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Marine conservation design and fisheries management are increasingly integrating biophysical, socio-economic and governance considerations. Integrative approaches are adopted to achieve more effective, equitable, inclusive, and robust marine policies and practices. This paper describes a participatory process to co-produce biophysical, socio-economic, and governance principles to guide the design and management of marine reserves in three regions of Mexico: the Pacific region of the Baja California Peninsula, the Gulf of California, and the Mexican Caribbean. The process of co-producing the principles included convening a coordination team, reviewing the science, convening multi-stakeholder workshops, developing and communicating the principles with key practitioners and policy makers, and supporting uptake and application to policy and practice. Biophysical principles were related to: habitat representation and risk spreading; protecting critical, special and unique areas; incorporating connectivity; allowing time for recovery; adapting to changes in climate and ocean chemistry; and considering threats and opportunities. Socio-economic principles focused on: integrating the social context, local aspirations, and human-environment interactions; considering economic and non-economic uses, promoting an equitable distribution of costs and benefits, and respecting and maintaining cultural identity and diversity. Governance principles prioritized establishing and ensuring legitimacy and institutional continuity; implementing collaborative and adaptive management; and, promoting effective management. The paper also examines early efforts to implement the principles, next steps to promote further uptake and application in Mexico, and lessons learned from the process. Thus it provides insights into a practical process and a set of principles that are valuable to inform marine conservation and fisheries management processes elsewhere.
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INTRODUCTION

Past marine conservation and fisheries management decisions were often driven primarily by ecological objectives and information (Punt and Smith, 2001; Leslie, 2005; Anderson and Seijo, 2011; Cornu et al., 2014). Academics and practitioners alike have long called for a more holistic and integrated approach to environmental decision-making and management on land and the sea, that includes relevant data, knowledge, goals and stakeholders (Folke et al., 2005; Ostrom, 2009; Sayer et al., 2013; Liu et al., 2015; Guerrero and Wilson, 2016; Levin et al., 2016; Cumming and Allen, 2017). The premise is that adopting a social-ecological perspective and incorporating environmental, social, economic, and governance objectives and information will produce more effective, equitable and robust policies and practices. As a result, marine conservation and fisheries management processes around the globe are integrating biophysical, socio-economic, and governance considerations developed through participatory processes.

Examples of more integrative and participatory approaches to marine design and fisheries management abound. These include, for example, the broad uptake of integrated coastal zone management (ICZM) and marine spatial planning (MSP) that incorporate multiple considerations (Ehler and Douvere, 2009; Cornu et al., 2014; Domínguez-Tejo et al., 2016; Gee et al., 2017; Diggon et al., 2019; Frazão Santos et al., 2019; Noble et al., 2019). National legal and policy mandates in many countries now require that social, cultural, economic, and governance aspects are taken into account in fisheries decision-making (Hobday et al., 2016, 2018; Stephenson et al., 2018). There are also a growing number of integrative marine protected areas (MPA) design and management processes around the world that incorporate both social and ecological data (Fernandes et al., 2005; Green et al., 2009; Mangubhai et al., 2015; Diggon et al., 2019). As a result of this increased interest and application, many integrative processes, principles and indicators for marine conservation and fisheries management have been developed (Garcia, 2003; Cicin-Sain and Belfiore, 2005; Ban et al., 2013; Anderson et al., 2015; Long et al., 2015; Stephenson et al., 2017; Alexander et al., 2018). Yet, in practice, integrative marine design and management are still relatively nascent in many parts of the world. Thus, there is a need to continue to document and share additional real-world examples that demonstrate how to move from the development of integrative principles to practical application for ocean sustainability. This paper presents the results of one such participatory process that focused on the development of principles and their application to marine conservation and fisheries management in Mexico (Figure 1).
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FIGURE 1. Conceptual diagram of the general vision for development of biophysical, socio-economic and governance principles for marine reserve design and management in three priority regions in Mexico: Pacific of the Baja California Peninsula, Gulf of California and Mexican Caribbean.


Over the last half a century, Mexico has been developing a national network of marine conservation initiatives [including marine protected areas (MPAs), fish refuges, state reserves, voluntary community reserves] on both the Pacific and Atlantic coasts (Bezaury-Creel, 2005; Espinosa-Andrade et al., 2020). In this paper, we use the global term “marine reserves” to represent these diverse marine conservation and fisheries management initiatives. Their authors, objectives, levels of protection, and permanence vary. However, during the process that is described in this paper, stakeholders agreed to use the term “zonas de recuperacion pesquera” (fisheries replenishment zones) because they felt that this term was the most inclusive and representative of Mexico’s various models. These include the establishment of protected areas under the jurisdiction of the National Commission of Protected Areas (Comisión Nacional de Áreas Naturales Protegidas – CONANP), fish refuges under the National Commission of Aquaculture and Fisheries (Comisión Nacional de Acuacultura y Pesca – CONAPESCA), Refuge Areas to Protect Aquatic Species under the Secretariat of Environment and Natural Resources (Secretaría del Medio Ambiente y Recursos Naturales – SEMARNAT) (Table 1). State governments and local communities also create state and “voluntary” marine reserves respectively see Koch (2015) and Fulton et al. (2019) for more information.


TABLE 1. Progress on different types of marine conservation initiatives created under different government agencies and jurisdictions in Mexico.
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These efforts have substantially increased the number and spatial coverage of Mexico’s marine reserves. Estimates of spatial coverage of MPAs in Mexico are in the range of 700,000 km2 or approximately 22–24% of the exclusive economic zone1. Most of these are zoned protected areas that permit fishing in most of the management zone. Core zones and preservation zones inside the protected areas restrict fishing. In total, fishing is prohibited in 4.55% of the EEZ; however, 98.1% of the no-take area is contained in one MPA (Revillagigedo National Park). This concentration is a concern because fully-protected marine reserves are the most effective type of protected areas at conserving biodiversity and replenishing overfished areas (Gell and Roberts, 2003; Lester et al., 2009; Sala and Giakoumi, 2018). For that reason, the Mexican government intends to increase the national coverage of marine reserves and protected areas. In 2018, Mexico and 14 other countries joined the “High Level Panel for a Sustainable Ocean Economy,” focused on a sustainable ocean economy in which effective protection, sustainable production and equitable prosperity go hand in hand2. To support this vision, during October 2020, CONAPESCA announced the establishment of 77 new no-take fish refuges, covering around 1,000 km2 (López, 2021).

