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This study investigates the implications of spatial management strategies on fish populations and fisheries across EU waters, particularly focusing on establishing potential areas for fishing closures to protect nurseries, benthic communities, and biodiversity hotspots in the Northeast Atlantic and Mediterranean Sea. The research addresses the effectiveness of prohibiting certain fishing practices in the context of the EU Common Fisheries Policy (CFP). We investigate spatial- and effort-based fisheries management strategies based on spatial ecosystem modelling, which provides insights into species interactions and distribution shifts, and bioeconomic fisheries models which incorporate finely defined fishing fleets and economic dynamics. Our findings emphasize that redistributing fishing effort without reducing overall effort and catches may negate intended decreases in mortality rates of sensitive marine species or restoration of vulnerable marine habitats to the status targeted by the European marine legislation (EU Marine Strategy Framework Directive MSFD). We highlight the complex interplay of social, economic, ecological, and institutional factors influencing fishers’ decision-making in effort displacement. As the proportion of closed regions increases, potential effects on marine ecosystems can even be damaging in the short term to some sensitive species (such as the endangered, threatened and protected species ETP) and vulnerable habitats (with currently high relative benthic status RBS). This emphasizes the importance of the placement of closed areas and of combining area-based management with other fishery management measures. Findings from case studies in the North Sea, Mediterranean Sea, and Bay of Biscay indicate that prohibiting certain fishing practices in designated areas will likely induce short-term economic losses on specific fishing fleets. Where the prohibitions contribute to improved selectivity or productivity of the fish stocks, these losses may be regained in the long term. Finally, the long-term benefits for marine life that are expected through the spatial protection of vulnerable life stages and habitats will rely on the extent to which climate change affects ocean productivity and distribution of species and habitats.
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Highlights

	Prohibiting specific fishing techniques in all currently designated MPAs has only minor economic and ecological benefits for most fisheries and fish populations.

	Prohibiting certain fishing practices in newly designated fit-for-purpose areas—intended to reduce the risk of incidental catches and benthic degradation—may significantly impact the fisheries economy and fish populations in the short term, but proves more effective for the long-term protection of species and habitats.

	Effects of warming waters and changes in ocean ecology may outweigh the potential benefits of area closures as a management strategy, raising the need for climate adaptation strategies.

	Area-based management should be used in combination with other technical measures to avoid negative impacts of effort displacement outside the managed area.






1 Introduction

The comprehensive Marine Action Plan Fisheries and Ocean package (European Commission, 2023) outlined several key actions to maintain sustainable levels of fish stocks and reduce the fishing impact on the seabed and on sensitive species (such as the endangered, threatened and protected species - ETP). These key actions include, among other things, the phasing out of mobile bottom fishing in MPAs by 2030. In 2024, this plan was accompanied by the Nature Restoration regulation (Regulation (EU) 2024/1991), which itself is a key element of the EU Biodiversity Strategy (EC, 2021). The Regulation sets quantified and time-bound restoration targets for habitats included in Annexe I of the Habitats Directive. Also, it establishes targets for protected species under the Habitats and Birds Directives and restoration targets for essential marine habitats covered by the directives and the Marine Strategy Framework Directive. Improving marine habitats listed in Annex II is aiming to ensure that they reach and stay in good condition. The Convention on Biological Diversity (CBD) recognizes that other spatial management measures, in addition to the fully closed MPAs, can help in the direction of preserving biodiversity and ecosystems. Fisheries restricted areas (FRAs), established by the General Fisheries Commission for the Mediterranean (GFCM) (Target 1 of the GFCM 2030 Strategy) have the twofold aim of improving fisheries productivity by regulating fishing activities in essential fish habitats (EFH, i.e. nurseries and spawning grounds of key commercial species), and protecting vulnerable marine ecosystems (VMEs) that could be negatively impacted by bottom-contact fishing gears. However, protecting at least 30% of the EU´s sea areas by 2030 through MPAs or even FRAs will impact ongoing fishing activities, affecting and redistributing fleet capacity and fishing efforts among operators.

Numerous marine areas have already been designated in EU waters to protect specific features of the marine ecosystems. However, half of the current MPAs have no fisheries restrictions, and 80% have a minimal to light level of protection (Feary et al., 2025; Hogg et al., 2024). A 2022 study shows that the large majority of EU MPAs (62.2%) and MPA coverage (85.7%) are under low protection regimes (lightly, minimally protected, or incompatible with biodiversity conservation) across all member states, regions, and MPA features (Aminian-Biquet et al., 2024). The recent vision of the European Commission (EC) is to move forward implementing management plans in the MPAs where there are none; for example, less than 40% of the marine Natura 2000, both SCIs (sites of community importance) and SACs (special areas of conservation) sites declared to have management plans (Hogg et al., 2024). One of the most critical elements of the EC Marine Action plan (COM (2023) 102 final) is to regulate the activity of mobile bottom-contacting fishing gears in EU waters, to reduce impacts on the seafloor. Reducing incidental catch by more selective fishing is also on the agenda. Such plans require innovation and research studies to analyze short-term trade-offs with the exploitation and risks affecting ocean productivity; for example, to measure the effects of closed areas and of displacing the existing fishing effort on surrounding habitats. Furthermore, it is imperative to evaluate the long-term ecological impacts of implementing these measures, considering the dynamic nature of marine systems, which could lead to shifts in their functioning.

Closing off specific regions for certain gear types will reduce the impact on the seabed or on sensitive marine species and non-targeted species in the closed area. However, the resulting displacement of fishing effort can increase benthic impact and bycatch risk in other areas. Alternatively, these impacts could be reduced if currently high-impact gears that would still be permitted outside the closed area were made more efficient (i.e. improving avoidance of unwanted species, reducing adverse effects on the seafloor, improving selectivity for the target species). Moreover, closed areas can potentially impact the ecosystem elsewhere through food web interactions and migrations (e.g., Marcos et al., 2021), further affecting fishers´ decisions (e.g. Fulton et al., 2011), making the net effect difficult to anticipate. Simulation tools are essential to evaluating these direct and indirect effects, providing a dynamic approach for ecological variability and human activity in EU waters. These tools forecast outcomes under different management strategies by integrating data on species distributions, fishing efforts, and environmental conditions (including a changing climate) as reviewed by, e.g. Nielsen et al. (2017).

In this study, we apply simulation models to the Mediterranean, North Sea and Bay of Biscay ecosystems to study the impact of different management measures and fishing restrictions inside and outside closed areas and across the entire ecosystem. The intention is to provide policymakers with the necessary tools to promote informed, adaptive management that embraces the complexity of marine systems. This is a prerequisite for transitioning to an Ecosystem Approach to fisheries management (EAFM) by demonstrating its practical application in busy, contested spaces like the EU waters. Key steps include engaging stakeholders to identify their areas of concern and developing science-based recommendations for sustainable fisheries practices, accounting for these concerns. The benefits of the Ecosystem Approach are illustrated by embedding ecosystems in real-world management scenarios, for which we aim to build confidence and capacity for its broader adoption across Europe. The suite of models used in our research typically offers valuable insights into the socioecological dynamics of marine ecosystems. In this study, we compile the outcomes of these models, focusing specifically on how spatial fisheries restrictions impact fish stocks, the seafloor, and bycatch risk. The spatial restrictions investigated were: i) complete implementation of restrictions in existing conservation areas, or ii) new suggestions for restrictions to reduce the risk of bycatch or lower the impact on the seafloor. Scenario-based testing examined the interrelated effects of management options and stock productivity.




2 Methods

To support case-by-case investigation, various spatial management options were investigated to provide early insights into how spatial plans that exclude certain fishing activities (from conservation areas, or because of other uses such as offshore renewable installations, e.g. Stelzenmüller et al., 2022) may affect fisheries distribution, yield, profitability, species and size selectivity and ecosystem good environmental status. The performance of spatial management measures was assessed through scenario-based testing, as multiple spatial restriction scenarios were modelled compared to a baseline scenario for a suite of spatial bioeconomic fisheries models. Expressing changes against a baseline enabled comparisons of outcomes from different models. Accurate geospatial data was identified and compiled from public sources. By overlaying them, it is possible to assess the effect of redirecting the fishing effort toward the adjacent or other areas on the likely change induced by the socioeconomics of the impacted fleets. Here, bioeconomic fisheries models were coupled with fine spatial modelling of underlying environmental conditions, fish population dynamics or food webs to ensure that the benefits and costs arising from area restrictions are accurately captured and reported.

