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Marine protected areas (MPAs) are designated parts of the ocean that restrict human activities to a certain degree. MPAs are established around the world using a wide range of legislative instruments and thus come in a variety of forms and shapes. Despite being regarded as the “cornerstone” of global marine conservation efforts, they currently cover less than 10% of the ocean surface. Individual MPAs aim to achieve goals ranging from the protection of specific habitats or species to sustaining certain commercial activities, such as fishing. By default, the establishment of MPAs intertwines social, ecological and economic considerations. Yet, the emphasis put on each of these domains can vary substantially when setting on-the-ground objectives, frequently creating conflict among stakeholders. In this manuscript, we first discuss current international conservation targets as well as potential future goals and delve into the question of how to assess the effectiveness of MPAs. Subsequently, we discuss the ambivalent role of this widely applied management tool at the crossroads between biodiversity conservation and fisheries management. Placing MPAs in a social-ecological framework, we call for clear and measurable goals to evaluate MPAs from an interdisciplinary perspective. Finally, we present the Baltic Sea, with its high degree of anthropogenic impact, long fishing history and comparatively extensive MPA coverage, as an interesting case study to investigate the role of MPAs in promoting a sustainable management of the ocean.
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INTRODUCTION

Humans have extracted living marine resources from the ocean for centuries (Jackson et al., 2001; Lotze et al., 2006; Worm et al., 2006). Marine fisheries are highly important for global food security, with fish accounting for about 17% of the global population’s animal protein intake, and provide livelihoods to millions of people around the world (FAO, 2020a). Fisheries also have a huge economic importance (annual value of marine fisheries landings at first sale around $80 billion; Dyck and Sumaila, 2010), with approximately 40 million people being directly employed (FAO, 2020b) and another estimated 200 million having occupations indirectly linked with this sector (Teh and Sumaila, 2011). About nine out of ten people working in the capture fisheries value chain are associated with the small-scale fisheries sector (Worldbank, 2012).

Fisheries, by default, have an impact on the marine realm and, today, exert one of the most widespread anthropogenic impacts on marine ecosystems (Butchart et al., 2010; Ramirez-Llodra et al., 2011; Halpern et al., 2012). As such, fishing is often regarded as a key threatening process to marine environments (Jennings and Kaiser, 1998; Lubchenco et al., 2003; Crowder et al., 2008) and potentially exacerbates the effects of other global stressors (such as climate change; Ojea et al., 2017). If done in an unsustainable manner, the exploitation of living marine resources can negatively influence the services that the ocean provides (Crowder et al., 2008). To regulate this potential impact, several management tools, such as gear restrictions, fishing quotas and area closures (temporal and spatial) are employed around the world (Worm et al., 2009). Marine protected areas (MPAs), specifying particular sections of the ocean where human activities, such as fishing, are restricted to varying degrees, are often advertised as a particularly effective tool to safeguard marine biodiversity from anthropogenic activities (Gaines et al., 2010; Halpern et al., 2010; Duarte et al., 2020).

The global extent of MPAs has increased steadily and substantially in recent years (Humphreys and Clark, 2020). Scholars identify MPAs as the “primary tool” (Devillers et al., 2019), “cornerstone” (Giakoumi et al., 2018) and “key component” of global marine conservation strategies (Lubchenco et al., 2003; Gaines et al., 2010) and highlight their role for rebuilding life in the ocean (Duarte et al., 2020). With voices from the academic community and especially the conservation sector in favor of increasing the share of MPAs getting louder (Sala et al., 2021), their importance is likely to increase in the future. Yet, there are multiple social, economic and political challenges associated with the establishment of ever new MPAs and the so called “triple bottom line” (Rees et al., 2018)—integrating economic growth, environmental sustainability and social justice—may not be achievable (Gaines et al., 2010; but see Sumaila et al., 2012). Potential challenges include the difficulty of enforcement of set rules (Wilhelm et al., 2014), lack of political will (Kati et al., 2014) and diverging objectives of stakeholders (Kaiser, 2005). As trade-offs become evident, there is an increased interest toward finding strategies that synergize the conservation and exploitation of marine ecosystems and resources.

The scientific literature documented that—under certain ecological settings and specific management circumstances (discussed below)—MPAs can be highly beneficial for certain species and habitats occurring within their boundaries (Humphreys and Clark, 2020). Overall, MPAs were found to increase biological parameters of species, such as abundance and size of individuals, within the protected area (Lester et al., 2009; Gaines et al., 2010). Despite a strong consensus about the positive impact of MPAs within the conservation sector, their general appropriateness for fisheries management is still under debate, as depicted by a growing concern over the usefulness of this management tool (Kaiser, 2005; Hilborn, 2016, 2018). As MPAs are continuously being declared around the globe, tensions between the conservation and resource exploitation sector are rising, while the effectiveness and even legitimacy of MPAs are still unclear (Kearney et al., 2012; Cormier-Salem, 2014). It is therefore essential to use sound scientific evidence to identify and effectively communicate the factors that influence MPA effectiveness for each individual case (Pendleton et al., 2018). Furthermore, clear and measurable conservation objectives and management targets have to be set and evaluated within solid monitoring schemes. Agreeing on a common language helps to avoid confusion in cases where stakeholders with diverse backgrounds are involved in the MPA process and employing a clearly structured evaluation framework, similar to the Drivers-Pressures-State-Impact-Response framework (DPSIR), may support this process (e.g., Gabrielsen and Bosch, 2003; Oesterwind et al., 2016).

