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EXECUTIVE SUMMARY 

MANTIS was a project commissioned by the DG MARE of the European 

Commission. It started in December 2015 and ended in April 2019. The main 

objectives of the project were i) to review and integrate the knowledge of 

previous national and EU project on the space-time dynamics of fisheries 

resources and on Ecosystem Approach to Fishery Management (EAFM) in the 

Central Mediterranean and ii) to investigate how a network of Marine Managed 

Areas (MMAs), in which fishing is restricted or forbidden permanently or for 

limited periods to one or more fishing gears, can contribute to improve 

sustainable fisheries in the Central Mediterranean focusing on two case studies, 

the Strait of Sicily and the Northern Adriatic. The MANTIS’ activities were 

organized into 6 Work Packages (WP). WP0 aimed at project activation and 

administrative and financial management. The activities included the meetings 

organization, the reporting and the liaison with the Commission. WP1 aimed at 

involving stakeholders in a participatory approach to identify possible 

technical/governance scenarios to be evaluated using numerical models for their 

possible effects on target stocks and fisheries in terms of MSY and EAFM targets. 

The main objective of WP2 was to provide a geo-referenced database including 

all the relevant data and information for modelling as well as outputs produced 

by modelling (FRAs and any other areas in which relevant fishing activities are 

restricted, maps of persistent nurseries and spawning grounds, maps on the 

seasonal distribution of the fleets and effort derived also from VMS and AIS, 

maps of protected and sensitive habitats, oceanographic models depicting the 

circulation patterns of the waters). Modelling the dynamics of target stocks in 

terms of abundance and yield, including connectivity between spawning and 

nursery areas (larval dispersal, bottom settlement, ontogenetic and spawning 

migrations) was developed in WP3. It aimed to simulate effects of different 

management scenarios, based on combinations of different networks of existing 

and new MMAs and variations in fishing effort (e.g. days at sea), on the 

population dynamics of the target species and fisheries when pursuing the target 

of MSY within the more general EAFM. To this end the behaviour and space-time 

dynamics of fleet were modelled. WP4 aimed at designing and assessing a 

management framework including the establishment, maintenance, monitoring 

and governance of the MMA network, also considering the involvement of the 

stakeholders (Fishers, NGOs, Public Administrations). Finally, WP5 disseminated 

results obtained and best practices experienced during the research activities. 

Analyses were carried out within two case studies, each consisting of four target 

species, representative of different biological life traits in the Strait of Sicily 

(Parapenaeus longirostris, Merluccius merluccius, Mullus barbatus and 

Aristaeomorpha foliacea) and the North and Central Adriatic (Solea solea, 

Merluccius merluccius, Mullus barbatus and Nephrops norvegicus).   

The main fisheries stakeholders, including fishing associations, local and 

national authorities, research institutes and NGOs operating in the Adriatic Sea 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

17 
 

and the Strait of Sicily were involved in multi-stakeholder workshops. A relevant 

experience of participatory mapping of nursery and spawning areas of the 

project target species in the investigated region was conducted. Local and 

Traditional Ecological Knowledge collected from fishers on distribution of 

Essential Fish Habitats was integrated in the GRID/SEAGRID database 

developed in WP2. Management measures suggested by fishers and discussed 

with the other stakeholders were considered in simulation of the management 

measures. Concerning the Adriatic Sea, Croatian fishers agreed with the 

permanent ban in Jabuka Pit and suggested a permanent trawling ban in the 

Southern Adriatic at depths > 500 m in order to allow protection of hake adults. 

Conversely the Italian fishers did not agree with additional spatial management 

measures since many areas are used by oil industries and nursery grounds for 

fish target species (red mullet and sole) occur in the coastal lagoons and within 

3 miles from coast, where trawling is already banned. Concerning the red mullet 

fisheries, Italian fishers proposed i) to extend the fishing ban within the 3 miles 

to small scale fisheries with fixed nets and recreational fisheries, ii) to increase 

the biological ban duration of two weeks, to allow red mullets to reach fishable 

size and to set a limit of fishing hours equal for all boats (both larger and smaller 

ones) for 10 weeks after the ban. Concerning the sole fishery the Italian fishers 

suggested to set a fixed common length of the bar in beam trawl to reduce the 

fishing effort and to increase tolerance for marketable fish size.  

Concerning the Strait of Sicily, fishers from Porto Palo suggested a 2 months 

trawling ban followed by effort regulation with 2 fishing days per week, following 

the Adriatic example. Fishers from Sciacca instead disagreed with a permanent 

ban of the “Banco Avventura FRA” considering the high dependency of the fleet 

on this fishing area, and proposed a 2-months closure of the area. All fishers 

underlined the necessity to have subsidies during the trawl ban period.  

The application of an updated version of the SMART model (Spatial Management 

of demersal Resources for Trawl fisheries) to the Strait of Sicily allowed 

exploring the possible consequences of fourteen management scenarios, 

including the status quo. The results indicate that: i) the biological effects (i.e. 

on the four modelled stocks) vary largely between the different scenarios. In 

particular, some spatial approaches such as the closure of the three established 

GFCM FRA, are likely to allow reaching the sustainability targets in terms of 

fishing mortality for three of the four stocks considered with exclusion of Hake, 

ii) an Extended Summer stop, that is the full temporal ban of trawling for 2 

months followed by other two months of reduced activity, represents another 

potentially effective (but costly) approach, and iii) all the management scenarios 

are always associated, at least in their first phase of implementation, to a 

decrease of the profit for the fleet with respect to the status quo. The application 

of SMART to the Adriatic Sea allowed exploring the possible consequences of 

seven management scenarios, including the status quo. The results indicate 

that: i) a general reduction of fishing mortalities on resources is expected by all 
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the management measures with the exception of the Pomo Pit and Sole’s 

Sanctuary closures for the red mullet and the Summer stop for the common 

sole, ii) the FRA for the Sole Sanctuary produce a light improving in the sole 

SSB , while the Jabuka/Pomo Pit FRA is likely to determine strong increase of 

SSB of the Norway lobster, iii) the most effective measure results  the closure 

of a large coastal area within 6 nautical miles from the coast, although the 

economic effects of this approach could be very negative for the fleet, and iv) 

conversely to the case study of the Strait of Sicily, the Extended Summer stop 

scenario does not seem a promising approach in the Adriatic Sea.  

As the governance system concerns, examples from Natura 2000 and other MPA 

networks were examined to describe the best practices in establishing and 

implementing MMAs. This analysis was aimed at providing operational elements 

for the definition of the most appropriate management framework in the two 

case study areas covered by the project. taking into account the opinion of 

stakeholders. The potential costs in the establishment, maintenance, monitoring 

and governance of a network of MMAs was also evaluated. The implementation 

of a MMAs network is expected to produce socio-economic effects deriving from 

changes in landings, prices and costs due to variation of fishing effort.   

Concerning the monitoring system, the rationale for a sampling scheme for data 

collection was delineated considering a set of monitoring objectives and 

associated biological and socio-economic indicators. It includes consideration 

about the collection of data and information from already existing monitoring 

programs (e.g. EU Data Collection Framework, Marine Strategy Framework 

Directive). Finally, integration of the monitoring of MMAs within the more 

complex fisheries management plans in the two case study areas was analised. 

The importance to have a clear competent authority and powers to conduct 

Monitoring, Control and Surveillance (MCS) activities was underlined. An 

effective MCS should be characterised by transparency, accountability and an 

effective and deterrent monitoring and sanctioning system. Within this context 

the so called “responsive management” was proposed to be adopted in the case 

studies. Principles to inform a participatory approach to MCS of MMAs in the 

case study were also reviewed. The most relevant features of the participatory 

approach are to involve stakeholders: i) in collecting data including catch, 

fishing effort, discards, and socio-economic information; ii) in defining 

regulatory conditions under which the exploitation of the resources within the 

identified MMAs is conducted, including penalties for noncompliance, and iii) in 

surveillance promoting cooperation (e.g. sentinels) with the Coast Guard, whose 

task is to carry out controls on the area so that the measures provided for are 

respected. Enhanced public participation in the fisheries management process 

should allow: i) less costs for the development and implementation of MCS 

systems, and ii) more compliance from stakeholders and therefore, more 

possibilities to achieve the established management goal.   
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The project results are disseminated by workshops, media, congresses and 

peer-reviewed articles. The MANTIS Web page (http://jadran.izor.hr/mantis/) 

will be updated with the deliverables produced by the project after the approval 

of the project final report. 

BACKGROUND 

Demersal fisheries in the Mediterranean are known to be affected by high 

overfishing and poor exploitation patterns with high juvenile fishing mortality 

and high production of discards (Colloca et al., 2013; Vasilakopoulos et al., 

2014). The reformed Common Fishery Policy (CFP) (EC Reg. 1380/2103) is 

aimed, inter alia, at implementing an ecosystem-based approach to fisheries 

management whilst ensuring that exploitation rates of living marine biological 

resources are able to restore and maintain populations of harvested species 

above levels that can produce the maximum sustainable yield (MSY). The basic 

objectives of the new CFP include the application of the ‘precautionary principle’ 

to fisheries management, and the progressive implementation of an ‘ecosystem 

approach’. On this basis, the Commission has defined objectives for CFP 

management decisions that (i) are based on the best available knowledge of the 

interactions between fishing and ecosystems, and (ii) minimise both direct and 

indirect impacts on the marine environment, in particular by reducing the 

excessive fishing pressure. 

In this perspective, the new CFP, as stated in Article 8, promotes the 

establishment of fish stock recovery areas while taking due account of existing 

conservation areas and continuing to give additional protection to existing 

biologically sensitive areas. Moreover, Article 11 therein, stipulates specific 

procedures to facilitate the adoption and implementation of the fisheries 

conservation measures necessary to comply with obligations under the Union 

environmental legislation. 

Within this framework the CFP and the multi-annual management plans under 

its legislation should be oriented towards promoting the establishment of new 

biologically sensitive protected areas, including nursery and spawning grounds 

of exploited stocks, in which all or certain fishing activities are temporarily or 

permanently banned or restricted. The protection of sensitive habitats from the 

negative impact of fisheries is a manangement measures already included in 

the EU reg. 1967/2006, that prohibits trawling Posidonia and maerl seabeds 

and, more in general on in waters shallower than 50 m or within 3 nm form the 

coast. Also the new multi-annual plan for the western Med introduces a seasonal 

closure for trawls in waters shallower than 100 m or 6 nm Member States can 

propose alternative closures if they can demonstrate this will result in 

decreasing the catch of juveniles by at least 20%.In order to improve the 

exploitation and conservation of living aquatic resources and marine ecosystems 

as to achieve the overall objective of the CFP (Art. 2) as to recover stocks at 

MSY by 2020 at the very latest. These protection measures also contribute 
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towards achieving the objectives of the Habitat Directive as well as the Marine 

Strategy Framework Directive (MSFD). The latter requires the implementation 

of a coherent and representative network of marine protected areas (MPAs) or 

Marine Managed Areas (MMAs) covering the diversity of marine ecosystems 

towards achieving and maintaining good environmental status (GES). 

In addition Target 11 of the Convention on Biological Diversity 

(https://www.cbd.int/sp/targets/rationale/target-11/) establishes that at least 

10 per cent of coastal and marine areas, especially areas of particular 

importance for biodiversity and ecosystem services, shall be conserved by 2020 

through effectively and equitably managed, ecologically representative and 

well-connected systems of protected areas. 

Moreover, in 2014 Directive 2014/89/EU of the European Parliament and of the 

Council established a Framework for Maritime Spatial Planning (MSP). This 

Directive was developed as part of the EU’s Integrated Maritime Policy, which 

aims to support sustainable development of the marine environment, to develop 

coordinated and transparent decision-making regarding sectoral policy that 

affects oceans, seas, islands, coastal and outermost regions and maritime 

sectors and at the same time achieve GES for our seas as set out in the MSFD. 

This Directive establishes a framework for MSP to promote sustainable growth 

of maritime economies, sustainable development of marine areas and 

sustainable use of marine resources and states that maritime spatial plans must 

be established as soon as possible, and at the latest by 31 March 2021. This 

Directive requires the application of an ecosystem-based approach and 

recognises the linkage between coastal and marine activities. It clearly takes 

into consideration the need to have due regard to land-sea interactions, as do 

both the Recommendation of 30 May 2002 concerning the implementation of 

Integrated Coastal Zone Management in Europe and the Protocol on Integrated 

Coastal Zone Management in the Mediterranean. 

Rebuilding the size and age structure of exploited populations is a management 

objective that combines classical single species targets such as MSY with some 

goals of the ecosystem approach to fisheries management (EAFM), such as 

preserving community size structure and the ecological role of different species. 

It has been well demonstrated that under the current fishing regime, stock 

productivity and fleet profitability in the Mediterranean are generally impaired 

by a combination of high fishing mortality and inadequate selectivity patterns 

(Colloca et al., 2013). For several commercial demersal stocks a change in 

fisheries selectivity to shift the size of first capture towards larger sizes appears 

as key requirement to increase the productivity of the stocks and the profitability 

of the fisheries. 

However, in the case of the trawl fishery, noticeable increases in the mesh size 

of the cod-end would be required to substantially increase the size at first 

capture of species like hake with negative implications on the catch rate of 

http://www.cbd.int/sp/targets/rationale/target-11/)
http://www.cbd.int/sp/targets/rationale/target-11/)
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associated smaller- sized commercial species (e.g. shrimps). In this regard, 

technical measures based on the further increase of the legal mesh size, might 

be hardly compatible with the mixed nature of Mediterranean trawl fisheries, 

where catch is composed by a mix of species within a wide size spectrum. (UNEP 

MAP, 2010). 

Reducing undesized catch without changing the mesh size in the cod-end could 

be obtained by inserting grids or separators in the nets to allw small individuals 

to escape. Recently Vitale et al. (2019), working in the Strait of Sicily, showed 

clearly that grids can substantially reduce unwanted catches of undersized deep 

water rose shrimps and hake in Mediterranean bottom trawl fisheries. 

A possible management measure that can be taken in combination with or as 

an alternative to mountin grids on the nets is to reduce the mortality rate of 

juveniles by protecting the areas/habitats were they aggregate, through the 

implementation of no- take marine protected areas (Caddy, 1999) also within 

multi-annual management plans. In this context, a spatial-based approach to 

managing fishing effort which (i) minimizes the impact of trawlers on the areas 

where and in the period when juveniles of commercial species concentrate and 

(ii) protects the habitats that play key roles for recruitment and spawning 

processes (Essential Fish Habitat - EFH), can achieve similar management 

targets to those usually linked to mesh size regulations (Russo et al., 2014; 

Colloca et al., 2015). 

Spatial management measures can thus drive an improvement in selectivity 

helping to achieve the landing obligation objectives. Indeed Regulation (EU) No 

1380/2013 expressly allows discard plans to include technical measures, within 

the implementation of the landing obligation, which should be aimed at 

increasing selectivity and reducing unwanted catches as much as possible. 

In terms of spatial based management measures, Marine Protected Areas 

(MPAs) are a common tool to achieve conservation of marine biodiversity in the 

Mediterranean also regulating fisheries. Along with these traditional MPAs, a 

number of other spatially delimited areas in which fishing is restricted or 

forbidden permanently or for limited periods to one or more fishing gears were 

established by regional, national and international authorities to manage 

specifically fisheries . Following Pipitone et al. (2014) all these areas, including 

Fishery Reserves, Fishery Restricted Areas, Biological Protection Zones, Artificial 

Reeef Areas, Exclusive Fishing Zones and Marine Protected Areas  too, were 

called with the more generic term of Marine Managed Areas (MMAs). Currently 

there are 681 MMAs, covering approximately 5.3% of the Mediterranean surface 

area (Pipitone et al., 2014). Updated mapping of all types of MMAs present in 

the Mediterranean was given by the MEDISEH project (Papadoupoulou et al. 

(2012) (https://imbriw.hcmr.gr/en/mediseh/). Within the framework of an 

Ecosystem Approach to Fisheries Management, a properly designed and 

integrated network of different types of MMAs where fisheries are  regulated, 
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together with other area-based fisheries management rules (e.g. limits on the 

use of certain fishing gears at certain depths and distance from the coast or 

over certain protected habitats) could help in achieving a better exploitation 

pattern and addressing possible incompatibilities between MSY exploitation 

rates of species differently sensitive to fishing caught by the same fishery. 

However, these have to be established on the basis of scientific advice and on 

the basis of clear management objectives, and whenever possible within multi-

annual plan, in line with the requirement of CFP (Articles 9 and 10). 

The progressive theoretical and practical implementation of spatially-based 

management approaches is the consequence of the awareness that an effective 

protection of living stocks must pass through the limitation of the access to 

stocks by fisheries (Walters, 1986). To this aim, a priority in fishery 

management should therefore be to protect Essential Fish Habitats where 

reproduction and recruitment of commercial fish occur within a management 

framework setting measurable and defined management objectives. 

This process is facilitated by the fact that in recent years the body of knowledge 

available on the spatio-temporal dynamics of the recruitment processes of 

demersal species in the Mediterranean, and more specifically in Italian seas, has 

increased considerably (Colloca et al., 2015). The knowledge of areas where 

juveniles have stably concentrated over the years has been used to propose 

spatial measures of fishing closure into the fisheries management plans of 

Italian GSAs (GFCM Geographic Sub-Areas) as required by art. 19 of the EU 

Reg. 1967/2006. 

The recent implementation of four Fisheries Restricted Areas (FRAs), one in the 

Jabuka/Pomo Pit (middle Adriatic sea) and three in the northern sector of the 

Strait of Sicily, mainly targeted to the protection of the hake and deep water 

rose shrimp nurseries should be recalled in this regard. 

EC Reg. 1198/2006 (European Maritime and Fisheries Fund - EMFF) ) and the 

measures contained within EC Reg. 1224/2009 establishing a community control 

system for  ensuring compliance with the rules of the new CFP, as established 

in EC Reg. 1380/2013, determine the necessity to update the GSAs and local 

management plans. This calls for an in-depth evaluation of the effectiveness 

and reliability of the current system of managed areas (e.g. MPA and FRAs) as 

well as different scenarios of new networks of MMAs e.g. relevant nursery areas. 

To this end, it is however necessary to improve our understanding of the 

biological processes governing recruitment, including the dispersal of eggs and 

larvae and their bottom settlement, as well as growth patterns and migrations 

from nursery to feeding and spawning areas. Moreover, to model the impact of 

fishing on juveniles and adults these processes need to be linked to the 

behaviour and dynamics of the trawl fleets. At the same time the socio-economic 

implications of any possible network of MMAs need to be fully evaluated to 
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achieve a balance between fishing opportunities and sustainable exploitation. 

However, a realistic assessment and management should also account for the 

effects of fishing effort displacement determined by measures of spatial closure 

on exploitation and socio-economic aspects of fisheries. 

Selected aspects of these topics have been partially addressed within previous 

national or EU projects, which produced knowledge, data, models and tools that 

will be essential for a proper understanding of space time dynamics of living 

resources of commercial interest and for the identification and evaluation of a 

spatially-explicit fisheries management strategies (EU funded projects, such as 

MEDISEH, STOCKMED, COCONET, PERSEUS, CREAM, MyOCEAN, OPEC, 

MESDEA, COPERNICUS, MESMEA, VECTORS, EMODnet and large national 

projects like the Italian flag project RITMARE). However there is still a need for 

integration and harmonization of this knowledge in a coherent comprehensive 

framework. 

RATIONALE OF THE PROJECT 

The project is being developed through a combination of modelling approaches 

to assess management scenarios according to a spatial-based approach to 

fisheries management, in which the displacement of fishing effort in different 

fishing grounds is regulated by creating a coherent network of Marine Managed 

Areas (MMA). 

The idea pursued by the project is to simulate a shift in current fishing 

mortalities to values compatible with MSY, as reported by the STECF/SAC WGs 

and in line with the CFP. To reach this objective, technical measures are 

combined with the regulation of fishing effort through spatial closures, even 

predicting the effects of fishing effort displacements. 

To this end, all available information on the spatio-temporal dynamics of 

resources and fishing fleets were integrated, taking into account the different 

occupancy of marine habitat by the main life phases of demersal resources. 
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Figure 1 The Geographic Sub-Areas in the Mediterranean according to the GFCM and the two case 

studies, the Strait of Sicily and the Adriatic Sea, highlighted (red ellipses). 