Previously published spatially explicit models were used to assess the performance of spatial management measures alongside scenarios of underlying stock productivities and distributions. To identify fisheries restrictions in existing conservation areas, information on specific zones was gathered and organized from several sources. The UK-designated areas included offshore Marine Protected Areas, Special Areas of Conservation (SACs) and Spatial Protection Areas (SPAs) with marine components retrieved from the Joint Nature Conservation Committee (JNCC, reported prior to 14 June 2023), as well as three highly protected areas and Scottish Nature Conservation MPAs. The EU designated sites were retrieved from the European Environmental Agency for Natura 2000 (covering reporting in 2021 (1)) and for sites in the Common Database on Designated Areas (CDDA(2), covering reporting until March 2022, version 20). Most of the EU zones presently have a minimal or light level of protection with no fisheries restrictions in place (Feary et al., 2025). Fisheries restrictions were based on the MAPAFISH database, which was filled by national experts and classified as spatial, spatial and temporal, effort, catch and no specified restrictions for commercial fisheries (see Feary et al., 2025 for details). The MAPAFISH restrictions were simplified into sites open for commercial fisheries, and sites partially or fully closed for all fisheries, or, when information was available, for bottom trawl, gill net or longline fisheries specifically (see details in Bastardie et al., 2023, Figure 1). The approach allowed examination of how these restrictions are likely to affect specific fish and fisheries. The sister project of MAPAFISH, i.e. MAPAFISH-MED (Hogg et al., 2024), specifically focused on the spatial restrictions that could occur in the Mediterranean Sea. Yet, the area most likely to exclude specific fishing techniques has not been identified, as this aspect has not been collected, even though all relevant authorities (both at national and at MPA level) at each MS were contacted (Hogg et al., 2024). Hence, the models active in the Mediterranean assumed exclusion based on their specific expert knowledge of the area.
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Figure 1 | Natura 2000 sites and other MPAs in Northeast Atlantic region (blue: no restriction implemented yet, red and yellow: restrictions in place, source adapted from Bastardie et al., 2024a) for (left) all of those sites deemed vulnerable to bottom trawling, and (right) all of those sites deemed vulnerable to passive gears. In purple, regional Natura 2000 sites and nationally designated protected sites in the EU Mediterranean Sea (source: Hogg et al., 2024 – MAPAFISH-MED project).

For the North Sea, we compiled publicly accessible data sources for offshore wind farms (OWFs), starting with OSPAR and Emodnet databases (see Supplementary Materials for references to the used databases). Both Emodnet and OSPAR offer OWF polygons for the entire North Sea region, but certain areas, especially regarding future OWFs, were lacking and therefore added from national marine spatial plans. For the OWF-future scenario, data sources for planned OWFs and development sites between 2030 and 2040 were gathered (see Supplementary Materials).

We selected case studies from different EU sea basins, given the specificities of the different fisheries in these areas, as well as the parameterized models available. We used multiple modelling tools to predict and evaluate trade-offs between different uses of each case study. For example, models simulated the impacts of various fisheries management scenarios on fish stocks, biodiversity, and economic outcomes. This allowed us to assess the consequences of prioritizing one sector and identify solutions that align with the principles of EAFM. A good example was to examine how spatial planning for wind farms was likely to affect fishery access and ecosystem health.

The overview of model evaluations (Tables 1-4) shows the dynamic spatial fishery models (Figure 2) used to assess fishing efforts under new regulations for spatial restrictions and ecological conditions as designed by fisheries experts, to examine the i) the impact of management on fish stocks and fisheries, ii) benthic states and bycatch dynamics, and iii) influence of a climate change trajectories. The common feature of these models is that they are all designed to simulate the internal dynamics of fisheries and/or marine ecosystems using a process-based approach instead of a statistical approach. This allows for the application of various scenarios. However, the downside of these models is that they are computationally demanding to parameterize, run, and have slightly different scopes (e.g. the time horizon between tactical short to medium term effect evaluation) and capabilities (e.g. constant fishing effort vs effort dynamics). Additionally, if a sensitivity analysis is feasible, it is time-consuming to explore the entire range of parameters due to their large numbers. To address uncertainty in the predicted effects, we present results of several models for comparison. However, addressing uncertainties within each model was left to individual model-related publications and only average outcomes are presented here for simplification. The Supplementary Materials describe the different model methodologies. Closure scenarios were contrasted against a baseline, for which all implemented closure areas apply, including Natura 2000, FRAs, MPAs, and areas of biological conservation. These areas add up to the existing legislation. Hence, in the Mediterranean Sea, based on the EU legislation, trawling is prohibited within 1.5 nm nautical miles at any depth off the coast, or within the 3 nm for all locations less than 50 m deep (EU Regulation 1967/2006). Additional restrictions (in the Mediterranean Sea) particularly for trawlers are based on national legislation or FRAs established by the GFCM (e.g. trawl ban > 1000m depth).


Table 1 | Main outcomes of scenario exploration in the Ionian Sea using the suite of fisheries-centered models to predict how changes in ‘fishable’ areas affect fisheries and ecosystems in this region and fisheries.
	Modelling approach
	Scenarios
	Outcomes



	Dynamic with DISPLACE bioeconomic fisheries dynamics model (Maina et al., 2021)
	Status quo. Modelling Otter Bottom Trawl (OTB), Purse Seine (PS), Gillnet (GNS), Trammel net (GTR), Set longline (LLS) fleet segments
	 


	 
	Restricting bottom trawl in the Natura2000 areas proposed during the 9th Our Ocean Conference (OOC-9: https://www.ourocean2024.gov.gr).
	Natura 2000 restrictions – Minimal impact on catches, economic performance, and minor stock benefits.


	 
	Restricting bottom trawling in all MPAs.
	All MPA ban– effort displacement effect occurs for bottom trawlers, bycatch is increased, profits are reduced for bottom trawlers and small-scale vessels, minor stock benefits.


	 
	Restricting bottom trawling in areas that are sensitive to benthos.
	Sensitive benthic area restrictions – Limited effects; actual benefits for benthos need further investigation.


	 
	Restricting bottom trawl from hake nurseries (space-time closure)
	Spatiotemporal closures for hake – Increase SSB for hake with low economic impacts but fewer benefits for other species, the fishing effort displacement effect occurs for bottom trawl vessels.


	 
	Restricting bottom trawl from hake nurseries (space-time closure) and overall fishing effort reduction of 15% for all fishing gears.
	Closures for hake and concomitant effort Reduction slightly reduce fishing mortality, increase SSB, and reduce bycatch with moderate economic impacts for bottom trawl and small-scale fishing. A fishing effort displacement effect occurs for bottom trawl vessels.


	 
	Restricting bottom trawl from hake nurseries and performing an overall fishing effort reduction for 15% (of all fishing gears) considering the effects of climate change (RCP 8.5)
	Natura 2000 restrictions – Minimal impact on catches, economic performance, and minor stock benefits.


	Dynamic with ECOSPACE (Bastardie et al., 2024b)
	Status quo. Modelling all fishing activities (otter trawls, purse seines, beach seines, longlines & trolling lines, nets, traps, and recreational fishery).
	 


	 
	Restricting bottom trawl (OTB) on the Natura 2000 areas proposed by the 9th Our Ocean conference for the Eastern Ionian Sea (OOC-9: https://www.ourocean2024.gov.gr).
	Closures to bottom trawls in Natura 2000 areas - highest total and fish catches and a slight decline in biomass, suggesting that it can enhance fishing productivity without severely compromising the long-term sustainability of the stocks.


	 
	Spatiotemporal closure for bottom trawl (OTB) in hake nursery areas.
	Closures to bottom trawl in hake nursery areas - slight increases in catch indicators, apart from total catch.


	 
	Restricting bottom trawl (OTB) in All MPAs.
	Closures to bottom trawl across all MPAs - subtle positive effect on biomass indicators and negative impact on catch indicators.


	 
	Spatiotemporal closure for bottom trawl (OTB) in hake nursery areas, RCP8.5 and a 15% Fishing Effort (FE) reduction for all gears.
	The combined scenario - most advantageous for stock biomass and IUCN species biomass with a detrimental effect on catch indicators and catches of commercial species.
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Figure 2 | Different models and case studies across EU waters. See the description of the used models in Supplementary Materials. These models were ECOSPACE (Walters et al., 1999), OSMOSE (Shin and Cury, 2001), ISIS-Fish (Mahévas and Pelletier, 2003), DISPLACE (Bastardie et al., 2014), BEMTOOL (Rossetto et al., 2015), and FISHCODE (Letschert et al., 2025).

The suite of tested closure scenarios for spatial conservation areas that are anticipated to be efficient (fit-for-purpose, hereafter) in achieving the ecosystem-based conservation goals (Table 1) was designated within the SEAwise project (Astarloa et al., 2023; Bastardie et al., 2024a) and, in some EU regions, was partly based on stakeholder input about best placement. Fishers usually have a minimal involvement in the designation process of MPAs (Feary et al., 2025). Since MPAs, contrary to fisheries-specific closures, are established primarily to preserve hotspots of biodiversity, the focus is mainly on conservation rather than on incorporating the perspectives of fishers. Hence, we designed spatial restrictions scenarios i) to limit the bycatch risk or ii) to reduce the risk of impairing the seafloor integrity, respectively based on accurate observations or predictions (such as the one provided by species distribution models SDMs) of where the marine ecosystem components distribute, i.e. fish (ICES WKFISHDIS2), benthos (ICES WGFBIT), and cetaceans or other animals (Virgili et al., 2024; Astarloa et al., 2024). Hence, the bycatch and the seafloor impact are assessed in two different ways; on one hand, the areas are tested to be restricted to reduce bycatch of certain species or seafloor impact, and on the other hand, bycatch or seafloor have been assessed as output indicators.

The spatial restriction scenarios we tested are detailed in Tables 1-4 for each region and case study, aligning with the outcomes of the simulations. To create the summaries presented in Figures 3, 4, we aggregated scenarios to simplify the analysis and enhance generality. Specifically, the “existing MPAs” group combined current MPAs with concessions for offshore wind farms, focusing solely on those specific to the North Sea (given data availability and expertise involved). In this case, the wind farms are assumed to act as passive protection without allowing fishing. Meanwhile, the “fit-for-purpose” group (FTP) scenario included all other tested combinations. Ultimately, the climate change effect (CC) emerged as a significant factor. Detailed information on the pooling process can be found in the Supplementary Materials, which provides comprehensive figures supporting the more general summaries in Figures 3, 4.
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Figure 3 | Percent change relative to the baseline run for each model type and case study, with FFP is the fit-for-purpose proposals for protection, contrasted against implementing restrictions in existing MPAs network, and EffRed an effort reduction implemented aside, and CC marking the climate change effect included. Fit for purpose were proposals aimed at protecting the Benthic community and habitats (delineating 30% around the higher Relative Benthic Status RBS areas), and delineating areas that are anticipated to reduce the risk of bycatch of sensitive species. Scenarios have been grouped by scenario type. Indicators are: Total effort, Total catch across all species, gross value added GVA, Fuel cost, spawning stock biomass SSB all species pooled, and bycatch weight caught. The impact is to some extent dependent on the closed surface area and the overlap with the ongoing fishing activities, which vary across scenarios, making variable the proportion of total effort that will be displaced. Note that not all model types have had time to run each scenario.