Here we shed light on the objectives of MPAs from different viewpoints and discuss international ambitions to protect a predefined share of the ocean within MPAs. Subsequently, we examine how the effectiveness of MPAs is commonly assessed and discuss the ambivalent role of this widely applied management tool at the crossroads between biodiversity conservation and fisheries management. Acknowledging the role of MPAs as social-ecological entities, we highlight the importance of clear and measurable targets within an interdisciplinary MPA evaluation framework. Finally, we explain why the Baltic Sea, with its historic importance for regional fisheries, high levels of anthropogenic impact and comparatively large fraction of MPA coverage, is a particularly interesting sea basin to investigate the role of MPAs in promoting a sustainable management of the ocean.


What Is a Marine Protected Area and How Many Are There?

Marine protected areas come in a variety of forms and shapes. They vary in purpose, management approaches and regulations, resulting in different levels of protection as well as restrictions of human uses (Horta e Costa et al., 2016). Some MPAs are designed to exclude all types of extractive human activities (so-called no-take MPAs, occasionally referred to as (no-take) “marine reserves”), while others are managed as multi-use MPAs that aim to sustain certain commercial and/or recreational activities (e.g., fisheries management areas), are designated to conserve specific species or habitats (e.g., species management areas) or act as recreational areas (e.g., protected seascapes) (Day et al., 2012). These MPAs span the diversity of marine ecosystems, ranging from estuaries to coastal zones and the open ocean. MPAs are set up by numerous different national and international entities utilizing a variety of distinct legislative instruments (Humphreys and Clark, 2020) and pursue a multitude of diverging goals. In this context, the classification of MPAs is a highly controversial (and political) issue (Caveen et al., 2015). A variety of different classification systems have thus been put forward, such as the IUCN MPA protection classification (Day et al., 2012), the regulation-based classification system for MPAs (Horta e Costa et al., 2016) or the MPA guide1 (currently in scientific review for publication).

A commonly used definition of MPAs comes from the International Union for the Conservation of Nature (IUCN) (see Kelleher, 1999), which describes a marine protected area as “any area of intertidal or subtidal terrain, together with its overlying water and associated flora, fauna, historical and cultural features, which has been reserved by law or other effective means to protect part or all of the enclosed environment” (Humphreys and Clark, 2020). Other definitions, such as the one adopted by the World Wide Fund for Nature (WWF) puts more emphasis on the role MPAs should fulfill, by defining MPAs as “areas designated and effectively managed to protect marine ecosystems, processes, habitats and species, which can contribute to the restoration and replenishment of resources for social, economic and cultural enrichment” (Reuchlin-Hugenholtz and McKenzie, 2015, p. 5).

The Aichi Biodiversity Targets of the Convention on Biological Diversity2 call for 10% of the coastal and marine areas to be conserved through “effectively and equitably managed, ecologically representative and well connected systems of protected areas and other effective area-based conservation measures” by the end of 2020 (a goal originally established for the end of 2010, but postponed in the same year; CBD, 2010, Aichi target 11, Humphreys and Clark, 2020). The United Nations Sustainable Development Goals reiterated this 10% target for 2020 (SDG 14.5), in order to “conserve and sustainably use the oceans, seas and marine resources for sustainable development”. Writing this article at the beginning of 2021, how far have we come? As of April 2021, IUCN’s World Database of Protected Areas3 and the Marine Protection Atlas4, two primary sources for global and regional marine protected area coverage statistics, report 7.7 and 6.4% global marine coverage, respectively.

In order to properly estimate the coverage of MPAs and assess their effective contribution to ocean conservation (as opposed to the role of so called “paper parks”), a standardized protocol specifying which areas qualify as an effective MPA and are thus counted toward coverage targets has to be agreed upon (Humphreys and Clark, 2020). In fact, the lack of such a protocol explains much of the discrepancy commonly arising in discussions around MPA coverage objectives (see above). In contrast to the IUCN World Database of Protected Areas, the Marine Protection Atlas for example specifically excludes both designated/unimplemented (0.6%) as well as proposed/committed MPAs (1.4%) and thus provides a more conservative estimate of global MPA coverage. Nonetheless, if all of these designated and proposed areas would be implemented, the global target of 10% would still not be reached yet (cf. Figure 1A).
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FIGURE 1. Global marine protected area (MPA) coverage and potential international targets. (A) Share of global ocean covered by MPAs of different designation categories in April 2021. (B) Share of global MPA coverage in relation to potential future MPA coverage targets. Based on data from MPAtlas.org, accessed on April 4th 2021.