Analyses are carried out in two case studies, each consisting of four target 

species, representative of different biological life traits in the Strait of Sicily 

(Parapenaeus longirostris, Merluccius merluccius, Mullus barbatus, 

Aristaeomorpha foliacea) and the Northern and Central Adriatic (Solea solea; 

Merluccius merluccius, Mullus barbatus; Nephrops norvegicus). Taking into 

consideration that M. merluccius is assumed to be a single stock in the Northern, 

Central and Southern Adriatic (Fiorentino et al., 2014), for this species also GSA 

18 data will also be considered (Fig. 1). 

To evaluate the effect of a network of areas where fisheries are managed on a 

spatial basis to achieve MSY, the proposed approach is based on modelling 

interactions of fishing effort with stocks in terms of fishing mortality (Pelletier & 

Mahevas, 2005). The analytical framework will be based on the logical approach 

used by the ISIS- Fish (Mahevas and Pelletier, 2004) and SMART (Russo et al., 

2014) models to obtain responses of fish stocks (Spawning Stock Biomass, 

Recruitment, Fishing mortality) and fisheries performance (Yield, Economic 

Gains) under different management scenarios. 
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Figure 2 Logical framework for the assessment and evaluation of the effects of spatio-temporal 

management measures on stocks and fisheries dynamics (Mahevas & Pelletier, 2004). 

The simulation approaches provided by these methods allow the evaluation of 

the effects of different regulations of fishing effort for both resources and fishers 

as measured by socio-economic indicators. 

To achieve the objectives of MANTIS the following five step methodological 

framework were developed through the five WPs : 

 Involving stakeholders in a participatory approach aimed at identifying 

possible technical/governance scenarios to be evaluated using numerical 

models for their possible effects on target stocks and fisheries in terms 

of MSY and EAFM targets; 

 Compiling and analysing all existing information, where available, on 

each case study, from the viewpoint of different disciplines, including 

biological, environmental and fishery aspects. This was done within a 

GIS framework with the main objective of identifying existing MMAs as 

well as yet unprotected critical and sensitive habitats to be included 

within the framework of a spatial- based approach to fishery 

management. A web-based flexible database (GRID) connected with a 

number of tools (stress level and conflict score analyses) to analyze 

marine activities and interactions (conflicts and synergies) was 

employed. Modelling the dynamics of target stocks in terms of 

abundance and yield, including connectivity between spawning and 

nursery areas (larval dispersal, bottom settlement, ontogenetic and 

spawning migrations); 

 Simulating effects of different management scenarios, based on 

combinations of different networks of existing and new MMAs and 

variations in fishing effort, on the population dynamics of the target 
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species and fisheries when pursuing the target of MSY within the more 

general EAFM. To this end the behaviour of fleet dynamics was modelled. 

 Designing and assessing a management framework including the 

establishment, maintenance, monitoring and governance of the MMA 

network, also considering the involvement of the stakeholders (Fishers, 

NGOs, Public Administrations). 

 Disseminating results obtained and best practices experienced during 

the research activities. 

The implementation in WP3 of a modelling approach to assess the relevance of 

different MMAs scenarios for the achievement of the MSY objectives was at the 

core of MANTIS. The rationale behind the proposed modelling approach can be 

summarized as follows: 

 Resources exploited by Mediterranean fisheries consist on an array of 

species, each having a distinct population dynamics and patterns of 

occurrence in space and time as a result of both internal (e.g. 

ontogenetic) and external (e.g. environmental and fishery-dependent) 

drivers; 

 It is plausible to assume that the mortality determined by fishing activity 

is the main threat for most stocks and then that areas closed to fisheries 

are likely to sustain (also by spill-over effects) the resilience of natural 

populations of exploited resources; 

 Fishers are aware of large-scale spatio-temporal distributions of 

resources and allocate fishing effort accordingly, even taking into 

account for management regulations such as temporal and spatial 

closures or gear restrictions; 

 In the Mediterranean, the distribution of zones which are unsuitable for 

trawling is very heterogeneous and this fact, in combination with some 

environmental constrains (e.g. the pattern of sea currents, which play a 

fundamental role in the dispersion of larval stages), is likely to determine 

complex effects at the scales of Geographic Sub-Areas and theof basin 

(Gargano et al., 2016). 

Given these assumptions, a sustainable management of the environment and 

living resources through a network of MMAs (sensu latu) can be effective only if 

the patchwork of fishery-restricted areas guarantees the protection of adequate 

portions of critical life stages, and if the size/number and the spatial distribution 

of these areas is integrated into the main environmental drivers (e.g. sea 

currents, which are determinant for the fate of larval stages of several species), 

representing de facto a network of refuges that allows stocks to recover from 

exploitation. 

It is important to stress that, while the first three of the above aspects are valid 

even just for a single protected area, the fourth one explicitly refers to a network 

of MMAs, and thus to an overall assessment of the “safety net” as an additional 
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management tool functioning in terms of prevention of the resource collapse. 

These aspects are represented in Figure 3. 

 

Figure 3 Logical framework of the approach to assess and evaluate the effects of spatio/temporal 
management measures on stocks and fisheries dynamics (inspired to Pelletier & Mahevas, 2005). 
The aim of the figure is to show what could happen, in terms of spillover of passive living stages 
(larval drift) from an area closed to fishing towards neighbouring areas. 

Coherently, the models developed and applied in the project will be organized 

in four modules addressing the landmarks listed above: (1) a population 

dynamics model, which will be essentially based on the available data and 

information collected in several recent projects (e.g. MAREA Stockmed and 

MEDISEH); (2) a model for fishing activity, which will be based on both available 

data and new observations collected in specific fisheries/areas, e.g. in existing 

closed areas and new ones recently established such as the “ Jabuka/Pomo Pit” 

in the Adriatic Sea and in the three Fishery Restricted Areas (FRAs) in the Strait 

of Sicily; (3) a model for connectivity among subarea and network components 

based on information on larval drift and reproductive migrations; and (4) a 

model for assessment of management measures through an analysis of real 

data and simulations. 

MANTIS OBJECTIVES 

The main objectives of MANTIS are: 

 To review and integrate the knowledge produced in previous national 

and EU funded project on space time dynamics of exploited living 

resources and on Ecosystem Approach to Fishery in the Central 

Mediterranean, with a focus on to the Strait of Sicily and the Adriatic 

Sea; 

 To review information on the location of the existing MMAs in the 

Mediterranean which  could affect the dynamics of Central 

Mediterranean stocks considered in the project, on the basis of the 

putative stock boundaries identified in the STOCKMED project 

(Fiorentino et al., 2014); 
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 To study the connectivity among the Essential Fish Habitats (EFH) of the 

project target species, including those located inside or outside existing 

MMAs; 

 To investigate how a network of MMAs can contribute towards improving 

sustainable fisheries in the Central Mediterranean, whilst promoting 

ecosystem services such as reservoirs of biodiversity and functioning 

food webs. 

TEAM COMPOSITION AND WORK-PACKAGE/TASK LEADERS 

The MANTIS consortium includes 8 participants - CNR, WWF, Conisma, IOF, 

OGS, Nisea, DFA/MSDEC and Oceana - from 3 European Member States and 

foresees the involvement, through the Steering Committee, of the Regional FAO 

projects covering the Central Mediterranean and the Mediterranean Advisory 

Committee. The MANTIS consortium represents the main fisheries nations, in 

terms of total catches in EU waters, operating in the Central Mediterranean 

(http://ec.europa.eu/eurostat), FAO statistical division 37.2. 

The team composition involved in the project with the partner affiliation are 

reported in the table 1. 

Table 1 Composition of the scientific team and work package/task leaders with affiliation. 

Surname Name 
Task 

Involvement 

Wp/task 

Coordination 
Partner 

Fiorentino Fabio Project Coordinator WP0 

Formerly 

CNR/IAMC 

Now CNR/IRBIM 

Vitale Sergio 
1.1; 1.2; 1.3; 5.1 & 

5.2 
 

Formerly 

CNR/IAMC 

Now CNR/IRBIM 

Colloca Francesco 
3.1, 3.2, 3.3; 4.1; 

4.2; 5.1 & 5.2 
WP4 

Formerly 

CNR/IAMC 

Now CNR/IRBIM 

Garofalo Germana 

2.1, 2.2, 2.3; 2.4; 

3.1;3.2; 3.3; 5.1 & 

5.2 

 

Formerly 

CNR/IAMC 

Now CNR/IRBIM 

Milisenda Giacomo 
2.1, 2.2, 2.3; 2.4; 

3.1; 3.2 & 3.3; 
 

Formerly 

CNR/IAMC 

Now SZN 

Di Lorenzo Manfredi 
2.1, 2.2, 3.1; 3.2; 

3.3;4.1 & 4.2 
 

Formerly 

CNR/IAMC 

Now CNR/IRBIM 

Cucco Andrea 3.1, 3.2 & 3.3;  

Formerly 

CNR/IAMC 

Now CNR/IAS 

http://ec.europa.eu/eurostat
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Sinerchia Matteo 3.1, 3.2 & 3.3;  

Formerly 

CNR/IAMC 

Now CNR/IAS 

Quattrocchi Giovanni 3.1, 3.2 & 3.3;  

Formerly 

CNR/IAMC 

Now CNR/IAS 

Enea Marco 3.1; 3.2 & 4.2  

Formerly 

CNR/IAMC 

Now University of 

Palermo 

Gristina Michele 4.2; 5.1 & 5.2  

Formerly 

CNR/IAMC 

Now CNR/IAS 

Scarcella Giuseppe 

0.1; 0.2; 1.1; 1.2; 

1.3; 2.1, 2.2, 2.3; 

2.4; 3.1; 3.2; 3.3; 

3.4; 4.1; 4.2; 

 5.1 & 5.2 

WP2 

Formerly 

CNR/ISMAR 

Now CNR/IRBIM 

Barbanti Andrea 

0.1; 0.2; 1.1; 1.2; 

1.3; 2.1, 2.2, 2.3; 

2.4; 3.1; 3.2; 3.3; 

3.4 ; 4.1; 4.2; 5.1 & 

5.2 

 CNR/ISMAR 

Santojanni Alberto 2.1, 2.2, 2.3 & 2.4;  

Formerly 

CNR/ISMAR 

Now CNR/IRBIM 

Angelini Silvia 

2.1, 2.2, 2.3; 2.4; 

3.1;3.2; 3.3; 3.4 ; 

4.1 & 4.2; 

 

Formerly 

CNR/ISMAR 

Now CNR/IRBIM 

Morello Elisabetta 

2.1, 2.2, 2.3; 2.4; 

3.1; 3.2; 3.3; 3.4 ; 

4.1 & 4.2; 
 

Formerly 

CNR/ISMAR now 

GFCM 

Russo Tommaso 

0.1; 0.2; 1.1; 1.2; 

1.3; 2.1, 2.2, 2.3; 

2.4; 3.1; 3.2; 3.3; 

3.4 ; 4.1; 4.2; 5.1 & 

5.2 

WP3 CoNISMA 

D’Andrea Lorenzo 

0.1; 0.2; 1.1; 1.2; 

1.3; 2.1, 2.2, 2.3; 

2.4; 3.1; 3.2; 3.3; 

3.4 ; 4.1; 4.2; 5.1 & 

5.2 

 CoNISMA 

Solidoro Cosimo 
0.1; 0.2; 2.1, 2.2, 

2.3; 2.4; 3.1 & 3.2 
Task 3.1 OGS 

Melaku 

Canu 
Donata 

0.1; 0.2; 3.1; 3.25.1 

& 5.2 
 OGS 
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Libralato Simone 
2.1; 2.2; 2.3; 2.4; 

3.1; 3.2; 5.1 & 5.2 
 OGS 

Laurent Celia 3.1 & 3.2  OGS 

Prato Giulia 

0.1; 0.2; 1.1; 1.2; 

1.3; 2.1, 4.1; 4.2; 

5.1 & 5.2 

WP1 

WWF Italia 

Leader of WP1 

since 01/07/2016 

Pollutri Antonio 
0.1; 0.2; 1.1; 1.2 & 

1.3 
 WWF Italia 

Vrgoc Nedo 

1.1; 1.2; 1.3; 2.1, 

2.2, 2.3; 2.4; 3.1; 

3.2; 3.3; 3.4 ; 4.1; 

4.2; 5.1 & 5.2 

WP5 IOF 

Bozanic Katarina 0.1; 0.2; 5.1 & 5.2  IOF 

Poljak Josip 0.1 & 0.2  IOF 

Isailovic Igor 

1.1; 1.2; 1.3; 2.1, 

2.2, 

2.3; 2.4; 3.1; 3.2; 

3.3; 

3.4 ; 4.1 & 4.2; 

 IOF 

Staglicic Nika 

1.1; 1.2; 1.3; 2.1, 

2.2, 

2.3; 2.4; 3.1; 3.2; 

3.3; 

3.4 ; 4.1 & 4.2; 

 IOF 

Sabatella Rosaria 
0.1;0.2; 4.1: 4.2; 

5.1& 5.2 
Task 4.2 NISEA 

Accadia Paolo 2.4; 2.2 & 2.3  NISEA 

Sabatella 
Evelina 

carmen 
1.1; 1.2; 1.3;4.&, 4.2  NISEA 

Vielmini Ilaria 

0.1; 0.2; 1.1; 1.2; 

1.3; 2.1, 2.2, 2.3; 

2.4; 4.1; 4.2; 5.1 & 

5.2 

 

Oceana 

substituted by N. 

Fournier since 

30/11/2017 

Nicholas Fournier 

0.1; 0.2; 1.1; 1.2; 

1.3; 2.1, 2.2, 2.3; 

2.4; 4.1; 4.2; 5.1 & 

5.2 

 Oceana 

Perez Maria 0.1 & 0.2  Oceana 
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Small changes have been made to the team composition in 2017. In particular 

Ilaria Vielmini left the project because she moved from Oceana to Marine 

Stewardship Council on 30 November 2017 and was substituted by Nicholas 

Fournier. Within the DFA MSDEC team, Roberta Mifsud was substituted by 

Benjamin Zerafa on 2 October 2107 and Marie Louise Pace by Miriam Gambin 

on 27 October 2017 who left DFA-MSDEC and consequently the Mantis Project 

on June 2018 . 

PROJECT BREAKDOWN AND DELIVERABLES 

The Projects activities are organized into five operative and interrelated work 

packages (WPs) including a Management and coordination work package (WP0) 

(Fig. 4). 

Mifsud Roberta 0.1; 0.2;  

DFA/MSDEC 

substituted by B. 

Zerafa since 

02/10/2017 

Zerafa Benjamin 0.1; 0.2;  
DFA MSDEC until  

June 2018 

Pace 
Marie 

Louise 

0.1; 0.2; 1.1; 1.2; 

1.3; 3.1; 

3.2; 3.3; 3.4; 4.1; 

4.2; 5.1 & 5.2 

 

DFA MSDEC, 

substituted by 

M.Gambin since 

27/10/2017 

Gambin Miriam 

0.1; 0.2; 1.1; 1.2; 

1.3; 3.1; 

3.2; 3.3; 3.4; 4.1; 

4.2; 5.1 & 5.2 

 DFA MSDEC 

Knittweis Leyla 

0.1; 0.2;1.1; 1.2; 

1.3; 

3.1; 

3.2; 3.3; 3.4; 4.1; 

4.2; 5.1 & 5.2 

 

Department of 

Biology 

University of 

Malta 

Borg Joseph A. 

1.1; 1.2; 1.3; 

3.1; 

3.2; 3.3; 3.4; 4.1; 

4.2; 5.1 & 5.2 

 

Department of 

Biology 

University of 

Malta 
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Figure 4 The general relationships and flow of information among WPs. 

Organizing and maintaining the scientific and administrative management 

framework of the project was the overall task of WP0. The Project Coordinator 

was responsible for the overall management of the activities, the organization 

of major project meetings and communications with the Commission. Each 

partner identified one person Responsible for the Administrative management 

of the project, who was part of the Project Administrative Group aimed at 

supporting the Coordinator in managing the administrative aspects of the 

project. 

WP1 was designed to involve stakeholders in a participatory approach aimed at 

identifying possible technical/governance scenarios to achieve MSY and EAFM 

targets for the main stocks and fisheries in the case study areas. Based on a 

multi stakeholder participatory process, information relevant for the project was 

identified and collected with the stakeholders and then included into the 

scientific modeling. The participatory work was structured in three phases along 

the project life span: i) joint characterization of the problem, ii) identification of 

the information to be included in the models, and iii) sharing project results. 

Implementing a database (DB) that can store all the relevant georeferenced 

data and information for modelling in WP3, as well as the modelling outputs, 

was the overall objective of WP2. Predictive models was developed in WP3 to 

mainly assess the effects of different MMAs scenarios on the dynamics of target 
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stocks and the socio- economic performance of the fleets in relation to the MSY 

management objectives. 

Lessons, experiences and results gained from WP1 and WP3 was used in WP4 

to develop optimal management practices, which take into account any 

technical, administrative and legal barriers in implementing coherent networks 

of MMAs to enhance fisheries towards the MSY goal. A key step in WP4 was the 

identification of a suitable scientific monitoring and control framework to assess 

the effects of the MMAs networks identified by WP3 in case study areas on the 

populations of several important fish species and on their bio-economic 

effectiveness in terms of allowing fisheries to achieve MSY objectives, within the 

EAFM. 

Disseminating the relevant project outputs was the main goal of WP5, through 

a dedicated website, publications and other dissemination actions. WP5 facilitate 

also communication and interactions between MANTIS partners and it organize 

specific workshops. 

The results obtained in different WPs were described and disseminated by the 

deliverables reported in table 2. 

Table 2 Main Outputs of the MANTIS Project by Work Package. 

Work 

Package 

Deliverable 

code 
Deliverable title Nature 

Diffusion 

level 

Delivery 

date 

WP0 D 0.1 Inception report Report 
Internal and 

Commission 

February 

2016 

WP0 D 0.2 1st Interim report Report 
Internal and 

Commission 
June 2016 

WP0 D 0.3 
2nd Interim 

report 
Report 

Internal and 

Commission 

December 

2016 

WP0 D 0.4 3rd Interim report Report 
Internal and 

Commission 

November 

2017 

WP0 D 0.5 
Final joint 

workshop 
Meeting 

Internal and 

Commission 

October 

2018→ 

To be 

decided 

WP0 D 0.6 Draft Final report Report 

Internal and 

Commission. 

Available on 

MANTIS web 

page 

December 

2108 → 

June 2019 

WP1 D 1.1 
Stakeholders 

analysis 
Report 

Internal (to 

WP1 

participants) 

January 

2016 
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WP1 D1.2 

Formal 

institutional 

support (letter or 

PEC) from 

administrations 

Report External March 2016 

WP1 D1.3 

Formal support 

(letter or PEC) 

from fishing 

sector 

representatives 

Report External March 2016 

WP1 D1.4.1 

Introductory 

Meeting. for the 

Strait of Sicily. 

Meetings 

and 

Reports 

Internal and 

External 

Available on 

MANTIS web 

page 

September 

2016 

WP1 D1.4.2 

Introductory 

Meeting for the 

Adriatic Sea. 

Meetings 

and 

Reports 

Internal and 

External 

Available on 

MANTIS web 

page 

November 

2016 

WP1 D1.5 

Multi-stakeholders 

workshops at 

each case study 

(from 2 to 4 per 

case study) 

Workshop

s and 

Report 

Internal and 

external 

Available on 

MANTIS web 

page 

From June 

2018 to 

December 

2018 → 

March 2019 

WP1 D1.6 Final meeting Report 

Internal (to 

WP1 

participants) 

December 

2018 

WP2 D 2.1 MPAs maps 
Electronic 

archive 
Internal July 2016 

WP2 D 2.2 
Nursery and 

spawning grounds 

Electronic 

archive 
Internal August 2016 

WP2 D 2.3 Effort maps 
Electronic 

archive 
Internal 

September 

2016 

WP2 D 2.4 
Sensitive habitats 

maps 

Electronic 

archive 
Internal 

October 

2016 

WP2 D 2.5 
Oceanographic 

maps 

Electronic 

archive 
Internal 

November 

2016 

WP2 D 2.6 
Database of raw 

data 
database 

Internal and 

Commission 

December 

2016 

WP2 D 2.7 GRID database 
Internal and 

Commission 
March 2017 

WP2 D 2.8 Exchange format Report 
Internal and 

Commission 
May 2017 
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WP3 D 3.1 

Set-up of the data 

platform with 

advanced 

functionalities for 

querying and 

processing 

Report Internal 
December 

2016 

WP3 D 3.2 

Operative Models 

for assessment 

and forecast of 

Resources status 

and socio-

economic 

Report 

and 

Divulgati

on 

Meeting 

Internal and 

Commission 

January 

2018 

WP3 D 3.3 

Application of the 

Models to the 

case of study: 

assessment of 

present situation 

and analysis of 

future scenarios 

Report 

and 

Divulgati

on 

Meeting 

Internal and 

Commission 
April 2019 

WP4 D 4.1 

Good practices for 

MMAs network 

governance 

Report 

Public 

Available on 

MANTIS web 

page 

August 2017 

WP4 D 4.2 Monitoring system Report 

Public 

Available on 

MANTIS web 

page 

December 

2017 

WP4 D 4.3 Control system Report 

Public 

Available on 

MANTIS web 

page 

February 

2019 

WP4 D 4.4 

Overall 

conclusions and 

recommendations 

Report 

Public 

Available on 

MANTIS web 

page 

February 

2019 

WP5 D 5.1.1. 