[image: Four-panel chart showing percentage change compared to baseline across different seas and scenarios. Indicators include bycatch, effort, fuel cost, GVA, SSB, and TCatch. Models used: BEMTOOL, DISPLACE, ECOSPACE, FISHCODE, ISIS-Fish, OSMOSE. Scenarios: FFP, FFP+EffRed, FFP+EffRed+CC, MPAs, MPAs+CC. Each panel represents a sea: Adriatic & West Ionian, Bay of Biscay, Ionian, and North Sea, showing varied impacts on indicators.]
Figure 4 | Same outcomes plotted as Figure 3 by enabling cross-comparison of models for a given ecoregion.




3 Results



3.1 Cross-model outcomes and case studies comparison

We calculated the percentage change relative to the baseline run for each model type and case study (Figures 3, 4). The cross-model comparison of output indicators reveals that the effectiveness of current MPAs in reducing bycatch risk varies depending on the specific case study. While some MPAs may adequately address this issue, others do not; MPAs designed with a purpose (FFP) may mitigate the risk associated with bycatch but also necessitate effort reductions linked to spatial restrictions.

In the short term, fishing effort tended to decrease when displacement of fishing effort or redirection toward other fishing activities is not an option (as in FISHCODE, used for the German fleet in the southern North Sea, see further below). However, if displacement is possible, there was a tendency for increased effort in the short term due to lower catch rates (DISPLACE Ionian Sea) or decreased effort when focusing on more productive areas and/or protecting stocks (DISPLACE North Sea). Implementing an effort reduction scheme could have significantly aided rebuilding spawning stock biomass by drastically cutting catches in the near term (DISPLACE, ECOSPACE, ISIS-Fish). Nonetheless, we lack sufficient data and evidence to ascertain whether these stocks will recover long term. Long-term forecasts are bound by large uncertainty given other factors such as food web dynamics (ECOSPACE), but also especially considering the potential reduction in future fishing opportunities caused by climate change (OSMOSE). ECOSPACE and OSMOSE are tools to investigate the long-term effects on stock recovery.




3.2 Fisheries in the Eastern Ionian Sea

In the Eastern Ionian Sea, findings with two modelling approaches (DISPLACE and ECOSPACE) regarding fishery management highlight several key points. The DISPLACE model indicates that combining the closure of hake nursery grounds with a reduction in fishing effort has proven to be the most effective strategy for conservation (Table 1). However, there are potential downsides to restricting otter trawl gear within MPAs. This restriction may lead to adverse effects, particularly when exposure and risk scores rise in non-protected areas (Table 1). Hence, reducing the effort is still needed; however, how such a reduction would impact the socio-economy of small-scale fishers remains uncertain, warranting further investigation to balance conservation efforts with the livelihoods of local communities.

The DISPLACE model indicates that annual bottom trawl restrictions in certain MPAs proposed in the 9th Our Ocean conference have minimal effects on total catches and fisheries economics and demonstrate limited to counterproductive outcomes of the spatial restrictions for the modelled stocks (Table 1; Supplementary Materials). On the other hand, the broader ban tested of bottom trawling across all MPAs leads to an effort displacement into the second most productive fishing grounds and areas in the vicinity of the MPAs, decreasing SSB and increasing bycatch, and reducing economic performance by -25% to -30% depending on fishing gear and indicator (Table 1). Restricting bottom trawling in sensitive benthic areas (communities with median longevity > 10 years, Smith et al., 2023; Bastardie et al., 2024a), showed minimal impact on catches, bycatch, stock status, or fisheries economics, with potential effects on deep-water species and benthos requiring further investigation. Among the management options tested, combining hake nursery closures while simultaneously reducing overall fishing effort was the most beneficial for conservation of targeted and bycatch species. This approach reduces fishing mortality (~-3% for hake, -2% for red mullet, and -25% for deep-water rose shrimp), increases hake SSB (+13%), and decreases bycatch (-25% in total) (See Supplementary Materials). This option causes various economic impacts (from low to high, depending on gear type and indicator). The spatiotemporal closure of hake nursery areas increased hake SSB and had various economic consequences, but fewer benefits for other species.

Climate change effects on species distribution, abundance and stock status may affect the effectiveness of management measures, as indicated in our simulations (Table 1).

The ECOSPACE model applied to the Eastern Ionian Sea confirmed that excluding bottom trawling from MPAs led to increased fishing effort outside the MPA, especially in locations with the highest fishing effort. However, climate warming significantly affected the outcomes (Figure 3). Hence, the ECOSPACE and DISPLACE approaches agree that closures cause fisheries redistribution (for most scenarios tested), while climate change may alter the effects of the closures (Table 1). Therefore, the simulation findings suggested that the closure of bottom trawling should be accompanied by effort reduction, particularly a reduction of effort for small-scale fishing to allow the hake stock to recover in the area. A recovered hake stock (+12% in biomass) and mullet (+6% in biomass) would, however, affect other fisheries in the area as, for example, it is anticipated that the increased predation of hake on deep water rose shrimp will reduce fishing opportunities (- 17% catch) on this stock of commercial interest (Table 1), emphasizing the importance of including such trophodynamics effects in simulation models.




3.3 Adriatic & Western Ionian Sea (GSAs 17-19) marine ecosystems

In the Adriatic and western Ionian Sea, two modelling approaches (ECOSPACE and BEMTOOL) were used to simulate the effects of fisheries management. The ECOSPACE simulations predicted that implementing novel spatial management measures (Table 2), including essential fish habitats, would increase juvenile biomass, especially for red shrimps. When these closures were combined with reductions in fishing efforts to reach FMSY (fishing mortality at Maximum Sustainable Yield), there was a notable increase in overall species biomass and a decrease in juvenile bycatch of 34% for European hake in GSA 17-18. However, the contribution of the closure was minor compared to the effort reduction that achieving FMSY would induce. Closing fishing areas without effort reduction increased the bycatch of juveniles. The effort reduction (EffRed) scenario (here corresponding to a Pretty Good Yield, PGY, see e.g. Rindorf et al., 2017) also reduced juvenile catches of hake and red shrimps, further supporting the benefits of combined closures and management strategies. The simulations suggest that closures without effort reduction have negligible effects on ecosystem indicators across guilds and elasmobranchs. Conversely, when closure areas are combined with effort reduction (FMSY), apex fish predators and, to a lesser extent subapex demersal predators, benthic feeding invertebrates and demersal sharks show an increase in biomass (See Supplementary Materials).


Table 2 | Main outcomes of scenario exploration in the Adriatic Sea and western Ionian Sea using the suite of fisheries-centered models to predict how changes in ‘fishable’ areas affect fisheries and ecosystems in this region and fisheries.
	Modelling approach
	Scenarios
	Outcomes



	Dynamic with ECOSPACE
(Bastardie et al., 2024b)
	Modelling 37 fleet segments for historical spatial restrictions (MPAs, FRAs) & status quo i.e. fishing effort limits to achieve FMSY based on Adriatic MAP(GSA 17 and 18; Recommendation GFCM/43/2019/5); for the Western Ionian Sea (GSA 19), aligned to the GFCM MAP (FMSY of European hake) combined with a fishing ban in deep-waters to replicate a catch limit (Recommendation GFCM/45/2022/6).
In combination with Pretty Good Yield (PGY) fishing effort reduction, as defined in Bastardie et al., 2024b (European hake and deep-water rose shrimp included).
	 


	 
	Implementation of a new FRA moving the current fishing ban from 1000 to 800 meters depth; the bamboo coral Vulnerable Marine Ecosystems (VME) (Resolution GFCM/43/2019/6) in the southern Adriatic Sea; EFH where the juveniles are particularly concentrated for three important commercial species: deep-water rose shrimp, European hake, and giant red shrimp (Bastardie et al., 2024b); the hotspot for the longnose spurdog (Bastardie et al., 2024b); Areas where the relative benthic state (RBS) is < 0.8 (Bastardie et al., 2024b).
	Increase in biomass of juveniles of target stocks, but also in an increase in bycatch due to effort redistribution; an increase in adult red shrimp biomass, and an increase in catch of all commercial fish stocks; no substantial effect on ecosystem protection.
Substantial increase in biomass and reduction of juvenile bycatch for all the target stocks; reduction of catch and value for all the fleets; increase of Apex fish predators;
This scenario resulted in a lower loss in adult catches compared to Fmsy_closure, but was less effective than this in reducing juvenile bycatch and increasing Apex fish predator biomass.


	Dynamic with BEMTOOL
(Rossetto et al., 2015; Russo et al., 2017)
	Modelling 28 fleet segments for historical spatial restrictions (MPAs, FRAs) & status quo, i.e. in combination with fishing effort limits to achieve FMSY based on Adriatic Multi-annual plan (MAP); for the Western Ionian Sea (GSA 19), and aligned to the GFCM MAP combined with a fishing ban in deep waters to replicate a catch limit.
All proposed closures in combination with Pretty Good Yield (PGY) fishing effort reduction (European hake and deep-water rose shrimp included).
	 


