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Marine protected areas (MPAs) are globally important environmental management tools that provide protection from the effects of human exploitation and activities, supporting the conservation of marine biological diversity, habitats, ecosystems and the processes they host, as well as resources in a broad sense. Consequently, they are also expected to manage and enhance marine ecosystem services and material, non-material, consumptive and non-consumptive goods, and benefits for humans. There is however certain confusion on what constitutes an ecosystem service, and it is not always easy to distinguish between them and societal benefits. The main nuance is that an ecosystem service is the aptitude an ecosystem has or develops naturally or as consequence of a management action, and that manifests through its own properties (productivity, diversity, stability, quality of its key parameters, etc.), while a societal benefit is the economic or other profitability (emotional, educational, scientific, etc.) that humans obtain from said service or quality. In this work, 268 publications, together with our own experiences in the different investigations carried out in the MPAs that are part of the BiodivERsA3-2015-21 RESERVEBENEFIT European project, have been selected, reviewed and discussed to analyze the knowledge status of the expected ecosystem services of MPAs and the societal benefits derived from them, sometimes providing information on their evidence, when they exist. We define and classify the effects of protection, ecosystem services and societal benefits and elaborate a conceptual model of the cause-effect relationships between them.
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INTRODUCTION

Conservation of the marine environment–its physical and ecological functioning and its biodiversity–is of utmost importance for maintaining global natural processes of the planet, regulating its responses to major future challenges such as the minimization of and adaptation to climate changes, and from the point of view of guaranteeing societal goods and benefits (Roberts et al., 2017; Pantzar et al., 2018).

Different designations like “marine reserve,” “no-take zone” or “fish box” have mostly been considered important tools in the management and protection of fishery resources (Pérez-Ruzafa et al., 2017). However, there is a broader concept, that of Marine Protected Area (MPA), which includes a greater number of objectives and regulations despite in many cases offering a lower degree of protection (Roberts and Hawkins, 2000; Gell and Roberts, 2003a; Costello and Ballantine, 2015). Following Reuchlin-Hugenholtz and McKenzie (2015), an MPA is a “marine space 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.” This term thus could encompass many other concepts that are used in a similar sense, although sometimes involving a greater or lesser degree of restrictions, such as the aforementioned marine reserve, fully protected marine area, no-take zone, fish box or fishery closure area, marine sanctuary, ocean sanctuary, marine park or locally managed marine area, and could also include Special Areas of Conservation or Sites of Special Scientific Interest. In this review we refer to MPAs in this broad meaning, although on some occasions we will refer to marine reserves when the original bibliographic data does so.

The main MPA global policy targets aim to protect by 2020 at least 10% of coastal and marine areas (Convention on Biological Diversity of Aichi, Japan, 2010, www.cbd.int accessed 12/02/20), and the urgency of increasing the ocean area covered by ecologically representative and well-connected MPA systems to at least 30% by 2030 is underlined in the IUCN World Parks Congress of Sydney, Australia, 2014 (Charles et al., 2016; Krueck et al., 2017). In Europe, the European Marine Strategy Framework Directive aims to establish a network of MPAs as one of the main protection measures to maintain and improve the sustainable use of European marine waters, the biodiversity and biological connectivity, the quality and occurrence of habitats and the distribution and abundance of species (EC, 2008). These objectives could be achieved if the design of MPA networks took into account the recommendations based on a reserve size that optimizes the minimum cost of surveillance and maintenance, the maximum protection efficiency (estimated at around 600 ha for the no take area), and the effective biomass export distances (estimated at about 5–15 km) (Pérez-Ruzafa et al., 2008a, 2017).

Nevertheless, the amount of established protected area in the oceans clearly falls short of global policy targets. This percentage currently amounts to 5.7% of implemented zones (www.mpatlas.org accessed 12/02/20), and only 2.6% is in strongly implemented or fully protected areas (Sala et al., 2018; www.mpatlas.org accessed 12/02/20). In the case of European seas, by the end of 2016, 10.8% of their surface had been designated as MPAs, although with important differences between geographical areas (27.1% of the Greater North Sea vs. 2.9% of the Aegean-Levantine Sea) (www.eea.europa.eu/themes/water/europes-seas-and-coasts/assessments/marine-protected-areas, accessed 12/02/20).

Many existing MPAs are, however, not implemented in fact and only exist as “paper parks” where legislation is not enforced, the necessary surveillance is not present, management resources are lacking, and management plans are inactive or deficient, or do not comply with the regulations in place (Gilman, 1997; Roberts and Hawkins, 2000; Gell and Roberts, 2003a; Reker, 2015; Garcia-Rubies et al., 2017; Pieraccini et al., 2017).

Ecosystem-based management is one of the basic supports in the theoretical application of MPAs as management tools for the marine environment (Browman et al., 2004; Halpern et al., 2010; Long et al., 2015). It implies a broad and integrative approach scale, where all ecosystem components and processes are considered, including those in which people intervene. The success of an MPA must, therefore, be able to be verified at the ecosystem level. However, it is not easy either to find indicators, cause-effect relationships or conceptual schemes, nor to assess the effectiveness of MPAs at this scale where multiple factors and variables fluctuate in space and time.

The key ecosystem-based management principles that are most frequently acknowledged in the literature, according to Long et al. (2015) review, include “adaptive management,” “stakeholder involvement,” and “recognize coupled social-ecological systems.” This shows that beyond scientific knowledge of ecosystem processes, the success of MPAs also implies the recognition by local communities (Di Franco et al., 2016), in particular those whose activities are linked to the protected area, the implication of the involved administrations that must make an effort to provide resources for an effective protection, and a global awareness that understands that protection is a transversal tool that must be coordinated and affects and is affected by the many uses and activities that take place in a certain area.

One of the most effective ways to accept, value, and promote the protection of a space is to understand which elements and processes are involved and what the consequences of that protection are. These are couched in terms of benefits, both economic and not, that it produces directly or indirectly to human societies.

Knowledge of goods and benefits, supported by the physical and ecological processes and the existing biodiversity in an area, will allow us to justify and better fulfill the objectives of protection and guarantee it within a framework of medium and long-term sustainability. From the maintenance of species of fishing interest to the maintenance of the connectivity between populations and of genetic heterogeneity and diversity, there are many ecosystem services and human benefits provided by healthy marine habitats (Haines et al., 2018). However, not all of these goods, services and societal benefits are well-known, and the information is dispersed in a multitude of works focused on particular case studies that refer mainly to the effects of protection on some specific aspect of the biology of a single species or assemblage. Furthermore, the bibliography that reviews them together, and put them in the context of the protection of a coastal area, is still scarce (Potts et al., 2014; Van den Belt and Cole, 2014; Saunders et al., 2015; Olander et al., 2018; Schratzberger et al., 2019; Armoškaite et al., 2020).

The first problem to face is the existing confusion and inconsistency on what means and constitutes an ecosystem service (Olander et al., 2018). Frequently “services,” “goods,” or “benefits” are used as being synonyms, and in the literature there is such a proliferation of terms, like abiotic or biotic provisioning, service capacity or demand, human related activities, ecological process or products from ecological systems, that it is not always easy to distinguish between ecosystem services and societal benefits (De Groot et al., 2002, 2010; Fisher et al., 2007; Fisher and Turner, 2008; Haines-Young and Potschin, 2013, 2016; Villamagna et al., 2013; La Notte et al., 2017; Newton et al., 2018; Pérez-Ruzafa et al., 2019). In this way there is even confusion and inconsistency over what is meant by “ecosystem service” indicator (Johnston et al., 2012; Bauer and Johnston, 2013; Boyd and Krupnick, 2013; Boyd et al., 2016). Many of the definitions are tautological and include the defined term in the definition, while others include the terms that are intended to differentiate (such as benefit) in the definition of the other (service) (Table 1). Other works define new concepts like Ecosystem Service capacity as an ecosystem's potential to deliver services based on biophysical properties, social conditions, and ecological functions, or differentiate between final or end services from intermediate services, without defining what they specifically consider an ecosystem service (Villamagna et al., 2013). Although some works have contributed to clarify the framework (e.g., Mace et al., 2012), they also use the term benefits as definition of services. Therefore, as some of the more recent main reviews and assessments on the topic recognize, the problem of categorizing ecosystems services is still not completely resolved (Haines-Young and Potschin, 2016).


Table 1. Terms and definitions related to the effects of protection, ecosystem services, and societal benefits provided by marine protected areas (MPAs) used in the literature.
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This work aims to review the knowledge and evidences of the status on the goods, ecosystem services and benefits of MPAs for the society, framing them in context of the processes and biodiversity that sustain them and highlighting some of the main threats that they face. This work has been carried out based on an extensive bibliographic review and on the data and conclusions of numerous previous studies by the authors themselves.



MATERIALS AND METHODS


Terms and Definitions

Before analyzing the state of knowledge and the evidence of ecosystem services and benefits produced by MPAs, we have defined the main terms used (protection effect, ecosystem attribute, ecosystem process, ecosystem good, ecosystem service, provisioning, regulating and cultural services, and societal benefit) in the context of main previous definitions and trying to solve some ambiguities and tautologies found in them (Table 1).

Perhaps the main differences between our definitions and previous ones lie in the nuance of the potential vs. the realization of the benefit. An ecosystem service is the aptitude or qualification that an ecosystem has, or develops, as a result of the interactions and processes that take place between their biological and environmental components and features that directly or indirectly can favor the quality of life, health or human uses and activities. A societal benefit is the effect that it produces throughout any economic activity or other profitability (well-being, emotional, educational, scientific, saving costs, preventing diseases or increasing health, etc.) that man obtains, through an active use or passive enjoyment, conscious or unconsciously from an ecosystem service or quality.

Accordingly, we have differentiated the ecological attributes and processes that a coastal area has or develops and are enhanced by the protection constituting its capital or goods, from the services they provide, and these from the societal benefits that they may manifest (Figure 1).


[image: Figure 1]
FIGURE 1. Basic scheme that shows the sequence of relationships between the components of an ecosystem that condition its functioning, the services they provide and the benefits that humans can obtain in the case of an MPA. The definitions of MPA effect, ecosystem attribute, process and functioning, ecosystem service, and societal benefit are included. A clear difference is established between the services that an ecosystem offers and the benefits, economic or non-economic, material or not, that man obtains.




Literature Review

A comprehensive review of the scientific literature on the effects of protection in MPAs and the ecosystem services and societal benefits that they provide have been conducted on peer-reviewed articles and, less frequently, books and technical reports, academic theses or gray literature produced in the last 20 years.

Following the scheme of Moher et al. (2009), records to be analyzed were identified through a search in all databases of the Web of Science (WoS), entering the keywords “marine protected area + effect” (n = 3,910), “marine protected area + ecosystem service” (n = 851) and “marine protected area + benefit” (n = 1,722) in the TOPIC field, for a period between January 2000 to November 2020. The searches produced a total of n = 5,511 articles after removing duplicates (Figure 2).


[image: Figure 2]
FIGURE 2. Number of articles identified searching the concepts “marine protected area + effect,” “marine protected area + ecosystem service,” and “marine protected area + benefit” and their respective intersections in the TOPIC field of the Web of Science database.


A list of 248 different terms or variations of them (like habitat, habitat complexity, key habitat, individual size, size at maturity, abundance, species richness, genetic, genetic diversity, genetic structure, life history, food web, top down, resilience, etc.) was selected according to our experience and with a preliminary analysis of the main review papers on the effects of protection in marine areas (88 terms or variations of them) or expected ecosystem services (108 terms) and benefits (65 terms). These terms were used for refined additional searches in the respective references list (from the previous step) obtained for effects, services and benefits. Only 17 terms or variations were common to the different searches. To ensure a direct relationship between some terms in the works, and not only that the two terms appear independently cited, we have used expressions such as protected near/4 ecosyst* in the search. In other words, the separation in the text between protected and ecosystem was not greater than four words. We refer to these searches in the results and discussion as closely related terms. The complete list of terms and their variations, the corresponding search criteria and the total number of articles found in each case can be found in Supplementary Material Table S1.

As some works not published in the journals included in WoS (including the gray bibliography) may contain interesting evidences for a qualitative review of the main protection effects, services and benefits, additional records were identified through a Google search (“marine protected area effect,” “marine protected area benefit,” and “marine protected area ecosystem service”), considering the first five pages of the results obtained in each search (n = 146). These works have not been included in the quantitative statistical analysis of the WoS searches.

The information has been supplemented with data from the different authors' research teams, based on the available information in the eight RESERVEBENEFIT (BiodivERsA3-2015-21 Cofund European project) MPA case studies in the western Mediterranean (Cerbère-Banyuls-sur-Mer, Cap de Creus, Llevant de Mallorca-Cala Rajada, Islas Columbretes, Nord de Menorca, Cabo de Palos-Islas Hormigas, Tabarca, and Cabo de Gata) (Figure 3, Table 2), including scientific articles, technical reports, PhDs and others (n = 62). All these case studies are effective MPAs with more than 13 years of functioning, with management plans, enforcement and scientific surveillance. RESERVEBENEFIT case studies' data and expert knowledge of those responsible for their surveillance were also used for a comparative analysis with the results of the bibliographic search.


