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Participatory management is a working method of paramount importance based on the principles of knowledge sharing and accountability for addressing the sustainable management of the fishery sector. To approach this multidimensional problem we applied two Multi Criteria Decision Analysis (MCDA) methods, the Analytic Hierarchy Process (AHP), and the Non-Structural Fuzzy Decision Support System (NSFDSS), which were applied incorporating uncertainty to generate probabilistic rankings. The NSFDSS technique was applied for the first time to address a fishery problem. Two surveys were carried out among Mediterranean Advisory Council (MEDAC) stakeholders with different backgrounds. By the two surveys we: (i) made an AHP test for exploring stakeholders' perception of the objectives and indicators used in the monitoring of the stocks, ecosystem, and fisheries, and (ii) introduced the NSFDSS technique, gathering feedback on stakeholders' preferences on management options for improving fishery sustainability (e.g., reducing discards, improving ecosystem state, and economic yield in the long term). In the AHP the respondents were asked to evaluate the importance of one objective against another according to a scale of semantic scores from 1 to 5, whereas a simpler scoring scale, with only three possible options, was used in the NSFDSS. The two MCDA methods were proven to be useful to elicit stakeholders' view on the potential effects of key issues on economic and environmental fishery sustainability. The results showed stakeholders' awareness of the fact that the reproductive potential should be secured by checking mortality and/or fishing intensity. Consistently, among the ecological indicators that are tracking the fisheries policy objectives, a higher rank was attributed to “mean size of the spawners,” while cost efficiency was considered to be essential for improving profits. Regarding the economic indicators, stakeholders gave higher priority to “revenue” in comparison to “production (catches),” which is a sign of awareness that increasing fish production does not necessarily turn into increased revenue. Among the different management strategies, “fleet withdrawal” (scraping) was considered as the worst option, while the “combination of measures” was considered to be the best alternative for achieving a sustainable fishery in the long term.
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INTRODUCTION

Participatory management is widely recognized as a working method of paramount importance, based on the principles of knowledge sharing, accountability, and legitimacy, for addressing the sustainable development of the fishery sector. Industry–science cooperation could ensure more coherent information, enhance credibility, as well as contribute to the progressive implementation of an Ecosystem Approach to Fishery Management (EAFM). This process entails the integration of stakeholder's local and traditional knowledge on both research-based advice and identification of management directions (e.g., Garcia and Cochrane, 2005; Cochrane et al., 2007; Rochet et al., 2008; Röckmann et al., 2012). The production of the northern Mediterranean (European countries) represents approximately 35% of the production in the basin (FAO, 2016). In Mediterranean fisheries, actions are urgently needed to reverse the unsustainable exploitation of most stocks (85% overexploited according to FAO, 2016). Fisheries management is based mainly on input control rules (i.e., capacity, selectivity, and effort limitations), whereas output control is applied on a few highly migratory stocks. The former approach requires a tiered control system, so it is possible that low compliance affected its effectiveness in regard to stock recovery in the Mediterranean (e.g., Damalas and Vassilopoulou, 2013). A cooperative approach, involving stakeholders with different backgrounds, could help to increase collective awareness of this issue. It is thus fundamental to facilitate good governance and policy implementation, reducing conflicts and distrust in the advice and decision-making processes (e.g., Delaney et al., 2007; Shelton, 2007; Linke et al., 2011).

The Reform of the Common Fishery Policy (CFP) (EU Reg. 1380/20131) clearly places the role of stakeholders in a more interactive governance system, involving other actors besides scientists and policymakers. The Advisory Councils, established following the 2002 reform of the CFP, are currently the bodies where representatives from a broad set of stakeholders contribute to the decision-making process through a bottom-up approach (Aanesen et al., 2014).

However, participatory management requires that stakeholders are enabled to express their qualitative and quantitative perceptions about the current situation, being aware of the objectives and indicators used to assess the fishery's impact, the information these are able to convey, the advice procedures, and the range of applicable management options with estimates of their biological, economic, and social consequences. This is particularly relevant in the Mediterranean, where the structured participation of the stakeholders in the governance system is quite recent (Commission Decision 2008/695/EC2).

The scientific advisory process that supports the CFP commitments (e.g., Maximum Sustainable Yield, landing obligation, and EAFM, including Good Environmental Status according to the Marine Strategy Directive Framework3) is characterized by multiple attributes and objectives, involving the estimation of indicators associated with such specific objectives. Advice on the state of the stocks, fisheries, and ecosystems is the basis for the implementation of the Multiannual Management Plans (MAP), which are recognized as a more effective tool for achieving the multiple objectives of the CFP and thus for reversing the overexploitation status of several stocks while minimizing the economic and social impacts. Designing and evaluating MAPs is a complex task, which requires reliable data, specific expertise, and the involvement of stakeholders to share knowledge and improve the understanding of management measures while receiving feedback on management options and implementation strategies.

