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The Marine Strategy Framework Directive (MSFD) aims to achieve “Good Environmental Status” (GES) in EU marine waters by 2020. This initiative started its first phase of implementation in 2012, when each member state defined the GES and environmental targets in relation to 11 descriptors and related indicators for 2020. In 2013, the EU Commission launched the reformed Common Fisheries Policy (CFP), which aims to achieve biomass levels capable of producing maximum sustainable yield (MSY) for all commercial stocks exploited in EU waters by 2020, as well as contribute to the achievement of GES. These two pieces of legislation are aligned since according to Descriptor 3 (commercial fish and shellfish), the MSFD requires reaching a healthy stock status with fishing mortality (F) and spawning stock biomass (SSB) compatible with the respective MSY reference limits for all commercial species by 2020. We investigated whether the two policies are effectively aligned in the Mediterranean Sea, an ecosystem where the vast majority of stocks show unsustainable exploitation. For this purpose, we assessed and compared the number and typology of stocks considered by the member states when assessing GES in relation to data on stocks potentially available according to the EU Data Collection Framework (DCF) and the proportion of landings they represented. The number of stocks considered by the member states per assessment area was uneven, ranging between 7 and 43, while the share of landings corresponding to the selected stocks ranged from 23 to 95%. A lack of coherence between GES definitions among the member states was also revealed, and environmental targets were less ambitious than MSFD and CFP requirements. This could possibly reduce the likelihood of achieving fishery sustainability in the Mediterranean by 2020. These conditions limited the envisaged synergies between the two policies and are discussed in consideration of the recent Commission Decision on criteria and methodological standards for GES.
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INTRODUCTION

In 2008, the European Commission approved the Marine Strategy Framework Directive (Directive 2008/56/EC; MSFD; EU-COM, 2008), which was the new legislation put forward under the coordination of the EU Directorate-General for Environment aimed at achieving “Good Environmental Status” (GES) in EU waters by 2020. This concept represents “the environmental status of marine waters where these provide ecologically diverse and dynamic oceans and seas which are clean, healthy, and productive” (Article 3; EU-COM, 2008). According to the MSFD implementation process under Article 5, member states were requested to carry out “(i) an initial assessment (IA) (…) of the current environmental status of the waters concerned and the environmental impact of human activities thereon (…); (ii) a determination (…) of GES for the waters concerned (…); (iii) establishment of a series of environmental targets (ETs) and associated indicators” by July 15, 2012 (EU-COM, 2008).

This assessment should have been done in the context of “waters, the seabed, and subsoil on the seaward side of the baseline from which the extent of territorial waters is measured extending to the outmost reach of the area where a Member State has and/or exercises jurisdictional rights, in accordance with the Unclos (…)” (Article 3.1a; EU-COM, 2008). Moreover, it should have taken into account regional and subregional subdivisions of the MSFD as identified under Article 4 of the directive (EU-COM, 2008). In doing so, member states were asked to coordinate with the other EU states and other countries with national waters within the same region or subregion using “existing regional institutional cooperation structures, including those under Regional Sea Conventions, covering that marine region or subregion” (Article 6.1; EU-COM, 2008).

After consulting all interested parties, the Commission issued the decision on criteria and methodological standards for the GES of marine waters for implementation of the MSFD (Commission Decision 2010/477; EU-COM, 2010). This defined the qualitative description of GES in relation to 11 descriptors, along with a set of related criteria and indicators to be applied for quantitative assessment. In particular, Descriptor 3 concerns commercially exploited species. Its GES is qualitatively described as the condition where “populations of all commercially exploited fish and shellfish are within safe biological limits, exhibiting a population age and size distribution that is indicative of a healthy stock” (Annex, Part B, EU-COM, 2010). The commission decision stated that stocks to be considered for the purpose of such an assessment should have included “all the stocks covered by Regulation (EC) No. 199/2008 (within the geographical scope of Directive 2008/56/EC) and similar obligations under the Common Fisheries Policy (CFP). For these and for other stocks, its application depends on the data available (taking the data collection provisions of Regulation (EC) No. 199/2008 into account), which will determine the most appropriate indicators to be used” (Annex, Part B, EU-COM, 2010).

Regulation (EC) No. 199/2008 (EU, 2008) refers to the Data Collection Framework (DCF) established in 2000 within the CFP for the collection and management of fishery data. Under this framework, the member states collect, manage, and provide a wide range of fisheries data for the main stocks, which are selected by DCF according to their relevance in terms of both landings and value. Such data include both the biological data (e.g., landings and catches by métier, fishery independent data) and socio-economic data (e.g., employment, revenues, etc.) needed for scientific advice. Accordingly, the definition of stocks to be considered within the MSFD established the need for including all stocks for which DCF applies, thus determining a clear link between the MSFD and the CFP.

The three criteria to be considered for the assessment of GES by member states included fishing pressure, reproductive capacity, population age and size distribution, whose assessment is based on a suite of primary and secondary indicators (Table 1). Moreover, the first two criteria adopt, in the case of primary indicators, MSY-related reference points. The reformed CFP was delivered in 2013, 5 years after establishing the MSFD and 3 years after the definition of MSFD criteria and methodological standards by the Commission. The new basic regulation of the CFP is aligned to the overall objectives of the MSFD in relation to Descriptor 3, as the CFP is aimed at implementing measures to gradually reach biomass levels capable of producing the maximum sustainable yield (MSY; spawning stock biomass - SSB above BMSY) by 2015 where possible, and no later than 2020. Moreover, the two policies in relation to commercial fish and shellfish are interrelated and it is among the purposes of CFP to contribute to achieving GES (Article 2j; EU, 2013). In addition, the monitoring activities carried out within the DCF are some of the main providers of data to support the implementation of the MSFD, and not only in relation to commercially exploited species (Zampoukas et al., 2014).


Table 1. Criteria, primary and secondary indicators, and associated threshold levels, for the assessment of GES in relation to Descriptor 3, according to MSFD Criteria and Methodological Standards (EU-COM, 2010).
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The Report from the Commission to the Council and the European Parliament on the first phase of implementation of the MSFD (COM 2014/97 final; EU-COM, 2014) showed a limited degree of coordination among member states in relation to several descriptors. This condition was also confirmed in a study by Crise et al. (2015) on Southern European seas, which also pointed out the issue of the lack of data for the implementation of GES for some descriptors, as well as an imbalance in MSFD implementation between coastal and off-shore areas. Regarding Descriptor 3, the report from the Commission (EU-COM, 2014; EU-COM Annex, 2014) identified the lowest degree of coherence at the regional level in relation to IA, GES, and ET definition across the Mediterranean subregions, while medium coherence was achieved in the Northern Seas (NE Atlantic), which was confirmed by the International Council for the Exploration of the Sea (ICES, 2014a).