Besides the size of a marine protected area and the characteristics of the protected ecosystem component, the degree of protection can have high relevance for the success of an MPA (of course depending on how “success” is defined for individual MPAs; Edgar et al., 2014). This raises the question if—when chasing after percentages of coverage—the quantity of MPAs may be incentivized over their quality. In this context, several scholars call for caution and criticize that a large share of MPAs lack management plans, allow different types of extractive activities and are often neither enforced nor monitored (Rife et al., 2012; Lubchenco and Grorud-Colvert, 2015). These scholars thus call for an increase in the share of (well-enforced and managed) no-take MPAs, which currently cover less than 1% of the global ocean. Depending on the local circumstances and aims, the establishment of no-take MPAs, however, may not always be the adequate solution. Restrictions of human activities within a particular MPA certainly have to be well-aligned with its specific conservation goals, considering the damaging aspects of locally relevant extractive activities, such as fishing. Furthermore, one has to keep in mind that the key threats for the ocean are of diverse nature, including factors such as sedimentation, plastic pollution, oil spills, climate change, eutrophication and the risk of introduced pests, which are only rarely addressed in the context of MPAs.



How Much Is Enough? Determining the Size of the Cake for MPAs

Implementing MPAs and thereby restricting access and/or freedom of action for resource users (that are historically accustomed to open-access regimes) understandably yields the potential for injustice and conflict (Jones, 2009). Possible negative socio-economic impacts of MPAs on local communities include loss of income, decreased food security, displacement from traditional harvest grounds as well as increased social tension and political struggles (Bennett and Dearden, 2014; Sowman and Sunde, 2018). Such adverse effects on people’s culture, way of life and sense of place can in turn negatively influence conservation outcomes. Consequently, the question is, what fraction of the ocean within MPAs would be adequate to support conservation goals, while minimizing (or even reversing) the possible negative impact on resource users, such as fishers? In other words, when do conservation benefits of MPAs outweigh the potentially lost “value” for those groups depending on these areas (see White, 2009)? Answering this question has been described as the “Holy Grail” of marine protection (Lubchenco et al., 2003).

In 2014, the IUCN World Parks Congress recommended to “urgently increase the ocean area in ecologically representative and well-connected systems of MPAs or other effective conservation measures by 2030; these should include strictly protected areas that amount to at least 30% of each marine habitat and address both biodiversity and ecosystem services” (WPC, 2014). This goal is in line with studies that have concluded that protecting about one third of the ocean would be ideal from a fisheries perspective (Botsford et al., 2001; Gaines et al., 2010; but see Kaiser, 2005) as well as from a conservation point of view (Sala et al., 2002; Airamé et al., 2003; Beger et al., 2003; Gladstone, 2007; Gaines et al., 2010; for a meta-analysis see O’Leary et al., 2016). This target has recently been reiterated as the so-called 30 × 30 MPA target (30% MPA coverage, with 10% strictly protected, by 2030), which is strongly supported by the European Commission’s Green Deal (EU Biodiversity Strategy for 2030) as well as an increasing number of countries around the globe. Considering the current rate of global biodiversity loss, some scholars even call for 50% protected area coverage (“half-earth” scenario) in the ocean, ideally being entirely off-limits to fishing (e.g., Wilson, 2016; but see Humphreys and Clark, 2020 for a discussion on the feasibility of this proposition). Whatever the “magic number” is (cf. Figure 1B), the coverage of MPAs is likely to be scaled up in the near future, inherently entailing the risk of incentivizing quantity over quality.



SUCCESS BEYOND PERCENTAGES: HOW TO ASSESS THE EFFECTIVENESS OF MPAs?

As MPAs are increasingly used as management tools around the globe, the imminent question is, are they achieving their goals? A vast body of scientific literature aims to answer this question by looking at the biological response of marine ecosystems to MPA establishment, focusing on temporal effects (e.g., Halpern and Warner, 2002; Russ et al., 2008), species that profit (Russ et al., 2004; White and Kendall, 2007) and species that do not benefit from MPAs (Hilborn et al., 2004; Hart, 2006; Kaplan, 2009) as well as cascading effects within local food webs (Baskett, 2006; Buxton et al., 2006; Baskett et al., 2007). Common biological metrics to empirically assess the effectiveness of MPAs are: abundance (i.e., density of individuals per area), biomass, size of individuals and diversity (i.e., species richness) (for a review and meta-analysis see Woodcock et al., 2017). These factors are usually compared for inside vs. outside the MPA and/or before vs. after the implementation of spatial protection measures and a relative increase in the aforementioned metrics is commonly expected for MPAs (White et al., 2011). A global meta-analysis of empirical studies found that these parameters usually increase inside no-take MPAs, but can, however, also decrease in individual cases (Lester et al., 2009; see also Halpern and Warner, 2002; Halpern et al., 2004). On the theoretical side, several modeling exercises also suggest overall positive responses of MPA establishment on the biological metrics for a variety of species (see Gaines et al., 2010 for a meta-analysis of modeling studies).