	 
	A scenario combining all proposed closures, namely: the implementation of a new FRA moving the current fishing ban from 1000 to 800 meters depth; the bamboo coral VME; Essential Fish Habitat (EFH) where the juveniles of three important commercial species are particularly concentrated i.e.deep-water rose shrimp, European hake, and giant red shrimp; the hotspot for the longnose spurdog; areas where the relative benthic state (RBS) is < 0.8.
	Exploratory outcomes only at this stage though:
Fleet fuel consumption varies with increased costs for fleets having to steam longer to reach out to the fishing grounds;
Mean length of catches of giant red shrimp (GSA19) and, to a lesser extent, of European hake in GSA17-18 remarkably improved
Implementing FMSY significantly reduces fleet-wide fuel usage.







The BEMTOOL model reveals that fleet fuel consumption varies by location, particularly for the fleets exploiting fishing grounds where the nursery areas of European hake, deep-water rose shrimp and giant red shrimp are located. Some increased costs are shown for specific fleets having to steam longer to reach out to the fishing grounds and savings on expenses for others when fishing is conducted closer to ports. However, implementing FMSY significantly reduces fleet-wide fuel usage, which is driven by an overall decrease in effort. This indicates that fishing closures effectively shift fleet distributions and influence fuel consumption. The simulations confirmed that reduced fishing pressure, especially on nursery areas, facilitates stock recovery while improving the exploitation pattern for giant red shrimp juveniles in the western Ionian Sea. Indeed, the mean body length of caught giant red shrimp in FAO GSA 19 and, to a lesser extent, of European hake in GSAs 17-18, remarkably improved in the closure scenario because the historically high fishing effort inside and around the nursery areas of the target species in the different regions was displaced. Overall, the results of the two models confirm that the closure areas alone would not be sufficient to revert the stock and ecosystem indicators towards management objectives of sustainability, and a reduction of fishing pressure is needed. The closure areas alone and in combination with effort reduction can contribute to improving the exploitation pattern of the target stocks, when the closure is tailored to the protection of nursery areas.




3.4 International fisheries in the North Sea

The DISPLACE model suggests that excluding bottom fishing from MPAs can significantly improve benthic health in protected areas. It also indicates that protecting 30% of areas with currently high RBS (Relative Benthic Status) can benefit long-lived benthic groups while incurring low costs for fisheries (Table 3).


Table 3 | Main outcomes of scenario exploration in the North Sea using the suite of fisheries-centered models used to predict how changes in ‘fishable’ areas affect fisheries and ecosystems in this region and fisheries.
	Modelling approach
	Scenarios
	Outcomes



	Dynamic with FISHCODE (Letschert et al., 2025)
	Status quo modelling German fleets in the southern North Sea (Beam trawl, Otter bottom trawl fleet segments).
	 


	 
	Fit-for-purpose MPAs based on vulnerable benthic communities excluding all fishing inside.
	Fishing effort of beam trawlers catching shrimp and otter trawlers decreased in all scenarios, whereas it increased for beam trawlers targeting flatfish.
Profits decreased in all scenarios for all fleets, showing that adaptations (switching fishing areas and métiers) could not mitigate economic losses by closed fishing areas. The strongest economic loss occurred in the scenario of closing designated MPA areas to shrimp fishers (up to 50% loss).


	 
	Fit-for-purpose MPAs to reduce bycatch of elasmobranchs excluding all fishing inside.
	Fishing effort of beam trawlers catching shrimp and otter trawlers decreased in all scenarios, whereas it increased for beam trawlers


	 
	Fit-for-purpose MPAs excluding all fishing inside and based on potential MPAs given future OWFs combined
	Fishing effort of beam trawlers catching shrimp and otter trawlers decreased in all scenarios, whereas it increased for beam trawlers.
Scenarios with large area closures resulted in a systematic increase in fishing effort in the remaining open areas.


	Dynamic with OSMOSE (Binch et al., in review)
	Status quo. Modelling the activity of 14 fleet segments (11 bottom trawl and 3 pelagic trawl gears) FMSY (no MPAs or OWFs).
	 


	 
	Climate scenario RCP8.5 2060 (FMSY effort).
	Relative change in the typical length of the food web shows a reduction under the climate scenario
Total biomass decreased under climate and climate plus effort redistribution scenarios relative to baseline.
Catch above legal landing sizes increased, due to the increase in the proportion of mature fish in the food web.


	 
	Climate scenario RCP8.5 2060 + No effort in MPAs (Bottom Trawl BT restriction) and OWFs (BT + Pelagic Trawl PEL restrictions) (FMSY total effort redistributed).
	Relative change in the typical length of the food web shows a reduction (but less pronounced compared to no MPA) under the climate scenario
Total biomass decreased under climate and climate plus effort redistribution scenarios relative to baseline.
Landings of all species are reduced under both scenarios, with spatial closures in combination with climate leading to lower yields.
Sandeel (Ammodytes tobianus) shows the only positive response to spatial closures under the future climate scenario due to fishing restrictions implemented over the large Dogger Bank MPA.


	Dynamic with DISPLACE (Bastardie et al., 2020)
	Modelling “status quo” for international fleet segments with FMSY as a target for each stock, under “min” scenario i.e. the fleets/métiers stop when the first quota is exhausted
	· ·


	 
	All bottom trawling phase out from current MPAs by 2030 (EC, 2023).
	Displacing fishing activity outside the restricted zones resulted in higher simulated catches, while declining stock biomasses were only marginally positively affected.


	 
	Fit-for-purpose MPAs for protection of sensitive habitats (30% of high relative benthos status RBS habitats as in ICES WGFBIT 2023).
	No large change in Relative Benthic Status (RBS) after implementing restricted areas at the regional scale, but large gain within the closed areas.


	 
	All bottom trawling phase out from current MPAs by 2030 (EC, 2023) assuming climate change effects on life history traits (i.e. growth).
	The long-term profitability decline induced by climate change productivity loss (declining SSB) will be less severe if closures are implemented.


	Dynamic with ECOSPACE (Püts et al., 2020)
	Status quo modelling 12 fleet segments in the Southern North Sea, including beam trawling and passive gears.
	 


	 
	Fit-for-purpose MPAs based on vulnerable benthic communities excluding all fishing inside.
	Fish biomass increased by ca. 9% inside the closure; however, this increase was not enough to outweigh the reduction of biomass outside the MPA. The closure of the MPAs led to an overall decrease in catches. While catch volume losses among all fleets were up to 42% inside the closures, we saw an increase of up to 10% in catches outside the closures. However, this increase did not outweigh the losses caused by the closures.


	 
	Fit-for-purpose MPAs to reduce bycatch of elasmobranchs excluding all fishing inside.
	The outcomes showed gain in biomass of the sensitive species inside the MPAs, but the spatial restrictions came with increased risk of bycatch sensitive species outside the closed areas.


	 
	Fit-for-purpose MPAs excluding all fishing inside and based on potential MPAs given future OWFs combined
	Scenarios with larger and more closures (i.e. including habitat protection) displayed the strongest effect.








Table 4 | Main outcomes of scenario exploration in the Bay of Biscay using a fisheries-centered model to predict how changes in ‘fishable’ areas affect fisheries and ecosystems in this region and fisheries.
	Modelling approach
	Scenarios
	Outcomes



	Dynamic with ISIS-Fish
(Mahevaset al., 2024; Vajas et al., 2024; Ricouard, 2024)
	Modelling French, Spanish, UK and Belgium demersal fleets, 41 demersal fleets, 431 métiers (combination of a gear, location and mix of target species) status quo i.e. all seasonal closures were tested with (i) A status quo scenario, sq, representing the average historical conditions (constant effort) and used as a reference, and (ii) a min scenario consisting in the adoption of the ICES FMSY harvest control rule and the full implementation of the landing obligation
	 


	 
	Reducing common dolphin’s bycatch: Closing in Bay of Biscay area during Autumn and winter for gillnets, bottom trawling and pelagic trawling.
	Negatively affects the economy of larger vessels by restricting their offshore fishing grounds on the continental slope.
Coastal fleets practicing both active and passive gears may benefit and are anticipated to improve their economic return.


	 
	Reducing Balearic shearwater’s bycatch: closing high abundance of Balearic shearwater area from June to November for liners (LL); closing medium-high abundance of Balearic shearwater area from June to November for liners (LL)
	Balearic shearwater closures effect is negligible.







The ECOSPACE model tested the effect of designating no-take zones and offshore wind farms (OWFs) in the North Sea marine ecosystem. Overall, the simulated impact on fish stocks and other marine species of no-take zones (in FFP MPAs that were designed based on relative benthic state and to reduce bycatch) was stronger than for existing MPAs and OWF concessions, as they closed larger coherent areas (Table 3). The simulations showed biomass gains inside closed areas, both on fish biomass (9%) and the deemed vulnerable species under examination (8%). Fish catches increased around closed areas in all cases, suggesting strong edge effects. This was particularly visible when closing regions to protect sensitive benthic areas in combination with OWFs. In this scenario, a great proportion of the southern part of the North Sea is closed for fisheries and the remaining fishable areas are fished increasingly, with fishers “fishing the line” (as in Kellner et al., 2007) (see Supplementary Materials).

