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Abstract

:

The goal of this project is to assess the state of marine biodiversity in the Natura 2000 marine network in Spain and analyze the impact of fishing policies on it. The study focuses on three marine demarcations in Spain: North Atlantic, South Atlantic, and the Strait of Gibraltar and Alborán Sea. The research uses the DPSIR (Drivers of Change-Pressure-State-Impact-Response) framework, a multi-criteria analysis approach to understand the relationships between biodiversity loss, fishing, marine ecosystem integrity, and the provision of ecosystem services. Our results revealed a significant decline in biodiversity since 1985 in the four marine areas studied; this loss was more pronounced in the Gulf of Cadiz (in Andalusia) and less intense in the northern regions of Spain (Galicia and Asturias). This trend aligns with the global degradation of marine ecosystems and loss of biodiversity caused by human activities. The main drivers behind this decline are economic factors promoting industrial fishing and overexploitation. However, there has been a reduction in the industrial fishing fleet since the 2000s, supported by the European Maritime and Fisheries Fund for transitioning toward sustainable fishing methods. Despite the increase in regulations and the establishment of marine protected areas, these measures have not been effective enough to stop the loss of marine biodiversity. The results highlight the importance of combining administrative measures such as creating marine protected areas and implementing fisheries management regulations with the preservation of cultural services provided by these ecosystems. Successful governance models that involve collaboration between fishermen and decision-makers have been observed in northern Galicia and the Gulf of Cádiz.
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1. Introduction


The progress of human societies and technologies has enabled the utilization of diverse coastal and pelagic ecosystems throughout the globe. The emergence of ecosystem services (ESs) associated with marine ecosystems are linked with the provisioning function, but also include regulating and cultural ESs that strongly bind natural systems to human societies such as global climate regulation, recreational activities, or artisanal fishing [1,2]. The importance of these ESs to human populations has increased exponentially over the last century. In 2018, the fishing industry globally achieved a significant milestone by recording the highest production level in history when a staggering 96.4 million tons of marine life including fish, mollusks, crustaceans, and other invertebrates were caught [3], with at least 34.2% of global stocks assessed to be overexploited [3]. This situation worsens considerably in the Mediterranean Sea, where an astounding 83% of the assessed fish stocks are deemed to be overexploited, according to the European Commission’s Scientific Technical Economic Committee for Fisheries (STECF) [4]. The level of exploitation, observed as both a cause and a result, stems from a management strategy centered around exclusively focusing on a “single species”. The primary aim of this approach is to sustainably harvest all populations at their maximum capacity simultaneously.



During the last decades, two main strategies have been implemented to deal with marine biodiversity loss: first (a) the declaration of MPAs, with different levels of permitted fishing activity and focusing on spaces and conservation efforts, and (b) the Ecosystems Approach to Fisheries Based Management (EAFM) for exploited stocks, focusing on fish stocks and resource management. For the last 25 years [5,6,7,8], the establishment of marine protected areas (MPAs) has been highlighted as one of the mechanisms that would allow the development of sustainable fishing [5], thus avoiding overexploitation that, together with the degradation and destruction of the habitat and the invasion of alien species, is one of the greatest threats to biodiversity. In the European Union, MAPs with different degrees of use and exploitation have been an important conservation tool for marine ecosystems as part of the programs established by the Convention on Biological Diversity [9], the United Nations Environment Program [10], the European Habitats Directive [11] and national governments (i.e., the Spanish marine protection law [12]). In addition to MPAs, the EAFM strategy has arisen as a response to the traditional “single-stock” management mode that focused exclusively on the supply service of the fishing activity. This ecosystem approach encompasses evaluating the population of various targeted species and examining potential connections within these populations as well as their interactions with other species. Additionally, it acknowledges the impacts of fishing activities on unexplored biodiversity, the functioning of the ecosystem, and other services provided by the ecosystem [13,14,15,16,17].



The impulse of the Natura 2000 network (Natura 2000) has also been extended to the marine environment. The marine Natura 2000 is made up of three protection figures, two of which were created in the Habitat Directive such as Sites of Community Importance (SCI) and Special Areas of Conservation (SAC), and another created through the Birds Directive known as Special Protection Areas for Birds (SPA). Framed within this legislative context, fishing in Spanish demarcations has been regulated since 1970 by the Common Fisheries Policy (CFP). This policy is periodically modified to mark the quotas that limit the number of each fish species that each country of the European Union can fish. The year 2020 was set as the deadline to achieve sustainable fisheries management. In this way, it should be guaranteed that the fishing sector remains competitive without posing a threat to the environment. However, even though the reformed CFP has led to improvements in the management of EU fisheries and the situation of some marine stocks and fishermen has improved, there has been a failure to meet key deadlines agreed to in the legislation of the EU in 2013, especially those aimed at ending overfishing by 2020; EU fisheries management continues to disregard scientific advice [18]. This is why, in order to achieve the Sustainable Development Goals (SDGs) proposed at Horizon 2030 and guarantee the good environmental status of the seas and oceans, it is necessary to address how to sustainably manage fisheries to allow, on the one hand, the supply of food, high-quality income, and livelihoods for human societies that depend on fisheries, and on the other hand, minimizing negative effects on biodiversity. In fact, the robustness of food webs facing certain disturbances determines the responses of the communities and the extinction of species, affecting to a greater or lesser extent the cascade of derived events [19]. Mapping the spatial structure of food webs can assist in predicting the impacts of global changes in biodiversity as most species exhibit irregular, unequal, and non-overlapping distributions across time, regions, and ecosystems. Varying interactions between species across these factors necessitate a comprehensive understanding of their distribution patterns [19].



The general objective of this work was to analyze the relationships between the state of marine biodiversity, its relationship with the supply of ecological services, and the impact of the different fisheries policies at the European, state, and regional level on the conservation of marine biodiversity. Specifically, we evaluate the fishing supply service and its trend in the Natura 2000 network sites of three marine demarcations of Spain from 1985 to the present and explore the effect of the trend of fishing policies implemented at different scales (European, national, and regional) on the state of marine biodiversity.




2. Materials and Methods


2.1. Study Area


This study was carried out in different protected areas of the Natura 2000 network belonging to four contrasting marine regions (i.e., Golfo de Cádiz, Alborán, Galicia, and Asturias, Figure 1) of three marine demarcations of the Iberian Peninsula (D. of Strait and Alborán, D. South Atlantic, and D. North Atlantic). The complete list of protected area spaces is summarized in Table 1.



The two areas included in Andalusia are critical hotspots for the conservation of biodiversity [20,21,22]: (i) the Alborán Sea, and (ii) the Gulf of Cádiz.



The Alborán Sea, situated in the far western part of the Mediterranean, is renowned for its exceptional productivity due to a combination of oceanographic, physiographic, and climatic factors. This is primarily due to its location between two bodies of water, the Atlantic Ocean and the Mediterranean Sea as well as its intricate landscape. The continental shelf in this area is relatively narrow, measuring about 5 km in width and having an average depth of 100 m. The sea is divided into two separate sections known as “sub-basins” by an underwater ridge that runs from southwest to northeast. This ridge emerges at the northeast end of the sea, creating the island of Alborán. The western sub-basin has an average depth of 500 m, with its deepest point reaching 1300 m. In contrast, the eastern sub-basin has depths ranging between 1800 and 2000 m and is separated from the Algerian-Balearic Basin by a steep slope measuring 500 m [23]. The Strait of Gibraltar connects the Alborán Sea with the Atlantic Ocean, the exchange of Atlantic and Mediterranean waters at different depths generates two anticyclonic gyres that act as the hydrological engine of the area. These conditions give rise to deep water masses that are consistently abundant in nutrients, varying in depth according to weather patterns but never completely disappearing. As a result, the Alborán Sea boasts regions of immense richness, making it one of the most productive areas in the entire Mediterranean. Its primary productivity can reach up to 150 mg/m2 [24,25,26,27].