This outcome is quite relevant since the Mediterranean Sea, a large marine ecosystem characterized by high biodiversity (Coll et al., 2010), is subjected to an intensive fishing pressure, with about 90% of assessed stocks showing clear signs of overexploitation (Colloca et al., 2013). Despite the alarming evidence of excessive fishing mortality (Fcurr >> FMSY) exerted on exploited populations (Vasilakopoulos et al., 2014; Tsikliras et al., 2015), fishing pressure has not been reduced in the last decade for most species (Cardinale and Scarcella, 2017). In the whole Mediterranean and Black Sea Basin, fishery management is carried out in the framework of the General Fisheries Commission for the Mediterranean (GFCM). The GFCM is a Regional Fisheries Management Organization (RFMO) that plays a role in coordinating efforts by governments to effectively manage fisheries at the regional level following the FAO Code of Conduct for Responsible Fisheries (FAO, 1995).

However, for EU member states with national waters in the Mediterranean and Black Sea Basins, the prescriptions of the CFP also apply. At present, the main EU fishery legislations for this area include the Mediterranean Regulation [Council Regulation (EC) No. 1967/2006; EU, 2006] and the reformed CFP [Regulation (EU) No. 1380/2013, EU, 2013]. Landings from EU member states account for about 87% of the total Mediterranean landings (average for the 2011–2014 period based on FAO Fishstat data). The CFP is associated with a financial instrument [Regulation (EU) No. 508/2014; EU, 2014] that allows co-financing data collection [Council Regulation (EC) No. 199/2008, EU, 2008; Commission Implementing Decision (EU) 2016/1251, EU-COM, 2016]. Moreover, it supports member states for the implementation of CFP-related structural policies (e.g., reduction of fishing capacity, support to the development of processing and trading, etc.). Owing to such financial support and to the political role of the EU in managing the fishery sector of member states, the CFP is substantially more demanding than current GFCM prescriptions in terms of member-state obligations.

Given the presence of a common and coherent base of available data (i.e., DCF), the MSFD prescriptions for coordination among member states and within the Regional Sea Convention, and the recorded evidence of limited coherence within MSFD implementation in the Mediterranean Sea (EU-COM, 2014; EU-COM Annex, 2014; Crise et al., 2015), we wanted to assess and compare in detail how member states implemented the MSFD in relation to Descriptor 3, as well as identify the most critical sources of discrepancies. Our general hypothesis based on MSFD requirements is that member states should have adopted similar approaches in the selection of assessment areas, stocks to be considered, GES, and target definitions, and that within the same subregion, the approaches should have been consistent.

In this context, we analyzed the coherence of MSFD implementation at the national level across Mediterranean member states and with both MSFD and CFP objectives. The potential synergies between these two pieces of legislation were also considered in light of increasing the degree of their coherence to further support the efforts to reach fishery sustainability and GES in the area.

Accordingly, our analysis focuses on the following objectives:

1) Assessing the coherence of the selection of stocks and the extent to which the member states used data collected under the EU DCF (EU, 2008) for the purposes of IA and GES assessment within the MSFD.

2) Estimating the percentage of landings subjected to quantitative assessment of GES and comparing it to the past and future data availability given EU and GFCM obligations on data collection.

3) Providing an in-depth analysis of the approach adopted for MSFD reporting and implementation at the Mediterranean level, considering the definition of the spatial units adopted (i.e., assessment areas), GES and ET.

4) Assessing the current coherence in the implementation of the MSFD in relation to CFP objectives for commercial fish and shellfish stocks while considering the potential future impact of the recent process established under the relevant Regional Sea Convention (Barcelona Convention) and GFCM to address MSFD obligations.

These elements are also discussed in light of the recent Commission Decision (EU) 2017/848 (EU-COM, 2017) released on May 17, 2017, which updates the former decision on criteria and methodological standards for GES (EU-COM, 2010). In this context, we reflect on whether this new technical specification will ensure higher coherence in the MSFD implementation in the Mediterranean Sea for GES assessment in regard to Descriptor 3.

MATERIALS AND METHODS

Data Sources

MSFD Implementation within the Mediterranean Sea

Official reports and documentation regarding the implementation of MSFD in EU Mediterranean member states (Spain, France, Italy, Malta, Slovenia, Croatia, Greece, Cyprus, with the exclusion of Gibraltar) were retrieved between January and February 2017 from the Central Data Repository of the European environment Information and Observation Network (Eionet) (http://cdr.eionet.europa.eu/). In the “Central Data Repository” section within the folders of “Marine Strategy Framework Directive: Articles 8, 9, and 10 & geographic areas and regional cooperation reporting,” a series of documents and files were inspected to gather the following information:

– Spatial units of application (i.e., assessment areas, as defined in relation to Descriptor 3).

– A list of stocks considered in the IA for each assessment area (mainly obtained from “national text-based paper reports”).

– GES definitions according to each member state (Supplementary Table 1).

– ET definitions according to each member state (Supplementary Table 2).

Landings and Stock Assessments

Official EU landings statistics encompassing all commercial species obtained by each member state fleet were not publicly available at disaggregated spatial levels, such as MSFD assessment areas or FAO geographical sub-areas. Accordingly, data based on the FAO Fisheries and Aquaculture Department and stored in the GFCM (Mediterranean and Black Sea) capture production database were retrieved from the European Marine Observation and Data Network (EMODnet; Human Activities: Fish catches by FAO statistical area; http://www.emodnet-humanactivities.eu/search-results.php?dataname=Fish+Catches+by+FAO+Fishery+Statistical+Areas). The analysis was conducted using landing data from the FAO Fishery Statistics by species for the year 2011 (the closest year available in relation to when MSFD reporting on IA and GES/ET were carried out by MS). These data were assigned unambiguously to the MSFD assessment areas of member states based on the overlap between the country of origin and statistical area (Table 2). Only two exceptions were applied: in the case of Spain, which defined two different assessment areas joining 4 different geographical sub-areas (GSAs: 1, 2, 5, 6), all data refer to the same FAO statistical unit (i.e., Balearic, 37.1.1). Given the inconsistency between FAO statistical units and MSFD subregional domains for Italy, the official national DCF 2011 landing data toglierei la virgola by GSAs were used.


Table 2. Assessment areas identified by each Mediterranean EU member states per single MSFD subregion and overlap with FAO Statistical Areas.
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Data Analysis

Consistency across Spatial Units

The geographical boundaries of assessment areas as identified by member states were plotted based on coordinates provided by national reports to relate them to the GFCM GSAs and to highlight potential spatial overlap. This condition would imply that member states decided to consider for their assessment of the same area (or at least a portion), thus potentially leading to contrasting interests and methods. Analyses were carried out using QGIS 2.18.4.