[image: Figure 3]
FIGURE 3. Location of the eight western Mediterranean marine protected areas, all of them RESERVEBENEFIT project case studies, that have contributed to the results of this study.



Table 2. Attributes, processes, ecosystem services, and societal benefits associated with Marine Protected Areas in eight MPAs in the western Mediterranean.
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After duplicates were eliminated, a total of n = 5,646 works were screened through their titles and/or abstracts, and we then excluded those that were too general or not adjusted to the review topic records, or where the data did not seem sufficiently supported or seemed to be outside the scope of the review. The final number of studies selected for the qualitative analyses, discussion and to build the synthesis table (Table 3) and the conceptual cause-effect diagram (Figure 8) of this work was n = 268.


Table 3. Processes, ecosystem services, and societal benefits associated with marine protected areas.
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For the organization and classification of the ecosystem services provided by MPAs in the synthesis table (Table 3), we have based on the general scheme of Common International Classification of Ecosystem Services proposed by the EEA (Haines-Young and Potschin, 2013), progressively adapting it according to the bibliography consulted and our own information.

To compare the effects and services observed in the RESERVEBENEFIT MPAs with the results of the bibliographic review, we built a matrix including the effects and services for each MPA, the average score for all of them and the results obtained in the WoS review. Data were expressed as a percentage of total cases (total number of MPAs in the case study, Table 2, or total citations found in the respective searches MPA+services or MPA+effects recorded in Supplementary Table 1). The data were transformed with the square root and analyzed with Principal Components Analysis (PCA) using Canoco v.5.




RESULTS AND DISCUSSION

Among the 14,969 WoS articles including marine protected areas, 3,910 refer to effects, 851 to ecosystem services and 1,722 to benefits. Only 54 of them include all three terms. The interactions between the other combinations of terms can be seen in Figure 2.

The protection of marine areas generates a series of effects (Figure 4) and provides a wide spectrum of valuable ecosystem services, many of them reflected in human welfare and benefits (Table 3, Figure 5). However, the identification and classification of these services as well as their verification and assessment, and the cause-effect relationships between marine protection, ecological processes and benefits are a complex issue, and literature with this focus remains scarce (Leenhardt et al., 2015; Pérez-Ruzafa et al., 2019). It is more difficult if we take into account that a process that generates a service can, at the same time, produce effects on the ecosystem components, changing their properties, and/or facilitating an additional service.


[image: Figure 4]
FIGURE 4. Graphic representation of the occurrence (number of articles) of main protection effects in MPAs according to the articles recorded in the Web of Science. Only search terms exceeding 1% of the total number of articles including the term “effect” are represented.



[image: Figure 5]
FIGURE 5. Graphic representation of the occurrence (number of articles) of main Ecosystem services and societal benefits produced by MPAs according to the articles recorded in the Web of Science. Only search terms exceeding 1% of the total number of articles including the terms “service” and “benefit”, respectively, are represented.


Furthermore, given the diversity of management measures applied in the numerous existing protection designations, the different efficiency of each one of them, the particularity of the environmental and connectivity conditions at each site and the different types and intensity of human pressure in the areas adjacent to reserves (Mazaris et al., 2019; Nickols et al., 2019), among other sources of variability (Pendleton et al., 2018), it is not possible to generalize for all protection designations or situations. Therefore, it cannot be guaranteed that the mere application of the term “protected” will imply that a certain good or service will be improved or produced, and many empirical studies on protection, ecosystem services and societal benefits relationships are needed until a clear and consistent doctrine on these issues is achieved. The importance of spatial and temporal scales is crucial. The size and location of the MPAs will condition the type and magnitude of the effects obtained (Claudet et al., 2008), and these effects also manifest themselves at different spatial scales, from the most local (few km) to large (thousands of km) scales. Young MPAs in many cases will not have had the possibility to yet fully develop all their response mechanisms (Vandeperre et al., 2011), and it should be also considered that ineffective protection could maintain this initial status regardless of the actual time elapsed.

Ecosystem services are hence inconstant in space and time, as are the societal benefits obtained from them. Assessing these dynamics and this heterogeneity constitutes one of the main challenges of future studies.

The main ecosystem services of MPAs and their benefits for man resulting from this review have been compiled in Table 3 and the most commonly documented ones are briefly discussed below.


Main Effects, Ecosystem Services, and Benefits Produced by MPAS

The frequency with which the different terms appear in the works collected in WoS are shown in Supplementary Table 1. Figures 4, 5 represent the number of papers in which the most frequently used terms appear. Fishing (42.7%), biodiversity (27.1%), population structure (7.3%), species richness (7.3%), resilience (7.2%), life history (6.2%), disease (5.8%), water quality (5.6%), connectivity (5.5%), individual size (5.2%), genetic (4.8%), protected ecosystems (3.7%), alien or invasive species (3.2%), food web (3.1%) or the habitat as a refuge (2.9%) are the most frequent between MPA effects. Biodiversity (53.6%), scientific knowledge or research (38.9%), climate change (28.1%), new potential resources (26.6%), coral (24.9%), increase diversity (18.4%), homeostasis and resilience (13.6%), population structure (12%), bigger fish (13%), or biomass (10,3%) are the most recorded in papers including services. The most frequently cited ecosystems linked to services are coral reefs (21.9%), wetlands (11.6%), estuaries (11.1%), mangroves (10%) and seagrass meadows (9.5%). Finally, commercial fishing (25.8%), research (18.3%), and tourism (12.4%) are the most frequent terms among benefits. In general, even for some effects, services or benefits usually considered important and assumed to be clearly associated with MPAs, the number of articles that mention them is very low and very few exceed 5% of the published works. As an example, we can mention effects like export eggs/larvae (0.2%), cascade-effect (0.1%), prevent extinction (0.08%) or invasive species (0.03%), services like spill-over (1.4%), species fecundity (0.47%), at risk or rare species (0,23%), biomass export (0.12%), benefits like traditional fishing gears (0.25%), spiritual, artistic or aesthetic (<0.3%), cultural or historical knowledge (0%). This suggests that there is still much experimental work to be carried out in marine reserves to be able to generalize and quantify the provision of these services.



MPAs Maintain or Recover Habitat Quality and/or Quantity

This is one of the effects most attributed to the protection of marine areas. However, its frequency in the scientific literature depends on the habitat attributes considered. Effects “on the habitat” are present in 2.15% (84 articles) of the total of 3,910 articles that include “marine protected area + effect” key concepts. Complexity is highlighted in 1.9% (75) and the term habitat quality in 1.5% (60), while naturalness does not appear at all.

MPAs contribute to improving or, at least, avoiding the degradation of two fundamental aspects of the habitat, spatial heterogeneity and structural complexity (Stephenson et al., 2019). The first is the mosaic of types of habitats that can occur on the seabed (sandy or muddy bottoms, rocky bottoms, macrophyte meadows) and constitutes the horizontal dimension of space (García-Charton and Pérez-Ruzafa, 1998). Structural complexity refers to the vertical dimension and is related to roughness, the presence of large blocks, medium-sized blocks, and stones, changes in slope or depth differences in a given space (García-Charton and Pérez-Ruzafa, 2001). Both aspects contribute to increasing the carrying capacity of the ecosystem including multiple characteristics of physical structure, such as the variation of elements or the size of cavities (Tokeshi and Arakaki, 2012) providing refuge, food, and space. And, at the same time, both are complementary; while heterogeneity favors species richness and diversity (especially if there is some equality in the extension of the different types), vertical complexity is mainly associated with the abundance of individuals (García-Charton and Pérez-Ruzafa, 1998; Willis et al., 2005; Forcada et al., 2009; Tokeshi and Arakaki, 2012; St.Pierre and Kovalenko, 2014). The effects of habitat structure manifest at different spatial scales and have effects upon different faunal guilds (nektonic fish, benthic fish, macroinvertebrates, meiofauna.) according to the scale at which they are considered. Thus, for example, the dominance of medium-sized blocks (between 1 and 2 m in diameter) favors the abundance and richness of benthic or demersal fish and starfish or urchins, while the abundance of stones (<1 m in diameter) favors ophiuroids, small sea urchins, or gobiids (García-Charton and Pérez-Ruzafa, 1998; Entrambasaguas et al., 2008). As a result, habitat structure is a determinant factor for processes like settlement, recruitment, growth, depredation, or successful reproduction (Botsford, 2001; García-Charton and Pérez-Ruzafa, 2001) and can determine the different effectivity of protection on different species (Forcada et al., 2009).

MPAs may avoid the degradation and homogenization of the habitat produced by human uses like trawling, dredging or pumping sediments, and, on the other hand, they favor the recovery of species that are habitat builders. The effects of protection on the complexity and heterogeneity of the habitat are variable and will take place at different scales depending on the nature of the substrate (rocky vs. soft bottoms, geologic vs. biogenic structures). Once the aggressions have ceased, while on rocky bottoms the protection can hardly recover the structure of blocks and rocks, however, both in hard and soft bottoms, hydrodynamism can act in restoring the sedimentary dynamic, and biological structures can recover their natural growth. There are a large number of works that analyze the effects of trawling on communities and the nature of the sediments (Kaiser et al., 2002; Thrush and Dayton, 2002; Ramalho et al., 2020; Silveira et al., 2020). Stephenson et al. (2019) established a conceptual relationship between disturbance, loss of habitat heterogeneity and consequences on ecological functioning and ecosystem services through the loss of substrate burrowers and the role that they play on the biogeochemical process and nutrient and oxygen fluxes. On the other hand, protection can also enhance temporal stability of habitat characteristics (Fraschetti et al., 2013). On the coast, protecting beach habitats from human disturbance restore seabirds breeding (Lafferty et al., 2006). At regional biogeographic scale, the protection of habitats (mainly the underrepresented) in a network of representative MPAs is considered essential to sustain global biodiversity (Abdulla et al., 2008).

In this context, the protection of biogenic habitats such as mangroves, coral reefs, coralligenous, maërl, and gorgonian biocenosis (D'Onghia et al., 2010; Costanzo et al., 2021), vermetid platforms or “trottoirs” (Chemello et al., 2000), or seagrass meadows (Waycott et al., 2009), take on all their importance.

However, despite the importance of habitat recognized in the reviewed works, the analysis of its explicit link with ecosystem services or benefits is scarce. Most papers that discuss the effects of protection mention the words service or benefit in a general way, or they refer benefits to particular species or attributes, but not to human societies in the sense of our review. This may indicate that ecological relationships and processes in marine reserves are not always studied in the explicit context of the ecosystem services and benefits they produce and their quantification, although they would undoubtedly be implicit. References to habitats as services are scarce, although there are differences in terms like “protect beaches” (0.35%) or “protect dunes” (0.23%) and “protect rocky shores” (0%). “Rocky shore” appears more frequently without the term “protect” (0.58%), but it is often referred to generically. Although only 0.11% of the studies appear under the term “habitat formers,” some of the ecosystems most mentioned, within the articles that mention MPA services, are represented by habitat-forming species such as the above mentioned “coral reefs” (21.9%), “mangroves” (9.96%), or “seagrass meadows” (9.5%). Vermetid trottoirs, conformed by reef-building vermetid gastropods, considered an endangered key intertidal habitat of the warmest areas of the Mediterranean Sea and modulators of coastal geomorphological processes (Chemello et al., 2000; Naylor and Viles, 2002; Templado et al., 2016), have not turned up in searches.

Some aspects of the habitat, like the complexity of geological hard bottoms, are not possible to recover simply with protection and would probably require active restoration measures, but as mentioned, MPAs can contribute to improve the quality of the habitats they protect and restore other degraded attributes. Habitat extent and quality, which determine population carrying capacity (García-Charton and Pérez-Ruzafa, 1998, 1999), are good criteria for protection strategies and can help achieve both conservation and fisheries objectives (Cabral et al., 2016a).

Given the generalized degradation and increasing pressures on coastal ecosystems, and the inherent asymmetry of ecological succession, in which recovery processes are always slower than degradation changes (Margalef, 1997), MPAs should be selected looking for those habitats with a higher quality. In this way, these will serve as a reservoir and can help to recover those that are now more degraded. In a second step it will be possible to start also protecting the degraded ones so that they can be recovered as well.

Although the response of the different species can manifest at different spatio-temporal scales, habitat changes have immediate consequences on the functioning of the communities and the ecosystem as a whole. Many expected processes and services depend directly on the habitat meeting minimum requirements, but, at the same time, the habitat will not be able to provide them if there are other external limiting factors, e.g., inadequate connectivity (Andrello et al., 2017; Magris et al., 2018) or human and environmental pressures in the surrounding areas, that negatively affect the state of populations or communities. This leads Cabral et al. (2016a) to state that “protecting sites on the basis of sources, sinks, or other centrality measures of connectivity becomes optimal only in limited situations, that is, when larval production is not dependent on the adult population” and that “carrying capacity is crucial in the evolution of larval metapopulations” (Cabral et al., 2016a). MPAs could protect and restore key habitats that are required for vulnerable, endangered, and focal species' survival, including commercial species (Roberts and Hawkins, 2000; Pomeroy et al., 2004). This includes refuge areas or those that could be essential for life history phases of species (Pomeroy et al., 2004). Some examples focus on priority habitats such as Posidonia oceanica in the Mediterranean (González-Correa et al., 2007, 2015; Fraschetti et al., 2013; Padiglia et al., 2018). However, protection is not always effective and may be insufficient for habitat restoration. Montefalcone et al. (2009) detected poor health and degradation of P. oceanica meadows on the Liguria coast (NW Mediterranean) related to human impacts, such as activities producing turbidity, that are not mitigated by protection measures.