The Gulf of Cádiz can be found on the Atlantic side of Andalusia. The width of its continental platform varies, being wider in the central area (around 50 km from the coast at a depth of 100 m) and narrower as it gets closer to Portugal and the Strait of Gibraltar. The continental slope follows a bathymetric curve of 200 m and is gently sloping, mostly composed of sandy materials. However, it also features more intricate terrain including canyons and ravines that correspond to the mouth of the Guadiana River. The Gulf of Cádiz is home to three abyssal plains that are over 4300 m deep, separated by seamounts. Two notable features of interest are the mud volcanoes located in the middle slope’s central sector at depths ranging between 700 and 1100 m and the carbonate deposits that form chimneys. These chimneys expel methane gas, creating unique ecosystems that predominantly rely on this gas for their metabolism [28].



The rocky and rugged Galician coast is furrowed by a series of estuaries delimited by inlets and cliffs. The continental platform extends about 40 km from the coast and from there, the continental slope appears, which increases in depth abruptly [29]. It is a very productive area due to the mixing of waters due to the outcrops that exist from May to September, accentuated by the confluence of two Atlantic currents, the subpolar and the subtropical, and the contributions of nutrients from the estuaries. In winter, the ocean currents are warm in the areas of the edge of the slope, which contributes to producing the pattern of the mixing of waters. The seabeds are home to well-developed and structured plant communities where kelp formations and fucal algae predominate.



The areas of Asturias included in the study present a very different geomorphology with respect to the Galician ones. The Avilés canyon system presents funds with a complex structure due to the tectonic activity that compresses the continental platform of the Cantabrian Sea, which has a variable width of 12 to 40 km, giving rise to three large submarine canyons, a marginal platform, and a rocky structural high [30]. Canyons are systems of high biological productivity because they play an important role in the transport mechanisms of sediments and organic matter from the continental platform to the deep areas of the abyssal basin of the Bay of Biscay and contribute to the existence of deep water upwellings. This resuspension of sediments favors the development of sessile communities characteristic of reefs, with numerous species of cold-water corals and sponges [31,32]. The high productivity makes it a breeding and recruitment area for numerous species of fishing interest [33], and it is an area exploited by predatory cetaceans [34].




2.2. Building the DPSIR Model


To explore the relationships and interconnections between the loss of biodiversity, fishing, integrity of the marine ecosystem, and provision of ecosystem services (ESs) of the Natura 2000 sites under in each study marine demarcation (North Atlantic, South Atlantic, Strait and Alborán) of the Peninsula, we used the conceptual framework of the ‘Drivers of Change-Pressure-State-Impact-Response’ multi-criteria analysis (hereinafter referred to as DPSIR). It is a very efficient method to evaluate the complex relationships between the descriptors of the environmental state (ecosystems and biodiversity) and human systems (human well-being), analyzing the causes, consequences, and responses to changes [35].



The DPSIR approach has provided a satisfactory ecosystem assessment tool for the last decade [35,36], especially for marine ecosystems [37,38,39,40,41,42,43]. It provides a methodology to analyze the causes, consequences, and responses to changes in ecosystems in an organized way [37,39]. Drivers are the factors that induce environmental change (for example, demographic, economic, and cultural). These drivers promote pressures that affect marine ecosystems (e.g., overexploitation and land use changes). These pressures alter the changes in the state of marine ecosystems and their biodiversity and affect the delivery of ESs to society (e.g., richness of fished species, richness of non-fished species, and number of species under conservation threatened in the categories of IUCN Red List; [44]). Consequently, impacts on human well-being are considered changes in ES delivery and human well-being. Finally, the answers are the institutional actions carried out to preserve the integrity of marine ecosystems and their biodiversity or to prevent and/or mitigate the effect of the drivers of change. It is expected that the increase in the number and type of fisheries management regulations and conservation policies over time will contribute to improving the global conservation status of biodiversity in the MPAs studied. To this end, it is necessary to carry out a review and inventory of the indicators related to the different thematic blocks of the DPSIR (Figure 2).




2.3. Data Acquisition


The collected indicators were chosen following these characteristics: (1) indicators that contain strict and contrasted information to detect changes; (2) explicit temporal indicators, which means that trends can be measured through a given time frame (1985–2019); (3) the indicators are scalable and quantifiable, and can be easily integrated and compared at different scale levels; (4) the indicators come from official and freely accessible databases and statistical repositories (Tables S1.1–S1.3 in File S1). Databases of different administrative entities (Ministries of Agriculture and Fisheries, of the Environment, and of the autonomous governments of Andalusia, Galicia, and Asturias), MITECO, MAPA, IEO, EU, INE, IUCN, and ICES were consulted. In some cases, data were requested from associations (e.g., CEMMA (Coordinadora para o Estudo dos Mamíferos Mariños) that facilitated the Banco de Galicia cetacean censuses).



For the fishing statistics, different databases were generated in Excel of the biomass that landed in the markets of the provinces in each study area (Andalusia separated into the Gulf of Cádiz and Alborán, Galicia, and Asturias). The database included the amount of total annual biomass fished (kg) by species from 1985 to 2019 in Andalusia, since there are accessible data for Galicia (2001) and Asturias (2004). The scientific name of each species, common name, FAO code, habitat it occupies, and functional trophic group to which it belongs were included. These data were contrasted with different sources such as the European search engine, the Official State Gazette (BOE), Fishbase, FAO (ASFIS), etc. In parallel, the data referring to the average annual price and total annual profits registered for each species per auction were obtained. These data were considered the provisioning service indicators.



The indicators of the industrial and artisanal fishing fleet were obtained from the European fishing registers, which list the number of fishing vessels, their power (amount of work that an engine can generate in one second of time, measured in kW) and its tonnage (total size of a ship, measured in GT). In all of these cases, the records began in 1990, so this is where the historical series began for this set of variables studied. These data were considered part of the cultural service indicators.



The data of the presence, abundance, distribution, and conservation status of the majority of the non-fishable taxonomic groups (i.e., vertebrate species: sea birds, sea turtles, and cetaceans) throughout the historical series under study were incomplete, which prevented the complete modeling of the ecosystem. Additionally, although we found little information of the presence of cetaceans, birds, and sea turtles in marine areas [34,45,46,47,48,49,50,51,52,53,54,55,56], we included them in the analysis when possible. It is important to note that all of the biomass data for exploited species utilized in this study solely represent the landings of commercially caught species and should not be considered an accurate reflection of the total biomass extracted from the ocean as it excludes discards, illegal, and recreational fishing due to the lack of official databases.



The temporal evolution of the fishermen’s confraternity and NGOs linked to the fishing sector was reconstructed from finding out what year each one was founded individually by means of telephone calls to the markets and/or bosses responsible for each of the fishermen’s confraternities, thus facilitating the general perspective and historical series of expansion of these local corporations and other associations of fishing professionals and aquaculture producers (Tables S1.1–S1.3 in File S1). Data regarding the presence of women in the fishing sector were very difficult to obtain. For this, a formal request was made to the Social Institute of the Navy. The data provided was completed and contrasted with other records obtained from the official statistical offices of each autonomous community as well as those provided by the different women’s associations (Tables S1.1–S1.3 in File S1). These data were considered part of the cultural service indicators.



Other indicators related to cultural services were identified with companies dedicated to whale watching and diving centers, and marine research centers, museums, and interpretation centers. On numerous occasions, it was necessary to resort to the individual contact of each entity to obtain data on the year of creation necessary to construct the time series under study. In other cases, it was easily obtained from the companies’ own web pages or from the official register of companies and centers of each autonomous community (Tables S1.1–S1.3 in File S1).