Consistency in Stock Selection and Corresponding Proportion of Landings

We tested the hypothesis that member states would have selected the same species for the MSFD implementation for assessment areas which were close to each other and, in general terms, at subregional and regional levels owing to MSFD prescriptions, the common source of data (i.e., DCF), and the possible similarities in main target species and landings composition. For this purpose, two cluster analyses were performed (Bray–Curtis similarity/group average) on data in relation to each assessment area selected by member states. One considers the selected stocks and is based on presence/absence data, while the second is based on landings per species per assessment area (fourth-root transformation) by member states. The analysis was carried out using Primer 6.1.

We also assessed whether consistency was achieved among member states in terms of the proportion of landings represented by the stocks selected (i.e., the IA and reported GES corresponded to a similar percentage of landings). Accordingly, the percentage of landings of the stocks selected by member states for the purpose of the IA over total landings was computed for national assessment areas at the national level and the subregional level. Species under international management (i.e., under the International Commission for the Conservation of Atlantic Tunas - ICCAT management) were excluded from total landings. The same computation was done for species evaluated through stock assessments carried out in the period of 2010–2011 and approved by the Scientific, Technical, and Economic Committee for Fisheries (STECF; Cardinale and Osio, 2012). The latter analysis was carried out to highlight the percentage of landings in relation to stocks that provide analytical information to evaluate their status according to MSY-related reference points.

We compared the actual use of data made by member states within the MSFD implementation to the potential past, current, and future availability of data in relation to data collection obligations. To this end, we estimated the percentage of landings corresponding to stocks for which data collection is required under the following considerations:

– Stocks for which the DCF (EU, 2000, 2008; EU-COM, 2016) obligations apply.

– Species assigned a minimum landing size (MLS; now Minimum Conservation Size) according to Reg. 1967/2006 (EU, 2006) and thus subject to the reformed CFP in relation to the establishment of management plans and landing obligations.

– Stocks for which data collection is foreseen in the future according to the recent update of the Data Collection Reference Framework by the GFCM (2016).

In the latter case, we considered three groups of species: A1: stocks that drive the fishery and for which assessment will need to be carried out regularly; A2: stocks which are important in terms of landing or economic value at the regional and subregional levels, and for which assessment will not be regularly carried out; A3: species within international/national management plans and recovery or conservation action plans; non-indigenous species with the greatest potential impact (GFCM, 2016).

GES and Environmental Target Definitions

GES and ET definitions provided by each member state were analyzed in order to assess whether they were aligned to the MSFD prescriptions and objectives. For this purpose (based on official member state documentation), we assessed the following items:

1) Comprehensiveness of the application of criteria for IA and GES assessment (i.e., whether or not member states applied all criteria).

2) Exhaustiveness of the definition of commercial species to be considered for GES assessment (i.e., whether or not member states clearly defined the list of stocks to be considered for GES assessment).

3) Agreement between the national GES definition, in relation to the use of reference points for indicators 3.1.1 and 3.2.1 and MSFD technical guidelines/CFP objectives (i.e., whether member states defined MSY-related reference levels for GES assessment as targets or limits).

4) Agreement between ET and MSFD/CFP objectives (i.e., whether ETs were clearly defined ensuring to reach MSFD/CFP objectives).

RESULTS

Consistency across Spatial Units

The MSFD divides the Mediterranean region into four different subregions: the Western Mediterranean Sea (WMS); the Adriatic Sea (AS); the Ionian Sea and the Central Mediterranean Sea (ISCM); and the Aegean-Levantine Sea (ALS). Member states had to consider such geographical sub-divisions when defining the extent of assessment areas. Most assessment areas were included in each geographical subregion except for the Strait of Sicily, for which the extension partially overlapped between the WMS and ISCM subregions (Figure 1).


[image: image]

FIGURE 1. The spatial boundaries of assessment areas identified by member states for the assessment of Descriptor 3 within the MSFD. Boundaries of FAO geographical sub-areas are also represented in the background. The area identified by the white crosses represents the overlap between France and Spanish assessment areas.



Mediterranean member states defined 16 assessment areas in total, for which the spatial extension approximately overlapped with GFCM GSAs (Figure 1; Table 2). However, while the match between assessment areas and GSAs was almost full for Italy, Malta, Croatia, and Cyprus (i.e., each GSA had a corresponding assessment area), Spain, France, and Greece defined some assessment areas that merge two GSAs. In detail, Spain considered two assessment areas, the “Strait and Alboran” and the “Levantine Balearic area,” which almost overlapped with GSAs 1–2 and 5–6, respectively. France defined a single assessment area by merging waters of the Gulf of Lion (GSA 7) and the area around Corsica (GSA 8). It is worth mentioning that a clear overlap emerges between Spain's and France's assessment areas (Figure 1). In the Adriatic Sea, Italy, and Croatia restricted their assessment from national waters toward the midline. Within the ALS, Greece considered a single assessment area by merging waters of GSAs 22–23. The Malta assessment area was restricted to national waters and thus a sub-portion of GSA 15. In the case of Cyprus, assessment areas extended beyond the limits of GSA 25, overlapping with two other GSAs.

Consistency in Stock Selection and Corresponding Proportion of Landings within MSFD Initial Assessment

Stocks Selection

A total of 419 fish and shellfish stocks corresponding to 89 species were considered by EU Mediterranean member states for the purposes of the IA. However, limited consistency emerged in terms of the typology and number of selected stocks among assessment areas within subregions and among subregions. In particular, the number of considered stocks was uneven. Malta, Spain, Slovenia, and Italy considered between 28 to 43 stocks per assessment area, while Greece, France, Croatia, and Cyprus restricted their assessment to a pool of 7–11 selected stocks (Table 3).


Table 3. Number of stocks, species, and the corresponding percentage of landings considered within Initial Assessment in all Mediterranean assessment areas.
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This pattern is also revealed by the cluster analysis based on selected stocks by assessment areas, which shows the presence of two main clusters at a similarity level cutoff of 25% (Figure 2) with one outlier (Cyprus). The two clusters relate to assessment areas of high vs. low numbers of considered stocks (Table 3). Assessment areas displaced in 4 and 3 subregions were grouped within the two clusters, showing a lack of similarities in stock selection within subregions. High similarities were observed among stocks selected at the national level within different assessment areas and subregions, as in the case of Italy (single cluster at a similarity of about 75%), Greece, and Spain (similarity above 80% each).
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FIGURE 2. Cluster analysis (group average, based on Bray–Curtis similarity matrix) of stocks selected per assessment areas (presence/absence data) within the MSFD Initial Assessment in the Mediterranean Region. [image: yes] : Western Mediterranean Sea; [image: yes] : Adriatic Sea; [image: yes] : Ionian Sea and Central Mediterranean; [image: yes] : Aegean-Levantine Sea. Assessment areas codes are reported in Table 3.



