinan and Bailey, 2020).

Since 2010, the IOTC has held negotiations to agree on how to allocate shares (quota) of key tuna stocks between its Members. Allocation negotiations in RFMOs are complex and sensitive. There is a strong legal foundation to these negotiations because of the different rights and responsibilities under international law that need to be respected – for example, the rights of coastal States over their exclusive economic zones, the rights of developing States and the rights of all States to fish on the high seas. However, the discussions about ‘who should get what’ are intensely political, particularly when there is an expectation that large-catching nations (generally, but not always, highly developed States) should be allocated a smaller quota than what they are currently fishing, and because of the different bilateral relationships between Members. Various authors have written about IOTC’s allocation process (see Seto et al. (2020); Sinan and Bailey (2020)), so a detailed analysis is not provided here.

Strategically, the allocation negotiations are crucial for G16 Members. While the economic dependence on tuna varies across the G16 Membership (Sinan, 2021), the negotiations are inextricably linked to the economic stability of the region. For some G16 Members, the allocation negotiations are essential to preserve livelihoods and jobs as they are today. For other G16 Members, who have lacked the capacity to develop fisheries, the allocation negotiations represent a key pathway to future development. In some cases, G16 Members sell access to their EEZs to foreign fishing vessels, and so allocation is also linked to each G16 Member’s ability to raise revenue. Each G16 member is, in essence, competing against every other Member of the IOTC for the best possible share of tuna. However, G16 Members have united on the key principles, committed to ensuring the best possible collective deal for coastal States. In fact, as noted above, allocation was the key driving issue that led to the establishment of the G16 in 2011.

Even though there is a clear divide between the two groups, there are also partnerships with some of the developing countries and DWFN in the Indian Ocean. For example: in 2019 when South Africa submitted an amendment to the Resolution on Vessel Chartering in the Indian Ocean, they partnered with Japan in the development (Japan did not officially co-sponsor the proposal in its submission phase, but subsequently supported it during the plenary of the Commission). Even though these are rare, the G16 could build upon these existing relationships and bridge substantial divides.



Coastal States vs Coastal States

The G16 also both benefits and suffers from its own internal diversity. Despite the fact that the group describes itself as a group of “like-minded coastal states of the Indian Ocean”, unity can be difficult to find especially when topics of discussion are seen as affecting national interests. There are two struggles that G16 faces within its Members. The first one is the differentiated socio-economic contexts of G16 Members. From developed countries like Australia, to middle income countries like Seychelles, and least developed ones like Madagascar. Some countries are also Small Island Developing States highly dependent on fisheries including tuna for their livelihoods and security while others have larger land masses more dependent on agriculture than fisheries.

The recent discussions in the IOTC on interim yellowfin tuna measure has portrayed some of these emerging challenges and the strength of G16 Members. In 2015, the scientific Committee determined the yellowfin tuna measure in the IOTC is overfished (Figure 4) and a 20% reduction of catches compared to 2014 levels is needed for the stock to recover in ten years. Even though measures have been adopted (based on G16 Member proposals) by the Commission since then, the stocks continue to decline. In 2021, the Scientific Committee concluded that in 2020 the stock was fished nearly 100,000t above the maximum sustainable yield of 349,000t (IOTC, 2021).




Figure 4 | Evolution of IOTC scientific advice, NGO involvement and measures adopted to rebuild the yellowfin tuna stock. The IOTC scientific committee declared the IOTC yellowfin tuna was overfished in 2015 and the stock continues to be overfished seven years later. The information was sourced from the IOTC scientific reports, IOTC Commission reports and letters submitted by NGOs and industry during this period.



In the earlier years of the yellowfin tuna measures, a special emphasis was given by G16 member States to exempt small-scale fisheries from the measure (vessels below 24m) (Figure 4). There was a cohesive united front among all G16 Members to protect the small-scale fisheries. However, as catches from these fleets that were exempted continued to increase dramatically, there was a push back to include all vessels regardless of size. Following the failure to adopt a yellowfin rebuilding measure in a Special Session in 2021, three months later, in the regular Commission meeting, a measure was adopted based on development status, vulnerability and catch levels (Figure 4). For countries with a higher catch level and higher developmental status gets a larger reduction compared to developing countries. Vulnerable countries such as Small Island Developing States and least developed countries had the least cuts. The negotiation was tough due to a diverse fisheries objective of coastal States and finally lead to five G16 member States to object to the adopted measure in 2021 (Figure 4). In the letter of Objection, Somalia stated:

“The large-scale industrial fishing of the developed and distant water nation purse seine fishing fleets that targeted fishing of yellowfin tuna is the biggest responsible factor in the depleted stock of yellowfin tuna we experience today. The proposed allocation of catch structure over seen by IOTC must be based on the needs of the fishery by the coastal states, who have the sovereign rights for the management of tuna fishery stocks in their EEZ, and not on historical catch by industrialized states which have no border and have the luxury to move operations to the current fishing locations that is lucrative for their fisheries campaign…”

Indonesia also withdrew from the G16 membership over the disputes during the negotiations of yellowfin tuna. The different fisheries management objectives within the G16 would be a significant challenge going forward in particular to a tuna fishery important for food security and economic benefits for coastal communities. However, the recognition of the emergence of sub-coalitions or groupings based on these management objectives within the G16 is crucial. Working within and outside the coalitions in particular within the G16 to find areas of common ground despite the differences would be important to maintain stability and protect the livelihood of the coastal communities.

The second struggle is the alignment of some G16 Members with the position of DWFNs like the EU. This alignment is also impeding on finding unity within the G16. It leads some coastal states to not co-sponsor some G16 proposals that could impede on the fishing activities of DWFNs. This has been the case for example for some G16 Members not supporting the Kenya proposal on drifting fish aggregating device (DFAD) management which would impact the fishing activity of European vessels in the IO including in the EEZ of these coastal states (IOTC, 2021). The measures that are proposed and discussed the management DFADs include DFAD time-area closures, limitation on the number of DFADs and the use of supply vessels in the deployment and retrieval of FADs, and improved transparency in DFAD data. There are four countries that at times show this alignment which is Comoros, Madagascar, Mauritius, and the Seychelles. These countries have fishing access agreements with DWFNs including the EU and others like Japan, Rep. of Korea or China that bring revenues to the national treasury and the fisheries departments. Countries like the Seychelles are even more deeply entangled with DWFNs as part of their national fleet consists of French, Spanish or Taiwanese owned and operated fleets flagged under the Seychelles and Mauritius (Campling, 2012; Vyawahare, 2021). As highlighted in Vyawahare (2021) for the case of the Seychelles for example, out of the 16 purse seine vessels flagged to the Seychelles in 2020, 11 were owned by Spanish fishing companies and 5 were owned by one French fishing company. This puts the country in a challenging position regarding conservation and management measures that might affect its flagged industrial vessels. The political implications of having fishing access agreements have been documented as influencing decision-making of coastal states wanting to maintain the incoming of revenues but also creating dependency on DWFN for funding of fisheries related activities. The four islands of western Indian Ocean are also reliant on DWFNs for general development aid especially countries like Madagascar or the Comoros (Aqorau, 2015; Andriamahefazafy, et al., 2019). Actors such as the EU or Japan are major donors in East African countries and islands, various roads, infrastructure and buildings including those linked to fisheries in both Madagascar, Mauritius or the Seychelles were built through funding from these DWFNs (Andriamahefazafy, 2020). When discussions become heated at the IOTC it is not unusual for these coastal countries to receive diplomatic letters and warnings from entities like the EU reminding them the importance of the partnership with the EU and the need to align or not impede with the EU position (pers. obs.). Such ‘divide and conquer’ strategy of DWFNs has impeded some of the efforts of other G16 members in advancing certain proposals submitted at the commission. Furthermore, aid dependency of some coastal states of the G16 is a structural obstacle to the current journey of the G16 countries to unity.




Conclusion

In the past ten years, the G16 has paved its way towards improved leadership from coastal countries and more involvement in IOTC decision-making. The interest of coastal countries towards the management of fisheries within and adjacent to their EEZs has become a national necessity for at least half the G16 Members relying on the fisheries for their national revenues and for food security, and important part of the future for all G16 Members, whether directly or indirectly. However, the challenges at hand are substantial including managing the divide with and dependency to DWFNs or the differentiated aspirations of the G16 Members.

The G16 should play an important role in achieving sustainable tuna resources in the IOTC. To build this strength, three key measures could be explored. First is to reinforce unity through country cooperation on tuna beyond IOTC negotiations. There is a lot to be learnt between countries on the management or development of tuna fisheries. Strengthening these bonds could help G16 Members align better especially when it comes to management and focus on long term, strategic gains, particularly with respect to allocation. This includes strengthening tangible collaborations amongst countries through trade and sharing experiences in the fisheries and fostering regional solidarity. These include forming sub-coalitions based on similar objectives and to link up with the larger coalition- the G16. Second, renewed efforts to fully comprehend the underlying causes of lack of cooperation by G16 Members and address it early enough before any IOTC session. This could be particularly useful for G16 Members proposing conflictual proposals and could be applied to the yellowfin tuna or drifting DFAD management measures where member countries have diverse fisheries objectives. As some of the coastal States rely extensively on the use of DFADs, these measures will have an impact and continuous dialogue is crucial to maintain the stability and integrity of the G16. Third, reinforce the common goal of the group to strengthen the link between the future of the resources and the people of the Indian Ocean. Non-collaboration of G16 Members in the long term could be detrimental to achieving management measures that benefit the tuna resources of the region and local communities reliant on the resources. Ensuring the sustainability of the tuna resources of the Indian Ocean also requires drastic structural changes at IOTC that we have raised before in Sinan (2021). This includes reforming the IOTC to be more autonomous in its decision-making and reducing the bureaucracy that often delays decision-making or requires various high levels of negotiation capacity. Furthermore, the alignment of some G16 members with DWFNs within fisheries (linked to access agreements, licensing or flagging), and beyond fisheries (through developmental aid and programs) poses significant risks for the long-term sustainability despite the coordination and cooperation of G16 members. While challenging, these particular coastal countries need to see the alignment with the G16 as more beneficial for the future of the tuna resources and the livelihoods of local communities. Ultimately, what is required is a real shift in DWFNs paradigm to better understand the aspirations of coastal States and let go of historical entitlement.
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Footnotes

1under the provisions of Article XIV of the FAO Constitution, the FAO Council may approve and submit to Member Nations agreements concerning questions relating to food and agriculture which are of particular interest to Member Nations of geographical areas specified in such agreements.

2Indonesia withdrew their membership in 2021.

3Notably, this also means the Maldives has made a proposal each year since becoming an IOTC Member.

4For example, the mobulid and manta rays proposal was initially proposed by the Maldives and the Seychelles in 2017, and again in 2018 with minor amendments by the Maldives, Seychelles, Mozambique, Australia and South Africa. The Maldives proposed the measure again in 2019, again with minor amendments, where it was finally adopted.

5For example, many G16 Members have proposed amendments to the yellowfin tuna conservation and management measure. These amendments vary at, at times indicate opposing views between G16 Members.

6The 1st performance review of the IOTC identified the lack of modern fisheries management principles and approaches such as the use of precautionary approach in the IOTC agreement. The proposal intended to mandate the Commission to apply the precautionary approach in accordance with relevant international agreements. The proposal on interim target and limit reference points proposes interim target and limit reference points for stock assessments until the Commission develops species specific reference points.
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Multiple fisher groups target billfish species, each with different motivations and experiences, which can influence the effectiveness and sustainability of governance approaches. However, limited studies underscore the perceptions of billfish resource users in defining and implementing governance in the Western Indian Ocean region. We conducted 211 semi-structured qualitative interviews between December 2020 and September 2021, to explore how artisanal fishers perceive the performance and sustainability of governance approaches in Kenya, with a focus on billfish. Our findings show that artisanal fishers have adequate knowledge of fishing laws and regulations, as well as governing institutions and their performance. Further, artisanal fishers had a positive attitude and support for fishing rules, managing institutions, and effectiveness of governance intervention. Specifically, the fishers rated Beach Management Units (BMUs) as highly effective in implementing fisheries rules, indicating the involvement of fishers in co-management of fisheries and tendency for governance success and sustainability. This highlights the need to strengthen and support BMUs as an effective governance tool in the co-management of fisheries. We draw attention to our first-time study of the contribution of artisanal billfish fishers to governance of shared fisheries resources. We show that involvement of resource users promotes a bottom-up approach to the co-management of billfish which compliments the current regional and national efforts that have largely focused on commercial fisheries. Our research adds to the scientific body of knowledge on the importance of perceptions in the formation of natural resource governance interventions at varying scales, especially for transboundary species in data-poor areas.
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Introduction

Declining fish catches and an increasing number of people joining artisanal fisheries coupled with current global challenges lead to potential fisheries crises (Hendrix and Glaser, 2011; Kadagi et al., 2020). The application of governance is therefore necessary to secure sustainability of fisheries for posterity. ‘Governance is the whole body of public as well as private interactions taken to solve problems and create societal opportunities. It includes the formulation of principles guiding those interactions and care for institutions that enable them’ (Kooiman and Bavinck, 2005). In this study, we define governance as the structures and processes that determine how decisions are made, power is exercised, and responsibilities are assigned. We explore the perceptions of artisanal fishers towards the governance of billfish.

Fisheries governance has increasingly focused on co-management to mitigate user conflicts in shared resources (Chuenpagdee and Jentoft, 2009; Hauzer et al., 2013; McClanahan & Abunge, 2020). The operationalization of co-management has paved the way for a varying degree of power-sharing and the involvement of artisanal fishers in decision-making (Okafor-Yarwood et al., 2020). Studies indicate that effective fisheries governance should be inclusive of voices and experiences of multiple actors across different scales (Bennett et al., 2019). Artisanal fishers’ perceptions can be crucial in assessing the performance, legitimacy, and sustainability of governance approaches (Kadagi et al., 2020; Murunga et al., 2021; Bennett et al., 2021).

Multiple frameworks, such as interactive governance, the social-ecological systems approach, or co-management, acknowledge the importance of understanding and promoting support for and participation in management actions by local resource users (Beyerl et al., 2016; Bennett, 2016, Chuenpagdee and Jentoft, 2009). For example, in Kenya, fisheries are governed by formal co-management institutions known as Beach Management Units (BMUs) which attempt to integrate various fisheries actors (i.e., fishers, traders, and processors) into decision-making and policy processes, while also connecting local communities and government (Murunga et al., 2021). Successful collective action is not always so simple, support is heavily dependent on what people think about and how they experience the system to be governed and the governing system (Gehrig et al., 2018). Understanding resource users’ perspectives in socio-ecological systems contributes to projecting likely actions that lead to the success or failure of governance approaches (Silva and Lopes, 2015). Resource users’ perceptions entail understanding the variables that act on users and their likely responses in an effort to determine the implications of management strategies (Cinner et al., 2011; Silva and Lopes, 2015; Lau et al., 2018). Social demographics play a crucial role in the formation of attitudes, understandings, and world views (Gehrig et al., 2018). For instance, the age of a fisher influences perception about conservation and management, where older fishers tend to be more resistant to changing habits (Bennett et al., 2016; Marshall and Marshall, 2007).

In environmental psychology literature, intentions which are based on attitudes and awareness towards environmental processes may lead to pro-environmental behavior. At the same time, sustainability and conservation are greatly influenced by perceptions (Bennett, 2016; Beyerl et al., 2016; Gehrig et al., 2018). Furthermore, perceptions of resource users regarding the legitimacy of management measures and their social and ecological consequences affect acceptance and, ultimately, compliance behavior (Silva and Lopes, 2015). Consequently, perceptions are an indispensable form of evidence that is useful at all stages of conservation from planning and implementation to ongoing management (Bennett, 2016).

This first-time study seeks to provide a baseline of information on perceptions of artisanal billfish fishers on the governance of billfish in Kenya. The objectives of this paper are: i) to document the socio-demographic factors influencing perceptions of the artisanal billfish fishers on governance; ii) to examine how perceptions of artisanal billfish fishers influence the performance of governance and sustainability of the governance approaches. The integration of perceptions of resource users is essential in buttressing the success and legitimacy of governance institutions. Subsequently, the perceived suitability and acceptance of institutions by resource users and the general public are integral to the success of governance (DeCaro and Stokes, 2013; Turner et al., 2014). This paper highlights how fishers’ perceptions contribute to compliance with fishing laws and regulations, thus minimizing conflict amongst resource users.

In the Western Indian Ocean billfish fishery is conducted by artisanal, recreational, and industrial fishers for socio-cultural and economic benefits (Kadagi et al., 2020; Kadagi et al., 2021; Sharma et al., 2018). Billfish species comprise the families Istiophoridae and Xiphiidae (Sharma et al., 2018; Pepperell et al., 2017), and populations of billfish species have continued to decline with several species considered over-exploited (Sharma et al., 2018). In the Western Indian Ocean (WIO), six billfish species have been documented. These include swordfish (Xiphias gladius), black marlin (Makaira indica), blue marlin (Makaira nigricans), striped marlin (Kajikia audax), short bill spearfish (Tetrapturus angustirostris) and Indo-Pacific sailfish (Istiophorus platypterus) (Mueni et al., 2019; Pepperell et al., 2017; Kadagi et al., 2011). Artisanal billfish fishers use diverse gears including gillnets, long lines, hand lines, and trolling lines. The open-access nature of billfish fishery and interconnected resource user groups complicates governance (Van der Elst, 2003; Gjerde et al., 2013; Kadagi et al., 2021).

The attitudes and motivations for fishing billfish vary depending on the user groups as either recreational, commercial, conservation or consumptive use (Brinson et al., 2006; Johnson & Griffith, 2010). This variation in motivation and attitudes toward billfish resource use has the potential to cause conflict among resource users. Therefore, it is important to examine perceptions and lived experiences in order to identify and prioritize governance interventions relevant to resource user groups (Salas and Gaertner, 2004; Rocliffe et al., 2014; Murunga et al., 2021).

Few studies have examined motivations and perceptions for targeting billfishes in developing nations in the WIO region (Kadagi et al., 2020) and in West Africa (Brinson et al., 2006). According to Kadagi et al. (2020), recreational and artisanal fishers have different incentives for targeting billfish. On the one hand, artisanal fishers are motivated by the high yield produced by large billfish, which earns them a high price/income. On the other hand, recreational fishers are motivated by the thrill of catching a “grand slam” or “fantasy slam” (Kadagi et al., 2020). In West Africa, Brinson et al. (2006) reported that billfish resource users have different motives, influencing the relative weight given to management performance. According to Brinson et al. (2006), commercial fishers emphasize yield and profit measures; subsistence fishers seek to harvest enough protein; non-consumptive users seek exclusive access to specific sites while conservationists seek to improve a site’s “intrinsic value” or the conservation value of a species or stock.

The study is built on a conceptual framework (Figure 1) that is guided by the theory of planned behavior (Ajzen, 1991). Artisanal fishers’ beliefs, attitudes, values, norms, preferences, and motivations are seen as determinants of behaviors, responses, and level of support for the governance approaches and the sustainability of these approaches. The independent factors such as the socio demographics, main source of livelihood and past experiences may be linked to either positive or negative attitudes towards billfish resource use. These directly influence the intervening variables which in turn affect the outcome of the direct variables. The intervening variables like social cultural practises and willingness to conserve billfish and policies towards fishing management dictate resource users’ perceptions and affect the intention to perform particular behavior. This is demonstrated in how they respond to the governance approach and their support towards the success and sustainability of these approaches. In this study, perceptions refer to the way an individual observes, understands, interprets, and evaluates a referent object, action, experience, individual, policy, or outcome. A myriad of contextual factors (e.g., culture, politics, socioeconomics, livelihoods, past experiences of similar events, as well as individual and collective attributes) mediate and influence perceptions. These include values, norms, beliefs, preferences, knowledge, and motivations (Bennett, 2016).




Figure 1 | A conceptual framework for factors influencing the perception of artisanal fishers towards billfish governance and resource use (source author adopted from Ajzen, 1991).



Information on perceptions of resource user groups on the governance of species such as billfish is inadequate and often incomplete in many regions across the globe. This information is important for planning approaches to reduce and manage conflict among resource users (Silva and Lopes, 2015). Understanding the awareness, attitudes, and perceptions of resource users is essential for success in management and governance. It defines their compliance with the management and governance rules, how they cope with the governing bodies and institutions, their view of the value of the billfish resource, and the level at which they are able to cope with the changes in the resource use over time (Bennett, 2016). Furthermore, fishers’ perceptions of the status of their resources provide insight into the attitudes and motivations behind their behavior, including decisions on fishing regulations (Hauzer et al., 2013). Hence, documenting the socio-demographic factors influencing perceptions on governance; and how perceptions influence the performance of governance and sustainability of the governance approaches facilitates broad-based support for management, securing billfish populations for the benefit of ecosystems and future generations.



Materials and methods


Study site

The study was carried out in 9 study sites along the Kenyan coast; Ngomeni, Malindi, Watamu, and Kilifi central fish landing sites in Kilifi County in the North; Mombasa Old Port fish landing site in Mombasa County; Gazi, Msambweni, Shimoni, and Vanga fish landing sites in Kwale County in the South (Figure 2) between December 2020 and September 2021. These sites have a significant number of artisanal longline, handline, and gillnet fisheries that catch a range of large pelagic species including billfish. They have also been reported as major billfish landing sites according to the marine frame survey (Government of Kenya, 2016).




Figure 2 | Map showing the location of the study sites along the Kenya coast with insets of Kenya showing the coastal and marine area and location of Kenya in the Western Indian Ocean.




Sampling method and data collection

Respondent Driven Sampling (RDS) method was used to identify the participants in the study. This is a non-random sampling strategy that is employed when there are no precise lists of members of the accessible population(s) of interest, as was the case in this study (Hauzer et al., 2013; Young et al., 2016). Probability samples require a sampling frame, which is a list of the members of the group to be sampled. However, such listings are frequently either incomplete or non-existent (Kadagi et al., 2020). To address potential bias, this study relied on highly knowledgeable individuals of billfish species fishers’ population as the key informants for the purpose of identification of seeds, the first tier, or wave of respondents. Subsequently, each participant in the first tier was requested to further identify other potential respondents, making the second tier. This second tier then identified the third tier and so forth. Hypothetically, the RDS recruitment process produces long “chains” made up of several tiers. As the chains lengthen, the composition of the sample size reaches a point of equilibrium, where no new participants/information is given, an indication that the final sample is not biased by the purposeful sampling of the key informants (seeds) (Malekinejad et al., 2008).

Semi-structured interviews with open and close-ended questions were used to gain insight into the motivations and attitudes of artisanal billfish fishers on management and governance of billfish resource use. Respondents discussed their experiences during semi-structured interviews, which allowed for the emergence of new topics for analysis (Baker and Constant, 2020). Furthermore, semi-structured interviews allowed respondents to share more in-depth information, which improved data quality (Kadagi et al., 2020).

The questionnaire covered various topics including fishers’ demographics, motivations for fishing billfish, and views on challenges facing the billfish fishery. To assess the level of awareness of the fishing rules, participants were asked to list the fishing rules they knew. To gauge their attitudes, they were asked if they disagreed with any of the rules and probed to give reasons if they disagreed. To assess their level of awareness of governing institutions/bodies, participants were asked to identify institutions or groups of people that control rules about fishing activities in order to support healthy stocks. Additionally, a five-point Likert scale (1=very effective, 2=effective, 3=ineffective, 4=very ineffective, 5=non-existent), was used to gauge the effectiveness of the institutions and/or groups of people responsible for management and fishing rules. This also incorporated comparison of the periods when a fisher started fishing, the last five years, the present, and future five years. Attitudes towards resource management are likely to be influenced by a fisher’s perceptions about the condition of the relevant resources. Therefore, participants were asked to describe any changes in the catch from the main target gear and the number of fishers targeting billfish over the last five years. This was gauged at two-level, increased or decreased, and the respective reasons.




Data analysis

The data was analyzed using descriptive statistics to determine the frequencies, percentages, and distribution. Pearson Chi-square was used to test the relationships between the socio-demographic characteristics and perceptions of the resource users. Thematic analysis (Vohra, 2014) was used to categorize the themes of the rules identified as governing fishing activities and perceptions of the fishers towards the management and governance. This approach entailed “careful reading and re-reading of the data obtained through the questionnaire” to identify themes (Pope, 2001). Further, text mining was used to understand the patterns of the fishers’ responses within the data, where emerging themes became the categories for analyses. The coding process relied on deductive reasoning based on pre-existing information on fisheries resource use. Data was analysed using R and SPSS (IBM SPSS Statistics for Windows, Version 25.0) statistical programs.
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Results


Socio-demographic characteristics

A total of 211 respondents were interviewed, all male (100%). Majority of fishers were in the age category of 25 to 40 years accounting for 46% of the total number of respondents. Fishers aged between 40 to 55 years accounted for 38.4%, and those below 25 years and above 55 years of age accounted for 8.1% and 6.6% of fishers respectively. The average number of fishing years was 17.8, with the oldest fisher having 70 years of experience, whereas the least experienced fisher had 3 months. Of the participants interviewed 42.2%, had madrassa1 training as their highest level of education. Tables 1A, B show the social demographic characteristics among artisanal fishers across the study sites including education level and age categories respectively. Pearson’s chi-square test of independence found the age categories and level of education to be independent (X2 = 228.33, df = 152, p <0.05).


Table 1A | School attendance among artisanal fishers in the nine study sites along the Kenyan coast.




Table 1B | Age categories among the artisanal fishers in the nine study sites along the Kenyan coast2.





Awareness of fishing rules relevant for billfish fishing

Participants were asked to list the fisheries management rules that they were aware of. Two key categories were identified from the list (i) management restrictions (such as gear, species, and fishing zones) and (ii) permits and licenses (e.g. fishing license, Beach Management Unit (BMU) registration, and Coxswain permit). Other categories included fisher safety at sea e.g. the fishers reported that it was a requirement to have protective gear during a fishing trip.



Support for fishing management from artisanal billfish resource users

Table 2. shows participants’ responses when asked if fishing activities should be managed. Overall, 86.5% of the respondents agreed that fishing should be managed, while 13.5% disagreed and stated that fishing should not be managed.


Table 2 | Fishers’ response on whether fishing activities should be managed.



Figure 3 presents reasons given by respondents across the sites categorized by themes on why they think fishing should be managed. The need to manage fishing activities was based on the following themes: i) conservation of the marine environment (31.7%), ii) prevention of overfishing (23.7%), iii) ensuring that law and order are maintained among the fishers (23.1%), iv) controlling the use of illegal fishing methods and gear (12.4%), and v) ensuring the sustainability of fisheries resources (6.5%) (Figure 3). Respondents in Vanga and Shimoni (6.5%) did not support the idea of managing fishing stating that there is no need to manage fishing.




Figure 3 | Summary of the reasons given by respondents on why they think fishing should be managed categorized according to arising themes.





Perception towards changes in the billfish resource

Perceptions of the changes in billfish catches and the number of participants in the billfish fishery varied widely over the last five years. Overall, a decline in the catch was reported. More than half of the respondents (55%) reported a 40 to 60% decrease in their catch using the main gear employed. Another 38% reported an increase of 40 to 60% of their catch (Figure 4). Figure 5 shows the changes in the number of fishers targeting billfish over the last five years. About 49% of the respondents noted that fishers targeting billfish had increased by a 40 to 60% margin while 56% perceived that the number had decreased by the same margin of 40 to 60% (Figure 5).




Figure 4 | Variations in fish catch over the last five years.






Figure 5 | Changes in the number of fishers targeting billfish over the last five years.





Acceptance of fishing rules and regulations by artisanal billfish fishers

Majority (66.1%) of the fishers supported the development and implementation of fishing rules and regulations whereas some (33.9%) disagreed. (χ2 = 8.63, df=4, p= 0.071; χ2 = 5.19, df=3, p=0.158 respectively). We observed a correlation between the level of education and age categories as well as the acceptance of the fishing rules and regulations. However, influence towards the support of the fishing regulation was not significant

The fishers highlighted the following broad themes as reasons for disagreeing with fishing rules: i) unfair competition in resource utilization (28.8%), ii) restriction of freedom to fish (23.8%), iii) high costs of permits and licenses (17.5%), iv) unfair distribution of resources (17.5%), and v) limitation on livelihoods (7.5%). Other emerging themes included: i) the natural replenishment of fish stock (2.5%), ii) encouragement of illegal fishing (1.3%), and iii) the high cost of protective gear (1.3%). Figure 6 shows the distribution of the reasons across the study sites.




Figure 6 | Summarized themes of the reasons given by resource users across the sites on why they disagree with the current fishing rules.





Effectiveness of groups responsible for fishing rules

Over the years fisheries management has evolved, from centralized system to collaborative system. Participants were asked to rate the effectiveness of the institutions and groups responsible for implementing fishing rules and regulations using a five-point Likert scale (1=very effective, 2=effective, 3=ineffective, 4=very ineffective, 5= non-existent). The participants compared the effectiveness over time: when they started fishing, five years ago, the present, and five years in the future. The results showed that the effectiveness of the groups has improved over time.

Figure 7 shows the overall rating of the effectiveness of institutions and groups responsible for implementing fishing rules and regulations over time. When the majority of respondents started fishing, they reported that the institutions were ineffective or non-existent. However, in the present day, institutions were rated very effective (51%), and highly ineffective (88%) during the period most fishers started fishing.




Figure 7 | Overall rating of the effectiveness of institutions and groups implementing fishery management rules and regulations.



Figure 8 shows the rating of the effectiveness of individual institutions implementing and enforcing fishery management rules and regulations. Beach Management Unit (BMU) was the highest rated in the individual group rating compared to other institutions3.




Figure 8 | Individual rating of the effectiveness of institutions and groups in implementing fishery management rules and regulations.






Discussion

We document (i) the socio-demographic factors influencing perceptions of the artisanal billfish fishers on governance; (ii) how perceptions of artisanal billfish fishers influence the performance of governance and (iii) how perceptions impact the sustainability of the governance approaches. The outcome of the study contributes to the ongoing discussion on good governance for effective natural resource management by providing an understanding of fishers’ perceptions, which is paramount in the successful application of governance approaches. Furthermore, individuals’ and groups’ attitudes and functions toward the resources they exploit, as well as their perceptions of the rules that control their activities, assist in identifying and resolving conservation issues (Cardona and Morales-Nin, 2013; Turner et al., 2014).

Social demographic variables such as age and education have been found to have predictive power for perceptions among fishers. We found a correlation between age, education, and the support for billfish resource use governance approaches. Older fishers had a higher tendency to support conservation of the marine environment and prevention of overfishing. Previous studies have demonstrated that older fishers are more worried about the future of the fishing grounds and more likely to perceive the sea as a finite and vulnerable source of fish (Gehrig et al., 2018). This could imply that more experienced fishers are a valuable source of ecological awareness against the threat of shifting baselines. In Indonesia, more experienced fishers have been found to put more value on environmental protection than income relative to younger fishers (Hoshino et al., 2017). Studies have found that higher education is associated with the perception that dragnet fishing is most destructive and that bottom-up collective action is essential to improve the local situation (Cinner et al., 2012; Gehrig et al., 2018). Thus, there is a higher perceived threat and perceived behavioral control on this environmental issue among more educated fishers. Education can lead to more pro-environmental perceptions and more positive attitudes towards co-management interventions (Launio et al., 2010). Consequently, this suggests that empowerment through education should thus be prioritized especially in resource use governance.