Furthermore, the priority could be given to the protection of emblematic, vulnerable or underrepresented habitats, especially those that have a restricted distribution (Roberts and Hawkins, 2000; Ward and Hegerl, 2003). Abdulla et al. (2008) paid attention to the habitat heterogeneity of the Mediterranean basin and underlined that many areas and habitats are still underrepresented in MPAs, in particular, in the southern and eastern parts that host ecological habitats of high conservation value, including those being home to highly mobile marine vertebrates, sessile invertebrates or seagrass meadows of great interest.

MPAs also protect habitats from damage caused by fishing gear, or other detrimental effects due to exploitative or non-exploitative human uses (like the impact of divers or mooring), and stimulate their recovery (Ward et al., 2001; Reuchlin-Hugenholtz and McKenzie, 2015), However, it is important to highlight that recreational fishing or other traditional and local artisanal fisheries are frequently allowed within some zones of MPAs, like in the buffer zones or in the case of fish boxes, in which cases the vigilance and fullfilment of established rules are highly important, and bearing in mind that protection based exclusively on regulatory measures is often inefficient and that such measures can only really be effective if they are associated to a no-take zone (Pérez-Ruzafa et al., 2017).

Protecting habitats is also related to the term benefit (2.85%), generally referring to the enhancement of species like fish (Rosenberg et al., 2000; D'Onghia et al., 2010), seabirds (Lafferty et al., 2006; Burdon et al., 2017) or to the improvement of functional connectivity (Turgeon et al., 2010), and indirectly to fisheries, recreation or conservation, respectively. In the case of birds, a simple barrier that reduces the disturbance and impact of trampling on nesting areas can mean a significant increase in the population density and the existence of active breeding (Lafferty et al., 2006).



MPAs Contribute to Maintain Adequately Represented and Protected Resident and/or Focal Species and Communities

3.71% (145 articles) of the studies that contemplate these effects include closely related the terms protected and ecosystems. In addition, endemic (1.07%), at risk (0.49%), key (0.59%), focal (0.23%), or rare (0.18%) species are represented in the results.

Regarding ecosystem services, there are more mentions for endemic species (0.82%), key species (0.35%), or rare or at-risk species (0.23% each term), and focal species are only listed as such in 0.11%. The number of publications related to unique or rare ecosystems (0.82%) or ecosystems and communities at risk (0.23 and 0.11%, respectively) are in the same order.

There is evidence that MPAs favor the survival and restoration or maintenance of populations of native species and communities at desired reference points, especially those very vulnerable to the effects of fishing and, many times, at sites and/or life history stages where they become vulnerable (Roberts and Hawkins, 2000; Pomeroy et al., 2004).

It has generally been assumed that the effectiveness of MPAs in protecting sedentary and resident species is greater than in protecting those that are highly mobile and migratory (Soulé, 2005). However, as the meta-analysis carried out by Claudet et al. (2010a) on 40 data sets from 12 European marine reserves concluded, contrary to previous theoretical approaches, also mobile species with wide home ranges can benefit from protection just as much as the sedentary ones. This has been also confirmed in fish species that show high individual variability in residence and in the spatial range of their movements (Maggs et al., 2013; Andrzejaczek et al., 2020). Some authors have suggested that this may be due to a modification of the behavior of fish within protected areas, with a higher movement rate in the fishing grounds than in the MPA (Jiao et al., 2018).

The effects of the protection are especially important in the case of apical species and large long-lived predators vulnerable to fishing whose protection allows fish assemblage structure to be recovered (García-Charton et al., 2008), at the same time that natural fish behavior is reinstated (Willis, 2013). In the French Mediterranean, grouper (Epinephelus marginatus) has benefited from the protection of MPAs, which became true refuges when the species was overexploited. Since the 2000s, in all French MPAs, an almost constant increase in their numbers has been observed (e.g. Cerbère-Banyuls-sur-Mer MPA, Lenfant et al., 2003). The protection of groupers has also been verified in the Llevant de Majorca-Cala Rajada, Columbretes islands or Cabo de Palos MPAs (Hackradt et al., 2014; Table 2). In the case of silky sharks (Carcharhinus falciformis) in the Indian Ocean, despite their high mobility, the large proportion of juveniles, coupled with the high site fidelity observed in some individuals, in agreement with historical fishery data, suggests that MPAs could provide considerable conservation benefits for the species, particularly during early life history stages (Curnick et al., 2020).

The establishment of MPAs could be based on the identification of areas of interest for species of importance for conservation or focal biodiversity targets (Hooker et al., 2011). In this sense, beyond the harvested species, marine mammals (Gormley et al., 2012), top predators (Hooker et al., 2011), coral reefs (Topor et al., 2018), or other key species could benefit from the restoration of ecological balances in protected areas.

Marine biodiversity risks are spatially heterogeneous resulting from a combination of geographic, taxonomical and human impact factors, where MPAs play a definitive role in protecting at-risk and pristine species and ecosystems and in preventing extinctions (O'Hara et al., 2019) although, as mentioned above, protection may not be sufficient if other measures are not also adopted.

Species protected by MPAs may also be rare, localized or endemic species (Pomeroy et al., 2004). A good example can be the Galapagos Marine Reserve (Ecuador) where 41 threatened marine species, 25 of them being endemic fish, mollusk, crustacean, echinoderm, coral or macroalgal species, find shelter and protection, showing significant increases in abundance and distribution inside the MPA (Edgar et al., 2008). This service of protection must be underlined, as rare species often are the first to disappear under human-induced collapses of populations and species, and they play a crucial role in the maintenance of ecological processes increasing the potential breadth of functions provided by ecosystems (Mouillot et al., 2013).



Facilitate Adaptation to Climate Change of Marine Ecosystems

Climate change is a threat to oceans and marine biodiversity, increasing the challenge for marine conservation (Rilov et al., 2019). Global change or climate change together are among the terms that are most frequently mentioned in works related to MPA ecosystem services (28.14%). Different authors agree that MPAs are not a specific tool against warming, but they can provide resilience and contribute to healthier ecosystems in the context of the global role of the ocean (Roberts et al., 2017; Sala and Giakoumi, 2018). Managed marine ecosystems could reduce losses in carbon sequestration and storage, could buffer against uncertainty in management and/or inadequate management, and could also buffer environmental fluctuations, directional changes or extreme events (Simard et al., 2016; Roberts et al., 2017). They should work from a precautionary principle that could be extended to coastal and global management, help enforce marine conservation, reduce biodiversity loss, help safeguard critical ecological processes that support planetary life and improve recovery prospects in a scenario of increasing greenhouse gas emissions (Roberts et al., 2017; Rilov et al., 2019).

Marine ecosystems, especially coastal wetlands and species such as seagrasses and mangroves, are important carbon sinks (Russi et al., 2016). However, due to human uses and activities, these ecosystems are being degraded, undermining their role as sinks and running the risk of becoming sources of carbon dioxide emissions (Russi et al., 2016). Some studies provide data on loss rates, for example in coastal wetlands (Barbier et al., 2011) or kelp forests (Ling et al., 2009), and show evidence of their connection to the lack of protection. One major aim of many MPAs is the reduction of coastal ecosystem loss, the protection of emblematic ecosystems and wetlands and, in this way, the protection of the so-called “blue carbon ecosystems,” which have become a great priority in marine management (Howard et al., 2017; Roberts et al., 2017). As evidence of how MPAs can contribute to recover key blue carbon ecosystems, Mangos and Claudot (2013) estimated that Posidonia meadows would increase annually between 1 and 2% in an increasing-protection scenario due to the improvement of marine environmental quality.



MPAs Favor Larger Individuals

Fishery pressure is normally highest on the largest individuals of a population. Consequently, the increase in larger fish is one of the most frequently observed MPA effects, and this mainly translates into bigger individuals for traditional or local fisheries allowed in buffer areas (Pérez-Ruzafa et al., 2017) or for fisheries in their surroundings when biomass export occurs. Further than this immediate effect, the main effect of reducing fishing mortality is increasing life span. When life expectancy increases, the growth rates of individuals tend to decrease, but as the age of first maturity is delayed, the period dedicated to growth also lengthens and the individuals reach larger sizes before reproduction (Pérez-Ruzafa et al., 2018) canceling the effect of negative fishing selection (Plan Development Team, 1990). These effects related to the size of organisms, mainly fish, are mentioned in numerous studies and under different aspects, both in studies on protection effects (individual size 5.22%, size at maturity 0.33%), as in those referring to ecosystem services (bigger fish 13%, fish size 4.81%).

However, as fish mobility and home range may increase with body size and age (Grüss et al., 2011), Alemany et al. (2013) predicted a larger positive MPA-effect on juvenile size rather than on adults, particularly if nursery grounds are located inside their boundaries. In fact, they observed an increase in the mean total length of juveniles of 11% inside the Patagonian protected area studied. This agrees with the results of Edgar and Barrett (1997) for Tasmanian coastal MPAs, where authors observed a significant general increase in mean size of animals of 10%, and Willis et al. (2003) for snapper, Pagrus auratus, in northern New Zealand marine reserves where the individuals larger than the minimum legal size were estimated to be 14 times more abundant in protected than in fished areas. Furthermore, in his revision of 73 empirical MPA studies, Halpern (2003) found that 83% of MPAs had larger individuals inside than outside the MPA for carnivorous fish, and 89% had larger plankton and benthic invertebrate eating fish.

MPA-driven increases in individual size have been detected in numerous other studies (Sánchez-Lizaso et al., 2000; Stobart et al., 2009; Chirico et al., 2017; Rolim et al., 2019; see Table 2) not only for fish but also for other groups of organisms such as shellfish (Edgar and Barrett, 1999), sea urchins (Castilla and Pino, 1996), lobsters (MacDiarmid and Breen, 1993; Kelly et al., 2000; Díaz et al., 2011, 2016) as well as other invertebrates and algae (Lester et al., 2009; Fenberg et al., 2012).

However, this effect is not always evident as external fishing pressure may decrease average sizes mainly in the case of adults if, for example, the MPA is relatively small for the home range of the target species (Alemany et al., 2013), or due to the density-dependent growth rates of some species.



Increase in Species Abundance and Biomass Favor the Exportation of Fishable Biomass Out of the MPAs

When managed appropriately, MPAs protect ecosystem processes and components, providing areas where species are able to reproduce, spawn and grow to their adult size in a relatively undisturbed environment. The increase in abundance and/or biomass of fish or other exploited species inside MPAs are among their most proven effects and have been widely used as indicators of their effectiveness (Ward et al., 2001; Goñi et al., 2006, 2008, 2010; García-Charton et al., 2008; Planes et al., 2008; Stobart et al., 2009; Sciberras et al., 2013; Sala and Giakoumi, 2018; Rolim et al., 2019). This is reflected in the number of works that mention the effects of protection on abundance (population abundance 5.45%) or those about services associated with it (fish abundance 6.92%), with the most frequent studies highlighting its increase (more abundant fish 1.64%) without missing those that highlight its decrease in some species (less abundant fish 0.59%). The increase in size, mentioned above, and in abundance translate into an increase in biomass also collected with high frequency among ecosystem services (biomass 10.32%; higher biomass 5.63%), and as an increase in fish stocks (4.45%).

These effects have been proven for fish throughout the world (Gell and Roberts, 2003a,b; Willis et al., 2003; Williamson et al., 2004; Guidetti and Sala, 2007; Harmelin-Vivien et al., 2008; Goñi et al., 2011; Taylor et al., 2012; Giakoumi et al., 2017). Moreover, other harvested populations may also show these benefits, as proven, for example, in Palinurus elephas (Goñi et al., 2001), Homarus gammarus (Hoskin et al., 2011), Pectinidae (Howarth et al., 2011), Patella ferruginea (Meier, 2003), Mytilus galloprovincialis (Jacquet, 1999), and Paracentrotus lividus (Lecchini et al., 2002; Gianguzza et al., 2006; Pais et al., 2007). On numerous occasions the appearance of this positive effect is related with the surveillance and management enforcement of MPAs (Guidetti et al., 2008; Ceccherelli et al., 2011; Edgar et al., 2014; Di Franco et al., 2016; Haines et al., 2018).

But although, broadly, as mentioned above, total abundance and biomass are greater inside MPAs, and more clearly within no-take areas (Pérez-Ruzafa et al., 2017; Kaplan et al., 2019), many authors draw attention to the fact that this effect could be different for target or non-target species (Rolim et al., 2019), and also that the measurement of these parameters may be greatly affected by species mobility and by their fishing extraction in the surrounding areas of MPAs (Goñi et al., 2008), mainly if the integral reserve is not large enough (Pérez-Ruzafa et al., 2008a). Moreover, some studies on echinoderm species, and mainly on non-target ones, point out that a trophic cascade effect can cause a decrease in their abundance and biomass due to the increase in predation pressure following the recovery of predatory fish populations after protection (Sciberras et al., 2013).