Multi Criteria Decision Analysis (MCDA; e.g., Belton and Stewart, 2002) is an area of growing interest in fisheries management, and there are several applications worldwide (e.g., Soma, 2003; Leung, 2006; Bevacqua et al., 2009; Innes and Pascoe, 2010; Aanesen et al., 2014; Kavadas et al., 2015; Rossetto et al., 2015). MCDA models are powerful for addressing specific problems characterized by multiple and often conflicting objectives, something that is common in fishery systems. However, only a limited portion of the applications reported in the literature has explicitly engaged stakeholders at any stage of the MCDA process (see Estévez and Gelcich, 2015 for a review). In addition, MCDA assessments can be affected by a range of uncertainties due to the imperfect knowledge of the specific system under study and the subjectivity of expert judgments (e.g., Banuelas and Antony, 2004; Rossetto et al., 2015). Incorporating uncertainty in the MCDA has been achieved using probabilistic judgments (e.g., Levary and Wan, 1998), fuzzy sets (Lee et al., 2001), and ranking intervals (Arbel and Vargas, 1993) to test the statistical significance of the final score and to facilitate consensus when a large number of stakeholders is involved.

In this paper, we applied two preference modeling methods that allow the transformation of qualitative judgments into quantitative judgments in order to ease their evaluation and practical use: the Analytical Hierarchy Process (AHP) (e.g., Saaty, 1980, 2003, 2008) and the Non-Structural Fuzzy Decision Support System (NSFDSS) (Tam et al., 2002, 2006). AHP has, together with ordination techniques, the highest number of applications in fishery science (Leung et al., 1998; Mardle and Pascoe, 1999; Andalecio, 2010; Pascoe et al., 2014), while NSFDSS has not yet been applied to fishery case studies.

Both techniques are decision-aiding tools for resolving multi-criteria decision problems based on the decomposition into a hierarchy of smaller problems ranked through pairwise comparisons, evaluated according to a scale of semantic scores. AHP relies upon a broad range of scores, whereas NSFDSS is based on a simpler scoring scale, with only three possible options: 0.5 (x and y are equally important), 1 (x is more important than y), and 0 (x is less important than y). This simplification eases the expression of judgment, possibly reducing inconsistencies due to human uncertainty or inaccuracy. However, this simpler scoring is reclassified inside the model into a more broad scale, using fuzzy sets (assignment of priority scores; Chen, 1998). This feature, coupled with an internal checking, makes it possible, in addition, to solve the inconsistency issues that can only be measured in AHP trough a consistency ratio, e.g., an index developed as a guide for decision-makers (Saaty, 2008).

We applied the two methods, at a pilot scale, during an ad hoc workshop carried out in collaboration with the Mediterranean Advisory Council (MEDAC) to elicit the preferences of 12 stakeholders, with different backgrounds (fishermen, representatives of fisheries associations, and of non-governmental environmental organization), belonging to the MEDAC organization. The workshop aimed to make all stakeholders aware of the general definition and specific concepts of the surveys. During the workshop we applied: (i) AHP for exploring stakeholders' perceptions about the objectives and indicators used in the monitoring of stocks, ecosystems, and fisheries; and (ii) NSFDSS for gathering feedbacks regarding stakeholders' preferences on management options to improve fishery sustainability (e.g., reducing discards and improving the ecosystem state and economic yield in the long term).

MATERIALS AND METHODS

We implemented the AHP and the NSFDSS, respectively, in survey 1 and survey 2 to:

1. understand how stakeholders rank the importance of the economic, social, and biological factors affecting the fisheries;

2. evaluate how stakeholders rank the different indicators currently applied in the assessment of fishery impact;

3. quantify how stakeholders perceive a set of management options.

In both methods, the decision-making process needs to be decomposed to generate priorities in a specific way, defining the problem and structuring the decision hierarchy from the goal on top to the objectives at the intermediate level and down to the indicators/management options. Decision trees were thus identified for both survey designs.

During a dedicated workshop of MEDAC 12 equally weighed stakeholders (fishermen, representatives of fisheries associations and of non-governmental environmental organizations) were first informed about the survey objective, and then they were invited to interact in the plenary discussion; finally, they were asked to fill in two different questionnaires for the two surveys. MEDAC is a non-profit organization representing the fisheries sector (including the industrial fleet, small-scale fisheries, the processing sector, and trade unions) and other interest groups, such as, environmental organizations, consumer groups, and sports/recreational fishery associations, operating in the Mediterranean area in the framework of the CFP (http://en.med-ac.eu/chi_siamo.php).