Until the 1920’s, Kenya’s marine fisheries resources were managed by the community elders, after independence the government took over management decisions with little to no input from resource users (Cinner et al., 2009). Decades of this top down management approach was found to be ineffective following the decline of several fisheries (McClanahan et al., 2005). As a way of improving fisheries management, the government proposed legal frameworks that allowed for shared responsibility commonly referred to as co-management of the fisheries resources through establishment of Beach Management Units (Ogwang et al., 2005; Government of Kenya, 2007). Our findings strongly demonstrate a high level of awareness of the current fishing rules and groups of people or institutions controlling fishing activities. Additionally, BMUs were rated highly effective as governing institutions over time. This could be attributed to the involvement of the resource users in the co-management of the fisheries resources. For instance, the introduction of Beach Management Units (BMUs), could have largely contributed to the positive attitude toward the fishing rules (Rocliffe et al., 2014). The involvement of local resource users through the now popular locally managed marine areas (LMMAs), has increased the involvement of the community in management models. This could have led to increased technical support provided by government agencies, private sector stakeholders, or non-governmental organizations. In LMMAs, resource users are encouraged to make the most of the management decisions, including the choice of the location of any protected areas (Gutiérrez et al., 2011; Evans et al., 2011). Furthermore, awareness and inclusion in resource management approaches contribute largely to the perceptions of the resource users.

Assessing fishers’ perceptions of the status of their resources offers insight into the attitudes and motivations behind their behavior, including presumptions on and compliance towards fishing regulations (Ajzen, 2012). Our findings indicate variations in the perceptions of the fishing rules. Although most of the fishers show a positive attitude towards the fishing rules, others perceive them negatively. Previous studies have reported negative attitudes and perceptions by resource users towards management and restriction rules, for example, the establishment of Marine Protected Areas (MPAs). Findings from various past studies (Sesabo et al., 2006; Munga et al., 2010; McClanahan and Abunge, 2020) showed that resource users were unwilling to support these management and restriction rules because they felt it would reduce their earnings through reduced catch and fishing ground area. The resource users with positive attitudes were found to have knowledge of the importance of conservation and were involved in the determination of the rules (Munga et al., 2010; McClanahan and Abunge, 2020). In this study, negative attitudes were attributed to unfairness in resource use, where respondents felt they needed to freely utilize the fishing grounds without any restriction. Fishers argued that fish is a God-given renewable natural resource. In addition, licences were reported to be very costly thus giving financially constrained fishers a disadvantage because they are not allowed to go fishing without a licence. These negative attitudes lead to non-compliance with the fishing rules, possibly resulting in conflict among the resource users.

Based on comparative ethnographic research in fishing communities, Gezelius and Hauck (2011) argued that compliance motivations such as deterrence, moral support for the law’s content, and the legislator’s authority are influenced by three governable preconditions: i) enforcement, ii) empowerment, and iii) civic identity. We found that the majority of fishers have to provide for entire households and most did not have access to alternative livelihoods. Fishing activities are dependent on catches leading fishers to risk illegal catches in order to meet quotas and support their families. According to Guirkinger et al. (2021), the most common driver of non-compliance in manta ray fisheries in northern Peru comes from the economic incentives to sustain livelihoods and low social influence. As such, the reliance on fishing as the sole source of income for entire families could influence compliance motivations towards governance initiatives.

Perceptions are certainly subjective and are likely to shift with both changes in governance practice and levels of awareness among those governed (McClanahan and Abunge, 2020). They also provide information on the viewpoints of the resource users being influenced by governance approaches. This information is important for understanding the relationship between the “governance approaches” and “the resource users”, essential for the success of management and governance of resource use (Turner et al., 2014). In this study, negative attitudes and perceptions towards the licences, and management and restriction rules are possible causes of conflict between the resource users. Fisheries management has been reported to be a potential cause of conflict between resource users (Kadagi et al., 2020). As a result, understanding resource user perceptions may be valuable in identifying areas that are likely to cause conflicts, enhance governance areas, and result in more support by resource users.

Our findings indicated continued use of billfish resources evident from the notable increment in the number of fishers targeting billfish. Participants highlighted the increased number of fishers targeting billfish some of them including migrant fishers, especially during the high fishing season. With the increasing population, the demand for fish is likely to increase and this could lead to competition for this common pool resource. Furthermore, there are decreasing employment opportunities and limited livelihood options. People therefore opt for fishing and the open access nature of billfish fishery is likely to experience increased pressure, competition and conflict. These findings corroborate with Kadagi et al. (2020), who indicated the possibility of conflict resulting from the perceived open access nature of billfish resources hence their overexploitation. The increased number of artisanal fishers targeting billfish resources could be attributed to the value given to the billfish species in terms of income generated due to their large size. According to the value-attitude-behavioral theoretical model, attitude entails consideration of outcomes of performing a behavior e.g. fishers without alternative income options targeting billfish. Thus, the correlation of the huge size of billfish to higher income could be linked to the increased number of fishers targeting billfish.



Conclusion

Diverse factors influence the perceptions of resource users playing a key role in the level of support for the fisheries governance approaches. Knowing the perceptions of resource users is a crucial input to the design of institutions for resource management. Understanding resource users’ knowledge and perceptions of governance approaches that regulate their activities are useful tools to assess the effectiveness of rules designed to manage the resources. This assists policymakers in developing regulations that take into account appropriate environmental and socio-economic aspects of the environment, thereby improving users’ responses to these policies. In this study, it was evident that the involvement of artisanal fishers in fisheries management through the BMUs at community level helped in ensuring compliance of fisheries regulations. We therefore recommend that all stakeholders be more involved in decision-making, which will result in i) more collective decisions, ii) improved co-management, and iii) enhanced acceptability of the rules and regulations. This will lead to broader support for management and enhanced fisheries sustainability.
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Footnotes

1Madrassa is a form of education where the focus is Islamic religion and literacy

2Study site names:Klf - Kilifi central, Mld - Malindi, Msa - Mombasa, Msamb - Msambweni, Ngome - Ngomeni. Shimo - Shimoni, Wtm - Watamu

3Beach Management Units (BMU)- an association of fishers, fish traders/mongers, boat owners, fish processors, and other fishery stakeholders located on the coastal landing site and formally led by an executive committee of stakeholders.Kenya Marine and Fisheries Research Institute (KMFRI) – A State Corporation mandated is to undertake research in marine and freshwater fisheries (https://www.kmfri.co.ke/)Kenya Wildlife Service (KWS) –A state corporation undertaking conservation and management of wildlife resources across all protected areas systems in collaboration with stakeholders (http://www.kws.go.ke/)Kenya Port Authority (KPA)- A state corporations responsible to operate improve regulate and schedule sea port operationsCoast guard- A specialized maritime force responsible for law enforcement in national watersNavy - Naval branch of the Kenya Defence Forces whose primary mission is to defend and protect the rights republic of Kenya against sea borne aggressionFisheries - The Kenya Fisheries Service is a body corporate established under the Fisheries Management and Development Act No. 35 of 2016. The purpose of the Service is to Conserve, Manage and Develop Kenya Fisheries and Aquaculture ResourcesGovernment - State Department for Fisheries, Aquaculture and The Blue Economy tasked with management and licensing of local and foreign fishing trawlers in kenya waters and Co-ordination of development of policy, legal, regulatory and institutional framework for the fisheries industry and the blue economy.
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Ports and neighbouring cities function as connectors between land and water and have long accommodated a substantial flow of goods and services. Port cities in the Western Indian Ocean (WIO) region and the Global South (GS) are rapidly and inevitably expanding as the demand for global trade increases. However, this expansion has numerous impacts on the surrounding marine ecosystem and the socio-economic livelihoods of local communities. We propose a framework to evaluate the sustainability of port cities in the WIO region and more broadly for cities in the GS. Through an exploratory approach, a systematic literature review (SLR) was undertaken to identify existing themes on port city and marine ecosystem sustainability indicator frameworks. The results revealed a strong bias towards sustainability publications designed for port cities in Global North. The approach developed from this study focuses on the socio-economic and environmental attributes relevant to ports in the WIO region and for GS countries. This draws from the Drivers, Pressures, States, Impacts and Responses (DPSIR) framework and includes 78 indicators. The indicators are designed to identify and report on the complex land and sea interdependencies of port cities. To test the validity of these indicators their interdependencies were examined through a Causal Network (CN) structure which identified 12 priority DPSIR CN. These were also mapped to the UNSDGs enabling the wider applicability and transferability of the framework. The resulting framework enables port cities in emerging economies to establish robust sustainable reporting systems and provides a framework that offers a unique lens for evaluating interactions embedded in the land and sea continuum.




Keywords: sustainability, Global South, marine ecosystems, land-sea continuum, port cities, Western Indian Ocean




1 Introduction

Currently, almost 80 percent of the world’s trade is seaborne (Zheng et al., 2020). Port cities receive essential goods, and oceans provide the crucial ecosystem service of transport routes (Costanza, 1999; Haase, 2015; Wang et al., 2021). Globally, the ocean economy has been recognized as a critical driver of economic development. Oceans and coasts are considered development areas that can generate wealth and support human well-being by incorporating social, economic, and environmental benefits to achieve sustainable development (Okafor-Yarwood et al., 2020). Traditionally, ports have been considered the main drivers of economic development and employment in cities. Ports include logistic nodes for sustainable transitions and to enable a circular economy (Ernst et al., 2016) whose development and operations are key drivers of local economic growth within the host city (Shan et al., 2014). Furthermore, ports are an essential impetus for the development of surrounding cities (Liu  J. et al., 2019). They promote port city prosperity by generating employment (Merk and Dang, 2013). The port facilitates import and export trade, and the city relies on industry and tourism (Couling and Hein, 2020). Port cities serve as maritime hubs, where the port acts as a junction point between land and sea transport networks (Jacobs et al., 2010; Hein, 2021). Moreover, the port city interface is an expression of the wider land-sea interrelationship, as it operates within coastal zones characterized by intense and complex interactions (Hoyle, 1989; Crossland et al., 2005). This land sea interface is a porous space dedicated to a mix of port and city functions (Couling and Hein, 2020; Moretti, 2021a).

The port city is comprised of closely intertwined entities that are mutually independent and influential (Zheng et al., 2020). A port city’s function and configuration consist of two systems operating in a shared space that serves two purposes: 1) a port system is characterized by logistics, imports, exports, and mega-infrastructure projects driven by technology, efficiency, and competition; 2) its relationship with the city is characterized by social, ecological, and economic heterogeneity, that enables urban and regional infrastructure. Furthermore, the development of infrastructure and intensified spatial transformations such as land reclamation and extensions of port infrastructure, adds to the complexity of the “port-cityscape” (Couling and Hein, 2020) or “port city threshold” (Moretti, 2021a). This mutually independent focus results in port-related spaces becoming more urban and the city’s urban complexes becoming more marine (Couling and Hein, 2020).

Africa’s sea trade and seaport expansion have consistently grown resulting in an increase in port capacity and efficiency (Gidado, 2015; Olukoju, 2020). This has been aided through implementing global maritime technical advancements, attaining transportation efficiency, attracting international investment, and increasing global trade revenue streams. Simultaneously, there is an increasing demand for port cities to become more sustainable, while concurrently governments continue to invest in seaports that serve as maritime gateways, strategic economic points, and infrastructure nodes for their countries and regions. Unlike that in developed nations, in developing countries, and regions within Africa’s Western Indian Ocean (WIO) remain challenged in terms adopting and implementing technological enhancements to improve productivity and sustainability (Hoyle, 2000; Gekara and Nguyen, 2020; Olukoju, 2020). Such practices serve as key friction points that pit economic outcomes against an emergence of greater environmental awareness and social pressures. The spectra of economic, social, cultural, and environmental challenges presented by port cities vary and often reflect their development trajectory that explain their degree of intimacy in functions over time (Couling and Hein, 2020; Lacalle et al., 2020; Hein, 2021; Moretti, 2021b) and the significant capital required to transition towards more sustainable practices.

Port and city systems have been studied in recent decades as dissociated entities (Hoyle, 1989; Hesse, 2018). Conventional port impact studies have two main shortcomings. First, they position port interactions as static entities that focus only on port impacts, ignoring the future effects of port development, changes in port operations (e.g., automation), and uncertainties (e.g., climate change impacts) influencing the port city system. Secondly, they overestimate the benefits of ports and their immediate social, economic, and environmental effects, while underestimating their negative impacts (Musso et al., 2011; Halpern et al., 2012; van den Houten, 2017; Couling and Hein, 2020).

More recently, the use of indicator-based approaches to assess and report on sustainability has emerged including frameworks for port cities. These methods are well-established and widely employed (Xiao and Lam, 2017; Lam and Yap, 2019). Common across many port city sustainability reporting approaches are Driving force-State-Response (DSR) and Pressure-State-Response (PSR) sustainability frameworks. In addition, the systems analytical framework (SAF) focuses on the port-city relationship. SAF is based on an integrated assessment of the port and city subsystems for a more holistic approach (Bossel 1997; Lundin 2003). The newer thematic-based frameworks incorporate indicators based on three main categories: economic, social, and environmental (Xiao and Lam, 2017). Such approaches align with globally recognized sustainability reporting tools including the CSD United Nations Commission of Sustainability Development (2007), Global Reporting Initiative (GRI) (2011) and Warhurst (2002). Moreover, according to Xiao and Lam (2017) and Lam and Yap, (2019), the utility of higher level sustainability reporting frameworks for assessing national and regional sustainability progress, is demonstrated by existing sustainability studies such as GRI, Millennium Development Goals (MDG) indicators (Global Reporting Initiative (GRI), 2011), Sustainable Development Goals (SDGs) (CSD United Nations Commission of Sustainability Development (2007)) and the OECD Key Environmental Indicators (OECD, 2004).

For marine and coastal sustainability, the DEDUCE project1 by the European Union (Martí et al., 2007), uses indicators to measure sustainable coastal development from social, economic, and environmental perspectives. In the WIO region, the climate and ocean risk vulnerability index (CORVI)2 measures ecological, financial, and political risks across 10 categories and 96 indicators to elucidate the climate risks and vulnerability issues that WIO region coastal cities face. These approaches reveal how indicators can drive actions to communicate and support more sustainable practices (Lundin, 2003). Therefore, in this study, we adopted a blended mix of the SAF approach as applied by Xiao and Lam (2017) in consideration of the SDGs, GRI, OECD, DEDUCE, and CORVI approaches for a port city framework centered on coastal and marine sustainability.

Customized indicator-based multidimensional port-city sustainability studies are well-established in developed countries (Bell and Morse, 2018). Research by Wang and Zhao (2016); Schipper et al. (2017); Xiao and Lam (2017), and Zheng et al. (2020) have been applied to specifically assess the sustainability of port cities in developed countries. Owing to the uniqueness of the port and city issues in the Global South3, the knowledge from the Global North (GN) might not be extensively and widely transferable to Global South regions, despite its prevalent applicability. Sustainable development policies of the Global South often mirror those of the Global North (Zheng et al., 2020). Global South sustainability indicators have a myriad of varied territorial, historical, environmental, socioeconomic, sociocultural, and geographic settings (Leimgruber, 2018) that differ from their more wealthy and developed counterparts. Yet, critical scholarship assessing GS and Africa’s port city and marine environment sustainability is still sparse. In addition, a majority of existing port city and port hinterland studies do not consider the land-sea continuum (Ducruet and Berli, 2018).

Port city development in the WIO region, Africa and the GS is an ongoing spatial and temporal process that impacts spatial, social, economic, and ecological dimensions. Large-scale infrastructure projects, such as port expansion for operational efficiency and competitive positioning (Hoyle, 2000) in port cities like Durban, South Africa (Foulds, 2015; Naicker and Allopi, 2015; Mpungose and Maharaj, 2022) and Mombasa, Kenya (Hoyle, 1999) are on the increase and will continue to do so. However, such plans have significant impact on the spatial configuration, socioeconomic development, and marine ecosystems of nearby cities. These impacts include rapid urbanization, and the proliferation of urban settlements, resulting in unplanned urban sprawl (Owei et al., 2010) as populations migrate to cities seeking employment and improved living conditions. This can have negative environmental effects on the host city and community, such as their impacts on land, coastal, marine and atmospheric pollution (Hiranandani, 2014; Hein, 2021; Hossain et al., 2021), making port and city sustainability studies imperative.

Based on this background, this study proposes an indicator-based approach that can identify a combination of relevant port city sustainability and marine management practice indicators in the WIO region and the GS. We aim to contribute to the literature on sustainable port and city indicator frameworks that exist but are currently limited (Hossain et al., 2021), especially in the WIO region and the GS. We argue that current sustainable ‘port city development theories’ are predominantly based on the GN perspectives, yet the GN and GS vary geographically and contextually. Limitations of adopting indices from the Global North to the Global South exist, given their differing ecological, political, and technological factors. Moreover, there is a paucity of research seeking to reveal the extent to which the port city’s social, economic, and ecological aspects impact both its surrounding land and sea, in the WIO region of Africa, and within the Global South countries. The knowledge gap regarding differences in contexts and drivers in different regions of the Global South constitutes a major challenge for sustainable port city development (Morel et al., 2013; Lam and Yap, 2019) which underpins this paper.



2 Concept of sustainability



2.1 The concept of sustainable development

Sustainability is regarded as the concept that looks at the ability of the current generation being able to utilize resources to meet their needs whilst not compromising the ability of future generations to meet their needs as adopted from the Brundtland Report of 1987. It emphasizes the social, economic, and environmental aspects of development into a combined trilogy of desired outcomes. Thus, port cities must have a well-defined method of ensuring their sustainability is promoted and upheld. Concerning ports, the International Maritime Organization (IMO) has developed a series of conventions and protocols that regulate the operations of maritime vessels in the marine ecosystem.

The United Nations (UN) has played an essential role, working to help many countries to improve their situation and conquer the current and future challenges to sustainable development. In September 2015, the UN introduced a forward-looking approach: the Sustainable Development Goals (SDGs), to meet the increasingly serious opportunities and challenges in the field of global sustainable development (Raszkowski and Bartniczak, 2019). The SDGs establish three aspects of framework arrangements: global economic growth, social equity, and ecological protection with a set of 17 goals, 169 targets and 244 indicators to be achieved by 2030. Overall, the SDGs are intended to be universal with a shared common vision of progressing toward a safe, just, and sustainable operating space for human societies (Mair et al., 2018). Many studies that evaluate port and cityscape sustainable development, consider several sources on SDGs, mainly Goals 9,11,12, 14 and 15 (Verhoeven et al., 2020). Port cities play a key role in sustainability because they are not only centers of economic activity but also important hubs of the transportation network. Sustainable relations between ships and ports are an emerging development in discussions on port city sustainability. For port cities to be sustainable, ports must be sustainable. It is anomalous that processes for port sustainability are independent of their surrounding cities (Schipper et al., 2017; Karimpour et al., 2019; Kong and Liu, 2021). In recent years, attention to the sustainability of ports and port cities has increased. Ports are increasingly orienting their environmental endeavours toward energy issues and are pressured to reduce their global emissions (Bjerkan et al., 2021). The review of available frameworks for assessing sustainability was the object of articles and studies such as those of Huang et al., 2015.



2.2 Land-sea interactions: Sustainable port-city relationship

There has been an effort to understand the influence and interactions of ports and cities from a land-sea dimension given their coastal setting and their impacts on sustainability. Zheng et al. (2020) attempt to test the interconnected relationship between port activities, urban competitiveness and their impacts on marine environments. Reconceptualizing sustainable port cities and their hinterlands requires understanding the activities, states, and futures in the context of the land-sea interactions framework (Couling and Hein, 2020). Land, sea, and people are a trilogy of the characteristic of coastal communities and their environments (International Federation of Surveyors (FIG), 2010). Activities on land impact the sea and activities in the sea impact the land. Port and coastal cities are urban centers where terrestrial, marine and human resources have a high level of interaction (Chua et al., 2006). Ports and their surrounding urban regions, therefore, play a vital role in the ocean economy development. Kidd (2018) present a general framework for exploring issues in Land-Sea Interactions in ocean governance. LSI is a complex process involving dynamic processes across the land-sea interface (Kidd, 2018). This involves natural processes and their interrelationships between human activities in this zone. LSI can be addressed through reconciling development with the good ecological health of marine resources. Integrated Coastal Area Management (ICM/ICZM) and Marine Spatial Planning (MSP) are two key strategies that link environmental, social, and economic aspects within the land-sea continuum (Ehler and Douvere, 2007; Ehler et al., 2019). Conversely, Lainas, 2018; Ronco Zapatero, 2018; Friess and Grémaud-Colombier, 2021 have identified three broad categories for LSI evaluation namely environmental, socio-economic, and technical paradigms. These provide the scope in terms of maritime sectoral identification which are inputs in the marine spatial planning process.

Figure 1 illustrates the dynamics of LSI and relates to the ocean planning and governance arrangements, and what these interactions mean for landward communities and the marine ecosystem. These critical socio-economic interactions are both land and sea based. Maritime uses such as ports and shipping, utilise land-based installations while their related utilities like port expansion extends into the sea. In order minimize potential use conflict and enhance synergies, sustainable ocean planning and governance requires understanding of associated individual and cumulative impacts of these intricate interactions as an integrated whole (Kondratyev and Pozdnyakov, 1996; Kidd, 2018).




Figure 1 | Conceptual framework of a port city in the embedded in the land and sea interaction.



Existing literature on assessing port city performance and progress towards sustainability, prescribes focusing on indicators that evaluate key functional and operational interactions occurring between aspects of the port development operations within the port and city systems (Merk, 2013). These systems are recently perceived as the port cityscape- a spatial unit of matted port related spaces in a port city region embedded in the land-sea continuum (Couling and Hein, 2020). Major recurrent thematic areas of port city performance include;1) Port development on issues such as port-throughput; value-added port area; efficiency index; 2) Port-city development; GDP per capita, population size and growth rate, unemployment rate; 3) Transport; transport spatial impact, motorway network density; railway network density; 4) Spatial development aspects; coastal land occupation, the land surface of the port area, urbanized area; 5) Environment- water pollution by port activities, waste generation and treatment, air quality and concentration of pollutants, CO2 emissions per capita, population exposure to PM2; 6) Heritage and cultural impact; 7) Communication and 8) Institution and governance (Merk, 2013; Merk and Dang, 2013; Xiao and Lam, 2017) (Table 1). Similarly, Kong and Liu (2021) posit that ports and cities have interrelations in the economy, land use, logistics, port-city spatial relationship, port-city economic development, and the port-city interface (Kong and Liu, 2021). These relations afforded the development of a two-stage interaction model of port cities with the overall goal being sustainable port city development as highlighted in Table 2. Moreover, the five World Ports Sustainability Program (WPSP) themes on sustainable ports aligned to the SDGs include; 1) Resilient infrastructure; 2) Climate and Energy; 3) Community outreach and port city dialogue; 4) Safety and Security and 5) Governance and ethics (Verhoeven et al., 2020) proved beneficial in the selection of port city sustainability indicators. In this paper, guided by the WPSP themes, the criteria in Table 1 and Table 2 were highly considered in the proposed port-city sustainability indicator framework.


Table 1 | Port-city performance indicators in literature.




Table 2 | Criteria for sustainability evaluation of port-cities.





2.3 Port city governance: Stakeholder perspectives and interests

Governance is an integral part of sustainable port city and marine management. The decision-making process within a port city system is complex (Lam and Yap, 2019). There are multiple conflicting interests and perspectives of actors operating within the port city interface embedded in the Land and Sea spaces (De Langen, 2006). These stakeholders can be profiled depending on their space of interest, thus land and sea (Crossland et al., 2005). The group’s roles range from development issues at various authoritative levels. These stakeholders come from diverse backgrounds with multiple interests and competing resource uses and values (Crossland et al., 2005; Lam and Yap, 2019). Port city-related actors and stakeholder groups range from public sector, market players/cooperate bodies and community interest groups striving to achieve their multiple objectives through decision-making. Achieving sustainable port city management focuses on the interest of port city actors and stakeholders involved in the development of the port city interface and its marine environment, and the need for fostering lasting relationships and coalitions between them (Daamen, 2007; Matusiewicz and Rolbiecki, 2021).




3 Methodology

Exploratory methods were applied to comprehensively assess existing literature on the sustainability of port city systems and their marine environments. Thematic combinations were used to ascertain baseline priorities for top environmental management issues to link environmental impacts associated with port city activities and operations. From the literature, the causal relationship between the indicators was adapted using the Casual Network (CN) approach. This method is the most common framework for selecting and expressing the relationship between indicators and is a combination of a series of causal loops, such as the pressure–state–response (PSR) framework and its transformations: the driving force–state–response (DSR) and the driving force–pressure–state–impact–response (DPSIR) (Niemeijer and de Groot, 2008).



3.1 Systematic literature review

A systematic Literature Review (SLR) was utilized to identify and explore key factors to consider when selecting the indicators for the sustainable port-city indicator framework. The Cochrane Collaboration guidelines for qualitative research were followed to search, establish inclusion criteria and for data extraction (Booth et al., 2011; Noyes et al., 2011). The paper evaluates the importance of each indicator in the context of port cities in Africa’s WIO region and Global South. Further, it suggests a support framework for making related sustainable decisions therein. The following criteria were used for selecting indicators: (a) scope (selecting indicators that fit into the main aim and targets of achieving port-city sustainability and marine management); (b) relevance (selecting the most suitable indicators for a specific study subject); (c) data availability (considering the accessibility of data); and (d) quantification (considering the quantification capacity of an indicator as a selection parameter or reference value for making comparisons).

Data collection and sampling strategy employed the STARLITE mnemonic (Booth, 2006; Moscou et al., 2016) meaning S-Sampling Strategy; T-Types of Studies; A-Approaches; R-Range of years; L-Limits; I- Inclusion and Exclusion criteria; T-Terms and E-Electronic Sources. A purposive sampling strategy was applied to determine the themes of interest to the study. All Types of studies peer-reviewed journals, grey literature, dissertations, organizational websites and reports, databases and websites on key related themes like port city sustainability and ocean stewardship were utilized. Approaches applied included scoping of internet searches, abstracts, citation searches and reviews, and thematic and comparative analysis. The range of years included information sourced from 1987-the initial timeframe of the concept of sustainable development to 2021. Limits- considered WIO region countries and developing countries and to port city sustainability indicator frameworks. Inclusion and exclusion criteria were used to identify articles included and excluded centered on relevance. Based on scoping review, major inclusions were abstracts, articles, documents, studies, website resources on sustainable development, sustainability indicator frameworks, port-city systems and WIO port-cities. Terms used include thematic aspects defined within the study. The following keywords were used for searching the literature: “Port city systems”, “sustainability assessment of port city”, “Sustainable development of port cities”, “Land and Sea interactions for port city systems”, and “Environmental monitoring of port city”. Electronic sources based on internet data of published, peer-reviewed literature were mined from the Scopus database (Figure 2).




Figure 2 | Workflow of criteria for port-city sustainability assessment criteria.





3.2 Sustainability dimensions and thematic combinations for port city indicators

Sustainability frameworks are often multidimensional synergizing the environmental, social, economic and governance aspects which enables a holistic process of development (Moussiopoulos et al., 2010). Adding governance as the fourth dimension of sustainability is fundamental to supporting coastal and marine management (Karnauskaitė et al., 2018). Ports have received increasing attention because of their environmental burdens. Therefore, green port policies are a major focus of sustainable port operations (Lawer et al., 2019; Lozano et al., 2019). (2020) highlight top environmental management areas and thematic contributions dealing with environmental impacts associated with port activities and operations. According to Bjerkan et al. (2021), for a port to achieve sustainability, top five baseline priorities in ports surveyed by ESPO 2020 (Table 3), were considered in this paper. These align with the five WPSP themes on sustainable ports (Verhoeven et al., 2020). Sustainability dimensions and thematic combinations were used for parameter and indicator measurement (Table 4).


Table 3 | Top Five Priorities in Ports Surveyed by ESPO (2020).




Table 4 | Parameters and Indicators Measured.





3.3 The causal network- structure and relationships for port city indicator selection

Determining a Causal Network (CN) association remains important for strategic actions; however, this can be challenging. Pakzad and Osmond (2016) reveal the dependency and interrelatedness of indicators. A causal network is a common framework of choice for indicator selection by various organizations such as the OECD (Pakzad and Osmond, 2016), which also supports result interpretation. To express the inherent indicator relationships and interactive process between the port city systems and their marine environments, thematic combinations used are converted into a causal network. We applied the CN to the DPSIR framework of the indicators to depict the innate relationship between indicators of the complex port-city-marine ecosystem connection. The sustainability dimensions and list of indicators were transformed into a CN diagram.



3.3.1 Drivers-pressures-state-impact-response framework

The DPSIR is a decision support tool that reflects the relationship between the environment and other factors such as society, economic development and human behaviour on the use of resources and the ecological environment (Gregory et al., 2013; Wang et al., 2018). The model has proved beneficial in illustrating internal relationships, connections and interactions among components (Jiao and Wang, 2020). The model can integrate sustainable indicators into several dynamic elements and explain the connection between them when used to evaluate ecological sustainability. To achieve the marine ecosystem-centered indicator-based approach proposed in this paper, the DPSIR has been used.

The analysis of the interactions employs the DSPIR conceptual framework that was developed by the European Commission in the 1990s. This is used to determine and assess the links between human pressures and state changes in marine and coastal ecosystems (Patrício et al., 2016; Wang et al., 2018). The framework seeks to link applied science and management of human uses to an ecosystem-based approach, specifically, the sea and coastal zones by extension (Gregory et al., 2013; Gari et al., 2015). Human activities along the coasts are considered the primary driving force of the change in the coastal ecosystem.

Determining and assessing the links between different SDGs and respective indicators in port cities remains a challenge. Although there are several conceptual frameworks for describing these links, the DPSIR framework has been widely adopted (Patrício et al., 2016). According to the framework, there is a chain of causal links starting with ‘driving forces’ (economic sectors, human activities) through ‘pressures’ (emissions, waste) to ‘states’ (physical, chemical, and biological) and ‘impacts’ on ecosystems, human health, and functions, eventually leading to ‘responses’ (prioritization, target setting, indicators). These causal networks explain the balanced interaction between human activities and natural resources which demonstrates sustainability (Supplementary Table 1). By using the DPSIR framework to evaluate sustainability, it can integrate the sustainable indicators into different dynamic parts and can explain the interaction between each part (Figure 3).




Figure 3 | Interlinkages of the DPSIR framework components.



The conventional way of analyzing port growth has always used the population and port cargo throughput as a benchmark. Most port development studies emphasize the economic aspects and logistical flows of port cities and often neglect the vital functions that oceans serve in forming urban and regional agglomerations (Couling and Hein, 2020). Concerning coastal areas, the DSPIR framework has previously been advanced concerning sustainable development. This, however, has gaps as it focuses on socio-economic constructs with little emphasis on green growth strategies that consider well-being (Gregory et al., 2013; Wang et al., 2018). The biophysical aspects of coastal systems are characterized by constant change. Both natural and anthropogenic drivers lead to material and resource fluxes across the land-sea interface (de Alencar et al., 2020). The result is the identification of a combination of sectoral categories that inform the identification and evaluation of coastal sustainability parameters as highlighted below (Figure 4) integrated into this paper.




Figure 4 | Combination of sectoral categories for coastal sustainability framework.