Beyond these changes in the abundance of species, Blowes et al. (2020), studying 43 protected and 41 fished sites in the Mediterranean, have found that increased evenness (relative abundance of species) played the predominant role in changes in community structure in response to protection.

One of the most anticipated benefits of MPAs is that the effects of protection on populations and the size structure within the reserve translate into a net export of biomass to adjacent fishing grounds, through the spillover of larvae and adults (Plan Development Team, 1990; Rakitin and Kramer, 1996; Russ and Alcala, 1996; Kramer and Chapman, 1999; Lubchenco et al., 2003). However, although the biomass gradient between the interior and exterior of the reserves is usually evident, numerous studies have found difficulties to demonstrate such export (Harmelin-Vivien et al., 2008; Lester et al., 2009; Di Lorenzo et al., 2016). Much evidence comes from the behavior of fishermen and the benefits of fishing in the vicinity of reserves (McClanahan and Mangi, 2000; Murawski et al., 2005; Goñi et al., 2008, 2011; Stelzenmüller et al., 2008; Vandeperre et al., 2011; Cabral et al., 2016b) and others from the modeling of the displacement of the home-range of species across a density gradient (Gerber et al., 2003; Kellner et al., 2007; Pérez-Ruzafa et al., 2008a; Grüss, 2014). However, both, modeling and field studies agree that the spatial scale at which spillover from a marine reserve is effective is relatively short in the case of adult individuals, ranging, depending on species, from a few kilometers to <100 km (Harmelin-Vivien et al., 2008; Pérez-Ruzafa et al., 2008a).

Larval dispersal has been reported from 10 to 100 km for invertebrates and 50 to 200 km for fish (Palumbi, 2004). Le Port et al. (2017) reported a homogeneous increase in Chrysophrys auratus recruitment up to 40 km from the MPA. Other studies report even shorter average dispersal distance (<5–15 km), depending on the hydrographic and geomorphologic characteristics of the sites, highlighting self-recruitment as a common phenomenon (Jessopp and McAllen, 2007; D'Aloia et al., 2015; Green et al., 2015; Hopf et al., 2016).



MPAs Rehabilitate Exploited Species Natural Populations' Structure and Maintain or Restore Their Reproductive Potential

The imbalance in the population structure of sizes and sex is one of the negative effects of overfishing and, from the first calls to refocus fisheries management, its recovery has been one of the main objectives of the creation of marine reserves (Plan Development Team, 1990). This is reflected in the high number of studies on the effect of protection that include population structure (7.31%) and its consequences on the reproductive potential of the population (spawning stock 0.54%). The same occurs with those studies on ecosystem services where the concepts population structure (1.76%), population structure of target species (4.10%), and species fecundity or reproductive capacity (0.47%) stand out.

Barnett et al. (2017) quantified the extent of age truncation in 63 fished populations across five ocean regions, finding that the proportion of individuals in the oldest age classes decreased significantly in 79–97% of populations compared to historical or unfished values, respectively. MPAs avoid selective fishing pressure that normally acts on larger and older individuals. In this way, protection provides areas where fish are able to recover their population structure, and where it is possible to keep all the size/age classes of the populations represented in abundances that reflect natural conditions, which in turn protects the classes with a greater reproductive potential (Plan Development Team, 1990). These authors use the well-known example that one 61 cm red snapper (12.5 kg) potentially produces the same number of eggs (9,300,000) as 212 females at 42 cm (1.1 kg each) (Plan Development Team, 1990).

Improving and maintaining species' natural size and age structures within MPAs leads to a greater reproductive efficiency, which is normally associated with a larger size and/or age of the first reproduction (Berkeley et al., 2004), and can also reduce the probability of Allee effects (Drake and Kramer, 2011), especially in species with low mobility. Aalto et al. (2019) found that MPA networks reduced the risk of collapse following catastrophic events involving 75-90% mortality, while populations often continued to decline in the non-protected areas. MPAs or MPA networks are likely to be the most effective management tool for protecting old-growth age and thus stock productivity and stability (Hixon et al., 2014). Moreover, in the case of a successive hermaphrodite species such as the white seabream, Diplodus sargus, Lenfant (2003) showed that a marine reserve allows the age of sexual inversion to be preserved. The white seabream is a protandrous species, being male during its first reproduction, and becoming female only around 5/6 years old. Indeed, this author showed, on the basis of the age estimated from otoliths, that the females were younger outside the Cerbère/Banyuls natural marine reserve. This tends to show that protection allows for a later sex change and thus older and larger females in the marine reserve, ensuring greater reproductive potential within the protected area.

Evans et al. (2008) detected that the overall mean batch fecundity per unit area of Lutjanus carponotatus in different reserves in the Australian Great Barrier Reef was ~2.5 times greater than that in fished areas. This greater batch fecundity, together with longer spawning seasons and potentially greater larval survival due to larger egg size from bigger individuals, should benefit not only the no-take area itself but also surrounding fished areas (Evans et al., 2008). Of course, time from protection and species size and characteristics influence the importance of this effect.

Thus, protection of critical spawning stock biomass of species threatened by fishery-related depletion are expected to benefit fisheries via the net export of eggs and larvae (recruitment subsidy) from reserves to adjacent or sometimes very distant areas, depending on currents and seasonal climatic factors, helping to repopulate fishing territories (Gell and Roberts, 2003a,b; Ward and Hegerl, 2003).

Goñi et al. (2003) showed that the index of spawning potential of the lobster Palinurus elephas in the Western Mediterranean fishing areas was 5–18% that of the Columbretes marine reserve, closed to fishing for 13 years. Later on, Díaz et al. (2011) showed that this marine reserve, occupying 18% of the regional lobster fishing habitat, was responsible for over 80% of its egg production.

Carter et al. (2017), calculating the annual egg production per unit area for the commercially important Plectropomus leopardus, on fished and no-take reserves throughout the Great Barrier Reef in Australia, found that egg production within no-take areas was up to 152% greater compared to areas open to fishing, although they found areas with 56% less acting as recruitment sinks. Many factors as geographic region, hydrodynamic conditions, protection status, fish size or population density affect egg production which is spatially variable (García-Charton et al., 2008; Carter et al., 2017; Félix-Hackradt et al., 2018a). Moreover, increased egg production from no-take areas may be irrelevant if recruitment is already at saturation levels, and post-recruitment processes such as food availability and predation determine or limit adult populations (Evans et al., 2008).

Nevertheless, although site attached species can be expected to increase in abundance inside MPAs, there is little known about recruitment effects, understood as the process by which an individual is added to the population. The review by Planes et al. (2000) found an exceptionally low number of studies specifically addressing recruitment processes in MPAs. The review of recruitment studies conducted in MPAs in the north-western Mediterranean showed no difference in survival of newly-settled littoral fish between MPAs and areas outside of them, while for older recruits mortality was higher inside the MPA, probably due to the greater abundance and size of predators. In a multispecies study carried out in the Southwestern Mediterranean, Félix-Hackradt et al. (2018a) found that post-larvae abundance of commercial species were negatively related to protected areas, while the distribution of juveniles did not show any protection effect, due to a high spatial variability. Multiple factors can preclude to find effect of protection on recruitment. Félix-Hackradt et al. (2013a) found that densities of settlers could not be predicted from post-larval abundances due to high early postsettlement mortality rates in most species. Such rates of mortality showed also a high interspecific variability, mediated by the habitat complexity and direct and indirect MPA effects (Félix-Hackradt et al., 2013b). However, in a relatively small MPA (5.2 km2) in New Zealand, Le Port et al. (2017) showed evidence that snapper (Chrysophrys auratus) recruitment increased by up to 10.6% in an area of up to 400 km2 around the MPA.



MPAs Maintain Existing Resources and Provide New Potential Ones

MPAs maintain and protect biodiversity and prevent its loss (Pomeroy et al., 2004), also increasing species richness, protecting directly from extraction or by creating favorable conditions for natural biological communities different from those present in fishing territories (Roberts and Hawkins, 2000). Lester et al. (2009), in a comprehensive study of 149 scientific publications of 124 different marine reserves located throughout the world, found a 21% average increases for species richness, coinciding with the results of 25% obtained by Halpern (2003). In addition to this, Lester et al. (2009) suggested that MPA studies tend to quantify richness using species counts over a relatively small sample area (e.g., transect) probably underestimating this parameter. Overexploitation of fishing resources frequently leads to a shift in target species. Many species that constituted important fisheries decades ago have been replaced by others, generally pelagic (Pérez-Ruzafa, 2003; Fisher and Frank, 2004). The recovery of species richness and biodiversity in general opens the door, not only to the recovery of previously exploited species, but to new resources that diversify both fishing pressure and social demand.

However, in a recent study in Brazil coastal marine reserves, Rolim et al. (2019) pointed out that species richness of target and non-target fish was correlated with habitat complexity but not with protection status, relating this to the effect of a greater diversity of niches. We should take into account that MPAs are normally located in rocky areas or areas of greater structural complexity, within which the carrying capacity of habitats and the availability of effective niches are greater, and their effect may be adding or blurring that of protection. This reinforces the idea that fishing reserves must be designed or located according to the characteristics of target species, and that the carrying capacity of habitats is a fundamental factor explaining the occupation of the territory, species richness, the densities reached by species and the possible observation of movements against expected density/biomass gradients or spill-in (Langebrake et al., 2012).



MPAs Protect Genetic Diversity and Gene Pools

Since the Palumbi (2003) article highlighting the importance of considering genetic diversity in the protection of marine areas, the first work that quantified the genetic effects of fishing protection in three marine reserves in the western Mediterranean was that of Pérez-Ruzafa et al. (2006). Since then, references to the genetic structure of populations have increased and works have begun to relate it to connectivity, mainly as a good tool to measure the former parameter, in reserve networks. The terms “genetic or genomic,” “genetic diversity,” and “genetic structure” appear in 4.76, 1.59, and 1.38%, respectively, of the works on the effects of protection. On the other hand, species flux or genetic flux or connectivity are present in 6.57% of those works linked to ecosystem services. In the articles related to benefits, the terms resources and genetic are named as coexisting terms in 2.21% of them, although a direct relationship in the near four words appeared only in 0.58%.

When fisheries or artificial selection pressures are removed from the affected portion of a population, genetic diversity should be favored (Plan Development Team, 1990). This genetic diversity could be enhanced and maintained in the population by normal dispersal mechanisms and, then, in assessing this effect it is crucial to take into account the connectivity between MPAs and how it can be optimized depending on the size, location or distances between them (Pérez-Ruzafa et al., 2006; Gaines et al., 2010; Huserbråten et al., 2013; Pujolar et al., 2013; Sahyoun et al., 2016).

Connectivity can be defined as the exchange of individuals among marine populations (Cowen et al., 2006) and can take place through their dispersal as larvae, juveniles, or adults. When individuals reproduce successfully, demographic connectivity thereafter translates into genetic connectivity between MPAs or between them and their surrounding areas (Manel et al., 2019). These last authors, after a meta-analysis of 130 articles containing information on 243 species, found that marine dispersal has been extensively documented at short distances (mostly <40 km), that few recent empirical studies have demonstrated dispersal of fish at larger spatial scales (up to 400 km), but point out that these estimates were limited by the maximum sampling distance of the studies that seem not to be far-reaching enough. Connectivity patterns over greater distances remain challenging to validate empirically but have potentially important consequences in terms of reserve design and benefits (Palumbi, 2003; Andrello et al., 2017; Balbar and Metaxas, 2019; Manel et al., 2019).



MPAs Can Restore, Protect or Change Interspecific Relationships, and Community Structure

It is expected that protected areas can re-establish lost interspecific interactions, such as predatory ones, causing community changes (Guidetti, 2006). In two marine reserves in northeastern New Zealand, Babcock et al. (1999) reported a higher trophic complexity supported by an increased primary and secondary productivity compared to non-protected areas. However, studies on the effects of protection on interspecific interactions are still scarce (0.23%) and they are not reflected in the search for ecosystem services. In old and well-enforced MPAs, it is expected that the biomass of high-level predators reaches their carrying capacity, restoring top-down regulation processes that also could control the spreading of some alien and invasive fish species within MPA boundaries (Pomeroy et al., 2004; Francour et al., 2010). However, the majority of existing MPAs are either young and/or not well-enforced (Gill et al., 2017) and complementary management actions, such as species-targeted removals, should be adopted in these cases to effectively control or mitigate invasive fish population impacts on MPAs (Giakoumi et al., 2019a). These authors warn that, currently, invasive fish populations do better in Mediterranean MPAs than in unprotected sites.

Other works revised different species relations including competitive interactions (Baskett et al., 2007) or parasitism (Wood et al., 2013), although studies with these approaches are still scarce.