The administration of the questionnaires followed a broad discussion on the objectives of the survey, problem structure, survey structure, and technical issues. Ethics approval was not required for this study as per institutional guidelines and Italian law and regulations. In compliance with the aforementioned guidelines, laws, and regulations, oral informed consent was obtained from the participants. Their answers were anonymized, and it is not possible to link the statements back to individual subjects.

Survey 1 (AHP)

The goal has been defined as “Contribute to a sustainable fishery management” in line with the CFP main target. Three main components were considered: Ecological state, Pressure/impact, and Economic state. Then, the hierarchic processes for the classification of the objectives and the associated indicators were defined (decision tree in Figure 1).


[image: image]

FIGURE 1. Decision Tree of survey 1. The AHP decision tree, indicating the goal, the three main components (ecological, pressure, and economic), and objectives (1st level green cells) with associated indicators (2nd level yellow cells).



In the AHP survey the preferences were expressed according to a scale of semantic scores from 1 to 5 (Table 1). In a pairwise comparison, the respondents were asked to evaluate the importance of one objective against another, with the value “1” representing equal importance. The stakeholders expressed their degree of preference between two alternatives (see questionnaire 1 in Supplementary Material), with the higher score indicating the higher preference.


Table 1. Scale of semantic operators and relative score adopted in survey 1.
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The results were elaborated using a pairwise comparison matrix A = (ai, j)i, j = 1, 2, …N, where N is the number of alternatives (objectives or indicators) and ai, j is the score assigned by the stakeholder in the pairwise comparison between the i-th and j-th alternatives. A is a positive reciprocal square N × N matrix, where a square matrix is reciprocal if [image: image]. Further, we computed the weight vector in each level of the hierarchical tree through the eigenvalue/eigenvector averaging technique, according to Saaty (2003, 2008), who demonstrated that a good approximation of the priority vector is represented by the principal eigenvector of A. The eigenvector was then normalized to obtain a priorities' vector for each pairwise comparison matrix. The principal eigenvalue (or its multiple) λmax is associated to the principal eigenvector, and it is used to estimate the consistency of the answers.

It was possible to calculate a measure of consistency (Consistency Ratio) for each matrix of preferences using the following formula: [image: image], where CI is the consistency index, computed using the principal eigenvalue λmax and the number of alternatives N; the random index RI is a randomly generated value, computed assuming that the numbers in pairwise comparison matrix A are completely random (Saaty, 2008).

In this survey a questionnaire with 38 pairwise combinations was tested: 28 combinations were related to the objectives and 10 to the indicators (see questionnaire 1 in the Supplementary Material).

Survey 2 (NSFDSS)

The survey 2 has the same goal of survey 1, while the three components are ecological, economic, and social. Within this framework the objectives that can drive the choice about the possible alternative management options have been identified as in the decision tree reported in Figure 2.


[image: image]

FIGURE 2. Decision Tree of survey 2. The NSFDSS decision tree, indicating the goal, the three main components (ecological, economic and social), the objectives, and the management options.



In the NSFDSS approach the management options were compared pairwise against each of the seven objectives. Hence, pairwise comparisons were also made among objectives (see questionnaire 2 in the Supplementary Material). The final step was the synthesis of priorities.

We recorded stakeholders' preferences in each pairwise comparison matrix A = (ai, j)i, j = 1, 2, …N, where N is the number of alternatives (objectives or management options). Then we filled the whole matrix, making a check of consistency of preferences, as follows:

[image: image]

Summing up the values on each row of the matrixes, the management options are rearranged in descending order with respect to each objective. With an analogous procedure, the objectives are rearranged in descending order. Based on this priority order, we assigned a semantic operator to each alternative by comparing it to the one with the highest value. Chen (1998) incorporated fuzzy set theory to the model, as described by Tam et al. (2002). Thus, each semantic operator is assigned to a semantic score within the range [0, 1]. After obtaining the priority order of the management options, it is necessary to measure the magnitude of the pairwise comparison by calculating the weights wi of the objectives, obtained normalizing the associated semantic scores. Multiplying the weights of management options by the corresponding weights of the objectives, three matrices are obtained: products, square products, and the complementary square matrices. These three matrices are necessary in order to compute the final priority vector of decisions (management options), applying the Hamming (1950) distance:

[image: image]

where wi is the weight of each objective, ri.j is the semantic score (Chen, 1998), and N is the number of objectives. The final priority vector was obtained taking the average of the two values of uj (for p = 1 and for p = 2).

In this survey a questionnaire with 136 pairwise combinations was tested, with 115 of these comparing the management options and 21 the objectives (see questionnaire 2 in the Supplementary Material).