Further information can be derived by comparing the outcomes of this multivariate analysis to the cluster based on landings per species per assessment area (Figure 3). Indeed, at the same similarity cutoff of 25%, only one major cluster is identified grouping all assessment areas apart from that defined by Slovenia. Within the main cluster, two main clusters emerge: one comprising islands (Malta and Cyprus) and another comprising all the other member states. Within the latter, Greece's assessment areas differ, while a major cluster groups Spain's and France's landings and another groups Italy's and Croatia's landings by assessment areas. This result shows similarity among landings of geographically closer assessment areas, which is higher than that observed in terms of selected stocks. Moreover, it shows consistency between landing composition across assessment areas belonging to the same member states. However, in relation to Italian landings, we point out that the high similarity shown among its GSAs could be partially due to the different data sources used for this country compared to the others (i.e., DCF data vs. FAO statistics). The combined analysis of the clusters thus shows that stock selection per assessment area for the IA was not fully consistent with respect to the variation in corresponding landing composition.
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FIGURE 3. Cluster analysis (group average, based on Bray–Curtis similarity matrix) of landings composition per species and assessment areas (fourth root transformation) within the MSFD Initial Assessment in the Mediterranean Region. [image: yes] : Western Mediterranean Sea; [image: yes] : Adriatic Sea; [image: yes] : Ionian Sea and Central Mediterranean; [image: yes] : Aegean-Levantine Sea. Assessment areas codes are reported in Table 3.



Further differences are revealed when considering the detailed list of stocks and species selected for the IA at the subregional level. In general terms, the AS subregion was the area where the largest number of species was considered (68), followed by WMS (56) and ISCM (53). Importantly, these values were higher than those of the ALS, where only a total number of 17 species was considered (Table 3).

Mullus barbatus was the only species for which stocks were considered in all the Mediterranean assessment areas. At the subregional scale, Merluccius merluccius represented a common stock in all assessment areas within all subregions apart from the ALS, while Mullus surmuletus was commonly considered in all assessment areas in both ISCM and ALS. Parapenaeus longirostris was considered in all assessment areas of ISCM, while Octopus vulgaris and Spicara smaris were commonly assessed within WMS and ALS, respectively.

Proportion of Landings

The proportion of landings corresponding to the stock selected by member states within the IA largely varied among assessment areas (Table 3). Overall, member states selected stocks representing different shares of national landings, with the highest values recorded for Slovenia and Croatia (above 90%), intermediate levels for Spain, France, and Italy (between 40 and 60%), and low levels for Malta, Greece, and Cyprus (between 20 and 40%; Figure 4). The comparison between landing percentages considered within IA and those related to data collection and policy obligations already established before shows that member states possibly did not use all potentially available scientific data. Indeed, landings associated with stocks monitored under the DCF (EU, 2008) were higher than those considered for the IA (Figure 5). Even the landings associated with species for which MLS was established according to EU (2006) were higher than those assessed within the IA at the subregional level, apart from the case of WMS. It is also worth noting that when IA was carried out, only a minor share of landings was associated with consolidated stock assessments (i.e., those approved by STECF in 2010–2011; Cardinale and Osio, 2012), thus implying that the application of primary indicators associated with MSFD criteria 3.1 and 3.2 was restricted to a small number of stocks.
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FIGURE 4. Percentage of landings corresponding to the stocks selected by the EU member states within their Initial Assessment.
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FIGURE 5. Percentage of landings corresponding to the stocks considered by EU member states within their Initial Assessment and in relation to data collection and policy obligations. Estimates are given at MSFD subregional level. WMS, Western Mediterranean Sea; AS, Adriatic Sea; ISCM, Ionian Sea and Central Mediterranean; ALS, Aegean-Levantine Sea. DCF (2008): Percentage of landings corresponding to stocks' list object of the DCF (EU, 2008). Reg. 1967/2006: Percentage of landings corresponding to species subjected to Minimum Landings Size according to the Mediterranean Regulation (Appendix 3, EU, 2006). S.A. STECF: Percentage of landings corresponding to stocks which were assessed on 2010–2011 by STECF (Cardinale and Osio, 2012).



Future Scenarios of Data Availability

The DCF has recently been revised (EU-COM, 2016), and according to the new set of stocks that will need detailed data collection, a slight increase in the coverage of landings per subregion will be achieved (Figure 6). Recently, the Data Collection Regional Framework by GFCM (FAO, 2016) has been further amended with a request to collect data on a larger share of stocks across the Mediterranean. This is expected to increase the percentage of landings of stocks associated with the formal stock assessment from about 40–60%, depending on the subregion (Figure 6). However, the assessment will be regularly carried out for only a relatively small set of stocks (A1 species), including five species in all Mediterranean subregions (i.e., Engraulis encrasicolus, Sardina pilchardus, M. barbatus, M. merluccius, P. longirostris) and two species assessed in 3 out of 4 subregions (i.e., M. surmuletus and Nephrops norvegicus). Moreover, for other species (A2 species), assessment will not be regular. Based on the availability of both A1 and A2 data, between 50% (ISCM) and 81% (WMS) of landings could be associated with data to assess GES. Considering vulnerable species within international/national management plans, recovery, and conservation action plans (A3 species) will not substantially improve this figure.
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FIGURE 6. Percentage of landings whose data collection is required under recently reviewed international obligations. Estimates are given at MSFD subregional level. WMS, Western Mediterranean Sea; AS, Adriatic Sea; ISCM, Ionian Sea and Central Mediterranean; ALS, Aegean-Levantine Sea. DCF (2016): percentage of landings corresponding to stocks' list object of the recent revision of DCF (EU-COM, 2016). DCRF: Percentage of landings corresponding to stocks' list object of the recent revision of the GFCM Data Collection Regional Framework (FAO, 2016). A1: Stocks that drive the fishery and for which assessment is regularly carried out; A2: Stocks which are important in terms of landing and/or economic values at regional and subregional level, and for which assessment is not regularly carried out; A3: Species within international/national management plans and recovery and/or conservation action plans; non-indigenous species with the greatest potential impact.