4 Results



4.1 Systematic literature review results

A total of 1,666 articles were obtained from the Scopus database of which 52.6% were peer-reviewed research articles, 31.6% were conference proceedings, 7.3% were book chapters and 8.5% were other forms of publications including letters, notes, etc (Figure 5).




Figure 5 | Results of scopus database search by publication type.



Using the keywords “Port city systems”, “sustainability assessment of port city”, “Sustainable development of port cities”, “Land and Sea interactions for port city systems”, and “Environmental monitoring of port city”, a total of 1,934 publications were yielded. Port city systems 651 (34%), Sustainable development of port city 462 (24%), Land and Sea interactions for port city systems 268 (14%), Sustainability assessment of port city 223 (11%), Environmental monitoring in a port city 330 (17%) (Table 5).


Table 5 | Results of corresponding search words.



Publications on port city systems and marine sustainability in the Global North and Global South are greatly varied. Most studies in this discourse are skewed toward the port city-systems of the Global North. Based on key search words “Port city systems by country” in the Scopus database used in this paper, top twenty-five (25) country port city systems emerged. Global North countries of USA (3312), China (1681), and Canada (894) emerged as the top three (3) most researched, while, on the other hand, Global South countries of Saudi Arabia (237), Chile (235) and Argentina (227) emerged as less researched (Supplementary Material Figure 1). In the WIO region, South Africa (441) dominated the publications. Similarly, with the search words “marine sustainability by country”, top (25) countries emerged. GN countries of USA (2993), Australia (1493), and England (1154) were the top three (3) most published by country while Chile (238), Greece (237) and Mexico (226) emerged as the bottom three (3) (Supplementary Material Figure 2). Among these publications, very few came from the WIO region with South Africa (287) leading having publications focusing on sustainability assessment, sustainability development and environmental monitoring in port city systems. The cutting revelation was that most of the publications were focusing on global north regions with fewer publications targeting global south regions in this category too. The implication is that there is limited knowledge of sustainable port city planning and marine sustainability, monitoring and management in countries and regions of the Global South. This presents an opportunity for Global South countries to explore research opportunities in this field and build on existing knowledge.



4.1.1 Challenges and opportunities to develop sustainable marine-centred port cities in the Global South

According to reviewed literature, the development of ports and port cities globally is a source of great social and economic potential however, they face challenges. In terms of the economic output of ports, one ton of port throughput is associated with USD 100 of economic value added. On the other hand, an increase of one million tons of port throughput is associated with an increase of 300 jobs in the port in the short term and an average of 220 to 1500 jobs per million tonnes of port cargo (Merk and Dang, 2013).

The negative impacts of the ports on the environment are presented through emissions, traffic congestion, pollution, land–use conflict, a threat to the bio-diversity-through release of ballast water, and strain on the social well-being of the port city. A study conducted in the more developed port-city of New York saw the cost of road congestion range between USD 0.3 and USD 0.8 billion per year due to a 6% increase in freight volumes in the Port of New York with the issue being more pronounced in developing countries and emerging ports (Merk and Dang, 2013). Importantly, the turnaround time of ships in a port has an implicit direct relationship to the negative environmental impacts within the port city where a higher ship turnaround time leads to greater environmental impacts. Seaport and city congestion is the most prevalent problem for ports in East and Southern Africa, given that many cities grew around ports with roads running through the city areas (Humphreys et al., 2019).

In the WIO region, port city growth has been and will continue to be on an upward trend due to globalization and international trade. Durban, Mombasa, and Dar es Salaam Ports are ranked the busiest respectively (Vickers, 2012; Ngangaji, 2019). However, this development comes with a fair share of challenges to the socio-ecological setting of their adjacent cities. Some of the major problems cited especially for the WIO region ports emanate from port expansion including berth widening and deepening which also drives land-use changes. Port expansion-related challenges compromise global and regional competitiveness, which is detrimental to trade and socio-economic development in the WIO region (Naicker and Allopi, 2015). For instance, as the ports of Durban (Bracking and Diga, 2015; Mpungose and Maharaj, 2022) and Mombasa continue to expand, residential land uses are overtaken by port-related activities and functions such as truck yards and shipping garages. Spill over effects are felt in the adjacent city’s spatial configuration, socio-economic development, and marine ecosystem (Mpungose and Maharaj, 2022). These include urbanization which inherently translates to socioeconomic vulnerability (Celliers and Ntombela, 2015). This contributes to ecological pressures such as atmospheric (noise and air) pollution, solid waste pollution, increase in sewage and effluents that harm the environment especially marine ecology (Mather and Reddy, 2011; Bond, 2014; Martel, 2016). Ecological degradation makes these cities the centers of biodiversity loss due to marine vessel emissions such as ballast waters and freight activities. Ballast waters carry invasive species to a new destination which can cause devastation to ecological species (Musso et al., 2011; van den Houten, 2017). City pollutants in the Port of Durban end up in the harbour port, after heavy rains as it comes through the storm water (Molelu and Enserink, 2018). Water pollution from dredging, accidental oil spills, accidental container spillage, and microplastics is a growing concern. Regulating pollution and waste management are within the local governments ‘jurisdiction, however, the port also has laws regarding pollution that need to be adhered to. Moreover, for port cities in the WIO region, the proliferation of urban settlements resulted in urban sprawl as populations migrate to port cities seeking employment and improved living conditions. Increased traffic flows and congestion due to port functions (Browne et al., 2017) is also a challenge that comes with urbanization in port cities and affects the urban populations’ quality of living (Merk and Dang, 2013; Knatz, 2017; Woxenius, 2017; Olusegun Onifade, 2020).

Moreover, port cities of the WIO region are at the frontline of climate change due to their location in the coastal zone. Their geographical position makes it necessary for them to build climate resilience due to their high exposure to climate extremes (Tsatsou, 2015). It remains a challenge for port cities in the WIO region to build resilience and adapt to climate change because of the complex infrastructural, environmental, social, ecological, economic, political, and planning perspectives that are present. Most coastal zone areas have been integrally termed as one of the most endangered areas in the world. Pollution, eutrophication, urbanization, land reclamation, overfishing, and exploitation continuously threaten the future of the coastal environment. This is further compounded by climate change uncertainties (Tsatsou, 2015).

In addition, port and city planning and governance face recurrent drawbacks due to the complex nature of stakeholders and institutional arrangements. The city operates at the sub-national scale where management is by local authorities while the port operates and is managed at the national scale. The sea basin management jurisdictions intersect between the local and the national authorities. This often results in conflict of co-ordination and co-operation of management and planning for port cities in the global south and WIO region (Molelu et al., 2021). Most WIO port and city plans are not complementary, and the situation is worsened by the urbanization and local government’s capacity to provide infrastructure to support urban dwellers and port activities/functions in the city. Odhiambo, 2018, noted that the growing scarcity of prime locations, increased environmental constraints, limited space for sustainable port expansion, and uncertainty about the impacts of climate and technological change remain fundamental challenges that require planning.

Globally port cities cut across global chains, especially in global trade and maritime sectors. The interconnectedness and unique nature of port cities of the global south countries, make it important to develop an indicator-based approach that can be used to assess their sustainability as they scale up their growth to match other developed port cities in the world. The collaboration of stakeholders in the port city interface, including public agencies, maritime stakeholders, port users and authorities, and parties responsible for land outside the port areas, needs to be better coordinated and formalized across ports in the developing regions.




4.2 Existing themes for sustainable port-city indicator framework

Themes as an analytical tool are used to generate knowledge about the complex nature of sustainability. The United Nations Commission on Sustainable Development (CSD) constructed a sustainability indicator framework that is divided between the four pillars of sustainable development for the evaluation of governmental progress toward sustainable development goals (Osborn et al., 2015), a similar approach applied in this paper. The priority thematic areas, as revealed by a systematic literature review on sustainable port-cities, consider the operations and functions of a port city system comprising two sub-systems: the port sub-system and the city sub-system. This approach helped shape the theoretical framework that this paper employed in identifying the indicators. Therefore, based on existing literature (Xiao and Lam, 2017; Darbra Roman et al., 2020; Zheng et al., 2020; Bjerkan et al., 2021; Kong and Liu, 2021) thematic categorizations and combinations were developed for this paper (Table 4).

The four sustainability dimensions by CSD (economy, society, governance, and environment) of port cities were adopted as summarized by various scholars (Figure 4). The analysis and coding of recurrent themes in the literature demonstrated three major outcomes that were consistent across the board: economic growth; environmental sustainability; and social wellbeing. Governance and politics were also viewed as an enabler of sustainable port-city development. Similarly, the causal factors for a sustainable index are tied to these sustainable development themes. They are structured in a manner that for one to qualify as a causal factor they:

	i. Are imperative for national, regional, and local policy regarding sustainable development.

	ii. Can promote port efficiency.

	iii. Can impact the economy in the marine environment while considering principles of sustainable ocean governance and stewardship.

	iv. Have the ability to contribute to climate change mitigation and adaptation.

	v. Have ecological and social effects on development.

	vi. Impact the quality of life within the port city.



The analysis and results reveal these aspects guided by the themes and their overall utility in indicator selection to bring about the causal relationship along the continuum.



4.3 The causal relationships for sustainable port-city indicator framework

A total of 78 multidimensional indicators were selected to assess port-city and marine sustainability in the context of the land-sea continuum. The fundamental structure of the causal network was based on measuring the basic causes that need to be considered for the development of an effective port city sustainability assessment indicator framework (Figure 6) within developing countries. The land and sea interactions approach were used as a major consideration for indicator identification and selection. Other considerations included SDGs and their targets. Central to this framework is the aspect of port volume growth, and expansion in the Global South, as a distinguishing driver of port city development. Other related key drivers included employment based on port and shipping industries, fisheries, tourism, population growth and port city culture and heritage (Supplementary Material Figure 3). For global south countries, ports are still experiencing growth and development. The selected indicators are derived from this narrative. The causes integrate four pillars: social-cultural, economic development, governance and politics, and environmental management. A causal factor to an indicator is defined as a cause with numerical value derived from actual measurements of pressure, state or ambient condition, exposure, or human health or ecological condition, over a specified geographic domain, whose trends over time represent or draw attention to underlying trends social, economic, and ecological conditions (Lundin, 2003; Singh et al., 2009). An informative choice of sustainability indicator cause would be the measure of the indicator or cause concerning the economic output (e.g., gross domestic product (GDP). There was a strong recognition of the social-cultural, economic, and environmental role port development plays in human health and wellbeing in the DPSIR framework (Singh et al., 2009). Dependent on data availability of the indicators in the proposed framework, this approach provides scope to assess the practical application and achievability of selected indicators to quantitatively assess sustainability performance across the uniquely varied yet similar coastal contexts of the GS port-cities.




Figure 6 | Sustainable port city indicator framework for Global South countries.





4.3.1 Linking the DPSIR framework outcomes to land and sea interactions and SDGs

Policies and global development strategies are cognizant of the fact that there exists a close relationship between development and the environment. Port cities and the surrounding natural environment with urban cities exhibit tendencies to adapt and transform the natural interaction between land and sea (Couling and Hein, 2020). The current global debate on SDGs warrants consideration today and the future generations’ requirements in current development strategies to achieve shared peace and prosperity. The DPSIR framework in this work illustrates a comprehensive approach that links its outcomes to LSI and SDGs. Notably, WIO countries fundamentally provide critical interaction between the development processes that engulf their ports surrounding environments. The increasing need to create interaction between land and sea and subsequent development is acknowledged in various policy documents. For instance, the European Union directive 2014/89/EU article 4 on Maritime Spatial Planning provisions commits that countries shall consider the uniqueness of the marine region’s land-sea interactions, their related socioeconomic activities and consider the future uses and their impacts on the environment, as well as natural resources and enhanced cross-border cooperation, per relevant provisions. However, in reality, these interactions between SDGs and LSI result in co-benefits and synergies (Selomane et al., 2019). In practice, however, the interactions between SDGs often result in tradeoffs and tensions, Jiménez-Aceituno et al. (2020) which to a greater extent overrides sustainable development.

The analysis of this work takes a deeper dive into the connection the DPSIR framework outcomes and the LSI have and their nexus to various SDGs. Notably, the main drivers of port development according to the framework in the port cities of WIO countries are primarily organized around the growing pressure for economic growth leading to growth in maritime trade, and logistics activities which address the need for responsible production and consumption (SDG12) and need to conserve and use oceans resources sustainably (SDG 14). However, if not taken with caution this tends to have a negative effect on biodiversity loss in the sea and on land. The port expansion thus affects life on land (SDG15) and life under water (SDG14) respectively. These initiatives put in place by WIO countries to ensure increased annual container port throughput, expansion of their berth length and a national economy based on shipping and port-based industries have a direct negative impact on the surrounding port environments in general.

Moreover, WIO countries are endowed with underdeveloped port cities among other challenges include unemployment. These challenges of giving citizens decent work and economic growth (SDG 8), coupled with poverty eradication (SDG 1) are a result of port city urbanization pressure on achieving sustainable cities and communities (SDG 11). WIO countries have recently experienced a great quest to address these challenges leading to the progressive evolution of their economies thereby causing ecological challenges including pollution in their urban environment and surrounding oceans. Moreover, intensive industry, innovation, and infrastructure growth (SDG 9) tend to result in progressive loss of biodiversity on land (SDG 15) and water (SDG 14). Other challenges are seen in the achievement of SDG 11 on sustainable cities and communities at the ports due to overall environmental degradation. Collaborative initiatives between port stakeholders including public agencies in maritime authorities, city managers, and actors are essential (SDG 16). Other emerging challenges in achieving SDGs include the over-exploitation of ocean natural resources with the evolution in urban development that negatively impacts SDG 14, and SDG 15 on life below water and land respectively.

Conclusively the World Ports Sustainability report (2020) findings mirror similar views of the major findings in this work regarding linkages of the DPSIR framework and LSI with SDGs. The seventeen SDGs offered linkages of port city sustainability with SDG 9 on industry innovation and infrastructure, SDG 8 on decent work economic growth, and SDG 11 on sustainable cities and communities standing out high priority SDGs where globally ports feel more inclined to demonstrate actions and progress on sustainability.





5 Discussion

The main argument of this paper is that indicator-based approaches for port city sustainability assessment and marine management in developing countries and regions such as Africa and the global south are still minimally researched. The dearth of research in this area has created an overreliance on indicator-based sustainability frameworks, largely designed for the more developed countries of the global north. Therefore, this paper highly sought to understand the difference in the varied contextual nature of port-city systems between the northern and southern hemispheres of the globe. After this select a combination of indicators that best evaluate the sustainability of port cities in less developed countries and assess their ocean stewardship practices. Existing literature illustrates that numerous indicator-based port city sustainability frameworks exist, yet few combinations focus on the poorer developing countries, therefore opportunity exists to create such a framework, which underpins this paper. The United Nations exhibits that when it comes to the implementation of goals by different countries there is a special need to give different degrees of attention and effort to the different goals and targets, depending on where countries are economically at present, their differentiated responsibilities, and their different capabilities and endowments (Osborn et al., 2015). The clear distinction between developed and developing countries is key in bringing forward tangible approaches toward clear policies not only on ports and cities but other sustainable development aspirations. Country sovereignty and governance structure come to play when the management and administration of their ports and cities. Most ports and cities are at different levels of development and are dynamic depending on their location. Moreover, to capture contextual aspects of a given port-city system, the existing framework is largely rooted in the land-sea interactions framework. The intermediate character of the operational and functional aspects of the different sub-systems that constitute port operations and development, urbanization, port-city dialogue, and community outreach and their related marine environments, thus key considerations should be made to capture these aspects. However, the complex and dynamic nature of these systemic interactions compounds the process of formulating an indicator-based framework.



5.1 The utility of using the DPSIR

The application of the land-sea continuum conceptual framework proved useful and exemplary in capturing the intense yet fluid and porous interactions of port operations, neighboring coastal areas and port-city encroachments across the land and sea thresholds. Furthermore, the application of the DPSIR framework proved beneficial in illustrating a more comprehensive strategy that depicts the nexus of the social, cultural, economic and governance advancements that oceans fundamentally serve to better appreciate critical interactions between the development processes that engulf an ocean, port city and its surrounding hinterland areas.

The DPSIR model illustrates a major concept of port-city sustainable development with the port city evolution and countermeasures taken by the decision-making community (Mao et al., 2014). The DPSIR framework demonstrated a more practical basis to integrate the dynamic yet complex dimensions of port-city development in the context of the land-sea continuum, a fundamental thesis of this paper. The DPSIR framework in this work demonstrates the internal relationship and influences between components (Chen et al., 2004). The framework proved effective in capturing direct links and interdependencies between oceans and port-city regions. This approach moved away from classic land-based port and city development studies to a more recentered lens that employs a profound comprehension of the port city as a whole unit in relation to the sea space activities in a more networked approach (Couling and Hein, 2020). The most notable advantage of using the DPSIR model in the field of sustainable evaluation research is that it emphasizes the causal relationship between the port development, urban evolution pressure and the countermeasures by the five elements restraining and influencing each other, in this context.

Many prior researchers built the DPSIR indicators system based on previous research findings or experiences. These markers differ depending on the research case, the evaluation objectives, and the context such as Global North and Global South (Liu W. et al., 2019). These differences have resulted in numerous controversies regarding the continuity of model indicator selection when subsequent scholars use the DPSIR model based on subjective judgment. Therefore, to avoid this quagmire the United Nations Social Development Goals were used to provide programmatic guidance in the selection of the indicators based on the local context of the global south. The study of port city sustainability encompasses various components cutting across different SDGs.



5.1.1 Drivers level

Scholarship on port-city sustainability reveals that the main links of the driving forces (D) of port-city sustainability are the development of society, economy, and population. The indicators at this level are associated with the socio-economic dimension of sustainability. The interactions between ports and land use are also part of a complex framework that includes economic, cultural, political, demographic and technological changes. The integral anthropogenic driver of development in the port cities of developing countries is primarily organized around the growing demand for maritime trade, shipping and logistics activities. The growth of ports and port cities causes an increase in “Annual container ports throughout” and a change in the “Annual containerization rate”. This leads to an increase in port and industrial expansion activities through land reclamation to extend berth lengths. Consequently, potential ecosystem and health effects arise from port expansion in global south countries which compromises port city sustainability. This implies a change and reduction in the total areas and health of critical biodiversity of semi-natural habitats such as mangroves, coral reefs, and seagrass beds. Ports and port cities of the global south are still developing. This is characterized by the growing influence of the existing maritime infrastructure which extends across the land-sea continuum. The land and sea relationship emerges as co-dependent. Infrastructure objects extend from both the land to the sea and sea to land. The port becomes more urban through alterations like land reclamation which encroach into the ocean. Moreover, growth in port-city and ports leads to an increased port-city economy based on offshore and on nearshore fisheries activities. This leads to a change in the “Annual rate of overfishing”, which leads to a decrease in marine resources indicated by red list coastal area species. This alters the marine ecosystem’s health by creating an imbalance.



5.1.2 Pressure level

The pressure (P) is the result of human activities on the marine ecosystem and safety. Some drivers are linked to multiple resultant pressures which create an interlink between the socio-economic drivers and the environmental pressures. The indicators at this level relate to the social-ecological dimension of sustainability. An increase in port expansion results in an increased “Total area of reclaimed land” in the port city and thereby “Volume of traffic on coastal motorways and major roads” is mainly driven by logistics-related enterprises. This impacts “CO2 emissions per capita” on the landside primarily due to an increase in port cargo carried by rail and road which causes an environmental burden. “Volume of industrial wastewater discharge” is mainly driven by port industrial activity. On the seaside, as port expansion occurs, elongated berths imply an increase in the size of ships and the amount of cargo docking. This, in turn, causes an increase in the “Ship CO2 emissions”. Likewise, growth in ports and port cities has a correlation with port-city urbanization, which results in a “Change in land-use intensity”, as well as an “Increased volume of solid and sewage waste generated from the port city”. This leads to an increase in “Ocean marine litter” and a change in the “Status of nearshore fisheries”. Similarly, as ports continue to expand, larger berths sizes are developed. This leads to an exponential increase in the number of larger vessels at the ports. This in turn results in an increased “Volume of ballast water” emitted. The “Number of species per habitat” is altered ultimately affecting the “Annual fish landings”.



5.1.3 States level

The third level of the framework is the state (S). It is the resultant status of the environment due to the exerted pressures along the chain. It is aligned with the socio-ecology or social and environmental dimensions of sustainability. In this case, it is the urban environment of the port city and marine natural resources with the evolution of urban development, at the pressure level. The port cities’ outcomes are because of port cities’ drivers’ activities and explorations. The DPSIR framework in this work emanates several resultant states mapped to the various pressures in the framework. Some of the states, just as in the case of pressures are caused by two or more related pressures due to the initial drivers’ origin. Among the priority, links are “Total area protected for marine conservation” affected by “Total area of reclaimed land” in a port city and thus increased dredging activities. This has a bearing on the “Annual change and health of critical biodiversities such as mangroves, coral reefs, and seagrass cover”. The sea becomes more urbanized through reclamation, there is an increase in the “Change in built-up land” of the port city. Also, the “Nearshore line water quality” is affected by the increased sediments or silt from dredging. This increased urbanization results in an increase in the “Population size of the port city” and built-up surfaces create a “Change in the coastal city built-up index”. This makes the port city susceptible to “Increased extreme weather events” such as flooding, “Change in surface temperature” and “Annual projected changes in sea-level rise” as impacts of climate change.



5.1.4 Impact Level

The impact (I) is mostly socio-ecologically manifested because of various human activities linked to the preceding three components of the framework from drivers, pressures, and states. These impacts can either be on land or sea depending on the concertation of activity. For instance, from the DPSIR framework, the expansion of port cities and ports because of demand for space for such expansion, will have significant change that includes the “Increased annual change of mangrove/coral reef/seagrass cover” representing their loss and degradation cover in coastal regions due to overharvesting of wood products, human settlement, and overfishing. This leads to the loss of marine natural forest cover which causes an imbalance in the marine ecosystem. Moreover, port activities from various port cities sectors like transport constitute “CO2 emissions from trucks accessing port”, “Rail operations CO2 emissions”, and “Volume of Port Green House Gases (GHG) emissions”, which are all associated as a portion of GHGs emissions from fossil-fuel combustion activities at the port and its expansion coupled with emissions from inland ships services, port operations, vehicles, and rail operations.

The “Increased urban population” at port cities and ports raises demand for goods and services which has a great impact on the marine ecosystem due to the “Increased rate of eutrophication”. This is the rate of pollution that occurs in marine waters when they become over-rich in plant nutrients due to an increase in the proportion of agricultural land use; consequently, the sea water becomes overgrown with algae and other aquatic plants constitute this phenomenon. When these plants decompose, they rob the water of oxygen the marine water becomes lifeless. In addition, nitrate fertilizers that drain from the fields, nutrients from animal wastes, and human sewage are also significant causes of eutrophication. They cause environmental and natural resource degradations, such as air and water pollution, in the port cities and marine ecosystems.

On the other hand, sea-related priority impacts include the “Annual rate of coastal erosion” which is the process by which local sea level rises, strong wave action, and coastal flooding which wears down or carries away rocks, soils, and/or sands along the coastline. The expansion of ports and port cities has made this erosion more severe through its expansion and destruction of coral reefs. Port growth and expansion in addition to most developing economies have seen reduced “Annual fish by-catch” which is the amount of discarded catch of marine species due to unobserved mortality caused by direct encounters with fishing vessels around the ports. These unintentionally caught species often suffer injuries or die leading to their sudden population reduction. In conclusion, the impact level in the DPSIR framework of port cities’ growth and expansion, and the effects of various drivers are felt as threats to the marine ecosystem. Each impact is a result of various states of the ecosystem that gives rise to the framework response to close the DPSIR framework tool.



5.1.5 Responses level

The response (R) spans the port city governance domain of the framework both on land and sea. The multiple perspectives, interests, and objectives of various groups within the port city are reflected in the spectra of the land and sea continuum. This level reveals the complex and competing interests of various port city actors and stakeholders within the port city interface. Ocean governance is concerned with integrating policy, actions, and affairs to protect the ocean environment, sustainable use of coastal and marine resources, and protection of biodiversity (Sujantoko et al., 2022). Measures taken by the various administrators involve examining the legal framework and institutional framework as a mechanism of implementation. These initiatives are usually in form of laws and regulations made for the smooth running and sustainable port city management. Some of these initiatives include “Enacted policy/plans on Integrated Coastal Zone Management” and conservation e.g: “Policy on marine spatial planning” such plans must consider the integrated nature of port cities thus the land-sea interface including governors and policy implementors and institutions to respond to these changes, such as the investment in environmental protection and urban protection and urban waste clearance rate, and pollutant treatment technology improvement. A single response could encompass several initiatives to combat various impacts. Some of the responses include, “Green port indicator plans”, “Port environment management system and plans”, “Port development and expansion plans” and many other policy initiatives that are initiated to guide framework administrators in the management and mitigation of impacts effects on port cities and their marine ecosystems.




5.2 DPSIR framework, LSI and SDG linkage opportunity

The main purpose of the DPSIR framework in this work is to promote sustainable development and to identify the utilization of land and sea space for different uses as well as to manage their harmonious interlinkages. The framework also aims at identifying and encouraging sustainable uses with great reference from SDGs provisions and following the relevant national policies and legislation, especially for WIO countries. To achieve this purpose, this work identifies guidelines for WIO countries to utilize and ensure that their port city planning processes result in a comprehensive framework identifying the different uses of maritime space and taking into consideration short, medium, and long-term changes such as climate change. The response level in the DPSIR framework provided an opportunity to link land and sea interactions with the Sustainable Development Goals (SDGs) as key governance actions required to achieve sustainable progress. These linkages serve as a guideline to monitor gains and gaps towards sustainable development. According to the United Nations 2015, the SDGs are intended to be universal in the sense of incorporating a universally shared common global vision of progress toward a safe, just, and sustainable space for all human beings to thrive on the planet (Osborn et al., 2015). To ensure conformity to these global set standards for sustainable development, the DPSIR framework in this paper draws on land and sea interaction and how ports and port city development impact coastal and marine environments. The framework mapped these indicators’ responses to several SDGs while considering the tradeoffs that should be noted in light of the practicality of cases across the board to avoid development frustrations (Lokrantz, 2020). Interconnection between the desired SDGs targets and the framework at large as response-related outcomes provides deeper insights and findings for this work. Overall, nearly all the seventeen (17) SDGs proved interlinked and showed nexus with the DPSIR framework and LSI. From the framework, however, “SDG 9 Industry innovation and infrastructure”, “SDG 11 Sustainable Cities and communities”, and “SDG 8 Decent work and economic growth” stood out as priority SDGs where ports feel more inclined to demonstrate actions and progress. Other priority SDGs include “SDG 6 Clean water and sanitation”, “SDG 12 Responsible production and consumption”, “SDG 13 Climate action”, “SDG 16 Peace Justice and strong institutions”, and “SDG 17 Partnerships for the goals” being of high prevalence. This work however highlights the aspect of an ideal world where the interactions between SDGs results in co-benefits and synergies as put forward by Folke et al. (2016). They note that in practice, the interactions between SDGs often result in tradeoffs and tensions, frustrating the achievement of sustainable development. Conversely, some of the main tradeoffs while striving to show progress, would be tendencies to loss in biodiversity both on land (SDG15) and in water (SDG14).




6 Conclusion and recommendations

Decision-making in areas of development in most global south regions faces complexity due to competing interests by stakeholders. Guided by the unique nature of ports and port-cities in Africa’s WIO region and the global south, economic development and rapid urbanization of cities will accelerate the consumption of urban land, energy, and natural resources. This will put a strain on the ecological environment, living space, and spatial comfort of urban residents. Therefore, the driving force (D), pressure (P), and impact (I) are all negatively correlated with urban sustainability. However, the state (S) is positive according to the DPSIR model while response (R) establishes the governance perspectives of all port city actors. By organizing and balancing these actors, this framework will aid and support effective decision-making input into public policy and bridge the science-policy gap based on the local context.

Moreover, the DPSIR framework illuminates the importance of the oceans as commons that provide an essential ecosystem service of trade and transportation. It illustrates the role and place of the ocean economy in our societies, and the need to better plan, prioritize and manage ocean resources and human activities such as port development and shipping activities in and around these spaces, for sustainable exploitation, utilization, and development. Numerous opportunities still exist for African oceans, and coastal port cities to develop and expand port operations. In doing so, secure a healthy ocean while creating wealth, and economic benefits for future generations through the formulation and implementation of a policy framework on port and port city-related waste management, port efficiency, and green port approaches.

To facilitate the development of sustainable port cities, it is important to adapt evidence-based approaches needed to measure and monitor marine health in the ocean systems, alongside the social and economic benefits and impacts, that must also be supported by robust governance processes. Presently, there is a limited but emerging awareness of the life-supporting roles that oceans play in the context of port city developments.

The sustainable port-city indicator framework developed shows the potential scope of considerations that can be useful in sustainable port city planning and development, particularly in developing countries. It is useful in operationalizing more synergistic, integrated, and holistic decision-making processes by considering all stakeholders across the four key dimensions (economics, governance, society, and environment) of sustainability.

At the drivers’ level, the framework reveals twelve (12) drivers that show port-city sustainable management, the main driving forces of port-city sustainability are the development of society, economy, and a population whose processes occur in the natural space of the land-sea continuum. Thus, proper coordination and policy interventions need to be anchored on these drivers to guide sustainable port city development and management while sticking to globally accepted guidelines on sustainable development. Although port cities of the global south encounter inherent common processes and development dynamics, country-specific parameters need to be adhered to as each country and region has unique geographical, socio-cultural, and economic aspects that might differ.

At the pressure level, several challenges are faced by global south countries which are related to emissions and other related environmental burdens. These challenges are exerted on the port and cities’ natural resources either on land and sea or in their neighborhood. In relative terms, pollution challenges exhibit the highest share of pressure with port and city growth. These challenges deprive ports and cities of sustainability in their quest for development and management. This speaks to the greater importance of multisector engagement in the policy dialogue on port and city development through the lens of ocean stewardship. Case by case approach to pressure management is key with borrowed experience from aspirator countries’ approaches blended into their policies and regulations for better outcomes.

At the state level, it is apparent that the pressures cause a significant change in the original state of the ecosystem in global south ports and cities. As evidence, growth in the ports and cities attracts global attention for business and trade which has a vicious cyclical effect on the marine and neighborhood ecosystems. This points to the broader engagement between all stakeholders to dialogue on the possible sustainable approaches to investment commitments. This would then support long-term sustainability for ports and cities. Considering these challenges are socio-ecological, the solutions to them need to factor in this aspect to maintain the ecosystem balance.

At the impact level, relaxed management of the current states brings about both observed and unobserved impacts on the marine ecosystem. From the discussion, these impacts are felt in all four dimensions of sustainability. For instance, in the socio-economy dimension, solutions to impacts need to be mirrored based on how society and the economy interact at all levels and this applies to the other dimensions to have seamless solutions to the impacts. Planning and strategy with adequate resources offer the best approach toward impact evaluation and subsequent provision of necessary solutions.

Governance and affiliated institutions mandated with the responsibility of managing ports and cities prove to be vital in providing a needed response to impacts as a result of port and city development. At this level, it is necessary to assess the burden of the impact and task the relevant institution to give needed guidance in addressing the issue. Resource allocation to these institutions plays a vital role in achieving effective results. Policies and regulatory frameworks that support smooth interaction between state and non-state organizations that support port and city development need to be well formulated.