Communication 

guidelines for 

partners 

Guideline

s 

Public 

Available on 

MANTIS web 

page 

March 2016 

WP5 D 5.1.2. 
Project visual 

identity 

Visual 

identity 
Public March 2016 

WP5 D 5.1.3. Project web-page Web page Public April 2016 

WP5 D 5.1.4. 
Creation of the 

Facebook page 
Facebook Public March 2016 
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WP5 D.5.2.1. Scientific articles Articles 

Public 

Available on 

MANTIS web 

page 

Form 

December 

2017 

onward 

WP5 D 5.2.2. 
Appearance in the 

media 
Leaflets Public 

From July 

2017 to 

July 2019  

(indicative 

date) 

WP5 D. 5.2.3. 
Projects 

brochures 

Brochure

s 
Public March 2019 

WP5 D 5.3.1. 

Dissemination 

Case study 

Workshops ( 

2) and Final 

conference 

Workshop

s and 

conferenc

e 

Public 

Available on 

MANTIS web 

page 

From 

October 

2017 

to 

September 

2019 

RESULTS ACHIEVED BY WP 

The detailed description of the result achieved by each WP is reported in the 

following paragraphs. 

WP 0 - MANAGEMENT AND COORDINATION OF THE PROJECT 

WP leader: Fabio Fiorentino (CNR) 

Participants: CNR, Conisma, OGS, WWF, IOF, MSDEC, Nisea, Oceana 

Duration: From month 1 to month 40 

WP0 Objectives: 

 To encompass the activities related to the physical, administrative, legal 
and financial activities which are necessary to implement the project. 

 To monitor and control the incurred expenditure and preparation of 
Inception, Interim and Final Reports as well as organization of 

coordination meetings between the Partners and setting up working 
groups. 

 To monitor all the activities between the Partners towards setting up and 
executing data collation, data collection, inquiries and surveys, 

modelling and other quantitative analyses, mechanisms for the 
exchange of information and to set up governance implementation in 
support of the project. 

The Project work plan 

WP0 is organised in the following Tasks: 

Task 0.1: Project activations and meetings  
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Task 0.2: Project administrative and financial management.  

Results achieved 

Task 0.1: Project activations and meetings.  

During the first six months of the project two meetings were held. The kick-off 

meeting (KOM) took place on 18th and 19th January 2016 at the CNR in Rome. 

18 researchers belonging to the eight Institution involved attended the meeting. 

During the KOM the general work plan and methodology were discussed and 

refined. The participation of single scientists by Partner to the different WP and 

tasks was also agreed. The Project coordinator prepared the Inception Report 

with the collaboration of the scientists involved in the project, mainly the WP 

and task leaders.  

The report of the KOM meeting and the Inception Report were included to the 

1st Interim Report as ANNEX I (deliverable D 0.2) and ANNEX II ( Deliverable 

D.01), respectively.  

The KOM was followed by the Joint MANTIS Kick off meeting held on 21st  

January, 2016 in Brussels. During the joint meeting the three “Sister Projects” 

(MANTIS, SAFENET and PROTOMEDEA), approved by the DG MARE within the 

call MARE/2014/41 Marine Protected Areas: Network(S) for Enhancement of 

Sustainable Fisheries In EU Mediterranean Waters, were illustrated to the 

representatives of the European Commission. The different objectives and 

methodological approaches were reviewed and the contents of the inception 

report were agreed. During these meetings the planned work and the current 

state of the project (implementation of methods, objectives, goals, activities, 

etc.) were reviewed.  

The first Steering Committee (SC) meeting was held on the 10th February 2017 

as Skype conference. The presence of the SC members (Fabio Fiorentino, Giulia 

Prato, Giuseppe Scarcella, Tommaso Russo, Francesco Colloca, Katarina 

Bozanic, on behalf of Nedo Vrgoc, Enrico Arneri and Giampaolo Buonfiglio) was 

enlarged to Responsibles of the other partners who have not specific 

responsibilities in leading WPs (Ilaria Vielmini, Rosaria Sabatella, Cosimo 

Solidoro, Leyla Knitweis, on behalf of Roberta Mifsud). During the SC Meeting 

the activities done during the first year of the project were revised and the 1st 

General Meeting of the Mantis project was scheduled.  

During the second year of the project the coordinator organized the 1st General 

meeting of the Mantis Project held in Rome, at Tor Vergata University, on 15 th-

16 th February 2017. During meeting the activities done were reviewed and those 

that will be developed were discussed. In particular the need to include 

movements of larvae and adult in the assessment models were analysed. The 

report of the meeting is annexed to the 2nd Interim Report (Annex I).  
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The second Steering Committee (SC) meeting was held on the 18th February 

2018 as Skype conference. The presence of the SC members (Fabio Fiorentino, 

Giulia Prato, Giuseppe Scarcella, Tommaso Russo, Francesco Colloca, Katarina 

Bozanic, on behalf of Nedo Vrgoc, Nicoletta Milone and Luca Ceriola, on behalf 

of Enrico Arneri and Giampaolo Buonfiglio) was enlarged to Responsibles of the 

other partners who have not specific responsibilities in leading WPs (Nicholas 

Fournier, on behalf of Maria Perez, Rosaria Sabatella, Donata Melaku Canu, on 

behalf of Cosimo Solidoro, Miriam Gambin and Leyla Knitweis, on behalf of 

Roberta Mifsud). During the SC Meeting the activities done during the second 

year of the project were revised and some suggestion for improving the 

deliverables 4.1 and 3.2 were given. Furthermore the 2nd  General Meeting of 

the Mantis project was scheduled.  

During the 2nd  General Meeting the progress achieved were reviewed and those 

that still had to be carried out were discussed. Considering the state of activities 

and the necessity of more work for integrating larval dispersal and adult 

migration results in stock assessment models, the Project Coordinator proposed 

to ask the Commission a project extension. This request is also motivated by 

the necessity to complete the simulation of the functioning of the Marine 

managed areas network before the presentation to the stakeholders scheduled 

in the second half of the 2018. The participants agreed with the proposal and it 

was decided to contact the Coordinators of the other “sister” projects, SAFENET 

and PROTOMEDEA, to coordinate the request of extension to the DGMARE. The 

report of the meeting is annexed to this Final Draft Report (Annex I).  

Task 0.2: Project administrative and financial management.  

Concerning the maintenance of consortium and legal issues, in agreement with 

the Project Coordinator, the Administrative Responsible submitted the 

Partnership Agreement between the CNR and the other Institution forming the 

Research Consortium. 

The Project Coordinator submitted to DGMARE the Inception Report (deliverable 

D0.1 – February 2016) and the three Interim Reports scheduled by the project 

have been. In particular the 1st Interim Report (deliverable D 0.2), the 2nd 

Interim Report (deliverable D 0.3),  and the 3rd Interim Report (deliverable D 

0.4), reporting the progress achieved in the project, were released in June 2016, 

December 2016 and January 2018, respectively. All these reports were prepared 

by the Project Coordinator with the collaboration of the WP and task leaders.  

The annexes to the interim reports, including the deliverables by WPs and tasks, 

are reported in table 3 

Table 3 Interim reports of the Mantis project and their annexes. 

Report Annexes 
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1st Interim Report MANTIS: 

Marine protected Areas Network 

Towards Sustainable fisheries in 

the Central Mediterranean - June 

2016 

ANNEX I–KICK‐OFF MEETING Minute 

 

ANNEX II–DELIVERABLE D1  Inception report 

2nd Interim Report MANTIS: 

Marine protected Areas Network 

Towards Sustainable fisheries in 

the Central Mediterranean - 

December 2016 

 

ANNEX I–DELIVERABLE D 1.4.1 Introductory 

Meeting for the Strait of Sicily  

(available at http://jadran.izor.hr/mantis/) 

ANNEX II–DELIVERABLE D 1.4.2 Introductory 

Meeting for the Adriatic Sea  

(available at http://jadran.izor.hr/mantis/) 

ANNEX III–DELIVERABLE D 2.1 MMAs maps  

ANNEX IV–DELIVERABLE D 2.2 Nursery and 

spawning grounds  

ANNEX V–DELIVERABLE D 2.3 Fishing effort 

maps  

ANNEX VI–DELIVERABLE D 2.4 Sensitive habitat 

maps  

ANNEX VII–DELIVERABLE D 2.5 Oceanographic 

maps  

Annex VIII–DELIVERABLE D 3.1. Set-up of the 

data platform with advanced functionalities for 

querying and processing  

Annex IX–DELIVERABLE D 5.1.1. 

Communication guidelines for partners 

3rd Interim Report MANTIS: 

Marine protected Areas Network 

Towards Sustainable fisheries in 

the Central Mediterranean - 

January 2018 

 

ANNEX I–Report of the 1st MANTIS General 

Meeting–Rome 15-17 February 2017 

ANNEX II–Deliverable D 1.5.1 Multi-

stakeholders workshop held on 25 May 2017 in 

Split (Croatia)  

(available at http://jadran.izor.hr/mantis/) 

ANNEX III–Deliverable D 1.5.2 Multi-

stakeholders workshop on 27 May 2017 in 

Chioggia (Italy)  

(available at http://jadran.izor.hr/mantis/) 

ANNEX IV–Deliverable D 2.8 Exchange format  

ANNEX V–Deliverable D 4.1 Good practices for 

MMAs network governance  

(available at http://jadran.izor.hr/mantis/) 

ANNEX VI–Deliverable D 3.2 Operative Models 

for assessment and forecast of Resources status 

and socio-economic indicators  

ANNEX VII–Deliverable D 4.2 Monitoring system  

(available at http://jadran.izor.hr/mantis/) 

Regarding aspects dealing with the project management the Coordinator 

organised the scientific and administrative management framework of the 

project. 
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According to the scheduled activities he maintained communications with the 

Commission. Furthermore the Coordinator formed the Project Administrative 

Group for the management of the administrative aspects of the project. The 

composition and role of the Mantis Administrative Group, under the leadership 

of the Administrative Responsible, Maria Puleo (CNR) is reported in table 4. 

Table 4 Composition of the Administrative Management Group of the Mantis project. 
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1
 -

 C
O
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R
D

IN
A
T
O
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CNR-IAMC 

CONSIGLIO NAZIONALE DELLE 

RICERCHE – before IAMC  then 

IRBIM since 19/09/2018 

MARIA PULEO Project 

Administrative Responsible 

maria.puleo@cnr.it  

 

GIUSI TERMINE 

giuseppa.termine@ cnr.it 

CNR-ISMAR 

CONSIGLIO NAZIONALE DELLE 

RICERCHE - before ISMAR  then 

IRBIM since 19/09/2018 

SIMONA FRANGUELLI 

simona.franguelli@cnr.it 

2 CONISMA 

CONSORZIO NATIONALE 

INTERUNIVERSITAR IO PER LE 

SCIENZE DEL MARE 

MADDALENA LAGGINI 

laggini@conisma.it 

 

3 OGS 

INSTITUTO NAZIONALE DI 

OCEANOGRAFIA E DI GEOFISICA 

SPERIMENTALE 

LIANA ZONTA 

lzonta@ogs.trieste.it 

4 WWF WWF ITALIA ONLUS ONG 
ANGELO PANNOZZO 

a.pannozzo@wwf.it 

5 IOF 
INSTUTUTE OF OCEANOGRAPHY 

AND FISHERIES 

KATARINA BOZANIC 

bozanic@izor.hr 

6 NISEA NISEA società cooperative 
ANNALISA NAPOLI 

napoli@nisea.eu 

7 OCEANA Fundacion OCEANA 

MARIA PEREZ 

mperez@oceana.org 

 

TREINYTE SKIRMANTA 

streinyte@oceana.org 

 

8 DFA/MSDEC 
Department of Fisheries and 

Aquaculture of MSDEC- 

ROMINA  SCIBERRAS 

romina.c.sciberras@gov.mt 

 

MIRIAM GAMBIN   

miriam.gambin@gov.mt 

 

In line with the Project proposal, the Coordinator also set-up the Steering 

Committee(SC) to support him in monitoring the project scientific activities. The 

Steering Committee (SC) included the Scientific Coordinator of the project, 

mailto:maria.puleo@cnr.it
mailto:giuseppa.termine@%20cnr.it
mailto:simona.franguelli@cnr.it
mailto:laggini@conisma.it
mailto:lzonta@ogs.trieste.it
mailto:lzonta@ogs.trieste.it
mailto:a.pannozzo@wwf.it
mailto:a.pannozzo@wwf.it
mailto:bozanic@izor.hr
mailto:napoli@nisea.eu
mailto:napoli@nisea.eu
mailto:mperez@oceana.org
mailto:streinyte@oceana.org
mailto:marie-louise.pace@gov.mt
mailto:marie-louise.pace@gov.mt
mailto:miriam.gambin@gov.mt
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Fabio Fiorentino (CNR), the WP leaders, formerly Marco Costantini (WWF Italy 

– WP1), from 1st July 2016 Giulia Prato by WWF Italia, Giuseppe Scarcella (CNR 

– WP2), Tommaso Russo (CoNISMA- WP3), Francesco Colloca (CNR – WP4) and 

Nedo Vrgoc (IOF – WP5), the Administrative Responsible of the CNR, Maria 

Puleo, a representative of the European Commission (to be appointed by 

DGMARE), the scientific coordinator of the FAO regional Projects covering the 

Central Mediterranean (ADRIAMED & MEDSUDMED), Enrico Arneri, and 

President of the Mediterranean Advisory Committee (MED AC), Giampaolo 

Buonfiglio.  

The SC monitored the project results by checking the progress in completing 

deliverables and achieving objectives. 

The general organization of the Project management is showed in Figure 5. 

 

Figure 5 General organization of the Management of the Mantis Project 

Since additional work was necessary to complete the analyses and reach the 

objectives of the project, the Project Coordinator asked DGMARE for an 

extension of the project duration with four months.  

In particular more time was required for i) investigating the connectivity among 

critical areas of target species, both in terms of larval dispersal and adult 

migration, in the case studies and ii) integrating this connectivity in the 

assessment of stock dynamics and fisheries performances. This additional work 

obliged to delay the simulation of the effects of closure of nurseries and 

spawning areas to trawling and the discussion of the main results with the 

stakeholders. The request, sent to the DGMARE on 18th June 2018, was accepted 

and the Project was extended from December 2018 to April 2019. An updated 

agreement was signed with a new deadline for deliverables. Due to the re-
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organization of the marine Institutes of Italian National Research Council (CNR) 

that joined the two detached units of IAMC – Mazara del Vallo and ISMAR – 

Ancona in a new single Institute (Institute for Marine Biological Resources and 

Biotechnologies – IRBIM) with a new Director (Gian Marco Luna), the 

identification of the main beneficiary partner (CNR) in the updated agreement 

was revised accordingly. 

The cost statement of activities done were prepared by the partners and 

collected by the Administrative Responsible of the project. Two Financial Reports 

were prepared and sent to the DGMARE together with the request of the Interim 

Payments after the submission of the 2nd and 3nd Interim Reports. After the 

approval of the 2nd and 3nd Interim Report CNR received the second and the 

third tranche of Project funds from DGMARE and the quotas were transferred to 

the partners according to the project. 

The Project Coordinator ensured liaison activities with the European Commission 

and the Coordinators of the other “sister projects” of the Call MARE/2014/41, 

Marine protected areas: network(s) for enhancement of sustainable fisheries in 

EU Mediterranean waters: Joachim Claudet for SAFENET (Western 

Mediterranean) and Paraskevi K. Karachle for PROTOMEDEA (Eastern 

Mediterranean). The date of the final joint meeting of the “sister projects” at 

DGMARE headquarter in Brussels, undertaken under the three projects, was 

agreed with the European Commission for the 17th September 2019. 

WP 1 - STAKEHOLDER INVOLVEMENT THROUGH A CO-CREATION 

APPROACH  

WP and tasks leader: Giulia Prato (WWF Italy).  

Participants: WWF, CNR, Conisma, IOF, Nisea, DFA/ MSDEC, Oceana 

Duration: From month 1 to month 40 

Objectives: 

 To involve stakeholders in a participatory approach aimed at identifying 

possible technical/governance scenarios to achieve MSY and EAF targets 

in main stocks and fisheries of the study areas 

The Project work plan 

WP1 objectives will be addressed by three tasks: 

Task 1.1. Engaging the fishing sector at institutional and local level. Lead: 

WWF. Additional contribution from CNR, Conisma, DFA/MSDEC, IOF, Nisea, 

Oceana. Working at the case study levels to engage the fishing sector and 

relevant stakeholders through a detailed stakeholder analysis per case study 
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(step 0), by seeking institutional support from administrations (step 1) and 

fishery associations (step 2) both at institutional and local levels.  

Task 1.2. Joint characterisation of the problem and assessment of the 

information to be included in the models. Lead: WWF, all WP1 partners 

contributing.  

Working at the case study level with the engaged fishing sector and the relevant 

stakeholders to collect information to be included in the modeling experiments. 

The information will be recorded during a general (all stakeholders) introductory 

meeting (step 3), and then with regular workshops (step 4) with selected 

stakeholders (4 per case studies). Collected information will be assessed by WP1 

partners before entering the modelling experiments.   

Task 1.3. Sharing project results. Lead: WWF, Additional contribution from 

CNR, Conisma, MSDEC, IOF, Nisea, Oceana. Share project result among the 

fishing sector and stakeholders who participated in the multi-participatory 

process.  Final meeting organized, one per case study. 

Results achieved  

Task 1.1. Engaging the fishing sector at institutional and local level 

During 2016 Stakeholder analysis (D1.1) was completed for the Adriatic and the 

Strait of Sicily delivering the names and reference organization of 32 

stakeholders, including mainly fishing associations, but also local and national 

authorities and NGOs. Formal support from stakeholders was sought through 

certified post (D1.2-D1.3), by sending PECs to the managers of seven MPAs in 

the study area, the administration of five Italian regions, the representatives of 

four fisheries associations, and the relevant Italian Ministry (MIPAAF). Positive 

response and availability to participate and/or host meetings was received from 

three MPAs, two regions and one fishery association, who where then provided 

with further details about the next steps of the project  

The project was also presented during the Medac meeting in Split, Croatia. Here, 

Medac expressed its interest to the project. The President of the MEDAC is a 

member of the Mantis Steering Committee. 

Task 1.2. Joint characterisation of the problem and assessment of the 

information to be included in the models and Task 1.3. Sharing project results. 

In 2016, two introductory meetings were completed with stakeholders of the 

Strait of Sicily (SoS) (Mazara del Vallo, 6th September) and Adriatic (Ancona, 

18th November) respectively. Main objectives of both meetings were to: 

 introduce the project to all relevant stakeholders, whose activity depend 

upon the fisheries resources of the Strait of Sicily and Adriatic  
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 gather fishers traditional ecological knowledge on the distribution of 

essential fish habitat for 4 target species along the North African side of 

the SoS. (Parapenaeus longirostris, Merluccius merluccius, Mullus 

barbatus and Aristaeomorpha foliacea) and of the Adriatic (GSA 17) 

(Merluccius merluccius, Mullus barbatus, Solea solea and Nephrops 

novergicus). 

 gather local stakeholders suggestions on best management actions to 

improve stocks and fisheries conditions  

 collect stakeholders perceptions and suggestions on fisheries 

management through questionnaires  

 introduce the smartphone application developed within the parallel 

Minow project to monitor discards. 