Since abundance, size or age of target populations increase in MPAs, density-dependent changes in life history traits are also expected within the protected areas or their surroundings (Sánchez-Lizaso et al., 2000; García-Charton et al., 2008). Although some life traits are better documented, such as those on growth or reproduction, other aspects, including behavior or feeding, remain little known (Claudet et al., 2010a; Fidler et al., 2018). Some works highlight the indirect effects that occur as a result of protection. In this sense, trophic cascades have been studied for predatory species (fishes, crabs, sea stars) mainly preying on invertebrates, and their indirect effect on algae (Pinnegar et al., 2000; Micheli et al., 2005; Guidetti, 2006; O'Sullivan and Emmerson, 2011).



Emblematic Ecosystems of a Geographical Area Are Adequately Represented and Protected, Maintaining or Restoring Their Functioning and Structure

MPAs protect marine ecosystems by eliminating or minimizing unnatural threats and human pressures inside and/or outside them, facilitating their recovery (Roberts and Hawkins, 2000; Pomeroy et al., 2004). In this sense, O'Hara et al. (2019) distinguish between proactive protection, where ecologically important areas merit protection from future degradation, from reactive protection, where areas of elevated risk would benefit from protection to mitigate existing threats. The objective to strongly protect 30% of the ocean by 2030 should be channeled through a common strategy that takes advantage of knowledge about MPA functioning to improve marine conservation efforts and policies (Hameed et al., 2017). This aspect is a well-considered item in the literature. Thus, the term protected ecosystems appears in 145 articles (3.71%) of the publications that consider the effects of MPAs. Other terms such as structured ecosystems (1.76%), protected communities (1.69%), or complex ecosystems (0.66%) also appear. However, terms such as pristine ecosystems (0.05%), pristine communities (0.03%) or well-protected communities and well-protected ecosystems, both with no records, are much scarcer. The protection of a marine area maintains or restores natural equilibrium and ecosystem balance, and thus the ecosystem structure and complexity and the processes and functions essential for focal species and habitats (Pomeroy et al., 2004; Sala and Giakoumi, 2018). However, the inherent complexity of ecosystems and their wide spatiotemporal scales of changes mean that specific responses of systems to protection or other changes in management cannot easily be extrapolated from one region to another, and have to be assessed empirically and locally (Edgar et al., 2007).



Increase Ecosystem Stability and Promote Resilience

MPAs can restore ecosystems to more complex and resilient states (Sala and Giakoumi, 2018) allowing for better defense against anthropic and natural disturbances and pressures, including climate change (Simard et al., 2016). Numerous articles mention the resilience among the effects of protection (280 articles, 7.16%) and some of them clearly specify that it increases resilience (0.59%) and none that protection decreases it. The homeostatic mechanisms or the resilience (13.60% both together) are, in fact, among the most cited ecosystem services, only after those related to biodiversity (53.58%) or climate change (18.41%). The benefits also include the stability linked to ecosystems (0.64%).

Although some works show empirical evidence of enhanced spatio-temporal stability of communities in MPAs (Fraschetti et al., 2013), ecosystem complexity does not allow us to make generalizable or well-quantified statements in this regard and there is very limited evidence on it as an emerging property of the systems (Bates et al., 2019). In fact, resilience relies on many of the mechanisms described above, such as increases in body size, condition and physiological performance, increases in predators, herbivores or parasites, in genetic and species diversity, habitat complexity, spatial connectivity or ecosystem functions, among the most important, and any improvement in these characteristics is supposed to improve the resilience of the system (Carr et al., 2018; Bates et al., 2019; Kroeker et al., 2019) although with different degrees of evidence for each aspect (Bates et al., 2019).

Currently, there are many authors who draw attention to the fact that resilience management needs to be considered in coupled social-ecological systems and that interdisciplinary approaches are critical for understanding potential effectiveness of MPAs and new marine strategies for climate and other global changes adaptation (Jones, 2014; Kroeker et al., 2019).



Control Biological Invasions

This aspect is still controversial. A relatively high number of articles mention the effects of protection related to alien or invasive species (126 articles, 3.22%) and a majority link them directly with its control (2.71%). Also, among the benefits of protection, 3.9% of the works mention the terms introduced or invasive species. However, paradoxically, only in 0.03% of the studies is this aspect linked to the ecosystem services offered by MPAs.

Giakoumi and Pey (2017) conducted a literature survey to synthesize the available information on the performance of alien/invasive species in MPAs at a global scale. Information on the effects of protection on these species is available for only 11% of the marine biogeographic regions, and most of the information they reviewed referred to mollusks and algae. The same authors concluded that MPAs can have a negative effect on alien/invasive species, finding a significant negative effect on half the species, whereas 33% of the species were positively affected. This fact and the precedent revision by Burfeind et al. (2013) that obtained different conclusions, suggest that this issue still needs more investigation.

It is worth highlighting the difference that may exist between young and old protected areas, which may explain that invasive fish populations could be favored in some Mediterranean MPAs (Otero et al., 2013; Giakoumi et al., 2019a). Francour et al. (2010) hypothesized that within old MPAs a new non indigenous fish will be top-down controlled by top predators and trophic cascades. This is once again a fact that must be considered to more effectively address protected areas management.



MPAs Act as Reference Areas in the Management of Marine Ecosystems

Scientific knowledge and research are among the most considered cultural ecosystem services in the articles reviewed (5.06%), and especially among those that reflect the benefits of the protection (38.92%).

MPAs mean the existence of “reference” or “control” areas, not damaged and intact, which can serve as a point of comparison in the proper management of marine ecosystems (Roberts and Hawkins, 2000; Willis and Millar, 2005; Wilson et al., 2010; Kay and Wilson, 2012). They allow the development of research in natural and/or non-impacted ecosystems that can be used in experimental sampling designs and as reference conditions for environmental impact and ecological status assessments (García-Charton et al., 2008; Lester et al., 2009; Fenberg et al., 2012; Díaz et al., 2016). Moreover, they facilitate stock assessment models and studies, the determination of natural mortality rates for different life-history stages (USA National Research Council/Committee on the Evaluation, Design, and Monitoring of Marine, Reserves, and Protected Areas in the U. S. Ocean Studies Board Commission on Geosciences, Environment and Resources, 2001), or the study of natural species' relationships.



MPAs Enhance or Maintain Wilderness Values

The concept of wilderness could be used in a variety of ways. In this context, it can be considered a biological descriptor, referring to places that are ecologically pristine (Casson et al., 2016). Possibly, oceans and coastal water places that possess wilderness qualities are not as identified and valued as terrestrial areas (Casson et al., 2016) and this must be considered a challenge to address. In our review, terms such as natural communities (0.33%), wilderness (0.28%), or natural ecosystems (0.26%) are recorded by a certain number of articles referring the effects of protection, but they are relatively scarce. The same happens with the articles referring to the benefits where wilderness and pristine conditions appear only in 0.94 and 0.47%, respectively.

Edgar et al. (2014), indicated that the observed 80% reduction in biomass of large fishes outside effective MPAs, coincides with the threshold value used by the International Union for Conservation of Nature (IUCN Standards, and Petitions Working Group, 2018) to categorize species as Critically Endangered for Red List assessments, suggesting that this is an evidence that MPAs are a very effective tool for preserving populations currently at risk.

However, restoring wilderness in heavily anthropized areas that have been extensively overexploited can be a difficult task. MPAs that are located in what can be considered wild regions, although they normally include extensive areas, are generally found in remote places and their species and communities can be unique and with specific compositions different from those of coastal MPAs, which are usually small in size. Thus, although there is currently a growing trend to declare MPAs with these characteristics, and it could be considered that this would enhance the recovery of anthropized and distant areas in a global network of MPAs (Graham and McClanahan, 2013), their effectiveness may be doubtful (Edgar et al., 2014) and, in any case, also subject to the efficiency of long-distance connectivity (Manel et al., 2019).

Some authors also warn of the risk that the new MPAs end up focusing on places that are remote, little used for the exploitation of resources, which makes it easier to avoid anthropic pressures and reduce stakeholders' conflicts and surveillance costs, but that end up being “residual” for commercial uses, so really, they do not protect truly threatened species and communities (Devillers et al., 2015). This possibility is clear when the reasons for protection focus solely on the conservation of biodiversity or the uniqueness of ecosystems. However, unlike in terrestrial ecosystems, most marine reserves, especially in the Atlantic-Mediterranean region, have been precisely created to safeguard, not so much biodiversity, but fishing activity and its yields. Another of the great advantages of marine reserves in warm and temperate areas, such as the Mediterranean, is that, at the same time, they are very attractive and highly profitable for recreational tourism activities and diving (Pérez-Ruzafa et al., 2017). Also interesting is that, with proper regulation of uses and spatial zonation, these activities can be profitable and there can be compatibility between them and biodiversity objectives if the spatial design always includes effective no-take areas. These circumstances cause the demand for marine reserves in exploited and tourist areas to rise exponentially (MedPAN and SPA/RAC, 2021).

Therefore, it is important to plan the creation of MPAs with a global vision of the multiple conservation objectives. Management measures must be taken into account in order to recover reasonable levels of wilderness attributes in the most anthropized coastal areas and also protect them in the areas that still maintain the same due to their isolation from human pressures.



MPAs Produce Economic Benefits for Local Populations

While in the terrestrial environment one of the main objectives of protection has been the conservation of biodiversity, the marine environment protection has been primarily linked to the management and maintenance of fishing activity (Roberts et al., 2001; Haines et al., 2018; Carr et al., 2019). Therefore, one of the most evaluated effects and the most expected or assumed services are on fishing performance. Commercial fishing (23.61%) and traditional fishing (2.43%) are widely included in the articles on the effects of protection. In the same way, fish stocks frequently appear in the works on ecosystem services (4.46%). Commercial fishing is also the most recorded benefit in the bibliography (25.84%), but it is interesting to note that among the benefits produced by MPAs, recreational fishing is nearly as mentioned (3.95%) as traditional fishing (4.24%).

In addition to fisheries, the other main market benefits of MPAs that have been most documented are those related to tourism (Alban et al., 2008, 2011; Rees et al., 2015; Viana et al., 2017; Haines et al., 2018; Davis et al., 2019), although numerous models are theoretical. In fact, marine reserves, and the effects they produce on the ecosystem, have shown a great capacity to reconcile fishing with other activities like tourism (Pérez-Ruzafa et al., 2008b). In this way, among the benefits of protection, tourism (12.43%) and related activities (ecotourism, 3.14%; recreational activities, 10.2%; artistic activities, 0.35%) are almost at the same level as fishing yields. Among nature observation activities, only whale watching has a significant number of items (0.70%), followed by fish watching (0.23%). However, the information on these aspects is not very wide, and in many cases depends on the geographical area and its socioeconomic characteristics, and on the size, age, human uses and exploitation models, data availability, etc., of the MPAs, giving rise to very heterogeneous valuations and results.

Fishing benefits both from the spread of individuals of commercial species from mature MPAs with high population density, and from the protection of their reproductive function, as demonstrated in the case of fish (Goñi et al., 2008, 2010; Forcada et al., 2009; Stobart et al., 2009; Vandeperre et al., 2011) and other species such as lobster (Díaz et al., 2011). From this fishing point of view, an MPA may potentially raise prices due to the variation of fish quantities landed, due to a quality impact based in sizes and species composition of the landings or due to better marketing opportunities and the added MPA brand (Alban et al., 2008). It should be noted that small-scale fisheries are a very important economic activity for local communities in a large part of MPAs, and that the co-management and involvement of these communities are a very important factor for their success (Niccolini et al., 2019).

Roncin et al. (2008), studying 12 MPAs in southern Europe, estimated the average yearly landed value, considering inside and outside the protected area, between 18,000 and 40,000 € per boat for commercial fishing, although Columbretes MPA appeared as an outlier with 234,000 € per boat. In the same study, they concluded that local incomes generated by MPAs amounted to a mean annual value of 710,000 € regarding the commercial fishing industry (generating 54 jobs per MPA on average), 88,000 € (two jobs) for recreational fishing and 551,000 € (13 jobs) for scuba-diving activities, although the standard deviations for the studied MPAs were high (Roncin et al., 2008). Mangos and Claudot (2013), analyzing Kuriat Islands (Tunisia), Cap de Creus (Spain), and Kas Kekova (Turkey) MPAs provided results for commercial fishing between 763,000 and 30,915,000 € per year, between 2,334,000 and 7,584,000 € for recreational fishing, and between 440,000 and 27,387,000 € for scuba-diving, confirming the variability mentioned above.

Some MPAs also offer underwater educational trails within their perimeter. This is the case of the Marine Natural Reserve of Cerbère-Banyuls-sur-Mer which has created an underwater trail to educate the public, in general, but especially tourists. This activity has generated an increase in tourist activity at the beaches of the reserve that completes the economic impact of fishing and diving. This increase in visits to swimming areas could have a negative effect on biodiversity. However, a study on this underwater trail showed that the impact of visitors was negligible on the fixed flora (from the beach where the underwater trail starts) and on the fish fauna (presence in the same densities as on the others reserve sites) (Claudet et al., 2010b).