The analysis further reveals the multiple SDGs achievements and tradeoffs with targeted responses that span from the root drivers at the beginning of the framework. The pressure levels unveil the associated effects of the drivers spanning economic, social, environment and governance. These pressures guide policy initiatives to govern the port cities in a broader space. The states which are the deviations caused by the pressures from the original case equal the outcome because of the pressure on the available resources. Among the port city dependence, the pressures are quite high which automatically causes resource scarcity if not well mitigated. There will be a lapse in the sectors whether at the port city or beyond. It is conclusively inevitable that some of the highlighted sustainable development goals and targets need to be particularly shaped and callibrated to express the needs and aspirations of WIO countries and others should be cast to express the responsibilities of the developed world to aid the development process of ports and cities in the developing world. The need to strike a balance for all port city ecosystems yields the need to ease the impact of these pressures. This calls for the responses which are to be matched to the impacts to minimize tradeoffs while targeting sustainable development. Ports and cities in global south countries and their marine management have a vast array of players and stakeholder linkages which require a seamless policy blend across all the dimensions putting into consideration specific countries’ unique economic, social and political statuses.

Future studies can explore the application of this proposed integrated port-city and marine sustainability framework to develop a composite index. The index offers an indicator-based assessment model to measure, quantify and monitor port-city sustainable development and ocean stewardship practices and their surrounding ecosystems of global south port cities.
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Footnotes

1DEDUCE meaning in full Développement Durable Des Zones Côtières Européennes.

2Stuart. J, Yozell.S and Rouleau.T (2020). The Climate and Ocean Risk Vulnerability Index; Prioritizing areas of action for coastal cities

3Global South- Broadly refers to a group of countries in regions of Latin America, developing parts of Asia, Africa and Oceania considered to be third world and low income (Dados and Connell, 2012). In this paper Global South refers to developing countries especially in the WIO region.
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The objective of this article is to present the contribution of migrant fishers to the supply of fishmeal factories in Senegal, The Gambia and Mauritania. The method consisted first of identifying migrant fishers and then quantifying the volumes of small pelagic fish they catch in the three countries studied. Then, an interview guide was submitted to more than 250 actors (migrant fishers and fishmongers) met in Banjul and Serrekunda in the Gambia, in Nouakchott and Nouadhibou in Mauritania, and in the fishing, centers located on the small Senegalese coast. These individual and collective interviews made it possible to estimate and determine the share of migrant fishers’ catches allocated to the fishmeal industry. Overall, the four groups of migrant fishers (3 Senegalese and 1 Guinean) identified in Mauritania and The Gambia catch on average more than 305,000 tonnes of pelagic fish per year over the period 2015 - 2018. Analysis of the marketing of their catches shows that almost 63% of the 305,000 tonnes, i.e. 192,000 tonnes of pelagic fish, are destined to supply the fishmeal factories of the three countries studied, while only 113,000 tonnes are distributed on the national consumer markets (fresh and artisanal processed). Of the 192,000 tonnes destined for fishmeal factories, two-thirds are sent to Mauritanian factories, with Senegal and The Gambia sharing the remaining third. Thus, important collaborations have been established in recent years between migrant fishers and the fishmeal industries. Indeed, the fishmeal industries improve the operating accounts of migrant fishers by ensuring the sale of their catches at more remunerative prices than on the local market at the micro level. However, when analyzed on a large scale, fishmeal industries exert a real pressure on the nutritional security of West African countries, as pelagic fish are the main source of animal protein in Senegal and The Gambia and have been over exploited in recent years. In addition, they prevent access to artisanal processing of their raw material. All these elements raise the question of the urgency of regulating migrant fishers catches on a regional scale and drastically reducing the share allocated to fishmeal processing in favor of local consumption.
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1 Introduction

West African coastal countries are facing the rapid emergence of fishmeal and fish oil industries (FaillerFerraro, 2021b; Dème, 2018). This emergence is linked to strong demand from external markets1 (Asian and European) and the availability of raw material, particularly small pelagic fish supplied by migrant artisanal fishers and national and foreign industrial boats (Failler et al., 2015a; Dème et al., 2021a). The catches by migrant artisanal fishers targeting pelagics in the Gambia and Mauritania are around 305,000 tonnes per year on average over the period 2015 - 2018 (Failler et al., 2020; Dème et al., 2021b). The catches of migrant fishers help to provide raw material for fishmeal factories in West Africa. This collaboration is remunerated at more attractive prices than those of the local market2 (Failler et al., 2015a; Deme et al., 2022a; Dème and Failler, 2022b). This large quantity of small pelagics fed into fishmeal factories by migrant fishers represents more than half of the fish processed annually into fishmeal in Senegal, The Gambia and Mauritania (Ba et al., 2017; Greenpeace, 2021). Despite the emergence of fishmeal factories and the significant growth in the quantities of small pelagic fish processed for the benefit of the European and Asian markets, no market regulation policy has been initiated by the States and the regional commissions. As a result, the net supply of small pelagic fish has declined significantly. In the long term, small pelagic stocks are threatened, as well as the survival of women processors in the sector (largely dependent on small pelagics) (Allison and Ellis, 2001). Recent work by CECAF FAO has shown that the pelagic fish stocks in the northwest area are at unsustainable levels, fully exploited or overexploited depending on the species. They even recommend banning the use of sardinella for fishmeal processing. In addition, West African migrant fishers make 20% of the catches in the EEZs of coastal countries without this being explicitly considered in national statistics (Failler et al., 2020). In recent years, regional research projects acting on an ad hoc basis have made it possible to monitor statistics on the volumes caught by migrant fishers Thus, without a clear vision of the volumes caught each year by migrant channels, coastal states cannot effectively engage in a process to limit the supply of fishmeal and fish oil factories on the local market.

The objective of this article is to quantify, for the first time, the volumes of small pelagic fish landed by the Senegalese and Guinean migrant fishers in the fishmeal industries of Senegal, The Gambia and Mauritania. The results are based on fieldwork with national research institutions in the three countries and with migrant fishers and fishmongers in order to gather unpublished information. The method consisted firstly of identifying the various migrant small pelagic fisheries sectors in Mauritania and The Gambia. Then, interviews were conducted with migrant fishers and fishmongers to obtain the average percentage of catches destined for fishmeal factories. This work was carried out for each of the four sectors identified. By applying the fish/meal conversion ratio (4 kg of fish for 1 kg of meal), the quantity of meal from the annual supply of migrant fishers was determined. Finally, the results of this study and the scientific literature were used to discuss the issue of the emergence of fishmeal industries in West Africa and the consequences for the sustainability of small pelagic stocks and the nutritional security of developing countries.

This work differs from the recent recounting exercises of the catches of the migrant fishers carried out in 2012 (Failler and Binet, 2012). They were limited to quantifying the volumes and values of the catches of the migrant fishers. This work goes beyond this quantification, on the one hand, by updating the data on migrant fishers, and on the other hand, by estimating with the migrant fishers and the fisheries administrations of the countries the share destined for fishmeal plants. By updating data that were previously unknown and not associated with the issue of the transformation of small pelagic and migratory fisheries into fishmeal, it contributes to a better understanding of the issues.

The article is structured in four parts. The first part presents a review of migrant fishers in West Africa targeting small pelagics. The second part presents the research methodology. The third part presents the importance of small pelagic species in the three countries. It also presents the catch volumes of migrant fishers and the marketing of the products. Finally, the fourth part discusses the emergence of fishmeal industries in West Africa and their collaboration with migrant fishers. It concludes with recommendations for a better management of migrant fisher’s catches, which should be oriented primarily towards the local market for the food security of West African populations and the sustainability of pelagic fish stocks.




2 Migratory small pelagic fisheries in Senegal, The Gambia and Mauritania



2.1 Characterization of the migrant fishery

Migrant fishing is an integral part of the West African fisheries landscape (Failler et al., 2020; Sall et al., 2021). Its importance has increased since the 1980s with the motorisation of pirogues, the use of isothermal boxes, and the loading of ice for fish conservation (Failler, 2020; Dème et al., 2021c; Binet et al., 2012). These technological developments have enabled fishers to acquire more powerful engines, increase the size of canoes, extend their stay at sea and exploit new fishing grounds. More recently, this migration is motivated by the depletion of marine resources in traditional fishing areas, migrant fishers and the availability of the resource in the host countries and the potential of their markets, both local and international (Dème et al., 2021c). Approximately 5,000 fishers from many nationalities are involved in migration in the seven countries of the Sub-Regional Fisheries Commission (SRFC) (Failler et al., 2020). Four migration departure points have been identified in the West African maritime space: Senegal, Guinea, Sierra Leone and Ghana (Failler et al., 2020; Dème et al., 2021c). Countries such as The Gambia, Mauritania and Guinea Bissau are the main host countries for migrant fishers (Dème et al., 2021b; Pierre and Ferraro, 2021; Failler et al., 2013). Sierra Leone and Guinea are both departure and reception countries for migrant fishers (Soumah et al., 2021).

Despite their significant roles to fisheries in the West African sub-Region, the catches of these migrant fishers are absent from various national statistics. Indeed, landing data collections in the West African countries does not consider the origin of the catches (Binet et al., 2012; Dème et al., 2021c). In this regard, Binet et al. (2012) mention that any fish landed is assimilated to a fish caught in the national EEZ. Finally, the attempt to set up a reliable national data collection system is challenged by the catches of unreported migrant fishers. This justifies the preliminary work of identifying and estimating the catch volumes of migrant fishers in the countries studied.




2.2 Identification of migratory small pelagic fish chains supplying fishmeal factories in Senegal, Mauritania and The Gambia

Recent work has identified more than 27 migratory pathways in the SRFC area targeting demersal, pelagic, ray and shark species (Tarbya et al., 2011; Dia, 2012; Failler et al., 2015b; Failler, 2020; Ly and David, 2021). Given that pelagics remain the raw material of the processing industries, the study focused on the migratory chains of small pelagics. Four types of migrant fishers3 are identified in the country’s studies. (Mauritania, Senegal and The Gambia). Thus, Mauritania has two Senegalese small pelagic fisheries: the one established in Nouadhibou for fishmeal production factories and the one located in Nouakchott within the framework of the RIM-Senegal fishing agreement4(Dia, 2012; Dème et al., 2021a). While the first group of migrant fishers has settled permanently in Mauritania and works exclusively for fishmeal factories, the second group is only present for one fishing season and landing their product on the Mauritanian and Senegalese markets. In the Gambia, two nationalities fishers targeting small pelagics are identified: they are Guinean and Senegalese migrant fishers (Jobe Ousmane, 2012; Dème et al., 2021a; Dème et al., 2021b).





3 Methodology



3.1 Study framework

Located on the North-West African Atlantic coast, Senegal, The Gambia and Mauritania share a maritime border (Figure 1). With Exclusive Economic Zones (EEZs) known to be rich in fish, fishing activity remains very important in all three countries (Tarbya et al., 2011; Dème, 2018; Dème et al., 2021a; Dème et al., 2021b). Small pelagic fish that constitute the raw material for fishmeal factories are particularly exploited by both artisanal and industrial fisheries (Failler et al., 2013; Failler, 2014b). Indeed, the physical and biological characteristics explain the strong presence of small pelagics in the countries studied (Cury et al., 2000; Ba et al., 2017). Small pelagic fish species mainly caught in the various study countries are flat and round sardinella (Sardinella aurita and maderensis), horse mackerel (Trachurus trachurus), mackerel (Scomber japonicus), Ethmalosa (Ethmalosa fimbriata), and anchovy (Engraulis encrasicolus) (Ould Sidi, 2005; Diankha et al., 2018). These species exhibit high migratory characteristics and therefore move among the studied countries (Figure 1). Migrant fishers from Senegal tend to follow the migration route of these small pelagic species (Failler et al., 2020).




Figure 1 | Distribution of small pelagics species and location of fishmeal factories in Senegal, Gambia and Mauritania5. (This distribution of small pelagics in Senegal, Mauritania and The Gambia has been done considering the opinion of the fishermen and the scientific literature). Source: Field surveys.



This explains why, over the past ten years, fishmeal industries have been gradually established on the West African coast, particularly in Mauritania, Senegal and the Gambia. According to information provided by the fisheries administrations, Mauritania, which had less than 3 factories in 2008, now has 41 functional factories with licences. The bulk of the factories are concentrated in Nouadhibou, numbering 33 compared to only 8 in Nouakchott. The number of factories is much lower in The Gambia and Senegal. The Gambia has 3 factories established on the sea front in Sanyang, Gunjur and Kartong. As for Senegal, the 9 factories that are counted are distributed between the centre (Dakar) and the small coast, precisely in Yenne and Joal (Avadí et al., 2018) (Figure 1).




3.2 Data source and analysis



3.2.1 Data on migrant fishing and the supply of fishmeal plants

Statistics on landings in Senegal, The Gambia and Mauritania do not specify the origin of catches. Any fish landed is considered as fish caught in the national EEZ (Failler, 2014a; Failler, 2020). Thus, national landings do not provide information on the volumes of catches made by migrant fishers. Data on migrant fishers were obtained through extensive fieldwork in the three countries studied between 2019 and 2021 within the framework of the project “Management and Resilience of Small Pelagic Fisheries in West Africa (GREPPAO)”. The process of quantifying small pelagics caught by migrant fishers is based on indirect resource assessment. It first consisted firstly of identifying and locating the various migrant fishers established in The Gambia and Mauritania and targeting small pelagics. After this first identification stage, the volumes and values of the migrant fishers were estimated, as well as the marketing process of the products. The estimation was carried out with more than 155 migrant fishers interviewed between Senegal, The Gambia and Mauritania (Table 1). The idea was to have an estimate of the average catch per fishing unit and per trip. This average estimate multiplied with the average annual trips and the total number of fishing units6 made it possible to quantify the catches of small pelagics by migrant fishers. Thus, with 10 to 20 actors per research site, it was possible to establish the average estimate catches and trips (Table 1). Saturation was reached with almost the same orders of magnitude given by the migrant fishers. It should be noted that the fishery data here focus on the important small pelagic fish species that are industrially processed in the three countries studied, namely round sardinella (Sardinella aurita), flat sardinella (Sardinella maderensis) and Ethmalosa (Ethmalosa fimbriata).


Table 1 | Field survey process: research sites, number and profiles of actors interviewed, synthesis of the discussion.



To catch these species, Senegalese migrant fishers use gillnets and purse seines. As for the Guinean migrant fishers in Gambia, they target small pelagics with encircling gillnets, purse seines, encircling gillnets and surface drift nets. The catches of small pelagics by the artisanal fishery occur throughout the year, but they are more important during the cold season and are linked to the intensity of the upwelling at this period (Brahman et al., 2014).

Furthermore, the fishmeal factories do not break down the origin of the products they receive for processing (industrial boats or artisanal pirogues). Thus, discussions with more than 15 fishmeal industry managers were unable to establish an estimate of the quantities they receive from migrant fishers. This may also be related to the reluctance of the millers to share information on the quantities of fish processed into meal. Especially since in the three countries, protest movements against the fishmeal factory mills have been noted in recent years. Discussions were also held with 5 fisheries administrators to discuss the emergence of fishmeal factory in West Africa and its impact on the economy of the countries. On the basis of all this information, the supply of fish to fishmeal factories was estimated based on two mechanisms. First, various interviews with migrant fishers and fish traders in each of the countries studied were used to estimate the average percentage of purse seine catches destined for the fishmeal industries (some fishing units being bound by contractual agreements with the factories). Secondly, the proportion of landings from migrant fisheries purchased by the fishmongers and destined for the industries was also estimated. For this purpose, 80 fishmongers were interviewed. All these interviews were conducted both in Senegal and in the host countries of the Senegalese migrant fishers. In Senegal, the migrant fishers and fishmongers were met in the fishing centres of Guet-Ndar (Saint-Louis, North of Senegal) and Casamance (South of Senegal). The migrant fishers we met put us in contact with fishmongers based in The Gambia who collaborate with the fishmeal factory. These fishmongers were met at various landing centres in The Gambia, including the market in Grand Banjul, Serrekunda and Brikama. In Mauritania, more than 80% of migrant fishers are based in Nouadhibou and work directly with the industry without intermediaries, so we met them at the artisanal fishing port of Nouadhibou (EPBR). The estimation of the catches and the supply of the factories was done through individual interviews and focus groups. The individual interviews and focus groups lasted on average more than two hours, with a total of 10 focus groups.

The individual and focus group interviews involved fishers and fishmongers. In all three countries, the work was often done in Wolof or French, except for the interviews with the Guinean community which were done in Soussou. The project focal point in Guinea conducted these interviews. Discussions with migrant fishers focused on their period of activity in the host countries’ EEZs, the number of fishing trips (monthly estimate), the species targeted, the fishing gear used, the quantities of fish caught (estimate per trip), the marketing of the catches, the share allocated to the fishmeal factories, the relations with the fishmeal factories (type of contract, selling price). The discussions with the fish traders concerned the estimation of the catches received from the migrant fishermen (per trip), the relations with the fish meal factories




3.2.2 Data analysis

The catches of the three species selected for the period 2015-2018 were used to obtain an annual average of the volumes caught by the migrant fishers. Thus, estimates of the quantities supplied annually to fishmeal factories were obtained from this average by supply segment (production and fishmonger’s) and the average percentage obtained from surveys of migrant fishers and fishmongers. This calculation made it possible to estimate the quantities of fish that the migrant fishery allocates to processing plants. To get the quantity of fishmeal obtained from the supply of migrant fisheries, calculations were made based on the fish/fishmeal conversion ratio (it takes 4kg of fish for 1kg of fishmeal) (Avadí et al., 2018). This quantity subtracted from the total volume processed by the factories (obtained from the grey literature) provided the percentage contribution of migrant small pelagic fisheries to the supply of the fishmeal industry (Greenpeace, 2021; Greenpeace, 2019; Corten et al., 2017; Fréon et al., 2014). In addition, data collection from research institutions in the three countries provided a ten-year database (2009 - 2018) on national catches (artisanal and industrial fisheries), statistics on small pelagics and on foreign trade. These data allowed the calculation of net supply and per capita consumption of small pelagics for each country:

	






4 Results



4.1 Small pelagic production in The Gambia, Senegal and Mauritania

Catches of small pelagics (Sardinella aurita, maderensis and Ethmalosa fimbriata) are becoming an increasingly large share of the total catch from 2009 to 201810 in the three countries studied. In the Gambia, it represents an average of 39% of catches. The proportion is much higher in Mauritania and Senegal, where the share of small pelagics represents more than 71% of catches. The importance and evolution of the volumes of small pelagics caught differ from one country to another. The Gambia has the lowest catch volumes with an average of 22,300 tonnes of pelagics caught annually. The catch production of small pelagics was just below 18,000 tonnes in 2009, but increased to over 29,000 tonnes in 2017. In Senegal, the catches fluctuate from year to year, with an average of 300,000 tonnes over the 2009 to 2018 period. The linear progression tends to be upwards. The lowest and highest production was recorded in 2010 and 2016 with 266,900 and 339,900 tonnes respectively. However, the curve of small pelagic catches has been rising without interruption from 2009 to 2016 in Mauritania. With a very high annual growth rate of 80% over the decade, the production of small pelagics has increased from 64,000 tonnes in 2009 to over 590,000 tonnes in 2018 (Figure 2).




Figure 2 | Total catches and share of small pelagics in Senegal, the Gambia and Mauritania. Source: GBOS, IMROP, CRODT. 1This figure presents the total productions small pelagic (artisanal and industrial fisheries). Small pelagic in Senegal are exclusively exploited by artisanal fishing. While in The Gambia and Mauritania, they are exploited by the artisanal and industrial fishery.



Overall, catches of small pelagics are on the increase in all three countries, with increasing volumes of catches. In addition, in this area, 2 out of 3 fish caught are small pelagics.




4.2 Theoretical availability small pelagic species in Senegal, Mauritania and The Gambia

Small pelagics are the most consumed species in Senegal, Mauritania and the Gambia. In the Gambia and Senegal, the theoretical availability11of small pelagics fluctuates from year to year, with an overall downward trend. In Mauritania, the average theoretical per capita consumption is 9 kg for the 30,900 tonnes of supply on the local market. The lowest value of small pelagic theoretical consumption was recorded in 2009, at 6kg, and the highest in 2015 and 2016, at 10kg (Figure 3). It decreased in 2017 and 2018 from 8kg to 7kg respectively. In the Gambia, the fluctuation is much greater, with an average of 12kg and the lowest theoretical consumption recorded in 2013 at 10kg. It reached 16kg in 2017 due to a larger supply in previous years (35,600 tonnes). However, it dropped again to 11kg in 2018 (Figure 3). In Senegal, the theoretical consumption of small pelagic fish is continuously decreasing. Thus, it fell from 18kg in 2009 to 9kg in 2018. Thus, the market supply of small pelagics has decreased by 50% over a decade (Figure 3).




Figure 3 | Theoretical Consumption of small pelagics in the Gambia, Mauritania and Senegal. Source: Data GBoS, CRODT, IMROP. 1 Per capita theoretical availability of small pelagics = (Small pelagic production + Small pelagic imports - Small pelagic exports)/population.






4.3 Production of migrant small pelagic fish and supply of fishmeal and fish oil plants



4.3.1 Production of migrant small pelagic fish in The Gambia and Mauritania

Senegalese seine nets12 have been used almost all along the West African coast. By deploying the technology in Mauritania, there are now more than 200 purse seine units in Nouadhibou chartered by Mauritanian operators who own fishmeal factory production plants. They catch an average of 135,000 tonnes per year. The Senegalese small pelagic sector in Nouakchott established under the fisheries agreements between Senegal and Mauritania mobilises more purse seine units for larger catches. Indeed, the agreement authorises 400 purse seines to target mainly sardinella. The catches of the 400 purse seines are estimated on average at 150,000 tonnes according to surveys, i.e. three times the volumes fixed in the agreements, i.e. 50,000 tonnes. The Senegalese are also active in the Gambian EEZ (between 7 and 12 miles). With more than a hundred purse seines, they catch more than 13,600 tonnes of sardinella and bongas (Ethmalosa fimbriata). Finally, the Guineans also exploit small pelagics in the Gambia. More than 300 Guineans are registered and about 45 purse seines belonging to them allow them to catch nearly 7,000 tonnes annually. Overall, the purse seine units identified in The Gambia and Mauritania catch more than 305,000 tonnes of small pelagics annually.




4.3.2 Supply of fishmeal and fish oil plants divided by migrating small pelagic species

The flows of small pelagics to supply fishmeal factories are illustrated in the table above (Table 2). In terms of supply, Mauritanian factories receive more than two-thirds of the production of the migrant sectors. This is due to the large quantities caught by the Senegalese migrant small pelagic sector based in Nouadhibou, i.e. more than 135,000 tonnes destined exclusively for fishmeal factories. In addition, Senegalese migrant fishers operating in Mauritanian waters under the RIM-Senegal fishing agreement land more than 40% (i.e. 60,000 tonnes) of their catches in the fishmeal factories in Nouakchott. At the same time, these fishers only supply 10% (15,000 tonnes) to fishmeal factories in Senegal. About the Gambian migrant small pelagic sector provided by Senegalese migrant fishers, catches are distributed both in Senegal and The Gambia. These products are distributed by Senegalese fish merchants on behalf of Senegalese factories or through contracts established directly with Gambian factories. Thus, of the 7,000 tonnes that Senegalese migrant fishers active in the Gambia catch on average each year, 40% (2,800 tonnes) are sent to Gambian factories and less than 20% (1,400 tonnes) to Senegalese factories. Finally, Guinean migrant fishers land more than 55% of these catches in Gambian factories, i.e. nearly 7,000 tonnes through Gambian fishmongers.


Table 2 | Estimation of annual catches of migratory small pelagic species in The Gambia and Mauritania over the period 2012 - 201813.



Overall, this figure (Figure 4) shows that of the 305,000 tonnes caught by the migrant small pelagic fisheries in The Gambia and Mauritania, more than 192,000 tonnes are used by the fishmeal industry and less than 113,000 tonnes end up on the local market or are shipped frozen to the external market.




Figure 4 | Estimated supply of small pelagics to fishmeal factories by migrant fishers over the period 2012 – 2018. Source: Field surveys. 1SP, Small pelagic; 2 NDB, Nouadhibou; 3 NKC, Nouakchott; 4 GB, Gambia.








5 Discussion and recommendations

The results showed that artisanal migrant fishers are an important supply mechanism for fishmeal factories along the Mauritanian, Gambian and Senegalese coasts. Fishers and fishmongers indicated many reasons for this finding. Firstly, the purchase prices of pelagic fish in the fishmeal factories are often 10 to 20 percent higher than the price offered on the local market by the fishmonger. In addition, fishmeal factories are less demanding on the quality and size of the species, which means that there is almost no discarding. Fish processed into meal are not subject to any particular sanitary control during their passage through the factory (Failler et al., 2015a). Furthermore, some of the shipowners we met claim to work exclusively for the fishmeal factories following the establishment of an annual work contract. These are all reasons why migrant fishers favour modern processing industries rather than the local market. Thus, it is deduced that the strong dynamic of collaboration existing between migrant fishers and industrialists has favoured the emergence of fishmeal industries in West Africa.

The first fishmeal industry in West Africa was established in Mauritania in 2005 (Brahman et al., 2014). At first, the supply of the factories remained secondary compared to the supply of the consumer market. From the 2010’s, the fishing industry in Mauritania became particularly complex and includes a large contingent of foreign operators. With the multiplication of Turkish, Chinese and, to a lesser extent, national and European investments, the fishmeal industry has started to drain increasing quantities of small pelagic fish into modern processing unfit for human consumption (Belhabib et al., 2015). Thus, in just one decade, Mauritania, through fishing agreements signed with Senegal, in addition to the nationalisation of Senegalese boats, and agreements with Turkish industrial boats, has increased its production of small pelagics almost six-fold. This availability of raw material explains in part why rapid establishment of fishmeal factories in Mauritania was so quick. Thus, investments have increased at an average annual rate of almost 20%, from USD 90 million in 2013 to USD 349 million in 2018 (Imrop, 2019). Compared to Mauritania, Senegal and The Gambia are experiencing a timid development of fishmeal processing industries. Nevertheless, the activity is well established in both countries.

Overall, the option for Senegal, The Gambia and especially Mauritania to accompany foreign investment in fishmeal production is based on economic considerations by improving the contribution of the fisheries sector to the national economy (Bâ et al., 2017). Indeed, the fact that the production of small pelagics has been stimulated in the three countries studied, especially in Mauritania, has generated more jobs in the fisheries sector, increased the trade surplus in fisheries products and resulted in a more substantial inflow of foreign currency. The Mauritanian Institute of Oceanographic and Fisheries Research - IMROP estimates the number of jobs generated by fishmeal factories at 1,200 (Imrop, 2019). In the Gambia and Senegal, more than 300 people are employed in the factories. This figure does not include the offshore jobs generated in the three countries, which are even higher but remain unintimated yet.

Over the decade 2009 - 2018, fishmeal accounted for about 15% of the total value of exported fishery products. In Senegal, the contribution of fishmeal exports is not significant, with an average of 3,000 tonnes of fishmeal exported each year, constituting only 2% of fishery product exports (dominated until now by frozen and fresh products). The economic benefits of fishmeal and fish oil factories in Mauritania, The Gambia and Senegal do not necessarily translate into social benefits for the population, as can be seen at present with the depletion of small pelagic fish and the consequences for food security in the three countries studied.

Small pelagic fisheries in Senegal, Gambia and Mauritania are reported to be overexploited (Cury et al., 2000; Chouvelon et al., 2015; Bâ et al., 2015). This situation combined with the unsuitable methods of processing of small pelagic fish poses a real threat to food security. In Senegal, individual consumption of small pelagics has been falling for a decade now to the point of being halved (18kg/pers/year in 2009 compared to 9kg/pers/year in 2018) (Deme et al., 2022a). This decrease in consumption is linked to the large quantities of small pelagics exported annually (clean or unfit for consumption). In Senegal, the quantities of fish exported are much higher than the quantities supplied on the local market. In The Gambia, the same problem arises with a local availability of fish that is gradually decreasing (Acosta-Alba et al., 2022). This explains that there are large fluctuations in individual consumption of small pelagics. Individual consumption hides many disproportionalities between urban and rural populations. Indeed, field surveys reveal that logistical problems which includes poor cold infrastructure, precarious fish transport conditions and difficulties to access to certain areas are the contributing factor of reduction in fish consumption in rural areas (UNCTAD, 2014; Déme, 2018). This points to a serious supply deficit of small pelagics in The Gambia. Despite the bigger supply of small pelagics in recent years, because a large proportion of those catches are being processed for fishmeal, the country’s national supply of fish for consumption purposes compromised, as are its exports of frozen products. Moreover, Mauritania is the main supplier of small pelagics to ECOWAS countries such as Côte d’Ivoire, Mali and Nigeria. Despite the bigger supply of small pelagics in recent years, its national supply is compromised, as are its exports of frozen products. Consequently, the processing of fishmeal and fish oil to feed aquaculture in Asia and Europe seriously compromises the food security of West African countries. The redeployment of fishing effort from the fishing units that supplied the consumer market to the fishmeal industries is a credible hypothesis of the consequences of the fishmeal industry on food security. Pelagic fish are strategic resources that are generally accessible at prices in line with the low incomes of African populations. This justifies the fact that in Senegal and The Gambia, pelagics provide an average of 65% of animal protein requirements (Tacon and Metian, 2018; Dème et al., 2019). This strategic importance should now lead West African countries to reflect on a mechanism for domiciling pelagic resources on a regional scale and to prioritise human consumption. To this end, in-depth work must now be undertaken in the three countries studied in order to define a national policy on the net supply of fishery products in which the supply of fishmeal factories will be considered in the same way as fishing agreements, i.e. as a means of disposing of the surplus needed to meet the population’s needs (Failler, 2015). This requires the integration of migratory fishing into the management of fisheries resources at the sub-regional level in order to control the quantities and the supply chains related to migrant fisheries




6 Conclusion

The Senegalese and Guinean migrant small pelagic fish sectors make a decisive contribution to the supply of fishmeal factories in Mauritania, Senegal and the Gambia. More than two thirds of their catches, i.e. 192,000 tonnes, are sent to Mauritanian, Senegalese and Gambian fishmeal factories and less than a third to their consumer market. Thus, like the sedentary small pelagic fisheries in the three countries studied, the migrant fishers are actively involved in the development of the fishmeal production sector in West Africa. For migrant artisanal fishers, the fishmeal factory market is more remunerative than the consumer market and less demanding in terms of product quality. For all these reasons, the consumer market for small pelagic fish is absorbing less and less pelagic fish to the benefit of industrial processing (unfit for consumption), which is constantly growing. The primary consequence of this is an overall drop in the consumption of small pelagic fish per person in the three countries studied. In addition, the supply of the artisanal processing segment has also been steadily declining over the decade 2009 - 2018.

Thus, if the positive impacts of fishmeal factories are the improvement of the operating accounts of the seiners, the creation of jobs and the contribution to the economy of the countries, the negative impacts are much more important. These negative impacts include the threat to the nutritional security of SRFC countries, given the important role of pelagic fish in their diet. In the artisanal processing segment, thousands of jobs are threatened, and the sustainable livelihoods of women processors are jeopardised due to the lack of raw materials. These threats must lead the SRFC countries to establish a regulatory framework for migrant fishers and public policies for the marketing of catches from this fishery.