Mazara del Vallo introductory meeting (D1.4.1) 

Twenty-four stakeholders took part to the meeting in Mazara del Vallo, including 

representatives of national and regional institutions, local producers 

organizations, local fishermen cooperatives and fishermen. Two representatives 

of Maltese authorities also attended through skype. Fishers mapped the 

distribution of nursery grounds for the 4 target species in the Southern side of 

the SoS (Fig.6) and provided a wealth of details including distance from coast, 

depth, season and local name. 
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Figure 6 Participatory maps of the nursery grounds of red shrimp (red), hake (blue), red mullet (green) and deepwater rose shrimp (black). Spawning grounds 
of red mullet (S) and deepwater rose shrimp (G) are also mapped. 
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Ancona introductory meeting (D1.4.2) 

Six stakeholders took part to the meeting.in Ancona, including a representative 

from FAO-AdriaMed, a representative of the fisheries department of Marche 

region, a local fisher (trawler) and a representative of a local producers 

organization (OP San Basso), both part of a recently born network of fishing 

enterprises from the regions Marche, Abruzzo and Molise (Ma.Mol.Ab). The 

manager of the Torre del Cerrano MPA and a representative of a consulting 

society (Progetto Blu) were also present. 

The available maps of nursery and spawning grounds of the 4 target species 

were integrated with fishers’ knowledge. Participants mostly agreed with the 

presented species distribution maps for common sole, hake and Norway lobster, 

while the map of red mullet was not considered complete. Fishers stressed how 

juveniles of red mullet occur with high abundance, although less concentrated, 

not only in coastal areas, but also in offshore areas, beyond 30-35 miles from 

coast. All additional details provided on the distribution of the 4 species were 

recorded and are available in Figure 7. 

 

Figure 7 Participatory map of the distribution of nursery and spawning areas for common sole, 
red mullet and hake. The site Scogli del Tagliere offers refuge for the spawners of several other 

species. 
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Stakeholders also provided suggestions to improve the fisheries management 

in the area. Suggestions included: 

 Full protection of Jabuka Pit (including longliners) + a larger area 

managed through rotation of fishing boats   

 Protection of the coastal zone up to 6 miles, followed by management 

of the fishing activity after the ban, i.e: reduction of fishing days in order 

to avoid market saturation and maintain prices stable. 

 Anticipation of the biological ban to June and July to protect species with 

high economic value such as cephaloods. 

 Protection of the refuge area called “Zona Barbare” 

 Protection of the area North of Ancona important for the reproduction of 

sole and the spiny dogfish (spinarolo)  

During both meetings, a mobile application to monitor fishing discards under a 

stakeholder-based data collection program was presented to stakeholders. The 

app was developed within the MINOW project (Science, Technology, and Society 

Initiative to minimize Unwanted Catches in European Fisheries) and meets the 

need of providing real-time discard data to national and EU authorities, to allow 

them to define logical and coherent regulations. Overall the adoption of the app 

raised several concerns from fishers from both areas, whom are overwhelmed 

by the current regulations on catches and discards (Art. 15 of the Common 

Fisheries Policy, CE control regulation and Italian law 154/2016) and fear that 

providing information through the app would lead to further restrictions. 

Overall both meetings succeeded in establishing a productive collaboration with 

local stakeholders, who shared Mantis objectives of improving fisheries 

sustainability through the protection of essential fish habitat.  

During the following years of the project seven stakeholder workshops were 

organized under task 1.2, in order to enlarge the participation of stakeholders 

in the case study areas, both in Italy (D 1.5.2; 1.5.3; 1.5.4; 1.5.6 and 1.5.7) 

and Croatia (D 1.5.1; D 1.5.5). Interviews through questionnaires were also 

finalized and data was analyzed (chapter IV in D.4.1). These meetings aimed to 

enlarge the participation of stakeholders, compare scientific information with 

local ecological knowledge of fishers, and collect suggestions and feedbacks on 

project activities and results. Management measures suggested by fishers were 

considered by WP 3 and 4 in the optimization of the management measures. 

Concerning the Adriatic Sea Croatian fishers agreed with the permanent ban in 

Jabuka Pit and suggested a permanent trawling ban in the Southern Adriatic at 

depths > 500 m, in order to allow protection of hake adults. Conversely the 

Italian fishers did not agree with additional spatial management measures since 

many areas are used by oil industries and nursery grounds for fish target species 

(red mullet and sole) occur in the coastal lagoons and within 3 miles from coast, 

where trawling is already banned. Concerning the red mullet fisheries, they 

proposed to extend the fishing ban within the 3 miles, including small scale 

fishing with fixed nets and recreational fishing, to increase the biological ban 
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duration of two weeks, to allow red mullets to reach fishable size and to set a 

limit of fishing hours equal for all boats (both larger and smaller ones) for 10 

weeks after the ban. Concerning the sole fishery the Italian fishers suggested 

to set a fixed common length of the bar in beam trawl to reduce the fishing 

effort and to increase tolerance for marketable fish size. 

Concerning the Strait of Sicily, fishers from Porto Palo suggested a 2 months 

trawling ban followed by effort regulation with 2 fishing days per week, following 

the Adriatic example. Fishers from Sciacca instead disagreed with a permanent 

ban of the “Banco Avventura FRA” considering the high dependency of the fleet 

on this fishing area, and proposed a 2-months closure of the area, as well as 

the obligation of 40 mm mesh size for all vessels.  

All the above proposals were included in the management scenarios tested 

under WP3 The fishers proposal for a 2 months ban for the Strait of Sicily, when 

applied to summer months,  was demonstrated to be one of the best scenarios 

in terms of  conservation and economic benefits. Such results were presented 

at the last stakeholder meeting in Palermo, where north-african stakeholders 

agreed on the need for improved fisheries data collection and collaboration, in 

order to adopt the same modelling approach  including north-african fishing 

activity.   

Questionnaire’s results 

Overall, 64 stakeholders compiled the questionnaires distributed during 

introductory meetings and collected by project partners: 17 from the Adriatic 

(Italy and Croatia) and 47 from the Strait of Sicily (SoS) (Sicily and Malta). 

Detailed results are presented in D4.1, which includes a stakeholder 

engagement chapter. Data suggest a worse perception on the state of fisheries 

in the SoS compared to the Adriatic. Authorities, researchers and MPA staff 

seem to perceive a worse condition of the state of fisheries compared to the 

fishing sector, however all stakeholders agree in stating a degradation of 

fisheries in the last ten years. Poor fisheries management and excessive fishing 

effort were considered as the main threats in both regions, while pollution was 

strongly perceived only in the SoS and climate change only in the Adriatic. Illegal 

fishing was also perceived as a big threat in both areas. Main conflicts occurred 

between artisanal fishers and divers both in the Adriatic (especially Croatia) and 

in the SoS, and between Maltese professional fishers and recreational ones and 

shipping.  

Illegal fishing is a major concern for all stakeholders, and while most fishers do 

consider MPAs as a useful tool to protect biodiversity and fish stocks they also 

strongly believe they are not efficient against illegal fishing. On the contrary, 

MPAs often attract illegal fishers, both from recreational fishers and from 

poachers. Improved monitoring and control measures were thus considered 

necessary not only by researchers, but by most fishers too, especially in Malta 
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and Croatia. The general perception is also that MPAs do not help reducing 

conflicts among users since they cause overcrowding of fishing activities in an 

area. The introduction of seasonal fisheries closures was considered the best 

approach both in the Adriatic and in the SoS. In the Adriatic, spatial closures 

were also recommended. The enforcement of current fisheries management 

measures was recommended in both areas (in particular stopping illegal fishing 

and introducing controls and bans on recreational fishing), while in the SoS 

increasing the minimum reference size for target species was also requested. 

Adriatic fishers were not very responsive to the issue of involvement in co-

management. In the SoS, the majority of fishers stated not having being 

involved in co-management initiatives, however answers were similarly 

balanced between those who believed it important to involve the sector and 

were willing to be involved, and those that had the opposite opinion. In 

particular fishers from Malta wished for more involvement of their sector by the 

Department of Fisheries and Aquaculture in the definition of management 

measures.  

WP 2 - DATA COMPILATION AND MANAGEMENT FOR MODELLING 

WP and tasks leader: Giuseppe Scarcella (CNR) Participants: CNR, Conisma, 

OGS, WWF, IOF, Nisea, Oceana  

Duration: from month 1 to month 40 

Objectives: 

 To provide a database (DB) that can store all the relevant georeferenced 

data and information for modelling in WP 3, as well as model outputs. 

The Project work plan 

WP2 objectives will be addressed by the following tasks: 

Task 2.1. Identify nature of data to be collated. Lead: CNR. Additional 

contribution from OGS, IOF. Working with the WP3 and WP1 teams to identify 

requirements from the central database in terms of data needed to develop 

spatial models in case study areas. Consulting WP3 to define what data (models 

outputs) the models will generate. 

Task 2.2. Collate the information in the database. Lead: CNR-ISMAR, all WP2 

and WP3 partners contributing. GRID database will be set following the 

requirements identified in the previous task. Also consult WP3 to define what 

scenarios will be analysed.  

Task 2.3. Analyse the interaction matrices of the possible scenarios to be 

implemented. Lead: CNR-ISMAR, all WP2 and WP3 partners contributing. 

Interaction matrices available from the GRID database will be analysed in order 

to provide input to WP3. 
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Task 2.4. Establish the content of data exchange format and likely queries. 

Lead: OGS, all WP2 and WP3 partners contributing. 

Task 2.5. Collate the model outputs of WP3 in the database. Lead: CNR-ISMAR, 

all WP2 and WP3 partners contributing. Keep the database updated until the 

end of the project. 

Results achieved 

According to the project timeframe the activities developed during the first year 

concerned task 2.1 and 2.2, being the corresponding deliverables (D 2.1 MMAs 

maps, D 2.2 Nursery and spawning grounds, D 2.3 Fishing effort maps, D 2.4 

Sensitive habitat maps and D 2.5 Oceanographic maps - annexes from III to 

VII) enclosed to the 2nd Interim Report. The activities developed during the 

second year concerned task 2.3 and 2.4. The planned deliverable was produced 

and enclosed to the 3rd Interim Report (D 2.8 Exchange format – Annex IV). 

The activities carried out in the third year were the support to WP3 in the results 

analyses and the update of SEAGRID database, inputing the different scenarios 

of effort displacement as forecasted in the framework of WP3. 

Task 2.1. Identify nature of data to be collated. 

In the first phase of the project within the framework of WP2 Task 2.1, spatial 

data relevant for the project purposes were identified from several projects and 

sources, including the spatial based measures for fishery management adopted 

by GFCM and Mediterranean countries in investigated areas. The maps in the 

form of shape files, listed in table 5, were uploaded in each case study created 

in the GRID database (see Task 2.2). Activities done concerning the Marine 

Managed Areas (D2.1), the Essential Fish Habitats (D2.2) and Sensitive Habitats 

(D2.4) with some examples of the realized maps enclosed to this report. 

 

 

 

 

 

Table 5 Main georeferenced information collected for the MANTIS project. 

Adriatic Sea case 

study 
 

Typology Map Source 
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Fishing effort Spatial distribution of trawling StockMed project 

 Spatial distribution of purse seine StockMed project 

 
Spatial distribution of small scale 

fleet 
StockMed project 

Nursey/Spawning 

grounds 
Hake MEDISEH project 

 Red mullet MEDISEH project 

 Sole MEDISEH project 

 Norway lobster MEDISEH project 

Current MMA Marine Protected Areas MEDISEH project/Adriplan 

 SPAMI MEDISEH project/Adriplan 

 Natura 2000 MEDISEH project 

Sensitive habitats Phanerogams MEDISEH project 

 Coralligenous/Maerl beds MEDISEH project 

 

Vulnerable Marine Ecosystems 

(VMEs) identified in the 

Mediterranean basin 

Oceana MedNet 

Strait of Sicily case study 

Typology Map Source 

Fishing effort 

Spatial distribution of trawling StockMed project 

Spatial distribution of purse seine StockMed project 

 
Spatial distribution of small scale 

fleet 
StockMed project 

Nursey/Spawning 

grounds 

Hake MEDISEH project 

Red mullet MEDISEH project 

Deep water rose shrimp MEDISEH project 

Giant red shrimp MEDISEH project 

Current MMA Marine Protected Areas MEDISEH project 
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SPAMI MEDISEH project/COCONET 

Natura 2000 MEDISEH project/COCONET 

FRAs GFCM-Rec 40/2016/4 

Sensitive habitats 

Phanerogams MEDISEH project 

Coralligenous/Maerl beds MEDISEH project 

 

Vulnerable Marine Ecosystems 

(VMEs) identified in the 

Mediterranean basin 

Oceana MedNet 

In particular in the second phase of the WP2 activities a lot of effort has been 

dedicated to the analyses and standardization of VMS data (table 6). The same 

standardized approach have been used to produce the map for the Croatian, 

Italian and Maltese fleets as reported in the deliverable D 2.3). This was possible 

thought dedicated workshop with Croatian and Maltese administrations, where 

the use of the VMSbase software has been showed. 

Table 6 Main georeferenced information collected for the MANTIS project in the second phase of 
WP2 activities. 

Adriatic Sea case study 

Typology Map Source 

Fishing effort Spatial distribution of trawling VMS data from Italy 

Strait of Sicily case study 

Typology Map Source 

Fishing effort Spatial distribution of trawling VMS data from Italy and Malta 

Furthermore the oceanographic maps for the sub-areas of the Adriatic Sea 

(GSA17) and GSA18) and the Strait of Sicily (GSA16 and adjacent areas) 

produced. Some examples are reported in Deliverable 2.5. The current pattern 

have been simulated by implementing two validated site specific hydrodynamic 

models, namely MITgcm (Massachusetts Institute of Technology general 

circulation model (Marshall et al., 1997) for the Adriatic Sea and SHYFEM 

(Umgiesser et al., 2004) for the Strait of Sicily. The data provided will be used 

in the MANTIS project as a layer of information for assessing the connectivity of 

target fishery species in GSA 15, 16, GSA17 and GSA18 in WP3. 

Task 2.2. Collate the information in the database 

A GRID database was implemented for each case study as foreseen in Task 2.2. 

GRID software was developed within the framework of the COEXIST FP7 project 

(FP7) in order to allow to: i) combine different spatial information available for 
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marine areas, ii) store and manage high numbers of shape-files (map), iii) 

transform them in form of activities and iv) visualize their eventual interactions. 

GRID comes from different development tools. First of all, MySQL relational 

database management system allows to store information and attributes of 

activities, and to fix interactions between them and spatial data regarding their 

extent. In addition, MySQL RDBMS was used to store and apply rules for 

interaction score calculation and to store some spatial analysis results. 

A second tool that represents, together with MySQL, a core component of GRID 

is Manifold GIS map server. This component was employed to manage all the 

functions developed within the GIS module of GRID. Figure 8 shows the relations 

between the different modules and tools of GRID. 

 

Figure 8 workflow of GRID software 

The GRID application was developed with the intent managing different Case 

Studies (CS) located in different areas and with different activities and 

interactions. Data concerning each CS are managed separately in the database 

even if they are stored in the same tables. The access to these data is regulated 

by specific privileges that are associated to different profiles. 

Three types of GRID user profile are available: 

 DATABASE ADMINISTRATOR: can create new case studies and set the 

correspondent Case Study administrator accounts. 

 CASE STUDY ADMINISTRATOR: Full use of GRID restricted in a specific 

CS (e.g. map upload, setting of activities etc.); he can also create CS 

user accounts. 

 USER: Restricted use of GRID in a specific CS working area (making 

analyses, view of analyses results, download results including matrices, 

maps etc.) 
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Each CS is structured as a working group that can have one or more CS 

Administrators. All the CS Administrators will contribute together in setting 

activities and their interactions. Furthermore, each CS will have a number of 

users that are basically enabled to visualize data settled by administrators and 

to perform spatial analyses. 

A particular strategy was adopted for managing the maps that describe the 

spatial extension of each activity in a specific CS. As described before, the CS 

Administrator is authorized to upload maps, but his maps are not automatically 

shared with the other CS Administrators or with the CS users. Each CS 

Administrator can decide whether to share them or not. Figure 9 depicts a 

scheme that describing map management. 

 

Figure 9 Maps sharing strategy. 

One of the first standardized tool, which was implemented in GRID, was the 

visualization of the interaction matrix that reflects the level and type of 

interactions (conflicts and synergies) between activities. These matrices are 

produced with the help of expert knowledge and comprise qualitative levels of 

conflicts ranging from “none” to “high”. GRID tried to implement a good practice 

for the identification of interactions and their quantification. Therefore, a set of 

criteria should be applied to define a conflict and to quantify it in order to be 

represented on a matrix. 

A particular section of the GRID database was implemented to manage the 

application of a series of rules that can be defined to quantify negative 

interactions or synergies for space, resources and socio-economic aspects. 

Although the structure of the database is ready to manage these rules, at the 

moment only rules to calculate spatial conflicts were defined. Further discussion 

is necessary to define rules for conflicts and synergies for resources and socio-

economic fields. 
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As a first step, each activity can be classified according to five traits: mobility, 

spatial (horizontal), vertical and temporal scale, and location. Numerical values 

were assigned to all categories for further calculation. 

1. Vertical scale 

 Pelagic value=1; 

 Benthic value=2; 

 Whole water column value=3; 

2. Spatial scale (calculated as a percentage depending to the size of the case 

study) 

 Small value=1; < 50 m; e.g. fishing vessels 

 Medium value=2; 50-1000 e.g. disposal sites, extractions 

 Large value=3; > 1000 m; e.g. wind farms, closed areas, etc. 

3. Temporal scale 

 Short value=1; <24h; e.g. fishing vessels 

 Medium value=2; 1 -365 days; e.g. passive gear 

 Long/permanent value=3; >12 month; e.g. wind farms, cable 

4. Mobility 

 mobile value=1; (e.g. fishing vessels) 

 fixed value=2; (e.g. windfarms and closed or specially managed areas 

(Natura 2000 sites)) 

5. Location 

 land value=1; 

 sea value=2. 

According to the attributes of each activity, rules were defined to calculate the 

level of conflict for space between two of them. Rules are applied in the exact 

order in which they are listed below: Rule1: If Vertical scale of activity1 is 

different from Vertical scale of activity2 and none of them interests the whole 

water column then conflict score is equal to 0; 

Rule 2: If both activities are “mobile” then conflict score is equal to the minimum 

of Time scale plus the minimum of spatial scale. 

Rule 3: If Rule1 and Rule2 cannot be applied then the conflict score is equal to 

the maximum value of Time scale plus the maximum value of spatial scale. 

From the above rules, values given to the traits the spatial conflict score ranges 

from 2 to 6. 

To analyze the interactions for which rules are not yet defined (e.g. resources) 

CS Administrators can enter a value based on their own expert judgment. The 

expert judgment can also be used to overwrite the value calculated by rules if 

necessary (e.g. particular legislation applied to some activities). 
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When activities and conflicts are settled, matrices can be visualized. The GRID 

graphic user interface allows the users to select sectors of activities, and to filter 

interactions to be shown in the matrix as well as to select a field of interaction 

(e.g. space or resources). Furthermore, “rectangular” matrices representing 

interactions between one sector against another or “triangular” ones 

representing interactions between activities that belong to one sector can be 

generated. 

A specific GIS module was inserted in the GRID application to produce maps 

and to analyze spatial interactions. 

The GIS module of GRID was developed in order to perform two main tasks: 

1. produce maps of activities to visualize their spatial distribution and spatial 

extensions within the area of interest; 

2. perform spatial analysis to evaluate interactions between activities that stand 

in a specific area. 

The spatial analysis procedures cited at point 2) can be subdivided in two 

different categories: 

a) spatial analysis procedures that combine two or more activities; 

b) spatial analysis procedures that compare two different activities at a time. 

Maps of different activities uploaded by the CS Administrators can be shared 

with other administrators and users, which can easily produce maps that 

visualize the spatial extent of each of them. Using the Graphic User Interface 

activities can be switched on or off and maps describing future scenarios can be 

visualized. 

Selecting two activities it is possible to visualize the overlapping area/s with the 

corresponding conflict score. The percentages of overlap on the total extent of 

each activity as well as the values for “revenues”, “production”, “effort” and 

“people” associated to the overlaps can also be calculated and represented 

(Stress levels). 

Selecting more than two activities it is possible to visualize the total conflict 

score associated to the study area, subdividing the area according to a grid and 

then calculating for each cell the sum of conflict scores of interactions that stand 

on it. 

The use of GRID software in WP2 has the aim providing to the other WPs 

supporting tool useful to store input and results related to the modelling will be 

carried out in WP3. For these reasons, particular attention is given on sharing 

data between different project participants. User access were provided to all 

projects participants, while WP leaders will have administrator access (Fig. 10). 
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Figure 10 Access point of GRID database  

In the framework of WP2, spatial data have been identified from several projects 

(MEDISEH, Adriplan, CocoNET). The maps, obtained from different projects and 

gathered from a literature review mainly available on line, have been analyzed 

and standardized. The following maps in form of shape files have been uploaded 

in each case study created in the GRID database. However, the list is still 

provisional and the uploading of shape files is still ongoing. On the basis of the 

available information stored in GRID, some examples of mapping the collected 

information is given. MMAs in the case study areas were reported (Fig. 11 and 

12). 