Information on the regulations, norms, and laws related to fisheries management at a European, national, and regional level were obtained from official legal search engines as well as from official bulletins: the Official State Gazette (BOE), the Official Gazette of the Principality of Asturias (BOPA), the Official Gazette of Galicia (DOG) and the Official Gazette of the Andalusian Government (BOJA). These regulations include closed seasons, catch quotas, minimum sizes, landing methods, aid programs, sector and worker regulations, regulations on permitted fishing gear, and censuses, among others (Tables S2.1–S2.9 in File S2).



The regulations, norms, and laws related to the conservation of species and spaces included were those related to MPAs, management plans, fishing restrictions for specific species as well as regulations that affect marine biodiversity in general. In addition, information was gathered on the Natura 2000 network areas included in the study area (year of creation, area included, governance) over time since 1985 as well as the legislation that established its inauguration and protection (Table S3.1–S3.4 in File S3).



Once the information on the fishable and non-fishable marine species in each study area had been compiled, the threat categories of each species were reviewed to analyze the evolution of the threat categories throughout the time series of the study (1985–2019). At the international level, the category was awarded according to the global, European, and Mediterranean IUCN Red List; at the national level according to the “List of Wild Species in Special Protection Regime Spanish Catalog of Threatened Wild Species” (LERSPE from now on); and at the regional level, the Red Lists and Catalogs of threatened species of the autonomous communities of Asturias, Galicia, and Andalusia were reviewed (Tables S1.1–S1.3 in File S1).



In total, we compiled a database with 58 indicators for Andalusia. Ten of the indicators were related to biodiversity loss, two to ecosystem integrity, five to SE (one supply, four cultural, and two regulatory), four to drivers (one demographic, two economic, and one cultural), and four with pressures (three from overexploitation and one from land use change). Finally, the indicators included in the responses were also compiled at the national (12) and international (14) scales, of which 14 were included in management responses and 17 in conservation responses (Figure 2 and Tables S1.1–S1.3 in File S1).



For Galicia, 100 indicators were collected: 33 drivers, 4 pressures, 22 on the state of biodiversity loss, 9 ecosystem services, and 29 responses (4 conservation and 25 management). For Asturias, 97 indicators were compiled: 30 drivers, 4 pressures, 33 on the state of biodiversity loss, 9 ecosystem services, and 18 responses (4 conservation and 14 management) (Figure 2 and Tables S1.1–S1.3 in File S1).




2.4. Analysis of the DPSIR Model


In each of the four marine areas under study, the interactions between indicators of the different components of the DPSIR were analyzed. From the list of available indicators explained in the former paragraph, the best ones were selected for each area including local and regional indicators (Figure 2 and Tables S1.1–S1.3 in File S1). In order to verify the ecological significance of the evaluated DPSIR component, all indicators were standardized by subtracting the mean from each value and dividing by the standard deviation. Subsequently, the overall trends of these indicators in the studied time series were analyzed to determine whether they consistently contributed to explaining the environmental impact. For example, the indicators selected for the state of biodiversity increased with the loss and degradation of biodiversity; in these cases, they were multiplied by (−1); in this way, the numerical tendencies coincided with the biological meaning. Afterward, linear regressions were performed for the time series of each indicator and the estimated slope was used to assess its trend. The trend of each indicator was classified into five categories based on the criteria established by Santos-Martín et al. [35]: (1) highly improved (↑↑) when the slope of the regression models was greater than 0.08; (2) improved (↑) when the slope of the regression models was between 0.08 and 0.04; (3) stable (↔) when the slope was between 0.04 and −0.04; (4) decreased or worsened (↓) when the slope was negative and between −0.04 and −0.08; (5) it became much worse (↓↓) when the slope was less than −0.08.



Subsequently, and following the suggestions of Floridi et al. [57] for the quantitative analysis of indicators, the set of indicators of each component of the DPSIR was added, calculating their arithmetic mean to reduce compensation for poor performance in specific indicators that showed high values in others (Figure 2). In total, 12 integrated indices were obtained. For the “driver” of the DPSIR dimension, we used three integrated indices: demographic, economic, and cultural. For the “pressures” of the DPSIR dimension, we used two integrated indices: overexploitation and land use change. To analyze the “status” of the DPSIR dimension expressed as biodiversity loss, we used two integrated indices: “exploited marine biodiversity” expressed as the richness of fished species and “threatened biodiversity” expressed as the number of species under threatened conservation categories in the IUCN Red List, national and regional red lists. For “impacts”, we explored the loss of ecosystem services (provisioning, regulating, and cultural). For the ‘responses’ of the DSIR dimension, two integrated indices were used: ‘management’ and ‘conservation’ (see Figure 2 and Tables S1.1–S1.3 in File S1 for more detail).



The relationships between the indicators (synergistic or antagonistic) included in the DPSIR dimensions were analyzed through multiple Pearson correlations performed between the mean values of the indicators of each DPSIR dimension. Then, the relationships between the aggregate indicators were analyzed using Pearson’s multiple correlations. Prior to analysis, all variables with no variation across the time series (i.e., all coding values were the same) were removed and missing data were imputed using the nearest neighbor algorithm. All statistical analyses were performed with XLSTAT 2020.4.1.



To facilitate the understanding of the results of the analysis, the marine areas of the south will be compared, and then those of the north; the Gulf of Cádiz and Alborán will be presented first, and then Galicia and Asturias.





3. Results


3.1. Results of the DPSIR Analysis for the Gulf of Cádiz and Alborán


Trends of the Mean Values of the Indicators of Each DPSIR Dimension


The results of the analysis of the indicators showed similar patterns in both marine areas for drivers and pressures, but they exhibited differences mainly in the dimensions of impacts and responses.



For the Gulf of Cádiz, the strongest and most negative correlation was found between the state of biodiversity and the responses given by society and policy-makers (−0.927; Table 2), which shows that there has been a continuous decline in the biodiversity despite increased management and conservation responses. Furthermore, the drivers were also negatively correlated with biodiversity (−0.726). The impacts and pressures were negatively correlated (−0.376), shedding light on the interactions between overexploitation and the transformation of the coast due to land use change in the provision of ecological services.



In the Alborán Sea, there was also a negative relationship between biodiversity and the responses and with the drivers, but in both cases, it was slightly weaker (−0.873 and −0.638, respectively, Table 2) than in the Gulf of Cádiz. The impacts and responses were also negatively correlated (−0.765), which indicates the lack of efficiency of management plans and conservation actions to preserve the supply of ecosystem services. In the Gulf of Cádiz, the drivers and responses improved throughout the time series studied; the pressures and impacts remained stable, and the state showed an extreme decreasing trend. In contrast, in the Alborán Sea, the drivers and pressures showed a stable trend throughout the time series, the state and impacts decreased, and the responses improved (Table 3).





3.2. Aggregated Indices Trend for the Gulf of Cádiz and Alborán


3.2.1. State of the Marine Biodiversity of the Gulf of Cádiz and Alborán


The state of biodiversity has greatly worsened in the Gulf of Cádiz and worsened in the Alborán Sea over the study period (Figure 3 and Table 4). In both marine regions, the integrated indices expressed as exploited biodiversity and threatened biodiversity have continuously decreased since 1985.




3.2.2. Impacts of the Gulf of Cádiz and Alborán Sea


The temporal trend of the ESs was stable in both areas but decreased or worsened in the Alborán Sea (Figure 4, Table 3). The ES supply decreased in the Gulf of Cádiz and strongly decreased in the Alborán Sea. The rest of the ESs remained stable in both areas except for the regulation ES in the Gulf of Cádiz, which also showed a strong downward trend (Table 4). The inflection point detected in 1999–2000 for the drivers was also found for the supply and regulation ES in the Gulf of Cádiz.