Such policies should first be based on a good knowledge of the volumes of fish caught and landed in the different countries, complicated by the mobile aspect of migrant fishers. Then, they must commit to regulating the market so that only surplus production is supplied to the fish factories. In this way, migrant fisheries will no longer be at the disposal of foreign companies for non-food processing, but rather a central food security mechanism of the SRFC countries in addition to the national fisheries. The challenge is to satisfy an ever-increasing demand for fishery products in West African countries due to their high population growth.
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Footnotes

1The external market receives frozen whole fish (without valorization), fishmeal (unfit for human consumption). Artisanal processing also supplies the African market (Mali – Burkina – Ivory Coast).

2The local market receives fresh and artisanal processed small pelagics for human consumption.

3The migrant fishers identified differ in terms of the conditions of access to the resources, the use and the destination of the production. In this study, we focused exclusively on migrant fishers who collaborate with the fishmeal industries by supplying them with all or part of their production.

4Under the terms of the Convention on Fishing and Aquaculture of 25 February 2001 signed between Mauritania and Senegal, 400 pirogues are allowed to work under a free license paid at 80,000 CFA francs per pirogue per quarter. This is a reciprocal agreement that does not include financial compensation from the Senegalese state, with an obligation to land 25% of products in Mauritania (reduced to 15% in 2008). The revision of this agreement in 2008 made it possible to integrate other areas such as cooperation in research and training.

5The map is conceptualized based on information obtained on the distribution of small pelagic species in the three countries from the scientific literature. As there is no information on anchovy (Engraulis encrasicolus), its distribution is not shown here.

6It is the whole of the factors of production which allow the activity of fishing (fisher, canoe, engine and net).

7The Wolof's are a typical Senegambian ethnic group. They are the majority in Senegal where there represent almost half of the population and are the third place in Gambia with 15% of the inhabitants.

8The Lébous are part of the Wolof community in Senegal. Traditionally fishers but also farmers, they are concentrated in the Cape Verde peninsula (Dakar) which they occupied when the first settlers arrived in the region.

9The Diolas are a Senegalese ethnic group located mostly in the south of the country in Casamance.

10Small-scale and industrial fishing.

11(the theoretical or apparent availability of fish corresponds to the quantity of fish available on the market and accessible to local populations. In other words, the theoretical availability of fish in a country is its production plus its imports and minus its exports).

12A 'Senegalese' purse seine fishing unit consists of two pirogues, one small and one large. The small ones are generally between 12 and 14 metres in length with the seine on board, and the one with the crew is between 18 and 22 metres (Dia et al., 2012).

13The 2012-2013 data are from the work of Failler et al., 2020 on migrant fisher and their marketing. As for the 2015-2018 data, they were obtained in the field following the surveys.
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Fishery certification is increasingly employed as a multi-stakeholder, market-based mechanism to promote sustainability of fisheries. Preparing for, and achieving certification continues to deliver tangible improvements and benefits to fisheries, but the number of certified fisheries from Africa remains low. Some of the factors that constrain certification of fisheries in the region include limited data to assess and manage fisheries, the open access nature of many fisheries, overfishing, poor management, inadequate enforcement, and low demand for certified seafood. To overcome these constraints, several fisheries employ a “pathway to sustainability” approach that involves using the MSC fisheries standard as a framework for gap analysis, action planning, progress tracking and improvement. Certification may not always be the goal. This allows fisheries to make ongoing improvements over prior performance, regardless of whether they immediately achieve certification or not. Progress towards the desired goal, sustainable management, can be tracked over time. Some of the reported benefits include clarity of objectives, consolidation and focus of stakeholder efforts, participatory engagement, ability to attract resources for improvements, benchmarking of performance and, ultimately, improved environmental performance through better fisheries management. This paper discusses the uptake of this approach in Africa, by presenting case study fisheries from the continent. It outlines mechanisms through which these fisheries embarked on a pathway to sustainability using the MSC fisheries standard, and the outcomes from these initiatives. It highlights the successes and challenges associated with implementation. The paper concludes that the MSC standard and the improvements that it incentivizes can make a positive contribution to regional efforts to improve environmental sustainability, fisheries governance and consequently the socio-economic viability and resilience of fisheries in Africa.




Keywords: Africa, certification, Marine Stewardship Council, fisheries standard, sustainability, stewardship, fisheries improvement




1 Introduction

The fisheries sector plays an important economic role in many African countries. It provides direct employment for an estimated five million fishers and supplies up to 50% of total animal protein consumed in several African states (Food and Agriculture Organization, 2020a).

The sector however faces a range of challenges that compromise its continued ability to sustain livelihoods and food security into the future. These include Illegal, Unregulated and Unreported (IUU) fishing, overfishing, weak or ineffective institutional and legal frameworks, insufficient monitoring, control and surveillance, inadequate scientific research, and a paucity of relevant and timely information to inform management decisions (African Union Commission/New Partnership for Africa’s Development, 2014; World Bank, 2017).

These challenges are not limited to African fisheries. Globally, 34.2% of assessed stocks are fished at biologically unsustainable levels (Food and Agriculture Organization, 2020a). In response, many developed countries, such as those of the non-Mediterranean European Union, Canada or USA, have successfully introduced a range of management approaches, and recent trends in stock status indicate that assessed fish stocks of these countries are improving (Hilborn et al., 2020). In contrast, stocks in developing countries are reportedly on the decline (Ye and Gutierrez, 2017; Food and Agriculture Organization, 2020a).

A range of initiatives have been introduced to the continent in a bid to reverse the decline in health of fish stocks and associated ecosystems. A key milestone effort was the adoption of the first ever continental Policy Framework and Reform Strategy for Fisheries and Aquaculture in Africa. Amongst the various mechanisms identified, certification and ecolabelling were recognized for their ability to link fishers to valuable markets and, together, provide a framework for assessing good management and responsible fishing practices (African Union Commission/New Partnership for Africa’s Development, 2014).

A number of assessment tools have been used to provide a diagnostic framework for fishery sustainability status including RAPFISH (Pitcher and Preikshot, 2001), the Ocean Health Index (Halpern et al., 2012) and the Fishery Performance Indicators (Anderson et al., 2015). They have however rarely been used as a basis for developing and implementing action plans for fishery improvements to meet pre-determined sustainability targets. Fishery certifications and ecolabelling schemes emerged in the late 1990s as one possible approach to help improve fisheries management. The Marine Stewardship Council (MSC), formed in 1997, is widely viewed as the leading fishery certification standard (Gutiérrez et al., 2012). The program’s approach is based on the premise of rewarding sustainably managed fisheries. This, in turn, acts as a mechanism to incentivize fisheries to embark on a journey towards continued improvement of management practices (Agnew et al., 2014; Arton et al., 2020; Van Putten et al., 2020).

African fisheries make a comparatively low contribution to the growing uptake of certification across all fishery certification schemes, amounting to only 2% of certified seafood globally, inclusive of aquaculture and wild capture (Potts et al., 2016), and only 271,994 tons of the over 15 million tons of MSC certified seafood in 2022 (Marine Stewardship Council, 2022). This may be partly due to lower consumer demand and limited domestic markets for ecolabelled seafood, compared to more developed markets, though this has not prevented the growth of awareness about sustainable seafood in some regions such as southern Africa (Barendse et al., 2018). Other factors that may be limiting uptake of certification in Africa include limited availability of data and information to demonstrate sustainability, limited technical and institutional capacity, low performance of fisheries with respect to certification requirements on governance, ecosystem impacts and stock status, lack of support for certification from key stakeholders, and limited availability of economic resources. This may be especially true for small-scale fisheries (Nyiawung and Erasmus, 2022). A further possible factor is the increasing sustainability divide, wherein a combination of economic interdependencies and limited management and governance capacity in developing countries is leading to a lag in rebuilding and management of fish stocks in developing countries compared to developed countries (Food and Agriculture Organization, 2018). The implication is that many African fisheries would need to implement or demonstrate significant improvements in their performance before they can meet the passing grade of certification standards that are benchmarked on the Food and Agriculture Organization (FAO) Code of Conduct for Responsible Fishing (Food and Agriculture Organization, 1995).

While certified seafood volumes from Africa may be low, there is growing interest in the possible conservation and market prospects that certification offers (Glass et al., 2022). Potential for increased market access and price premiums are key drivers for fishery certification (Lallemand et al., 2016; Anderson et al., 2021). However, market benefits are not the only motivation for engaging with certification programmes. There is increasing evidence of fisheries using the MSC’s certification framework to achieve non-market and other systemic impacts (Bush and Oosterveer, 2015; Deighan and Jenkins, 2015; Plotnek et al., 2016) including validation of good stewardship (Phillips et al., 2008; Pérez-Ramírez et al., 2012b); improvement in the public perception of fisheries (Roheim et al., 2011); gaining a ‘social license to operate’ (Robinson et al., 2021); empowerment of small-scale fishing communities (Pérez-Ramírez et al., 2012b); improvements to governance and consultation processes (Bellchambers et al., 2016a); and improved management (Marine Stewardship Council, 2017; Wakamatsu and Wakamatsu, 2017).

Changes and systemic impact can occur in fisheries and their enabling environment even before certification is achieved. Such systemic impacts are defined by the International Social and Environmental Accreditation and Labelling (ISEAL) Alliance – a network of credible Voluntary Sustainability Standards (VSS) – as any type of change, small or large, occurring along a causal chain (or pathway) that results in outcomes or impacts on the enabling environment to achieve broader effects that support the fulfilment of VSS missions (ISEAL Alliance, 2018). It further identifies three areas of tangible systemic impacts that may be specifically attributed to certification standards namely: increased stakeholder collaboration, an improved knowledge base and implementation support, and better corporate and public policies and behavior.

The promotion or use of VSSs, specifically certification, to achieve sustainability outcomes is not without contention (Wijen and Chiroleu-Assouline, 2019). As an established program the MSC has received considerable scrutiny. Criticisms include that certification appears less accessible for small-scale fisheries compared to large scale fisheries (Pérez-Ramírez et al., 2012a; Stratoudakis et al., 2015). Other studies highlight concerns with applying a culturally different approach to existing management systems (Lajus et al., 2018); and concerns with VSSs as a form of ‘private’ transnational governance that potentially adds another layer of complexity to already delicate interactions between fisheries, national governments, and non-governmental organizations (Foley, 2013; Foley, 2017; Long and Jones, 2021) and which can be especially challenging for fisheries in developing countries (Nyiawung et al., 2021).

Nevertheless, more and more fisheries appear to be engaging with VSS with an initial aim to achieve the systemic impacts described earlier, rather than being motivated by achieving certification for gaining immediate market benefits. This approach generally involves three main steps: (1) performing an initial diagnosis of a fishery’s sustainability status to identify any sustainability gaps by using a certification standard; (2) developing a focused action plan to address the issues identified in the gap analysis; (3) and, embarking on a pathway to sustainability through implementation of the actions, in collaboration with stakeholders. Several fisheries have taken this route, using the MSC standard to provide the framework for improvement. Following these steps may ultimately result in certification, but some studies suggest that several fisheries have gone on to see governance and ecological gains even without being certified (Bellchambers et al., 2016b; Lejbowicz, 2021).

The MSC standard and certification process provides a mechanism that contributes to efforts towards sustainability in fisheries (Martin et al., 2012; Hønneland, 2020; Schiller and Bailey, 2021). However, while there have been several systematic examinations of the impact of the MSC standard on fisheries that have achieved certification (Arton et al., 2020; Van Putten et al., 2020), the pre-certification space remains an area with very limited information. There are very few examples of reviews on the impacts of the process for non-certified fisheries engaging with the MSC standard as a tool for sustainability, and fewer studies still, of such engagements by African fisheries.

This paper provides a broad overview of how fisheries stakeholders have employed the MSC certification standard around the African continent as a framework to develop and promote sustainable fisheries. It provides a synthesis of African fisheries known to have taken the initial step on a pathway to sustainability using the MSC fisheries standard. Following the ISEAL categorization of systemic impacts, it presents a selection of these fisheries as case studies of how the standard has contributed to improvements in stakeholder collaboration and partnerships, research and knowledge generation, and policy and management change, and, therefore, an example of marine stewardship in practice – contributions not yet well documented in the African context (Barendse et al., 2016).




2 Methodological considerations



2.1 The fisheries standard structure and assessment process

Central to the MSC is its fisheries standard which was developed based on the FAO Code of Conduct for Responsible Fisheries (Food and Agriculture Organization, 1995). As prescribed by the FAO ecolabelling guidelines (Food and Agriculture Organization, 2011), the MSC fisheries standard is reviewed every five years to ensure integration of the best available science, leading to newer, improved versions of the standard over time. The current version 2.01 (published in August 2018) consists of three overarching principles that require (1) sustainable stocks of target species; (2) minimizing environmental impacts of the fishery; and (3) effective management systems. A new version 3.0 was finalized during 2022 but has not yet entered into force, and was therefore not yet used to assess any fisheries. Throughout this paper, any reference to ‘the standard’ refers to one of the earlier versions of the MSC fisheries standard, unless otherwise stated.

The main premise of Principle 1 (P1) is that the target stock should be at a level that maintains high productivity and is consistent with Maximum Sustainable Yield (MSY), with the appropriate harvest strategy and tools to achieve this. Further, there should be adequate information to understand the status of the resource and inform management decisions. Only the species or stocks analyzed under P1 are eligible to carry the MSC ecolabel, once certified. Under Principle 2 (P2) it is required that the fishery’s interactions with the marine ecosystem should not endanger its structure, function, productivity, and biodiversity. This includes the assessment of all non-target species, habitats, and other ecosystem’s elements. Principle 3 (P3) requires that the fishery respects local, national, and international laws within a management framework that clearly articulates objectives in support of long-term resource sustainability, fosters cooperation in the management of shared stocks, ensures effective monitoring, control and surveillance systems, and allows opportunity for effective stakeholder consultation and input into its management (Marine Stewardship Council, 2018).

These principle-level objectives are operationalized by 28 Performance Indicators (PIs) covering a range of requirements across all three principles, with each PI derived from the FAO Code of Conduct for Responsible Fisheries (see Figure 1). Each PI is made up of one or more Scoring Issues (SIs) – sub-requirements that allow the assessment of a fishery at a more granular level. Scoring Issues contribute to the overall PI scoring, ultimately determining whether a fishery passes or fails the assessment. To become certified to the MSC standard a fishery must first be assessed by a group of independent auditors integrated within accredited third-party evaluation entities, known as a Conformity Assessment Body (CAB), against all the requirements shown in Figure 1. The CAB needs to follow a set of assessment process requirements that accompany the standard. The correct application of these requirements are monitored by an independent accreditation body.




Figure 1 | Structural outline of the MSC fisheries standard (the default assessment tree, V2.01) showing the three overarching principles, their components and the 28 Performance Indicators (PIs). The colors of the different components correspond to those used in Figures 2A–C. *Note that PI 1.1.2 is only scored when PI 1.1.1 scores between 60 and 80.






2.2 What is assessed? Defining a fishery

Key to understanding how the fisheries standard is applied is to know what is meant by a ‘fishery’ for the purposes of an MSC assessment. The entity that is assessed is referred to as the Unit of Assessment (UoA) and is defined by the combination of the biological unit of the target species, the gear type, types of vessels, and a geographic area or management jurisdiction. Specifically, the delineation of the target biological unit, usually referred to as a stock or population, should have a scientific basis and is usually informed by one or more characteristics, e.g., population genetics, demographics, and/or management aspects.

The rationale for defining a fishery in this way is that the three MSC principles are assessed at different scales: while P1 looks at the status of the entire exploited biological unit, P2 will assess the environmental impacts of the gear or gears in question. In practice this could mean that two UoAs targeting the same stock using two different gears might get the same assessment result under P1, but their P2 results might differ.

The implication is that a fishery being assessed might consist of multiple UoAs. For example, a longline fishery with vessels targeting two species of tuna in the same area would likely consist of two UoAs, as it is targeting two different stocks subject to different stock status, stock assessments and management rules.




2.3 Performance levels for certification

For each SI and PI, a fishery’s performance is determined using a scoring system that sets sustainability benchmarks across an ordinal scale, with the 60, 80 and 100 levels defining key thresholds of performance against an indicator. The 60 score is the minimum acceptable limit for sustainability practice against any given indicator. The 80 level is aligned with global best practice, while a score of 100 represents the performance expected from a ‘state of the art” fisheries management system. For a fishery to pass an MSC assessment, it must meet two key scoring criteria: first, it must meet the performance required for at least a 60 score for all SIs and PIs, in other words, any score of less than 60 will cause the fishery to fail the assessment; second, the average score for each of the three principles should be 80 or higher (Marine Stewardship Council, 2011). In cases where a PI scores less than 80 but over 60, and the average Principle score is at least 80, the fishery will achieve a conditional pass. The implication of this is that the fishery must develop and implement improvement actions to increase the performance against that PI to the best practice (80) level, within a specified timeframe. Assessment and certification to meet the MSC fisheries standard is a multi-stakeholder process that involves contribution and input from a diversity of stakeholders including fishery managers, seafood processors, government representatives, community members, NGOs, and other stakeholders with an interest in the outcome of an assessment.

Maintaining its certified status requires a fishery to undergo mandatory annual surveillance audits for the duration of the certificate’s validity period of five years. Further, to remain certified, the fishery must undergo a re-assessment in the fifth year to ensure that its performance remains aligned with best practice. It is also expected that conditions set during the previous certification cycle be resolved when entering recertification.




2.4 Identifying performance gaps and tracking progress and improvements

Before attempting certification, a fishery may first opt for a voluntary pre-assessment: a preliminary gap analysis against the full fisheries standard which provides an indication of its likely performance during a full assessment. Unlike a full assessment (as described in 3.1), PIs are not given an exact score during a pre-assessment. Rather, they are assigned one of three draft scoring ranges: <60 means that the PI is unlikely to meet the 60 minimum requirement for full assessment; 60-79 suggests that the 60 level will be met, while >80 suggests a potential score above 80. Where a result suggests a high likelihood of passing a full assessment, it may help a fishery make the decision to pursue certification. In contrast, a more pessimistic result might convince a fishery to first try and address the performance gaps in a structured way before attempting full assessment. In this way, the fisheries standard acts as both a diagnostic tool and a potential road map to achieving a higher level of sustainability in the future (Longo et al., 2021).

Addressing the performance gaps identified in a pre-assessment involves developing an improvement action plan based on the initial pre-assessment results. In most cases, a fishery will need to work with a variety of partners to implement these improvements, sometimes formalized by setting up a fisheries improvement project (FIP) (Conservation Alliance for Seafood Solutions, 2021). A simplified way to track progress against the initial pre-assessment results and subsequent implementation of improvements, or compare performance of several fisheries, is by using the MSC’s Benchmarking and Tracking tool (or BMT), which expresses the pre-assessment PI scoring categories (<60, 60-79, ≥80) as corresponding BMT scores (0, 0.5, 1). It also calculates an overall BMT index – the average of all BMT scores across all PIs (Marine Stewardship Council, 2014a). The value of the BMT index ranges between 0 and 1, where the closer the value is to 1, the closer the fishery is to a position where its PIs would score at the 80 level (Marine Stewardship Council, 2014a). This study uses the BMT scores for fisheries with available pre-assessments to create heatmaps that allow cross comparison of performance of fisheries in the region in relation to the MSC standard.




2.5 Identifying African fisheries

For the purposes of this paper, African fisheries were defined as those occurring within the Exclusive Economic Zones (EEZ) of any African coastal and island state by vessels flagged under any nation, or, for fishing occurring outside any EEZ or territorial waters where the vessels involved were flagged to an African state. Furthermore, fisheries in inland waters of African countries (major lakes or rivers) were also included. The area of interest therefore included the following FAO Major Fishing Areas, sub-areas or divisions: 01 Africa Inland waters, 47 (Southeastern Atlantic Ocean), 51 (Western Indian Ocean sub-areas 1, 3, 5, 6, 8), 34 (Eastern Central Atlantic Ocean), 37 (The Mediterranean Sea and Black Sea), sub-areas 1, 2, 3, Divisions 1.1, 2.2, 3.2 (Balearic, Ionian, Levant).

All fisheries meeting the above criteria and known to have had different stages or forms of engagement with the MSC fisheries standard up to the end of 2021, and with information about their engagement with MSC in the public domain, were identified and included in the study (see Supplementary Table 1 for full details). This was based on the authors’ personal experience, expert knowledge, and direct historical involvement with the implementation of the MSC fisheries standard and program. In addition, publicly available documents were gathered via internet searches, including Google Scholar, or from online repositories, notably the MSC’s ‘Track a Fishery’ website1 for certification documents and FisheryProgress.org2 for FIP documents. Some documents were not publicly available (pre-assessment results can often be confidential and only available on request of the fishery or funders) but could be inspected to extract specific information with permission from partners (see Supplementary Table 2 for a list of the source documents).

All documents found were reviewed with attention given to the type of fisheries and their UoAs, the timing and nature of interactions with the standard, particularly those that had undergone pre-assessments, had a BMT index and scores available, had used pre-assessment results to develop improvement action plans, or had otherwise engaged in MSC pathway projects. Pathway projects are regional multi-fishery assessments that combine a range of tools such as technical capacity building to help fisheries stakeholders better understand assessment results and guide them to develop and implement improvement action plans.




2.6 Analysis of pre-assessments

For fisheries with pre-assessment results available, or with a BMT tracker with the results, their scores were analyzed to examine overall performance against the standard. Only pre-assessments based on version 1.2 or later of the fisheries standard were included, and where more than one version existed (e.g., an update to an earlier pre-assessment), the most recent was used. Any fisheries that were subsequently certified, including those with only some UoAs, were not included in this analysis; nor those with pre-assessment results not publicly available and therefore confidential (Supplementary Table 1). The analysis did not include the single inland fishery that had a pre-assessment, as the fisheries’ pre-assessment did not include a BMT score. This left 49 fisheries made up of 196 UoAs.

For the sake of analysis and presentation, fisheries and their UoAs were divided into three groups: (A) non-tuna coastal fisheries (i.e., operating only within EEZ’s) that targeted species other than tunas or large pelagic species (34 fisheries with 43 UoAs); and fisheries targeting tuna and large pelagic species in the (B) Atlantic Ocean (11 fisheries with 101 UoAs) and (C) Indian Ocean (six fisheries with 52 UoAs). It should be noted that two tuna fisheries, the South African tuna longline and Atlantic and Indian Ocean operations of the OPAGAC/AGAC tropical tuna purse seine fishery straddle both oceans and therefore have UoAs present in both tuna groups.

Performance Indicator level BMT scores of the three fisheries groupings were converted to numerical matrices and plotted as heatmaps using the pheatmap-package3 {pheatmap} version 1.0.12 in R, with BMT scores of 0 displayed as red, 0.5 as amber, and 1 as green. Hierarchical clustering was applied to rows only, based on Euclidian distance, while the columns remained in the order of the MSC PIs as presented in Figure 1. Each UoA was assigned a unique labeling code. The row clustering trees were cut based on what was judged meaningful in terms of the nature and type of UoAs (see Figures 2A–C). Row color keys were added to highlight the gear type, and for the non-tuna fisheries (Figure 2A), the ocean/sea where the fishery occurs. Column color keys were added to show the components under each principle and the type of PI (outcome, information, or management – see Figure 1).




Figure 2 | (A–C) Heatmaps of PI level BMT scores for (A) 34 fisheries comprising 43 UoAs targeting non-tuna species; (B) 11 fisheries comprising 101 UoAs targeting tuna and large pelagic species in the Atlantic Ocean; (C) 6 fisheries comprising 52 UoAs targeting tuna and large pelagic species in the Indian Ocean. Unique UoA numbers and labels were assigned to help distinguish between different UoAs in the same fishery. The first part of the code is the fishery number and the part after the dot is the UoA number. The next part contains the species name or description, followed by the 2-digit ISO Country Code or other geographical identifier, as applicable. For tuna species the following abbreviations were used: YFT, yellowfin; SKJ, skipjack; BET, bigeye, and ALB, albacore. In some cases, the feature that distinguished the different UoAs was added, e.g., the ocean or jurisdiction (ATLO, High Seas, N stock, etc.), fishing company (AGAC, SIOTI) or fishing gear or practice (FAD, fish aggregating device; Free S., free school, no live bait, etc., SC flag, Seychelles flagged vessels; MG EEZ, the EEZ of Madagascar). The full names of fisheries are available in Supplementary Table 1.






2.7 Case study analysis of systemic impacts of a voluntary fisheries standard

Six fisheries from those identified in section 2.5 were selected as case studies to provide a more detailed illustration of the range of interactions with the MSC fisheries standard over time. The case study fisheries were Gambia sole, Morocco sardine, Mauritania octopus, Southwest Indian Ocean octopus, Namibia hake and South Africa hake fisheries. For each case study fishery, available information was collated and reviewed to identify key activities and developments that had taken place in relation to its engagement with the MSC standard. This was not intended to represent a systematic or exhaustive analysis. Rather, the case studies were selected to demonstrate the different possible types of systemic impacts in individual fisheries in terms of recognizing performance gaps, and to examine the resulting stakeholder partnerships, research, and knowledge generation applicable to sustainable management and policy change. Where possible, they were chosen to provide a variety of fishery characteristics e.g., small-scale (Gambia sole, Southwest Indian Ocean Octopus); large scale (Morocco sardine, South Africa hake); pelagic (Morocco sardine); demersal (Gambia sole); finfish fishery (Gambia sole, Morocco sardine, South Africa hake); and cephalopod fisheries (South West Indian Ocean octopus, Mauritania octopus).





3 Results



3.1 Engagement of African fisheries with the MSC standard

In total, 59 fisheries were identified as meeting the criteria described in 3.5 (Supplementary Table 1). These include one inland fishery (for Nile perch) in Lake Victoria bordering Uganda, Kenya, and Tanzania. The remainder occur in the Atlantic and Indian Oceans, except for one in the Mediterranean and two in the Red Sea, with representation in seven Large Marine Ecosystems (LME’s) surrounding the African continent: Canary Current, Guinea Current, Benguela Current, Agulhas Current, Somali Coastal Current, the Red Sea, and the Mediterranean Sea (see Supplementary Table 1). These fisheries operate in the EEZ’s of 28 African nation states and one European state – France – due to its Indian Ocean territories of Mayotte and La Reunion. In terms of the management of highly migratory species and stocks (mainly tuna), fishing for these occurs in international waters under jurisdiction of two Regional Fisheries Management Organizations (RFMO’s): the Indian Ocean Tuna Commission (IOTC)4 and the International Commission for the Conservation of Atlantic Tunas (ICCAT)5.

Combined, the fisheries target at least 61 different species or species groups as P1 stocks. These include about 19 species or genera of demersal or reef fish; four small pelagic species; 10 tuna and other large pelagic species, including one shark; four bivalve species; 10 species of shrimp; nine (mainly spiny) lobsters; one squid and two octopus species; and one species of marine algae (Supplementary Table 1).

A variety of gear types are employed, including bottom and midwater trawls (8); longlines (10); gill or set nets (11); gleaning or hand collection, including the use of hand spears, harpoons, rakes, etc. while on foot or snorkeling (10); hand lines (6); pole and lines (4); traps and pots (4); purse-seine nets (11); and a coastal seine net (1).

Several fisheries may target more than one species or several members of a genus or family (e.g., reef dwelling species belonging to the families Lutjanidae, Scombridae, Serranidae, and Lethrinidae), use more than one gear, and operate in the waters of multiple countries or jurisdictions. Conversely, different fisheries might target the same species or stock - this is especially true for highly migratory species such as tunas.



3.1.1 A timeline of engagement of African fisheries with the MSC standard

A total of 57 MSC pre-assessments for African fisheries are known to have occurred between 2001 and 2021, of which only three were prior to 2007. The first known one was the pre-assessment in 2001 of an Eritrean multi-species longline and handline fishery, followed by the 2002 pre-assessment of South African hake trawl, and then Madagascar shrimp trawl in 2003 (Figure 3; Supplementary Table 1). In 2004 the South Africa hake trawl fishery became the first African, and one of the first fisheries globally, to achieve its initial certification. Since then, it has been recertified three times and remained the only fishery in African waters certified up to 2018, when the Echebastar Indian Ocean purse seine skipjack tuna achieved certification6. The next year the Sant Yago TF unassociated purse seine Atlantic yellowfin tuna fishery7 became the third fishery in African waters to be certified.




Figure 3 | Number of known MSC pre-assessments by year for African fisheries. Note that some fisheries may have undergone more than one pre-assessment in different years against an updated version of the standard, or a pre-assessment was updated with new information.



In the years 2008 to 2010 there was a total of 10 known new pre-assessments. Many of these were crustacean fisheries (shrimp and rock lobster) in East African countries bordering the Indian Ocean, except for the only freshwater fishery to be assessed (Lake Victoria Nile perch), the Namibian hake trawl and longline, South African pole and line tuna, and Mauritanian octopus (see case studies Section 3.2). Between 2010 and 2014 only one other pre-assessment is known to have occurred, in 2012, for Senegalese lobster.

In 2014 and 2015 there was a notable increase in the number of pre-assessments, including four regional tuna and other large pelagic fisheries using purse-seine or longline gear operating in both the ICCAT and IOTC managed high seas and across the EEZ’s of more than 10 countries. Some of these fisheries went on to achieve certification (see below). The other three fisheries pre-assessed during this time included – the Gambian sole (Nyiawung and Erasmus, 2022; and case study in Section 3.2.1.1); and a multispecies fishery in the Red Sea. In 2015, the Namibia hake fishery had an update to its 2010 pre-assessment and, in 2020, became the fourth fishery in Africa waters to be certified. The South African and Namibian hake fisheries (see case studies in Sections 3.2.1.5 and 3.2.1.6) remain the only coastal African fisheries to be certified to the MSC standard, contributing 271,994 tons of the over 15 million tons of MSC certified seafood in 2022. Two other coastal fisheries, South Africa hake longline and South Africa albacore tuna pole and line are verified in Transition to MSC fisheries8.

The years 2016 and 2017 saw four new pre-assessments, including a first pole and line tuna fishery in Senegal and a multispecies line fishery in Mozambique: the assessment of the latter was promoted by a fish importer and processor in South Africa due to growing retail awareness about sustainable seafood in that country (Barendse et al., 2018).

In 2018 and especially 2019, the sharp increase in number of known pre-assessments completed is attributable to the implementation of two MSC pathway projects initiated in 2017 – the Southwest Indian Ocean Octopus (SWIOCeph)9 Project focusing on octopus fisheries in the Southwest Indian Ocean (SWIO) region, and the Fish for Good project in South Africa. Together these projects accounted for 14 of the 18 new or updated pre-assessments.

While 2020 had relatively few pre-assessments, 2021 showed a rise, the main driver being the implementation of another pathway project, this time in West Africa10, accounting for 12 of the pre-assessments. Another notable contributor was the high number of new tuna fisheries being pre-assessed with the intention of forming FIPs. Two more tuna fisheries operating in African waters achieved certification in 2021: the CFTO Indian Ocean Purse Seine Skipjack fishery11 and the ANABAC Atlantic unassociated purse seine yellowfin tuna12. Both these fisheries formed part of much wider pre-assessments containing several UoAs undertaken in 2015 and 2017 respectively, before a subset went through a full assessment.