It is important to indicate that, although MPAs redistribute benefits to some extent, they have overall positive effects in their immediate surroundings and on the local and traditional economic development (Mangos and Claudot, 2013; Ban and Frid, 2018).

Finally, other aspects such as medical (0.64%), genetic (0.58%) or pharmaceutical resources (0.17%), are starting to appear among the benefits of protection.



General Non-monetary, Sociocultural, and Educational Values

General non-monetary, sociocultural, and educational services and benefits are no less recognized than monetary ones in the case of MPAs (Fletcher et al., 2014a,b; Rosales, 2018). Scientific knowledge and research are recorded in a prominent way among the protection effects (5.06%), services (38.92%), and recognized as one of the main benefits (18.29%) (see e.g. Haines et al., 2018).

The articles on the effects of protection also underline the aesthetic and cultural aspects (1.66%), and those regarding services underline landscapes (8.68%), seascapes (4.45%), and the preservation of traditions (5.16%). Among the benefits, we find also landscapes and seascapes (5.05%), knowledge (4%), and education (3.48%).

When an MPA is working properly, it is expected that the availability of locally caught sea products for public consumption improves, and so nutritional needs of coastal residents in MPA-influenced areas are better served. At the same time, food security usually gets better while the economic status and relative wealth of coastal residents and/or resource users can also improve. Also, in a general sense, the household occupational and income structure tend to stabilize or diversify due to the appearance of new activities or due to a lower unpredictability in obtaining managed marine resources, which, in short, enhances the quality of life of populations related to the protected area (Plan Development Team, 1990; Reuchlin-Hugenholtz and McKenzie, 2015).

The measurement of non-market, non-use, or indirect benefits generated by MPAs is more challenging because they are related to goods or activities that are not associated with a market price, and there is less tangibility of their value for people (Davis et al., 2019). These include, for example, those benefits related to maintaining future fishing opportunities, educational opportunities or aesthetic experiences (Angulo-Valdés and Hatcher, 2010), the value of knowing that the site is protected for future generations, and for the species that live there in their own right (Kumar, 2010), some sociocultural aspects, cultural features, or historical sites linked to coastal areas. In the same way, value is given to the understanding of local knowledge and traditions, or non-commercial recreational activities, such as diving, snorkeling, photography, and the enjoyment of aesthetic values or emotional experiences (Ledoux and Turner, 2002). MPAs also offer opportunities for marine research, providing unique undisturbed sites for education and research, especially for comparison to areas altered by human activities (Plan Development Team, 1990), expand the scientific understanding of marine processes and ecosystems, and facilitate and improve the transmission of this knowledge to the public (Kenchington et al., 2003). In this sense, an important objective is the understanding and compatibility between management and local cultures and lifestyles, and the participation of local communities in management. In fact, research is considered a key element for the management and for harmonizing conservation with other human activities in the constituent act of the creation of marine reserves in countries such as New Zealand (Ministry for the Environment, 2016) and for decision-making on fisheries management in the European Union through its policy support program projects such as EMPAFISH (European Marine Protected Areas as tools for FISHeries management and conservation; https://cordis.europa.eu/project/id/6539/reporting/es). There are some studies that have analyzed the non-commercial value of MPAs through surveys in which users showed their willingness to pay (WTP) for aspects related to enjoyment or the environmental quality of the site. Ledoux and Turner (2002) found a users' WTP between 3.70 and 9.30 US$ per year for preventing further deterioration in Buccoo Reef Marine Park in Tobago. In a similar order of magnitude, Gelcich et al. (2013) estimated the users' WTP for an entry fee associated to management and protection of Lafken Mapu Lahual MPA in Chile between 3.77 and 4.38 US$. Börger et al. (2014) found that citizens were willing to pay between £7.76 per year on average for a 25% increase in species diversity on the Dogger Bank offshore marine area in the UK, Yu et al. (2018) estimated an average annual WTP of $27.4 for Putuo Islands MPA and of $34.3 for Nanji Islands MPA, both in China, and Niccolini et al. (2019) found that nature-based tourists would be willing to pay a daily fee between 4.11 and 7.78 € to fund marine conservation projects. In fact, the five Egyptian MPAs of the Red Sea sustain themselves through tourism daily fees, and while the money reinvested in each MPA is <10% of what it generates, the rest of the income is used to maintain other protected areas (marine and terrestrial) of the whole Egyptian network (Samy et al., 2011).

In general, there is consensus that visitors are willing to pay a premium price to support marine environment conservation, and the amount of this WTP could be influenced by social-demographic characteristics including but not limited to age, sex, education level, residence, work, environmental awareness, or personal income (Velasco et al., 2018; Yu et al., 2018; Lee et al., 2019).




SOME CONCLUSIONS FROM THE BIBLIOGRAPHIC REVIEW, DATA AND EXPERT EXPERIENCE IN THE WESTERN MEDITERRANEAN MPAS

MPAs are globally important management tools that provide protection from the effects of human exploitation and activities, supporting the conservation of marine resources, habitats and the processes they host, biological diversity, and exploited species such as commercial fish stocks (Ward and Hegerl, 2003). As a consequence, they also are expected to manage and enhance ecosystem services and material, non-material, consumptive or non-consumptive, market or non-market benefits for humans (Sanchirico et al., 2002; Leenhardt et al., 2015). However, reference to ecosystem services derived from MPAs, in the vast majority of the articles, is limited to assuming such benefits in the introduction.

The fact that a term is included in the title, abstract or keywords of an article on the effects, ecosystem services or benefits of protection, does not imply its evaluation or quantification, even for the most widely assumed and studied MPA effects. The assumption that they produce ecosystem services and benefits to society is mentioned generically in the introduction and sometimes in the discussion, but is very rarely quantified or specifically analyzed. However, studies that analyse the effects of protection with appropriate experimental designs and provide evidence and data are essential to provide an empirical basis for understanding ecosystem services (Table 3) and informing cause-effect relationships (Figure 8).

In this context, it is interesting to compare the results of the bibliographic search with the works and opinions of researchers who have been responsible for long-term monitoring of some of the most significant marine reserves in the western Mediterranean, such as those in the RESERVEBENEFIT project (Table 2, Figure 6). The results of this analysis have shown a certain coherence, and the variability or differences may be perfectly related to the heterogeneity of the marine reserves themselves, the main uses that take place in their surroundings, the time that protection has been active and the effectiveness of the management actions and surveillance.
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FIGURE 6. Frequency of occurrence (%) of main Ecosystem services and societal benefits provided by eight of the main Western Mediterranean MPAs included in RESERVEBENEFIT project (see Table 2).


The first two axis of the performed PCA explained a cumulative 58% of the variation; the first axis explained 39.43%. The graph in Figure 7 represents the 37 of the 49 terms included in the analyses that passed the rule of having a contribution equal to or higher than 10%.
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FIGURE 7. Biplot representations of the first two axes of the PCA performed on the scores matrix of protection effects and ecosystem services observed in RESERVEBENEFIT MPA case studies and according to the percentage of occurrence of the same terms in the articles recorded in the Web of Science (WoS). Above: ordination of the 37 of the 49 terms included in the analyses that passed the rule of having a contribution equal or higher than 10%. Below: ordination of the Western Mediterranean RESERVEBENEFIT MPAs (orange dots) and the WoS scores. Case studies red dot correspond to the average score of all MPAs.


The results show the variability of the effects depending on the MPAs. While there are some of the best-studied reserves that differ along the first axis from the results of the bibliographic analysis (WoSscore) and are grouped around the mean value of the case studies, others completely coincide with the WoS results, while others occupy an intermediate position and differ from both evaluations on the second axis. The negative part of axis 1 is characterized by the terms fish abundance, apical species and top-predators, conservation of at risk, rare and unique ecosystems, scientific knowledge, endangered and vulnerable species, or assemblage structure and traditional fishing, while the positive part is determined by the weight of the assessment of the role of protection in communities that contribute to blue carbon (carbon sequestration) having lower relative weight than the other terms. The positive end of axis two is determined by the contribution to traditional knowledge, fish stocks, fish behavior or the contribution of new resources, while the negative part is determined by the existence of studies on fish movements, the top-down control of the food web, the preservation of life cycle phases and habitat builders.

The main apparent result is that reality exceeds what is reflected in the bibliography. That is, all the services and protection effects evaluated, except the role in carbon sequestration, are more confirmed in the field data and direct experience of researchers working in the RESERVEBENEFIT case study MPAs than what is reflected in the bibliography. In some way, this is a consequence of how the scores have been built, since an effect found in an MPA has a value in the matrix of 100%, while in the literature this percentage is diluted among many publications that analyze other effects or services. The log transformation of the data reduces these differences, but they still remain in some way. However, the fact that a significant core of RESERVEBENEFIT MPAs is aggregated around the middle score indicates that the majority of services occur across a majority of MPAs. On the other hand, the fact that blue carbon is the only factor that does not follow this pattern may be determined by the circumstance that this service is more accentuated (and it is probably easier to assess, more expected to occur and has been more evaluated) in marshes, while the MPAs studied in RESERVEBENEFIT correspond to rocky coastlines and coves and studies on carbon sequestration by photophilic algae communities and seagrass meadows have been much scarcer and do not appear as proven evidence.

MPAs add precautionary management principles and insurance against failure of other management options (Plan Development Team, 1990; USA National Research Council/Committee on the Evaluation, Design, and Monitoring of Marine, Reserves, and Protected Areas in the U. S. Ocean Studies Board Commission on Geosciences, Environment and Resources, 2001). If they are appropriately managed and well-coordinated, considering the needs and wants of affected populations and stakeholders, they could simplify enforcement and attract financial support (Plan Development Team, 1990). They also enhance the public knowledge and environmental awareness regarding marine ecosystem values and functioning, and their acceptance of protection measures and the objectives of environmental and social sustainability.

Understanding the elements that make up ecosystems, including biodiversity, the processes that work in them, and how protection modifies them, is an essential pillar to understand the importance of MPAs and their role in the functioning and well-being of related human societies.

The protection of marine areas may generate a series of ecosystem services, from preventing erosion to providing shelter and pristine habitats for species, enhancing ecological processes, favoring carbon sequestration, preserving biodiversity, including genetic, or recovering and providing resources for humans (Table 3). These depend largely on the final objectives and the effectiveness of the protection and, more importantly, on the location, size, age, geomorphological and hydrodynamic conditions, and types of habitat and communities of the protected area. These ecosystem services can be translated into socio-economic benefits, including present and future benefits to sustainability.

However, classifying ecosystem attributes and processes based on the ecosystem services and benefits that they produce, or vice versa, is difficult due to the complex web of interactions that take place. Most attributes result in services that improve those attributes or regulate processes. At the same time, the resulting social benefits may be the consequence of the existence of more than one attribute or the interaction between different processes. For example, it has been quantitatively demonstrated that the presence of top predators and high reef complexity have an additive effect and can increase total fish abundance up to 300% (Hensel et al., 2019). For this reason, although the construction of tables such as the one produced for this work is useful because it facilitates the inventory of the different aspects, it is difficult to find a coherent order that reduces repetition. A more realistic view is facilitated by a cause-effect relationship diagram such as the one represented in Figure 8.


[image: Figure 8]
FIGURE 8. Cause effect relationships diagram considering human actions, MPA attributes and the effects of protection on biological and ecological processes and the ecosystems services and societal benefits provided.


The analysis of ecosystem services and benefits for society of some of the oldest and best-studied marine reserves in the Western Mediterranean, based on the direct knowledge of the researchers who have carried out scientific monitoring over the last decades, and on the data obtained during the same (Table 2, Figure 6), shows some heterogeneity in the provision or in the evidence of them. The expected services or benefits rarely are present in more than 80% of the eight case studies considered. We may expect that the basic ecological processes that regulate the functioning and provision of services provided by MPAs should be common to all geographic areas, and that differences found will be attributable to variation in the characteristics of each MPA. The comparative analysis carried out between the results of the bibliographic search and the case studies (all from the western Mediterranean) suggests such basic uniformity.

The clearest evidence that exists is for the recovery of individual populations of target or threatened species and their reproductive potential. However, many of the other services, like those related to the recovery of habitats, the carrying capacity of the system or the connectivity among distant areas, are not evaluated and verified in any of the case studies considered. Clearly, much more research work is needed to come up with a numerical modeling of the benefits of protection or the consequences of different management measures.

However, a conceptual model such as the one proposed in Figure 8 can help to understand the positive or negative synergies between various attributes or processes affected by protection measures. At the same time, it can serve to identify gaps in knowledge, in the evaluation of some of these interactions and in the ecosystem services that are expected to obtain or improve with such management measures.