Methodological Implementation

GES and Environmental Targets Setting

Most member states applied the IA and defined GES at the Descriptor 3 level or in relation to criteria 3.1 and 3.2. Conversely, for Criteria 3.3, only France, Italy, Slovenia and Cyprus provided some description of GES interpretation, which were quite vague in some cases (Supplementary Table 1). Three major discrepancies in comparison to MSFD criteria definitions and objectives emerge (Table 4):

1) A lack of specification of stocks to be considered (e.g., Greece).

2) Reference points for single stocks (e.g., FMSY) which were considered as targets and not limits (e.g., Spain and France).

3) A lack or preliminary definition of threshold levels; i.e., the percentage of stocks that need to be within safe biological limits to consider GES to be achieved (e.g., Italy).


Table 4. Main elements of discrepancies arising from the comparison between member states GES definition according to Descriptor 3 criteria in respect to MSFD criteria definition (EU-COM, 2010).

[image: image]



In total, member states defined 31 ETs referred to Descriptor 3 (Supplementary Table 2). Among the selection of those mainly related to commercial fishing practices, most of the ETs referred to GES achievement, while a smaller part represented interim targets (Table 5). However, the agreement with MSFD objectives was overall limited. These inconsistencies included:

1) A lack of detailed definition of stocks for which the target should be achieved (e.g., Spain, France, Slovenia, Greece).

2) The setting of objectives that are less ambitious than MSFD objectives and promote stability rather than improvement (where necessary) of stock status (e.g., Croatia).

3) The lack of clear definition of targets in relation to policies (such as the CFP) that still needed to be issued when ETs were proposed (e.g., Italy, Cyprus).


Table 5. Selected list of environmental targets defined by Mediterranean EU member states in the early phases of MSFD implementation.
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Depending on the member state, targets not explicitly related to the GES definition and achievement were considered (Supplementary Table 2). These included the regulation of recreational fishing (i.e., Slovenia, Italy); the improved monitoring of biological resources (e.g., Greece, Cyprus); the establishment of MLS for selachians and the control of illegal, unreported, and unregulated fishing (IUUF) (i.e., Italy); and the sustainability of artisanal fishing (i.e., France).

DISCUSSION

The MSFD represents an unprecedented effort to implement an ecosystem approach in marine waters in a large area like European marine waters, encompassing several countries and ecosystems, and establishing a holistic functional approach (Borja et al., 2010). This process was based on the definition of GES in relation to 11 descriptors, which consider the majority of marine ecosystem components and pressures. The Commission provided technical guidelines to support member states in MSFD implementation and fostered the coordination among member states and other countries thanks to the role of Regional Sea Conventions. Among the 11 MSFD descriptors, Descriptor 3 is not the only one connected to fisheries and their impact on the marine environment, with partial overlap with biodiversity, the marine food-web and seafloor integrity (Descriptors 1, 4, and 6, respectively). In this paper, we focused on Descriptor 3 related to commercial fish and shellfish and considered the approach and outcomes of the early phases of MSFD implementation. The focus was the Mediterranean Sea, an area that shows critical signs of overexploitation (Cardinale and Scarcella, 2017). Our analysis shows a potentially critical lack of coherence among member states in the implementation of the MSFD. Such inconsistencies can be observed at several levels, particularly: (i) the stocks selected for the implementation of the IA and the corresponding share of landings; (ii) GES definitions; and (iii) ET definitions.

Stock Selection

Stock selection was uneven within the whole basin, with only a single species considered in all assessment areas, i.e., M. barbatus. A similar result emerged at subregional scale, with only 3–4 stocks in common among subregions. While limited consistency was observed at these levels, member states applied consistent approaches within the assessment areas they defined.

Owing to these discrepancies, it is clear that any IA would have resulted in inconsistent and incomparable outcomes (even in the case of identical analytical approaches applied to define GES and integrate data among assessment areas). Some member states selected a relatively large number of stocks for each assessment area, while others restricted their analysis to a more restricted pool. In the case of Croatia, the latter choice did not impede representing a large portion of landings, which was above 90%. This outcome is the effect of the high incidence of small pelagics in the total national landings, particularly S. pilchardus and E. encrasicolus.

Landings characterized by a high number of commercial species are typical of the Mediterranean Sea owing to the presence of multispecific fisheries and varied seafood cultural habits (Farrugio et al., 1993). This contrasts with the North-East Atlantic region, where there are a limited number of stocks for the bulk of landings. Moreover, in the Mediterranean Sea, about 80% of the fishing vessels are from small-scale fisheries, which have clear practical difficulties with monitoring their catches of local stocks (FAO, 2016).

When comparing the potential availability of data for exploited stocks arising from the EU DCF (EU, 2008) in the Mediterranean Sea with the number of stocks selected for the IA, it appears that only a small fraction of stocks monitored under DCF were considered. This mismatch could be partially due to the quality or availability of data, which can be affected by species with low catchability or high variability within standardized surveys, spawning periods not coinciding with data collection periods, relatively short time-series, etc. Such factors might have affected the possibility of estimating some indicators in relation to different MSFD criteria. It must also be considered that criteria adopted to select stocks within assessment areas influenced this outcome. For instance, Spain selected only species for which landings were above 1% of the total landings within the considered assessment areas. Other member states did not consider some species with large landings, as in the case of Chamelea gallina in GSA 17. All of this is linked to an uneven interpretation of the criteria for Methodological Standards (EU-COM, 2010), which requested that “all commercial species” be considered, explicitly referring to the scientific data collected under the DCF (EU, 2008).

However, we highlight that our estimates should be taken with some caution since they were based on FAO statistical data (apart from Italy) and are referred to 2011. These data could differ to some extent from national statistics or DCF data, which are usually not fully accessible at the GSA level. For instance, Spain reported covering about 70–90% of national landings per assessment area referring to average values 2008–2010. Such estimate includes species assessed by ICCAT (which were excluded in our analysis). These values are quite different from our estimations referred to 2011 landings (53% in total), even though we considered the same set of species. Moreover, Spain reported that out of the 29 and 27 stocks they selected in relation to GSAs 1–2 and 5–6, only in 22 and 23 stocks indicators were applicable, due to lack of data.

It is worth mentioning that after the initial steps of the MSFD were implemented (early 2013), member states defined monitoring programs to fill the gaps of knowledge that emerged, defined the programmes of measures, and in some cases had already refined the species list to be considered in their assessments. However, different approaches can be identified. For instance, in 2015, Malta increased the number of species to be considered, including taxa not previously considered (e.g., cephalopods). In contrast, in the process of carrying out the monitoring programs, Italy amended some previous definition of GES. In this context, Italy identified commercial species to be considered as “those under Reg. 1967/2006, provided that they belong to G1 and G2 MEDITS species or they are MEDIAS species” (free translation from Decree of the Ministry of Environment of 17 October 2014; Decree 2014; MEDITS: International bottom trawl survey in the Mediterranean; MEDIAS: Mediterranean Acoustic Survey on Small Pelagics). These new selection criteria would sharply reduce the number of stocks considered per assessment area in the forthcoming assessment to 11 stocks, in contrast to the average of 36 stocks that were included in the previous assessment (Table 3).