The number of fisheries certified, compared to the number of fisheries that have had a pre-assessment in the region is low. This highlights that many fisheries face obstacles to demonstrate their sustainability, but it also suggests that achieving certification might not be the only goal for many fisheries in the short-term. Conducting a pre-assessment is very much the first step of engagement with the MSC fisheries standard. What follows, namely the development and implementation of an improvement action plan, provides the framework for stakeholder partnerships, research, policy and management improvements, and tangible progress towards sustainability, and this can take time.

Sections 3.1.2 – 3.1.4 provide a summary of the gap analysis derived from the pre-assessments results discussed above, while section 3.2 provides a more in-depth look at the selected fishery case studies on outcomes from the development and implementation of their improvement action plans.




3.1.2 Fishery performance at principle level

An examination of the draft scoring categories for each MSC principle for these UoAs reveals a large proportion of the scores in each fishery grouping were <80 (Figures 4A–C). However, there were also differences between the three fishery groupings. The UoAs in the non-tuna group (Figure 4A) had the highest proportion of <60 scores for each principle and the lowest proportion of >80 scores (except for Principle 3 for the Atlantic Ocean tuna and large pelagic UoAs which had slightly smaller percentage of >80 scores (Figure 4B).




Figure 4 | (A–C). Breakdown of PI draft scoring ranges (<60 = Red; 60-79 = Orange; ≥80 = Green) per MSC Principle for (A) non-tuna fishery UoAs; (B) Atlantic Ocean tuna and large pelagic fishery UoAs; (C) Indian Ocean tuna and large pelagic fishery UoAs.



In comparing the two tuna groupings, Indian Ocean UoAs appeared to perform better for Principle 3 with the lowest proportion of <60 scores (Figure 4C). For Principle 1, UoAs from the Atlantic Ocean tuna and large pelagic fisheries grouping had the lowest proportion of <60 scores (Figure 4B), although scores of >80 were roughly the same proportion. These results do not necessarily reflect the general state of tuna fisheries in these oceans, but rather the situation of the specific tuna UoAs that undertook MSC pre-assessment.




3.1.3 Heatmaps of BMT scores

The heatmap for non-tuna fisheries produced four clusters (Figure 2A). The uppermost cluster contained only fisheries from the Indian Ocean, the second cluster only fisheries from the Atlantic Ocean, while the lower two clusters contained fisheries from both oceans. Gear type did not appear to be an important factor in the clustering. The upper two clusters had notably poorer BMT scores (displayed as red and orange), particularly in terms of P1 and P3 components, while the third cluster represented the higher scoring fisheries.

The heatmap for Atlantic tuna and large pelagic species (Figure 2B) showed nine clusters. One of the fisheries, the Capsen S.A. Atlantic tuna purse seine fishery contained 48 UoAs (represented by UoA codes 9.1 – 9.48) based on all possible combinations of three tuna species, nine jurisdictions, and whether fish aggregating devices (FAD’s) are used or not. This fishery alone was responsible for one cluster, with only six of its UoAs falling in another cluster. Gear type did appear to be an important factor in the clustering of UoAs with seven of the nine clusters represented by a single gear type. As fisheries tend to use one gear type these seven clusters also represent distinct fisheries. The fifth cluster represented two gear types with high P3 BMT scores appearing to have driven the formation of this cluster. The sixth cluster was composed of three gear types and appears to represent the higher scoring UoAs.

The Indian Ocean tuna and large pelagic heatmap (Figure 2C) showed five clusters. Like the heatmap for Atlantic tuna and large pelagic species, gear type also appeared to be an important factor in clustering with four of the five clusters represented by a single gear type (and distinct fishery). Poorer BMT scores for component P2.1 (primary species) and high BMT scores for the component P2.4 (habitats) appears to have been broad driver differentiating longline UoAs from purse seine UoAs. The fourth cluster represents the higher scoring UoAs, all from one fishery.

Two tuna fisheries, South African tuna longline and AGAC tropical tuna purse seine fishery (represented by UoA codes 3 and 7 respectively) had UoAs in each ocean and therefore appear in both Figures 2B, C.




3.1.4 BMT indices

The distribution of BMT index scores (Supplementary Table 3) varied between the three groupings (Figures 5A–C). Distributions for UoAs occurring in RFMOs (Figures 5B, C) were more skewed toward higher BMT scores compared to the distribution for UoAs managed only by coastal states (Figure 5A). The distribution for Indian Ocean tuna and large pelagic UoAs (Figure 5C) was skewed toward higher BMT scores compared to Atlantic tuna and large pelagic UoAs (Figure 5B), and this seems to be due to better BMT scores for P3 in the Indian Ocean UoAs (Figure 4C), and despite the better BMT scores for P1 for Atlantic Ocean UoAs (Figure 4B).




Figure 5 | (A–C). Frequency distribution of BMT Indices for (A) non-tuna UoAs; (B) Atlantic Ocean tuna and large pelagic UoAs; (C) Indian Ocean tuna and large pelagic UoAs.







3.2 Systemic impacts of a voluntary fisheries standard



3.2.1 Fishery case studies



3.2.1.1 Gambia sole

The Gambia sole fishery is one of the most important high-value commercial species in the small-scale fisheries sector in the country. Two species are key to the fishery, red sole (Cynoglossus senegalensis) and black sole (Synaptura cadenati). The fishery supports the livelihoods of about 500 fishers that harvest sole using bottom-set gill nets along the coast and the river Gambia (Tindall, 2012). Landings total 1500 MT (De Alteris et al., 2012). Fish traders often purchase sole from fishers and aggregate this into bulk supplies for processors who then fillet before packaging and exporting primarily to Europe, with small volumes sold locally. The fishery unit within scope of engagement with the MSC is the seine-caught sole from the Gambia river to the Atlantic coast.




3.2.1.2 Morocco sardine

The fishery for Sardina pilchardus (European pilchard) is the most important fishery in Morocco in terms of landing volume. The fishery comprises three types of fleets: coastal seines, refrigerated sea water trawlers and freezer trawlers. Other target species in the fishery include sardinella, anchovy, chub mackerel, and horse mackerel. There are two management zones for the fishery in Morocco’s Atlantic coast, zones A and B from Cap Cantin to Cap Bojador, and zone C from Cap Bojador to Cap Blanc. The interest from this fishery in pursuing certification was driven by the extensive market interest in supplying certified sardine within Europe. Morocco is the biggest supplier of sardine into Europe.




3.2.1.3 Mauritania octopus

Common octopus (Octopus vulgaris) is one of the most important fishing resources in Mauritania. Although it represents only approximately 20% of the national catch volume, it provides more than 60% of fishery exports’ value (Socièté Mauritanienne de Commercialisation de Poissons, 2021). Over the last 20 years the fishery has transitioned from a structure composed of two very different fleets, the foreign (mainly European) bottom trawling vessels and the national artisanal boats using pots, traps, and jigging, to a three fleets scheme with bottom trawlers (now only national, including Mauritania-China joint venture), artisanal boats and a new coastal trap fleet (Ministère des Pêches et de l’Economie Maritime République Islamique de Mauritanie, 2018).

The annual catch volume of octopus increased from 2,600 tons in 1994 to around 30,000 tons most recently, with a peak of 39,000 tons in 2017 (Food and Agriculture Organization 2020c; Bouzouma and Baye, 2020). In 2018, octopus landings amounted to 31,500 tonnes, 11,400 of which came from bottom trawling and coastal fleets, the rest came from the artisanal fleet. In 2018, the fishery was operated by around 2,400 artisanal boats, and 154 vessels including 18 coastal trap vessels, and 136 trawlers (Khallahi et al., 2020).

Environmental certification and ecolabelling were seen as providing an opportunity to communicate a combination of improvements in Mauritanian fisheries management alongside product quality via a transparent approach that is recognized by international markets and also as an incentive to reinforce Mauritanian Fisheries Administration practices in terms of management and governance (Ministère des Pêches et de l’Economie Maritime République Islamique de Mauritanie, 2018).




3.2.1.4 Southwest Indian Ocean octopus

Octopus has always been an important resource for coastal communities of the Southwest Indian Ocean (SWIO) region. Traditionally it was a subsistence fishery providing sustenance or material for barter, however increasing global demand for octopus product has turned it into an important economic activity for coastal communities (Guard and Magaya, 2002; Rocliffe and Harris, 2016; Sauer et al., 2019).

Throughout the region octopus are captured using pointed or hooked sticks, either by women and children gleaning along the reef flats at low tide, or by men snorkeling along the reef edge (Guard and Magaya, 2002; Rocliffe and Harris, 2016). The catch is dominated by Octopus cyanea with small numbers of O. vulgaris sometimes also caught (Sauer et al., 2019). Sauer et al. (2019) estimated the octopus catch data in 2015 for the SWIO to be between 3000-3500 tons. A more recent estimate suggests catch (excluding Mozambique) could be as high as 6,232 tons (Norman et al., 2019). Tanzania, Madagascar, and Kenya are the largest exporters of octopus from the SWIO region, with the bulk of product exported to southern Europe (Comtrade, 2019). The dispersed nature of octopus fisheries in this region resulted in the geographic extent of fishery UoAs engaged in the MSC programme being at country level, with capture method and fishing gear being gleaning and snorkeling with pointed or hooked sticks.




3.2.1.5 South Africa hake trawl

The hake trawl fishery in South Africa is the country’s most valuable commercial fishery, supporting more than 12,000 fishing and processing jobs (Lallemand et al., 2016). Hake is a popular fish in the local South African market, though more than 60% is exported – mainly to southern and northern Europe, and more recently to Australia and North America13.

Trawlers operate in both the deep-sea and inshore environments, targeting two species of hake, Merluccius paradoxus and M. capensis. The deep-sea and inshore fleets together account for 90% of South Africa’s hake catch13 and in 2004 became the first hake fishery, and the second groundfish fishery in the world to be MSC certified.




3.2.1.6 Namibia hake

The same two species of hake in the South Africa hake fishery, M. paradoxus and M. capensis, are targeted in Namibia, by trawl and longline vessels, with most of the catch destined for foreign markets (Chiripanhura and Teweldemedhin, 2016). The fishery operates throughout the Namibian EEZ at depths of greater than 200m. South of Walvis Bay, wetfish vessels must fish deeper than 300m and freezer vessels deeper than 350m (Food and Agriculture Organization, 2019a).

Prior to independence in 1990, the country exercised limited control of fishing effort in its waters and hake was heavily fished by an international fleet, with catch at its peak exceeding a million tonnes (Chiripanhura and Teweldemedhin, 2016). Since 2008, the hake catch has seen steady recovery, though excess processing capacity and inconsistent rights allocation and quota policies have at times placed political and environmental outcomes at odds with one another (Kirchner and Leiman, 2014). Today, fishing is strictly controlled, with current management measures including spatial restrictions, a closed season and a shared TAC, which is set at around 150,000 MT per season (Control Union, 2020).

With interest in certification from some stakeholders in the fishery a pre-assessment was conducted in 2010. The pre-assessment was updated in 2015. Four UoAs were identified (deep-water vs shallow and longline vs trawl) and the fishery was certified in 2020.





3.2.2 Gap analysis and improvement plans

For the Gambia sole fishery an initial gap analysis of the fishery against the MSC standard, in the form of a pre-assessment, was conducted in 2007 (Keus et al., 2015). The fishery scored well on some performance indicators including some of the requirements on information availability and the ecosystem and habitat performance requirements, but several performance indicators had low scores. The pre-assessment allowed the identification of key areas that would require improvements in order for the fishery to meet MSC requirements (Supplementary Table 4). These included management of retained by-catch, endangered, threatened and protected (ETP) species management, data collection, stock assessment, harvest control rules (HCR) and management plan (Medley et al., 2008). Stakeholders involved in the fishery worked together to develop an action plan that would help to address identified gaps.

In the Morocco sardine fishery, a pre-assessment against the MSC standard was first conducted in 2010. The BMT index at the start across zone A and B was 0.59 and in Zone C it was 0.6114. A formal FIP was introduced in 2014 although the government had started to initiate improvements informed by the initial pre-assessment prior to the formal improvement project. While the gap analysis showed draft range scores of over 60 on several of the performance indicators, several areas were identified as requiring further improvement. Key issues that needed to be addressed towards meeting the standard included further understanding of the status of stocks, the need for a management plan, the need for harvest control rules for the fishery, an understanding of status of primary species, the absence of information on discards and interaction with ETP species, and uncertainty about adequacy of management measures to manage impact on discards and ETP species (Supplementary Table 5)15. Later in the process, stakeholders identified the need for more work in relation to the low trophic level status of the target species, including the importance of sardine populations to seabirds diets.

To address these gaps against the fisheries standard several improvement actions were identified and agreed by stakeholders associated with the fishery. This included working to finalize a management plan for management zones A and B, development of harvest control rules for stocks in zone C, development of a data collection program to enable evaluation of discards and interactions of the fishery with ETP species, agreement to enhance transparency of decision making, and improved understanding of stock status15. Regarding low trophic level status, stakeholders identified a need to gather information on numbers and species of sardine predators, and to estimate biomass needed to feed predator populations.

The Mauritanian octopus fishery (including the bottom trawling, trap, pot, and jigging fleets) undertook an initial MSC pre-assessment in 2010, which was updated in 2016. The gap analysis showed bycatch associated with the pot fishery was insignificant, but identified several areas of the environmental performance of the fishery requiring improvement. These included overexploitation of the octopus population, low frequency of stock assessments, absence of a well-defined harvest strategy and harvest control rule, lack of data on discards of the trawling fleet, and incomplete information of the artisanal fishery operations and its landings. In addition, weak data on by-catch species, limited knowledge of habitats and ecosystem characterization, and lack of data on lost pots (ghost fishing) and their impact on the ecosystem were identified as key issues that needed to be addressed (Supplementary Table 6). The limitations in responsiveness of the decision-making process, the absence of formal adoption of the Octopus Management Plan, and the inefficiency of existing measures to control fishing effort were also highlighted as key governance areas requiring improvements (Food and Agriculture Organization, 2016).

In 2019, the Mauritanian octopus sector, supported by the FAO, outlined an improvement action plan to address these gaps (Food and Agriculture Organization, 2019b). Part of these improvement actions were already integrated within the proposed, though not formally adopted, Octopus Management Plan. Consequently, the first overarching improvement action identified, was the adoption of the Octopus Management Plan. Other relevant actions identified included: the definition of authorized fishing gears and technical features; spatial planning based on fishing gears, vulnerable habitats characterization and identification of other species; improvement of bottom trawling selectivity to minimize discards and by-catch; reduction of pots lost in the artisanal fleet; increased research of the fishery’s interaction with ETP species; and the creation of a Commission (Commission d’Appui à l’Aménagement de Pêcheries: CAAP) to support the decision-making process.

For the SWIO octopus fishery several different octopus fisheries in the region have been subjected to gap analyses against the MSC’s fisheries standard. In 2010 pre-assessments were undertaken for two fisheries against the MSC standard: one in southwest Madagascar (Medley and Gaudian, 2010) and the other for the Tanzania mainland coast (Hough et al., 2010). In 2018, five further pre-assessments were undertaken: updates for southwest Madagascar and Tanzania mainland; new analyses for Kenya and Zanzibar; and a region-level analysis for the smaller fisheries that exist in Mozambique, Mauritius, Comoros, and Seychelles. The gaps identified in the 2010 analyses of southwest Madagascar and mainland Tanzania were similar to those observed for the additional SWIO octopus fisheries: the status of octopus stocks were not known and there was concern that declining catch rates were indicating pressure on the resource; a harvest strategy and harvest controls rules were either not defined or inadequate; there were concerns about the impact of the fishery on bycatch, ETP species, habitats and the ecosystem – with no data collection occurring to assess validity of the concerns; and there was no fishery specific management plan defining the objectives for the fishery and how compliance, enforcement, monitoring and evaluation would occur (Supplementary Table 7). An action plan to address the gaps identified in the Tanzania pre-assessment was developed, and implementation commenced by World Wide Fund (WWF) and the Ministry of Livestock and Fisheries Development of the United Republic of Tanzania through funding from NEPAD (New Partnership for Africa’s Development) and the UK’s Department for International Development (DFID)16. Around the same time Blue Ventures (a non-governmental organization (NGO) developed and worked to implement the Southwest Madagascar Octopus fishery improvement action plan in collaboration with local stakeholders17.

For the South Africa hake fishery, the first certification in 2004 came with seven conditions and required action plans to address the conditions for the fishery to maintain its certification. These related to bycatch management, seabird monitoring, research on habitats, ecosystems and recruitment variability, and external review of management systems (Supplementary Table 8). During the first re-assessment, feedback from stakeholders identified further uncertainties surrounding the recovery of depleted hake stocks, and further actions to undertake further analysis of by-catch, protection of critical habitat and the fishery’s impacts on benthic ecosystems were identified. Action plans to address each condition were agreed as part of the conditions to maintain certification.

The fishery, in partnership with NGO stakeholders, implemented several research initiatives and by re-assessment in 2008 had introduced mitigation measures that included ringfencing of existing trawl grounds and mandatory use of bird-scaring lines. Reflecting the work carried out to address the conditions of the first two assessments, the assessment team identified few weaknesses in the fishery during the second re-assessment and noted that “some historical concerns about the fishery (notably impacts of the fishery on bird species) have been successfully addressed by management measures that have been developed through partnership between the fishing industry, government, and environmental NGOs” (Andrews et al., 2015, p 10). The fishery was certified for the 4th time in early 2021, with several new conditions linked primarily to changes in the MSC standard and the need for further understanding of the M. paradoxus stock structure.

The 2010 pre-assessment for Namibian hake was updated in 2015 to take account of developments in the fishery and in the MSC standard. The new pre-assessment highlighted some issues which would need to be addressed. Under P1 these included a better understanding of recruitment of the target hake stock, and the need for a clear plan showing how MSY would be achieved (these would require a better understanding of connectivity between the hake stocks caught in Namibia and South Africa). In P2 there was a need for evidence to demonstrate an understanding of the fishery’s impact on seabirds (Supplementary Table 9). Sufficient progress was made addressing these issues allowing the Namibia hake fishery to be certified in 2020. Across the four UoAs 14 conditions were raised, including continuing work to address the appropriateness of stock assessments in relation to reference points and harvest control rules, the effectiveness of measures to reduce mortality of seals, reviewing the effectiveness of measures to reduce seabird interactions, collection of information relating to impacts on vulnerable marine ecosystems (VME’s), development of a system for organized and effective management cooperation for M. paradoxus.




3.2.3 Stakeholder collaboration and partnerships

In the Gambia sole fishery, the collective interest in certification led to collaboration across a range of stakeholders. Partners were identified to fulfil various components of the improvement action plan. This included government departments, business, researchers, and NGO’s. Specific partners included: United States Agency for International development (USAID), who provided funding for implementation of a range of actions in the improvement action plan (Ragusa et al., 2013); Coastal Resources Centre (CRC) of the University of Rhode Island, who provided project oversight, training and implementation; WWF who supported CRC as project manager and were also directly involved in implementing a suite of activities related to the improvement action plan; the Gambia Department of Fisheries, the Atlantic Seafood company; local fishers who supported the process with provision of data to aid assessments of stock status (De Alteris et al., 2012); and the National Sole Co-Management Committee (NASCOM) which was set up specifically to support the improvement process and longer term sustainability of the fishery. Membership of this committee included fish mongers and processors, landing site co-management committees, the Gambian Artisanal Marine Fisheries Development Association (GAMFIDA), the National Association of Artisanal Fishing Operators (NAAFO), municipalities, the Department of Fisheries, and the industrial sector. A memorandum of understanding was agreed between the USAID funded ‘BaNafaa’18 project, GAMFIDA, Atlantic Seafood and the Gambian Department of Fisheries on how the partners would work together to make the fishery become more sustainable and potentially obtain the ecolabel19.

Implementation of components of the action plan benefited from the various skills, expertise and resources brought into the multi-stakeholder partnership. The nature of support provided by different partners ranged from research support, funding, capacity building, policy development, implementation, and surveillance. Further financial contribution to support improvement actions was obtained from Kaufland, a German retailer, which contributed 100,000 Euros raised through a sustainable seafood consumer campaign to support progress towards meeting requirements of the MSC standard (USAID, 2014).

For the Morocco sardine fishery, a steering committee was set up to support the fishery through the process of implementing improvement actions identified in the gap analysis against the MSC standard. The steering committee consisted of fishing industry, government, research organizations and NGOs (CEA Consulting, 2020), with the main NGO participation from the Sustainable Fisheries Partnership (SFP). The fishery was also supported by a significant number of companies including Lovering Foods, Thai Union, Labeyrie Fine Foods, Silver Foods, and Unimer Group, with ALDI South leading the initiative20. Government support came from the Department of Fisheries, the National Institute of Fisheries Research, and the National Fisheries Office who supported the process with research, and technical implementation. A range of partners provided funding for the implementation of improvements including Clama GmbH, Silver foods, Unimer Group and Labeyrie Fine Foods21.

In terms of specific partnerships around the use of the MSC standard as a tool to improve environmental sustainability of the Mauritania octopus fishery, the key partners included the FAO which has played a major role supporting the fishery, through a Technical Project “Support to the ecolabelling of octopus in Mauritania” (Food and Agriculture Organization, 2019b). The partnership between FAO, the Ministère des Pêches et de l’Economie Maritime (MPEM) and the Socièté Mauritanienne de Commercialisation de Poissons (SMCP), together with the collaboration of the Fédération National de Pêche (FNP) and the Institut Mauritanien de Recherche Océanographique et des Pêches (IMROP), aimed to generate an enabling political and technical context to evolve the octopus management system. These partnership and collaboration efforts were also supported by several non-governmental and private sector initiatives. This included the Sustainable Fisheries Partnership which integrated the Mauritanian octopus fishery improvement project within its Global Octopus Supply Chain Roundtable, which is a network inclusive of processing, importing, and exporting companies from around the world working together to promote the implementation of fishery improvement projects.

Initial stakeholder engagement involving the Western Indian Ocean Marine Science Association (WIOMSA) and Blue Ventures (Rocliffe and Harris, 2015) precipitated the establishment of the SWIOCeph Project. Additional stakeholders supporting improvement against the standard in terms of funding, capacity building, research and knowledge sharing included the GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit), WWF Sweden, WWF East Africa, New Partnership for Africa Development and the African Union Interafrican Bureau for Animal Resources. In addition to generating knowledge, Project SWIOCeph focused on capacity building and knowledge sharing with key government, NGO, and fishing organizations throughout the SWIO region.

In South Africa, MSC certification has presented a common goal for trawl operators across two industry associations, the South African Deep-Sea Trawling Industry Association (SADSTIA) and the South-East Coast In-Shore Fishing Association (SECIFA). While representatives from the industry associations, as well as academics and government scientists already meet regularly, as part of a working group run by the Department of Forestry, Fisheries and Environment (DFFE), the fishery’s certification is a consistent theme in consideration of recommendations and the fishery’s stock status. The fishery has also initiated and funded projects to better understand ecosystem impacts of its operations, in order to address conditions raised as part of its certification (Norman and Japp, 2019). These projects include: a Fisheries Conservation Project involving WWF South Africa and SADSTIA, focused on understanding levels of discard and monitoring impact on non-target species; a collaboration (Benthic Trawl Experiment) between DFFE, South African Environmental Observation Network (SAEON), SADSTIA, South African National Biodiversity Institute (SANBI) and the University of Cape Town (UCT) to monitor recovery in previously trawled areas; and cooperation between the fishery, Department of Environmental Affairs (DEA) and SANBI in the development of offshore marine protected areas (MPAs).

In Namibia there was acceptance by an international review panel in 2019 that M. paradoxus was most likely a single shared stock between Namibia and South Africa (Die et al., 2019), leading to a requirement that both fishery assessments be harmonized. Information sharing and collaboration between the Ministry of Fisheries and Marine Resources (MFMR) in Namibia and South African scientists from DFFE was therefore necessary for the harmonization of the two fisheries’ MSC assessments. Mechanisms for future collaboration between Namibia exist in part through the Benguela Current Convention (BCC)22.

Here, cooperation between Birdlife International’s Albatross Task Force and the fishing industry led to the voluntary adoption and subsequent legislated use of bird scaring lines, which resulted in a 98% reduction in seabird deaths (Da Rocha et al., 2021). The taskforce continues to work with the fishery to address outstanding certification conditions.




3.2.4 Research and knowledge generation

In the Gambia sole fishery, the improvement plan led to collation of new knowledge about the fishery, much of which was through local knowledge of fishers and industry (Ministry of Fisheries, Water Resources, 2012). This included analysis of the state of stock health for the two sole species. A Length-Based Catch Curve Analysis carried out for both species suggested that the two species may be over-exploited and experiencing growth and recruitment overfishing reference points. This led to recommendations to reduce fishing mortality and more research to reduce uncertainty of estimates (De Alteris et al., 2012). Other work carried out to support implementation of the action plan included research to understand migration patterns and spawning seasons of the target species, effect of mesh size changes on bycatch, studies on endangered threatened and protected species, and mapping of habitat types (Drammeh et al., 2011; Lamin et al., 2011; Gabis et al., 2013; Coastal Resources Centre, 2014).

To meet MSC requirements, a suite of research activities was also undertaken in the Morocco sardine fishery. This included data collection to address information gaps on seabirds, collation and analysis of observer data to determine the extent of discards and fishery interaction with ETP, with the results concluding minimal discards and low interaction with these species. Research work was also carried out to understand the fishery’s performance with respect to MSC’s key low trophic level requirements.

Due to the socio-economic importance of octopus fisheries in Mauritania, there has always been a significant level of monitoring of these fisheries. Nevertheless, since the implementation of the National Fisheries Strategy 2015-2019 and the Octopus Management Plan (OMP), where the process towards MSC certification was explicitly established in its annex II as one of the actions to improve the access to new markets (Ministère des Pêches et de l’Economie Maritime République Islamique de Mauritanie, 2018), the investment in research and further knowledge has been reinforced. While there is no direct evidence of the extent to which the gap analysis against the MSC standard informed research in the fishery, the 2019 Institut Mauritanien de Recherche Océanographique et des Pêches (IMROP) scientific working group notes the progress in several areas related to this octopus fishery, related to the implementation of the OMP. Among the most relevant are improved data collection and analysis of landings, effort and yield by gear, fleet segment and area; identification of marine zones for specific fleet management; improved information on catch composition within cephalopods species and incidental catches; and development of octopus specific monthly surveys that have resulted in better adjustment of the stock assessment exercises to be able to estimate MSY levels (Food and Agriculture Organization, 2020c; Khallahi et al., 2020).

The United Nations Environment Programme (UNEP) commissioned a study into the biology and fisheries status of octopus in the Western Indian Ocean and the suitability for Marine Stewardship Council certification (Guard, 2009). WWF has been working toward improving the sustainability of octopus fisheries along the Tanzania mainland coast (World Wildlife Fund, 2019) which has precipitated ongoing research by the Tanzania Fisheries Research Institute (TAFIRI) on octopus recruitment (Tanzania Fisheries Research Institute, 2020), exploitation and management (Tanzania Fisheries Research Institute, 2017; Silas et al., 2021). Interest in potential MSC certification meant SWIO octopus fisheries began considering their wider ecosystem impacts (Sauer et al., 2019), with investigations on habitat impacts of octopus fishing (Mahasoa, 2019) and work toward fishery specific management frameworks (Department of Fisheries Development, 2019). The SWIOCeph pathway project acted as a knowledge generation vehicle producing five pre-assessment reports for country-level fisheries in SWIO. Blue Ventures utilized the SW Madagascar pre-assessment to develop an action plan for the octopus fishery of SW Madagascar. This action plan is being implemented through a fishery improvement project to address gaps against the MSC standard23, with key activities including data collection for and research into the catch profile of the fishery; optimal approaches for assessing octopus stocks; impacts on other organisms encountered while fishing; and measuring potential habitat impacts of fishers. More broadly, there have also been investigations into the octopus supply chain of SWIO (Moreno, 2011; Wharton School of Business, 2013; Zhao, 2018; Kuboja et al., 2021).

In the South Africa hake fishery, as part of conditions to maintain its certification, comprehensive research has been regularly conducted to improve understanding and management of the impact of the fishery on the benthic habitat (Wilkinson and Japp, 2005; Sink et al., 2012). The conditions attached to certification have also provided the basis for undertaking research on bycatch in the fishery24 and on seabird impact (Watkins et al., 2008; Field et al., 2013; Maree et al., 2014). Butterworth (2016), in a perspective of the South African experience with MSC certification, considered one of the greatest benefits of hake’s certification being the enhanced attention given to scientific considerations. MSC certification has also been estimated to account for 35% of the economic value of the hake fishery (Lallemand et al., 2016), due to market diversification and demand for certified products in high value markets.

Regarding the Namibia hake fishery, there has been long term interest in better understanding links between hake stocks in Namibia and South Africa following certification of the South African hake fishery which has resulted in numerous studies focusing on genetics (Henriques et al., 2016; Kapula et al., 2022) and spatial life history (Jansen et al., 2015; Jansen et al., 2017). This research has been utilized to inform the MSC’s requirement that the stock management of certified M. paradoxus fisheries in each country be harmonized (Die et al., 2019). There has also been a focus on quantifying the reduction in seabird mortality in Namibian fisheries following the introduction of bycatch regulations (Da Rocha et al., 2021).




3.2.5 Policy and management change

One immediate management outcome motivated by the improvement process for the Gambia sole fishery in relation to the MSC standard was the decision and implementation of a proposal to close the fishery within a protected area from May to October (Ministry of Fisheries, Water Resources, 2012; Coastal Resources Centre, 2014). In addition to approving the seasonal closure, the National Sole Fishery Co-Management Committee also approved a minimum allowable size for sole. Capacity building of stakeholders including technical staff to ensure short and long-term sustainability was also undertaken. A fishery co-management plan was developed and formally approved bringing the fishery under improved management. The plan included provisions for exclusive use rights to the National Sole Fishery Co-Management Committee (Ministry of Fisheries, Water Resources, 2012).

In the case of the Morocco sardine fishery, the government used the outcome of the pre-assessment to inform its sustainability policy for the fishery and in 2014 formed a formal fishery improvement project. To address requirements for transparency and availability of data, the national fisheries research organization’s website was improved to make stock assessments available. A further outcome of the process was an agreement to formal management procedures for other small pelagic stocks setting out the decision-making process. In addition, an initial catch limit per fishing trip was introduced and a fishery management plan agreed and put in place by the government21.

While there are several objectives informing the development of the OMP for the Mauritania octopus fishery, ecolabelling was identified as a direct incentive for its implementation, and the MSC fisheries standard requirements were considered as a reference to improve knowledge and management towards sustainability within the OMP (Food and Agriculture Organization, 2019b). Although it is unclear whether the actions were directly motivated by the MSC standard, some of the actions taken since the adoption of the OMP in 2018 include the improvement of the control and compliance system, the establishment of a maximum number of pots and traps by boat, a minimum landing weight of 500 g (gutted), a minimum bottom trawling mesh size of 70 mm, and establishing non-fishing periods to reduce the catch of juveniles and spawning females (Ministère des Pêches et de l’Economie Maritime République Islamique de Mauritanie, 2018).

At a regional level, through organizations like the Southwest Indian Ocean Fisheries Commission (SWIOFC), there is increasing recognition of the importance of octopus fisheries for fishing communities of the SW Indian Ocean, and the need for more regional collaboration around the management of this fishery (Food and Agriculture Organization, 2020b). At more local levels of management, the potential role of MSC certification in improving the trading and marketing of the fishery is acknowledged in Zanzibar’s Octopus Fisheries Management Plan (Department of Fisheries Development, 2019). In southwest Madagascar, an Octopus Fishing Management Committee25 has been established, improving representation of a wider range of stakeholders including fisher representatives, NGO’s, researcher organizations, government and seafood industry in the management processes of the fishery, and coordinating implementation of the comprehensive Southwest Madagascar Octopus fishery improvement project (Gardner et al., 2017).