3.2.3. Responses of the Gulf of Cádiz and Alborán


In both areas, the overall trend of the indicators included in the responses improved over time, as did their integrated indices, except for the conservation responses based on the development of marine protected areas in the Gulf of Cádiz, which greatly improved (Figure 5 and Table 4). The integrated index that includes actions and management plans had a turning point in 2000 in the Gulf of Cádiz as a consequence of the non-renewal of the fishing agreement with Morocco and its relationship with the number of its species and the fishing regulations involved. In addition, another turning point was the period of 2009–2010, when the implementation of new protected marine areas belonging to Natura 2000 began including their corresponding Sites of Community Importance (hereinafter SCI), Special Protection Areas (SPA), and Special Areas of Conservation (SAC) (2009 in the Gulf of Cádiz and 2010 in the Alborán Sea as explained by the WWF (World Wildlife Fund) [58].




3.2.4. Drivers of the Gulf of Cádiz and Alborán


The overall trend of the mean indicators included in the drivers as well as the pattern of their aggregate social, economic, and cultural indices were similar, but when the slopes were considered (Table 3), we could appreciate differences. The drivers in the Gulf of Cádiz improved throughout the study period while they remained stable in the Alborán Sea (Figure 6). However, the pattern of improvement was shared in both places, with a notable decrease in economic and cultural factors with two contrasting turning points. Both indicators, the first, 1999–2000, and the second, since 2008, had a close relationship with the economic characteristics. The social drivers continued to increase following the trend of the population growth rate (Table 4).




3.2.5. Pressures of the Gulf of Cádiz and Alborán


The general trend of the average indicators included in the pressures and the trend of the integrated ones in overexploitation (i.e., industrial fishing fleet) and spatial transformation of the coast (i.e., number of ports) followed the same stable pattern in both study areas (Table 3). The overexploitation indicator decreased over time, while the spatial transformation of the coast increased over time. As a result, no clear trend of pressures over time was found (Figure 7 and Table 4).




3.2.6. Correlation Analysis Results of the Gulf of Cádiz and Alborán


Pearson’s correlation analysis showed significant relationships between the integrated indicators of the DPSIR framework in each marine region studied (Table S4). In the Gulf of Cádiz (Table S4), threatened or jeopardized biodiversity presented a high negative correlation with both the actions carried out to improve the conservation of biodiversity, action and management plans (−0.808), and with the development of marine protected areas (−0.947). Overexploitation (i.e., industrial fishing fleet development) was positively correlated with exploited marine biodiversity (expressed as number of species, 0.75) and threatened biodiversity (expressed as number of conservation categories, 0.77). As a result, there was a decrease in the biomass caught but an increase in the number of species caught and in the number of threatened species. In addition, the spatial changes of the coast were positively correlated with demographic factors (0.915), but negatively correlated with both indicators of biodiversity loss, exploited biodiversity (−0.818) and threatened biodiversity (−0.867), and provisioning ES (−0.711). In addition, there was a negative correlation between the responses, the number of regulations (action and management plans, −0.822, and development of protected areas, −0.947), and the overexploitation and development of industrial fishing gear.



In contrast, across the Strait of Gibraltar, in the Alborán Sea, there were different interactions between the integrated DPSIR indicators (Table S1). Exploited biodiversity was negatively correlated with population (−0.89), land use changes (−0.795), and management and conservation responses (−0.718 and −0.907, respectively) and positively correlated with provisioning ES (0.753), resulting in both the state of biodiversity and the total captured biomass decreasing at the same time. Threatened biodiversity interactions had the same but stronger negative trends with population (−0.962), land use change (−0.844), and management and conservation responses (−0.774 and −0.929, respectively) and positively with the supply service (0.792). In fact, supply was negatively related to population (−0.862), changes in land use, and responses for biodiversity conservation.





3.3. Results of the DPSIR Analysis for Galicia and Asturias


Trends of the Mean Values of the Indicators of Each DPSIR Dimension


The results of the indicator analysis showed similar patterns in both marine areas for drivers and pressures and the relationship between biodiversity status and responses. However, there were small differences in the trends of the indicators of each block in both regions.



In Galicia, the loss of biodiversity was negatively correlated with the management and conservation responses (−0.96), something that also occurred in the Gulf of Cádiz and Alborán. Here, despite the increase in responses, there was still a continuous decrease in biodiversity (Table 5) and the trend in the historical series studied decreased (Table 6). Furthermore, drivers (−0.587) and impacts (−0.338) were also negatively correlated with biodiversity, indicating that there was a relative loss of ecosystem services delivery, even though their supply was relatively stable over time (Table 6). The pressures were inversely related to the drivers of change (−0.715) but positively related to the responses (0.659).



In Asturias, the same pattern existed, where biodiversity loss was negatively related to the responses (−0.958), drivers (−0.398) and impacts (−0.480) although the trend of biodiversity loss over time remained stable (Table 6). On the other hand, the relationship between the pressures and the drivers was more negative than in Galicia (−0.815, Table 5) and although the trend of the drivers was stable over time, that of the pressures worsened significantly (Table 6).





3.4. Aggregated Indices Trend for Galicia and Asturias


3.4.1. State of the Marine Biodiversity of Galicia and Asturias


There was a loss of marine biodiversity throughout the study period (1985–2019) in both Galicia and Asturias, although the trend was less pronounced than in the Gulf of Cádiz and Alborán (Figure 8). In Galicia, the two aggregated biodiversity indices showed a tendency to worsen, and in the case of exploited biodiversity, the worsening was especially worrying (Table 5). In Asturias, the exploited biodiversity behaved the same, but the threatened biodiversity showed a stable trend throughout the period studied.




3.4.2. Impacts of Galicia and Asturias


The supply of ecosystem services remained stable over time in both Galicia and Asturias (Figure 9 and Table 7). The provisioning ES fluctuated significantly in the time series, but the global trend was stable, as already previously mentioned. The regulation ES measured with the ITM and PPR indices showed that there was no overfishing in these areas.




3.4.3. Responses of Galicia and Asturias


The evolution of the management and conservation responses showed a growing trend in both marine areas. The management carried out through different action and management plans increased in Galicia, although it remained stable in Asturias (Figure 10 and Table 7). In contrast, the conservation of biodiversity through the creation of marine protected areas showed a trend of strong improvement in both regions (Table 7).




3.4.4. Drivers of Galicia and Asturias


The trend of the drivers in the two marine areas showed an increase, except for the social indicator, which is demographic and remained stable in Galicia (Figure 11 and Table 7). The aggregated cultural indicators referred to the creation and maintenance of a number of sea interpretation centers, research centers, museums related to the sea, fishing, etc. and showed a strong upward trend in both regions.




3.4.5. Pressures of Galicia and Asturias


The pressures showed a downward average trend (Table 7 and Figure 12), and when we looked at the trend of each aggregate indicator separately, they were the opposite: overexploitation (i.e., descriptive indicators of the industrial fishing fleet) showed a strong decline in both areas while land use change (i.e., number of building plots owned by coastal municipalities) increased dramatically in both areas.




3.4.6. Correlation Analysis Results of Galicia and Asturias


In both areas, exploited biodiversity had negative correlations with management and conservation responses, showing more negative values in Galicia (−0.749 and −0.715, respectively, Table S2). It also showed negative relationships in both zones with all driver indicators. Land use changes in both areas displayed negative correlations with pressures, highlighting the impact of coastal modifications on the integrity of marine ecosystems and their capacity to provide services. Moreover, exploited biodiversity showed a positive correlation in both areas with overexploitation, which had a strong downward trend (0.768 in Galicia and 0.792 in Asturias) over time, which implies that the decline in the industrial fleet is reflected in a smaller amount of biomass captured from marine biodiversity (Table S4.2). Jeopardized biodiversity showed the same relationships as exploited biodiversity with the DPSIR aggregated indices in the two areas, except for the negative relationship with regulation (−0.503) and cultural (−0.420) ESs in Asturias.