The FISHCODE model, an agent-based model emphasizing fishers’ decision-making, explored the effect of no-take zones and OWFs on fishing effort and profits of three German fleets in the southern North Sea. Closing potential (but currently not enforced) MPAs had the strongest negative effect on profits, catches, effort, and fuel costs, while other tested scenarios (suggested fit-for-purpose MPAs to reduce bycatch and protect benthic habitats, and OWFs) had weak or moderate effects on profits (Table 3). All scenarios reduced fishing effort for the fleets catching common shrimp and demersal species using bottom trawls, whereas the effort of the fleet targeting plaice and sole increased. Profits decreased for all three fleets, and this was most pronounced for the brown shrimp fleet in scenarios closing potential MPAs, because they heavily overlap with coastal shrimp fishing grounds, and affected agents (fishers) had to travel further, which increased their fuel costs and lowered their fishing time. Potential MPA scenarios also partially closed fishing grounds of trawlers targeting plaice; however, they maintained their level of fishing effort through switching to an alternative métier targeting more Nephrops than plaice (Supplementary Materials). Due to all tested fishing closures, fishing effort in the remaining open areas increased. In the scenario with closed areas induced by future OWF and protection of the benthos, which represents the largest closed fishing area, fishing increased by at least 50% in 25% of all fishable grid cells. The impact of fisheries on the ecosystem is not explicitly simulated in FISHCODE; however, more fishing effort is expected to add extra pressure on the still-open-to-fishing seafloor since all simulated fisheries used bottom-contacting gears.

The North Sea OSMOSE model was used to investigate the effects of climate change under a future Representative Concentration Pathways (RCP) 8.5W/m2 until 2060 scenario and climate effects in combination with spatial management. Restrictions of bottom trawling in MPA and OWF areas, and pelagic trawling restrictions in OWFs were tested with a proportional redistribution of fishing effort to still-open-to-fishing areas where the respective fishing technique was active (Table 3). An overall reduction in higher trophic level biomass by ~7.5% was simulated for both climate and climate and spatial effort redistribution scenarios (Supplementary Materials). This implies that despite spatial effort changes in fishing activity, bottom-up control, governed by climate effects, is likely to drive observed changes at current effort levels. Other biological indicators, including typical length (TyL) and proportion of mature biomass (PropM), show less severe changes, relative to baseline conditions, when spatial closures are implemented, across most species’ groups. In parallel, the vulnerable species (Endangered, Threatened and Protected, ETP, classified species (by the IUCN) were adversely affected when spatial effort is redistributed outside of closed areas. However, a large (>10%) biomass increase of the low trophic level group (benthic planktivorous) was observed inside the closed area (Supplementary Materials, baseline 2018). This can be explained by the high density of sandeel over the Dogger Bank area, which overlaps with a large MPA designation. By contrast, an overall reduction in catch of higher trophic level fish species by ~7.5% was also simulated for the climate scenario, but more than double the reduction, >15% was simulated for the climate and spatial effort redistribution scenario (Supplementary Materials).




3.5 French fisheries in the Bay of Biscay

The impact of fisheries measures in the Bay of Biscay varied among the combinations of fit-for-purpose closures and scenarios on the overarching management in place. The overarching management was determinant in the contribution of the spatial restrictions to achieve conservation goals (Figures 3, 4, FFP vs FFP+EffRed). Hence, whatever the spatial restriction, the scenario assuming full compliance with the MSY-based management and landing obligation led to a strong reduction in fishing effort. This decrease in fishing pressure benefited the exploited populations with an increase in SSB (Figure 3), along with the decline in catch and profit. In the long term, however, the benefits of stocks rebuilding would partly compensate for the loss of profit induced by effort limitations (see Supplementary Materials).

The ISIS-Fish simulations showed that the effects of offshore restrictions aiming to reduce bycatch of common dolphin (Delphinus delphis) in the French area of the Bay of Biscay would affect the profit of larger (>15m) vessels, narrowing their fishing grounds to the continental shelf, while coastal fleets using a mixture of gears may benefit economically. Most positive or negative economic impacts of closures on fleets are within -/+ 15% of the gross value added in the short/medium term (10-year horizon, see Supplementary Materials), mainly reflecting changes in the accessibility of target species to fisheries. If the landing obligation (LO) did not apply, closing the area would have almost no effect on the total fishing effort of individual fleets, meaning they successfully compensate for the loss of effort by increasing activity in the portion of their fishing zone that remains open, whereas, if the LO applied, fisheries are closed early in the year. On the contrary, the spatial restriction under the LO led to an overall increase in the fishing days deployed at sea by making the vessels less efficient (meaning lower catch rates) in the short run (between 0 and +8%, see Supplementary Materials). All the offshore closures tested had indirect consequences for commercial fish stocks. These closures enhanced the biomass of megrim (Lepidorhombus whiffiagonis) and anglerfish (Lophius piscatorius), typically distributed further offshore, as the displacement of fishing effort away leads to lower mortality in the closed area.

Effects of coastal restrictions aiming to reduce the bycatch of Balearic shearwaters (Puffinus mauretanicus) were much more limited, and no significant consequences for commercial fish stocks were observed, which is a positive outcome. Despite some coastal fleets and especially longliners having a substantial proportion of their fishing zone covered by the MPAs, all fleets directly affected by the MPAs can reallocate their effort outside, but with interactions between them (Supplementary Materials). Notably, the longliners under 10 m, with the highest overlap between fishing zone and the MPAs, are also the most negatively impacted by the MPAs. No substantial differences were observed between short/medium and long-term projections. The overall low impact of the coastal MPAs in comparison with offshore restrictions is consistent with the smaller proportion fleets concerned. However, the fishing grounds for small, coastal vessels were possibly assumed in the model to be larger thanthey are, which may overestimate vessel displacement opportunities. In summary, closures have low impacts compared to effort reduction but provide interesting synergies, notably to mitigate long-term economic losses.





4 Discussion



4.1 Strengths and weaknesses of the spatial fisheries dynamics modelling approach

EU fisheries face serious challenges threatening the marine space available to fishing. Besides capture activities themselves threatening future fishing opportunities whenever degrading supportive habitats, human factors like habitat degradation (Patti et al., 2022), marine pollution (Vagi et al., 2021), eutrophication (Solidoro et al., 2009), acidification and warming waters (Bahri et al., 2021), invasive species (Galanidi et al., 2023), and fishing practices jeopardize future exploitation (e.g., a review in Bastardie et al., 2021). This multitude of pressures necessitates an adapted governance of EU fisheries (Drouineau et al., 2023; Bastardie et al., 2024a). Effective area closures would ideally translate into enhanced fish stocks, reduced bycatch and less seafloor damage and thereby may help preserve marine biodiversity and vulnerable species. Such an ideal situation would also mean safeguarding sensitive habitats essential for breeding and growth of many marine organisms (Kraufvelin et al., 2018). Protecting these areas would contribute to more resilient marine ecosystems. Closed or restricted areas would improve spatial selectivity beyond the usual gear selectivity, which would enhance the efficiency of fishing practices in ensuring long-term yield on commercial species while minimizing the impact on non-target species (Dunn et al., 2011). However, conservation measures limiting specific fishing techniques might come with reducing opportunities in some areas while pushing fishing efforts to nearby locations. This redirection would alter catch composition and selectivity, potentially increasing operating expenses or, conversely, requiring less effort to maintain profit.

The last reform of the Common Fisheries Policy (CFP 2013, Art. 11) introduced the possibility of aligning fisheries management in Europe with its environmental protection objectives as defined in the Marine Strategy Framework Directive (MSFD), EU Habitats Directive, EU Birds Directive, and other directives, which are inherently implemented at the national level. To implement cross-border protection, the European Commission (EC) can propose new legislation that follows joint recommendations issued from a colloquium of EU Member States in the CFP regionalization process (CFP Art. 18). While the responsibility of implementing the ecosystem approach ultimately lies with Member States, a growing number of delegated acts are being adopted to include recommendations for more selective gears, less impactful gears, or closed areas to maintain seafloor integrity and monitor trophic guilds to ensure the functioning of marine food webs (see EC COM (2023/520)). This represents a well-intended opportunity to establish case-by-case restrictions on fishing in existing and future MPAs that are purposeful and well-agreed upon by the Member States, after consultation with various stakeholders, including the EU Advisory Councils (Art. 3 of the CFP about principles of good governance).

When comparing ecosystem structures and functions between non-fished areas (like MPAs or offshore windmill farms) and fished waters, it is important to determine whether any benefits remain limited to the local area or spread and extend to a broader region, potentially creating new fishing opportunities. In this endeavor, when assessing the effects and potentials of spatial restrictions achieving conservation targets or purpose, several shortcomings and pitfalls can be identified (see Table 5 for a non-exhaustive list of them we identified alongside our findings). Hence, area-based management options require scientific documentation of their performance ahead of the implementation to be effective. Usually those evidence-based insights are not issued from field observations and experiments, given the difficulty in finding and analyzing real-life fishing effort displacement and in collecting relevant data. Hence, in the field, there is limited possibility for applying rigorous approaches and appropriate metrics, as some indicators may not respond to fishing impacts. This raises concerns about how protected areas are assessed, habitat and biodiversity preservation are proven, and subsequent fisheries benefits are supported (Table 5 #4). Capturing the closure effects suggests using B(efore) A(fter) C(ontrol) I(mpact) designs in studies to evaluate management measure impacts more effectively. Often, the BACI scheme is ignored, and the adopted methods confound pre-existing differences with the impact (e.g., see the meta-analysis in Sciberras et al., 2018 on macrobenthos or evidence for spillover effects in Van Hoey et al., 2024). Also, closed areas should not be compared solely to adjacent open areas, which can have fishing effort displaced into them (Table 5 #4). Lack of empirical evidence highlights the necessity of using spatial modelling to advise on the performance of spatial fishing restrictions.