Sensitivity

A sensitivity analysis was carried out to evaluate the robustness of the results, with respect to the uncertainty associated to the weights expressing the relative importance of the elements considered both in the AHP and in the NSFDSS. To this end, the Monte Carlo approach was applied to both analyses, according to the following steps:

1. Application of uncertainty to the normalized vector of weights at each hierarchical level for each stakeholder, multiplying the deterministic local weights by the factor (1 + ε), where ε is a normally distributed error with mean 0 and standard deviation 0.15 (so that 90% confidence bounds encompass the original value of the weight ±20%). A total of 1,000 extractions were made;

2. The perturbed local weights were normalized to add up to 1;

3. On the 1,000 vectors of weights for each hierarchical level, and for each element, relevant percentiles (0.05, 0.25, median, 0.75, 0.95) and statistics (minimum, maximum, mean, standard deviation and CV) were calculated;

4. For each statistic and percentile, the corresponding global vector was derived as a geometric mean among all stakeholders; this was carried out at each level of the hierarchical tree.

Estimates

First, an exploratory analysis on the perturbed weight vectors was carried out to detect possible differences between rankings. For each hierarchical level of the decision tree a global frequency was computed, taking all the runs of all the stakeholders as a whole and estimating the frequency to be the first, the second, etc. on the total perturbed rankings. This frequency has been interpreted as a proxy of the probability to get the higher preference, that is, a synthesis of the frequency of the ranking for a given objective/indicator, based on its weight and taking into account the judgment of each stakeholder (empirical probability). The results of this exploratory analysis are affected by both the uncertainty introduced in the process and the natural variability among the stakeholders' preferences. Then, ranking preferences over stakeholders were estimated using geometric means for both surveys. These global means and other associated statistics are only affected by the uncertainty introduced in the process, as the variability due to the different perceptions of stakeholders is smoothed by the mean.

All the algorithms and computations were performed using an ad hoc routine developed in R language.

RESULTS

Survey 1

Exploratory Analysis

The objective to “maintain a safe level of reproductive potential” had the maximum empirical probability to be ranked first (25.32%), followed by improve cost efficiency (23.35%). The other objectives of the ecological and economic components received an intermediate or very low empirical probability. Among the objectives pertaining to the pressure component Monitoring the mortality reached a higher value compared to the other two objectives, while reduce discards had the higher probability to be ranked the last (25.61%; Figure 3).
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FIGURE 3. Survey 1—AHP (Exploratory analysis): empirical probability to be first and to be last associated to the objectives according to stakeholders' preferences, respectively, for ecological, pressure/impact, and economic components. SRL, Maintain safe level of reproductive potential; AB&Bio, Conserve abundance and biodiversity; SPS, Preserve the size structure of the fish populations; M, Monitoring the mortality; D, Reduce discards; FI, Monitoring the fishing intensity; CE, Improve cost efficiency; MR, Maximize revenue.



The empirical probability associated to the indicators showed that the fuel cost had the highest probability to be the most important (31.59%), while the indicator proportion of large fish reached the highest probability to be ranked the least important (28.59%; Figure 4). However, for the ecological component the biomass of all the species achieved a higher empirical probability compared to the other indicators, whereas for the impact component the indicator Fishing mortality at the MSY of the most exploited species achieved a higher value.
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FIGURE 4. Survey 1—AHP (Exploratory analysis): empirical probability to be first and to be last associated to the indicators according to stakeholders' preferences, respectively, for ecological, pressure/impact, and economic components. B, Biomass of all species; SSB, Spawning stock biomass; MSS, Mean size of the spawners; SA, Spawning areas; NA, Nursery areas; LFI, Proportion of large fish; PrS, Proportion of elasmobranchs; FMSY mE, Fishing mortality at the MSY of the most exploited species; DAS, Discard rate of all the exploited species; AnI, Area not impacted by fishing gears; 90% FA, Area in which 90% of the fishery by metier, month, and year concentrates; FMSY mix, Fishing mortality at the MSY of a mix of target species; DCS, Discard rate of commercially exploited species; FC, Fuel cost; R, Revenue; P, Production; CC, Crew cost.



The Consistency Ratios were generally satisfactory and below 0.1 (a value suggested as a threshold by Saaty, 2008), except in two cases.