One challenge that has persisted in Mexico is the inconsistent incorporation of biophysical, socio-economic, and governance considerations into marine conservation and fisheries management. The lack of coordination among agencies to create a common vision, standards, and tools for protecting marine ecosystems and managing fisheries exacerbates this problem (Weigel et al., 2014). Networks of marine reserves that are coordinated and apply integrated approaches guided by scientific principles are better positioned to maintain or increase long-term fisheries productivity, contribute to marine biodiversity conservation, support climate change adaptation, and help maintain food security and livelihoods in coastal communities (Green et al., 2014; Gurney et al., 2015; Mangubhai et al., 2015; Kockel et al., 2019). They also allow for tradeoffs between ecological and social benefits to be explicitly identified to guide decision making (Munguia-Vega et al., 2018a). Seeing the opportunity to strengthen enabling conditions for marine reserve design and management, several governmental and non-governmental organizations combined efforts and resources to lead a process to co-develop principles and guidance with stakeholders building on global best practices. This paper presents the results of the resultant participatory and collaborative process to develop and apply biophysical, socio-economic and governance principles to the design and management of marine conservation initiatives in Mexico. The paper begins with a discussion of the three priority regions of Mexico that were the focus areas of these processes and a presentation of the steps and methods that were used to co-develop the principles in each site. In conclusion, we discuss how the principles have been promoted and applied, additional actions to mainstream the principles in policy and practice in Mexico, and lessons learned from the process.



METHODS


Regional Context Descriptions

Here we describe the three priority regions of Mexico that were the focus of a participatory process to co-develop biophysical, socio-economic, and governance principles for marine reserve design and management: (a) the Pacific region of the Baja California Peninsula, (b) the Gulf of California, and (c) the Mexican Caribbean (Figure 2).
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FIGURE 2. Map of location of three focal areas.




The Pacific Region of the Baja California Peninsula

The Pacific Region of the Baja California Peninsula ranges from Tijuana, Baja California (BC) in the north, to Cabo San Lucas, Baja California Sur (BCS) in the south. The region represents an area of a biogeographic transition between temperate ecosystems associated with the California Current and the tropical characteristics from the south of the Gulf of California (Durazo and Baumgartner, 2002). These conditions generate diverse oceanographic features that lead to a variety of habitats. The primary habitat in the region’s northern part are the forests formed by the kelp Macrocystis pyrifera (Arafeh-Dalmau et al., 2021). This habitat supports the region’s high diversity and productivity, providing both nursery and food for many species (Schiel and Foster, 2015; Ramírez-Valdez et al., 2017). Other important habitats, especially relevant in the southern section of the peninsula include intertidal, sub-tidal and deep rocky reefs, seagrass beds, mangroves and estuaries. These conditions also result in the most diverse fisheries in northwestern Mexico, including high value resources used for export (e.g., abalone, lobster, sea cucumber), and others usually consumed locally or nationally (sea snail, bivalves, shrimp, finfish, elasmobranchs, etc.) (Erisman et al., 2011; Finkbeiner, 2015), generating approximately US$170 million in fisheries exports, while providing benefits to over 10,000 fishing families. Many of the local community fisheries are managed or co-managed through seasonal fishing, quotas, size limits, seasonal closures and sustainable harvesting practices (McCay et al., 2014). Also, there are over 18,000 km2 of protected areas in the marine environment (CONANP, 2020), three fish refuges covering 19,935 km2 (CONAPESCA, 2019), and a substantial but unknown number of voluntary marine reserves managed by local communities who have been granted exclusive fishing concessions.



The Gulf of California

The Gulf of California is known for its great biological richness, endemism and productivity, derived from upwelling events and other oceanographic processes (Lluch-Cota et al., 2007). This region is a biodiversity hotspot that harbors one of the world’s top ten ecosystems for endemic species (Roberts et al., 2002). A wide range of habitats can be found, including rocky reefs, wetlands, mangroves, Sargassum forests, rhodoliths and seagrass beds, seamounts, coral and black-coral reefs, which provide important nesting, nursing, reproductive and aggregation sites for both resident and migratory species (Ulloa et al., 2006; Ezcurra et al., 2009; Sánchez-Ibarra et al., 2013). Strong tidal mixing and wind-driven coastal upwelling result in high year-round primary productivity (Lavín and Marinone, 2003), with the area representing over 70% of the total volume of Mexico’s fisheries landings and about 50% of its value (900 million USD) (Munguia-Vega et al., 2018a). Small-scale fisheries are one of the most important sources of income for coastal communities in the region (Ulloa et al., 2006; Cisneros-Mata, 2010). Aquaculture, tourism, agriculture and cattle ranching are also regionally important and impact the marine environment (Ulloa et al., 2006; Páez-Osuna et al., 2017). Currently, ∼7% of the Gulf of California is under some form of protection in Marine Protected Areas (covering ∼12,383 km2) (Munguia-Vega et al., 2018a; CONANP, 2020) and there are additionally 18 fish refuges (covering ∼72 km2) (CONAPESCA, 2019); however, the areas that are fully protected cover less than 0.5% of the region (Munguia-Vega et al., 2018a) and important gaps remain between conservation areas and biodiversity hotspots in the region (Morzaria-Luna et al., 2018).



Mexican Caribbean

The Mesoamerican Reef System (MAR) is the longest coral reef ecosystem in the Western Hemisphere, supporting unique biodiversity (Roberts et al., 2002) and spanning more than 1,000 km from Cabo Catoche, Mexico, through Belize and Guatemala, to the Bay Islands, Honduras (Kramer et al., 2015). The region includes at least five distinct ecological areas, ranging from warm, clear waters offshore, to turbid inshore areas around bays and cold areas subjected to upwelling in the north of the ecoregion (Chollett et al., 2012, 2017). The MAR is a priority ecoregion (Olson and Dinerstein, 2002), supporting the economies and culturally rich livelihoods of over 17 million people. The Tulum Declaration between the heads of state of the four countries in 1997 set the conservation agenda, inspiring the creation of a range of marine protected areas, coastal management plans and reef monitoring programs. The Mexican Caribbean portion of the MAR, representing the state of Quintana Roo, has a population of 1.8 million (2020) (INEGI, 2020). Tourism is by far the biggest economic driver, with the state receiving 23 million visitors in 2019, which represent 87% of the region’s Gross Domestic Product (Quintana Roo Gobierno del Estado, 2020). There are approximately 2,200 small-scale fishers who target lobster (Panulirus argus) and finfish (principally groupers and snappers), as well as Queen conch (Lobatus gigas) in Banco Chinchorro, and octopus (Octopus maya, Octopus vulgaris) in the northern part of the state (Green et al., 2017). There are many protected areas, with 97% of the territorial sea being inside one of 12 federal protected areas covering 63,837 km2 (CONANP, 2020). In addition, there are currently 14 fish refuges (178 km2). The network of protected areas and no take zones currently protects 3.96% of the territorial sea within this region from fishing. While fish refuges do provide benefits to fish biomass and diversity, the current piecemeal design of the network is not considered effective (Espinosa-Andrade et al., 2020) and thus there is a need for a more science-driven MPA network design in the region.