Meeting the conditions of certification in the South African hake trawl fishery has led to a >95% reduction in seabird deaths and 99% reduction in albatross deaths through implementation of bird scaring lines on all vessels (Maree et al., 2014). South Africa’s hake trawl permit conditions include the use of bird scaring lines on all trawl vessels operating in the offshore zone, and restriction of trawling to an historical trawl footprint. Although not yet legislated, the fishery has also adopted voluntary move-on rules for when vessels encounter vulnerable marine ecosystems.

Certification has been linked to a number of improvements in the fishery’s management, including ring-fencing of existing fishing grounds to reduce the amount of habitat affected; introduction of precautionary bycatch management measures for monkfish (catch limits) and kingklip (catch limits and seasonal closures), and implementation of the use of bird scaring lines.

Following years of cooperation between Birdlife International’s Albatross Task Force and the Namibian hake fishing industry to address bird bycatch, MFMR passed regulations in 2015 requiring the deployment of bird scaring lines in the demersal longline and trawl hake fishery (Da Rocha et al., 2021).

Lastly, an international review panel in 2019 concluded that M. paradoxus was most likely a single shared stock between Namibia and South Africa (Die et al., 2019), leading to a requirement that there be information sharing and collaborative management of the stock between the MFMR in Namibia and South African scientists from DFFE.






4 Discussion and conclusion

A key challenge across the fisheries management spectrum in Africa is a lack of policy coherence and coordination in the management of fisheries resources (African Union Commission/New Partnership for Africa’s Development, 2014). While sustainable fisheries management and responsible aquaculture development have been identified as priorities by the African Union, there is recognition that the intent of the reform strategy to fully realize increased productivity, profitability and sustainability of the fisheries sector, has been impeded by inadequate sector policies, lack of coordination between sector players and institutions, weak monitoring control and surveillance systems, poor small-scale fisheries development, lack of coordination in overlapping jurisdictions, and lack of transparency (African Union, 2015; African Natural Resources Centre, 2022). Furthermore, the lack of information about ecosystem status and health hinders their effective management at the national and regional level (African Natural Resources Centre, 2022).

The sustainable seafood community has over the years applied a suite of initiatives aimed at supporting fisheries and fishery managers to overcome some of these constraints. VSSs have a theory of change in which market recognition based on certification provides the incentive to encourage fisheries’ sustainable management and improvements. There are, however, barriers that may impede a fishery’s efforts to become certified. These include lack of market demand for sustainable seafood, inadequate environmental policy, overfishing, depleted stocks, data deficiency and weak monitoring and enforcement (Bush et al., 2013; Stratoudakis et al., 2016). Creating the enabling environment required to realize the standard’s theory of change can support complementary approaches that help to address constraints and incentivize continuous improvement (Stratoudakis et al., 2016; ISEAL Alliance, 2018; Travaille et al., 2019), and there is growing evidence that improvements have resulted from fishery engagement before, during and after certification (Pérez-Ramírez et al., 2012b; Field et al., 2013; Bellchambers et al., 2016a).

In this context, even where certification is not the primary goal or is not yet achieved, the MSC fishery standard has increasingly been used by stakeholders as a framework for assessing environmental performance of fisheries to support improvements. By providing a standardized and integrated ecological assessment of stock health, ecosystem impacts and governance, this approach presents an objective means of characterizing sustainability challenges, prioritizing issues to work on and working with stakeholders to propose and implement solutions (Marine Stewardship Council, 2014b; Stratoudakis et al., 2015). In addition, it provides a mechanism that allows comparison of ecological performance across different fisheries – within a country, a region, or across countries or regions, and allows for an understanding of progress within a fishery over time, through the use of the BMT index (Marine Stewardship Council, 2014a; Stratoudakis et al., 2015).

Almost all fisheries reviewed for this paper would need to implement improvements in order to qualify for certification. This is typical for fisheries engaging with the MSC (Bush et al., 2013; Wakamatsu and Sakai, 2021). Martin et al. (2012) looked at 442 pre-assessments undertaken globally and found that auditors recommended that 83% of fisheries would need to undertake improvements before embarking on an MSC certification. A study by Asche et al. (2021) using the Fisheries Performance Indicator tool, which functions as a data collection tool to assess environmental, economic and community pillars, found that the scores for Africa fisheries were lower than global average scores across all dimensions including environmental. The MSC standard is based on the FAO Code of Conduct for responsible fishing, and the outcomes can be seen as indicative of the level of improvements needed for fisheries to address the gap between current ecological performance and aspirations represented in the Code.

The pre-assessments reveal the most ubiquitous issues African fisheries have in meeting MSC requirements relate to the PIs for harvest strategy and HCR’s (PIs 1.2.1 and 1.2.2 respectively). These indicators are designed to evaluate the combination of monitoring, stock status assessment and management action that are in place in a fishery to ensure that target stocks are managed sustainably and that where stocks are depleted but above a point where recruitment is impaired, they are being managed to ensure stock recovery. The open access nature of some African fisheries may make achieving high scores on these PIs difficult. Globally, however, HCR’s are often the most challenging for fisheries to meet anyway (Wakamatsu and Sakai, 2021), with a number of certified fisheries also receiving further conditions on this PI (Agnew et al., 2014; Marine Stewardship Council, 2014b; Bellchambers et al., 2016c). Nevertheless, the higher P1 results in most of tuna internationally managed pre-assessed fisheries reflects the importance of multi-national approaches to management, in particular for highly migratory and widely distributed stocks which allow for a better match between decision-making process, management units and biological units, or stocks. Although these results for tuna fisheries might not be directly replicable for other type of coastal species, they highlight the importance of coordinated management and robust scientific knowledge at the relevant biological scale to progress towards sustainability goals.

In many cases, fisheries also scored poorly on target stock status (PI 1.1.1), reflecting the general state of many African fish stocks, which are in decline following years of foreign fishing, poor governance, lack of data, or the use of inappropriate data, and climate change impacts (Belhabib et al., 2018). Low PI scores in some individual UoAs appeared to be related to the management jurisdiction in which they operate, and the type of gear used. On the other hand, higher P3 scores appear in internationally managed fisheries, notably tuna fisheries, reflecting existence of systems to establish rules and management actions aligned with sustainability needs. These findings seem to indicate that, at least for shared stocks, fisheries management under regional or international bodies may be more effective, therefore, investing in these multi-national approaches to management might be a key priority for African fisheries.

The case studies show a key outcome of engagement with sustainability standards to be multi-stakeholder partnerships across government, NGO’s and the private sector. Across the case studies there are examples of fisheries introducing consultation processes, a requisite of MSC certification. These types of processes and partnerships can support a shift from top down to bottom-up fisheries management. For example there was a high level of engagement of stakeholders in the Gambia sole fishery where the improvement work with the Coastal Resources Centre led to the involvement of fishers who subsequently set up a sole management committee. The Gambia sole and Morocco sardine fisheries appeared to command more stakeholder engagement than the other fisheries. However, overall there did not appear to be a perceptible pattern to correlate the effect of the scale or type of the fisheries, to the extent and nature of stakeholder engagement across the case studies. In an African context, the benefits of stakeholder partnerships is that they can facilitate provision of technical expertise, financial resources and capacity building to support improvement in fishery sustainability performance, thus supporting government efforts to responsibly manage resources (Field et al., 2013).

Effective management of fisheries requires knowledge and information about the resource. The case studies show how the collaboration following from engagement in the process provides a basis for stakeholders to collectively work to identify key research needs and resources, and employ different approaches to undertake research and generate new data that will be useful in supporting sustainable management of resources. While instances of knowledge generation and research occurred across all the case studies, there appeared to be more instances in the Gambia sole and the Moroccan sole fishery compared to the SWIO octopus fisheries. This may be linked to the higher level of stakeholder engagement in the two fisheries compared to the SWIO octopus fisheries. There also appeared to be more examples of documented policy and management improvements attributable to engagement in the MSC standard in the Gambia sole, Morocco sardine and the South Africa hake fisheries compared to the Mauritania octopus fishery, where links of policy improvements to the MSC standard could not be easily established, and compared to SWIO Octopus where engagement with the MSC standard compared to the other case studies is more recent.

Transparency of fishery information is another element that is important to ensuring effective fisheries management (Davis and Hanich, 2020). Insufficient transparency and accountability in the formulation of policies, and management of resources, has been identified as a key factor in inadequate fisheries governance (African Union Commission/New Partnership for Africa’s Development, 2014). While pre-assessments are often confidential, the process whereby stakeholders work together to develop and implement action plans requires information to be made available to the stakeholders involved and thus facilitates stakeholder awareness of the status of resources. Many of the fisheries examined here have information about their level of performance with respect to the MSC standard available in the public domain. Stakeholders use platforms such as the MSC website, FisherProgress.org, and SFP to access this information. This potentially helps address issues around absence of publicly available information on fisheries. Increased availability of information could also be valuable for informing decisions on investments that have the potential to increase fishing capacity on fisheries resources that are not yet being managed optimally.

While utilizing the MSC certification program as a framework for improvement has probably posed a challenge for some stakeholders or management systems, it has undoubtedly led to the development or improvement of fishery management plans for some of the fisheries in this study. This suggests an opportunity that could be extended to other fisheries, thus helping to increase the number of fisheries in the region that are subject to effective fishery management plans.

The findings in this review mirror experiences in fisheries in other regions in Europe, Asia and the Americas. Many fisheries around the world employ the MSC standard as a tool to identify and subsequently address gaps in ecological performance (Plotnek et al., 2016; Wakamatsu and Wakamatsu, 2017; Travaille et al., 2019). Some of these fisheries go on to pursue certification when there is market demand for seafood independently verified as sustainable, while other fisheries employ the standard to achieve other objectives key of which include enhanced stakeholder participation in the management of fisheries and support for policy and management change. This review suggests that many fisheries engaging in the MSC in the region employ the MSC standard initially as an improvement tool. The specific impact in terms of an enabling environment varies from one fishery to another. Further detailed analysis across more fisheries in the region are required, to provide a more comprehensive picture of the scope and impact of engagement of fisheries in the region with a universally recognized standard, and how this relates to any inherent fishery characteristics. However this study highlights the potential opportunities that a certification standard can provide in terms of helping to provide a better understanding of key sustainability issues of fisheries in the region, and as a mechanism to facilitate participatory engagement and investment in the management of fisheries in the region.
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19https://solutionsearch.org/contests/entry/847

20https://www.intrafish.com/news/aldi-backed-sardine-fip-sees-leap-in-progress/1-1-750435

21https://fisheryprogress.org/node/4196/info

22https://www.benguelacc.org/

23https://fisheryprogress.org/fip-profile/southwest-madagascar-octopus-diving-gleaning/

24https://wwfsassi.co.za/south-african-offshore-trawl-bycatch-fishery-conservation-project/
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Themes/Topics that were discussed with each coastal woman during the interviews

Basic information of respondent and household situation

Knowledge about climate change and observed seascape ecological changes
Existing livelihoods and possible alternatives

Economic situation such as income and other material assets

Social capital in terms of organization (formal or informal)

Education levels

The table shows what domains from Cinner et al. (2018) typology the themes operationalize.

Main domain that interview
data informs/operationalizes

All

Learning
Flexibility, Agency
Assets

Social organization

Learning, flexibility, agency
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Category

High-income

Middle-income

Low-income
Poverty line = 1.25 USD/day

Range income

Above
10,000 TZS/day
(4.37 USD/day)

Between

3,000-9,000 TZS/day

(1.25-3 USD/day)

Below
3,000 TZS/day
(1.25 USD/day)

Number/Percentage of women

10 (8, 4%)

23 (19, 6%)

84 (72%)

Average income

26,860 TZS/day
(11.70 USD/day)

4,691 TZS/day
(2 USD/day)

1,424 TZS/day
(0.6 USD/day)
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Domain/  Positive for adaptive capacity

Assets High income
High level of inheritance

Flexibility Previous experience showing flexibility
and adaptation
Literacy

Organization Knowledge about organizations at the
local level
Participation

Learning Relatively high level of formal education
Awareness of environmental changes
Good observation capacity

Agency Relatively high level of formal education

Previous experience dealing with change
Multitasking capacity
Used to have important responsibility

Unclear role for adaptive capacity

Ownership of animals

Ownership of other items that do not have a clear market
(e.g. buckets/ropes)

Ownership of jewellery

Ownership of house

Intra-household dynamics

External programs introducing diverse new activities
Perceptions of new jobs like tourism
Intra-household dynamics

Social factors that affect leadership formation
Intra-household dynamics

Different conceptualizations of natural phenomena
Local ecological knowledge
Intra-household dynamics

External programs and interventions
Religious beliefs
Intra-household dynamics

Negative for adaptive capacity

Low income

High dependence on seaweed farming
Informal labour

Difficulties to realize owned assets

Lack of “real” alternative livelihoods that provide
a good income

Lack of language skills

Lack of time

Lack of demand for local products

Lack of financial capital

Tourism targets international markets

Tourism hires foreign employees

Cultural norms incompatible with tourism work

Low organizational level

Seaweed farmers are not active in their respective
committees

Lack of formal arenas for discussion and
problem solving

Traditional norms and structures

Lack of time to participate

Lack of time to prioritize environmental issues

Complexities in information exchange
Differences in local and scientific knowledge
Lack of knowledge at higher scales

Lack of knowledge about international market
and its dynamics

Lack of formal arenas for discussion and
problem solving

Lack of media coverage

Lack of assets such as radio and TV

Lack of access to newspapers and information
materials

No women with a university education

Constant care of the household
Focus on the local scale

Lack of time for reflection
Financial constraints

Traditional norms and structures

Factors identified in the unclear column are rarely treated in the literature and deserve further research. Other factors worth noting are e.g. multitasking capacities, lack of time for reflection

and difficulties to realize other owned assets.
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1.Perception about Dispossession, displacement, and ocean grabbing;
Did you used to fish in the area that is now the Port or Navigation area?.

Lamu l = No ‘ Bagamoyo
= Yes
61% 57%

2.Exclusion from governance
Were you engaged/Consulted in the initial process of the port development ?.

N\
)

79% 83%

3. Environmental justice concerns from pollution and waste
What impacts does port development has on Fishing grounds, Fish Quality and Water Quality?

; Negative
Give reason for your Answer. i) Fishing grounds 3 Displacgment

Negative T
1.Displacement ’l gu 2.Impacts on habitats
2.Impacts on habitats 3.Pollutants from port
3.Increased accidents = Positive 4. Increased Accidents
4.Increased predators = Neutral . I5~ InCl’edaSEdddetpth
5.Pollutants from port = Negative 909 - Increased predators
P 85% 9 % 7. Noise pollution
Negatlve ---------------------------------------------- II)FIShQualltY Negative
1.Fish contamination h n, ) ) 1.Fish contaminatign
2.Fish spoilage from longer operation 2.Fish spoilage from longer operation
3.Smaller fish 3.Smaller fish
4.Decline in fish stocks 4.Decline in fish stocks
Positive 48% 59% Positive
1.Increased predators 1.Increased predators

4. Environmental degradation and reduction of availability of ecosystem services
What impacts does port development has on Coral and Mangroves? Give reason for your Answer.

A = i) coral ™"
Negative Negative
1.Damaged through dredging 1.Damaged through dredging
2.Increased depth 39% 79% 2.Sedimentation

3.Sedimentation

i) Mangroves

Negative L \U! Negative
1.Massive cutting 1.Massive cuttipg
2.Damaged through dredging 2.Damaged through dredging
3. Erosion o 3. Erosion
4. Sedimentation 94% 86% 4. Sedimentation

5. Livelihood impacts for small-scale fishers
What impacts does port development has on your income ? Give reason for your Answer.

Negative

1.Less catches p—
2.Displacement f , L egtarllve
3. Increased accidents ' -Less catches
Positive ‘ 2.D|splacem.e_nt
2.Increased income " 739% Positive
3.Increased market 67% ° 1.Increased market
4.New job 2.New job
6. Lost access to marine resources needed for food security and wellbeing

What impacts does port development has on your fish catches ? Give reason for your Answer.

Negative .
1.Decline in fish stocks o Negative
2.Displacement o= ol 1.Decline in fish stocks
3. Impacts on Habitats ' 2.D|sp|acen_1ent
4. Pollution from port 3. Impact; on Habitats
5.Increased predators o, 5 4. Pollution from port
Positive 69% 81% Positive

1.Artificial reef from port structures 1.Increased predators
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A ENo HMaybe [ Yes

Do you think a SSI program would work in Seychelles? 36%
Would you like to see a SSI program used in Seychelles? 64%

B Perceived Barriers to a SSI program
2 | | Needs research {6 Kiowiifisuch an effort would have impact

Overarching Themes Perceived Benefits of a SSI program

|| Reduce power of the traders

Raise price of broader selection of species

{1 Increase market range of species

] Increase hotel use of small-scale trap fishers

Technological

4
1 I People like what they ke || Decrease stigmas around species deemed bad to eat
Behavioural
Raises public awareness on fishery issues
3 | | Fishers do not see a problem and so will-notichiange
HMMI ﬂ Reduce pressure on certain species like snapper

1 [ Jreustin such an initiative is low [] Protect fish stocks & aid recovery
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Engagement — continuous monitoring
shouldn’t be limited to ecological
parameters but also social
parameters.

Stewardship — build capacity for
community-based monitoring and
inclusion into the governance
structure.

Ownership — where community-based
monitoring already existed, provide
logistical support to maintain

e
-

Ownership — asking permission and informing
leadership before working on land

Ownership and Engagement - Inclusion of
traditional knowledge alongside institutional

research.

Engagement and Stewardship - Co-design
research to address researcher and

community questions

Ecological
research

Engagement — consultation with a
diverse array of community
members, not just leadership.
Stewardship — identify community

Compliance Spatial | goals and include these in the
& monitoring planning MPAgoals _
Ownership — including community
knowledge in spatial planning
models
. Policy &
Implementation regulation

Engagement and Stewardship —
involving community members in the
park governance structure and the board
to ensure representation on all matters.
Ownership — ensure that communities
hold meaningful shares in the protected
area in a manner that will tangibly and
agreeably benefit local residents.

Engagement — consultation with a diverse
array of community members, not just
leadership.

Engagement — an opportunity to revisit the
legacy of policy and to aim for redress
Ownership — clarify policy around land
claims vs conservation area

Stewardship and Ownership — clarify
hierarchy or co-existence of plural
governance structures to reduce conflict and
confusion
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Karbonkelberg Reserve

Tsitsikamma MPA

Mngazana Estuary

Hiuleka MPA

Kosi Bay

Ecological
habitat

MPA type and
zoning

Governance

Brief History
and Current
Legislation

Key
Challenges

Key
references

Karbonkelberg is a peak
bordering Table Mountain with
acliff face on the south side
and a dune-like slope. Habitat
types include a mix of sandy
beaches, rocky shores, kelp
forests, and offshore rocky
reefs.

Partially closed - The

TMNP MPA has 6 restricted
areas in total, of which the
Karbonkelberg Reserve is one.
No extraction is allowed here
with the only exception being
that boat-based snoek fishing
is allowed to take place within
the Reserve at depths greater
than 35m.

The TMNP is managed by
South African national Parks
(SANParks)

Harvesting of West Coast
Rock Lobster has ocourred for
centuries in local communities.
1934 - Hout Bay Lobster
sanctuary erected.

1950 - The Group Areas

act zones Hout Bay as a
white residential area and
Hout Bay Harbour zoned for
‘coloured occupation. This
excludes non-white fishers
and harvesters from accessing
the area.

2004 - The TMNP MPA

is declared, including the
Karbonkelberg no take
sanctuary.

Atno point has the Hangberg
community been engaged.
Loss of rights to tradifional
fishing grounds, while
commercial vessels are
allowed to fish within the area
during March every year.
Ongoing fishing has continued,
albeit legally meaning no
effective way to monitor
catches.

The official response has been
toincrease policing, fines and
confiscation of equipment
exacerbating conflict

between authorities and local
communities.

van Sittert (1994); Omari
(2007); Hauck (2009);
Sowman et al. (2011)

The Tsitsikamma NP has
arugged coastiine with
steep clifts, rocky shores,
sandy beaches, and
sub-tical rocky reefs. Itis
known for having several
endemic resf fish species,
and slow-growing long-
lived line fish species.

Partially closed - 80% of
the TNP s characterised
as a no-take zone with
the rest of the park spit
into three zones that are
restricted to harvesting
by registered community
members only (Figure 3).

The TNP is managed by
South African National
Parks (SANParks),

1964 - Proclamation of
the Tsitsikamma National
Park MPA

1976-1978 Fishing is
restricted to a single 3km
zone with permits.

2000- TNP MPA is
declared ‘no-take’

2007, 2015 - Attempts

to rezone the park for
controlled access for local
fishers

2016- The MPA is rezoned
to have three controlled
coastal zones for fishing
with strict regulations.

Alack of meaningful
engagement between
conservation decision-
makers, scientists and
‘community members.
Loss of community access
to the ocean. Although
control zones exist they
do not necessarily serve
community needs.
Afailure to deal with
issues of rights and
access has created
compliance and
contestation issues:

Faasen (2006); Faasen
and Watts (2007);
Muhl (2019); Muhl and
Sowman (2020)

The Mngazana system is situated within
the Mngazana Estuary and consists
largely of mangrove forests, seagrass
and saltmarsh habitats. The estuary is
permanently open to the ocean and
receives freshwater from the inflowing
Mngazana River.

There is no formal protection or visible
control over harvesting.

Mngazana Estuary forms the boundary
between Caguba Traditional Authority
in the north and the Gomolo Traditional
Authority in the south. The local
communities recognise the importance
of estuaries as a source of livelihoods.
Although this system has been used
for years, there is o formal protection
given to the estuary.

2011 - Residents began requesting
formal protection status.

Currently the Mngazana mangroves
are being considered for conservation
under N2 Wild Coast Toll Road
Biodiversity Offset Agreement (SLR
Consulting, 2019, L. Mooy pers.
comm. 2022).

There is no visible control over the
mangroves in the Mngazana estuary
despite the presence of an Estuarine
Management Plan which discusses
potential for ecotourism development,
improved institutional collaboration with
local communities, the establishment
of estuary management forums,
anincrease in conservation areas,
management of cattle grazing pressure,
and a coherent planning framework.
Poverty and possibly an unsustainable
reliance on the mangrove ecosystem.
Alack of formal conservation
protection, lack of governance and
management capacity among the

local people, and absence of a
coherent planning framework means
that sustainable resource use or
conservation remains unregulated and
unrecorded.

Alack of catchment management
upstream may lead to ecosystem
degradation

Limited knowledge transfer between
local communities, users and scientists.

De Wet (2004); Lewis and Msimang
(2004); Rajkaran et al. (2004); Peer
etal. (2018); Masterson et al. (2019)

The MPA has a collection of
beach coves, protecting a rocky
shoreline, an estuary, and sandy
beaches. The area provides
sanctuary for the Southern

Right whale between April and
December, the Humpback

whale all year round as well as
for humpback and bottlenose
dolphins.

The entire MPA s a no-take zone.

Hiuleka MPA is managed by
Eastern Cape Parks and Tourism
Agency (ECPTA).

1920s - State introduced
conservation laws that
dispossessed the local
communities of their access and
control coastal land, forests and
marine resources

1976 - Hiuleka Nature Reserve
was declared

1991 - Proclamation of the Hiuleka
MPA

2000 - Hiuleka MPA was declared
a no-take MPA under the MLRA,
transferred in 2014 by presidential
pronouncement to Section 22A of
NEM: PAA. Land claims still exist
and have yet to be resolved

A lack of meaningful engagement
between conservation decision-
makers, scientists and community
members.

There is no comprehensive
system to monitor progress on
conservation objectives and to
facilitate adaptive management.
There is no planned education
programme for the MPA even
though four community liaison
officers had been appointed

for the region to interact with
communities and raise awareness
for conservation in general

Loss of a livelihood. The removal
of mussels, impets, and crayfish
by the locals is viewed as a
compliance isste.

Chadwick et al. (2014); Emdon
(2013); Sowman and Sunde
(2018); De Villiers (2021); Fielding
(2021); Mann-Lang et al. (2021)

The Kosi Bay system includes coral reefs, an estuary,
dune forests, mangrove, forests, seagrass habitats, sandy
beaches, and focky shores. The lake system is a series of
four lakes (Figure 6) starting with the lower marine Lake
Makhawulani, connected to the brackish Lake Mpungwini
and ending with the two fresh upper lakes (Nhiange and
Amanzamnyama). Each lake has unique features which are
described in detail in the Ramsar Information sheet (Kyle,
1995). Tradifional fish traps are found in the two lower lakes.

Partially closed - Kosi Bay forms part of the iSimangaliso
Wetland Park, a UNESCO World Heritage Site. The estuary
system is zoned for restricted and controlled use prohibiting
fishing and harvesting to varying degrees.

Kosi Bay is managed by iSimangaliso Authority.
Ezemvelo KZN Widife, a provincial authority, assists with
management. The land in Kosi Bay is also communal land
under the Tembe chieftaincy.

1910 - Incorporated into the Union of Souith Africa after
having formed part of Maputaland, an independent country.
1950s - The Group Areas Actleads to rezoning and forced
removals of non-white communities from land that had been
overseen by local chiefs.

1975 - The provinaial government assumed authority over
Maputaland. It s stil unclear about the traditional vs state
role in terms of govemnance. This continues with democracy.
1999 - iSimangaliso Wetland Park is established as South
Africa’s first UNESCO World Heritage Site along with the
World Heritage Gonvention Act 49 of 1999. The park
authority assumes control of the park. Land claims do exist
however they have yet to be resolved.

Ongoing confiict between conservation objectives i.e. to
preserve ecosystems and to protect natural resources and
rural development/community livelihoods.

Unsettled land claims still exist and serve as a reminder of
forced removals.

The stark contrast between users (tourists attracted to
the UNESCO World Heritage Site) and local low-income
communities appears to increase with the continued
governance and focus of iSimangaliso Wetland Park
exacerbating marginalisation of local communities.

Plural conservation governance systems create confusion
regarding land use and managerment.

Kyle (1995), Guyot (2005); Hansen (2013); IWPA (2017);
Mbatha (2018); Peer et al. (2018)
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1991 2011

t month™! + 95% CI % t month' + 95% CI 2011%
BS = - 32 9 (59.5) 27.0
GN 3.4(2.6) 201 .7 (12.3) 35.8
HL 13.4 (6.7) 79.9 32 4 (13.1) 265
LL - - 10.0 3.3) 8.2
MN - - 0.1(0.1) 0.1
SN = = 0.9(0.9) 0.8
SP = - 05(1.0) 0.4
Other - - 1.6 (1.7) 1.3
TOTAL 16.8 (8.3) 100 122.1 (91.9) 100
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Group/Family

Scombridae
Carangidae
Sharks and Rays*
Serranidae
Lutjanidae
Istiophoridae
Clupeidae
Terapontidae
Lethrinidae
Sciaenidae
Nemipteridae
Haemulidae
Scaridae
Sphyraenidae
Mugilidae
Gerreidae
Hemiramphidae
Other**

Common name

Mackerel and Tuna
Jack and Trevally
Sharks and Rays*
Grouper

Snapper

Billfish

Herring, Shad and Sardine
Grunter or Tigerperch
Emperor

Drum or Croaker
Threadfin bream
Sweetlips

Parrotfish

Barracuda

Mullet

Mojarra

Halfbeak

Other**

1991 Laroche et al. (%) 2011 HL & GN (%)

25.4
118
1.4
10.6
87
6.8
65
4.4
26
1.7
15
14
14
04
02
00
0.0
5.8

202
77
5.9
6.5
3.1
0.0
19.7
0.9
1.0
29
<041
3.3
12
3.1
0.4
0.3
<041
240

2011 All (%)

16.1
7.4
4.7
6.1
23
0.0
14.2
0.7
0.8
22
<041
3.1
0.9
25
0.3
0.2
<041
38.6

Increase 1 decrease |

*Sharks and Rays included 3 families in 2011 (Carcharinidae, Dasyatidae, and Rhinobatidae), **Other included 19 families in 2011 (Acanthuridae, Albulidae, Ariidae, Belonidae,
Chanidae, Congridae, Diodontidae, Echeneidae, Engraulidae, Chirocentridae, Trichuridae, Synodontidae, Mullidae, Leiognathidae, Lobotidae, Kyphosidae, Muraenidae, Sillaginidae,
and Soleidae). No further information was given on the composition of the group ‘Others’ in Laroche et al. (1997). Arrows indicate the direction of the change (increase or

decrease); -, denotes no change.
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Family/Group

Scombridae (Mackerel and Tuna)
Istiophoridae (Billfish)

Sharks and Rays
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Serranidae (Grouper)

Carangidae (Jack and Trevally)
Terapontidae (Grunter or Tigerperch)
Lethrinidae (Emperor)

Nemipteridae (Threadfin Bream)
Scaridae (Parrotfish)
Hemiramphidae (halfbeak)
Mugilidae (Mullet)

Gerreidae (Mojarra)

Sciaenidae (Drum or Croaker)
Haemulidae (Sweetlips)
Sphyraenidae (Barracuda)

Clupeidae (Herring, Shad and Sardine)
Other**
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Row Continuity of Number of delegates  Average

Labels delegate in 10 years delegation
size
Australia 6 48 10
Bangladesh 1 7 1
Comoros 9 3 2
India 4 25 4
Indonesia 5 85 15
Tran 4 10 2
Kenya 5 19 4
Madagascar 7 22 5
Malaysia 4 29 5
Maldives 8 29 6
Mauritius 9 37 9
Mozambique 8 20 6
Oman 6 12 3
Pakistan 2 8 2
Seychelles 10 41 10
Somalia 4 9 3
South Africa 5 17 4
Sri Lanka 6 31 6
Tanzania 6 33 6
Thailand 7 40 6

Continuity is measured by the maximum number of years a delegate from the country has
participated in the time period.
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Gl16
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Australia
Bangladesh
Comoros
India
Indonesia
Iran

Kenya
Madagascar
Malaysia
Maldives

Mauritius

Mozambique
Oman
Pakistan
Seychelles
Somalia

South Africa

Sri Lanka
Tanzania

Thailand

Number of propos-
als

23

34

18

Frequency

Every year from 2012-2020

Every year from 2016 - 2020

Sporadic between 2016 and 2020
Once in 2018

Every year from 2012-2021
inclusive

Every year from 2012-2018
inclusive

Sporadic between 2012 and 2020
Once in 2018

Sporadic between 2018 and 2021
Every year from 2012 - 2019
Sporadic between 2018 and 2021

Every year from 2017-2021
inclusive

Sporadic between 2016 and 2020
Sporadic between 2016 and 2021
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30 June 2015
Member States

23 May 2016

I0TC Commission

Two proposals

Kenya:

« Applies to vessels above 24m

* Reductions by gears (PS - 25%,
OG - 10%)

« Establishes time area closures
for 2 months

EU:

« Applies to all vessels

« Flexible time area closure of one

24 May 2018
I0TC Commission

month One proposal
* 20% reduction for vessels across Japan:

the board 1 Dec 2016 * Amends 17/01
* FAD limits at 475 Scientific  Applies to vessels above 24m
« Prohibits transshipment at sea Committee « Clarification of limits for supply

Kenyan proposal gets adopted with

Revises advice to

vessels and support vessels
Japan proposal gets adopted with

08 March 2021
I0TC Special Commission
Two proposals
EU:
* Amends 19/01
« Applies to all vessels
« Change in catch limits for vessels
catching above 5000t (PS: from
15% to 20%, GN from 10% to
20%, LL from 10% to 20% nd OG
from 5% to 10%
« Improves penalties for over catch
South Africa and Maldives:
* Amends 19/01
* Applies to vessels
« Improves penalities for over

submit 2014 limits for all gears and removal of reduce YFT by
data time area closures (RES 16/01) 15%
[
2015 2016 2017
22 May 2017
23 Nov 2015 4 May 2016 -
Scientific Market & NGOs I0TC Commission
Committee Encourages to -Ir\;lr;rl?reit'zrsoposals
i reduce catches b -
Advice to reduce iy « Amends 16/01

YFT catches by
20%

20%

« Applies to vessels above 24m

 Decrease in limits for PS vessels

* Reduction in supply vessels

» Reduction in FAD limits from 425
to 350

Seychelles:

* Amends 16/01

« Applies to vessels above 24m

« Flexibility for PS vessels to chose

from 2014 and 2015
* Reduction in supply vessels
South Africa & Maldives
* Amends 16/01
« Applies to vessels above 24m
« Reduction in supply vessels
Seychelles proposal gets adopted
with reduction in FADs per vessels
and for SIDS to choose limits for
2014 or 2015 (RES 17/01)

minor revisions (RES 18/01)

2018

Dec 2021
Scientific
Committee
Stock is
overfished by
nearly
100,000t
above MSY

Dec 2019 catch

Scientific » Change in catch limits for vessels July to Nov
June 2019 Committee catching above 5000t (PS: from 2021
Market & No advice due 15% to 25%, GN from 10% to India,
NGOs to issues with 15%, LL from 10% to 15% nd OG Indonesia,
Request to stock from 5% to 10% Oman,
reduce catches assessement. * Reduction in supply vessels Madagascar
by20% & Catches South Africa & Maldives proposal and Somalia
follqw scientific continued to gets adopted with revisions in catch objects to
advice increase limits. 21/01

] ]
2019 2020

23 Dec 2018

Scientific Committee
No advice due to issues
with data. Catches
increased by 3%

17 June 2019

I0TC Commission

Three proposals

Republic of Korea:

* Amends 18/01

« Applies to all vessels

« Decrease in limits for PS vessels

* Amends limits and increase limits for all gears except

longline vessels.