Ranking Preferences

The average statistics of preferences expressed by stakeholders for the objectives and indicators highlighted higher scores (Figure 5 and Table 2) for the objective maintain a safe level of reproductive potential (0.13), pertaining to the ecological component, and the lowest for the objective of the pressure/impact component reduce discard (0.08). The other objectives achieved a similar score (0.10–0.11). Likewise, in the exploratory analysis, the objective improve cost efficiency of the economic component received a higher preference compared to maximize the revenue.
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FIGURE 5. Survey 1—AHP (Ranking preferences): Ranking the objectives with uncertainty (box plot with median and percentile values: 0.05, 0.25, 0.75, and 0.95). (A) Level 1, D, Reduce discards; SPS, Preserve the size structure of the fish populations; M, Monitoring the mortality; FI, Monitoring the fishing intensity; MR, Maximize revenue; SRL, Maintain safe level of reproductive potential; CE, Improve cost efficiency; AB&Bio, Conserve abundance and biodiversity. (B) Level 2, SSB, Spawning stock biomass; SA, Spawning areas; R, Revenue; PrS, Proportion of elasmobranchs; LFI, Proportion of large fish; P, Production; NA, Nursery areas; MSS, Mean size of the spawners; FC, Fuel cost; FMSY mE, Fishing mortality at the MSY of the most exploited species; FMSY mix, Fishing mortality at the MSY of a mix of target species; DCS, Discard rate of commercially exploited species; DAS, Discard rate of all the exploited species; CC, Crew cost; B, Biomass of all species; AnI, Area not impacted by fishing gears; 90% FA, Area in which 90% of the fishery by metier, month, and year concentrates.




Table 2. Survey 1 (Ranking preferences).
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With regard to the stakeholders' perception of the effectiveness of each indicator to track ecological objectives, a higher rank was attributed to biomass of all species (score = 0.069), mean size of the spawners (0.064), and spawning stock biomass (0.059), while the proportion of large fish was considered the less important indicator, consistent with the exploratory analysis. Among the pressure/impact indicators, the stakeholders' preference was expressed for fishing mortality at the MSY of a mix of target species (0.054), while fishing mortality at the MSY of the most exploited species received lower preferences (0.037). This result, which appears inconsistent with the exploratory analysis, is a sign of skewed stakeholder responses. Among the economic components, the fuel cost received the highest score (0.07), as in the exploratory analysis (Figure 5 and Table 2).

Survey 2

Exploratory Analysis

The objective, in the ecological domain, that had the highest empirical probability to be the most important for the sustainable development of the fishery in the long term was maintain a safe level of the reproductive potential of target species (25%). Likewise, optimize revenue and maintain occupation levels had the highest empirical probability to be the more important, respectively in the economic and social domains. The highest probability to be the least important (33.33%) was obtained by allow equitable access to resources by all the fishing métiers, belonging to the social domain (Figure 6).
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FIGURE 6. Survey 2—NSFDSS (Exploratory analysis): empirical probability to be first and to be last associated to (A) objectives and (B) management options, according to stakeholders' preferences, respectively, for ecological, economic, and social components. (A) SRPt, Maintain a safe level of the reproductive potential of target species; MSSP, Maintain a safe structure of spawner population; STP, Maintain an adequate structure of target populations; OR, Optimize revenue; OC, Optimize costs; NW, Maintain occupation levels; EA, Allow equitable access to resources by all the fishing metiers. (B) MIX, measures combination; GS, improve gears selectivity; SFB, spatial fishing ban; FB, seasonal fishing ban; SQ, keep the status quo; WD, fleet withdrawal.



Among the management options, measures combination (47.77%) obtained the highest empirical probability to be ranked the first option, while fleet withdrawal (57.98%) was ranked the least appropriate option, followed by keep the status quo (41.34%; Figure 6).

Ranking Preferences

Likewise, in the exploratory analysis, in the ranking preferences of objectives (Figure 7), stakeholders assigned the higher score to maintain occupation levels (0.16) and the lower score to allow equitable access to resources by all the fishing métiers (0.11). Intermediate scores (0.14) were assigned to the other objectives of the ecological and economic components: i.e., optimize revenues, optimize costs, maintain safe level of the reproductive potential of target species, and mean length of spawners.
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FIGURE 7. Survey 2—NSFDSS (Ranking preferences): (A) ranking objectives and (B) management options, according to stakeholders' preferences with uncertainty (box plot with median and percentile values: 0.05, 0.25, 0.75, and 0.95). (A) SRPt, Maintain a safe level of the reproductive potential of target species; OR, Optimize revenue; OC, Optimize costs; NW, Maintain occupation levels; MSSP, Maintain a safe structure of spawner population; STP, Maintain an adequate structure of target populations; EA, Allow equitable access to resources by all the fishing metiers. (B) WD, fleet withdrawal; SQ, keep the status quo; SFB, spatial fishing ban; GS, improve gears selectivity; FB, seasonal fishing ban; MIX, measures combination.