Steps in the Process to Co-produce the Principles

In the three regions of the country, multiple stakeholders (government agencies, non-profit organizations, academic institutions, fishing organizations, etc.) joined a participatory process to co-develop the principles. The benefits of participatory policy development processes are well documented and include ensuring that diverse actors and perspectives inform the process, enhancing the fit of policy proposals to the social and political context, improving the legitimacy and ownership of outputs, and increasing the likelihood of application of recommendations (Borrini-Feyerabend et al., 2007; Armitage et al., 2010; Gaymer et al., 2014; Karrasch et al., 2017; d’Armengol et al., 2018; Norström et al., 2020). Knowledge co-production, which is a topic that is receiving growing attention in sustainability science and natural resource management (Djenontin and Meadow, 2018; Lemos et al., 2018; Harvey et al., 2019; Mitchell and Leach, 2019; Wyborn et al., 2019; Cooke et al., 2020), refers to “iterative and collaborative processes involving diverse types of expertise, knowledge and actors to produce context-specific knowledge and pathways toward a sustainable future” (Norström et al., 2020, 2). There are a growing number of examples where participatory processes were used to co-develop principles or indicators for environmental or marine management (Reed et al., 2006; Bohunovsky et al., 2010; Espinosa-Romero et al., 2011; Marques et al., 2011; Biedenweg et al., 2014; Sterling et al., 2017; Gilani et al., 2018).

The participatory processes used to co-develop the principles and guidance in each of the three priority regions followed similar steps – which included:


1.Visioning, fundraising and creating a core team – We first developed a vision focusing on the needs and opportunities in each region, obtaining the necessary funding and capacity to support and create a multi-stakeholder leadership team (from a national and international level) who have led similar processes in other countries. The leadership team ensured close coordination, documentation, sound planning and adaptive management during the different stages of the process.

2.Conducting a literature review – We conducted a review of existing literature to identify candidate biophysical, socio-economic, and governance principles used in marine conservation design and management elsewhere (see review below), that we could use for group deliberations and adapt to each region.

3.Gathering background information – Next, we gather background information on each region, including biophysical, socio-economic, and governance information as well as the number and type of existing marine reserves. This was used as background information for the workshops, and helped to provide a clear rationale for each process and to identify key information gaps.

4.Convening stakeholder workshops – Then, we convened a series of participatory workshops with stakeholders in each region. Stakeholders were identified through creating a stakeholder map to ensure representation of different organizations, sectors and areas of expertise. The process to identify, develop, and adapt biophysical principles started in the Gulf of California region, with four workshops held between 2015 and 2016. The process continued in the Mexican Caribbean in 2016 with two workshops and finally, in the Pacific of Baja California Peninsula with two workshops in 2017 and 2019. Also, multidisciplinary groups identified Socioeconomic and governance principles in 2016 (in two workshops in the Gulf of California region), one workshop focusing on the Mexican Caribbean in 2018, and one workshop in 2019 with participants from the Pacific of Baja California Peninsula. The 12 workshops were facilitated by scientific experts and non-profit organizations (NGO) staff, structured around a series of participatory activities and discussions, and included more than 180 participants (of which 44% were women and 56% were men), from over 70 institutions, including representatives from government, NGOs, fishing organizations, academic institutions and others (private sector, foundations, alliances, independent researchers; see Table 2).

5.Drafting and refining principles and guidance – Based on the discussions at the workshops, a draft set of principles (biophysical, socioeconomic and governance) was developed, circulated for comments and feedback, and refined iteratively for each region. In some cases, scientific working groups were convened to further refine the principles, generate new data, and develop models (Munguia-Vega, 2018; Munguia-Vega et al., 2018a). The final principles were then elaborated in a series of reports and publications, that also provide guidance on how to apply the principles to design and management of marine reserves (Bennett et al., 2017a; Green et al., 2017; Munguia-Vega, 2018; Munguia-Vega et al., 2018a; COBI and TNC, 2019a,b).

6.Communicating and socializing the principles and guidance – To promote awareness, uptake and application of the principles, the results of the workshops were then shared and communicated broadly to regional government decision-makers, NGO practitioners, and local communities. A general summary of the adapted principles on the three regions was distributed to the workshop attendees and shared on social media, as well as promoted in several meetings with government agencies. An outreach brochure describing the principles for the design, establishment and effective management of marine reserves in Mexico was produced for the general public, and in some regions lessons from the application of principles were documented in case studies (Mancha-Cisneros et al., 2018a,b,c).

7.Promoting and supporting application to policy and in practice – The final and arguably the most important step in the process has been, and will continue to be, to promote and support the application of the biophysical, socioeconomic and governance principles by decision makers at all spatial scales and within different governance regimes. This includes, for example, informing national marine conservation policy and place-based marine reserves in each region. For example, we have continued scientific efforts to refine the design principles (Munguia-Vega, 2018; Munguia-Vega et al., 2018a), participated in marine planning processes (e.g., applying the principles to the subzoning of the Mexican Caribbean Biosphere Reserve), worked with the national government to incorporate principles into law and policy (e.g., updating the NOM-049 that provides the framework for establishing fish refuges), and engaged with communities regarding how to adapt the principles to design voluntary reserves (see examples in Boxes 1, 2). Ideas for future engagements and applications are discussed later in the paper.




TABLE 2. Groups and numbers of stakeholders in each group included in each participatory workshop to design biophysical (BIO) or socio-economic and governance principles (SEG).
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Box 1. Community workshop in Baja California Sur: applying biophysical, socioeconomic and governance principles for designing community marine reserves.

[image: image]




Box 2. Fish refuge network in the San Cosme-Punta Coyote Corridor in the Gulf of California. (A) shows aclose up of the northernmost fish refuge, San Marcial, first established in 2012 (light blue) and then renewed and expanded in 2017 (shaded). (B) displays the results of the prioritization method which indicate the areas (green dots) with optimal conditions or potential to be included as fishery refuge. The red square represents the fish refuge San Marcial in 2012.
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These steps were used in each region with adjustments for contextual factors, available budgets, timelines and logistics.




RESULTS

This section, presents insights from our literature review, the resultant biophysical, socio-economic, and governance principles identified through the workshops, and an overview of early efforts to apply the principles to policy and practice.


Insights From the Literature Review

Our review of the academic and gray literature focused on understanding the biophysical, socio-economic, or governance considerations that might guide the design and management of marine conservation initiatives to achieve various objectives. Table 3 summarizes insights from this literature.