4. Discussion


4.1. Discussion of the Results of the DPSIR Analysis for the Gulf of Cádiz and Alborán


Our findings revealed a concerning decline in biodiversity in the two marine areas studied since 1985. These findings align with the global trend of ecological degradation and loss of biodiversity in marine ecosystems resulting from various human activities, as demonstrated in numerous studies conducted worldwide [59,60], within Europe [61,62,63,64,65], on a Mediterranean level [66,67,68,69,70], and locally such as the study by Torres et al. [71] in the Gulf of Cádiz and Tudela et al. [72] in the Alborán Sea. Interestingly, there has been a significant increase in the number of regulations introduced over time at various spatial levels (international, national, and regional) as well as in the establishment of marine protected areas. In response to the European Marine Strategy Framework Directive (MSFD), which calls for EU member states to achieve good environmental status for their seas by 2020, many measures have been implemented [73,74]. These measures include the establishment of marine protected areas (MPAs), which aim to meet the requirements set by the Convention on Biological Diversity (CBD) to protect and effectively manage 10% of the sea in AMP by 2020 [75]. The goal of these MPAs is to restore and conserve various aspects of marine life, including species, fisheries, habitats, ecosystems, and their sustainable exploitation. However, despite the Mediterranean Sea being a hotspot for marine biodiversity, the current coverage of MPAs in the region is only 6% of the basin, which falls short of the CBD’s 10% target. This information was highlighted in a study conducted by Claudet et al. [70]. In the marine areas of this study, we might expect that the responses given by the institutions could mitigate the pressures that trigger the loss of biodiversity, however, our results suggest that they are not capable of doing so (Table 2 and Table 3, Figure 3 and Figure 5, Tables S3.1–S3.4 in File S3).



The main drivers were related to the increase in population (social driver), which enhanced the consumption of fish and shellfish (economic driver) through the development of industrial fishing gear (pressure due to overexploitation) and caused a land use change on the coast through the construction of ports and other infrastructure (Figure 4 and Figure 7, Table S4.1 in File S4).



The results prompt the question of whether the responses in these areas are ineffective and/or inadequate in safeguarding the ecosystem’s integrity and biodiversity (Figure 3), or if other factors are contributing to this decline in biodiversity. Recent field studies have explored the efficacy of MPAs in mitigating biodiversity loss and found that their failure is due to their small size and/or suboptimal boundary design [76]. To protect and conserve marine metapopulations, it is essential to establish a network of MPAs that is sufficiently large to prevent the mortality of individuals crossing their borders and close enough to ensure connectivity between populations and the dispersal of their offspring [77,78,79,80,81,82]. In addition, in some western Mediterranean MPAs, other failures have been addressed regarding their form of governance management [83,84]. Moreover, the length of time that has passed since the establishment of MPAs has proven to be a significant factor influencing their ecological effectiveness. However, the impact of this time period varies among different species groups. For certain target species, a period of as short as 5 years may be sufficient, while for top predators, it could take several decades [85]. For instance, in the Cabo de Palos-Islas Hormigas MPA, Rojo et al. [86] conducted a study analyzing the recovery patterns after 23 years of protection. They observed that the biomass of fish that feed on other fish and macroinvertebrates increased over time, while their population density decreased. This suggests that control of the food-web dynamics is attributed to top–down mechanisms or consumer interactions. Thus, a similar delay in the effectiveness of regulations, actions, and management plans could have occurred in the marine areas of this study. The implementation of the Natura 2000 network for MPAs in Spain began in 2009 for the Atlantic region and in 2010 for the Mediterranean region [58,87]. However, a decade may not be sufficient time to achieve a good environmental status (Figure 5, Table 4, Files S2 and S3). Additionally, there is a need to enhance coordination between regional and national governments in order to improve the governance of MPAs. Some MPAs have shared authority, while others are governed either nationally (e.g., Isla de Alborán and Cabo de Gata Níjar marine reserves in the Alborán Sea area) or regionally (e.g., the Guadalquivir Mouth marine reserve in the Gulf of Cádiz) (Tables S3.1–S3.4 in File S3).



Additionally, achieving the global conservation of marine biodiversity requires the design and support of long-term management plans in marine protected areas (MPAs), improving compliance levels, and establishing a global network of MPAs [80,88,89,90]. In Europe, Katsanevakis et al. [65] suggested twelve measures for enhancing MPA management. These include implementing adaptive management plans at all Natura 2000 sites, improving mechanisms for public participation in MPA planning and management, and prioritizing conservation objectives through collaboration with relevant social actors. A study by Ban et al. [91] demonstrated the social effectiveness of large MPAs across 16 sites worldwide. Their findings revealed that low levels of participation among resource users and limited external recognition were associated with decreased well-being, while high participation in zoning, social monitoring, location selection, standards development, and environmental monitoring correlated with improved human well-being. The trend toward overexploitation has decreased considerably in both areas (Table 4), especially since the 2000s, when the European Maritime and Fisheries Fund (EMFF) started supporting different financial lines to help fishermen adapt their boats and industrial fishing gear toward sustainable fishing methods. The reconditioning of the industrial fishing fleet had an indirect collateral response in a slight improvement of the artisanal fishing fleet (Figure 4 and Table S4.1 in File S4), which was more pronounced in the Gulf of Cádiz (Pearson correlation index = 0.499, Table S4.1).



During the study period, the supply of ecosystem services (ESs) decreased in both marine areas, with a particularly significant decline observed in the Alborán Sea. This decrease was primarily attributed to the non-renewal of the Cooperation Agreement in the maritime fishing sector between the European Community and the Kingdom of Morocco in 1999–2000 [92], resulting in a significant decrease in the total biomass captured. In both areas, this decrease has been negatively correlated with the pressures of land use change, which increased the deterioration of the integrity of the coastal ecosystem due to the construction of ports and coastal development. Coastal habitats are known nurseries for fish and shellfish [93], and the destruction and alteration of these habitats could trigger a decrease in their population density. Furthermore, the supply of ESs in both areas showed a negative correlation with fishing regulations and management plans, indicating that these measures have not effectively ensured the long-term recovery and sustainable fishing of stocks. This fact, together with the positive interaction with exploited and threatened biodiversity, indicates that in both areas, there is a “fishing down the food web” effect as previously described by Pauly et al. [94], where overfishing decreases the total biomass of the catch (large commercial species, high trophic level predators, and carnivorous fish), whereas at the same time, there is also an increase in the number of small fish species (low trophic level herbivores) caught and/or included in the IUCN Red List catalog. Consequently, an overexploited food web is likely to have lower trophic levels of consumers compared to an undisturbed web (Figure 3 and Figure 4).



Furthermore, there are additional factors contributing to the loss of biodiversity that are not officially quantified. Poaching and recreational fishing have significant effects on biodiversity, but their impact is often underestimated. The illegal trade in fish is particularly difficult to identify and measure. A study by Coll et al. [95] suggested that up to 43% of catches in the areas studied could be illegal. The unreported catches primarily consist of discards and the by-catch of species along the Spanish Mediterranean coast. These unreported catches can make up between 13% and 67% of the total biomass catch [96,97], depending on the fishing gear and habitat. It is crucial to also consider other forms of extraction such as sport fishing vessels, black market fish trade, subsistence fishing, unrecorded artisanal fishing, and poaching. Unfortunately, existing estimates do not apply to our study as they only provide data for specific moments and not for the entire time series from 1985 to 2019. The lack of official fishing reports and their inclusion in our current regulations is a pressing issue, as highlighted by Giménez-Casalduero [98]. This author emphasizes the economic importance of recreational fishing, which in some areas like Malaga (Alborán Sea) contributes four times more to the commercial margin than professional fishing. However, recreational fishing also has other environmental impacts such as negative effects on the seagrass beds of the protected species Posidonia oceanica. These impacts including anchoring have also been observed in other marine areas in the Mediterranean [99]. The cultural and regulating ESs remained stable (Table 4) in both areas. Cultural ESs and human well-being, achieved as a result of the development of artisanal fishing fleets and the creation of organizations of fish producers, fishermen’s associations, and business associations representative of the fishing and aquaculture sectors showed an improvement trend since the late 1990s to 2004, reflecting the aforementioned EMFF effects.