In the ranking preferences of management options (Figure 7), stakeholders considered the measures combination as the best option to achieve sustainable fishery management in the long term (score = 0.89), followed by the spatial fishing ban (0.86) and the seasonal fishing ban (0.75). The last choices were keep status quo (0.47) and fleet withdrawal (0.40).

DISCUSSION

Preference modeling methods, particularly those using multi-attribute value theory, are well suited in situations where the active involvement of stakeholders is desired in the entire decision-making process. Participative MCDA is progressively applied in marine multi-objective management situations, and it is of increasing interest in fisheries management, aquaculture, and marine conservation, although the engagement of stakeholders is often limited to certain steps in the whole process (e.g., Estévez and Gelcich, 2015). We tested this methodological approach, which is a novel application to a Mediterranean case study, at a pilot scale to support a participatory procedure and elicit stakeholders' preferences as a step toward understanding and incorporating their knowledge and views. This kind of process is expected to contribute to effective fisheries management in terms of agreement on specific objectives and measures.

Information on the management and socio-economic aspects of fisheries is relatively limited in the Mediterranean and Black Seas, where there is a need for more integration of the ecosystem and socio-economic considerations into assessment procedures (Sartor et al., 2014). Full stakeholders' engagement is thus pivotal to promote tools for developing effective fisheries co-management, evolving toward an assessment of fisheries systems rather than fish stocks. Following Halls et al. (2005), such an approach can make a broader use of traditional ecological knowledge and propose co-management initiatives in data collection methods, especially for small scale fisheries.

We explored the preferences of 12 stakeholders answering to two surveys in a meeting organized by MEDAC, applying AHP and NFSDSS methods. With the former method we elicited the stakeholders' perceptions about the objectives and indicators used for stocks, ecosystem, and fisheries monitoring. Whereas, using the latter method we elicited the stakeholders' preferences about management options to improve fishery sustainability.

Regarding the AHP, which is used in a very wide range of areas with complex decision and evaluation problems (Andalecio, 2010; Kavadas et al., 2015; Rossetto et al., 2015), we identified clear benefits such as eliciting priorities among stakeholders and taking responsibilities (Nielsen and Mathiesen, 2006). AHP is also an empowering, communicating, and quantifying tool that may allow stakeholder engagement, which is usually omitted from the formal decision-making process (Leung, 2006; Brooks et al., 2015). In addition, this technique acknowledges that decision-makers may be much more comfortable in expressing semantic evaluations (e.g., equal important, much more important, etc.) and using pairwise comparisons rather than expressing attributes only in terms of numerical scores. It is worth highlighting that in our case we observed a satisfactory consistency ratio for 10 out of 12 stakeholders interviewed. In addition, excluding the two respondents with a consistency ratio slightly above the threshold value from the AHP analysis did not affect the results.

However, users of this technique have pointed out some weaknesses, with criticisms focused on the structuring of the hierarchy process, the inconsistent ranking of preferences, and the lack of a pre-defined approach for the combination of judgments. Despite its simplicity AHP is considered to be a powerful and versatile technique with merits related to both the involvement of stakeholder groups in the decision-making process and the advantageous features of the method as a communication tool (Soma, 2003).

An advantage of using NFSDSS, compared to similar methods such as AHP, is the major accuracy of the solution due to the automatic consistency checking (Tam et al., 2006). In addition, NFSDSS takes advantage of the fuzzy set theory using semantic operators to allow the improvement of expert judgment analysis (Tam et al., 2002). This leads to a further strength, as stakeholders have only three possible answers to give: prefer A to B, prefer B to A, or A and B are equally important. This simplifies the decision-making process and may reduce errors. Despite these advantages, NSFDSS, given the simplification of the questions, may sometimes lead to a reduction of the differentiation between decisions, making the selection of the best option difficult (Tam et al., 2006).

Basically, the pilot scale surveys we carried out demonstrated the suitability of both the MCDA methods, even in the light of their pros and cons.

The proposed case studies seemed feasible and conducive for stakeholders' engagement at the level of the fishing industry and non-governmental organizations (NGOs), that are members of the MEDAC. Overall, the exploratory analysis and the ranking preferences gave consistent results and showed a low level of skewness in the opinions expressed by the participants in the surveys, even though the group composition mirrored the presence of stakeholders with different backgrounds, as represented in the MEDAC. This allowed us to neglect the analysis by group, treating all the stakeholders as belonging to the same group.

Looking into the results of the surveys, it emerged that the opinions of different stakeholders linked to key issues of fisheries' sustainability (e.g., improving ecosystem state and yield in the long term, avoiding bycatches, and reducing discards) converged toward preferences for ecological state objectives, such as, maintain a safe level of reproductive potential, and for economic state objectives, such as, improve cost efficiency. The latter received a higher preference compared to the counterpart economical state objective maximize the revenue, while the lowest score was assigned to the objective of the pressure/impact component reduce discard. This result demonstrates the awareness of the key role of ecological objectives, as in Janssen et al. (2014), and also reflects the common sense of fishermen, who generally consider the spawners as the more fragile component of the stock, which necessitates protection. This is quite different from the results of Aanesen et al. (2014), who found a low interest of the industry in fostering ecological objectives.