In general, MPAs seem to be able to deliver what they promise in terms of certain biological metrics. On the level of individual MPAs, however, the range of empirical biological responses has been found to be “enormous” (Gaines et al., 2010). Raising the question, what causes some MPAs to perform better than others? Overall, the effectiveness of MPAs based on biological metrics was found to be positively correlated with size, age, level of protection, enforcement and connectivity (Claudet et al., 2008, 2010; Edgar et al., 2014). Particularly, MPAs that do not allow extractive activities (i.e., no-take MPAs) have been shown to foster biodiversity conservation (Sciberras et al., 2013; Edgar et al., 2014; Sala et al., 2018), while some scholars highlight the role of partially protected areas as a compromise in situations, where a total ban of extractive activities is not a socio-economically and/or politically viable option (Sciberras et al., 2013; Harasti et al., 2018). It is clear that the potential benefits (as well as goals) of individual MPAs depend on a variety of factors specific to the locality, such as the ecological setting of the system, past and future exploitation levels (e.g., fishing pressure) in the area, the state of the fished populations in the areas surrounding MPAs (i.e., efficacy of the fisheries management in the wider area, see Buxton et al., 2014; Hilborn, 2016), the political context in which the marine protected area is set (influencing MPA design and management) as well as the life history and ecological characteristics of the focal species (Hart and Sissenwine, 2009; Kaplan, 2009; White, 2009), with different taxa profiting to varying degrees and across variable timescales (Fox et al., 2012; Hays and Scott, 2013).

The fact that MPAs can effectively increase particular biological parameters of organisms under certain conditions (see discussion above) has been shown both in long-term numerical modeling approaches as well as short-term empirical studies (Gaines et al., 2010). Yet, these effectiveness studies have mostly focused on single or few harvested species (White et al., 2011). This stands in stark contrast to the demands of many policy instruments, such as the Natura 2000 program and the habitats directive of the European Union, which specifically call for a comprehensive evaluation of biological compartments occurring in MPAs, beyond the single species perspective (i.e., in a “holistic ecosystem perspective”). The effects of MPAs on ecosystem functioning and in particular on the relations of species interacting within food webs and the associated trophic cascades (i.e., the decline of some species in response to an increase in their competitors) has been largely overlooked in the evaluation of effectiveness of MPAs (Baskett et al., 2007). Investigating these ecological dependencies can, however, provide valuable insights in the response of whole biological communities to MPA establishment, beyond the mere change in a handful of biological metrics for a few species (White et al., 2011). Furthermore, an increase in the aforementioned metrics may not be the desirable and/or appropriate goal for a certain MPA, highlighting the need to define clear targets early on within the MPA establishment process (Pendleton et al., 2018).



BIODIVERSITY CONSERVATION OR FISHERIES YIELD? MANAGING A SEA OF OBJECTIVES

It is a common impression that the conservation and the (commercial) fisheries sector pursue drastically diverging interests and objectives. And indeed, establishing a marine protected area with fisheries restrictions in areas where fishing takes place creates—in most cases—some kind of conflict (Salmona and Verardi, 2001; Bennett and Dearden, 2014). However, research has shown that fishers perceive MPAs to not only entail costs (e.g., via displacement of fishers from fishing grounds), but also to result in benefits, like the increased possibility to catch large fish that “spill over” from the MPA into adjacent non-protected sites (Cinner et al., 2014).

From a conservation point of view, the rationale behind permanently restricting a fishery in a certain area in order to minimize the potential impact on the local biodiversity, is quite clear and larger MPAs that fully exclude any kind of anthropogenic activities (including fishing) are usually desired. Predicting the effect of MPAs on fisheries, however, is not as trivial and modeling studies often yield ambivalent results: under overfishing scenarios, a set of idealized MPAs with varying degrees of protection for commercial species were found to have the potential to increase fisheries in the long run. Under sustainable fishing scenarios, however, these same MPAs rather decreased the fishing yield (while still increasing the overall biomass of fish), as more area than necessary was off-limits to fishing (White et al., 2010, 2011). Moreover, the effect of an MPA on fisheries yield also depends on the way in which resource users shift their fishing effort after MPA implementation (Sanchirico and Wilen, 2001; Kellner et al., 2007). Taking all of these factors into account, trade-offs emerge between fisheries management goals and conservation objectives, influenced primarily by the number, size and spacing of MPAs with fisheries restrictions (Gaines et al., 2010). This apparent mismatch, however, may not be evident under all circumstances. For certain areas, the diverging objectives of the conservation and fisheries sector in terms of relative MPA coverage can in fact overlap, which may help to minimize trade-offs (Gaines et al., 2010) with the ultimate goal of manifesting the role of MPAs as an integral part of an effective ecosystem-based management of living marine resources (Grip and Blomqvist, 2020).

Within this “sea of objectives”, the sustainable development goals (discussed above) specifically call for an approach simultaneously promoting environmental protection as well as economic growth (e.g., by restoring fish stocks or promoting sustainable tourism; Carter, 2007). Political agendas thus commonly aim to simultaneously promote conservation as well as sustainable fisheries targets (Humphreys and Clark, 2020). In the end, striving to reconcile both conservation and fisheries objectives, however, has the potential to achieve neither very effectively. That is especially so, unless stakeholders are an integral part of the MPA establishment and management process (Humphreys and Clark, 2020).