4.2. Discussion of the Results of the DPSIR Analysis for the Galicia and Asturias


A severe loss of biodiversity was observed in both Galicia and in Asturias throughout the entire historical series, weighed down above all by the deterioration in the state of exploited biodiversity. Therefore, each year, more species exploited by fisheries are identified, which are in turn included in a threat category of the IUCN or LESPRE (List of Wild Species under Special Protection Regime).



In both regions, most of the non-fishable species (birds, cetaceans or sea turtles, for example) are evaluated by the IUCN at a global level the exception is the group of cnidarians and algae, which do not have any species evaluated at a global level by the IUCN. In the fishable species, we found more species that had not been evaluated, especially in the groups of mollusks and arthropods, where less than 30% of the species have been evaluated, so large quantities of biomass of species whose conservation status is unknown are landing at markets in both Asturias and Galicia.



The assessment of species and fish stocks at the European level is relatively recent, and in most groups, the first assessments date from 2007. The groups of arthropods and mollusks have species evaluated at a global level but not at the European level. The groups of cnidarians and algae that did not have an evaluation at a global level also did not have one at a European level. At the national level, the number of species included in the LESPRE was high for the most iconic and striking species, especially mammals and birds and other large vertebrates. The guiding criteria for the inclusion of a species in the LESPRE are described in a 2017 resolution [100]; it is a complex process for which a lot of information is needed, which, as previously mentioned, is much scarcer for certain less conspicuous groups. At the regional level, the number of species included is even lower, especially in Asturias, with a catalog that is more than 30 years old and has not been modified at any time. If legally-based documents are not kept up to date, it is much more difficult to carry out conservation actions at the regional level.



Regarding the specific analysis of endangered species landing at the markets, it is worth noting the contradictory results obtained for the two autonomous communities. Asturias complies with the hypothesis, by which it is understood that the imposed regulations are working in this area as the quantity of threatened species fished is reduced proportionally with respect to the total biomass of threatened species. However, in Galicia, the opposite result was obtained, where the proportion of fished threatened species with respect to the total number of threatened species increased with the number of regulations. Moreover, the provisioning ES (measured with the biomass landed at the market) showed a pattern of recovery and stabilization in recent decades (although with oscillations), which is probably related to the management measures of fishing stocks, and not so much to do with those that are launched when a species is classified as threatened. It is important to remember that in the North Atlantic demarcation, fishing exploitation is regulated with extraction quotas that are set according to the annual recommendations of the ICES (International Council for the Exploration of the Sea) which, although they are not conservation measures to use, and have a extractivist background vision, they also aim to achieve the maximum sustainable yield (MSY), that is, to maximize the amount of biomass extracted but taking into account the sustainability of the resource and the long-term viability of the exploited populations.



The two indices measured to assess the SE of regulation (ITM and PPR) remained stable (with oscillations) throughout the time series studied and did not detect alarming situations of overfishing. Both indices are especially sensitive to catches of small pelagic, planktophage, and low trophic level fish such as sardines (Sardina pilchardus) and anchovies (Engraulis encrasicolus). These species are of high commercial value and are of great importance in the functioning of the system since they are prey to a large number of predators in the ecosystem [101] and are also very sensitive to environmental variations since their reproductive processes and annual recruitment are linked to sea temperature and primary production of the ecosystem [102,103,104]. There is therefore the possibility that the oscillations observed in the regulation and provisioning ESs are ultimately due to the response of these species to more frequent climatic anomalies in recent decades [105,106,107].



Throughout the historical series analyzed in Galicia and Asturias, the increase in legislation has allowed most of the cultural services to improve, as evidenced by the large number of interpretation centers, research centers, and museums related to fishing in Galicia as in Asturias. However, the indicators related to artisanal fisheries decreased in both regions throughout the historical series studied.



The Galician artisanal fishing industry has undergone significant changes as a result of various ecological, economic, social, and institutional factors. These factors include overfishing [108], environmental changes in Galician bays [109], oil spills [110], pollution events, higher demand for shellfish [111], the introduction of new co-management systems [112], the establishment of marine protected areas (MPAs), and conflicts with recreational fishing [113]. Together or individually, these factors have posed challenges to the current state of the industry and have the potential to bring about positive transformative changes [111]. In Galicia, among the traditional fishing techniques, inshore fishing and shellfishing on foot stand out, which cause much less damage to marine systems than those caused by industrial fisheries in these same environments [114]. In this sense, the important role of women in the sector should also be mentioned, where the shellfish collectors, the majority of whom are women, are in charge of manually collecting and processing the fishing products from the moment they are extracted from the sea [115].



Regarding the responses, there is an unequal development between communities and type of response, so that in Galicia, both types of response increased over time, and in Asturias, the management measures remained stable, although an intense increase was observed in the number of conservation measures. In both communities, it seems clear that the implemented responses have not had the desired effect and are not capable of halting the loss of biodiversity, although they are capable of maintaining the provisioning ES and the amount of biomass extracted from marine ecosystems over time, at least in recent decades and with the oscillations previously mentioned in this same section. According to the results obtained, it seems that the management measures with a productivist philosophy and whose ultimate objective is to achieve MSY are fulfilling their function, but those aimed at improving the state of general biodiversity still have room for improvement, possibly for the same reasons as in the Gulf of Cádiz and Alborán.



This process of biodiversity loss, ES delivery, and conservation and management responses is also fundamentally driven by economic and cultural drivers of change in Galicia and Asturias by demographic changes. In both regions, economic and cultural drivers are closely linked. Fishing is a source of economic income in the study areas, mainly in Galicia.



In both communities, they registered the highest average prices in the taxonomic groups of fish, followed by crustaceans and cephalopods (also bivalves in the case of Galicia). The fishing sector in Galicia, at a socioeconomic level in 2016, according to the Ardan report [116], produced a volume of income of EUR 8857.3 million and employed 36,532 people. The artisanal fishing industry in Galicia is comprised of around 10,043 fishermen including 3724 women primarily involved in intertidal shellfishing. Additionally, there are over 16,460 indirect employees, accounting for over 60% of the total workforce in the fishing sector [117,118]. The artisanal fishing fleet operates in more than 80 municipalities, with over 3827 small fishing vessels documented in the official Galician fishing fleet census as of March 2021. These vessels engage in fishing activities in coastal inlets and shallow oceanic waters [119]. Shellfishing on foot, a traditional and artisanal activity focused on cultivating and extracting bivalve mollusks, contributes to 7% of the gross domestic product (GDP) and 17% of employment in the Galician fishing sector [120]. However, since the 1960s, efforts to regulate and modernize shellfishing on foot, predominantly carried out by women, have led to a significant decline in the number of female shellfish collectors. The implementation of regulations and professionalization of the sector has resulted in reduced female employment opportunities. Nevertheless, women involved in shellfishing feel empowered and view their work as dignified, despite the increasing trend of men entering the profession due to its growing economic and social prestige [121]. According to the most recent official surveys conducted in Galicia, the statistics indicate that there are 470 women employed in extractive fishing, 1118 employed in marine aquaculture, and 2633 employed in foot shellfishing. These numbers represent approximately 4.13% of total employment in Galicia for extractive fishing, 21.38% for marine aquaculture, and 69.7% for foot shellfishing within the fishing economy subsectors [118]. As a counterpoint, the industrial fishery, made up of, among others, trawlers and purse seiners, increasingly alters, depletes, and destroys both benthic and demersal communities in these marine areas, leading fisheries to a point of no return and sometimes to their end collapse [121,122].