Regarding the economic state, it was unsurprising that stakeholders considered the objective of improve cost efficiency more effective for increasing profit, given that possible limitations of effort and catches would make it more difficult to maximize revenues if cost efficiency and marketing of the fish products are not improved. The low level of preference assigned to reduce discard might be due to the perception of this objective as a further burden, considered difficult to put in practice in the short term in the multispecies–multitarget Mediterranean fisheries.

Indicators are commonly used in the communication between scientific researchers and managers as synthetic tools to monitor the stocks, the fleet, as well as the ecological state of marine resources. Each indicator is generally defined with the aim to control the achievement of a specific objective, while all the objectives concur to the attainment of the main goal (i.e., contributing to sustainable fishery management). The role of such indicators is crucial because they make it possible to describe the current situation of the fishery system and to foresee the impact of alternative management measures through the use of ad hoc bio-economic simulation models (e.g., Bevacqua et al., 2009; Johnston et al., 2010; Spedicato, 2016; Russo et al., 2017). Nevertheless, the understanding of these indicators is not always straightforward for the stakeholders, who are not fully involved in the advice process. Moreover, their practice and solid knowledge of the aspects linked to the fishery sector would have the potential to streamline the management process, improving the level of compliance to the management measures.

A glance into the ranking of the indicators (survey 1) shows that the economic and ecological ones occupy the top five places in the list. In particular, the decisive importance that stakeholders assign to fuel costs in determining the cost-effectiveness of fisheries is clear, which is consistent with the first-level objective improve cost efficiency. After that, we find three indicators (biomass of all species, mean size of the spawners, and spawning stock biomass), all belonging to the ecological component, which highlight the importance that stakeholders assign to monitoring the reproductive potential and stock abundance. Low interest is expressed for the indicator linked to the fish community structure, the Large Fish Indicator (LFI), which is related to the ecosystem state, but this is counterbalanced by the interest for the indicator biomass of all the species. The reason may be that the latter is more understandable and even easier to communicate than the former.

As in Prigent et al. (2008) we observed that the ecological indicators used by the fishermen as the basis to form their opinions were quite similar to those generally used by scientists for assessing the state of exploited marine populations and communities.

Overall, the results of the second-level objectives are quite in line with those of Aanesen et al. (2014), who observed that stakeholders belonging to the fishing industry ranked as first the economic objectives, which highlights the stakeholder's attitude to consider unrealistic achieving the objective of the biological resources sustainability without social and economic sustainability.

With regards to the economic indicators, stakeholders gave higher priority to revenue in comparison to production, which is a sign of awareness that increasing fish production does not necessarily turn into increased revenue, and they gave higher priority to fuel costs in comparison to crew costs. This is because fuel is one of the more significant variable costs in the fishing industry.

In addition, it is worth noting that the pressure/impact indicators always occupy a low rank position. Consistently with the value assigned to the first-level objectives, the indicators discard rate of commercially exploited species and discard rate of all the exploited species were considered less important compared to the ecological state and economic indicators.

As observed by Innes and Pascoe (2010), a lower relevance was given to Discard rate of commercially exploited species. Conversely, higher preferences were given to the ecological indicators, indicating that stakeholders focus more on population state indicators than on impact indicators, as also pinpointed by Nielsen and Mathiesen (2006) in an AHP application.

Among the pressure/impact indicators, only Fishing mortality at the MSY of a mix of target species reached a high priority level, probably because stakeholders perceive the need to account for the complexity of the ecosystem in terms of the number of species and their interactions rather than referring to a single stock.

Interestingly, the aggregated preferences of alternative management measures (survey 2) ranked against the objectives showed that the perceptions of the objectives were consistent with the results of survey 1, prioritizing the ecological objective Maintain a safe level of the reproductive potential of target species and the economic objective Optimize revenues. There was, however, a social concern, which is underpinned by the priority assigned to the objective Maintain occupation levels. This is clearly indicative of an individual perspective, as the objective Allow equitable access to resources by all the fishing metiers received one of the lowest scores, testifying to the peculiar aspect of highly competitive fishermen's behavior. Consistent with survey 1, objectives such as, Maintain an adequate structure of target populations received the least interest, confirming the difficulties in perceiving/understanding the consequences of fishery impact in terms of erosion of age/length groups from harvested populations.