Examples of the spatial distribution of Essential Fish Habitats in the Adriatic Sea 

(common sole and red mullet) and in the Strait of Sicily (deep water rose shrimp 

and giant red shrimp) were shown in Figures 13 and 14, respectively. 

A preliminary spatial distribution of hot spot of fishing effort  in the investigated 

areas are mapped (Fig. 15). Maps of Sensitive Habitats obtained by information 

stored in the GRID database are reported in Figure 16. Finally examples of 

spatial patterns of surface currents and winds in the Adriatic Sea and the Strait 

of Sicily were reported in Figures 17 and 18, respectively. 
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Figure 11 The existing Marine Managed Areas in the Adriatic Sea and adjacent Ionian Sea.  

 

Figure 12 The existing and new Marine Managed Areas in the Strait of Sicily and adjacent Seas. 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

59 
 

 

Figure 13 Distribution of recruits (left graph) and spawners (right graph) in the Adriatic Sea 

(MEDITS SURVEY, from MEDISEH MAREA project). Top: Solea vulgaris; Bottom: Mullus barbatus. 
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Figure 14 Distribution of recruits (left graph) and spawners (right graph) in the Strait of Sicily 
(MEDITS SURVEY, from MEDISEH MAREA project). Top: Parapeneus longirostris Bottom: 
Aristaeomorrpha foliacea. 
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Figure 15 Examples of spatial distribution of fishing effort of trawlers in the Adriatic sea (top) and 

Strait of Sicily (bottom). 
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Figure 16 Examples of spatial distribution of Sensitive Habitats in the Adriatic sea (top) and Strait 
of Sicily (bottom) (Information from MEDISEH, COCONET and ADRIAMED projects). 
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Figure 17 Examples of current streamlines and wind vectors (white and black arrows) simulated 
in the north Adriatic Sea in case of southerly-winds. Values were obtained by MIT General 
Circulation Model (MITgcm). 
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Figure 18 Seasonal average surface flow field for 2010 obtained by SHYFEM hydrodynamic model 
simulation in the Strait of Sicily and adjacent seas. 

The GRID database developed under the COEXIST European project has not 

been anymore available since 2017 due to the lack of maintenance. Therefore, 

all the georeferenced information collected in the framework of WP2 were 

transferred in the new version of GRID database, called SEAGRID, that was 

development whithin the framework of Aqua Accept project. 

(http://www.iris.no/research/environment/aquaaccept). 

The new SEAGRID is a more flexible tool in comparison to the one developed in 

the framework of COEXIST project (GRID) and allow the users to download and 

upload shapefiles and create new scenarios of closure. The SEAGRID as a better 

visualization tool and is more user friendly in the compilation of the matrices of 

conflict and synergies. At the end of MANTIS project credentials to enter in 

SEAGRID MANTIS case studies will be provided. Credentials will be provided 

upon request of the interested researchers and managers.  
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Task 2.3. Analyse the interaction matrices of the possible scenarios to 

be implemented.  

During the second year of MANTIS Project a number of important results have 

been achieved in the framework of WP2. The primary aim of the WP was to 

collect relevant information on sensitive habitats as well as human activities (in 

particular fishery) analyzing the potential synergies and conflicts arising from 

new spatial management scenarios developed in the framework of the other 

WPs of the MANTIS project. 

Through the SEAGRID software, synergies and conflicts were analyzed between 

human activities (also established MPAs), fishery, nursery  and spawning 

grounds of the target species considered by the project in two case studies 

across the Mediterranean Sea: 1) Adriatic Sea, 2) Strait of Sicily. 

The use of SEAGRID database covered in a single system different approaches 

and management aspects with the same approach of the previous methodology 

developed in the older version of GRID database. The use of SEAGRID database 

will allow policy makers and stakeholders to evaluate management measures 

from different points of view and share decisions in a transparent manner on 

case specific basis. WP2 results achieved at the end by MANTIS project will 

support the EU and national policies through the provision of a flexible tool (each 

case study in SEAGRID) and data for an ecosystem based allocation of space 

and sustainable use of marine resources in the areas of the case studies. The 

access to the interactive tool is available under request to the Responsible of 

the WP2 (giuseppe.scarcella@cnr.it). 

It is important to stress that due the change from GRID to SEAGRID was not 

possible to include the output of D 2.5 (Oceanographic maps). However, the 

maps were directly used in the connectivity analyses produced under WP3.  

Moreover, the WP3 outputs in term of trawl effort displacement of the 

management scenarios tested in WP3 were inserted in SeaGrid, where different 

conflict scores were estimated considering the interaction between fishery, 

resources, habitats, and other anthropic activates.  

Task 2.4. Establish the content of data exchange format and likely 

queries. 

The exchange of georeferenced data with other participants of the project and 

stakeholders is essential for the achievements of the project targets. The format 

for exchange maps (layers) of human activities (especially fishery), established 

MPAs, nursery and spawning grounds and sensitive habitats is the ESRI 

shapefile (D2.8). Shapefile are available from the interactive tool. 

The ESRI Shapefile (known as the ESRI Shapefile format), stores non-

topological geometry and attribute information for the spatial features in a data 
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set. A shapefile consists minimally of a main file, an index file, and a dBASE 

table. 

In the main file, the geometry for a feature is stored as a shape comprising a 

set of vector coordinates. This main file is a direct access, variable-record-length 

file in which each record describes a shape with a list of its vertices. In the index 

file, each record contains the offset of the corresponding main file record from 

the beginning of the main file. Attributes are held in a dBASE format file. The 

dBASE table contains feature attributes with one record per feature. Attribute 

records in the dBASE file must be in the same order as records in the main file. 

Each attribute record has a one-to-one relationship with the associated shape 

record. 

WP 3 - MODELLING OF SPATIAL INTERACTION BETWEEN TARGET 

SPECIES AND FISHERIES INCLUDING CONNECTIVITY AMONG MARINE 

MANAGED AREAS 

WP and task 3.2 & 3.2 leader: Tommaso Russo (CoNISMA) 

Task 3.1 leader: Cosimo Solidoro (OGS)  

Participants: Conisma, CNR, OGS, IOF  

Duration: from month 6 to month 40 

Objectives: 

 To define a set of MMAs network scenarios based on different 

combinations of existing and new MMAs 

 To identify and evaluate the occurrence and magnitude of spillover 

effects (e.g. spawning products, propagules, juveniles, adults) outside 

the network of marine protected areas in terms of stock abundance and 

fishery performance, considering prevailing hydrodynamics and the life 

cycles of the species; 

 To understand the spatial structure of targeted fisheries with respect to 

the spatial distribution and connectivity of the network(s) of marine 

protected areas; 

 To evaluate the possible effects on the redistribution of fishing efforts, 

including small scale and recreational fisheries; 

 To evaluate, through a simulation approach, whether and how the 

establishment of no-trawling zones would enhance the effectiveness and 

efficiency of the spatial-based approach to fisheries management 

towards achieving MSY objectives, considering also the socio-economic 

effects; 

 To evaluate whether, and the extent to which, human activities other 

than professional and recreational fisheries may conceal or undermine 

the positive effects a network of marine protected areas may have on 
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exploited biological resources and on fishing yields with respect to the 

MSY objectives 

The Project work plan 

WP3 objectives will be addressed by the following Tasks: 

Task 3.1. Analysing collected data and elaborating/implementing models for 

the following modules: i) spatial distribution, abundance and movement of each 

species; ii) spatial and temporal pattern of fishing effort at the highest possible 

level of detail with respect to gear characteristics and fleet segments; iii) main 

pathways and dynamics for the ecological drivers acting in the study area. Lead: 

Conisma. Additional contribution from CNR, OGS, DFA/MSDEC, IOF. 

Task 3.2. Integrating the models built/implemented in Task 3.1 in a meta-

model devised to represent and simulate the functioning of the whole MMA 

network for the case studies, also providing the possibility to simulate 

management actions and forecast their effects.  

Lead: OGS Additional contribution from CNR, Conisma, MSDEC, IOF. 

Task 3.3. Application of models to the case studies. Functional analysis of single 

closed areas and global analysis of a network of closed areas at the scale of 

basin. Detection of the effectiveness of closed areas network for the whole 

basin-system and, if needed, identification of new areas candidate for closure 

aimed at integrating/enhancing the effectiveness of the identified network. 

Lead: Conisma. Additional contribution from CNR, WWF, DFA/MSDEC, IOF. 

Results achieved 

The WP3 was aimed to model the dynamics of target stocks in terms of 

abundance and yield, including connectivity between spawning and nursery 

areas (larval dispersal, bottom settlement, ontogenetic and spawning 

migrations). WP3 aims to simulate effects of different management scenarios, 

based on combinations of different networks of existing and new MMAs and 

variations in fishing effort (e.g. days at sea), on the population dynamics of the 

target species and fisheries when pursuing the target of MSY within the more 

general EAFM. To this purpouse the behaviour and space-time dynamics of fleet 

were modelled. Thus, the activities of WP3 was firstly aimed at setting-up the 

data platform with advanced functionalities for querying and processing 

information collected in WP2. In this initial phase analyses focalized on the 

identification and mapping of main trawling fishing-grounds in the case study 

areas as prerequisite for any effective simulation of spatial based measure for 

fishery management. After the selection of the best trade-off for the spatial 

modelling of the system, performed according to the different data sources 

(VMS, biological monitoring of catches, landings and surveys), the spatial 

distribution of the resources and the related productivity (in terms of LPUE) was 
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estimated for each spatial unit/month. The reference spatial unit finally adopted 

for modelling was a 15 × 15 nautical miles grid, which is a submultiple of the 

one defined by the GFCM. These results represented the pre-requisite to model 

the fishing strategy of the trawlers, through an Individual-Based approach.  

In the meantime, the modelling of connectivity (that is movement between 

different spatial units across different times) was, performed for the different 

species, in terms of both passive drift of eggs and larval stages from Spawning 

areas towards nursery areas and active migration of juveniles/adults migration 

from nursery/feeding to spawning areas. In combination with the spatial 

modelling of productivity and related strategy of the trawling fleets, these two 

components of the connectivity allowed to explore a series of spatial-based, 

temporal-based, capacity-based and combined scenarios for each case study. 

The original workplan of the MANTIS project established the application of two 

modelling approaches in order to assess and forecast the potential (expected) 

effects of spatial-based management scenarios: (1) The SMART platform (Russo 

et al., 2014b), representing an innovative approach further developed during 

the project; (2) the ISIS-Fish platform (Mahévas and Pelletier, 2004), an 

acknowledged model in this field that was selected to provide a comparative 

landmark. Concerning ISIS-Fish, collaboration was started with the team of Dr. 

Stephanie Mahevas (Unit of Fisheries Ecology and Modelling - IFREMER). In 

contrast with SMART, the ISIS-Fish platform does not allow to predict the fishing 

effort displacement determined by spatial and/or temporal management 

measures. Thus, while the set-up of the ISIS-Fish application was partially 

carried out, it was decided to use some outputs of SMART, specifically the 

optimized fishing effort pattern associated to each scenario, to assess the 

corresponding effects on stocks and fishery. This decision determined a 

temporal rearrangement of the application of the two models: the full 

application of SMART became a pre-requisite for the application of ISIS-Fish. 

However, despite the extension of the project duration, the modelling of 

connectivity and the full application of SMART required more time than 

expected, and this determined the practical impossibility of completing the 

application of ISIS-Fish. Thus, the full modelling of the two case studies was 

limited to the application of SMART. 

The approach of the updated version of SMART (Russo et al., 2019), developed 

within the framework of the MANTIS project, combines multiple modeling 

components, integrating the best available sets of spatial data about catches 

and stocks, fishing footprint from vessel monitoring systems (VMS) and 

economic parameters in order to describe the relationships between fishing 

effort pattern and impacts on resources and socio-economic consequences. 

Moreover, SMART takes into account the bi-directional connectivity between 

spawning and nurseries areas of target species, embedding the outcomes of a 

larvae transport Lagrangian model and of an empirical model of fish migration. 

Finally, population dynamics and trophic relationships are considered using a 
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MICE (Models of Intermediate Complexity) approach. SMART simulates the 

fishing effort reallocation resulting from the introduction of different 

management scenarios by optimizing the fishers’ gains. 

It is worth noting that another aim of the WP3 was the modelling of that relevant 

portion of the fleet (at least in the Adriatic Sea) of trawlers not equipped with 

VMS or AIS. To do this, an approach based on Artificial Neural Network was 

developed and applied. Although the lack of data about catches and landings of 

this portion of the fleet prevented the application of the IBM modelling of fishing 

effort displacement by scenario, we estimated the overlap between spatial 

closures and aggregated fishing footprint for these vessels.  These progresses 

are summarized in the table 7:  

Table 7 Progress of the activities of WP3. 

Task Activity Status 

3.1 Analysing collected data and implementing models for the 

spatial distribution, abundance and movement of each species;  

Completed 

Analysing collected data and implementing models for larval 

dispersal and migrations of each species; 

Completed 

Analysing collected data and implementing models for main 

pathways and dynamics for the ecological drivers acting in the 

study area 

Completed 

3.2 Integrating the models implemented in Task 3.1 in a meta-

model devised to represent and simulate the functioning of the 

whole MMA network for the case studies, also providing the 

possibility to simulate management actions and forecast their 

effects. 

Completed 

3.3 Application of models to the case studies. Functional analysis 

of single closed areas and global analysis of a network of closed 

areas at the scale of basin. Detection of the effectiveness of 

closed areas network for the whole basin-system and, if 

needed, identification of new areas candidate for closure aimed 

at integrating/enhancing the effectiveness of the identified 

network. 

Completed 

(SMART) 

The application of SMART to the case study of Strait of Sicily allowed exploring 

the possible consequences of fourteen management scenarios, including the 

status quo (Fig. 19). The list of scenarios explored is summarized in Table 8.  

The first one was represented by the status quo providing a baseline for 

assessing other scenarios. The Effort Regime scenario was based on the Multi-

Annual Management Plan adopted by the Italian Governments for demersal 

fisheries in the SoS. Moreover, six sets of scenarios were used to evaluate the 

effectiveness of spatial and temporal closures of trawling, respectively. Spatial 

closures corresponded to 1) the all-year-round closure of trawl fishing in the 
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three FRA identified by the (REC.CM-GFCM/40/2016/4 of GFCM); 2) year-

around closure of the full network of FRA (Fig. 19) identified within the MANTIS 

project, which comprises the three GFCM FRA, 3) Adventure Bank, 4) Coastal 

Closure, 5) Network 2x2 made of five areas, one for each GSA except for GSA 

15, with a total surface area of four cells, and 6) Network 3x3 made of five 

areas, one for each GSA except for GSA 15, with a total surface area of nine 

cells. Temporal closures comprise the “Short summer stop”, routinely applied 

by Italy in the last decade, and the Short Winter stop. In addition, two scenarios 

suggested by stakeholders (fishers) within a series of meetings held in 2018 in 

Mazara del Vallo and Portopalo di Capo Passero, two of the main Sicilian trawler 

harbours, were evaluated: 1) the so-called “Extended Winter stop”, that is the 

complete stop of trawl fishing in February and March, followed by two months 

of reduced activity (3 fishing days per week instead of 5 as happens in the rest 

of the year); 2) the so-called Extended Summer stop scenario, that is the 

complete stop of trawl fishing in September and October, followed by two 

months of reduced activity (3 fishing days per week instead of 5 as happens in 

the rest of the year). 
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Figure 19 Spatial data summary for the Strait of Sicily and Simulated scenarios, A) GSA 
subdivisions, marine managed areas and national waters; B) Isobaths; C) Full network, D) 
Adventure Bank, E) Coastal Closure, F) Network 2x2, G) Network 3x3; H) Observed Fishing Effort 
log10 (Hours of Fishing). 
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Finally, two scenarios were based on a combination of spatial closure, which 

comprises the three GFCM FRA, and an effort reduction as in the Effort Regime 

scenario, with one scenario accounting for a 4% reduction of fishing effort while 

the other for a 8% reduction of the total fishing effort. 

Table 8 Summary of the different scenarios compared through a simulation approach. 

Name Type Source 

Capacity 

regulatio

n 

Effort 

regulatio

n 

Spatial 

regulatio

n 

Status 

quo 

Capacity/Effort

-based 
- None None None 

Effort 

Regime 

Capacity/Effort

-based 

Italian 

Governments 

and EU 

-5% with 

respect to 

the Status 

quo 

 

-8% of 

total 

annual 

effort for 

each 

vessel, 

with 

respect to 

the Status 

quo 

None 

GFCM 

FRA 
Spatial-based GFCM None None 

Yearly 

round 

closures of 

the areas 

2, 3, and 4 

(Fig. 19C) 

FRA 

Network 
Spatial-based 

MANTIS 

(researchers) 
None None 

Yearly 

round 

closures of 

the all the 

areas (Fig. 

19C) 

Adventur

e Bank 
Spatial-based 

MANTIS 

(researchers) 
None None  

Coastal 

closure 
Spatial-based 

MANTIS 

(researchers) 
None None  

Network 

22 
Spatial-based 

MANTIS 

(researchers) 
None None  

Network 

33 
Spatial-based 

MANTIS 

(researchers) 
None None  

Short 

Winter 

stop 

Temporal-

based 

MANTIS 

(researchers) 
None 

Total stop 

in 

February 

and March 

-40% of 

effort in 

None 
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April and 

May 

Short 

Summer 

stop 

Temporal-

based 

MANTIS 

(researchers) 
None 

Total stop 

in 

September 

and 

October 

-40% of 

effort in 

November 

and 

December 

None 

Extended 

Winter 

stop 

Temporal-

based 

MANTIS 

(stakeholders

) 

None 

Total stop 

in 

February 

and March 

-40% of 

effort in 

April and 

May 

None 

Extended 

Summer 

stop 

Temporal-

based 

MANTIS 

(stakeholders

) 

None 

Total stop 

in 

September 

and 

October 

-40% of 

effort in 

November 

and 

December 

None 

GFCM 

FRA – 4 

Effort 

Combined 
MANTIS 

(researchers) 
None 

-4% of 

total 

annual 

effort for 

each 

vessel, 

with 

respect to 

the Status 

quo 

Yearly 

round 

closures of 

the areas 

2, 3, and 4 

(Fig. 19C) 

GFCM 

FRA – 8 

Effort 

Combined 
MANTIS 

(researchers) 
None 

-8% of 

total 

annual 

effort for 

each 

vessel, 

with 

respect to 

Yearly 

round 

closures of 

the areas 

2, 3, and 4 

(Fig. 19C) 
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the Status 

quo 

The results (Fig. 20) indicate that: 

 The biological effects (i.e. on the four modelled stocks) vary 

largely between the different scenarios. In particular, some spatial 
approaches such as the closure of the three established GFCM FRA, 

are likely to allow reaching the sustainability targets in terms of 
fishing mortality for three of the four stocks considered,  

 An Extended Summer stop, that is the full temporal ban of trawling 
for 2 months followed by other two months of reduced activity, 

represents another potentially effective (but costly) approach; 
 All the management scenarios are always associated, at least in 

their first phase of entry into force, to a decrease of the profit for 
the fleet with respect to the status quo. Hovewer this decrease 

ranged between 10% and 40% according to the different 
scenarios; 

 Decrease of profit in the first years of measures adoption varied 

according to the different scenarios. 

 

Figure 20 Management Strategy Evaluation of the different scenarios in bottom trawl fisheries in 
the Strait of Sicily. The x axis corresponds to the number of stocks that are expected to be 

exploited at F0.1 after the implementation of the corresponding scenario, the y-axis corresponds 
to the mean recovery rate for SSB of the four stocks, computed as SSB new scenario/SSB status 
quo. The size of the bubble represents the percentage of profit with respect to the status quo, for 
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each scenario, in the first year (2017) of application. The colour of the bubble groups the scenarios 

by type. 

The application of SMART to the case study of the Adriatic Sea allowed exploring 

the possible consequences of seven management scenarios, including the status 

quo (Fig. 21). The list of scenarios explored is summarized in Table 9.  