Table 5 | Some confounding factors or shortcomings to examine whenever assessing spatial management effects and performance.
	Confounding points
	Explanations
	References



	#1 The effect of the protection of MPAs is minor because low-quality habitats are protected first
	No tremendous gain arises from protection whenever the protected areas are of poor quality and have low potential to host diverse ecological communities because they are shaped by factors unrelated to fishing, which limit the potential (e.g., eutrophication). Designating relatively low-value, low-effort areas further reduces the risk of stakeholder conflicts.
	This study;
Fraschetti et al., 2018; Gavriel et al., 2025


	#2 Some habitats,
and the associated benthic biotopes are naturally prone to disturbance and have adapted to such perturbations
	A chronic fishing added to natural disturbance shapes the benthic communities in place (“shifting baseline”) toward the dominance of fast-growing, short-lived species. Hence, given the historical fishing patterns and intensity, some seafloors may have already adapted to high levels of trawl disturbance and benthic impact and would not recover to previous communities.
	van Denderen et al., 2015; Nielsen et al., 2022; Hiddink et al., 2023


	#3 Some designation of restricted areas will never contribute to protect certain species whenever area size effect and spatial connectivity features are being ignored
	Mismatches between spatial features and species characteristics such as “home range,” migratory patterns, and mobility or ability to disperse and subsequent spillover scales compromises the effectiveness of the protection measures. Also, larger fish could play a disproportionate role in driving the dynamics of fish populations. An ecologically coherent network of smaller areas would maintain those.
	This study; Lester et al., 2009; Sciberras et al., 2015; Marshall et al., 2019; Giakoumi et al., 2025


	#4 Effort displacement and subsequent effort concentration makes spotting the MPA effect challenging
	Demonstrating the effects of MPAs using a rigorous BACI design (Underwood, 1992) can be challenging, as displaced fishing effort may shift to surrounding areas, potentially impacting control sites and confounding the comparison Such an effort concentration (“crowding effect”) and other “fishing the line” effects will affect surrounding habitats and catch ratio in a twofold way: i) productivity on the affected areas whenever more effort occur locally, ii) Mutually exclusive fishing activities among different gears can reduce the attractiveness of certain fishing grounds, especially when informal agreements or ‘tactic rules’ exist among fishers for sharing marine space
	e.g. Osenberg and Shima, 2011; Caveen et al., 2013; Quirijns et al., 2007; Gavriel et al., 2025


	#5 Higher yield alongside more effort deployed may mask degraded ocean productivity
	Fisheries yields and ocean productivity are expected to increase concomitantly. Unfortunately, the reverse pattern is currently observed in the Mediterranean, with the higher yield not being sustained by underlying higher ocean productivity but by more effective fishing effort deployed instead, as a symptom of ongoing non-sustainable exploitation of the exploited species and the marine ecosystem in this area.
	Druon et al., 2021; Hidalgo et al., 2022


	#6 Certain practices will likely be allowed to continue fishing within MPAs deemed vulnerable to mobile bottom fishing, with a further attraction effect to the protected areas
	For now, alternative fishing methods, like pots or bottom-set nets, are often not economically viable in the present state under degraded productivity, or it may also not be possible to catch the same species for which the company has a quota unless quotas are exchanged. Protected MPAs might change this and attract fishing that overestimates the gain in stock abundance or spawning stock biomass within the closed area.
	Renn et al., 2024


	#7 Implementing marine reserves should not be considered a sufficient measure to manage the fisheries and reach biodiversity conservation goals
	In some cases, MPAs may do more harm than good when effort is displaced. Therefore, complementary fisheries management measures would be required, for example, reducing fishing effort. MPA designations that do not align with other environmental management (EU MSFD, MSPD) pose risks arising from factors unrelated to fishing, including human impacts affecting the protected and unprotected areas.
	This study; Vaughan, 2017; Dimarchopoulou et al., 2023; Maina et al., 2021


	#8 Large fishing companies may misleadingly claim that MPAs harm local communities.
	MPAs can harm local fishers who might not benefit from the conservation if the locals are excluded from the traditional fishing grounds. However, by maintaining access to low-impact gears, MPAs are often designed to protect the interests of local fishers, fairness and equity, especially against large corporations that are typically disconnected from these communities and take less care of local effects.
	Jones et al., 2013; Bennett et al., 2015; Dinesen et al., 2018







Describing fisheries’ effort allocation in response to factors influencing decision-making(social, economic, ecological, institutional) is also challenging. Both environmental and economic effects depend on the mobility of the fishing fleet itself, which requires modelling of how fleets would be affected by changing the fishable areas. The effect may differ among small-scale fishing that are often more polyvalent on their catch portfolio but less mobile, and large-scale fishing vessels that can steam longer distances but are often more specialized in the species they target (Salas & Gaertner, 2004). Moreover, fishing behavior may differ depending on cultural background and company structure (Schadeberg et al., 2021). On the ecological side, the effect may vary if the closure is seasonal or only spatial. For example, if vessels are very mobile, seasonal closures, where presumably all areas are closed in a season, could increase the homogeneity of overall disturbance by redistributing the effort on other seasons of the year. On the contrary, spatial closures could intensify the pressure on the remaining areas, making the pressure on habitats uneven. Both spatial and seasonal closures could lead to the redistribution of fishing activity to environmentally sensitive or previously unfished or relatively preserved areas. Bioeconomic models with more flexibility in simulating human behavior and fishers’ decision-making, both in space and time, are a way to evaluate the potential effects of including fisher behavior in model simulations. Models deployed in this study have captured some of these dynamics with more realism in describing and anticipating change in fisheries, such as changes in catchability per species (Bastardie et al., 2020; Maina et al., 2021), spatially and seasonally (Bastardie et al., 2020; Maina et al., 2021), and feedback from population dynamics (Bastardie et al., 2014; Maina et al., 2021) or foodweb dynamics (Romagnoni et al., 2015; Püts et al., 2023), a possible change in background economic landscape and fish market dynamics (Russo et al., 2017), complex fisher behavior beyond profit maximization and allows for the adaptation of métier choices (Letschert et al., 2025), etc. (See Supplementary Materials).

The crucial aspect of evaluating MPAs is determining spatial modelling approaches, like the ones we presented in this work, to provide complementary guidance for management decisions that includes such indirect effects of closures. Using several different models increases our confidence in the estimated effects, where these align and highlight areas where further investigation is needed where they differ. However, if the same models were applied in different regions (DISPLACE and ECOSPACE) they yielded various outcomes depending on the area, which makes it likely that the main differences do not arise from the models used, but rather because of inherent differences between fisheries and local circumstances. Comparisons across models within a region have been possible in two of the four regions investigated here, strengthening the results but highlighting the difficulty in developing and deploying appropriate models.




4.2 Performance in displacing fishing effort from MPAs



4.2.1 Performance of the protection and socioeconomic effects

On average, prohibiting specific fishing techniques in currently designated MPAs has minor impacts on the fisheries’ economy, fish populations, and ecosystem indicators. This is primarily because these areas are chosen due to their significance as hotspots of EU marine biodiversity rather than selected for a high abundance or productivity of fish species with a commercial value, high bycatch or high benthic sensitivity, and are often small, shallow or coastal, and with seabed features that make it difficult to fish effectively. These areas are only marginally used by fishers (and were often designed not to be). Hence, considering the surface area of the closure, the actual spatial overlap between the MPA and the areas where fishing occurs is a factor in the magnitude of the expected effort displacement. For instance, in the Bay of Biscay, the MPA includes very deep regions that remain unfished in the model. In addition, the areas actually are mainly visited by the largest vessels given their distance from the coast. Therefore, evaluating efficiency based solely on the entire MPA’s surface area may yield a biased perspective, while the positioning of the protection is also important (Table 5 #1). However, in a few instances, the impact of spatial restrictions can be substantial in the short term, as we showed particularly for the German fleet in the North Sea. This is mainly because the designated MPAs added to the possible site for OWFs settlement encompass the entire Wadden Sea as well as additional coastal regions, which significantly overlap with the heavily fished areas of German shrimpers, that contribute most fishing effort in the southern North Sea. Results from the respective model used for this scenario (FISHCODE) showed that adaptation of the shrimp fleet would be challenging, because fishing grounds further offshore required longer steaming times which, in turn, decreased fishing time and increased fuel costs. Even though closing all of the coastal waters of the southern North Sea would have a significant effect, it is in line with the EU Marine Action Plan (European Commission, 2023).

In some cases, the potential benefits of these restrictions can be significant, as the capacity for benthos recovery is greater when there is still something to preserve. For sensitive species, previous findings (Bastardie et al., 2024a) of a bycatch risk assessment performed in the same study areas showed that many species did not respond to the closure of existing MPAs, possibly because redistribution of fishing without a reduction of total effort is not efficient for reducing their mortality. In the present study, the scenarios investigated suggest that the prohibition of certain fishing practices, in fit-for-purpose (FFP) areas to limit the risk of incidental bycatch mortality and the degradation of the benthic state, may significantly adversely impact the overall fisheries economy and fish populations in the short-term. In the regions where both types of closures (current MPAs and FFP) could be tested (i.e. all but the Bay of Biscay), these targeted closures were more effective in protecting habitats and bycatch species than restrictions in the currently designated MPAs. This result was observed across models and systems, hinting at a generalized pattern rather than a model or case-specific result (see Figure 3). Based on dynamic fleet modelling and previous species distribution modelling (e.g. Püts et al., 2023), our findings also confirm that the effort displacement induced by fit-for-purpose closures would require a parallel reduction of effort to fully attain the desired effect (i.e. reduction of the seafloor and bycatch risk). In this study, we show that effective area closures can play a vital role in fisheries management by protecting juvenile fish stocks, thereby enhancing the survival of younger fish and a non-degraded habitat where animals can grow.