GES and Environmental Target Setting

Further inconsistencies emerge when considering the definition of GES and ETs by member states. Overall, the definition of GES differed among member states and within subregions in relation to: (i) different interpretations or limited description of which stocks should be considered for GES assessment; (ii) whether to consider MSY-related reference points as targets or limits; and (iii) which shares of stocks should be within safe biological limits to achieve GES. Each of these items would produce different outcomes in terms of GES assessment and requirements to achieve GES. Indeed, applying different criteria for selecting stocks prevents member states from conducting assessments on similar stocks or similar shares of landings. At the same time, using MSY-related reference points as a target allows for the possibility of being above or below the reference point, which is less restrictive than setting the reference point as a limit. In addition, using different criteria to achieve GES in terms of the percentage or number of stocks that must be within safe biological limits would also have implications in the measures to be adopted to achieve GES. In this context, following a strict application of the MSFD criteria and methodological standards would have implied the inclusion of all stocks for which data are collected under the DCF in the assessment, the use of MSY-related reference points as limits, and the need to have 100% of stocks in safe biological limits to reach GES.

These discrepancies across member states clearly prevented a coherent definition of GES criteria. Moreover, only some countries adopted and defined GES in relation to secondary indicators, particularly for indicators of Criteria 3.3 (population age and size distribution). The latter case could possibly be linked to the lack of agreement on procedures to define reference limits to assess indicators of Criteria 3.3. Indeed, the recent advice proposed by ICES in relation to length-based indicators suggests that related indicators are not fully operational and that additional research will be needed to reach a consensus on defined reference levels (ICES, 2017).

Some member states applied GES estimation considering only assessed stocks, or in some cases applying secondary indicators associated with FMSY and SSBMSY as primary indicators. However, restricting the analysis to only stocks formally assessed under a quantitative stock assessment procedure would clearly restrict the share of landings subjected to GES assessment, especially in the case of the Mediterranean Sea. Indeed, although the number and range of stock assessments have increased in the last decade, the share of landings for which such assessments were available at the time of MSFD implementation ranged between 10 and 30% in three subregions (ISCM, WM, ALS), and up to 60% in the case of the AS.

The application of the Data Collection Regional Framework (DCRF) from GFCM might substantially improve such figure, reaching coverage between 40 and 60% for all subregions in relation to stocks for which assessment will be routinely carried out (GFCM, 2016; A1 list species). If such an approach will be extended to stocks not regularly assessed, such figures will increase to a range of 50–80% depending on the subregion (GFCM, 2016 A2 list species). Levels that are similar (yet different in relation to subregions) should be achieved in the future according to the application of the revised DCF (EU-COM, 2016).

The ETs set by member states might not be considered fully compliant with the MSFD expectations, as in the case of GES definitions. Again, the major reasons for such discrepancies are a lack of clarity on some definitions, a set of targets that are less ambitious than the MSFD objectives, or the reference to policies that were not already established when the targets were defined. Some member states justified the choice of not defining the percentage of stocks for which GES should be achieved by mentioning the intrinsic difficulties derived from ecosystem interactions and environmental fluctuations of having all commercial stocks simultaneously at MSY levels. Indeed, as pointed out by Link (2002), the sum of single species MSY is greater than MSY for the ecosystem, and it is energetically impossible to simultaneously maximize yield for multiple species. This issue was also acknowledged by Borja et al. (2013), who suggested revising the 100% threshold (i.e., all stocks should be in safe biological limits) and applying a lower operational threshold. The definition of such threshold would in turn affect the process of stocks selection moving from single stocks consideration to a proper ecosystem based approach implementation.

Moving Forward toward the 2018 Assessment and GES Goals for 2020

From our analysis, major inconsistencies among member states in the implementation of the IA and the definition of GES and ETs emerged at Mediterranean level. In contrast, at the national level, coherent approaches were applied in the case of several assessment areas, whether or not being displaced in one or more subregions. This in turn shows that the approaches were not appropriately coordinated at a subregional level as well.

In particular, the use of reference points based on MSY values as targets rather than limits is inconsistent with not only the MSFD criteria and methodological standards (EU-COM, 2010) but also with CFP objectives. However, it is worth mentioning that the latter were defined in 2013 after the MSFD was issued (EU, 2013). This lack of coherence reflected in ETs that are less ambitious than the MSFD policy objectives is likely to have hampered the potential synergies between MSFD and CFP.

As mentioned, member states sharing a marine region or subregion should have cooperated to ensure that the measures required to achieve the objectives of MSFD would have been coherent and coordinated across marine regions or subregions. In particular, existing regional institutional cooperation structures, including those under Regional Sea Conventions, were identified by MSFD as the tool for coordination between member states and other countries whose national waters are comprised within the same region or subregion and then for the enforcement of a regional approach to fishery management between EU member states and non-EU countries.

For this purpose, at the Mediterranean level and in the context of the Barcelona Convention, the UNEP/MAP established the Ecosystem Approach (EcAp) process, as agreed by the Conference of the Parties in 2008 (Decision IG17/6; UNEP, 2008) aiming to achieve GES in the Mediterranean by 2020. This process entails engaging all contracting parties (both EU and non-EU Mediterranean countries) in the definition of GES, related indicators, ecological objectives, and monitoring process. However, as pointed out by Cinnirella et al. (2014), differences between MSFD and EcAp are also evident because the latter has no financial support and applies to all Mediterranean countries. There is thus a high imbalance in terms of the economic development of countries involved compared to EU Mediterranean countries.

The lack of coherence in the MSFD implementation among Mediterranean EU member states (a problem that has emerged also in the context of other EU regions; van Leeuwen et al., 2014) also possibly derives from the difficulties in achieving a consensus among Mediterranean countries on indicators and methodologies to be applied for GES assessment within EcAp. Moreover, as shown by Freire-Gibb et al. (2014), there is uncertainty in the respective roles of different authorities responsible for executing the MSFD (i.e., the European Union, member states and Regional Sea Conventions), particularly in relation to their levels of authority, which might have been a key issue in preventing coordination among member states.