The first one was represented by the status quo providing a baseline for 

assessing other scenarios. The Effort Regime scenario was based on the Multi-

Annual Management Plan adopted by the Italian Governments and by the EC for 

demersal fisheries in the Adriatic Sea. Moreover, two sets of scenarios were 

used to evaluate the effectiveness of spatial and temporal closures of trawling, 

respectively.  
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Figure 21 Spatial data summary for the Adriatic Sea, a) GSA subdivisions; b) Isobaths; C) FRA 
identified in the Adriatic Sea; D) Scenario for Pomo FRA closure, E) Scenario for Sole Sancuary 
closure, F) Scenario for Pomo FRA + Sole Sancuary FRA, G) Scenario for Coastal Closure + Pomo 
FRA; h) Observed Fishing Effort log(Hours of Fishing). 
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Spatial closures corresponded to 1) the all-year-around closure of trawl fishing 

in the Pomo FRA (Fig. 21 D); the all-year-around closure of trawl fishing in the 

Sole Sanctuary FRA (Fig. 21E); the all-year-around closure of trawl fishing in 

the both these FRA (Fig. 21F); the all-year-around closure ofthe fishing grounds 

with a distance of 6 nautical miles from the coast. Temporal closure 

corresponded to the so-called “Extended Summer stop”, that is the complete 

stop of trawl fishing in September and October, followed by two months of 

reduced activity (3 fishing days per week instead of 5 as happens in the rest of 

the year. 

Table 9 Summary of the different scenarios compared through a simulation approach. 

Name Type Source 
Capacity 

regulation 

Effort 

regulation 

Spatial 

regulation 

Status 

quo 

Capacity/

Effort-

based 

- None None None 

Effort 

Regime 

Capacity/

Effort-

based 

Italian 

Governments 

and EU 

-5% with 

respect to 

the Status 

quo 

 

-8% of total 

annual effort 

for each vessel, 

with respect to 

the Status quo 

None 

Coastal 

closure 

Spatial-

based 
 None None Fig. 21G 

Pomo Pit 

FRA 

Spatial-

based 
 None None Fig. 21D 

Sole’s 

Sanctuary 

Spatial-

based 
 None None Fig. 21F 

Pomo Pit 

+ Sole’s 

Sanctuary 

Spatial-

based 

MANTIS 

(researchers) 
None None Fig. 21E 

Extended 

Summer 

stop 

Temporal

-based 

MANTIS 

(stakeholders) 
None 

Total stop in 

September and 

October 

-40% of effort 

in November 

and December 

None 

The results (Fig. 22) indicate that: 

 A general reduction of fishing mortalities on resources is expected by all 

the management measures with the exception of the Pomo Pit and Sole’s 

Sanctuary closures for MUT and the Summer stop for SOL;  

 the FRA for the Sole Sanctuary produce a light improving in SOL SSB, 

while the Jabuka/Pomo Pit FRA is likely to determine a strong increase 

of SSB of the NEP; 
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 the most effective measure results the closure of a large coastal area 

(within 6 nautical miles from the coast), although the economic effects 

of this approach could be very negative for the fleet; 

 conversely the case study of the Strait of Sicily, the Extended Summer 

stop scenario does not seem a promising approach in the Adriatic Sea. 

 

Figure 22 Management Strategy Evaluation of the different scenarios for bottom ttrawl fisheries 
in the Adriatic Sea. The x axis corresponds to the number of stocks that are expected to be 
exploited at F0.1 after the implementation of the corresponding scenario, the y-axis corresponds 
to the mean recovery rate for SSB of the four stocks, computed as 𝑆𝑆𝐵 new scenario/𝑆𝑆𝐵 status 

quo. The size of the bubble represents the percentage of profit with respect to the status quo, for 
each scenario, in the first year (2017) of application. The colour of the bubble groups the scenarios 

by type. 

Differences in performances of the simulated scenarious in the two case study 

could be affected by the difference in data availability between the two case 

study. Unlike the Strait of Sicily, where it was possible to use a comprehensive 

database on both the fishery resources and activity of the fleet, disaggregated 

geo-referenced data of fishing effort and catches were not available for the 

Croatian fleet and for some segments of the Italian fleet (beam trawl and 

artisanal fleet in GSA 17, and trawlers and artisanal fleet in the GSA 18). 
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WP 4 - DESIGNING AND ASSESSING AN OPTIMAL MANAGEMENT 

FRAMEWORK FOR THE MMA NETWORK 

WP and task 4.1 leader: Francesco Colloca (CNR) 

Task 4.2 leader: Rosaria Sabatella (Nisea) 

Participants: WWF, CNR, Nisea, Conisma, OGS, MSDEC, IOF, Oceana 

Duration: from month 18 to month 40 

 to evaluate and design how the stakeholders (fishers, NGOs and public 

administrations) could interact with researchers in the final 

establishment, monitoring, surveillance and governance of the network 

of MMAs. In this regard good practice established in Natura 2000 sites 

should also be taken into account; 

 to design a suitable scientific monitoring and control framework to 

assess the effects of a coherent network(s) of MMAs on the populations 

of key commercial fish and on their bio-economic effectiveness in terms 

of allowing fisheries to achieve MSY objectives, within the EAFM. 

 to assess potential costs in the establishment, maintenance, monitoring 

and governance of a network of MMAs designed to contribute to 

delivering the MSY and protection of biodiversity objectives; 

 to evaluate the possible negative effects of other human activities on the 

fisheries resources concerned by the identified MMAs network. 

The Project work plan 

WP4 is organised in the following Tasks: 

Task 4.1. Identify good practices and governance strategies for the identified 

networks of MMAs in each case study areas which take into account technical, 

administrative and legal barriers in implementing coherent networks of MMAs to 

enhance fisheries towards the MSY goal. Lead: Nisea. Additional contribution 

from CNR-IAMC, CNR- ISMAR, WWF, DFA/MSDEC, IOF, OCEANA. 

Task 4.2. Define suitable monitoring-control system to make the benefits 

derived from the establishment of MMAs networks in the case study areas 

effective in the long-term. Lead: CNR-IAMC. Additional contribution from CNR- 

ISMAR, Nisea, WWF, MSDEC, IOF, OCEANA.   

Progress achieved 

Task 4.1. Identification of good practices and governance strategies. 

A critical review of relevant projects related to the governance and monitoring 

framework for MMAs, such as MAREFRAME, ECOFISHMAN and SOCIOEC was 

carried out along with a literature review (e.g. papers and examples from 

Natura 2000 and other MPA networks) with the aim of providing: 
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 the definition of best practices for Impact Assessment in fishery 

management, 

 the main finding of “effectiveness evaluation” based on the 

identification of target and limit indicators, 

 a description of the “Responsive Fisheries Management System” 

(RFMS), which is a type of Results Based Management (RBM) system 

specifically adapted to fisheries within the CFP framework.  

The most appropriate governance system for the implementation of MPA 

network in the central Mediterranean was then identified. The results 

Examples from Natura 2000 and other MPA networks are reported with the 

aim to describe the best practices followed in the establishment and 

implementation of some of these sites were reviewed. The purpose of this 

review was to provide operational elements for the definition of the most 

appropriate management framework in the two case study areas covered by 

the project (Adriatic Sea and Strait of Sicily). In addition, an overview of the 

existing Fisheries Restricted Areas (FRAs) in the Adriatic Sea and the Sicily 

Channel was provided. Each FRA was analysed in terms of the management 

approaches, objectives and goals, management measures adopted and 

monitoring and control system implemented. This analysis covered: 

 for the Sicily Channel, the Maltese's Fisheries Management Zone and 

the three FRAs established under the GFCM multiannual management 

plan (Recommendation GFCM/40/2016/4), 

 for the Adriatic Sea, the Pomo Pit closed area. 

Concerning the identification of the most appropriate procedures and tools to 

implement a MMAs network a particular attention was given to the process of 

establishment and the governance structure of the fishery closure system. The 

governance structure proposed reflects the latest approaches in terms of co-

management and responsive management reviewed by relevant EU projects. A 

description of Impact Assessment Evaluation in fishery management and of the 

“Responsive Fisheries Management System” (RFMS) was also provided. 

The organizations and stakeholders concerned, the roles and flow of information 

characterizing the proposed governance structure of a MMA is shown in Figure 

23. 

A questionnaire was developed to gather information from stakeholders at the scale 

of the Adriatic and Strait of Sicily. The questionnaires have been collected during 

the two introductory meetings in Mazara del Vallo and Ancona (see deliverables 2.1 

and 2.2 - Introductory meetings reports). and by interviewing additional fishers in the 

Maltese Islands An analysis of the questionnaires on stakeholders’ perceptions with 

reference to opinions and suggestions about fisheries management and comments 

on the level of involvement in decision-making was reported in the D 4.1. 
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Figure 23 Proposed governance structure 

One of the objective of task 4.1 is to assess potential costs in the establishment, 

maintenance, monitoring and governance of a network of MMAs. This section 

focuses on the analysis of regulatory costs (typology and differences) adapted to 

a general network of MMAs. The different types of regulatory costs are illustrated 

in Figure 22; a detailed description of each typology of costs (direct costs, 

enforcement costs and indirect costs) has been included in the deliverable D 4.1. 

The implementation of an MMAs network is expected to produce socio-economic 

effects deriving from changes in landings, prices and costs. The creation of an 

MPA and the consequent no-take zone would determine a reallocation of fishing 

effort in areas left open to fishing. This would affect both the amount of landing 

per unit of effort and the landings composition. The effects of the 

implementation of an MMAs network on landings, fish prices and costs vary 

along time as a result of the stocks recovery due to the creation of MPAs. To 

monitor the socio-economic effects of the different types of regulatory costs 

(Fig. 24) for the fishing sector, an approach based on indicators and reference 

points should be used. An overview of the most appropriate socio-economic 

indicators and reference points was included in the last part of Deliverable 4.1. 
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Figure 24 Different types of regulatory costs (adapted from OECD, Regulatory Compliance Cost 
Assessment Guidance, OECD Publishing. http://dx.doi.org/10.1787/9789264209657-en) 

Task 4.2. Definition of suitable monitoring control system 

Task 4.2 is focused on the identification of a suitable scientific monitoring and 

control framework to assess the effects of MMAs networks. To this aim, a 

revision of the monitoring and control approaches applied in MMAs around the 

world was accomplished. Information to evaluate the feasibility of implementing 

a real time integrating fisheries monitoring for small-scale vessels by using low 

costs vessel positioning systems and apps to record catch. The main aspects 

and components to be included in a monitoring program of the MMAs networks 

in the two MANTIS case study areas (North Adriatic and Strait of Sicily) was 

identified (D4.2). The rationale for a sampling scheme for data collection was 

delineated based on a set of monitoring 

objectives and associated biological and socio-economic indicators. It included 

consideration about the collection of data and information from already existing 

monitoring programs (e.g. MEDITS survey, EU data collection, Marine Strategy 

Framework Directive). The sampling procedure account also for the associated 

costs and the personnel required.  

The aspects related to the integration of the monitoring of MMAs within the more 

complex fisheries management plans in the two case study areas are also 

discussed. Principles to inform a participatory approach to MCS of MMAs in the 

case study were also reviewed (D4.3) (Fig. 25). Low detection probability often 

encourages non-compliant activities. Failure of MCS may derive from the lack 

of delegation of clear competent authority and powers to conduct MCS activities 

to an administrative entity (e.g. specific department or agency, coast guards). 

http://dx.doi.org/10.1787/9789264209657-en
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Such competent authority must additionally receive sufficient means to 

undertake its MCS tasks properly (e.g. staff, equipment and resources). Fault 

may lie with the legal drafters: multiple-use MPA regulations may have imposed 

use requirements, activity specifications, or geographical restrictions that are 

too complex for most users to understand, leading to confusion and a range of 

unintended violations. An effective MCS should be characterised by 

transparency, accountability and an effective and deterrent monitoring and 

sanctioning system. 

 

Figure 25 A schematic representation of monitoring, control and surveillance (MCS) for closed 
areas management (from Miller et al., 2013) 

Within this context the participatory approach the so called “responsive 

management” was proposed to be applied to the case study (Fig.26). The most 

relevant features of the this approach are to involve stakeholders: i) in collecting 

data including catch, fishing effort, discards, and socio-economic aspects; ii) in 

defining regulatory conditions under which the exploitation of the resource 

within the identified MMAs is conducted, including penalties for non-compliance, 

and iii) in surveillance promoting cooperation (e.g. sentinels) with the Coast 

Guard, whose task is to carry out controls on the area so that the measures 

provided for are respected. 

Enhanced public participation in the fisheries management process should allow: 

l) Less costs for the development and implementation of MSC systems, and  ii) 

more compliance from stakeholders and therefore, more possibilities to achieve 

the established management goal. 

Since vessels below 12 m length are not legally committed to use tracking 

system mounted on-board, such as VMS, AIS or others, a monitoring system 
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for this fleet segment can be achieved only on a voluntary basis through a full 

engagement of local artisanal fishers in FRAs designation and implementation. 

The main conclusions and recommendations of WP4 activities were reported in 

D4.4 (ANNEX IX) 

 

Figure 26 MSC in a participatory management system 

WP 5 - Disseminating results obtained and best practices experienced 

during the research activities 

WP leader: Nedo Vrgoč (IOF) 

Tasks leader: Katarina Božanić (IOF) 

Participants: WWF, CNR, Conisma, Nisea, DFA/MSDEC, OGS, Oceana 

Duration: from month 1 to month 40 

Objectives: 

 Establishment of a website for relevant information about the project, 

which should be regularly updated according to intermediate project 

results, and for the exchange of documents and communications 

between the Partners an existing website of one of the involved partners 

may also be used to fulfil this objective; 

 Publication and dissemination of reader-friendly leaflets, newsletters, or 

other information material supported by any format; 

 Production of maps to support the visualization and dissemination of 

results; 
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 Elaboration of a repository of good practices and lessons learnt from the 

project. 

 Organization of a closing conference, as well as workshops during the 

implementation phase; 

 Establishment of MANTIS website and Facebook page for relevant 

information about the project, which should be regularly updated 

according to intermediate project results, and for the exchange of 

documents and communications between the Partners– an existing 

website of one of the involved partners may also be used to fulfil this 

objective; 

 Creation of guidelines for a visualisation and dissemination of results; 

Creation of guidelines that will serve for managing the information flow 

to key stakeholders 

 Promotion of the project through social networks and official web page. 

The Project work plan 

WP5 is organised in the following Tasks: 

Task 5.1. Establishment of communication team and communication tools. This 

activity aims to develop Communication guidelines , a project visual identity , 

and web site to communicate objectives, progresses and results of the project  

Task 5.2. Communications Materials. This action aims to produce some 

tangible/printable communication products to be disseminated (leaflets, 

brochures, documentary, scientific and articles)  

Task 5.3. Organisation of promotion events. The action is leaning to the 

activities from Work Package 1 regarding a dissemination of project results 

among fishing sector and stakeholders. 

Results achieved 

Task 5.1 - Establishment of communication team and communication 

tools 

The communication core team including all partners was formed under the 

coordination lead partner. Target groups and key stakeholders were identified, 

and communication rules and guidelines defined. A MANTIS Visual identity was 

created by the external expert engaged by IOF. This document included all the 

graphic elements characterizing the project image, making it clearly 

recognizable ensuring the coherence of all communication materials. It includes 

the project logo, a common layout for power point presentations, posters, 

brochures and other working documents. The web site presents project contents 

both synthetically and in full detail to reach the general public as well as to be 

of interest for the experts. 
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The communication tools produced within this task are: i) Communication 

guidelines, ii) Visual identity of the project, iii) Web-page and iv) Facebook page  

Communication guidelines 

This document was created with the aim of defining the communication channels 

to be used for internal and external communication. 

More specifically it defines: 

 Each partner’s obligations regarding the internal and external project 

communication 

 Which communication tools to be used by partners 

 How to use the tools 

 When to use them 

 Purpose of each tool 

Communication guidelines were created at the beginning of the project by the 

Institute of Oceanography and Fisheries.  

Visual identity 

The aim of this document is to set out all graphic elements that will characterize 

the project image. 

It includes: 

 a project logo, 

 a common layout for power point presentations, paper folders, 

brochures, leaflets, business card and working documents 

The project logo adopted by all partners is shown in the Figure 27. 

MANTIS Web page 

A project web site has been launched to support the MANTIS project activities. 

It is created by external expert in coordination of IOF. All project partners 

contributed in creation of content of the web page. The maintenance of Web 

page is under the responsibility of IOF. All project partners will contribute with 

project deliverables and important outputs during the project implementation. 

The MANTIS web page was created in English language. The main information 

available the web page is: 

 description of the project, 

 main and specific project objectives, 

 project work packages, 

 expected results, 

 involved partners and contacts, 

 news and events, 

 dissemination materials 
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 outputs of important events. 

Once the final report is approved and published on DG MARE website and/on 

the EU bookshop, all the deliverables and reports which are classified as 

Commission, External or Public as diffusion level according to the contract (see 

table 2) will be available on the web page. 

The MANTIS web page was created using the existing web page of Institute of 

Oceanography and Fisheries. This web page should have been created by staff 

of the IOF but due to lack of available resources, an IT expert was engaged to 

carry out this activity. This expert will be responsible for maintaining the website 

in cooperation with the project administrator from the IOF while all partners will 

contribute to content updates. The content updates will be created in PDF format 

in English language. The content and appearance (interface) of the web page is 

agreed between all project partners. An example of the MANTIS Web Page is 

reported in Figure 28. 

The web site was updated after completing important milestones of the project 

such as: meeting, new research data, conference, workshops. MANTIS webpage 

was redesigned and updated with new outputs of the project.  Now the web 

page contains a new section called - Dissemination that contains 2 categories: 

Press releases and Promotion Materials. On the homepage, a contact person of 

project coordinator has been added, logos of project partners and some new 

pictures. The MANTIS web was updated with news related to project meetings 

and promotion of the project through the media. The MANTIS web page the 

website will be maintained for one year after approval of the final report by the 

Commission. 

The link to the MANTIS web page is : http://jadran.izor.hr/mantis/ 

 

Figure 27 An example of the MANTIS web page 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

88 
 

MANTIS Facebook 

For the purpose of MANTIS project promotion, the Facebook page of the 

Institute of Oceanography was used. A Facebook page was maintained by the 

IOF staff according to the inputs from other partners and will be linked with the 

official MANTIS Web page. 

Link: https://hr-hr.facebook.com/izorsplit/ 

New achievements were accomplished under the first task regarding the 

MANTIS web page and promotion of project through different media channels. 

Project promotion 

Regarding the project promotion through different media channels and social 

media, progresses have been done. In particular: 

Ministry for Sustainable Development, the Environment and Climate 

Change of Malta published five press releases: 

 http://www.honeyandzest.com/2017/08/sustainable-fishing/ 

 https://www.timesofmalta.com/articles/view/20170726/local/do-

marine-protected-areas-help-regenerate-fish-stocks.654152; 

 https://www.timesofmalta.com/articles/view/20170726/local/do-

marine-protected-areas-help-regenerate-fish-stocks.654152 ;  

 http://gozonews.com/67894/are-mpas-an-alternative-to-traditional-

fisheries-management/   

 http://www.um.edu.mt/newspoint/news/features/2017/07/mantisproje

ct 

WWF also published a press release in the Italian language on their official web 

page (http://www.wwf.it/?32960/Crisi-della-pesca-la-parola-ai-pescatori) 

IOF promoted a project through national TV documentary, through the regional 

radio channel, through official MANTIS web, and through Facebook 

(https://www.youtube.com/watch?v=QY94SiKBaJc 

https://www.facebook.com/izorsplit/) 

NISEA promoted project objectives through its official web page and Facebook 

page: 

(https://www.facebook.com/nisea.eu/posts/1927725410825854; 

http://www.nisea.eu/2017/06/19/mantis-marine-protected-areas-network-

towards-sustainable-fisheries-the-central-mediterranean/) 

OCEANA created a press release that was published through its official web 

page (http://eu.oceana.org/en/blog/investing-fish-future-adriatic-and-strait-

sicily) 

https://hr-hr.facebook.com/izorsplit/
http://www.wwf.it/?32960/Crisi-della-pesca-la-parola-ai-pescatori
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CNR gave interviews to newspaper (Il Fatto Quotidiano; 10th July 2019) and 

radio  

(Radio24;http://www.radio24.ilsole24ore.com/programma/paese-

migliore/pesca-sostenibile-sicilia-avanguardia-192403-ACm2ZHY). 

The results of the project have begun to be disseminated during Congresses and 

workshops and used to prepare manuscripts submitted to scientific journals. 