Conservation measures significantly affected the socioeconomic benefits derived from fishing, leading to reduced short-term catches, higher operational costs (e.g. higher fuel usage whenever fishers may have to travel farther to find fish) and lower profit. This was due to shifting fishing efforts to surrounding areas, which may further harm biodiversity (seafloor, bycatch species). Such effects must be considered as they place a financial strain on local fishing communities that rely on a steady income from their catches and, therefore, can induce resistance to change and impair the compliance of the fishing sector with the rules, with adverse long-term effects. Such spatial restrictions could also add to repeated fuel crises that lead fishers to modify their effort allocation by, for example, reducing the number of trips, the trip duration, going closer to the port, targeting fish with higher market value, or ultimately switching to a less fuel-consuming gear. As observed in the Bay of Biscay, the effects may also be fleet-dependent, where closures induced winners and losers. In this case, the MPA unexpectedly extended the fishing season by lowering the catch efficiency for certain species, as the quotas were being taken more slowly. On the other side, closing deeper areas along the slope, such as in the South Adriatic and Ionian Seas, forcing fisheries to redistribute on the upper slope and shelf, closer to shore in areas already exposed to high fishing pressure. Effort displacement can also occur when fishing activities are shifted to open areas, which may inadvertently cause harm to biodiversity in those previously unfished or lightly fished regions (Roberts et al., 2025). The potential effectiveness of spatio-temporal management measures also depends on the ability to monitor and control fishing activity on potential environmental/climate effects. The impact of effort reduction on small-scale fisheries remains uncertain due to the absence of vessel positioning systems (but see Regulation (EU) 2023/2842), necessitating further data and research, also creating uncertainty about how the small-scale sector will respond to such changes.




4.2.2 The need to combine spatial management with effort reduction and other management

Accordingly, implementing gear and time restrictions in MPAs should be combined with non-spatial management measures like effort limits and quotas to achieve desired outcomes, as shown by this study, along with proper governance to mitigate resistance to change. This should come with the right governance so that the fishers reducing their effort will also be the ones benefiting from the protection in the long run (Burgess et al., 2018, Bastardie et al., 2024a).

Indeed, the CFP enables fishing effort reduction, as in the ongoing West Med multi-annual plan (Regulation (EU) 2019/1022), which limits the days at sea allowance per vessel for the exploited stock to be reduced year after year to achieve the MSY. This reduction will likely continue in the West Med as the management targets remain to be met (e.g. STECF-20-13) but implementing spatial measures is also proposed as a complement to effort reduction. In the Central Mediterranean, where an improved status of key commercial stocks was recently reported (FAO, 2023; GFCM, 2024), in some cases, the exploitation level is still above reference points, and thus requires effort and/or catch limits, in continuity with ongoing subregional management plans (e.g. Recommendation GFCM/43/2019/5; Recommendation GFCM/45/2022/6). Nonetheless, combining such limits with spatial management in well-designed hotspots may improve the exploitation pattern, a critical issue for Mediterranean fisheries, making the local mixed fisheries more sustainable. In addition, in such fisheries effort-based management measures (e.g. fishing days) may not entirely reflect the actual fishing pressures on different stocks (STECF, 2020; Sun et al., 2023, see also Table 5 #5).

As an alternative to effort reduction, it would also be possible to change the approach by defining zones of authorization instead of zones of prohibition. Fisheries managers could restrict the spatial footprint of bottom fishing gear to focus on the main areas of the fishing grounds. This approach would help avoid the occasional bottom trawling events in less frequently visited areas (see, for example, Bastardie et al., 2020). This approach has been followed to protect vulnerable marine ecosystems (VMEs) within the 400–800-meter depth range in EU waters of the northeast Atlantic (European Union, 2016). Complementary to top-down management, market instruments such as implementing clear, transparent, fair and adaptable scoring systems of fisheries relative to their impacts can enhance societal awareness and steer the market towards more sustainable seafood products, whenever fishers would adapt fishing techniques and practices to limit their impact on the marine ecosystems (Grati et al., 2025).





4.3 Limitations of spatial measures to fisheries management

As the percentage of closed regions increases (to reach the 30% commitment of the EC Marine Action plan), the effort displacement effects will likely change. Therefore, area-based management should only be used in combination with other technical measures such as non-spatial gear selectivity improvement and continuation of effort control, including effort reduction and the transition toward alternative fishing techniques and implementing catch limits (Table 5 #7). Our findings are significant in the current debate about excluding specific fishing techniques from marine protected areas in EU waters to attain the aims of the Habitat Directive, MSFD and the recently adopted nature restoration regulation. In such an endeavor, several factors should be accounted for:



4.3.1 Sensitivity to spillover effects

In most cases, displaced effort may increase the risk of impacting vulnerable habitats and sensitive species when fishers concentrate their activity around closed areas in an attempt to offset lost fishing opportunities spatially. However, the effects of effort reduction may depend on spillover, particularly when fishers benefit from increased catchable biomass spreading from the MPA to surrounding areas. Spillover has been detected in a meta-analysis in Lorenzo et al. (2020) comparing biomass inside vs. outside within a strip of 200m from the limit of the MPAs, or captured in the field in e.g. Kerwath et al. (2013); Lynham and Villaseñor-Derbez (2024) or Franceschini et al. (2024). Some of our models accounting for spillover effects (diffusion in ECOSPACE, redistribution in DISPLACE) anticipate that the fisheries can benefit from stock enhancement induced by the spatial protection (see ECOSPACE outcome for the West Ionian and Adriatic Seas, for example).

Dynamic modelling also offers lessons that are not evident only by looking at historical closures. Assumptions in weighing factors influencing effort re-allocation are found to be key, as well as life-history traits (such as the ability to disperse depending on species). For example, in ECOSPACE models, two parameters, the dispersal rate and fleet effective power, influence the spatial distribution of species and fishing fleets (Romagnoni et al., 2015; de Mutsert et al., 2023). These remain key factors in capturing net spatial effort redistributions and spillover effects and are a key asset of dynamic spatial models. Such benefits will depend on the difference in mobility between species and life stages (e.g. the Mediterranean Sea CS has modelled separately juveniles and adults in both Italian and Greek waters), where some species are relatively sedentary while others are migratory. On less mobile species, such as the ones constituting the benthic communities on the seafloor, the use of spatio-temporal fisheries management measures is an effective tool to decrease physical disturbance and mortality of benthos. Benefits in the different scenarios are often minimal for the more mobile species. Because of these differences in temporal and spatial scales, our analysis underscores the necessity for both tactical short- to medium-term approaches, employing models such as DISPLACE, FISHCODE, BEMTOOL, and ISIS-Fish, and strategic long-term solutions at equilibrium, as demonstrated by models like ECOSPACE and OSMOSE.




4.3.2 MPA placement was historically driven by other purposes than limiting bycatch risk or fishing impact on the seabed

The placement of MPAs is also a determinant of achieving environmental conservation goals, such as those outlined in the Marine Strategy Framework Directive (MSFD COM/2017/03 final) or the Biodiversity 2030 objectives. It is often assumed that MPAs are established to protect biodiversity hotspots. However, there were likely cases of designating areas to minimize impact on existing activities, which reflects a different conservation objective; this information cannot be retrieved easily, given the designation process initiated three decades ago (see MAPAFISH). It is also important to differentiate between the actual and potential benefits of protection, as, for example, some benthic communities are inherently more diverse and have a greater potential to recover to high levels of biomass (ICES, 2025 WGFBIT). For example, the North Sea demonstrates higher diversity compared to the less saline Baltic Sea, with implications for the potential recovery gain of protecting such different communities (e.g. Bastardie et al., 2020). In the long term, however, repeated bottom trawling can alter the structure of benthic communities, leading to a shift from sensitive, slow-growing, and slow-reproducing species to opportunistic, fast-growing, and fast-reproducing species (Fonteyne and Polet, 2002), which shifts the gain from protection toward a more disturbed state (Table 5 #2).




4.3.3 Fit-for-purpose conservation requires restricting certain fishing techniques

Effective MPA management requires a holistic approach that combines ecological dynamics, interdependence in marine ecosystems, and the socioeconomic factors of stakeholders (e.g. Bastardie and Brown, 2021). It calls for a shift from a species or habitat-focused strategy to a comprehensive ecosystem-based management framework. However, such an ecosystem approach to fisheries should adapt to different fishing techniques and climate change, as seen in our modelling across case studies. In such a context, there are three different input-control approaches (e.g. Bellido et al., 2020) to reduce the impact of fishing: spatial closure, effort reduction or impact mitigation per unit of effort. Hence, mobile bottom contacting gear effects may be mitigated as an alternative to the full exclusion from the designated MPAs deemed vulnerable to bottom fishing. Allowing innovative gears might minimize the impact when substituting current gears (Sala et al., 2023 and references therein). However, at the regional scale, the net effect in mitigating the seabed’s impact with innovations will likely not suffice to reach the conservation objectives (see a review in STOA, 2024). Given the lack of voluntary uptake, the most promising innovations would have to be made mandatory. So far, innovations for lighter-impacting gears or solutions not affecting catch rates are lacking (STOA, 2024). This induces a net increase in impact at the regional scale when bottom trawlers increase effort to compensate for the loss in catch efficiency (STOA, 2024). For passive gears, a total prohibition measure will efficiently eliminate the risk of, e.g., the bycatch of marine mammals and seabirds within the regulated area. However, at the overall scale, it is likely that the fishing activity will not reduce but instead displace toward surrounding areas, increasing the density of nets in those new areas. In addition, passive gears like pots and traps could be used close to OWFs (Stelzenmüller et al., 2021), where bottom trawls are not feasible. Such a shift to passive gears would mitigate the short-term adverse effect on the fishing sector of shrinking spatial fishing opportunities for beam trawling found with FISHCODE due to expanding OWFs in the North Sea. Depending on the accuracy of the information on where the sensitive species are distributed, it is uncertain whether the net effect will reduce the risk or, counterproductively, increase the risk of affecting other ecosystem components than the targeted species.