In the context of the Barcelona Convention, there has been a long revision process (that was also triggered by involving GFCM for technical support) of fishery-related ecological objective (i.e., Populations of commercially exploited fish and shellfish are within biologically safe limits; EO3). The definition of indicators as well as technical and data requirements has recently been subjected to strong improvements. Indeed, the 19th Meeting of Contracting Parties (Decision IG.22/7; UNEP, 2016) held in February 2016, adopted the EcAp-based Integrated Monitoring and Assessment Programme (IMAP) of the Mediterranean Sea and Coast and Related Assessment Criteria, for which EO3 (corresponding to MSFD Descriptor 3) is still to be consolidated. However, candidate indicators have been defined and include: SSB, total landings, F, fishing effort, catch per unit of effort or landing per unit of effort as a proxy, and bycatch of vulnerable and non-target species (UNEP, 2016). The involvement of GFCM in the definition of target species, fishing-related GES, common indicators, and ecological objectives has strengthened the coherence between EcAp-IMAP and MSFD objectives for Descriptor 3, even if there are still some differences in the defined process. In particular, no secondary indicators have been defined in relation to fishing pressure and SSB. However, the EO3 definition is now benefiting from the enforcement of the GFCM Data Collection Regional Framework (GFCM, 2016), which should boost data availability in the future in parallel to the new DCF (EU-COM, 2016).

The definition of stocks and data availability is only a part of the process to achieve regional and subregional coherence in GES assessment for Descriptor 3. Indeed, in our analyses, we did not consider methodological approaches adopted to assess indicators based on time-series and to aggregate information from multiple indicators and criteria from assessment areas to the national and subregional level. For the first item, many approaches could be applied (e.g., Spearman rank correlation, linear regressions, etc.; ICES, 2014b), and a regional coherence in the approach would be needed to ensure consistency. Coherence is also needed in regard to aggregation methods. As shown by Borja et al. (2014), the vast range of methods could result in inconsistent outcomes.

The New Scenario Arising from the Recent Revision of Criteria and Methodological Standards for GES

On May 17, 2017, the Commission Decision (EU) 2017/848 (EU-COM, 2017) was issued as an update of the former decision on criteria and methodological standards on GES of marine waters. This decision is aimed at improving the consistency of methodological approaches in relation to GES assessment. In relation to Descriptor 3 and when considering the Mediterranean subregion (Annex, Part I, EU-COM, 2017), several elements emerge in relation to the main issues we identified, i.e., the spatial scale, selection of stocks, interpretation of reference points, use of trend-based indicators, and criteria for the aggregation of information from several stocks.

In regard to the spatial scale, the Commission Decision states that “populations of each species are assessed at ecologically relevant scales within each region or sub-region, as established by appropriate scientific bodies referred to in Article 26 of Regulation (EU) No. 1380/2013 based on specified aggregations of GFCM geo-graphical sub-areas” (EU-COM, 2017). This statement clarifies that GSA aggregations could be considered and also assigns a role to the STECF in the definition of the appropriate spatial scale to be considered.

In relation to the selection of stocks to be included in GES assessment, “Member States shall establish through regional or subregional cooperation a list of commercially exploited fish and shellfish,” (…) taking into account Council Regulation (EC) No. 199/2008, “all stocks that are managed under Regulation (EU) No. 1380/2013; the species for which minimum conservation reference sizes are set under Regulation (EC) No. 1967/2006; the species under multiannual plans according to Article 9 of Regulation (EU) No. 1380/2013; the species under national management plans according to Article 19 of Regulation (EC) No. 1967/2006; any important species on a regional or national scale for small-scale/local coastal fisheries,” among others (EU-COM, 2017). This requirement should foster an increase in the consistency of stock selection for GES assessment within the Mediterranean Region and subregions. In this context, the role of the Barcelona Convention and GFCM will be essential to ensure that consistency will be achieved. However, the lack of clear specifications of a minimum requirement (e.g., % of landings, the number of common stocks) does not allow for current inference of how many stocks will be considered.

All three criteria (F, SSB, and age-size distribution) shall be considered, although it is recognized that data for age-size distribution might be not available for the 2018 assessment. Given the lack of consolidated reference points for related indicators, this condition will most likely result in an unbalanced application of this criterion among member states. Reference levels of F and SSB are mentioned as limits. Moreover, “In relation to stocks managed under a multiannual plan according to Article 9 of Regulation (EU) No. 1380/2013, in situations of mixed fisheries, the target F and the biomass levels capable of producing MSY shall be in accordance with the relevant multiannual plan” (EU-COM, 2017). This definition will increase consistency in the GES assessment for stocks for which analytical assessment is available, since the use of reference points as targets should not be an option. Moreover, it will increase the alignment with management plans established under the CFP. However, regarding stocks for which secondary indicators (i.e., catch/biomass ratio, and biomass related indexes) will be considered, “An appropriate method for trend analysis shall be adopted (e.g., the current value can be compared to the long-term historical average).” We highlight that without an agreed common analytical approach at the regional level for the application of trend analyses, high inconsistency is expected in the outcomes of the assessment of stock status evaluation.

Finally, the Commission Decision states that “the extent to which GES has been achieved shall be expressed for each area assessed as follows: (a) the populations assessed, the values achieved for each criterion and whether the levels for D3C1 and D3C2 and the threshold values for D3C3 have been achieved, and the overall status of the population on the basis of criteria integration rules agreed at Union level” (EU-COM, 2017). The criteria integration rules defined at the Union level are not yet specified, including in relation to methods of integration from assessment areas to subregional and regional levels (Zampoukas et al., 2014). Again, if no common agreement on the approach is achieved, it will prevent a consistent GES assessment at the Mediterranean level.

CONCLUSIONS

We analyzed and compared the approaches applied by EU Mediterranean member states in the early phases of the implementation of the MSFD in relation to commercial fisheries. What emerged is a lack of consistency in the selection of stocks, application of reference points, and definition of GES and ETs. MSFD criteria and methodological standards were applied with different interpretations across member states, showing that subregional and regional coordination was not effectively enforced. Moreover, only a partial use of potentially available data for GES assessment was identified, while new frameworks in relation to data collection (both at the EU and GFCM levels) suggest an increase in data availability for GES assessment for the future.

The recently reformed Commission Decision on criteria and methodological standards for GES (EU-COM) supports a more coherent approach to be applied in the forthcoming assessment of GES, which would also foster better coherence with the reformed CFP. However, several elements that could determine the uneven application of MSFD are still not completely clarified, particularly stock selection and criteria for the integration of GES assessment from stocks to assessment areas and subregions, as well as the methodological approach to the use of secondary indicators. The definition of a common, regional, and subregional approach is given to relevant regional and subregional cooperation bodies. Thus, their capability of defining and agreeing on a common, structured approach will be essential to ensure an even application of the MSFD in relation to commercial fisheries. However, since the next GES assessment will need to be carried out by 2018, there is an urgent need to implement such a process in the short term, and we hope this research will add to this framework.