To date the following 4 contributions were presented at workshops and 

conferences: 

1. MANTIS: MARINE PROTECTED AREAS NETWORK TOWARDS SUSTAINABLE 

FISHERIES IN THE CENTRAL MEDITERRANEAN by Fiorentino F., Colloca F., 

Perez M., Prato G., Russo T., Sabatella R., Scarcella G., Solidoro C., 

VrgočN., Zerafa B. presented at 12th Panhellenic Symposium of 

Oceanography & Fisheries Ionian University, Corfu, 30 May – 3 June 2018; 

2. SPATIAL MODELLING OF TRAWL FISHERIES IN THE CENTRAL 

MEDITERRANEAN SEA: MARINE PROTECTED AREAS NETWORK TOWARDS 

SUSTAINABLE FISHERIES IN THE CENTRAL MEDITERRANEAN: THE 

MANTIS PROJECT PREDICTING THE POTENTIAL EFFECTS OF FISHERIES 

RESTRICTED AREAS by Russo T., D’Andrea L., Angelini S., Accadia P., 

Canu, D.M., Cucco A., Garofalo G., Laurent C., Lehuta S., Libralato S., 

Mahevas S., Morello E.B., Quattrocchi G., Querin S., Sabatella R., Sinerchia 

M., Solidoro C., Fiorentino F. presented at FORUM ON FISHERIES SCIENCE 

IN THE MEDITERRANEAN AND THE BLACK SEA 10-14 December 2018 - 

FAO headquarters, Rome, Italy; 

3. A PRELIMINARY ASSESSMENT OF PROTECTION OF EFHS IN THE 

MEDITERRANEAN: THE MANTIS APPROACH TO THE FRAs IN THE STRAIT 

OF SICILY by F. Fiorentino, L. D’ Andrea, A. Cucco, S. Franceschini, G. 

Garofalo, A. Parisi, G. Quattrocchi, F. Colloca, T. Russo presented at 

Scientific Advisory Committee on Fisheries (SAC) Working Group on Marine 

Protected Areas (WGMPA), including a session on Essential Fish Habitats 

(EFH) - FAO headquarters, Rome, Italy, 18 –21 February 2019; 

4. CONNECTIVITY MODELS IN THE ADRIATIC SEA TO SUPPORT THE DESIGN 

OF EFH by D. Canu, C. Laurent, S. Querin, C. Solidoro presented at 

Scientific Advisory Committee on Fisheries (SAC) Working Group on Marine 

Protected Areas (WGMPA), including a session on Essential Fish Habitats 

(EFH) - FAO headquarters, Rome, Italy, 18 –21 February 2019  

Furthermore the following manuscripts were published in ISI journals: 

1. Russo T, D’Andrea L, Franceschini S, Accadia P, Cucco A, Garofalo G, 

Gristina M, Parisi A, Quattrocchi G, Sabatella RF, Sinerchia M, Canu DM, 

Cataudella S and Fiorentino F (2019) Simulating the Effects of Alternative 

Management Measures of Trawl Fisheries in the Central Mediterranean 

Sea: Application of a Multi-Species Bio-economic Modeling Approach. 

Front. Mar. Sci. 6:542. doi: 10.3389/fmars.2019.00542 
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2. Russo T, Franceschini S, D’Andrea L, Scardi M, Parisi A and Cataudella S 

(2019) Predicting Fishing Footprint of Trawlers From Environmental and 

Fleet Data: An Application of Artificial Neural Networks. Front. Mar. Sci. 

6:670. doi: 10.3389/fmars.2019.00670 

3. Hydrodynamic controls on connectivity of the high commercial value 

shrimp Parapenaeus longirostris (Lucas, 1846) in the Mediterranean Sea 

by Giovanni Quattrocchi, Matteo Sinerchia, Francesco Colloca, Fabio 

Fiorentino, Germana Garofalo and Andrea Cucco accepted for publication 

in Scientific reports. 

5.2. Establishment of promotion materials  

Some promotion materials were created. Specifically within the WP5 activities 

were produced: i) Project brochure in English, ii) Project roll up, iii) Project t-

shirts, iv) Caps, and v) Power banks. 

5.3. Promotion events  

Two project introductory meetings were organized in Mazara del Vallo and 

Ancona by WWF together with project coordinator CNR Mazara, local project 

partner CNR Ancona. Stakeholder’s meetings are consider being a promotion 

activities because one of their objectives is to introduce the project to all 

relevant stakeholders whose activity depend upon the fisheries resources of the 

Northern Adriatic and of the Strait of Sicily. These activities are also part of Work 

Package 1. which is based on a multi‐stakeholder participatory process.  

Work package leader, IOF was responsible for publishing the reports from 

meetings on MANTIS web page and to update the web with news related to 

events. All partners participated in creation of news for MANTIS web page. A 

draft of Press release is also created in national language by the work package 

leader, IOF. This press release will be published in the local newspapers with 

the aim to inform target audience on local level about the project progress. 

Two project stakeholder meetings were organized in Split. The first meeting in 

Split was organized by the Institute of Oceanography and Fisheries together 

with WWF Italy and WWF Adria in May 2017. A second meeting was organized 

by the Institute of Oceanography and fisheries in January 2018. The meeting 

was attended by the scientific experts from the Institute of the Oceanography 

and Fisheries, and representatives of the Directorate of Fisheries. During this 

meeting the objectives of MANTIS project were presented as well as main 

achievements of the Project. Special attention was given to the work related to 

the pilot study in the Jabuka Pit. During 2017 Fisheries department provide VMS 

data for demersal fishing fleet for purposes of this project. On this meeting 

scientists show preliminary analysis of VMS data. Fisheries Directorate 

recognized Mantis project as one very important international project and 
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expected results will be very useful for future fisheries management regulation 

measures. 
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PLANNED DURATION OF THE ACTIVITIES 

The project started on 15th December 2015 and it is a three year project. Since 

additional work was necessary to complete the analyses and reach the project 

objectives, the Project Coordinator asked DGMARE for an extension of the 

project duration with four months. The request, sent to the DGMARE on 18 June 

2018, was accepted and the Project was extended from December 2018 to April 

2019. The updated timeframe of different activities by WPs and Tasks are 

reported in the following tables. 
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1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4

T0.1 Project activations and meetings

T0.2 Project administrative and financial management

T1.1 Engaging the fishing sector at institutional and local 

level
11.2

Joint characterisation of the problem and assessment of 

the information to be included in the models

T1.3 Sharing project results

T2.1 Identity nature of data to be colletted

T2.2 Collete the information in the data base

12.3 Analyse the interaction matrices

12.4
Establish the content of data exchange format and likely 

queries

T25 Collate the output model in the database

T3.1
Analysing collected data and elaborating implementing 

models

T3.2
Integrating the models built implemented by Task 3.1 in 

a meta-roodel deyised

T3.3 Application of models to the case studies

T4.1
Identify good practices and governante strategies for the 

identified networks of MMAs

T4.2 Define suitable monitoring-control system

T5.1
Establishment of communication team and 

communication tools

T5.2 Communications Materials

T5.3 Organisation of promotion events

WP5: Disseminating results obtained and best practices 

experienced during the research activities

WP4: Designing and assessing an optimal management 

framework for the MIV1A network

MANTIS
DURATION EXTENSION

1st year 2 st year 3st year 4st year 

Marine protected Areas Network

Towards Sustainable fisheries in the Central Mediterranean

WPO: Management and coordination of the project

W Pl: Stakeolder involvement through a co-creation 

approach

W P2: Data compilation and management for modelling

WP3: Modelling of spatial i nteraction
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7-8 March 2018  

Rome (Italy) 
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Matteo Sinerchia MS CNR-IAMC 

Giovanni Quattrocchi GQ CNR-IAMC 

Enrico Arneri EA FAO 

Silvia Angelini SA CNR-ISMAR 

Giuseppe Scarcella GS CNR-ISMAR 

Giulia Prato GP WWF 

Claudia Scianna CS WWF 

Evelina Sabatella ES NISEA 

Rosaria Sabatella RS NISEA 

Paolo Accadia PA NISEA 

Katarina Bozanic KB IOF 

Nedo Vrocg NV IOF 

Leyla Knittweis-Mifsud LK University of Malta 

Miriam Gambin MG DFA_Malta 

Benjamin Zarafa 

Nicolas Fournier 

BZ 

NF 

DFA_Malta 

Oceana 

Tommaso Russo TR CONISMA 

Lorenzo D’Andrea LA CONISMA 

Antonio Parisi AP CONISMA 

Paola De Angelis PDA CONISMA 

Simone Franceschini SF CONISMA 

Cosimo Solidoro CS OGS 

Donata Melano Canu DMC OGS 

Alessandro Ligas AL CIBM 

Giampaolo Buonfiglio GB MEDAC 
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Day one – the 7th March2018 

The Mantis 2ndGeneral meeting started at 10:00 am in the CNR Unit at Via 

deiTaurini, 19 in Rome. The Project Coordinator, Fabio Fiorentino (CNR IAMC), 

welcomed the participants and presented the agenda, attached at the end of 

the report, that was approved with small variations.  

To exchange experiences with sister DGMARE-funded projects, the MANTIS 

project coordinator FF invited the SAFENET and PROTOMEDA project to attend 

the meeting and present the main results of the projects. Alessandro Ligas 

(CIBM), on behalf of the SAFENET project, showed the activities and some 

results of SAFENET Project, concerning the spatial based approach to fishery 

management in the Western Mediterranean.This project aims to identify 

coherent network(s) of Marine Protected Areas (MPAs) and other area-based 

fisheries management rules (e.g. temporary closures) whose emergent 

properties (namely the interactive effect of scaling-up MPAs) can help achieve 

fisheries maximum sustainable yield (MSY) and maximize over the long-term 

ecological and socio-economic benefits for the stakeholders in the north-western 

Mediterranean Sea (NWM). AL highlighted that this project are applying the 

ecosystem-based approach to the management at both large scale and small 

scale fisheries in NWM. The main activities of SAFENET deal with field sampling 

where researchers collected marine assemblage (in terms of density and 

biomass) and fishery data within and outside MPAs. This data will analysed by 

using an ECOPATH trophic model. During the discussion, meeting participants 

were interested to the project and especially on model they are going to 

perform. 

After the SAFENET presentation Fiorentino introduced the MANTIS meeting 

activities showing a presentation on state of the art of the Project. He resumed 

the activities of the WP0 which are in line with the timetable of the project. 

After his presentation Fiorentino gave the floor to the WP leaders for 

presentation of progress achieved in the project.  

Giulia Prato (WWF), WP1 leader, showed activities done in the last year. In 

particular she reported the results reached during the local meeting held in 

Chioggiaand Splitin 2017.  

The former highlighted that i) fishers agreed with the Croatian and Italian 

proposal for Jabuka Pit protectionby the permanent ban and proposed atrawling 

ban also in the Southern Adriatic at depths > 500, in order to allow the 

protection of adult individuals. Fishers suggested some technical measures for 

management of Northern Adriatic demersal fisheriesincluding increase minimum 

size, decrease fishing effort in terms of working hours, and the adoption of the 

same rules for small and large fishing vessels. Moreover, specific measures for 

trawl fishery were suggested to better manage red mullet resource. In particular 
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fishers proposed to: i) forbid all fishing activities within the 3 miles; ii) increase 

biological ban duration of two weeks, to allow red mullets to reach fishable size; 

iii) set 60 fishing hours limit for all boats (both large and small) for the 10 weeks 

after the ban. 

Concerning the common sole fishery, fishers suggestedto: i) extend to the whole 

year a fishing ban up to 9 miles from the coast; ii) set a fixed common length 

of 4 meters for the “rampone” for both large and small boats, which would 

automatically lead to a reduction in fishing effort.  

During the latter meeting other advices were suggested by fishers to improve 

the management of fishery in the Northern Adriatic sea. In particular they 

proposed to: i) enforce controls over illegal fish selling at the fish market; ii) 

Allow for public auctions; iii) Increase taxes on importedfish; iv) Enforce a total 

the fishing banwithin the 3 miles; v)improve struggle against illegal fishing 

byconfiscatingfishing licence if caught; vi) fixed annual fishing licences specific 

for fishing technique, with fixed number of fishing days;vii) allow diversification 

of the fishing activity during the biological ban on red mullet and sole; viii) allow 

fishing for limpets as in the tradition, following a sustainable practice. 

Finally, Giulia Prato showed to the meeting participants the interesting results 

on questionnaires prepared in collaboration with the SAFENET project. In 

general, “bad fishery management”and “excessive fishing” effort are the main 

threats for Adriatic fishermen. Conversely fishermen working in the Strait of 

Sicily agreed with their Adriatic colleagues about “bad fishery management” but 

they stated that pollution is a main problem for the fishery in that area. In both 

areas, scuba diving is perceived as the activity mostly affecting small scale 

fisheries in terms of conflict. Concerning the most important management 

measure, both Adriatic and Strait of Sicily fishermen prefer to introduce fishing 

seasonal closure. 

Question about the involvement of fishermen has produced curious answer, 

especially in the Strait of Sicily area. In fact, most of them believe that it is 

important to be involved in co-management but most of them are not interested 

in being involved.  

Results showed by Prato raised a debate among meeting participants mainly on 

pollution and fishermen involvement. Particularly, Cosimo Solidoro (OGS) and 

Matteo Sinerchia (CNR) suggested to perform spatial maps on litter and a model 

including the interaction between litter and fishing effort. Francesco Colloca 

(CNR IAMC) outlined the importance toinvolvefishers in surveillance.   

After the presentation of WP1 results, Giuseppe Scarcella (CNR ISMAR), leader 

of WP2, described the main outcomes of WP activities. He showed to the group 

all the layers of information collected during the project inthe two study areas 

that are now available on the SeaGrid database and informed the access 
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credential will be soon distributed. A discussion followed on how to proceed with 

the analyses of the conflict scores in each area. It has been decided that during 

the stakeholder consultation, to be conducted in the framework of WP1, in the 

following months the SeaGrid matrices of conflict will be presented and 

discussed with the relevant stakeholder. They would contribute in the definition 

of the qualitative-quantitative (-6 to + 6) conflict scores for any combination of 

activities (e.g. OTB effort VS other human activities) present in each study area. 

It would also possible to set more than one scenario of conflict taking into 

account the area of expertise of each group of stakeholders. 

During the discussion part, Fiorentino proposed to use GFCM grid as reference 

surface to analyse spatial dynamics of fishing effort, catch and any conflict 

between different use of the sea.  

Then Solidoro presented work done on connectivity model for the Adriatic sea, 

using Lagrangian approach to study larval dispersal of Norway lobster (Nephrops 

norvegicus) and common sole (Solea solea). Connectivity between spawning 

and nursery areas are investigated by means of numerical models that are 

designed to simulate ocean circulation patterns and to infer the paths of larval 

dispersal from spawning areas to settlement sites (i.e. nursery areas). 

Trajectories of many drifters released in a given point and driven by currents 

are tracked. This simulation is repeated for each point for different moments 

(winds current fields) and a statistical analysis is performed to describe the 

larval dispersal pattern. A Lagrangian particle tracking model is used to assess 

the connectivity in a meta-population of Norway lobster with 10differentdiscrete 

spawning areas. Based on the information on specieslife cycle and opinion of 

experts working in the Adriatic Sea, Norway lobster eggs are released at bottom 

by mature females in December, January and February. After there is the 

ascending phase to surface water where the larvae grown, followed by the 

descendent phase, and the final phase of sediment selection for settling. 

According to the results, on average, 33% of the larvae released in the spawning 

areas settled within the investigated area. 14% do not settle, due to unsuitable 

temperature or sediment conditions while 53% of them are expected to settle 

in other suitableareas located outside the spawning and nursery sites, 

respectively. 

In the case of Solea solea spawning was assumed to occur in the “so called” the 

Sole Sanctuary, where the individuals belonging to the age group 3+ aggregate. 

Eggs were released every day at midnight in December and January (2006-

2012). The eggs move to the surface remaining in the surface between 2 and 5 

m (scenario 1) or between 2 and 10m (scenario 2). In the Scenario 1 settling 

occurred after 30 days between 5 and 30 m depth. If larvae have not reached 

a suitable area, they will stay in the water up to 10 days more. In the Scenario 

2 larvae of 4-8 mm size stayed in the surface (2-10 m), then larvae migrated 

to the lower layer and finally settled on the bottom.  
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After that Giovanni Quattrocchi (CNR-IAMC), presented the results of the 

investigation of larvae aggregation of Parapenaeusl ongirostris, Merluccius 

merluccius and Mullus barbatus in the Strait of Sicily”. As required by project 

objectives connectivity success between the observed spawning areas of the 

Strait of Sicily and the potential nurseries was modelled using a particle-tracking 

model forced by a Mediterranean Sea hydrodynamics reanalysis. The adopted 

approach can be resumed as follow: i) data and information collection: 

geographic information of spawning and nursery area within the Strait of Sicily 

for the three target species were collected and processed. Twenty years of 

Mediterranean Sea hydrodynamics reanalysis were retrieved by Copernicus 

Marine platform in order to evaluate the features of the main driver of larval 

dispersal; ii) model adaptation and implementation: The model adopted for the 

study is named Larval TRANSportLagrangian model (LTRANS) and it is an off-

line particle-tracking model that runs with the stored predictions of a 3D 

hydrodynamic model. LTRANS simulate passive particles and other planktonic 

organisms. It is written in Fortran 90 and is designed to track the trajectories 

of particles in three dimensions. It includes a 4th order Runge-Kutta scheme for 

particle advection and a random displacement model for vertical turbulent 

particle motion. Reflective boundary conditions, larval behavior, and settlement 

routines are also included. The adaptation of the model includes a number of 

hard-coded modifications that allow LTRANS to read the output of different kind 

of ocean model, include the possibility to mimic in a realistic way a number of 

larvae behaviour, provide clear output that may be easily processed for the 

purposes of the project. 

Quattrocchi presented the main outputs on larval aggregation within observed 

recruitment areas and connectivity success of the Parapenaeus longirostris. 

These results were presented by means of maps, matrices of connectivity and 

Microsoft Excel arrays. For what concern Merluccius merluccius the connectivity 

success was not shown but the results were shared with project partners. For 

the species Mullus barbatus the potential and observed spawning and 

recruitment areas were identified and displayed. The obtained connectivity 

success provided additional information for developing a spatial based approach 

to fishery management in the Mediterranean Sea. 

The first day of the meeting ended at 05:00 pm 

Day two– the 8th March 2018 

The meeting started at 09:00 am with Tommaso Russo (CONISMA) who 

presented the scheduled activities of WP3 according to the agenda. According 

to the approved program, the MANTIS project is applying two modelling 

approaches in order to assess and forecast the expected effects of a spatial-

based management scenarios in which the fishing effort in different fishing 

grounds is regulated to create and optimize a network of Marine Managed Areas 

(MMA). The two approaches being applied are: i) the SMART platform (Russo et 
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al., 2014), representing an innovative approach, and ii) the ISIS- Fish platform 

(Mahevas and Pelletier, 2004), an acknowledged model in this field. According 

to the project the ISIS-Fish approach should be applied “as it is” on the available 

data, with the help of the developers of the ISIS-Fish platform. In contrast, the 

SMART platform has been largely developed and revised during the project 

activity.  

During the last year of activity, the development of the SMART platform has 

been completed and the operative models for assessment and forecast of 

resources status and socio-economic indicators either were implemented or are 

almost completely implemented. 

In particular the geo-referenced data about landings and Fishing effort data, 

defined at the scale of individual fishing vessels, were used, for all the species 

in the two case of study areas, to estimate the spatial LPUE for each month in 

the period 2012-2016. The temporal trends for these LPUE were obtained and 

will be shared with WP1 and WP5 in the next months in order to allow setting 

up the scenarios (as a combination of spatially- and temporally-defined fishing 

closures) to be evaluated through simulations; 

The ageing of catches/landings, obtained through the new approach developed 

within the MANTIS project, allowed obtaining a distribution of age classes 

(cohorts), for each species, with respect to the maritime space and time. After 

a long discussion it was decided to report all the information by using a 15 × 15 

nautical miles grid, coherent with the one defined by the GFCM. Clustering of 

cells is still available as an option, but this grid-based approach allows applying 

and comparing SMART and ISIS-Fish in a more standard and homogeneous way. 

The whole fishing effort for the Italian, Maltese and Croatian trawling fleet with 

vessels larger than 15m was assessed. The assessment of the corresponding 

fishing effort patter for the small-scale fisheries is in progress; 

An aspect to be developed is the study of the connectivity among cells/areas 

due to reproductive migration. However, given that the modelling approach and 

the layout of the expected results (which represent a main input for both SMART 

and ISIS-Fish platforms) were defined, all the connectivity models will be 

available within the next three months. 