MARINE PROTECTED AREAS AS COMPLEX SOCIAL-ECOLOGICAL SYSTEMS

The establishment of MPAs quite prominently intertwines social, ecological and economic considerations (Pendleton et al., 2018; Humphreys and Clark, 2020). Behind (almost) every MPA stands a community of resource users and—by regulating their actions—managers aim to steer the ecological trajectories of defined seascapes. As new rules and regulations are set within an area, people are commonly forced to respond by adjusting their behavior. This alteration of actions notably takes place along a compliance gradient, i.e., some resource users will follow the set rules and others may decide to steer their way around them. This highlights the issue of compliance as well as enforcement of set rules and regulations. In the end, the efficacy and success of individual MPAs (as for most other management tools) is heavily influenced by the behavior and acceptance of people (Bennett and Dearden, 2014).

Different governance approaches and policy frameworks are distinctly equipped to solve the challenges associated with marine resource management and biodiversity conservation (McCay and Jones, 2011; Jones, 2012; Gaymer et al., 2014). In the MPA designation process, both bottom-up as well as top-down approaches are employed: While community-led (bottom-up) approaches are more commonly observed with smaller coastal MPAs that result in local impacts as well as benefits (Bartlett et al., 2010), central government-led (top-down) initiatives usually operate on larger scales and can—for example—facilitate the rapid establishment of extensive open-ocean MPAs (Toonen et al., 2013; Wilhelm et al., 2014) or large-scale national networks of MPAs (Buxton and Cochrane, 2015). While such systematic top-down approaches are well equipped to achieve trans-regional conservation targets, community-led approaches can be less costly and result in higher commitment as well as compliance by local stakeholders (Crawford et al., 2004). However, both of these extremes have also been criticized for invoking conservation and management failures (Qiu et al., 2009; Hind et al., 2010) and current MPA governance strategies thus increasingly try to incorporate the advantages of both approaches (Jones, 2001; Mills et al., 2010; Ban et al., 2011). Key lessons learned from several such cross-level initiatives around the globe include the need for early and ongoing engagement of all stakeholders as well as the creation and/or showcasing of incentives for local communities (from an economic perspective as well as in terms of two-way knowledge transfer; cf. Buxton and Cochrane, 2015 for an extensive documentation of the outcomes of an inclusive MPA process). Transparency throughout the entire MPA establishment process has been identified as a central component for successful MPA designation and participative processes as well as capacity building opportunities for stakeholders have been shown to increase community involvement (Gaymer et al., 2014; Buxton and Cochrane, 2015). In terms of MPA governance, the single most important lesson learned is that “one size does not fit all”. The MPA designation process therefore always has to be adapted to local circumstances and should be well aligned with the context of the social-ecological system in which the MPA will be embedded (Gaymer et al., 2014).

Failing to recognize the disciplinary trinity (social, ecological and economic) of MPAs has led to a variety of conservation failures in the past (Cumming and Allen, 2017). Several studies have shown that some MPAs proven to be “ecological success stories”, simultaneously represented “social failures” (e.g., Christie, 2004). One prominent reason for this phenomenon was found to be a lack of stakeholder engagement throughout the MPA process, from early conception to day-to-day management (Giakoumi et al., 2018). A recently published open letter5 (written in response to a draft working paper by Waldron et al., 2020, that analyzes the economic implications of the 30 × 30 MPA target and indicates that the financial benefits far outweigh the costs) sheds further light on this divergence: Ignoring the social aspects of conservation risks reinforcing the marginalization of vulnerable communities affected by the environmental protection measures.

Established MPAs that are poorly designed and/or managed, on the other hand, may provide a false sense of protection for stakeholders, while in reality being inapt to achieve set ecological targets (Agardy et al., 2011). It is therefore imperative to design MPAs in a way that is both ecologically as well as socially sustainable (Cumming and Allen, 2017; Bennett, 2018). In order to strive toward simultaneously promoting biodiversity conservation and safeguarding human livelihoods within the context of MPAs, learning how to properly integrate ecological as well as social considerations will be essential (yet certain trade-offs may be inevitable; Cumming et al., 2006; Mills et al., 2010; Guerrero et al., 2013; Bennett et al., 2021). The same reasoning has to be applied when it comes to evaluating the effectiveness of MPAs by addressing both biological as well as social considerations and integrating outcome metrics that span across disciplines. In this context, the social-ecological systems framework, defined by the intricate relationships of people and nature (Ostrom, 2009), can provide a holistic, interdisciplinary setting that paves the way for an effective, ecologically as well as socially sustainable marine protected area management. MPAs are after all a “social-ecological enterprise” (Chuenpagdee et al., 2013).