Finally, it must be borne in mind that MPA networks could be managed cooperatively (e.g., coordinating the distribution of fishing effort in the fishing grounds between reserves or jointly planning monitoring programs and checking the effectiveness of management measures), and be designed to operate synergistically at various spatial scales (e.g., taking into account the optimum distance between MPAs depending on the spill-over and connectivity in the area). Moreover, networks could include a wide range of protection levels in their spatial ordination, with no-take areas designed according to the particular objectives of each MPA, where most of the uses are prohibited, and buffer zones with regulated uses, covering different conservation objectives and spatial ordination of human activities. These networks could be a tool that fulfill ecological objectives more effectively than individual sites could alone (WCPA/IUCN, 2007; Grorud-Colvert et al., 2014; Ospina-Alvarez et al., 2020), helping to more effectively achieve social and economic benefits (Klein et al., 2008).
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Definition

Any consequence of protecting a marine area from fishing and other human acivities on the environment, habitat,
biological assemblages, and ecological processes, and the indirect consequences on the services and benefits they
provide

Species and habitats found in the area

Interaction among organisms

Changes in the stocks and/or flows of materials in an ecosystem, resulting from interactions among organisms and
with their physical- chemical environment

Ecosystem biotic and abiotic components and features (geomorphological, climatological, hydrological, or biological)
that an area has

Interative dynamic of the biotic and abiotic ecosystem components (geomorphological, climatological,
hydrodynamical, or biological), involving the relationships between organisms and environment, leading to populations
‘and biogeochemical cycles

Things that people assign value to

Objects from ecosysters that people value through experience, use or consumption, whether that value is expressed
in economic, social, or personal terms:

Ecosystem attributes that provide societal services, directly s a resource, or throughout the ecosystem processes. It
would be equivalent to capital in economy

Benefits that ecosystems provide to people

Aspects of ecosystems utiized (actively or passively) to produce human well-being
Direct and indirect contributions of ecosystems to human well-being
Benefits that humans derive from ecosystems

Activity or function of an ecosystem that provides benefit (or occasionally disbenefit) to humans (including the whole
pathway from ecological processes through final ecosystem services, goods, and values to humans)

Ecosystem outputs from which goods and benefits are derived
“Final ecosystem services”: directly deliver welfare gains and/or losses to people through goods

“Final ecosystem services": an ecosystem service that directly underpins or gives rise to a good

“Intermediiate ecosystem services”: regulating and supporting services that contribute to the provision of final services.
Goods and services that are of value to people, provided wholly or in part by ecosystems

Direct and indiirect contribution of ecosystems and natural capital to human well-being

Results, products or outputs from the interaction of the ecological attributes and processes on populations,
ecosystems or the environment, that directly or indirectly favor the quality of lfe, health or human uses, and activities

Material and energetic outputs from ecosystems from which goods and products are derived

Material, unmaterial and energetic outputs from ecosystems that can be used or exploited as a resource (his includes:
space, time, refuge, food, nutrients, materials, etc)

Ways in which ecosystems can mediate the environment in which people live or depend on in some way, and benefit
from them in terms of ther health or security, for example

Effects or outputs from ecological attributes and processes resuting in the control of environmental and biological
parameters or processes within the limits that favor the ecosystem integrity, qualiy of lfe, health or human uses, and
activities

Non- material characteristics of ecosystems that contribute to, or are important for people’s mental or intellectual
well-being

Effects or outputs from ecological attributes and processes resulting in the maintenance or development of scientific
and cultural knowledge, education, historical memory, traditions, and in general, people’s mental, or intellectual
well-being

Things that people assign value to

The many ways that human well-being is enhanced through the processes and functions of ecosystems via ecosystem
services

Positive effect on human wel-being; used interchangeably with value. Value denotes a quantitative, often monetary,
measure, and depends on the preferences of individuals who receive the benefit

“Direct use benefi”: Benefit produced from direct interactions with the ecosystem and products of ecosystem
processes; includes consumptive (e.g., food) and non-consumptive use (e.g., recreation). Indirect use benefit: Benefit
produced from regulatory functions of ecosysterns (e.g., nutrient cycling)

The materialization of services on people well-being. That is, any economic activity or other profitabilty (emotional,
educational, scientific, etc.) that man obtains active or passively, conscious or unconsciously from an ecosystem
service

The colored cells include the redefinitions proposed in this work with the aim of avoiding tautologies or nuances that can lead to confusion.

References

This work:

Armoskaite et al., 2020

Mace et al., 2012
Mace et al., 2012

This work:

This work

UK National Ecosystem
Assessment (UK NEA)
in Mace et al. (2012)

Mage et al., 2012

This work:

Milennium Ecosystem
Assessment, 2005

Fisher et al., 2007
De Groot et al., 2010
Mace et al., 2012
Mace et al., 2012

Mage et al., 2012;
Saunders et al., 2015

UK NEA in Mace et al.
(2012)

Mage et al., 2012
Vilamagna et al., 2013
Olander et al., 2018

Fisher et al., 2009;
Schratzberger et al.,
2019

This work:

Haines-Young and
Potschin, 2013

This work:

Haines-Young and
Potschin, 2013

This work:

Haines-Young and
Potschin, 2013

This work

UK NEA in Mace et al.
2012)

Mace et al., 2012

Schratzberger et al.,
2019

Schratzberger et al.,
2019

This work





OPS/images/fmars-08-613819-g007.gif





OPS/images/fmars-08-613819-g008.gif
EI».-“.. n.....‘....‘.....,_a;,—l_ _,‘





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Reviewing the Ecosystem Services, Societal Goods, and Benefits of Marine Protected Areas



		Introduction



		Materials and Methods



		Terms and Definitions



		Literature Review







		Results and Discussion



		Main Effects, Ecosystem Services, and Benefits Produced by MPAS



		MPAs Maintain or Recover Habitat Quality and/or Quantity



		MPAs Contribute to Maintain Adequately Represented and Protected Resident and/or Focal Species and Communities



		Facilitate Adaptation to Climate Change of Marine Ecosystems



		MPAs Favor Larger Individuals



		Increase in Species Abundance and Biomass Favor the Exportation of Fishable Biomass Out of the MPAs



		MPAs Rehabilitate Exploited Species Natural Populations' Structure and Maintain or Restore Their Reproductive Potential



		MPAs Maintain Existing Resources and Provide New Potential Ones



		MPAs Protect Genetic Diversity and Gene Pools



		MPAs Can Restore, Protect or Change Interspecific Relationships, and Community Structure



		Emblematic Ecosystems of a Geographical Area Are Adequately Represented and Protected, Maintaining or Restoring Their Functioning and Structure



		Increase Ecosystem Stability and Promote Resilience



		Control Biological Invasions



		MPAs Act as Reference Areas in the Management of Marine Ecosystems



		MPAs Enhance or Maintain Wilderness Values



		MPAs Produce Economic Benefits for Local Populations



		General Non-monetary, Sociocultural, and Educational Values







		Some Conclusions from the Bibliographic Review, Data and Expert Experience in the Western Mediterranean MPAs



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Marine Science

Reviewing the Ecosystem Services,
Societal Goods, and Benefits of
Marine Protected Areas





OPS/images/fmars-08-613819-g001.gif





OPS/images/fmars-08-613819-g002.gif





OPS/images/fmars-08-613819-t003.jpg
Attribute/Process
preserved, enhanced, or
recovered by protection

Product/Ecosystem service

Human actions/Societal benefit Main threats

Ciimatic and hydrological
conditions and natural
gradients (1)

Wind and wave energy

Coastal areas integrity (2) Prevent erosion (2) or sedimentation

Habitats extent, naturality,
complexity, heterogeneity,
and quality, including critical
and key ones ()

Sheter for at-risk, rare, localized, key or
endermic species, and ecosystems, preventing
extinctions (6, 7)

Preserve communities, processes, and
functions essential for focal species’ survival (8)

Increase in alpha (9) and beta diversity (10)

Protection of habitat formers (mangroves,
vermetid trottoirs, seagrass meadows, corals,
L)1)

Protection of wetlands and blue carbon
ecosystems/Carbon sequestration and storage
(12)

Vegetal, shells, sand, and other materials (26)

Enhanced habitat carrying capacity (14)

Refuge areas for life history  Diversity of ife cycles and trats (15)

phases (13) Nursery for fish and invertebrates (60)

Survival of the most Recovery of the natural population structure of

exploited sizes and ages o the target species (17)

target populations (16) Sunvival of target and commercial species
Vuinerable to fishing (20)

Target populations are near
their maximum carrying
capacity (19)

More abundant (22) and bigger fishes and/or
other target species (23) within the MPAs and
their surroundings

Higher biomass in the species (22)
Enhanced species fecundity, reproductive
capacity and efficiency (24, 18, 25)

Critical spawning stock
biomass (21)

Increased individual size at
maturity, life span, and
reproductive period (24)
Potentially greater larval Replenishment of fishery stocks within the MPA
survival due to larger egg @7

size rom bigger NGIAUAS  Trajtional resources are protected (28)
in some species (26)

Density-cependent changes
in lfe history traits, such as
those on growth or
reproduction, behavior, or
trophic conditions (29)
Increase of home range (32)

Spill-over increases biodiversity beyond marine
reserve boundaries (30, 31)

Export of biomass to MPAs suroundings (33)
including net export of eggs and larvae
(recruitment subsidy) to adjacent or sometimes
very distant areas (34) and of non-target
species (migratory species, water birds, etc.)
Increased fish abundance in fishing grounds
around MPAS (35)

Connectivity at short and Increase species and genetic fluxes,

long distances (36, 37) maintaining stability of communities and
populations

Species richness, including  Rare localized, endemic species are well

non-target ones (38) represented (39)

Species diversity promoted or protected,
mainly sedentary and resident species (40)

Provide new potential resources (41)

Interspecific relationships,

like predatory, competitive

or parasitism (42)

Natural selection processes  Protect and increase genetic diversity and gene
(18) pools (46, 47)

Food web complexity and Protect apical species and long-living predators
stabity (48) (49)

Survival of large mammals and maintenance of
their migration routes

Homeostatic mechanisms and resiience.

Development of chemical defenses and
resistant materials (11, 43, 44, 45)

Top-down control of trophic

webs (50)
Prevention of cascade effects and of massive.
proiferations (11, 51)
Recovery of algal cover and seagrass
meadows/Primary production protection

Biodiversity and ecological

processes enhanced

More complex and
structured ecosystems

High biodiversity (30)
Homeostatic mechanisms ~ Balanced marine ecosystems
Increase ecosystem stabilty. Higher resistance.
and resiience to face human pressures and
global changes like climatic one (52, 53, 54,
55)

Increase water quality

Ameliorate diseases (52)

Species extinctions diminish

Control invasive alien species (56)

Healthy natural system and seascapes (20)

Favorable conditions for the
development of natural,
pristine and well-protected,
and complex biological
communities and
ecosystems (57)

Restore pristine conditions

Natural species behavior is reinstated (59)

Biodiversity and Wilderness value enhanced or
maintained

Native human populations
Ancient concentration of
human activities, history,
and traditions

Wind farms and wave energy exploitation Coastal works, harbors and

urban development

Erosion o filed due to
overexploitation of terrestrial
natural resources (3)

Human pressure overflowing
environment carrying capacity
Littering (4)

Shoreline stabity

Shelter areas

Coastal protection Trampling, mooring, and diving
impacts over habitats and fragile
organisms

Gimate regulation and miligation of climate

change

‘Ornamental and abiotic resources and Overexploitation of resources

products other than those fished

Increase species diversity and biotic resources
abundance

' Increase fish catches (ooth in size and quantity)  lllegal fishing and overfishing due

in surounding fishing ground to cal effect and insuficient

surveillance

Spawning stocks, and stocks in general, are
protested from fishing mortality or overfishing
(18), enhancing sustainability

Extraction of fishes faciltated and maximized in
MPAS’ adjacent fishing grounds

Stability and sustainabilty of iving marine
resources extraction

" Greater diversity in fish products

Markets stability and equibrated seasonality,
adding insurance against faiure of other fishery
management options

" Phamaceutical research and exploitation of

chemical and medicinal resources

Genetic resources from all biota

Prevention of ecosystem imbalances

Tourism pressures exceeding
system canrying capacity

Tourist infrastructures (harbors,
resorts, roads...) surrounding the
MPA

Environmental sustainabilty of coastal and
marine systems

Damping of fluctuations in stocks and
reduction of uncertainties

Prevention of ecosystem imbalances
Prevention of mass mortalty

Prevention of organism proliferations.