Some fishing techniques and practices may be maintained within protected areas as long as the ecosystem components would not be deemed vulnerable to such techniques (Table 5 #6). However, in some occurrences a full prohibition of fishing may be more efficient than a partial closure to protect the natural food web (e.g. Sciberras et al., 2015). The ecological theory assumes that the ecosystem function in the area is anticipated to increase as predatory fish controlling the food chain (e.g., see the ECOSPACE outcomes) will be protected from fishing mortality in these areas, ensuring specific stability of fluxes in the food web as pioneered in the first ECOSPACE (Walters et al., 1999). Such effect may occur unless: i) the possible effort displacement induced by the closure is large enough so that it can cancel out the ecological benefit of the protection effect expected at the population level (Table 5 #4), ii) the size of the area protected is too small to cover a significant part of the total extent of the species distribution or species assemblage to be protected (Table 5 #3), iii) High levels of fish discarding outside the protected area can render spatial protection ineffective in contributing to overall stock biomass increases at the population level (Table 5 #7). Again, such side effects would be limited by a reduction in fishing effort implemented alongside spatial restriction.




4.3.4 Climate change will prevail in the long term

Climate change may drastically alter fish species occurrences, productivity and ecosystems, changing the effectiveness of current protected areas in attaining their goals (Giakoumi et al., 2025), and requiring new marine protected areas to cope with its unexpected consequences (Santora et al., 2020). Hence, fishing closures’ ecological and socioeconomic impacts should include long-term concerns and immediate challenges that must be considered (e.g. Champion et al., 2024). The overwhelming impact of climate change on marine ecosystems and fish productivity presents a daunting challenge. As ocean temperatures rise and acidification progresses, many species may face habitat loss or altered feeding patterns (e.g. Pinsky et al., 2013; Free et al., 2019; Baudron et al., 2020), which can disrupt ecosystems and the EU fisheries that exploit them. Our modelling shows that the effects of warming waters and changes in ocean ecology outweigh the potential benefits of area closures as a management strategy. This calls for an integrated approach that combines spatial management with climate adaptation strategies to safeguard marine resources effectively (Holsman et al., 2019). Our contribution highlights the need to buffer against adverse climate change effects to fully future-proof the implementation of the CFP, including spatial as well as catch or effort-based management measures (Bellido et al., 2020; Bastardie et al., 2024a). In a balanced system, the fisheries’ yields and ocean productivity are expected to increase concomitantly. Unfortunately, the reverse pattern is currently observed (Druon et al., 2021; Hidalgo et al., 2022), with the higher yield not being sustained by underlying higher ocean productivity as a symptom of ongoing non-sustainable exploitation of the marine ecosystem in some areas (Table 5 #5). This calls for an urgent need for climate adaptation strategies and near-term actions for achieving climate-ready fisheries by first considering ecosystem productivity changes in stock assessment and management (e.g. Trenkel et al., 2023; Drexler et al., 2025) and whether spatial management is suited to future fish distribution and is climate-proof and climate-adaptive. Hence, management measures, including area-based restrictions, should be periodically evaluated and revised to ensure that benefits are sustained over time.




4.3.5 Different model approaches and their ability to anticipate effects

In modelling, other factors like fishing fleet coverage, spatial geographical grid differences, and choke species predictions become important factors. Also, not all models are yet equipped to cover the same ecosystem components or with the same accuracy. A unified model, while potentially appealing for simplifying scenario comparisons and aiding managers’ understanding, risks overlooking the range of assumptions that need to be explored and may become overly dependent on the expertise of a single ‘lead’ modeler (STECF-24-01). Still, current spatial bioeconomic fisheries models focus on management costs rather than the benefits of ecosystem services and spatial connectivity from marine protected areas (Table 5 #3). Furthermore, the representation of fishers’ decision-making is dominated by economically oriented theories, while a growing body of literature suggests more diverse cultural, social and economic drivers (among business structure, working rhythm, polyvalence, etc.) and various “fishing styles” (Bastardie et al., 2014; Boonstra and Hentati-Sundberg, 2016; Kraak and Hart, 2019; Andrews et al., 2020; Wijermans et al., 2020; Haase et al., 2023). Conversely, more intricate ecosystem (end-to-end) models struggle with spatial fishing dynamics and were, until recently, not yet accurately representing fish and fleet movements or the long-term effects of protections (Steenbeek et al., 2021). The development of existing and new spatial models, such as the ones used here, aims to integrate accurate fish movement and connectivity data with environmental conditions, spillover effects from protected areas, and the importance of other impacts (age and size of the area protection, governance attached, etc.). This calls for a new generation of fisheries-centered models ensuring a comprehensive understanding of the benefits and costs associated with area restrictions on fisheries and biodiversity. Suites of models accounting for various components or assumptions could broaden the elements considered while evaluating the robustness of the simulated MPA effects to the modelling assumptions. Such models simulate computer-based counterfactuals using biological, ecological and economic data (Burgess et al., 2018).

These models would also explore whether and to what extent connected and well-managed marine protected areas impact the resilience of ecosystems, serving as a basis for stable, sustainable and profitable fisheries, with further integration into the other EU environmental directives (Raicevich et al., 2017). One dimension that needs to be improved is accounting for more differential impacts induced by different fishing practices, for example, by accounting for seafloor type. Muddy sediments can be more sensitive to trawling than sand (Sciberras et al., 2018), and in European shelf waters, muddy sediments are the most heavily fished substrate type (Eigaard et al., 2017). Describing actual benthic communities is also needed (Bolam et al., 2017), as muddy seafloors may have already adapted to high levels of trawl disturbance and benthic impact, given the historical fishing patterns and intensity (Table 5 #2). The presented bioeconomic models work toward capturing those differential effects and implications whenever displacing effort because of management actions.

In any modelling approach, reconciling diverse stakeholders’ priorities is a challenge. The priorities may include, for example, increasing or maintaining fisheries yields, increasing or maintaining fish biomass, minimizing unwanted catches, and minimizing impact on benthic communities and supportive habitats. On the fishers ‘ side, although sustainability is in the long-term interest of fishers, the regulations are usually not in the short-term interest of the individual fisher because they restrict the fisher’s economic activity (Kraak and Hart, 2019, also Table 5 #8). On the management side, efficiency or resource extraction might also be the priority, while potentially conflicting with other goals (safety standards, cultural habits, etc.). To address this, we work to widen the set of model indicators so that we can document trade-offs and document the possibility for co-benefits more widely and objectively. With such modelling approaches, we also work for transparent communication and co-creation of solutions while demonstrating their co-benefits (see https://seawiseproject.org/). Additionally, the complexity of ecological systems may require innovative approaches to handle large datasets and provide actionable insights through modelling. These methods are constantly being developed to enhance the robustness and usability of our recommendations (e.g. Rynne et al., 2025). Again, a major uncertainty in implementing fisheries management is also to anticipate how individual fishers will react to the management, which is very much linked to their individual possibilities and preferences (“fishing styles”, Andrews et al., 2020; Wijermans et al., 2020) and even individual company structures (Schadeberg et al., 2021) and regional governance shaping the outcome at larger scales (Österblom et al., 2011).






5 Conclusion

Our research findings indicate that prohibiting certain fishing practices in newly suggested fit-for-purpose areas, aimed at limiting the risk of incidental species bycatch and the degradation of the benthos status, will significantly impact the overall fisheries economy and fish populations in the short-term. Despite these lost fishing opportunities, spatial restrictions are an effective and relevant strategy to protect species and habitats. However, the spatial restrictions alone have proven insufficient to meet ecosystem-based conservation objectives (conserve fish stocks, minimize seafloor impact, reduce risk of bycatch) especially the current MPA network in EU. If fit-for-purpose closed areas are to perform better, fishing effort must also be reduced to avoid increasing fishing impacts in surrounding areas. Achieving fisheries impact reduction with spatial restrictions would then require more ambitious scenarios, adapted to areas, fisheries and species concerned, including reducing overall effort and replacing existing fishing techniques with less damaging alternatives. Besides, the effects of warming waters and changes in marine ecology may outweigh the potential benefits of area closures as a management strategy, underscoring the urgent need for dynamic climate adaptation strategies. Area-based management, when used in combination with other technical measures, can help avoid the negative impacts of displacement outside the managed area.

The suite of fisheries bioeconomic modelling tools we deployed here is poised to provide a robust benchmark whenever EAFM is implemented in complex marine spaces. Expected outcomes include strengthened cross-sector collaboration, improved sustainability of fish stocks and marine ecosystems, and increased buy-in from policymakers and industry stakeholders for the Ecosystem Approach principles. Such a suite of tools should serve as an agile model for integrating scientific, economic, and social dimensions in marine governance, paving the way for broader fisheries management adoption across Europe.
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Footnotes


1 https://www.eea.europa.eu/data-and-maps/data/natura-14
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