The intricate links between society and nature quite clearly call for research methods that adequately reflect these interdependencies and feedbacks. Network analysis, a technique to depict and analyze relations and structures, holds great potential in this regard, as it enables an understanding of the direct and indirect processes characteristic for the resource management sector (Bascompte, 2009; Borgatti et al., 2009; Butts, 2009; Turnbull et al., 2018). To study complex processes at the human-nature interface and analyze superimposed effects of social and environmental mechanisms, the so-called social-ecological network analysis (SENA) is becoming an increasingly popular tool among interdisciplinary scholars (Sayles et al., 2019; Kluger et al., 2020). As an example, Haraldsson et al. (2020) used a SENA approach to study the effects of a future offshore wind farm to be placed off the coast of Northern France on both the ecosystem as well as the economic and social actors. Adopting and refining this approach within the context of MPAs may yield highly insightful outcomes by incorporating knowledge from various disciplines, and thus constitute a potent tool to facilitate the effective and interdisciplinary management of marine areas. Applying SENA in the planning and management of MPAs could allow decision-makers and managers to construct alternative scenarios and assess the effects of planned or undertaken strategies on the resources users and other units of the social-ecological system in an MPA (Haraldsson et al., 2020). By using context-specific factors, this approach would furthermore allow to differentiate among economic activities that differ regarding their ecological impact, and their economic and cultural importance for the local human population (such as small-scale and industrial fisheries, Daw et al., 2009; Carvalho et al., 2011). This way, adverse socio-economic impacts on local communities by MPAs could be minimized—if not avoided—via the identification of the most vulnerable groups and their webs of relations in the MPA context. In fact, the strength of this approach lies in its adaptability to local circumstances, providing case-specific insights that can enable discussions between diverse stakeholders and subsequently guide the decision-making process from MPA inception to day-to-day management. In a nutshell, looking at linked networks of ocean and society is a promising avenue toward understanding MPAs as complex social-ecological systems and can aid in finding balance among social and economic aspects, as well as between conservation and fisheries interests.



A FRAMEWORK FOR A SUCCESSFUL MPA ESTABLISHMENT PROCESS

From a management perspective, the process of establishing a marine protected area incorporates distinct steps and phases (cf. Figure 2). The initial phase is characterized by strategic planning: In a first step, auspicious goals on the seascape scale have to be decided upon, ideally already incorporating a variety of stakeholder perspectives. Based on this prospect, sections of the ocean have to be identified that may provide suitable conditions to achieve these objectives and a decision for specific sites has to be made (e.g., in a stakeholder participation process, see above). In pre-monitoring activities, the current ecological status as well as social and economic importance of the area should be assessed (with emphasis on the notion of variability as well as seasonal patterns). Based on the assessed local circumstances, the objectives should be further specified and operationalized via the use of indicators (e.g., Tunnicliffe et al., 2020). A clear picture of a desired future state (Bryson, 2018), including intermediate steps and milestones that pave the way toward reaching set targets, can be particularly beneficial. A thorough description of the current state of the social-ecological system with relevant links to applicable pressures finalizes this first step (Probst et al., 2016).
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FIGURE 2. Framework illustrating the marine protected area process from inception to evaluation. The implementation phase is followed by the evaluation phase, which feeds back into the former.


In a second step, an inventory of possible management options that would support the achievement of set objectives has to be created. In this context, balancing social as well as economic impacts of regulatory actions becomes imperative. Feasible management scenarios that can be (a) monitored and (b) enforced have to be agreed upon and a framework for non-compliance should be established. The final step within the MPA establishment process is the actual and effective implementation of management actions. A clear communication of the rules and regulations that are (or will be) in force as well as the rationale behind these management actions, can help to promote compliance. In parallel, controls of set regulations established upon a legal basis to issue sanctions have to come into force.

Following the successful implementation of the newly established MPA, the evaluation phase kicks in. Regular monitoring activities based on the pre-decided pressure and state indicators, assessed both inside as well as outside the MPA, are conducted and results compared against set targets on a rolling basis.



MARINE PROTECTED AREAS IN THE BALTIC SEA—UNDERSTANDING THROUGH SIMPLICITY

The Baltic Sea, a semi-enclosed brackish water body in Northern Europe, looks back on a long history of human use. It is characterized by a multitude of human-induced stressors ranging from fisheries, pollution and eutrophication to climate change (Diaz and Rosenberg, 2008; Reusch et al., 2018). In terms of salinity, it is a highly heterogeneous sea basin with conditions ranging from almost fully marine in the South-west to freshwater habitats in the North (Voipio, 1981). Due to its largely brackish conditions, which stresses both marine and freshwater species, as well as its geologically young age, the Baltic Sea constitutes a comparatively species poor environment with low functional diversity (Thulin, 2009; Elmgren and Hill, 2010). Due to its “simple” biological structure and multi-stressor environment coupled with a comparatively high data availability, it is argued that the Baltic Sea constitutes the perfect model region to implement and evaluate alternative marine management tools. In fact, it has been described as a “time machine” to investigate the operating principles of superimposed stressors within a future coastal ocean and a study area to test the efficacy of mitigation measures (Reusch et al., 2018).

The Baltic Sea, bordered by nine different countries (all but one forming part of the European Union), is one of the most managed seas in the world (Paasche et al., 2015; Reusch et al., 2018). The establishment of MPAs is one of the primary management tools employed to promote healthy Baltic Sea environments (Jonsson et al., 2020) and de facto MPAs have been established in this sea basin as early as 1932 (i.e., near-total trawl ban in the Öresund; Anonymous, 1932). Even earlier than that, spatial protection measures for Baltic Sea fish spawning grounds (e.g., Strelasund) date back to the nineteenth century (World Wide Fund for Nature [WWF], 2017) and area closures as fisheries management tools are employed until this day (e.g., “Odra Bank closure” at the German-Polish border to protect juvenile flatfish, established in 2005).