TABLE 3. Summary of biophysical, socio-economic, and governance considerations to achieve various objectives in marine conservation design and management.
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Biophysical Considerations

The efficacy of marine conservation initiatives at achieving positive ecological and fisheries outcomes depends on consideration of biophysical factors (Edgar et al., 2014; Turnbull et al., 2018; Lorenzo et al., 2020). Key biophysical considerations are related to protecting habitats and species, enabling fisheries to recover, increasing resilience to climate change, and threat avoidance or reduction (Green et al., 2014). A central consideration is protecting biodiversity, which requires the representation of surrogates such as habitats or species (Ward et al., 1999; Gaines et al., 2010; Maxwell et al., 2020), adequate replication of sites to spread risks in case of disasters (Saarman et al., 2013; Green et al., 2014), and the protection of areas with special, unique or endangered habitats or species inside networks of protected areas (Green et al., 2014, 2015; Klein et al., 2015). Special and unique areas include critical areas in the life history of focal species (e.g., nursery, spawning or breeding areas), or areas with high productivity, endemism or diversity. The design of marine reserves for the recovery of fisheries and conservation of rare and threatened species (e.g., sea turtles), in particular, necessitates: connecting protected areas to support movement of larvae, juveniles and adults (Green et al., 2015; Magris et al., 2018); allowing adequate time for recovery of stocks (Green et al., 2014; Duarte et al., 2020) and protecting areas and time periods that support critical life stages or that are highly productive (Erisman et al., 2017; Dunn et al., 2019; Berkström et al., 2020).

Climate change, and associated changes to ocean conditions including temperature rise and acidity, requires that marine conservation takes into account the resilience or adaptive capacity of habitats and species (Micheli et al., 2012; Roberts et al., 2017; Wilson et al., 2020; Arafeh-Dalmau et al., 2021), the effects of climate change on ecosystem functioning and different life stages of species (Dahlke et al., 2020; Trisos et al., 2020), and adopts a precautionary approach that takes uncertainty into account in the decisions related to representation and risk spreading (Tittensor et al., 2019; Pinsky et al., 2020). Finally, since threats can impact ecosystems and species and undermine the effectiveness of recovery efforts – consideration should be given to the siting of marine conservation initiatives to avoid areas with high populations, levels of development, or cumulative impacts unless there are efforts to mitigate or manage these existential threats (Ban et al., 2010; Cinner et al., 2018b; Halpern et al., 2019).



Socio-Economic Considerations

It is increasingly recognized that social, economic and cultural considerations need to be taken into account in the planning and management of marine conservation initiatives (Ban et al., 2013; Cornu et al., 2014; Kittinger et al., 2014; Grimmel et al., 2019), with the rationale being that this is both a more equitable and just approach to conservation and it can also increase the effectiveness of conservation (Aswani et al., 2017; Bennett et al., 2017b). A key consideration is the social and economic impacts of marine conservation – which raises the importance for marine conservation planners and managers to recognize and take into account the diversity of stake- and rights-holders, uses, tenure and rights (Reed et al., 2009; Gunton et al., 2010; Kittinger et al., 2014), existing extractive and non-extractive economic activities (Mangubhai et al., 2015; Ruiz-Frau et al., 2015), the equitable distribution of benefits and harms (Halpern et al., 2013; Gurney et al., 2015; Kleiber et al., 2018), and actions that might be taken to reduce, manage or compensate for negative consequences (Bennett et al., 2017b; Kaplan-Hallam and Bennett, 2018). Marine conservation design and management also increasingly incorporate cultural considerations, which include local or traditional knowledge (Drew, 2005; Aswani and Lauer, 2006), diverse perceptions of cultural values related to the marine environment (Klain and Chan, 2012; Blake et al., 2017), cultural practices (e.g., harvesting, management) or customs (Cinner and Aswani, 2007; Aswani, 2017), as well as species or areas that are important for cultural uses or identity (Poe et al., 2014; Gee et al., 2017). Additional social considerations that might be taken into account in marine conservation include: human well-being in local populations (Biedenweg et al., 2016; Ban et al., 2019; Gollan et al., 2019), the quality of social relations or levels of conflict (Young et al., 2016; Rosales, 2018), gender equality (Baker-Médard, 2017; Kleiber et al., 2018), social agency and empowerment of local groups (Lansing, 2009; Diedrich et al., 2017), and of the social adaptive capacity of local resource users to new restrictions on access or to new livelihood opportunities (Armitage, 2005; Bennett et al., 2014; Maldonado and del Pilar Moreno-Sánchez, 2014; Cinner et al., 2018a). While integrating social considerations into marine conservation and planning is recognized as important, the practice is still relatively nascent compared to biophysical considerations and there is substantial variation in approaches and application across sites (Cornu et al., 2014; Grimmel et al., 2019).



Governance Considerations

Governance is understood to be one of the most important factors for the environmental effectiveness and longevity of conservation initiatives (Ostrom, 1999; Lockwood et al., 2010; Armitage et al., 2012). We use the term governance broadly to refer to the set of formal and informal policies, institutions and processes that influence how decisions are made, who makes decisions, and what actions are taken as well as the resulting resources, plans and actions of applied management (Lockwood, 2010; Bennett and Satterfield, 2018). Overarching governance factors related to the effective design and management of marine conservation initiatives include management effectiveness (Pomeroy et al., 2004; Rodríguez-Rodríguez et al., 2015), adaptive management (Armitage, 2005; Boyd et al., 2015), good governance (Lockwood, 2010; Borrini-Feyerabend and Hill, 2015) and institutional robustness (Anderies and Janssen, 2013; Morrison, 2017). The effectiveness of management relies on having a clear vision and documented plan or strategy (Pomeroy et al., 2004; Lockwood, 2010; Borrini-Feyerabend et al., 2013), adequate financial and human capacity (Pomeroy et al., 2004; Lockwood, 2010; Gill et al., 2017), sustainable financing mechanisms (Emerton et al., 2006; Ison et al., 2018), evidence-based decision-making processes (Tengö et al., 2014; Charnley et al., 2017), and coordination with organizations and activities in the broader seascape (Wyborn, 2015; Abe et al., 2016). Key factors underlying adaptive management include mechanisms, such as monitoring and evaluation or communities of practice, to facilitate and document collective or social learning (Berkes and Turner, 2006; Armitage and Plummer, 2011; Maida and Beck, 2016), a spirit of innovation and experimentation (Westley et al., 2011; Chaffin et al., 2016), foresight thinking to plan for expected or unexpected future changes (Tschakert and Dietrich, 2010; Boyd et al., 2015), and clear processes to ensure that corrective adaptations are taken (Dietz et al., 2003; Armitage et al., 2010). Good quality governance processes – also called “good governance” or “equitable governance” – involve attention to recognition of the diverse perspectives and needs of all stakeholder groups (McDermott et al., 2013; Borrini-Feyerabend and Hill, 2015), participatory and inclusive decision-making processes (Reed, 2008; Lockwood, 2010; Havard et al., 2015), attention to equity in the distribution of positive and negative impacts (Pascual et al., 2014; Zafra-Calvo et al., 2017), and respect for human rights (Jonas et al., 2016; Bennett et al., 2017b). Perceptions of good governance also leads to legitimacy among stakeholders, and thus engenders long-term support for conservation among stakeholders (Dalton et al., 2012; Bennett et al., 2019). The legitimacy and continuity of institutions also requires that organizations at various scales (i.e., local, regional, national) remain autonomous but connected (Marshall, 2007; Bodin, 2017), to facilitate information sharing and coordination of actions (Cohen et al., 2012; Barnes et al., 2016), and that they work toward a common vision (Ostrom, 2010; Carlisle and Gruby, 2017).