« Introduces penalties for over catch

EU:

* Amends 18/01

* Applies to vessels

« Increases catch limits for other gears (PL and HL) and

countries that have increases catches since 2016

* FAD limits to 325

« Introduces penalities

South Africa & Maldives

* Amends 18/01

« Introduces penalities for over catch

* Time area closure for PS vessels for 2 months

* Reduces FAD limits to 50 per vessel in over four years
» Non-entangling FADs by end of 2022

* FAD tracking information by 2021

« Prohibition of supply vessels by 2021

* GN vessels to mitigate ecologoical impacts
South Africa & Maldives proposal gets adopted with
major revisions (Removal of non-entangling FADs and
FAD tracking - RES 19/01)

I L I
021 % 2022

December 2020

Market & NGOs

Calls to prohibit trade of
Indian Ocean yellowfin
tuna and voluntary
commintments to reduce
sourcing from Indian
Ocean

7 June 2021
I0TC Commission
Two proposals
EL:
* Amends 19/01
« Applies to all vessels
» Change in catch limits for vessels
catching above 5000t (PS: from
15% to 20%, GN from 10% to
20%, LL from 10% to 20% nd OG
from 5% to 10%
« Improves penalties f
South Africa and Maldives:
* Amends 19/01
« Applies to vessels
« Improves penalities for over
catch
* Reductions based on catch
levels, developmental status and
vulnerability
* Reduction in supply vessels
South Africa & Maldives proposal
gets adopted with revisions in catch
limits (RES 21/01).
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Station Mangrove species Avg. surface accretion (mm) Surface accretion (mm yr™)

2C A. marina, C. tagal 26.0 £ 0.14 13.0
2A A. marina, R. mucronata 19.5 £ 0.07 9.8
5C A. marina, R. mucronata 26.0 £ 0.14 13.0
9C A. marina, C. tagal 185 +0.21 9.3
13A A. marine, X. granatum 15.0 = 0.00 75,
14A A. marine, X. granatum 123 £ 0.57 6.1
14C A. marina, C. tagal 143 +0.21 7.1
22C A. marina, C. tagal 15.0 £ 0.14 7.5
15C A. marina, R. mucronata 15.5 £ 0.07 7.8
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System Variable

Refi

e

Port system Berth length m Serebrisky et al. (2016); Chen and Lam (2018); Li et al, (2018a).
Berth EA Chen and Lam (2018); Li et al, (2018a); Wanke et al., (2018).
Crane EA Serebrisky et al. (2016); Chen and Lam (2018).
Cargo throughput 10" Tons Cui (2017); Chen and Lam (2018); Wanke et al., (2018); Lim et al., (2019).
Container Throughput 10" TEU Serebrisky et al. (2016);; Cui (2017); Chen and Lam (2018); Li et al, (2018a); Lim et al. (2019).
City System Land 10" M2 [ Chen and Lam (2018)
Energy 10" Toe Tan et al. (2017); Chen and Lam (2018).
Labor 10" Zhang et al. (2011); Chen and Lam (2018)
GDP 10" CNY Zang et al. (2011); Tan et al. (2017); Ding et al. (2016); Xu et al. (2017); Li et al, (2018b); Yi et al. (2019).
GHG 10" M? Ding et al. (2016); Chen and Lam (2018); Li et al, (2018b); Yi et al. (2018).

Source: Kong and Liu, 2021.
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Indicator

Port development

Port-city development

Transport

Research and innovation

Spatial development

Environment

Communication

Heritage and cultural impact

Institutional

Source: van den Houten, 2017.

Xiao and Lam (2017)
Productivity (cargo handled per resource usage)

Port operation

Trade facilitation

GDP per capita

Income and profitability (household disposable
income, gross savings)

GDP generation/value multiplier, commercial,
activities, employment multiplier

Unemployment rate

Transport spatial impact

Coastal and occupation
Housing, shelter

Air quality & concentration of pollutants

Water pollution by port activity

Waste generation and treatment

(Maritime) heritage protection ad culture
preservation

Regulatory framework of port industry

Political stability

Merk and Ding (2013)
Port throughput (mton)
Port throughput containers (m teu)

Growth port throughput (m ton and/
or mteu)

Value added port area (min USD)
Efficiency index
Metropolitan GDP per capita

GDP per capita growth

Population
Population growth

Port-related employment (direct,
indirect)

Unemployment rate

Motorway network density(km/
1000km?)

Railroad network density(km/
1000km?)

i.e total patent applications in region
Land surface of port(km?)
Urbanized area(km®)

CO, emissions per capita

Population exposure to PM, 5

Number of twitter followers

Cultural projects related to port





OPS/images/fmars.2023.1052128/fmars-10-1052128-g006.jpg
DRIVERS
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STATES

Indicators

Annual container port
throughput (mteu)

Total area of reclaimed land

2 in port-city (km?2)

% Rate of port-expansion
(land surface of port (km?)

A 4

Volume of untreated ballast
water emitted (m3)

Maximum berth length (m)

Volume of industrial
wastewater discharge (m%)

vVY

Total area protected for

» marine conservation

Total area semi-natural
habitats (mangrove/coral
reefs/sea grass beds)

% National economy based
in port and shipping
industries

Volume of raw sewage

emitted from port-city (m?)

% Ocean marine litter

A, 4

% Port-related employment

Volume of traffic on coastal
motorways and major roads

N

Vi

% Annual fish landing

IMPACTS

RESPONSES

% Annual change of
mangrove/coral reef/sea grass
cover

Port environmental management

system/plans

Response:Related SDG Targets

SDG 12: Responsible production and consumption- Target: 12.2

SDG 14: Conserve and sustainably use the oceans, seas and marine
resources- Target 14.2

Area of healthy mangrove/coral
reef/sea grass cover (km>2)

% Annual rate of coastal erosion

Tourism Direct Gross
Domestic Product

A 4

CO, emissions per capita

Number of species per
habitat type

% Port-city economy based
on offshore fisheries

road

% Port cargo carried by |

Near-shore coastline water quality

% Port-city economy based
on nearshore fisheries

Ships CO,
>| emission (port and
2| anchoring)
>

5 Air Quality Index (PM2.5,PM

10 pollutant)

% Port cargo carried by
rail

% Rate of eutrophication

AAAAD

Enacted policy/plans on Integrated

Coastal Zone Management

wy

SDG 12: Responsible production and consumption- Target: 12.1

i l SDG 14: Conserve and sustainably use the oceans, seas and marine resources-

Target 14c
SDG 15: Life on Land-Target 15.9

Port development and expansion plans

SDG 9: Industry, Innovation and Infrastructure- Target: 9.1, 9.2, 9.4

SDG 12: Responsible production and consumption- Target 12.2

VYWY

Enacted policy on sustainable ocean

use and conservation

—

SDG 14: Conserve and sustainably use the oceans, seas and marine
resources- Target 14.1,14.2

Volume of sediments/silt from

dredging activities (m3)

| Green space area per

capita

% Annual fish by-catch

]
1> Green port indicator plans
e& |
§ Port-city land-Use/zoning development
- plans
|

SDG 9: Industry, Innovation and Infrastructure- Target: 9.2

SDG 12: Responsible production and consumption- Target 12.5

SDG 11: Sustainable Cities and communities- Target: 11.3, 11.6,11.a

% rate of change to protected

Number of city parks

Change in surface temperature

Port-city life expectancy

>|
areas
% GDP annual growth rate a
—>
5 :
No. of maritime heritage : % Population growth rate
protection and culture
preservation enterprises
>
> % Annual rate of overfishing

Port-city urbanised area

N Population size of port-

city

level rise

Status of nearshore fish
stock

% Rate population unemployment

YV yvY

% Rate change built-up land (km?2)

Length of effective
(hinterland links) road
connection to port

CO, Emissions
trucks accessing port (Mt)

(km?)
: Number of red list coastal
N area species
Annual Containerization rate
(%)
> Proportion
of agricultural land farmed
> intensively
——>| % rate of land-use intensity
>|

% built-up land by distance
from the coastline

Length of effective
(hinterland links) rail
connection to port

Rail operations CO,
emissions (Mt)

Volume of solid waste
generated in port-city (m3)

% Rate urbanization

% annual passenger/cruise
ships docked

Number of extreme
weather events

Volume of Port
GreenHouseGases (GHG)
emissions (Mt)

Y

Collaborative initiatives between port

.

users, public agencies and land side

M city managers

)| Ballast water management plans/ SDG 6: Clean Water and Sanitation- Target: 6.3, 6.5
certification SDG 15: Life on Land- Target 15.8

: Dredging management zones # SDG 14: Conserve and sustainably use the ocean, seas and marine resources

: Target: 14.1, 14.2
; . SDG 14: Conserve and sustainably use the ocean, seas and marine resources-

| Fisheries management plans # !

: Target: 14.b
SDG 17: Partnerships for the Goal - Target: 17.17
Landlord port management model

SDG 16: Peace Justice and Strong Institutions- Target 16.6,16.7

SDG 17: Partnerships for the Goal - Target: 17.17

SDG 16: Peace Justice and Strong Institutions- Target 16.6.16.7

¥

Capacity of ethics enforcement bodies

SDG 17: Partnerships for the Goal - Target: 17.17

SDG 16: Peace Justice and Strong Institutions- Target 16.6.16.7

3 Enacted climate change action plans
P!

% Labour force in coastal
tourism

Port-city number of flooding
events

A 4

Urban Land Index (Land
consumption rate/population
growth rate)

Coastal tourism development plans and
policies

YV Vv

% budget given for maintaining and

Coastal City Built-Up Index

conserving cultural, natural urban
heritage

SDG 13: Climate Action - Target: 13.1, 13.2, 13.b

SDG 11: Sustainable Cities and communities- Target 11.6

SDG 8: Decent work and economic growth - Target: 8.9
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Host countries of migrant ~ Countries of departure of migrant = Species  Number of purse seine = Estimated annual catch

fisher fishers units’ (tonnes)
Mauritania (Nouadhibou) Senegal 2002 135 000
Mauritania (Nouakchott) Senegal Small 400° 150 000
Gambia Senegal pelagics 100 13 600
Gambia Guinea 45 7 000
Total 745 305 600

Source: Field surveys.

'Purse seine catches targeting mainly small pelagics can catch up to 30 tonnes per fishing trip.

*Information provided by the Mauritanian Institute of Oceanographic Research and Fisheries — IMROP

*The agreement between Mauritania and Senegal authorises more than 400 Senegalese pirogues to fish around 50,000 tonnes of sardinella. Field surveys show that three times that amount is
fished with no monitoring noted. Most of the catches go to Mauritanian meal factories.
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Discussions focused on estimating the catch volumes of migrant fishers per fishing unit, as well as an
estimate of the number of trips. On the basis of these estimates, the annual quantity of small pelagic fish
caught was determined with the migrant fishers. In addition to this work on the estimation of catches, the
interviews also focused on the marketing of the catches and the share destined for the meal industries.
The issue of the challenges and impacts of supplying the fishmeal industries was also discussed with the
migrant fishers. The micro-economic benefits were reviewed with the fishers
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Key Sea words umber entage (%)
Port city systems 651 34
Sustainable development of port city 462 24
Land and Sea interactions for port city systems 268 14
Sustainability assessment of port city 223 11
Environmental monitoring in port city 330 17
Total 1,934 100

Source: Authors construction.
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Source: Bjerkan, Hansen and Steen, 2021.
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Species Country

Senegal Gambia GuineaBissau Guinea SierraLeone Liberia Ivory Ghana Togo Benin Nigeria
Coast

Bivalves (oysters, cockles,

clams, mussels)

Crassostrea tulipa . . . . . . . . . . .
Senilia senilis . . . . . .

Galatea paradoxa . . . .

Tagelus adansonii
Pinctada spp.

Pema spp.

Mytilus spp.
Gastropods

(snails, periwinkles)
Snail (Unspecified) .

Nerita senegalensis .
Pugilina morio . ) . . .
Cymbium spp .

Littorina littorea

Laniste varicose . .

DY
.
.

Achatina achatina .
Tympanotonus fuscatus . . . . . . .
Pachymelania aurita . . .
Bolinus cornutus .

Murex spp. .

Stramonita haemastoma .

Crabs

Crab (unspecified) . .

Cardisoma armatum . .

Uca tangeri .

Callinectes amnicola . .
Callinectes sapidus .

Callinnectes sp. .
Shrimps/prawns

Shrimp (Unspecified) . .

Peneus notialis .
Penaeus monodon .

Penaeus spp. .
Parapenaeopsis . .
atlantica

Macrbrachium spp. . .
Other

Lobster .

Squid .

Octopus .

Total no. of shellfish species 10 5 2 1 9 5 5 11 6 9 10
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Assumption

EMES is a women-led fishery

All EMES resource users are oyster harvesters

Average total catch (per harvester per annual season)

is equivalent to that for oysters from the Narkwa Lagoon, Ghana

Per kg oyster value average from The Gambia, Ghana, and Nigeria

Detail/ rationale

Results from this study showed a 79:21% gender spilit in favor of
women. Hence, the total number fishers used for estimates are
the number of women, i.e., 79% of 55,558.

Ogysters are the most commonly harvested species by women in
the EMES across West Africa.

Oysters are among the lowest-priced shellfish in the EMES
Oysters are the most commonly harvested species by women in
the EMES across West Africa.

The most reliable volume estimates for oysters came from
Ghana, and the Narkwa Lagoon had the most production [Avg.
per day = 87 kg; 4 days harvest per week; 5 months (20 weeks)
harvesting per annum = 6,960 kg].

The most reliable value estimates for whole weight of

oysters came from Ghana and Nigeria; that for The Gambia

was extrapolated from per cup of meat weight estimates

[Avg. = USD 1.10/kg whole/live weight].

These represent high (The Gambia), moderate (Nigeria), and low
(Ghana) oyster prices, by whole weight.
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Country Estimated number Estimated members Estimated direct

of shellfishers of shellfishing beneficiaries
household

Nigeria 39,340 11 415,548
Senegal 5,270 1" 59,288
Ghana 4,333 7 31,731
The Gambia 2,042 13 26,199
Liberia 1,066 8 8,436
Guinea Bissau 836 10 8,569
Guinea 780" 8 6,240
Benin 710 8 5,774
Céte d'lvoire 544 8 4,305
Sierra Leone 354 10 3,487
Togo 283 8 2,358
TOTAL 55,558 571,935

*Estimated number of EMES harvesters for Guinea assumed 10% of artisanal fishers
reported by Cromier-Salem et al. (2000) as cited in (Ottaviani, 2020).

**Estimated number of household members of EMES harvesters in Guinea assumes
the modal household size for the ten other countries in this studly.

Countries are presented in order of highest to lowest number of shellfishers.
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Group Sub-group Common name Scientific name Number tagged IUCN Red List Endemic Tags currently active

category
Chondrichthyans ~ Sharks Sevengill shark Notorynchus cepedianus 88 X X
Silvertip shark Carcharhinus albimarginatus 2 X
Grey reef shark Carcharhinus amblyrhynchos 21 X
Bronze whaler shark Carcharhinus brachyurus 65 X
Spinner shark Carcharhinus brevipinna 2 X
Bull shark Carcharhinus leucas 73 X
Blacktip shark Carcharhinus limbatus 26 X
Dusky shark Carcharhinus obscurus 29 X
Tiger shark** Galeocerdo cuvier 40 X
Soupfin shark Galeorhinus galeus 6 X
Smoothhound shark Mustelus mustelus 34 X
Flapnose houndshark® Scylliogaleus quecketti 10 X X
Spotted gully shark Triakis megalopterus 27 X X
Puffadder shyshark Haploblepharus edwardsii X X
Dark shyshark Haploblepharus pictus X X
Striped catshark™ Poroderma africanum 32 X X
Leopard catshark** Poroderma pantherinum 13 X
Scalloped hammerhead*!  Sphyrna lewini 5 X
Smooth hammerhead Sphyrna zygaena 27 X
White shark*" Carcharodon carcharias 155 X
Thresher Alopias vulpinus 1
Raggedtooth shark*t Carcharias taurus 92 X
Wedgefish  Lesser guitarfish Acroteriobatus annulatus 1 X
Giant sandshark*" Rhynchobatus djiddensis 38 X
Rays Spotted eagle ray Myliobatis ocellatus 1 X
Eagle ray Myliobatis aquila 6 X
Duckbill ray Aetomylaeus bovinus 25 X
Reef manta*! Manta alfredi 18
Blue stingray Dasyatis chrysonota 27 X X
Diamond ray Gymnura natalensis 35 X
Honeycomb stingray Himantura uarnak 17 %
Chimaera St Joseph shark Callorhinchus capensis 1 X
Teleostei Serranidae  Catface rockcod Epinephelus andersoni 20
Potato bass™ Epinephelus tukula 38 X X
Haemulidae ~ Spotted grunter Pomadasys commersonnii 93 X
Lutjanidae Green jobfish Aprion virescens 37 X
Sparidae Red Roman Chrysoblephus laticeps 31 X
Black musselcracker* Cymatoceps nasutus 8 X X
White steenbras* Lithognathus lithognathus 60 X X
Cape stumpnose”™ Rhabdosargus holubi 21 X
Sciaenidae  Dusky kob* Argyrosomus japonicus 158 X
Carangidae  Giant trevally* Caranx ignobilis 47 X
Bluefin kingfish Caranx melampygus 10
Leervis* Lichia amia 117 X
Reptiles Turtles Loggerhead turtle™" Caretta caretta 6 X
Green turtle*" Chelonia mydas 3 X
Hawksbill turtle*! Eretmochelys imbricata 2 X
Birds African penguin** Spheniscus demerus 4 X

The number of individuals, along with their conservation status, and the species for which tags have expired are also indicated. *denotes non-commercial species; *'denotes non-
commercial species listed as either critically endangered, endangered or vulnerable according to marine TOPS (Threatened Or Protected Species) regulations [section 97 of the National
Environmental Management: Biodiversity Act, 2004 (Act No. 10 of 2004)]; **denotes protected species according to the marine TOPS regulations.

The colours are match those used in the IUCN Red List.
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Affiliation (organisation type)

Local region

Number of Expanse of array Focal study species
stations (km)

Mean (max) distance
travelled (km) by focal
species

Shark Spotters/University of
Cape (NPO)

Dyer Island Conservation Trust (NPO)
Live Ocean Trust (NPO)

University of Miami (University)

South African Institute for Aquatic
Biodiversity (Research Institute)

Oceans Research Institute (NPO)

Rhodes University (University)

Bayworld (NPO)
Nelson Mandela University and
KwaZulu-Natal Sharks Board
(University and NPO)
KwaZulu-Natal Sharks Board (NPO)

Oceanographic Research Institute
(Research Institute)

False Bay

Gansbaai
Struisbaai

De Hoop MPA

De Hoop MPA + Breede Estuary

Mossel Bay

Tsitsikamma National Park
MPA + Ggebehra
Algoa Bay

Algoa Bay

KZN coastline

KZN coastline, including Wild
Coast MPAs

Pondoland (Wild Coast) + iSimangaliso
Wetland Park (northern KZN)

Southern Mozambique

22 150 Sevengill shark

White shark
White shark

Dusky kob
White steenbras

1 120
6 120
14 60 Bronze whaler shark
Dark shyshark
Leopard catshark
Puffadder shyshark
Striped catshark
Smooth hammerhead

Smoothhound shark
Spotted gully shark
Dusky kob
White steenbras
Leervis
Spotted grunter
Diamond ray

1(19)
Not applicable

30 100

Duckabill ray
14 24 White shark
Bronze whaler shark
Smooth hammerhead

Smoothhound shark

Leopard catshark
Striped catshark
Red Roman

1(15)

1(151)

28" 0.35 per array

7 35
18 90

Raggedtooth shark
White shark

White shark
Bull shark
Green jobfish

2r 320

29 570
Potato bass

Flapnose houndshark
Giant kingfish

Whitespotted
wedgefish
Honeycomb stingray
Blacktip shark

Black musselcracker

19

Not applicable

1(81)

Catface rockcod

6 18 (Pondoland) Catface rockcod

12 (iSimangaliso)  Fapn0se houndshark
Bluefin kingfish
Bull shark
Tiger shark

Grey reef shark

17 )

Scalloped
hammerhead
Spinner shark

Silvertip shark

The colours in the mean distance travelled (km) column are indicative of distance grouped moved, with yellow representing mean distances of 1 km, green of >1 km, but <10 km, turquoise
of >10km, but <50 km, blue of >50 km, but <100 km, and purple of >100 km. NPO, non-profit organisation. The asterisk (*) presented after the number of stations indicates local networks
which are no longer deployed. NA, Not applicable.
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DISRUPTIONS HOW IT AFFECTED FISHERFOLK (ESPECIALLY WOMEN)

Demand Shifting consumer demand for seafood due to market and border closures and travel restrictions.
Distribution Curfews and market closures affected the supply chain, increasing fish spoilage due to a lack of cold chains.
Labour These restrictions, including the demand for social distancing, affected fisheries labour by reducing fisheries-related income-generating activities.

Production Shifts in fisheries production due to the restrictions affected the availability of fish for processors and fishmongers.
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[ 2. Identify key pressures most
relevant to developing countries
and develop relevant pressure

| and state indicators

Challenge 1 Poor
understanding of available
methods and tools for
marine ecosystem
assessment

Recommendation

Build collective
understanding of global
monitoring initiatives,
networks and approaches

Tangible actions:

1) Enhance knowledge
sharing and identify best
practice and lessons from the
international marine
observation and research
community

2) Identify relevant
international programs and
networks that can help build
knowledge and capacity e.g.
GOOS, MBON, IMBeR etc.

3) Collectively identify
commonalities and shared
objectives among monitoring
and assessmentapproaches
to facilitate alignment of
activities and streamlining
4) Develop a conceptual
framework of the
interlinkages between
reporting channels and sub-
regional/country-level
assessments.

Challenge 2 Lack of
systematic approaches to
prioritize pressures and
select pressure and state
indicators

Recommendation

Identify pressures
relevant to developing
countries and develop
pressure/state indicators
to mitigate threats

Tangible actions:

1) Systematically prioritize
anthropogenic pressures and
develop conceptual models
of potential ecosystem
responses

2) Identify available
indicators for monitoring and
conservation across multiple
anthropogenic pressures and
ecosystem impacts

3) Categorize the indicators
into reporting levels ranging
from high level indicators to
low-level indicators

4) Co-develop a multi-level
indicator framework for
implementation at multiple
scales.

Challenge 3 Limited data
(and capacity) at a national
scale, or at the scale of
management objectives

Recommendation

Identify existing data, data
gaps and opportunities for
data acquisition and
sharing

Tangible actions:

1) Use regional science
meetings and workshops to
collectively identify and map
out key research groups and
available data

2) Establish and maintain a
database of key stakeholders
and potential datasets.

3) Secure valuable long-term
datasets

4) Identify data gaps and
widely communicate to
influence monitoring
programs and research
priorities

5) Identify new and effective
ways of collating data and
making it easily accessible,
following FAIR principles

/ 1. Build collective understanding of
global monitoring initiatives, networks
. and approaches

Challenge 4 Scattered
initiatives and poor

alignment among scientists,
managers and policy makers

Recommendation

Co-develop a structured
approach to advance
marine ecosystem
assessment, with direct
links to policy

Tangible actions:

1) Identify key stakeholders
at the science and policy
interface

2) Co-develop a national
biodiversity indicator working
group

3) Link the indicator working
group to regional and
international initiatives such
as GOOS/MBON, through a
national Biodiversity
Observation Network

4) Identify ways to improve
communication, data and
knowledge sharing. Key
findings must be accessible
and applied to various
reporting channels.

5) Identify key links to policy
and ensure newly developed
assessment frameworks feed
into national policy and
decision making.

Guiding principles

3. Identify existing data, data
gaps and opportunities for data

| acquisition and sharing

[ 4. Co-develop a coordinated
systematic approach to advance
marine ecosystem assessment,
at multiple scales, with direct

links to policy

\

| 5. Prioritise, synergise and find novel

ways to leverage resources and

| capacity for iterative improvement

» Co-development

» Transparency
* Harmonization

Challenge 5 Lack of funding
and resources

Recommendation

Prioritize , synergize and
find novel ways to leverage
resources and capacity

Tangible actions:

1) Embed key indicators in
relevant sector reporting
structures to support ongoing
national funding

2) Identify, prioritize and
communicate the subset of
critical gaps

3) Conduct a funding
workshop to develop a funding
strategy to address joint
priorities

4) Link indicator outputs to
national reporting processes
such as status reports, natural
capital accounting and
fisheries stock assessments.
5) Remainalert to
international funding
opportunities, and foster
collaboration and global
partnerships that promote
joint data collection and
monitoring efforts.

» Stakeholder engagement
Capacity development

N~

A collaborative &
effective marine
biodiversity monitoring
and assessment
framework
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Category

Strategy/framework/
policy

Systematic
assessment

Network/research

platform

Data sharing platform

Project

Reporting channels

National Biodiversity Strategy and Action Plan (NBSAP)
Benguela Current Commission®

Marine Strategy Framework Directive

CBD Gilobal Biodiversity Monitoring Framework

UN Sustainable Development Goals (SDGs)

South African (SA) State of coast reports

SA National Biodiversity Assessment (NBA)

Critical Biodiversity Areas, Key Biodiversity Areas, Ecologically and Biologically
Significant Areas

Marine Spatial Planning

Western Indian Ocean state of the coast report
Global Ocean Observing System (GOOS)

Marine Biodiversity Observation Network (MBON)
Scientific Committee on Oceanic Research (SCOR)
the Biodiversity Indicators Partnership (BIP)
Integrated Marine Biosphere Research (IMBeR)
Future Earth Project bioDISCOVERY program
Marinel ife2030

Biodiversity Global Information System (BGIS)

South African Environmental Observation Network (SAEON) portal
Marine Information Management System (MIMS)

Global Biodiversity Information System (GBIF)

Ocean Biodiversity Information System (OBIS)

Mission Atlantic

iAtlantic

WioSymphony (Symphony Tool)

One Ocean Hub

IndiSeas

Scale

National
Regional
Regional
Global
Global

National
National
National

National
Regional
Global
Global
Global
Global
Global
Global
Global
National

National
National
Global
Global
Regional
Regional
Regional
Global
Global

References

Government of South Africa, 2015
https://www.benguelacc.org/
European Commission, 2010

CBD, 2021
https://www.undp.org/sustainable-
development-goals

e.g., Kirkman et al., 2018

Sink et al., 2019b

Harris et al. 2022a; Harris et al. 2022b

The Department of Environmental Affairs., 2016
UNEP-Nairobi Convention and WIOMSA, 2015
https://www.goosocean.org/
https://marinebon.org/

https://scor-int.org/
https://www.bipindicators.net/
https://imber.info/

https://biodiscovery.earth/
https://marinelife2030.0rg
https://www.sanbi.org/link/bgis-biodiversity-
gis/
http://www.saeon.ac.za/data-portal-access
https://data.ocean.gov.za/about/
https://www.gbif.org/

https://obis.org/

https://missionatlantic.eu/
https://www.iatlantic.eu/
https://github.com/WIOSymphony
https://oneoceanhub.org/

http://indiseas.org

AThe Benguela Current Commission is one example of numerous conventions and policies that South Africa is signatory to (see Talaard et al., 2019).
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Ghana Cote d'lvoire

i. Mixed-gender focus group discussion with 18 participants from the Whitu community (six Mixed-gender focus group with seven participants (four males and
females and five males) and Srogboe commurnities in the Volta region (seven females). The  three females) from the Federation of Cooperative Societies and Actors
discussion was held in the Volta region at the Whitu community, Anloga district. in the Fishing Industry of Cote d’lvoire (FENAPSCOOP-CI).

ii. Mixed-gender focus group discussion with 12 participants (six females and six males) at
Gomoa-Fetteh, in Gomoa-East District, Central Region.
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The Namibian hake trawl and longline fishery

The Gambia sole fishery

Type of
fishery
Market
Ethical
consideration
Motivation

Action

Outcome

Large-scale

Export-oriented to markets in Europe and beyond

Al stakeholders care and see the need to engage in ocean stewardship
activities and expanding the fishery’s economic potential

Solely economic incentive for certification to increase international market
access

Local actors led by the Namibian Hake Association (NHA) express
interest and funded the certification process with support from the
fisheries ministry and local fisheries experts

Fishery received MSC certification in 2020

Small-scale

Export-oriented to markets in Europe and beyond

Stakeholders are interested in the sustainability of the fishery and are taking
the responsibility to manage the fishery and secure their livelihood
Economic and fishery sustainability incentives

Initial interest in MSC certification was done by a local fisheries association,
but other transnational actors funded improvements, MSC assessments, and
design ocean stewardship activities

Fishery remain uncertified and current (2022) an inactive comprehensive
fishery improvement project (FIP)