In both autonomic governments, it was observed how the pressures decreased in response to the increase in management responses. Years later, in 2001, the Maritime Fishing of the Spanish State was regulated by means of Law 3/2001 [123], with the main objective of regulating maritime fishing and establishing regulations for the marketing of products from the fishing and fishing sector aquaculture. In consecutive years, more and more regulations have continued to be added, among which it is worth highlighting the updates to the PPC in 2002 and 2013, whose modifications alluded to the implementation of the concept of sustainability in the sector that facilitated economic and labor stability [124] as well as Law 41/2010 [125], which proposes improvements in the planning of fishing activities in order to ensure fishing. Moreover, taking up the sustainable framework proposed by the 2030 Agenda, in SDG 5, it describes the need to “achieve gender equality and empower all women and girls”. The “feminist economy” has been reaching an important degree of development in the last four decades, making clear the socioeconomic importance of women in the development of this activity [126]. As previously expressed by multiple authors [126,127], the lack of adequate information is the main cause of the invisibility of the work carried out by women in this sector as well as in many others. This fact is reflected in the search for information through the official statistical data websites, both national and local, which present very little information on the role of women in each of the seafaring activities. However, and unfortunately, it is not surprising that, in a maritime fishing sector, a masculinized sector, and despite the great historical relevance of the role of women, it is truly difficult to find a figure, from the official statistics, that estimates the number of women who are active in this fishing world. In an effort to achieve this information, it turned out that the apparently non-existent information does exist. This data collection is urged by multiple women’s associations, where day after day these professionals defend their rights and become involved in the regularization of their trades, leading to a process of individual and collective empowerment. With this objective, the “AKTEA” Foundation at a European level, the “Spanish Network of Women in the Fishing Sector (REMSP)” as well as many other local associations, among which “ANMUPESCA” in Galicia and “Fundación Mujeres” in Asturias are responsible for valuing and making visible the role of women in the maritime fishing sector, thus achieving a fundamental right such as gender equality.



To summarize, achieving a sustainable economy necessitates a reevaluation of the relationship between the economic system and the preservation of natural ecosystems and biodiversity. The DPSIR analysis showed the significant effect of economic drivers in the decline of biodiversity in the four studied areas and during the complete time series, but it was especially dramatic in the Gulf of Cádiz. The implementation of conservation and management plans are, right now, not enough to counteract the effects of these economic drivers (and possibly other external factors contributing to the biodiversity loss), and more efficient and holistic management approaches are needed to preserve biodiversity and its ability to provide essential ecosystem services that in turn allow for the development of human societies. These approaches should also acknowledge the importance of the economic and social factors affecting professional and recreational fisheries. Recognizing the importance of biodiversity conservation and sustainable use, various economic sectors are increasingly integrating biodiversity considerations into their policies, strategies, and actions. Successful examples of this approach are already working in some fishing grounds of Galicia [111,114] and the Gulf of Cádiz [128], where the local communities have realized the value of MPAs in the conservation of resources. This study highlights the usefulness of analytical approaches to better understand the complex interactions between biodiversity and the fisheries’ policies, filling the gaps left by years of single stock management approaches that ignored the role of different species in the ecosystem and the long-term effects of fishing policies that missed the connection between biodiversity and all the ecosystem services provided by marine systems. Future research should focus on understanding the food-web dynamics and integrity in protected and not protected areas and linking them with the ability of marine ecosystems to provide ESs. Ecosystem modeling such as Ecopath with Ecosim and Ecospace is now an efficient tool that allows for the integration of environmental factors, fishing policies, and food-web dynamics [129]. However, all of these analytical approaches are heavily dependent on quality and reliable data sources, so future actions should also ensure the collection of high-quality data, and the coordination of the different institutions implied in monitoring and managing marine ecosystems. As a conclusion, and in order to achieve a better protection of marine socio-ecosystems, we consider is essential for all stakeholders including fishermen, companies, and institutions at the regional, national, and international levels to collaborate. Promoting the conservation of marine biodiversity requires a stronger commitment from society, institutions, and businesses, with the inclusion of participatory strategies in the planning and utilization of ecosystem services within Natura 2000 network areas.
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Figure 1. Location of the four marine regions included in this study including their respective Natura 2000 marine protected areas. Modified from LIFE IP INTEMARES https://intemares-drupal.entorno-desarrollo.es/mapa (accessed 2 September 2023). 






Figure 1. Location of the four marine regions included in this study including their respective Natura 2000 marine protected areas. Modified from LIFE IP INTEMARES https://intemares-drupal.entorno-desarrollo.es/mapa (accessed 2 September 2023).



[image: Coasts 04 00010 g001]







[image: Coasts 04 00010 g002] 





Figure 2. Summary of the conceptual framework of the DPSIR analysis to study complex interrelationships between ecosystem services, human well-being, the loss of marine biodiversity, and the conservation and management responses by society to stop and/or mitigate this loss, showing the number of indicators included in each DPSIR block by marine region studied. See Annex 1 for a detailed list of indicators and their sources. 
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Figure 3. Evolution of the temporal trends of the average indicators included in the state (dark green line) in the study areas: (A) Gulf of Cádiz and (B) Alborán Sea. The gray shade represents the standard deviation and the dotted line the trend. The mean values of the integrated indices are also shown: exploited marine biodiversity (dry green line) and jeopardized biodiversity (bright green line). 
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Figure 4. Evolution of the temporal trends of the average indicators included in the impacts (burgundy line) in the study areas: (A) Gulf of Cádiz and (B) Alborán Sea. The gray shade represents the standard deviation and the dotted line the trend. Mean values of the integrated indices are also shown: provisioning ecosystem services (red line), cultural ecosystem services (blue line), and regulating ecosystem services (green line). 
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Figure 5. Evolution of the temporal trends of the average indicators included in the responses (purple line) in the study areas: (A) Gulf of Cádiz and (B) Alborán Sea. The gray shade represents the standard deviation and the dotted line the trend. The mean values of the integrated indices are also shown: action plans and management responses (purple line) and the development of marine protected areas as conservation responses (pink line). 
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Figure 6. Evolution of the temporal trends of the average indicators included in the drivers (orange line) in the study areas: (A) Gulf of Cádiz and (B) Alborán Sea. The gray shade represents the standard deviation and the dotted line the trend. The mean values of the integrated indices are also shown: social drivers (yellow line), economical drivers (blue line), and cultural drivers (green line). 
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Figure 7. Evolution of the temporal trends of the mean indicators included in the pressures (dark blue line) in the study areas: (A) Gulf of Cádiz and (B) Alborán Sea. The gray shade represents the standard deviation. The mean values of the integrated indices are also shown: overexploitation (light orange line) and transformation of land use (light blue line). 
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Figure 8. Evolution of the temporal trends of the average indicators included in the state (dark green line) in the study areas: (A) Galicia and (B) Asturias. The gray shade represents the standard deviation and the dotted line the trend. The mean values of the integrated indices are also shown: exploited marine biodiversity (dry green line) and threatened biodiversity (bright green line). 






Figure 8. Evolution of the temporal trends of the average indicators included in the state (dark green line) in the study areas: (A) Galicia and (B) Asturias. The gray shade represents the standard deviation and the dotted line the trend. The mean values of the integrated indices are also shown: exploited marine biodiversity (dry green line) and threatened biodiversity (bright green line).