Principles and Guidance From Stakeholder Workshops

Each process, with its participatory workshops, produced a set of principles and guidance for biophysical, socio-economic, and governance considerations for the three priority regions (see Table 4). These were developed using the best available scientific information, local knowledge of stakeholders and adapting the insights and principles found in the literature to the local context – and when none existed developing new principles and guidance. There were six categories of biophysical principles: habitat representation and risk spreading; protecting critical, special and unique areas; incorporating connectivity; allowing time for recovery; adapting to changes in climate and ocean chemistry; and considering threats and opportunities. Three categories of socioeconomic principles emerged: integrating the social context, local aspirations, and human-environment interactions; considering economic and non-economic uses, and promote an equitable distribution of costs and benefits; and respecting and maintaining cultural identity and diversity. The workshops also produced three categories of governance principles: establishing and ensuring legitimacy and institutional continuity; implementing collaborative and adaptive management; and promoting effective management.


TABLE 4. Overview of biophysical, socio-economic and governance principles across the three priority regions.

[image: Table 4]
Within the broad categories, the principles were quite similar overall in the three geographic regions. There were, however, some key differences in the principles that came out from the workshops due to regional variation. Overall, the biophysical principles were highly aligned but differences came out in their application. For example, while the same overarching biophysical principles were used (e.g., representation, replication, critical areas, size, spacing), the specifics of how they were to be applied in each region differed due to variation in the habitats and species that were the focus of protection. A key difference was the possibility of larger marine reserves on the Pacific Coast of BCS versus networks of smaller marine reserves in the Gulf of California and Mexican Caribbean. The reason for this difference was related to both density of users and threats, as well as the number of key biogeographic regions, habitats important for fish spawning, and the speed of currents and larval dispersal. Another difference is the transboundary nature of the northern Pacific Coast of Baja California (Arafeh-Dalmau et al., 2017), and Mesoamerican Reef (Chollett et al., 2017) which necessitates that the process take into account the connectivity of species and habitats with California, United States, and Belize, respectively. One major variation in the socio-economic principles was related to the attention given to culture and local knowledge in the Gulf of California and Caribbean due the presence of Indigenous groups. Finally, the main differences related to the governance principles focused on the promotion of adaptive management, commitment of actors and gender equity in the Pacific region, the creation of a network of supportive organizations and promotion of good social relations with and between stakeholders in the Gulf of California and attention when implementing marine reserves, to human rights and legitimacy, since eco-tourism is the main priority of government in the Mexican Caribbean.

Taken together, these outcomes highlight both the generality of principles, and therefore their broad applicability to other regions, and also the context dependency of their implementation, and need to address the specific characteristics of planning regions (e.g., biogeographic boundaries, the presence of indigenous groups and customary rights, and pre-existing conservation and management measures).



Moving From Principles to Practice – Initial Actions and Efforts

Since the completion of the principles, a number of efforts have been made to promote and apply them. These include the following six types of actions: (a) communicating and socializing the principles, (b) forming scientific working groups and projects, (c) evaluating current networks and incorporating principles into marine spatial design processes, (d) conducting community workshops on application of principles, (e) working to formalize principles in law and policy, and (f) replicating and scaling the identification and use of principles elsewhere. First, the principles were communicated to and socialized with stakeholders at various scales, including government agencies to encourage the adoption of the principles at a regional scale, fishing communities (e.g., the Comcaac indigenous nation in the northern Gulf of California) to examine how they might be used in the planning of marine reserves at a local scale, and to academics in meetings or conferences at national and international scale. Second, scientific working groups were formed to carry out research projects motivated by the principles. These groups compiled existing information, identified data gaps, and developed new databases [e.g., of habitats, biodiversity hotspots, patterns of larval dispersal, movement of focal species, species recovery rates, effects of climate change (Munguia-Vega et al., 2018a; Arafeh-Dalmau et al., 2021)]. They also applied this information to develop new models and identify priority areas for expanding existing networks of marine reserves (Álvarez-Romero et al., 2018), adapting these models with stakeholder and community input (Morzaria-Luna et al., 2020a,b), and publishing academic papers.

Third, the principles are starting to be integrated into marine spatial design processes and used to evaluate existing networks of marine reserves. Three initial projects include an evaluation of the current representation of each principle in the three regions (i.e., Pacific region, Gulf of California and the Mexican Caribbean) (Espinosa-Andrade, 2019a,b, c), a spatial prioritization analysis with Marxan (Ball et al., 2009) to identify priority areas of conservation in the Gulf of California (Munguia-Vega et al., 2018b), and the application of the biophysical principles during marine spatial planning for 26 fish refuges in the northern Gulf of California (Morzaria-Luna et al., 2020a,b).

Fourth, the principles have been used to guide deliberations in local community workshops focused on marine conservation and fisheries management. For example, during a workshop in Bahía Asunción in Baja California Sur the principles were applied during the design of community marine reserves (see Box 1), and in San Cosme-Punta Coyote Corridor in Baja California Sur, fishing communities adapted the principles during the redesign and renewal of their local fish refuges (see Box 2). A similar process was conducted in the Mexican Caribbean with local fishers, wherein they reviewed each principle and discussed whether any changes would be made to the design of their local fish refuges. Fifth, the team has been working in collaboration with various agencies and levels of government to institutionalize the principles in national laws and the policies of fisheries and conservation agencies (NGOs, CONANP, INAPESCA, and CONAPESCA). In 2019, the NOM-049 (which is the law that provides the framework for establishing fish refuges at national level) completed its 5-year term and suggestions were made, including considering the principles during the different stages of fish refuges design, implementation, management and renewal. In November 2019, CONAPESCA published the modified project of the NOM-049, which promotes the incorporation of biophysical, socioeconomic and governance principles in the proposals for fish refuge areas, as a contribution to optimize the expected benefits in the management, protection and recovery of fishery resources, as well as in strengthening the participation of various sectors in the decision making (SEGOB, 2019). Finally, inspired by our processes and outputs, similar processes of identification of biophysical, socioeconomic and governance principles were also conducted in other countries in the region. In the Mesoamerican Reef region, Mexico, Belize, Honduras and Guatemala jointly developed biophysical principles (Green et al., 2017) and Honduras and Guatemala also developed socio-economic and governance principles aligned with their national characteristics and contexts (Bonilla, 2019).




DISCUSSION

In this paper, we present an overview of the process and outcomes of a multi-year effort to produce and apply a set of biophysical, socio-economic and governance principles to marine conservation and fisheries management in Mexico. The principles that resulted from the three regional processes were quite similar, but had some variation due to different social and ecological contexts. In the past few years, significant efforts have been made to promote and apply the principles but much remains to be done in this regard. In this discussion section of the paper, we compare the principles and process with initiatives from elsewhere, discuss further steps that still need to be taken to promote uptake and increase application of the principles, and examine lessons learned to guide others embarking on similar processes elsewhere.