Achieving consistency in MSFD implementation should also foster an improvement of stocks status in the Mediterranean region, which is lagging behind in comparison to the Northern-Atlantic countries in terms of tangible results (Cardinale and Scarcella, 2017). Ensuring that MSFD and CFP policies will be applied with the needed consistency at the pan-European level requires increased cooperation among scientists and member states from Mediterranean countries within GFCM and the Barcelona Convention, and collaboration between these institutions, ICES, other Regional Sea Conventions, and STECF/SGMED (Freire-Gibb et al., 2014; van Leeuwen et al., 2014).

Current data of F (Cardinale and Scarcella, 2017) suggest a low probability of reaching GES in the short term in the Mediterranean. Beyond the technical issues associated with GES definition and assessment, reaching this goal will also need better coordination among member states and other countries in relation to the definition of the programmers of measures, since the Mediterranean Sea is typically characterized by shared stocks (e.g., in the Adriatic Sea and Strait of Sicily). This is another complexity that adds to the multispecificity of fishing activities, the relevance of small-scale fisheries, and the political diversity of the area.
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Environmental targets

Ensure that fish stocks are properly managed so that they remain within safe biological fimits.
Develop professional fishing practices compatiole with the maintenance of iving resources in
the Guif of Lion and coastal areas, at sustainable harvesting levels.

For those stocks that show signs of overfishing (F > Fyysy or € > Exsy), or that are
overexploited (SSB < SSBref level), or show signals pointing to an ongoing significant alteration
of their age structure/feproductive capacity according to indicators 3.2.2, 3.3.1,and 3.3.3, a
reduction in fishing mortaliy aligned with the objectives that will be defined in the forthcoming
reform of Common Fisheries Policy (GFP) wil be implemented.

(a) Demersal fish: long-term stabilty of distribution, biomass and abundance of targeted
Species in the assessment area. (b) Demersal fish: long-term stabiity of demersal communities
in the assessment area. (c) Pelagic fish-anchovy: long-term stabilty of anchovy eggs and larvae
abundance. (d) Pelagic fish-sardine: long-term stabilty of sarcine eggs and larvae abundance.
(e) Shellfish: long-term stabiity of targeted species biomass indices.

(a) Demersal fish: the demographic structure remains unchanged. (5) Pelagic fish-anchovy: the
demographic structure, sex ratio and batch fecundity remain more or less stable over time. (¢)
Pelagic fish-sardine: the demographic structure, sex ratio and batch fecundity remain more or
less stable over time. (c) Coastal fish: long-term stabilty of the composition, biomass indices
and length structure of targeted species. (¢) Shelfish: the demographic structure of targeted
Species remains more or less stable over time.

By 2018, the need to reduce fishing mortaiity to a level which will ensure sustainable use.
Related objectives: the stock of sole (Solea solea) is overfished, thus a reduction of Fis
recommended, particularl the use of dredges. Two-month ban on fishing with dredges at the
distance from 11 km from the Htalian coast; closures for the reduction in the catch of juvenles.
Stock of sardine (Sardina pilchardius) is fully exploited, thus fishing effort should not increase. It
must also interact with the fishery for anchovy. Anchovy (Engraulis encrasicolus) is fully
exploited, thus fishing effort should not increase.

By 2018, fishing effort should be reduced by x% for all species, basing on studies that found a
recuced abilty to reproduce or a moiied age/size structure of populations.

Management and monitoring of fishing activites resut in a sustainable fishing effort over time,
in line with the measures put forward in Malta's Fisheries Management Plans, with a view to
ensuring sustainabilty of the stocks targeted by Maltese fisheries.

Correlation of the fishing activiies with the designated indicators. Associated indicators: The
F/Fysy and B/Bysy ratios for main target demersal species and the exploitation rate of main
target pelagic species should be within the designated thresholds as defined by National and
EU Legisiation.

Populations of all commercially exploited fish and shellfish should approach safe biological
limits, exhibiting a population age and size distribution that s indicative of a healthy stock. All
ICES, ICCAT, and GFCM recommendations in that direction wil be followed, within the
framework of the European Common Fisheries Policy.

Type of target/
indicator

Operational
Pressure

Pressure

State.

State.

Operational

Pressure

NA

Operational

State.

Interim or
GES target?

GES
GES

Interim

GES

GES

Interim

Interim

NA

Interim

GES.

The full list of environmental targets established by member states is reported in Supplementary Table 2. Only targets mainly focused on commercial fisheries are reported.
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Criteria 3.1: Fishing pressure

Fuisy considered as atarget
Fuisy considered as atarget

Fuisy considered as a limit. Preliminary
thresholds

Fusy not clearly defined as a
Application only to assessed stocks—no
use of secondary indicators

Fusy considered as a limit. Use of
‘secondary indicators

‘GES ot defined adequately. Fysy limits
appiied only to undefined selected stocks

Unclear if all stock should be below Fiysy.

Criteria 3.2: Reproductive capacity

SSB considered as a target

898 considered as a targat

SSB limits poory defined. Preliminary
thresholds

'SSB ot clearly defined as a limit. Applcation
only to assessed stocks—no use of
secondary indicators

SSBysy considered as a limit

GES not defined adequately

GES not defined adequately. SSB limits
‘applied only to undefined selected stocks

Unclear i all stock should be above SSBysy

Criteria 3.3: Population age and size
distribution

NA

\Vague definition

Trend based definition

NA

Reference points not defined for 3.3.1. Trend
based analysis for 33.3

NA

No operational definition

NA, criteria not considered. The full definition of GES by member states per descriptor/criteria/indicators is reported in Supplementary Table 1.
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3.1. Level of pressure of the
fishing activity

3.2. Reproductive capacity
of the stock

3.3. Population age and size
distribution

Primary indicators

Fishing mortality (F) (3.1.1)

Spawning stock biomass (SSB) (3.2.1)

Proportion of fish larger than the mean
size of first sexual maturation (3.3.1)
Mean maximum length across all
‘species found i research vessel
surveys (3.3.2)

95 % percentie of the fish length
distribution observed in research
vessel surveys (3.3.3)

Threshold level

Fyvsy < Fourr

SSB > SSBysy

Time series analysis and
expert judgment

Secondary indicators

Ratio between catch and
biomass index (hereinafter
“catch/biomass ratic’) (3.1.2)
Biomass indices (3.2.2)

Size at first sexual maturation,
wihich may refiect the extent of
undesirable genetic effects of
exploitation (3.3.4)

Threshold level

Time series analysis and
expert judgment

Time series analysis and
expert judgment
Time series analysis and
expert judgment
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