[image: Coasts 04 00010 g008]







[image: Coasts 04 00010 g009] 





Figure 9. Evolution of the temporal trends of the average indicators included in the impacts (burgundy line) in the study areas: (A) Galicia and (B) Asturias. The gray shade represents the standard deviation and the dotted line the trend. Mean values of the integrated indices are also shown: provisioning ecosystem services (red line), cultural ecosystem services (blue line), and regulating ecosystem services (green line). 
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Figure 10. Evolution of the temporal trends of the average indicators included in the responses (purple line) in the study areas: (A) Galicia and (B) Asturias. The gray shade represents the standard deviation and the dotted line the trend. The mean values of the integrated indices are also shown: action plans and management responses (purple line) and the development of marine protected areas as conservation responses (pink line). 
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Figure 11. Evolution of the temporal trends of the average indicators included in the drivers (orange line) in the study areas: (A) Galicia and (B) Asturias. The gray shade represents the standard deviation and the dotted line the trend. The mean values of the integrated indices are also shown: social drivers (yellow line), economic drivers (blue line), and cultural drivers (green line). 
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Figure 12. Evolution of the temporal trends of the average indicators included in the pressures (dark blue line) in the study areas: (A) Galicia and (B) Asturias. The gray shade represents the standard deviation. The mean values of the integrated indices are also shown: overexploitation (light orange line) and transformation of land use (light blue line). 
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Table 1. Summary of the Natura 2000 marine protected areas included in this study. Surface extracted from https://natura2000.eea.europa.eu/ (accessed 2 September 2023).
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	Natura 2000 Site Code
	Marine Demarcation
	Surface (ha)
	Autonomous Community
	Province
	Marine Region





	ES0000506 Bahía de Almería
	Strait—Alborán
	126,791.49
	Andalusia
	Almería
	Alborán



	ESZZ16005 Espacio marino de Alborán
	Strait—Alborán
	37,276.80
	Andalusia
	Almería
	Alborán



	ES0000505 Espacio marino de la Isla de Alborán
	Strait—Alborán
	66,154.67
	Andalusia
	Almería
	Alborán



	ESZZ16003 Sur de Almería—Seco de los Olivos
	Strait—Alborán
	283,081.01
	Andalusia
	Almería
	Alborán



	ES0000504 Bahía de Málaga—Cerro Gordo
	Strait—Alborán
	60,975.83
	Andalusia
	Málaga
	Alborán



	ES0000500 Golfo de Cádiz
	South Atlantic
	231,316.84
	Andalusia
	Cádiz/Huelva
	Gulf of Cádiz



	ESZZ12002 Volcanes de fango del Golfo de Cádiz
	South Atlantic
	317,761.11
	Andalusia
	Cádiz/Huelva
	Gulf of Cádiz



	ES0000501 Espacio marino del Tinto y del Odiel
	South Atlantic
	4934.07
	Andalusia
	Huelva
	Gulf of Cádiz



	ESZZ12001 Banco de Galicia
	North Atlantic
	1,022,788.2
	Galicia
	A Coruña
	Galicia



	ES0000498 ZEPA Banco de Galicia
	North Atlantic
	872,270
	Galicia
	A Coruña
	Galicia



	ES0000497 Espacio marino de la Costa da Morte
	North Atlantic
	316,516.57
	Galicia
	A Coruña
	Galicia



	ES0000496 Espacio marino de la Costa de Ferrolterra-Valdoviño
	North Atlantic
	6822.31
	Galicia
	A Coruña
	Galicia



	ES0000499 Espacio marino de las Rías Baixas de Galicia
	North Atlantic
	222,020.30
	Galicia
	A Coruña
	Galicia



	ES0000495 Espacio marino de Punta de Candelaria-Ría de Ortigueira-Estaca de Bares
	North Atlantic
	77,203.19
	Galicia
	A Coruña/Lugo
	Galicia



	ESZZ12003 Sistema de cañones submarinos de Avilés
	North Atlantic
	338,770.59
	Asturias
	Asturias
	Asturias



	ES0000494 Espacio marino de Cabo Peñas
	North Atlantic
	32,045.79
	Asturias
	Asturias
	Asturias










 





Table 2. Pearson correlation analysis showing the associations between the mean value of the indices of each DPSIR dimension for the marine areas of the Gulf of Cádiz and Alborán Sea. The significance level at 95% confidence is shown in bold.






Table 2. Pearson correlation analysis showing the associations between the mean value of the indices of each DPSIR dimension for the marine areas of the Gulf of Cádiz and Alborán Sea. The significance level at 95% confidence is shown in bold.













	DPSIR Indicators Block
	Drivers (Average)
	Pressures (Average)
	State

(Average)
	Impacts (Average)
	Responses (Average)





	Gulf of Cádiz
	
	
	
	
	



	Drivers (average)
	-
	
	
	
	



	Pressures (average)
	0.201
	-
	
	
	



	State (average)
	−0.726
	0.042
	-
	
	



	Impacts (average)
	−0.023
	−0.376
	0.257
	-
	



	Responses (average)
	0.761
	−0.040
	−0.927
	−0.053
	-



	Alborán Sea
	-
	
	
	
	



	Drivers (average)
	
	
	
	
	



	Pressures (average)
	0.228
	-
	
	
	



	State (average)
	−0.638
	0.059
	-
	
	



	Impacts (average)
	−0.444
	0.233
	0.692
	-
	



	Responses (average)
	0.558
	0.198
	−0.873
	−0.765
	-










 





Table 3. Mean value trends of all indicators included in each DPSIR dimension for the Gulf of Cádiz and Alborán Sea.






Table 3. Mean value trends of all indicators included in each DPSIR dimension for the Gulf of Cádiz and Alborán Sea.





	DPSIR

Dimension
	Slope Gulf of Cádiz
	Trend Gulf of Cádiz
	Slope Alborán Sea
	Trend Alborán Sea





	DRIVERS
	0.054
	↑
	0.034
	↔



	PRESSURES
	0.004
	↔
	0.006
	↔



	STATE
	−0.082
	↓↓
	−0.075
	↓



	IMPACTS
	−0.006
	↔
	−0.026
	↔



	RESPONSES
	0.069
	↑
	0.076
	↑










 





Table 4. Trends of the aggregated indicators for the Gulf of Cádiz and Alborán Sea.
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DPSIR

Dimension

	
Type

	
Trend in Gulf of Cádiz

	
Trend in Alborán Sea






	
DRIVERS

	
Demographic

	
↑↑

	
↑↑




	
Economical

	
↔

	
↔




	
Cultural

	
↔

	
↔




	
PRESSURES

	
Overexploitation

	
↓↓

	
↓↓




	
Land use change

	
↑↑

	
↑↑




	
STATE

	
Exploited biodiversity

	
↓↓

	
↓




	
Jeopardized biodiversity

	
↓↓

	
↓




	
IMPACTS

	
Provisioning ES

	
↓

	
↓↓




	
Cultural ES

	
↔

	
↔




	
Regulating ES

	
↓↓

	
↔




	
RESPONSES

	
Biodiversity management (action and management plans)

	
↑

	
↑




	
Biodiversity conservation (development of marine protected areas)

	
↑↑

	
↑











 





Table 5. Pearson correlation analysis showing the associations between the mean value of the indices of each DPSIR dimension for the marine areas of Galicia and Asturias. The significance level at 95% confidence is shown in bold.
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	DPSIR Indicators Block
	Drivers (Average)
	Pressures (Average)
	State

(Average)
	Impacts (Average)
	Responses (Average)





	Galicia
	
	
	
	
	



	Drivers (average)
	-
	
	
	
	



	Pressures (average)
	−0.715
	
	
	
	



	State (average)
	−0.587
	0.633
	
	
	



	Impacts (average)
	−0.264
	0.320
	−0.338
	
	



	Responses (average)
	0.659
	−0.692
	−0.955
	0.257
	-



	Asturias
	
	
	
	
	



	Drivers (average)
	-
	
	
	
	



	Pressures (average)
	−0.815
	
	
	
	



	State (average)
	−0.398
	0.641
	
	
	



	Impacts (average)
	−0.320
	0.111
	−0.480
	
	



	Responses (average)
	0.268
	−0.543
	−0.958
	0.640
	-










 





Table 6. Mean value trends of all indicators included in each DPSIR dimension for Galicia and Asturias.
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	DPSIR

Dimension
	Slope Galicia
	Trend Galicia
	Slope