One of the main international governing bodies that aim to conserve and sustainably manage the ecosystems of the Baltic Sea is the Baltic Marine Environment Protection Commission, also known as Helsinki Commission (in short “HELCOM”; HELCOM, 2009). Within the HELCOM framework, the first MPAs with the primary goal to protect habitats and species were designated in 1994 (HELCOM Recommendation 15/5 of 1994). Since then, these areas, known as Baltic Sea Protected Areas (BSPAs, more recently renamed “HELCOM MPAs”; HELCOM, 2013), have grown into an extensive network that spans the entire Baltic Sea. Other widely applied policy instruments are the EU habitats and birds directives (EC Birds Directive 1979, EC Habitats Directive 1992), which oblige EU member states to designate so-called “Natura 2000 sites”, describing protected areas conserving particular habitats and species while simultaneously facilitating sustainable resource use within their boundaries. These Natura 2000 sites form part of a pan-European network of representative protected areas, consolidating and expanding the existing network of HELCOM MPAs. In fact, the majority of marine protected sites in the Baltic Sea are designated by both the HELCOM MPA and the EU Natura 2000 system, with an overlap of more than 90% (Jonsson et al., 2020).

The network of MPAs in the Baltic Sea reached the internationally aspired 10% MPA coverage target already by 2010 and today, the Baltic Sea enjoys the highest protection (at least in terms of MPA coverage) of all European marine regions (European Environment Agency [EEA], 2015). Nonetheless, conservation experts highlight the uneven distribution of MPAs among sub-regions and a strong bias toward small sites in coastal waters (von Nordheim, 2018). In 2016, 13.5% of the Baltic Sea (as designated by the HELCOM maritime area) was covered by MPAs, with a total number of 177 HELCOM MPAs and around one thousand Natura 2000 MPAs distributed throughout the sea basin (HELCOM, 2016). Despite the comparatively large extent of MPAs in the Baltic Sea, activities with a potentially high impact on marine ecosystems, such as construction activities (e.g., the “Fehmarnbelt crossing”; an immersed tunnel connecting Germany and Denmark to be built within the next 10 years) and resource extraction, are not strictly prohibited within these sites (HELCOM, 2013). Furthermore, potentially harmful fishing activities, such as bottom trawling, are commonly employed within MPAs (Berggren et al., 2020). Voices from the conservation sector thus highlight the fact that an effective conservation of marine ecosystems is currently not guaranteed for the Baltic Sea, even within sites designated as MPAs (von Nordheim, 2018).

The network of MPAs in the Baltic Sea is composed of MPAs that vary greatly in spatial extent, with a majority of the MPAs between 10 and 100 km2 in size (HELCOM, 2016; cf. Figure 3). Natura 2000 sites in the Baltic Sea are more numerous than HELCOM MPAs, however, they also tend to be generally smaller in size (Figure 3). It is worth mentioning that Natura 2000 sites designated through the two distinct EU directives, targeting birds on the one hand and habitats on the other, frequently overlap in geographic extent. While none of the MPAs in the Baltic Sea (i.e., neither HELCOM MPAs nor Natura 2000 sites) are classified as being “Fully/Highly Protected” by the MPAtlas4, the majority of HELCOM MPAs already has a management plan (for at least parts of the site) in force (cf. Figure 4; von Nordheim, 2018; Jonsson et al., 2020). However, around one-third of HELCOM MPAs are only designated (i.e., do not have a management plan; Figure 4) and Natura 2000 sites lack management plans in the majority of cases.


[image: image]

FIGURE 3. Size frequency distribution of marine sections of HELCOM MPAs and Natura 2000 sites in the Baltic Sea. Sizes of marine sections of MPAs were calculated based on shapefiles obtained from https://maps.helcom.fi/ (HELCOM MPAs) and https://www.eea.europa.eu/data-and-maps/data/natura-11/ (Natura 2000 sites) (both resources were last accessed on 05.04.2021).
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FIGURE 4. Baltic Sea HELCOM MPA coverage in different designation categories. The full circle represents the total Baltic Sea area and differently colored segments represent relative coverage of marine protected areas declared as “designated and managed” (dark blue: MPA has an implemented management plan), “designated and partly managed” (medium blue: certain section of the MPA has an implemented management plan) and “designated” (light blue: MPA has no management plan in place). The yellow circle segment represents areas of the Baltic Sea currently not designated as MPAs. Based on data from maps.helcom.fi, accessed in December 2020.


The fact that the Baltic Sea has a long history of fishing activity while exhibiting an extensive network of MPAs, makes this sea basin particularly suitable for investigating the effectiveness of MPAs in achieving their targets. Besides the conservation value of MPAs in this sea basin, the question remains about their adequacy as fisheries management tools. While the management of commercial fish stocks is not their designated primary aim (i.e., the protection of habitats and species; see above), fish stocks can still profit from this conservation tool, for example, via the protection of essential habitats and safeguarding of certain ecosystem functions. The European Common Fisheries Policy (CFP) thus suggests to consider the implementation of fishing restrictions within MPAs in order to contribute to the conservation of living aquatic resources and marine ecosystems (Common Fisheries Policy [CFP], 2013), while simultaneously aiming for an exploitation of fished populations at the level of maximum sustainable yield (MSY; i.e., maximizing catches while safeguarding future reproduction of fished populations, always following the precautionary principle; Langlet and Rayfuse, 2019). In this context, MPAs may convey an interesting role as an “insurance” or “buffer” for sudden and unexpected environmental or anthropogenic impacts and—placed in the right locations—may provide far-reaching benefits e.g., via the protection of vital spawning grounds (see above).