Considering management options, the measures combination was ranked as the first option while spatial fishing ban was second. The worst option for stakeholders was scrapping of the fleet, likely showing that most of them have not yet lost hope that the fisheries could produce income, if the exploitation of the resources is sustainable. Moreover, the very low ranking of keep the status quo shows awareness that the current state of exploitation can hardly be sustained in the long run. Less consideration was given to the management strategy improve gear selectivity, which seems to reflect the view that selectivity measures alone are not very effective for the Mediterranean mixed fisheries. It is interesting to note that the spatial fishing ban was preferred to the seasonal fishing ban, which could be interpreted as showing greater confidence in the positive effect of protecting only some essential fish habitats, such as, spawner/nursery areas, in comparison to a seasonal fishing ban extended to all the areas. This is probably because spatial fishing bans leave room for the idea that some fishing activities in areas other than those that are protected could be allowed throughout the year. This would contradict to a certain extent the reluctance of stakeholders to establish marine protected areas, which was reported by Jentoft et al. (2012), who pinpointed fishermen's concerns about such spatial measures, based on the perceived risk of reduced operational flexibility and an imbalance between gains and losses. On the other hand, even in the present study, the high interest expressed toward spatial fishing ban is not corroborated by the priority assigned to indicators such as, the presence of spawning and nursery areas, which received a low rank in survey 1. This apparent contradiction could be a consequence of the range of indicators proposed, which led to higher ranks for those that were easier to interpret and, to a certain extent, also to the broader scale of semantic operators (5 possibilities) used in AHP. The preference of one management strategy compared to another one (e.g., the spatial fishing ban vs. seasonal fishing ban) is an aspect that is often neglected, but it represents important information that is useful for managers in the preparation of MAPs. Indeed, the reduction in the fishing pressure and especially the change of the exploitation patterns (increased size/age at first capture) for restoring the overexploited stocks and achieving the maximum sustainable yield (MSY) are pivotal for the implementation of the new CFP objectives. Gear selectivity has been considered insufficient or inadequate to reduce the fishing mortality on the fisheries' recruits (e.g., Suuronen, 2005). Seasonal fishing bans have been applied in the European Mediterranean countries (e.g., Greece and Italy), but they have not effectively mitigated the overexploitation of stocks, especially those mainly distributed offshore.

MCDA assessments can, however, be affected by a range of uncertainties due to the imperfect knowledge of the specific system under study, the subjectivity of expert judgments, unfamiliarity with the elicitation process, a large number of pairwise comparisons, incomplete information or knowledge, uncertainty about the outcome of events, or levels of intensity associated with stakeholder preferences (e.g., Banuelas and Antony, 2004; Rossetto et al., 2015).

In this study we addressed uncertainty issues, applying a probabilistic approach via the propagation of a normal error from the individual rankings to the synthetic rankings. Consequently, accounting for uncertainty allowed more appropriate rankings among objectives, indicators, and management options. Indeed, in our survey, a sensitivity analysis was carried out to evaluate the robustness of the results, with respect to the uncertainty associated to the weights expressing the relative importance of the elements considered in the AHP and NSFDSS. This approach is similar to the one used in Rossetto et al. (2015) and differs from the probabilistic judgments method described in Banuelas and Antony (2004), as the present work multiplicatively applies a normal distributed error to the deterministic eigenvector (in AHP) and to the objectives and management options priority vectors (in NSFDSS) to obtain the perturbed rankings.

Increased stakeholder participation and their knowledge integration are suggested to improve the EU's CFP, which is suffering from legitimacy, credibility, and compliance problems (Linke et al., 2011). The present work has made it possible to test a framework for the creation of synergies and to find common ground for a bottom-up approach in a transparent way. Two MCDA methods have been applied and proven useful for eliciting stakeholders' view on the potential effects of key issues on the economic and environmental sustainability of fisheries; for example, improving ecosystem state and yield in the long term, avoiding by catches and reducing discards, changing technical features of the gears, facing possible losses in the short term, and changing/releasing local seafood traditions/habits. The results suggest that, according to the preferences of the interviewed stakeholders, management measures aimed at reducing the environmental impacts of fishing that are more broad than simply discarding could be appropriate and sharable. In addition, to improve stakeholders' participatory role, there is a need for continuous cycles of planning, implementation, and adjustment due to the inherent complexity of monitoring fisheries, as well as the uncertainty of the fishery management process. At the same time, the ability to understand the concerns of managers (regulatory aspects, control issues, time-lines, political dimension, etc.), scientists (data availability, knowledge on species biology, population dynamic, etc.), and fishermen (practices, lifestyle, language issues, etc.) is key to ensuring a smooth process and the successful preparation and implementation of MAPs.
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