Comparison With Other Initiatives

Many other processes around the world have developed principles to guide marine conservation planning and fisheries management. While many earlier efforts focused primarily on ecological considerations, it is becoming common to develop and apply an integrated set of biophysical, socio-economic, and governance considerations in marine conservation (Green et al., 2009; Halpern et al., 2013; Mangubhai et al., 2015; Diggon et al., 2019). While we drew inspiration from previous efforts, there have been relatively few processes that developed and applied principles for all three considerations – i.e., biophysical, socio-economic and governance (Cornu et al., 2014; Frazão Santos et al., 2018). Thus, we also drew from a broad literature related to biophysical, socio-economic, and governance considerations in marine and environmental design and management to fill gaps (see literature review). Our principles related to biophysical considerations were much more similar to those found elsewhere in the literature, likely because biophysical principles have been more well-developed and applied to other planning processes (Green et al., 2009, 2014; Munguia-Vega et al., 2018a). However, the development and application of socio-economic and governance principles is much more nascent and variable in application (Cornu et al., 2014; Frazão Santos et al., 2018), so the principles we developed in these areas were mostly new and adapted to the local context. During the process of adapting the principles, we realized that in a transboundary context, biophysical principles could generally be adapted equally, while socio-economic and governance principles needed to consider national socioeconomic conditions and legal frameworks.

There were several other substantial differences to processes that we are aware of elsewhere. The first is that the principles were adapted to each of the three regions. The rationale behind this decision is that it will increase legitimacy among local actors, improve fit to the different local biophysical, socio-economic, and governance contexts, and increase the likelihood of both uptake and success. Second, while many sets of principles are intended to just be developed at the planning phase, we developed the principles to be attentive to both the planning and management phases of marine conservation (e.g., some of the socio-economic and governance principles are more related to the design process, while others are broader advice for working with and considering the needs of people). Finally, we intend the principles to be adapted and used at different scales ranging from regional marine design processes, to local community initiatives.



Next Steps to Promote Uptake and Application

Yet, the process is ongoing. Additional steps are recommended to promote further uptake and application of the principles at various scales, by different groups, and in different regions. Priority activities include the following:


1.Integrating biophysical, social, and governance considerations in legal and policy mandates: The formalization and institutionalization of these biophysical, socio-economic, and governance considerations for marine reserve design within marine conservation and fisheries management laws and policies will encourage their uptake and application. In the case of Mexico, as there are various agencies responsible for marine conservation and fisheries management (i.e., CONANP, INAPESCA, and CONAPESCA), different legal and policy frameworks will need to incorporate this mandate including the LGEEPA (General Law of Ecological Equilibrium and Environmental Protection), which provides the framework for environmental policy and LGPAS (General Law for Sustainable Fisheries and Aquaculture).

2.Adapting the principles for other regions: As the principles were developed through regional processes so that they fit each context, additional processes will be needed to work with key stakeholders to adapt and refine the design criteria for other regions in Mexico (e.g., in the Gulf of Mexico and the southwestern Mexican Pacific). These geographies are relevant for fisheries and for biodiversity conservation, and are locations where marine spatial planning and transboundary fisheries management initiatives are occurring or will occur.

3.Applying the biophysical, socio-economic, and governance principles to design networks of marine reserves and fisheries replenishment areas: Marine reserve network planning processes can take the principles into account during two simultaneous processes: (a) identifying priority areas by conducting spatial prioritizations using the best available information to identify broad areas of ecological importance and (b) working with local stakeholders to consider how their needs, concerns, interests and local knowledge can be taken into account (Margules and Pressey, 2000; Ehler and Douvere, 2009; Green et al., 2014; Mangubhai et al., 2015; Morzaria-Luna et al., 2020a,b). There is also a need to continue to close the gap between biodiversity conservation and fisheries management (Weigel et al., 2014) – by searching for synergies between area-based conservation measures (CONANP) and fisheries management measures, and the value of fish refuges and community reserves (CONAPESCA-INAPESCA) for biodiversity conservation.

4.Employing the principles to guide management activities: Much of the guidance associated with the principles is also intended to be used during management planning and adaptive management. The principles might be, for example, incorporated into the design of the management plans for Natural Protected Areas (CONANP). Management plans for protected areas should be reviewed every 5 years, providing opportunities for adaptive management based on the principles. The inclusion of the design principles in the NOM-049 and the practice of establishing fish refuges for predetermined time periods (e.g., 5 years) both provide opportunities for adaptive management during the renewal of fish refuges (CONAPESCA). Short and long term financial support needs to be in place to promote effective and adaptive management.

5.Creating accessible databases of biophysical and socio-economic information: An important enabler for evidence informed marine planning and management processes is the collation of available data into accessible and shareable databases that includes both ecological and socio-economic information. This process of gathering and collation can also help to identify information gaps and research needs. Maintaining a centralized and open-access repository for this information will ensure that it can be used by stakeholders, governmental and non-governmental planners, and by the scientific community (Palacios-Abrantes et al., 2019).

6.Measuring progress through ongoing monitoring and evaluation: The principles are essentially an ideal set of criteria, and as such can be used to develop indicators for each aspect to establish a baseline and monitor progress. These insights can be used to inform and improve designs and effectiveness through adaptive management. Indicators might be developed to be applied at various scales (e.g., a region or an individual initiative) and to different types of marine conservation initiatives (e.g., MPAs, fish refuges, community areas). For example, indicators might be developed such that communities can do the monitoring themselves and communicated (Fulton et al., 2019; González-Cuellar et al., 2019).

7.Using the principles as the basis of community workshops and deliberations: Building on the examples above, communities might refer to the principles during the design or renewal processes of their locally conserved areas. Areas prioritized through science driven processes that align with the principles can be brought to fishing cooperatives or communities for refinement through stakeholder deliberations and feedback. Monitoring of the impacts and effectiveness is a key part of the reserve renewal process, which might be carried out in partnership with researchers based on community-selected indicators (and collaborating with them to do part of the monitoring, e.g., fisheries monitoring).

8.Ensuring that principles stay relevant over time: All environmental policies should be viewed as experiments. Thus, it will be important to consider the principles as being fluid and adaptive, not rigid and prescriptive. As new knowledge emerges and additional learning occurs, the principles should be revisited periodically and adapted as necessary. For example, adaptations may need to be made to better account for transboundary planning, marine heatwaves and prioritize the connectivity of climate-refuge habitats.