From a governance perspective, the notion of using MPAs to manage fisheries in Europe is particularly interesting: While marine conservation (and thus the establishment of MPAs) is a national concern, fisheries management is regulated by the CFP, centrally regulated by the European Union (Fock, 2010). In other words, if an EU member wants to restrict fishing activities within an MPA that lies within the waters under its own national jurisdiction, this EU member first has to consulate with EU countries that have fishing interests in the MPA to formulate a “joint recommendation” in a lengthy multi-step process (von Nordheim, 2018). In a second step, the EU Commission can then issue legally binding fishing regulations for the national MPA that all EU members have to abide to. Next to the prominent focus on the evaluation of biological measures, the CFP also suggests the consideration of economic as well as social criteria in the strive for fisheries sustainability (Common Fisheries Policy [CFP], 2013). In this respect, Yletyinen et al. (2018) investigated the driving factors and consequences of fishing strategy diversification among Swedish fishers within a first-of-its-kind social-ecological network study in a Baltic Sea fisheries context. Describing social-ecological networks via mental models, Schwermer et al. (2021) examined coupled human-nature interactions in the Western Baltic cod fishery incorporating the perspectives of multiple stakeholder groups. These approaches could be used and adapted to further incorporate the human dimension (see above) in the often mainly ecologically driven marine policies, such as Natura 2000 and the CFP, as well as the MPA process in general. Goti-Aralucea (2019) presents the—to our knowledge—first combined analysis of social and economic effects of an MPA in a Baltic Sea case study. This work thus starts to fill a research gap on the impacts of MPAs on fishers in this sea basin. While some studies on the economic or social aspects of spatial fisheries measures in the Baltic Sea have been published (e.g., Suuronen et al., 2010; Bastardie et al., 2020), the consideration of the social-ecological-economic trinity in conjunction is still in its infancy. Such a combined analysis would greatly advance our understanding of the mechanisms and feedbacks intrinsic to the implementation of this management tool, prominently situated at the interface of ocean and society. After all, MPAs do not only advance national and international conservation agendas, but also manage peoples’ interactions with the ocean.

MPAs in the Baltic Sea are—by virtue of the policy instruments employed for their designation—inherently static. Yet, their subjects of protection are often mobile (to varying degrees) and/or exhibit occurrence patterns modulated by climatic variability. Many of the species and habitats protected within MPAs may shift their range in response to climate change over the coming decades (Perry et al., 2005). Larval connectivity within existing MPA networks is also forecasted to change, with larval development duration largely coupled to sea temperature (O’Connor et al., 2007). This raises the question if MPAs designed to safeguard biodiversity and promote sustainable use of marine resources under today’s conditions, will be able to do so in a future altered seascape.



DISCUSSION AND LESSONS LEARNED

Marine protected areas have—to a certain degree—emerged as panaceas in the ocean conservation arena (Young et al., 2018). Yet they exist in a variety of shapes and sizes as they are designated around the world using a broad range of legislative instruments. Following international conservation targets, their numbers have increased substantially in the last decades and this trend is very likely to continue in the future. In practice, MPAs are often situated at the crossroads between biodiversity conservation and fisheries management and are thus inherently characterized by diverging objectives and expectations by various stakeholders. This field of tension commonly demands contrasting sets of management actions, which call for compromises to be agreed upon. These trade-offs, in turn, may create conflict among resource users and stakeholders at the local level, but also branch out to higher political spheres. Thus, we suggest the implementation of social-ecological network analysis (SENA) as a flexible approach that accounts for the complex processes at the human-nature interface in a context-specific way. In order to acknowledge MPAs as economically, socially and politically viable options for managing the ocean, MPAs continuously have to prove that they are successful in achieving their goals. In scientific practice, however, assessing this effectiveness in a holistic way is not always an easy task and the important step of MPA evaluation is thus frequently skipped. Nevertheless, clear and measurable targets have to be decided upon early on within the MPA process, ideally involving interdisciplinary sets of indicators that span across the ecological, economic and social domain. These indicators are best conceived, field-tested and refined within research environments characterized by solid data availability. The Baltic Sea, described as one of the most protected oceanic realms in Europe, may constitute such a testing ground. While spatial protection measures in this sea basin can certainly be regarded as extensive, they may, however, currently not be as thorough as one would expect. The implementation of new spatial management measures (e.g., gear restrictions like trawl bans) within the MPA network of the Baltic Sea could constitute the ideal case study to validate their efficacy along environmental gradients. Solid long-term monitoring schemes within individual areas may provide valuable insights on MPA effectiveness in the light of a multi-stressor environment (e.g., characterized by eutrophication, climate change and fisheries). It is of no doubt that MPAs are here to stay for the foreseeable future. In this context, we have to learn how to most effectively use this management tool at the crossroads between biodiversity conservation and fisheries management.
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