Sociocultural globalization

Some selected references: (1) Ashley et al. (2014); (2) McDougall (2017); (3 Failer et al. (2020); (4) De Francesco et al. (2019); (5) Werd and Heger (2003); () Prosser et al. (2017); (7)
O'Hara et al. (2019); (8) Edgar et al. (2009); (8) Hensel et al. (2019); (10) Benedetti-Cecchi et al. (2003); (1) Loh and Pawlik (2014); (12) Howard et al. (2017); (13) Pomeroy et al. (2004);
(14) Cabral et al. (20163); (15) Fidler et al. (2018); (16) Harmelin-Vivien et al. (2007); (17) Bamett et al. (2017); (18) Plan Development Team (1990); (19) Coll et al. (2012); (20) Roberts
and Hawkins (2000); (21) Gell and Roberts (2003b); (22) Keplan et al. (2019); (23) Sale and Giakouni (2018); (24) Pérez-Ruzala et al. (2018); (26) Carter et al. (2017); (26) Evans et al,
(2008); (27) Marshall et al. (2019); (28) Ban and Frid (2018); (29) Sénchez-Lizaso et al (2000); (30) Russ and Alcala (2011); (31) Mello et al. (2020); (32) Griss et al. (2011); (33) Gori
et al. (2008); (34) Crec'hriou et al. (2010); (35) Goii et al. (2011); (36) Manel et al. (2019); (37) Smith and Metaxas (2018); (38) Lester et al. (2009); (39) Edgar et al. (2008); (40) Soulé
(2005); (41) Reuchiin-Hugenholtz and McKenzie (2015); (42) Wood et al. (2013); (43) Putz and Proksch (2010); (44) Enge et al. (2013); (45) Angulo-Preckler et al. (2015); (46) Palumbi
(2003); (47) Pérez-Ruzata et al. (2006); (48) Libralato et al. (2010); (49) Garcia-Charton et al. (2008); (50) Shears and Babcock (2002); (51) Pinneger et a. (2000); (62) Reymundo et al,
(2009); (53) Mendioza et al. (2020); (54) McClure et al. (2020); (55) Melin et al. (2016); (56) Francour et al. (2010); (67) O'Hera et al. (2019); (58) Galzin et al. (2004); (59) Wills (2013);
(60) Coloca et al. (2015).

Green colorindicates provisioning services, yellow indicates cultural and non-merket services, and blue indicates regulating services. Note than a regulating service can lead, for example,
to provisioning, regulating, and/or cultural benefits.
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MPA characteristics

Location

Surface

No-take surface in % of the total
surface

Year of creation

Meain objective

Enforcement
MPA ecosystem services

Wind facilties

Maintain or recover habitat quaiity
and/or quantity

Protect at-risk, rare, or unique
habitats and ecosystems.

Well-represented benthic habitats
and seascapes

MPA Networks benefits/Increase in
beta or gamma diversity

Protection of habitat formers
(Vermetid trottoirs, seagrass
meadows, corals, ...)

Protection of wtlands and blue
carbon ecosystems/Carbon
sequestration and storage

Vegetal, shells, sand, and other
materials

Enhanced habitat carrying capacity
Nursery for fish and invertebrates

Bigger fishes and/or other target
species within the MPAs and their
surroundings (thus favoring fish

population survival and recovering of

amore natural population size
structure)

More abundant fishes anc/or other
target species within the MPAs and
their surroundings

Replenishment of fishery stocks
within the MPA

Fish biomass gradients across MPA

boundaries as an indirect effect of
spillover

Increase in fish biomass outside the
MPA as a direct effect of spillover

Export of production and biomass of

non-target species (migratory
species, water birds, etc)

Enhanced species fecundity,

reproductive capacity, and efficiency
Longer spawning seasons and larger

egg size from bigger individuals
potentially allowing greater larval
survival

Net export of eggs and larvae
(recruitment subsidy) to adjacent or
sometimes very distant areas

More abundant non target species
‘within the MPAs and their
surroundings.

Traditional resources are protected
Provide new potential resources
Direct measurement of fish

movements from inside to outside the

MPA
Better connectivity among distant
areas and populations

Restore populations of native
communities to desired reference
points

Favor the survival of vulnerable,

endangered, and focal species
(marine mammals, top predators,

coral species, seagrass meadows, or

other key species)

Adequately represented and
protected sedentary and resident
species

Restore populations of native species

to desired reference points

Shelter for at-risk, rare, unique, or
endemic species

Provides or protect refuge areas
essential or ffe history phases of
species

Natural fish behavior is reinstatedt

Seagrasses and primary production
protection

Recover fish assemblage structure
Emblematic ecosystems of a

geographical area maintain or restore

their functioning and structure
Interspecific relationships, like

predatory, competitive or parasitism,
and community structure are restored

or protected

Protect apical species and long-living

predators

Effect on the parasitic prevalence and
intensity in fish and other organisms

Control invasive alien species

Favor invasive species

Increase species richness/Biological

diversity promoted and protected

Protect and increase genetic diversity

and gene pools
Complex, stable, healthy, and

balanced natural marine system and

seascapes

Indirect top-down trophic (cascading)

effects
Promote homeostatic mechanisms
and resilience

Prevent threatened species from
becoming locally extinct

Wilderness values enhanced or
maintained

Scientific knowledge and conditions

for new studies

Protection of historical knowledge
and traditions

Protection of traditional fishing
techniques and traditional food

Cerbére-Banyuls-
sur-Mer

MPA

Banyuls sur Mer/
Cerbere (France)
650 ha

10%

1974

Conservation of
marine biodiversity
with afocus on
patrimonial species
(grouper)

High

No

Yes (managed
anthropic activities)
Yes

Yes

Not evaluated

Yes (Posidonia
meadow,
coraligenous,
Lithophyllum)

Not evaluated

No
Not evaluated

Yes (Lenfant,
pers.obs.)

Yes (1)

Yes (2, 3)

Not evaluated

Yes (2,4,5)

Not validated

Not evaluated

Yes (6)

Not evaluated

Yes (6)

No

Yes

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Yes (Posidonia
meadow, red coral)

Yes (7)

Yes (case of
groupers) (8)
Yes (case of
groupers) (1, 8)

Yes (nursery ground,
Lenfant, pers.obs.)

Not evaluated

Yes
Yes (7)

Not evaluated

Yes (Parasites
community) (©)

Yes (7)
Yes (9)

Not evaluated

Not evaluated
Ambiguous results
@)

Yes (10, 11)

Yes

Yes (case of sea
urchins) (12)
Not evaluated

Yes (case of
groupers) (1, 8)

Yes

Yes

Not evaluated

Yes

Cap de Creus MPA

Girona (Spain)

3,056 ha
0.69%

1998
Protect and recovery

of fishing stocks for
small-scale fisheries

Medium (13)

Not evaluated
Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Yes (14)

Not evaluated

Not evaluated
Not evaluated

Yes (15)

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated
Not evaluated
Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Yes (15)

Not evaluated

No (16)
Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

No (17)

LLevant de
Mallorca-Cala
Rajada MPA

Balearic islands
(Spain)

11,286 ha

1%

2007

Protect and recovery

of fishing stocks for
small-scale fisheries

High

No
Yes

Yes (undenwater
caves)

Yes

Not evaluated

Not evaluated

No

No

Not evaluated
Not evaluated

Yes (18)

Yes (18)

Yes (18)

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Yes (18)

Yes
Yes

Not evaluated
Not evaluated
Yes (18)

Yes (Seagrass
meadows,

Groupers, and
Slipper lobster)

Yes (18)

Not evaluated

Yes (Slipper lobster)

Not evaluated

Yes (Sciaena umbra,
Diaz, pers.obs.)

Yes
Yes (18)

No

Not evaluated

Yes (18)
Not evaluated
Not evaluated
Not evaluated
Yes (18)

Not evaluated

Not evaluated

Not evaluated
No

Yes

No

Yes

Yes

Yes

Islas Columbretes
MPA

Castellén (E Spain)

5,543 ha
33.67%

1990

Restore and benefit
fisheries

High

No
Yes (19)

Yes (coraligenous
and Maér beds) (19,
20)
Yes

Lower Margalef's
fichness index and
Simpson's evenness
index inside MPA
1)

Yes Maérl beds (19)

No

Not evaluated
Yes (22)

Yes (23)

Yes (2, 21,24)

Yes (21, 28)

Yes (2, 21, 24)

Yes (2, 21,24, 25)

Not evaluated

Yes (26, 27)

Not evaluated

Yes (23, 27)

Yes (21)

Yes

No

Not evaluated

Not evaluated

Yes (23)

Yes (Groupers and
spiny lobsters)

Not evaluated

Yes (23)

Yes

Yes (28)

Not evaluated

No
Yes (24)

Yes (29)

Not evaluated

Yes (24)
Not evaluated
Not evaluated
Yes (30)
Yes (21)
Not evaluated

Not evaluated

Not evaluated
Yes

Not evaluated

Yes

Yes (e.g., reference
of unfished
communities)

No

Yes

Nord de Menorca
MPA

Balearic islands
(Spain)

5,119 ha
21.70%

1999

Cabo de
Palos-Islas
Hormigas MPA
Murcia (SE Spain)

1,931 ha
13.98%

1995

Protect and recovery Recovery of fishing

of fishing stocks for

stocks for

ssmall-scale fisheries small-scale fisheries

Medium (13)

No
Yes

Not evaluated

Yes

Not evaluated

No (31)

No

No

Not evaluated
Yes (32)

No (33)

No (33)

Yes (33)

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

No (33)

Yes
No
Not evaluated

Not evaluated

No (34)

Yes (Seagrass
meadows)

No (39)

Not evaluated

Yes

Yes (35)

Not evaluated

Yes
Yes (33)

No

Not evaluated

Yes (33)

Not evaluated

Not evaluated

Not evaluated

Yes (33)

Not evaluated

Not evaluated

Not evaluated

No

Yes

No

Yes

Yes

Yes

High

No
Not evaluated

Yes (20, 36)

Not evaluated

Not evaluated

Yes (gorgonians)
(20, 36)

Not evaluated

No
Not evaluated

Ambiguous results
(87,38)

Yes (4, 39)

Yes (39, 40, 41)

Not evaluated

Yes 2, 4,5)

Yes (Garcia-Charton,
pers.obs)

Not evaluated
Not evaluated

Not evaluated

Yes (42)

Yes (43)

Not evaluated
Not evaluated
Yes (44)

Not evaluated

Not evaluated

Yes (39, 40)

Not evaluated

Not evaluated

Yes (case of
groupers) (39)

Ambiguous results
(7,38)

Ambiguous results
(Perefiguez,
pers.obs.)

Yes (40)
Not evaluated

Not evaluated

Yes (39)
Not evaluated
Ambiguous results

45, 46)
Oculina patagonica

43)
Yes (Rojo, pers.obs)
Yes (11)

Not evaluated

Yes (43)
Not evaluated

Yes (39)

Not evaluated

Yes

Not evaluated

Not evaluated

Tabarca MPA

Alicante (SE Spain)

1,754 ha

4.45%

1986

Consenvation of
marine biodiversity
and recovery of
fishing stocks for
small-scale fisheries

High

No
Yes (47, 48, 49)

Yes (Magrl beds) (47)

Yes

Not evaluated

Yes [Coral species
(50), Posidonia
meadows (48, 49),
Maé beds (47),
Dendropoma
petraeum (51))

Not evaluated
No

Not evaluated
Yes (62)

Yes (53)

Yes (53, 54, 55)

Not evaluated

Yes (2, 4, 55)

Yes (2, 56)

Not evaluated

Not evaluated

Not evaluated

Yes (67)

Yes (53, 54, 55)

Yes

Not evaluated
Not evaluated
Not evaluated
Not evaluated
Yes [Coral species
(60), Posidonia
meadow (48, 49),

Groupers (53, 54,
55))

Not evaluated
Not evaluated

Yes (case of
groupers) (53, 54,
55)

Not evaluated

Not evaluated

Yes (48, 49)
Yes (53, 55)

Not evaluated

Not evaluated

Yes (53, 55)
Not evaluated

Not evaluated
Oculina patagonica
(58)

Not evaluated

Not evaluated

Not evaluated

Not evaluated
Not evaluated

Yes (case of
groupers) (53, 54,
55)

Not evaluated

Yes

Yes (69)

Yes (60)

Cabo de
‘Gata-Nijar MPA

Aimerta (SE Spain)

4,658 ha
6.55%

1995
Recovery of fishing

stocks for
small-scale fisheries

Low

Not evaluated
Yes (48)

Not evaluated

Not evaluated

Not evaluated

Yes [Posidonia
meadows (48),
Dendropoma

petracum (61)

Not evaluated

Not evaluated

Not evaluated
Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated
Not evaluated
Not evaluated

Not evaluated

Not evaluated

Yes [Marine
mammls (62)]

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Yes (48)

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

References: (1) Pastor et al. (2009); 2) Goii et al. (2008); (3) Tessier ot al. (2013); (4) Harmelin-Vivien et al. (2008); (5) Stelzenmiller et al. (2008); (6) Crec'hriou et al. (2010); (7) Lenfant et al. (2016) report; (8) Lenfant et al. (2003); (©)
Sasal et al. (2004); (10) Lenfant (2003); (1) Pérez-Ruzata et al. (2006); (12) Lecchini et al. (2002); (13) Sala et al. (2012); (14) Coppari et al. (2019); (15) Muiioz et al. (2013); (16) Lioret et al. (2008); (17) Gémez et al. (2006); (18) Morey
etal. (2018); (19) Barberd et al. (2017) (20) Lineres et al. (2008); (21) Stobart et a. (2009); (22) Kersting and Garcia-Merch (2017); (23) Diez et al. (2016); (24) Goii et a. (2006); (25) Gori et al. (2010); (26) Gorii et al. (2003); (27) Diez et al.
(2011); (28) Kersting and Ballesteros (2010); (29) Linares et al. (2015); (30) Kersting et al. (2014); (31) Linares et al. (2012); (32) Hinz ot al. (2019); (33) Coll et al. (2017); (34) Coll et al. (2012); (35) Thiriet ot a. (2016); (36) Garcia-Charton
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