Lessons Learned From the Process

Finally, we provide some thoughts on lessons that we learned for others engaging in similar processes elsewhere. First, the process of development is as important as the final product for building legitimacy, support, and alignment around a common goal. Key ingredients included stakeholder participation, coordination across agencies and organizations, regionalization of the processes, and skilled facilitation. Broad and effective stakeholder involvement requires identifying and mapping stakeholders, selecting representatives of different groups to invite, and ensuring a balance of genders and underrepresented groups (e.g., small-scale fishers, Indigenous groups) are included. It is important to recognize that some groups may not have equal opportunities or abilities to participate, due to temporal or financial constraints, so special arrangements may need to be made to enable their participation. Bringing together government agencies with non-governmental organizations in the process required negotiation and respectful listening from participants and facilitators to ensure everyone’s needs and interests were addressed, which allowed the development of strong partnerships and the construction of a common language that can be applied across jurisdictions and to different types of marine reserves. Conducting separate processes in each region allowed for adaptation of the principles to different biophysical, socio-economic, and governance contexts and increased local legitimacy and support for the process and outputs. Skilled facilitation – including in the design of workshops and the creation of a space where all voices and perspectives are valued – also enabled a good process and outputs. We found it particularly important to take the time to listen to stakeholders on terminology and on concerns regarding the models of fisheries management and conservation that are implied. In our process, for example, we had a robust debate on the pros and cons of fish refuges versus other types of marine protected areas, considering the opinion of fishers, cooperatives and government agencies.

Second, the quality of the product requires a strong basis in science, interdisciplinary and transdisciplinary expertise, and attention to various applications across phases. The principles were developed based on the best available evidence from both the natural and social sciences, as well as local and practitioner knowledge. This bridging of knowledge types required strong interdisciplinary and transdisciplinary engagements with experts from different disciplines and with field experience. Different disciplinary expertise was needed, for example, to help the group to understand ideas related to key habitats and species, connectivity, climate change, human well-being, economics, culture, or governance. In addition it was important to have the expertise of practitioners in the process to help articulate how each topic and principle could be defined and applied. Unlike in some processes, we found that the principles and guidance would be most useful if designed to be applicable to both planning and management stages. This meant that some were spatially explicit, in order to help identify priority areas for marine conservation, while others were more focused on engagement processes or management activities.

Third, it is a long-term process to move from starting the project to implementation. Thus, carrying out the work requires a strong and long-term vision, a committed team, capable leadership, adequate financial resources for each stage of the process and intersectoral coordination and government engagement. After the initial period of project development and fundraising, developing the principles through participatory workshops with stakeholders alone took 1–2 years in each location. The scientific and technical work to develop marine reserve networks can take much longer. Additional time and efforts were also needed to support uptake and application of the principles through communication, outreach, advocacy and working with stakeholders. A key remaining challenge in this process is the time it will take to continue to promote, facilitate and track implementation of the principles. Long time frames and follow-up will be needed to ensure principles are applied and benefits emerge from the marine conservation initiatives. However, the results are very valuable, and the effort is worthwhile.




CONCLUSION

We are beginning a critical decade for fisheries management and marine conservation. The approach and actions that we take today will shape the future of marine biodiversity, fisheries management, and people’s relationship with the ocean. This paper reviews the results of a participatory process to co-produce principles to guide marine conservation design and management across three different geographies in Mexico. The biophysical, socio-economic, and governance principles provide a roadmap for a holistic approach to marine conservation and fisheries management in the country. We hope the process and principles we have examined in this paper will be applied as networks of marine reserves and scaled up within Mexico and through transboundary initiatives with neighboring countries. The process and principles might also be instructive for marine conservation occurring elsewhere. Adopting a holistic approach to marine conservation and management will help to achieve a future where people and oceans can thrive together.
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Type Description (Jurisdiction, Aim, etc.) Number and Area Coverage (km2) Sources

Natural protected CONANP 37 https://www.gob.mx/conanp/es/prensa/
areas Zoned protected areas for biodiversity conservation. 694,587 (no-take 168,758 km2) mexico-es-lider-mundial-en-la-proteccion-
de-areas-marinas?idiom=es
Fish refuges CONAPESCA 36 https://www.gob.mx/conapesca/
Fishery management tool to protect species, habitats 20,525 (no-take 222 km2) documentos/zonas- de-refugio-pesquero
and increase fishery production in neighboring areas.
Refuge areas for SEMARNAT 5 https://www.dof.gob.mx/
aquatic species Zones that protect specific aquatic species. 28,085 km2 (0 km2 no take)
State reserves Sites managed by state departments with conservation 8 http://geoportal.conabio.gob.mx/
and biodiversity goals. 4,055 km2 (no take unknown) metadatos/doc/html/anpest20gw.html
Voluntary reserves Established voluntarily by fishing organizations and Insufficient data. No national database. Uribe et al., 2010
communities. Not legally recognized and often
temporary.

CONANRP: Protected area coverage was calculated from CONANP’s GIS database (http.//sig.conanp.gob.mx/website/pagsig/) and the review of individual protected
area management plans to calculate no-take area.
CONAPESCA: The area and no-take status of each fish refuge was calculated with shapefiles created from the coordinates listed in each decree in the Federal Register.
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Bahfa Asuncién is located in the Pacific region of the Baja California Peninsula, ~800 km
north of La Paz. The local fishing cooperative SCPP California de San Ignacio SCL, was
the first cooperative created in Baja California, in 1939. Their fishing practices have always
been associated with sustainable fishing and marine biodiversity preservation, selling
products with high quality standards and implementing marine reserves for commercial
species.

In 2019, the California San Ignacio cooperative requested the support of a neighboring
community (Isla Natividad), which has had marine reserves since 2006. A workshop was
held in order to select the most suitable sites to implement their marine reserves, based on
the experience and lessons learned from Isla Natividad, and on the biophysical,
socioeconomic and governance principles identified for this region. The cooperative
designated the potential sites, and at the end of the meeting, they selected four zones
considering Isla Natividad’s experience in fish production, conservation objectives
(i ing abund of benthic ial species like abalone and lobster) and the
design principles. To date, the cooperative members have voted in favor of implementing
two marine reserves in their fishing areas, maximizing their potential of success by
incorporating local knowledge and the design principles.
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The first fish refuge network in Mexico was established in 2012, for a five year period, covering
the marine corridor from San Cosme-Punta Coyote, BCS. The design of the network was the
result of a participatory process that included 150 people, including 13 coastal communities,
government representatives, academics and non-profit organizations. The decisions around the
selection of these areas were mostly weighted upon social importance and perceptions.

In 2017, at the conclusion of the five year period, the stakeholders conducted an evaluation to
determine whether the fish refuges should be renovated, modified, or eliminated. During this
process, fishing jties became more familiarized with biophysi i ic and
governance information gathered during the previous five years. This new understanding played
akey role in the decision to increase the size of one of the fish refuges by a factor of five and to
create a new one. During this process, local NGOs and researchers applied a prioritization
method using Marxan to incorporate the spatial biophysical principles and determine the ideal
design of the network, considering key criteria. When compared to the map of suggested new

i se allowed us to validate and support the proposed renewed design of the
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Category

Biophysical

Socio-economic

Governance

Objectives

Protecting the diversity of habitats and species
Promote the persistence and recovery of exploited
populations

Enhancing resilience to climate change

Avoiding and managing threats

Incorporating social considerations

Maintaining cultural connections and practices

Maximizing benefits and minimizing

SOCi0-economic costs

Supporting effective management

Facilitating adaptive management

Implementing collaborative and good governance

Maintaining institutional robustness

Related considerations

habitat representation and replication, critical, unique and special areas and species
(e.g., endemic, rare and threatened), connectivity, time for recovery

adult habitat protections (e.g., no take areas), connectivity, recuperation time, critical
areas and life stages (e.g., spawning and nursery areas)

threats to and adaptive capacity of focal habitats and species, distribution and
dispersion of risk, life cycle of species, ecosystem functioning

level of and proximity to anthropogenic threats (e.g., human population centers and
industry), cumulative impacts, threat mitigation and management

human well-being, social relations and capital, levels of conflict, social agency and
empowerment, social adaptive capacity

local or traditional knowledge, cultural values and perspectives, cultural practices or
customs, traditional uses, culturally important species or areas

stakeholders, uses and rights, extractive and non-extractive economic activities,
trade-offs, distribution of benefits and costs, creation of economic opportunities,
management of social impacts, mitigation of negative consequences

clear vision and strategy, documented management plan, financial and human capacity,
sustainable financing mechanisms, evidence-based decision-making, effective
management in broader seascape

social learning processes (e.g., monitoring and evaluation, community of practice),
innovation and experimentation, foresight thinking, clear mechanisms to prompt
adaptations

recognition of diverse stakeholder groups, participatory and inclusive decision-making
processes, attention to equity, respect for human rights, transparency and
accountability

legitimacy, organizations at various scales (e.g., local, regional, national) are
autonomous but connected, information sharing, coordination of actions, working
toward a common vision
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Biophysical

Socio-economic

Category

Habitat representation
and risk spreading

Protecting critical, special
and unique areas

Incorporating connectivity

Allowing time for recovery

Adapting to changes in
climate and ocean
chemistry

Considering threats and
opportunities

Integrating the social
context, local aspirations,
and human- environment
interactions

Principle

Pacific of Baja California Peninsula

Represent 20-30% of each major
habitat type (e.g., kelp forest, rocky
reefs).

Protect at least three widely distributed
replicates of each major habitat.

Protect critical areas in the life history
of focal species in marine reserves
(e.g., spawning or nursery areas),sites
with high endemism or abundance,
healthy areas, etc.

Consider movement patterns of adults
and juveniles of focal species when
determining the size of marine
reserves.

Design a network of marine reserves to
maintain larval connectivity and
maximize dispersal to fishing areas.
Establish marine reserves that are
large enough to contain all the
habitats used during the life
history of focal species; or
networks that are close enough to
allow focal species to move among
protected habitats during their life
cycle.

Establish marine reserves

for > 25 years, preferably permanently,
for conservation purposes and to
enhance fisheries production.
Seasonal marine reserves can be used
to protect focal species during critical
life stages.

Prioritize areas for protection where
habitats and species are likely to be
more resistant or resilient to climate
change.

Increase protection of key species
groups where they play important
key functional roles in ecosystem
resilience.

Address uncertainty by spreading
the risk and adding a buffer area.

Prioritize placing marine reserves
where there are, or are more likely to
be, low levels of threats now and in
future.

Diagnose the state of social welfare
and manage marine reserves in order
to maintain and promote social
well-being.

Promote community empowerment,
social connectivity and positive
relationships with stakeholders.
Achieve effective communication to the
different educational levels and social
groups. All information to be
disseminated, must be clear and in
accordance with the actors to achieve
effective awareness.

Ensure that all actors have the same
possibilities of receiving the social
benefits derived from the marine
reserves.

Gulf of California

Represent 10-30% of each major
habitat type (e.g., rocky reefs, seaweed
forests).

Protect at least three widely distributed
replicates of each major habitat.

Protect critical areas in the life history of
focal species in marine reserves (e.g.,
spawning or nursery areas),sites with high
endemism or abundance, healthy areas,
etc.

Consider movement patterns of adults and
juveniles of focal species when determining
the size of marine reserves.

Design a network of marine reserves to
maintain larval connectivity and maximize
dispersal to fishing areas.

Protect all key habitats used by focal
species throughout their lives within
individual marine reserves, or ensure that
reserves are close enough to allow focal
species to move among habitats.

Use compact marine reserves shapes and
include whole ecological units.

Space marine reserves less than
50-200 km apart in the direction of the
predominant current flow during
spawning time.

Establish marine reserves for > 25 years,
preferably permanently, for conservation
purposes and to enhance fisheries
production.

Prioritize areas for protection where
habitats and species are likely to be more
resistant or resilient to climate change.
Consider climate change effects on: (1)
larval dispersal, and implications for
the location, number and spacing of
reserves, (2) life cycle of species for the
duration and location of reserves, and
(3) ecosystem function and dynamics
for biophysical principles in general.

Prioritize placing marine reserves where
there are, or are more likely to be, low
levels of threats now and in future.

Diagnose the state of social welfare and
manage marine reserves in order to
maintain and promote social well-being.
Promote community empowerment, social
connectivity and positive relationships with
stakeholders.

The local knowledge of users is
integrated into the design,
implementation and evaluation of
management initiatives.

Mexican Caribbean

Represent 20-30% of each
major habitat type (e.g., coral
reefs, mangroves).

Protect at least three widely
distributed replicates of each
major habitat.

Protect critical areas in the life
history of focal species in marine
reserves (e.g., spawning or nursery
areas), sites with high endemism
or abundance, healthy areas, etc.
Consider movement patterns of
adults and juveniles of focal
species when determining the size
of marine reserves.

Design a network of marine
reserves to maintain larval
connectivity and maximize
dispersal to fishing areas.

Protect all key habitats used by
focal species throughout their lives
within individual marine reserves,
or ensure that reserves are close
enough to allow focal species to
move among habitats.

Use compact marine reserves
shapes and include whole
ecological units.

Establish marine reserves

for > 25 years, preferably
permanently, for conservation
purposes and to enhance fisheries
production.

Seasonal marine reserves can be
used to protect focal species
during critical life stages.
Address climate change and
changes in ocean chemistry,
by increasing percent habitat
representation, spreading the
risk, and increasing protection
of key species that increase
ecosystem resilience.
Prioritize the protection of
coastal habitats that have
greater probability of surviving
sea level rise.

Prioritize placing marine reserves
where there are, or are more likely
to be, low levels of threats now
and in future.

Diagnose the state of social
welfare and manage marine
reserves in order to maintain and
promote social well-being.
Promote community
empowerment, social connectivity
and positive relationships with
stakeholders.

Achieve effective communication
to the different educational levels
and social groups. All information
to be disseminated, must be clear
and in accordance with the actors
to achieve effective awareness.
Ensure that all actors have the
same possibilities of receiving the
social benefits derived from the
marine reserves.
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