Rosaria Sabatella (NISEA) started showing the presentation about WP4 results. 

The overall goal and objectives of WP4 are briefly summarized. Two deliverables 

(D 4.1 and D 4.2) were provided with the third interim report submitted on 

February 2018. D 4.1 was mostly focused on the review of governance issues 

of a MMAs network. Examples from Natura 2000 and other MPA networks and 

analysis of the management framework implemented in other fishing areas are 

discussed. A particular focus is given to the establishment of a management 

authority and to the issues related to the integration of MMAs within the already 
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existing management initiatives (i.e. National Plans). Guidelines are also 

provided for financial planning of the MMAs management. Francesco Colloca 

(CNR-IAMC) introduced D 4.2 results; it is aimed at defining an effective 

monitoring program for the MMA networks that will be identified in the two 

MANTIS case study areas (North Adriatic and Strait of Sicily). The rationale for 

a sampling scheme for data collection is based on a set of monitoring objectives 

and associated biological and socio-economic indicators. It includes 

consideration about the collection of data and information from already existing 

monitoring programs (e.g. MEDITS survey, EU data collection, Marine Strategy 

Framework Directive). The sampling procedure accounts also for the associated 

costs and the personnel required. Finally, the aspects related to the engagement 

of fishers within the monitoring of MMAs within the more complex fisheries 

management plans in the two case study areas are also discussed. A close 

interaction with WP1 is required to foster fishers participation. 

Then Katarina Bozanic (IOF) presented the work done in the WP5 and scheduled 

activities. The IOF team showed how they shared the resultsof the all of MANTIS 

WPs. They used mainly two communication tool where upload the results on:  

1. MANTIS website, created last year: (http://jadran.izor.hr/mantis/);  

2. Media channels and social pages. Particularly, IOF team have redesigned 

MANTIS webpage and updated the project partner’s logos, contact person, 

news and events. In the dissemination section was added new subsections 

like press release, promotion materials. Moreover, they were able to share 

the mantis results also in newspaper, radio and TV. 

The IOF team brought all of dissemination material they produced during the 

2017. The material includes “T-shirt” and “cap” with MANTIS Logo and brochure 

on MANTIS project description (Fig. Annex II-1), other WP leaders will give such 

material to fishermen and stakeholders involved in the project. The IOF team is 

in charge of publishing new document (i.e. this meeting report) in the website 

and also to maintain the platform.  

Considering the state of activities achieved and the necessity of more work for 

integrating larval dispersal and adult migration results in both stock assessment 

models the Project Coordinator proposed to ask the Commission a project 

extension. This request is also motivated by the necessity to complete the 

simulation of the functioning of the Marine managed areas network before the 

presentation to the stakeholders scheduled in the second half of the 2018. The 

participants agreed with the proposal and it was decided to contact the 

Coordinators of the other “sister” projects, SAFENET and PROTOMEDEA, to 

coordinate the request of extension to the DGMARE. 

The meeting ended at 1:00 pm. 
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Figure Annex I-1 Dissemination materials 
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European Commission, DG MARE 

Agreement number – SI2 - 721911 

MANTIS: Marine protected Areas Network Towards Sustainable 

fisheries in the Central Mediterranean 

2nd MANTIS General Meeting 

Rome, 7‐8 March 2018 

CNR – Via dei Taurini 19 – Rome ‐ Italy 

Draft Agenda 

 

Wednesday 7th March 

10:00‐10:15 Welcome and adoption of the agenda 

10.30-11:00 Overview of the Safnet project (Alessandro Ligas, CIBM) 

10:15‐11:00 The state of the art of MANTIS project, overview of the work done 

and scheduled activities in the WP0 (by Fabio Fiorentino, CNR). 

11:00‐12:00 Overview of the work done in the WP1 and scheduled activities (by 

Giulia Prato, WWF Italy). 

12:00‐13:00 Overview of the work done in the WP2 and scheduled activities (by 

Giuseppe Scarcella, CNR). 

13:00‐14:30 Lunch break 

14:30–15:30 Issues linked to the integration of information on conenctivity 

(larval dispersal and adult migrations) collected in WP2 with modelling done 

in WP3. 

15:30‐16:00 Overview of the work done in the WP3 (by Cosimo Solidoro, OGS 

and TommasoRusso, Conisma). 

16:00‐16:30 Coffee break 

16:30‐17:30 Scheduled activities of WP3 (by Cosimo Solidoro, OGS and 

Tommaso Russo, Conisma).  

Thursday 16th February 
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9:30–10.30 Scheduled activities of WP3 (by Cosimo Solidoro, OGS and 

Tommaso Russo, Conisma).  

10:30‐11:30 Overview of the work done in the WP4 and scheduled activities (by 

Francesco Colloca, CNR, and Rosaria Sabatella, Nisea). 

11:30‐11:45 Coffee Break 

11:45‐12:30 Overview of the work done in the WP5 and scheduled activities (by 

Katarina Bozanic,IOF). 

12:30‐13:30 General discussion on the activities scheduled for the third year 

including issues linked to preparation of scientific papers  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

104 
 

 

 

ANNEX II - DELIVERABLE D 1.5.3 

Report of the stakeholders meeting of the Strait of Sicily 

Prato G., Russo T., Scarcella G., Arneri E., Fiorentino F. 

Porto Palo 

21-07-2018 

 

 

 

 

 

This document should be quoted as:  

Prato G., Russo T., Scarcella G., Arneri E., Fiorentino F., 2018. MANTIS: 

Report of the stakeholders meeting of the Strait of Sicily-Porto Palo 21-

07-2018 Deliverable 1.5.3. Rome. Italy 
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Meeting objectives 

The third "stakeholder meeting" of the Mantis project for the Sicilian Channel 

was held in Porto Palo di Capopassero, on 21 July 2018. The meeting organized 

by CNR-Mazara del Vallo and WWF, was hosted at the headquarters of the 

municipality of Porto Palo, and saw the participation of about 30 people, 

including the Mayor of Porto Palo, representatives of the local and regional 

administration, a representative of FAO Adriamed and the fishermen of the local 

Cogepa. 

The objective of the meeting was to present to stakeholders the results of 

simulations of different scenarios of fishery management in the Strait of Sicily 

(SoS) carried out within the Mantis project under the coordination of Tommaso 

Russo (University of Tor Vergata), and to collect the indications and opinions of 

local fishermen about these results. 

Following the introductions by the Mayor of Porto Palo and the representatives 

of the local and regional administration and of the president of Cogepa, the 

project coordinator Fabio Fiorentino presents the picture of the fishing situation 

in the Sicilian Channel in which the project is contextualized. Although to date 

the policies of the European Commission to cope with the over-exploitation of 

fish stocks in the Mediterranean have been based on the reduction of effort and 

fishing capacity, new EU policies are increasingly directed towards spatial 

management of fishing. In the Sicilian Channel, according to the latest 

recommendation of the GFCM, three fishery restricted areas (FRA) have been 

identified and established to protect the juvenile stages of the target species. 

Preliminary studies have shown that the closure of some parts of sea with 

importanthabitats for the juvenile stages of the deep water rose shrimp (DPRS) 

can lead to a reduction in fishing mortality equal to the one which would be 

obtained by reducing the fishing effort by 10%. The Mantis project aims to 

evaluate how spatial management of fishing can contribute to achieving the 

goals of maximum sustainable yield (MSY) of the Common Fisheries Policy (CFP) 

in the Sicilian Channel and in the Adriatic. 

Presentation of the project results - Tommaso Russo 

T. Russo presents the simulations of three management scenarios for fishing in 

the Sicilian Channel, and the effects of each scenario on the stocks of 4 target 

species (hake, red mullet, DPRS and red shrimp) and on fleet revenues. Since 

the stocks of hake and shrimpsare shared throughout the Sicilian Channel, the 

results presented concern the entire Italian fleet operating in the Channel. 

The scenarios tested are: 

1. Status quo 

2. Closure of all the protection areas already designated/existing in the SoS for 

1 year 
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3. Closure of the 3 GFCM FRAs  

4. Application of the measures envisaged by the GSA16 management plan of 

demersal resources, namely: reduction of 8% of the fleet in 2018 and 

reduction of effort (fishing days) of 5% in 2019, and a further 5% reduction 

in 2020 

For each simulation and for each species the effects are shown on: dislocation 

of fishing effort, fishing mortality (F) by species, fishing costs and revenues 

Scenarios 2 and 3: fishing effort increases up to twicee in the regions to the 

south and north-west of the SoS. Revenues do not vary significantly. Effects on: 

 Mullet: Strong reduction of F and strong increase of spawning stock 

biomass (SSB). 

 Shrimps: slight increase in F on juveniles (age group 0-1 year), strong 

increase of F on large individuals. Little effect on SSB. 

 Hake: slight increase in F on juveniles (age group 0-1 year), strong 

increase of F on large individuals. SSB shows a trend of recovery with 

an increase in SSB evident from year 4, due to the slow life cycle of this 

species. 

Scenario 4: involves little dislocation of the effort, but a strong reduction in 

revenues. It is the most effective scenario for the recovery of stocks, with a 

strong increase in SSB for shrimp and hake. 

F. Fiorentino underlines how from these preliminary results, the FRAs, as 

currently identified, are of low efficacy for the protection of fish stocks. The most 

effective measure always turns out to be the reduction of effort and fishing 

capacity, which, however, involves a sharp reduction in revenues. In light of 

these results it is important to understand how to optimize these areas, 

identifying the most optimal periods for the closure and the possible variation 

of the extension of the areas themselves, to maximize the effect on resources 

and revenues. Adjusting the effort in space has a lower economic impact on 

fishing than fleet demolition. 

He also underlines the importance of greater availability of data and regular 

monitoring: only with a more accurate description of the distribution of fishing 

effort, species and productivity, it is indeed possible to improve predictions. 

Open discussion 

Faced with the proposals of the management scenarios the fishermen complain 

about the too highcosts, the too restrictive measures, the too high fines and in 

general show distrust in the EU objectives on fishing. 

• Fiorentino: recalls how necessary it is to recognize that fishing is in 

crisis, and how the goal can no longer be "more" fishing, but rather to 

fish less and sell better. The aim of the project is to understand what 

results and effects can be expected from the application of European 

regulations. It is no longer conceivable to fish without rules. African 
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fishing reflects the Italian one hundreds of years ago, completely devoid 

of rules. The mazara fishers have had to abandon entire fishing areas 

due to the intensity of Egyptian fishing. It is urgent that the fishermen 

themselves put forward proposals, otherwise, faced with this state of 

crisis, the EU solution will always be the same: reduction of effort and 

fishing capacity. It is necessary to act on the market and improve the 

sale of the product, selling it directly to the consumer as already 

happens in other areas of Italy and abroad. 

• Pino Quattrocchi: shows himself opposed to the closure of the FRA 

throughout the year, suggests following the seasonality of the species 

and the reproductive periods. The technical ban, after the first year of 

application in which it had positive results, failed. He suggests 2-month 

compensated bans. It clarifies that a 2-month reimbursed ban is 

technically possible, but reimbursements must be given in quick times. 

• Fiorentino: remember that everyone's goal must be to maintain 

productive fishing without subsidies. The payed ban is a transitory 

measure to be used until fishing becomes autonomous and the 

compensation is no longer necessary. He reiterates that an appropriate 

ban is one that protects fish that recruit in the summer (mullet, 

sparidae). The results of the banare positive, but it is necessary to adjust 

the fishing activity after the ban, to avoid the saturation of the market 

in the period immediately following the arrest. A governance of 

thecategory is needed to control these mechanisms and regulate the 

market. 

• Fishermen's proposal: 2-month fishing ban with effort adjustment after 

the ban with 2 work days, Monday and Thursday, following the example 

of the Adriatic. Fishermen agree on the need to regulate the market and 

sell better. 

• President Cogepa: remembers that the abn should be extended to all 

the fleets that affect the same stock, not just the Sicilian one. 

• Fishermen: they claim that if exploited in the right way some areas 

produce much better than when they are left to rest (they take the 

example of the “fossata” area, exploited for 40 years by Portopalese and 

Bari fishers with high productions. Since the abandonment of the Bari 

fishers the area has been populated with smoothounds, stingrays and 

“spaghetti”). A similar example is put forward for the Banco di Ur, in 

Malta, a highly productive area for mullet in the 80s and 90s, also 

exploited by the Italians, who died following the establishment of the 

exclusive Maltese area due to the fixed anchorages of 50 ships , which 

destroy the seabed with movements due to the wind and pollute with 

the paint. 

• The fishermen remember that if the FRAs are implemented, they will 

further exploit the northern limit, in the 3 to 20 miles range. They will 

not go to the southern limit, too far. 
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• Researchers proposal: full trawling bans will be simulated for 2 months, 

in different periods for the different species. 

• Fishermen: they complain about the lack of dialogue with the ministry 

and between sectors (fishing, research, harbor management and the 

ministry itself). Example of this disintegration is the failure of the 

portopalo category proposal for an absolute ban on fishing extended to 

the entire fleet, regardless of the size of the boat, for the same period 

of time. The proposal remained unheard and the 2018 fishing bans are 

asynchronized. In addition, payments for 2015 bans have begun only 

now. 

• Tommaso Russo: remembers the two main problems of fishing in the 

Mediterranean. The first is overfishing, whose damage has not yet been 

resolved, also due to mismanagement Overfishing is the origin of the 

problem, which should not be confused with bad management. Also 

remembers that the Mediterranean is a frontier sea and that Italian 

fishing has changed much less than that of other countries in the last 20 

years. 

The second problem is illegal, unreported and unregulatedfishing (IUU): marine 

resources belong to everyone, control over evryone is therefore necessary. We 

must not abandon the strong controls already in existence, but we must extend 

them to everyone. He also notes that spatial management is at no cost to the 

state, as in the Adriatic, and has the lowest cost for fishermen. The researchers 

want to find a solution together with the fishermen and for this they discuss the 

effectiveness of the closure of 3 areas (very small compared to the real 

distribution of the species). If solutions of this type are not proposed together, 

the European Commission's solution will always be the same, the reduction of 

effort and fishing capacity, with the greatest costs for the sector. 

• Enrico Arneri, FAO Adriamed: informs about the ongoing collaboration 

with Tunisian and Egyptian researchers and fishermen and underlines 

how having the boat fishing tracks is the only solution to manage the 

sea correctly. Through the VMS it is in fact possible to quantify the 

activity of all and sit at a discussion table with transparent data. 

Tunisians are adopting the VMS and closing the Gulf of Gabes to fishing 

during the 3 summer months. Greece closes trawling for 3 summer 

months. These measures are widespread throughout the Mediterranean, 

and it is only with the VMS that it is possible to ensure that everyone 

respects fishing stops. Thanks to VMS and AIS, and to the subdivision 

of the sea into subareas for management purposes, it is possible to know 

the number of sets per month per subarea. Each fishing port could 

propose how many sets to carry out per subarea, without completely 

stopping the activity in the whole fishing area. All this is possible with 

today's systems of spatial measurements and with more detailed and 

truthful catch declarations (necessary logbooks that show the catches, 

not just the number of days). If researchers and fishermen work 
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together, with adequate data, it will be possible to identify the 

acceptable level of exploitation for each fishing area, dosing the fishing 

effort by area. To do this and ensure proper management, the bluebox 

information is essential. 

• Fishermen: they agree on the usefulness of the AIS but complain about 

the difficulties and penalties to which they are subjected when the 

instrument does not work. 

The meeting ends with the commitment of the researchers to test the new 

proposals received and with the thanks of the Mayor for the open and fruitful 

discussion. 

Summary of proposals and collected information  

 2-month fishing ban, at different times for different species, with effort 

adjustment after the nam (2 working days, Monday and Thursday) 

 market regulation after the ban to improve the sale of the fish 

 faced with an implementation of the FRAs, the fleet will further exploit 

the northern limit, in the range of 3 to 20 miles. It will not go to the 

southern limit, too far 
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Flyer of the event 
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Meeting objectives 

The fourth “stakeholder meeting” of the Mantis project for the Sicilian Channel 

was held in Sciacca, on the 22th of July 2018. The meeting organized by CNR-

Mazara del Vallo and WWF, saw a reduced participation of local stakeholders, 

with a representative of the region's fisheries department, a fisherman and a 

representative of the fishers Cooperative. 

The objective of the meeting is to present to the stakeholders the results of 

simulations of different scenarios of fishery management in the Strait of Sicily 

(SoS) carried out within the Mantis project under the coordination of Tommaso 

Russo (University of Tor Vergata), and collect the indications and opinions of 

local fishermen about these results. 

Following the introduction of the project by Fabio Fiorentino and the 

presentation of the results of the 4 management scenarios tested by Tommaso 

Russo, the discussion was opened. 

Open discussion 

 Fisherman: the FRA of the Adventure banks is essential for local fishing 

not only for the species mentioned but also for many other species that 

have supported local fishing for 50 years, including squids, 

“cappuccetto” and small shrimps. These species are essential for the 

Sciacca market. Indicates that the deep water rose shrimp does not 

reach the age of one, it is fished before by trawlers. The mullet saves 

itself the rocky areas and reaches a maximum of 5 years of age. 

He claims that if the Adventure Bank is not fished for more than two months the 

production of calamari and shrimp falls. The closure of the Adventure Bank 

would have drastic consequences for Sciacca. 120 boats depend on it, and 4/5 

people per crew, each with family. 80% of Sciacca depends on the sea. 

 Fiorentino: stresses that the future of trawling cannot be based on squid 

fishing, cappuccetto or small shrimp as it is illegal fishing (species that 

are caught only with irregular meshes and non-selective nets, 

prohibited). The target of fishing must be moved towards the DPRS and 

red shrimp, the fishermen of Sciacca must equip themselves with 

freezers on board as the Mazara fishers. Suggests a plan for the 

conversion of fishing, with the elimination of the smaller boats of Sciacca 

that cannot survive. 

 Fisherman: He proposes closures of maximum 2 months for the bank 

and the 40mm mesh size for all. 

Main causes of conflict between sea users 

Giuseppe Scarcella asks what may be the major conflicts in the event of closure 

of a fishing area. Anchors and wells are indicated. 
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The 4th Mantis stakeholder meeting for the Adriatic Sea took place in Split on 

the 11th September 2018 and was hosted by IZOR. In addition to 

represenatatives of the Mantis project from Italy and Croatia, the meeting was 

attended by representatives of the Croatian ministry and the croatian fisheries, 

representatives of FAO AdriaMed and MEDAC representatives. 

Nedo Vrgoc and Giulia Prato introduced the Mantis project and the meeting 

objectives. Enrico Arneri from FAO stressed that Jabuka Pit is the largest 

experiment for fisheries management in Mediterranean and it is hence key to 

collect fishers perception to improve scientific knowledge and understanding of 

the area. 

Rosa Caggiano from MEDAC announced the establishment of the working group 

on co-management for Jabuka Pit within Medac. 

The representative of Croatian fishers, who has been fishing for 27 years in the 

area and owns 3 boats, confirmed that croatian fishers are seeing the results of 

Jabuka after one year of closure: hake is growing and the number of adults has 

increased. He suggested to maintain the closure of Jabuka Pit and extend a no 

take zone to everyone, including longliners. He raised complaints about an 

Italian fisher from Giulianova who is fishing in the no take zone.   

Lorenzo D’Andrea from University Tor Vergatapresented the modelling approach 

adopted for the Adriatic case study and the preliminary results. It was stressed 

that simulations were affected by the lack of landings data per vessel from 

Croatia (catch /day/vessel), since data was complete only for Italian trawlers. 

The presentation allowed to review the data and cross-check the preliminary 

results with participants, which led to the identification of a number of technical 

issues. Overall the modelling tool was appreciated by participants, however 

several suggestions were provided in order to improve it. The collected 

suggestions and data adjustments were integrated into WP3 work. 

The Croatian fishers representative provided some historical information, 

remembering that Jabuka Pit used to bhe full of Norway lobsters, while close to 

Tremiti islands 50years ago this species was absent. Since trawling started, 

Norway lobsters appeared also in Tremiti. He stressed that the same 

phenomenon is happening now with shrimp, coming from the Otranto channel 

and now appearing outside of Zadar. He suggested that with the increase in sea 

temperature, shrimps are increasing in the northern areasbecoming the most 

important commercial fish in the Adriatic, while Norway lobsters are decreasing.  

Finally, Silvia Angelini from CNR-Ancona presented the Sea-Grid database and 

he usefulness of the platform for fishers and other stakeholders. 

 

AGENDA 
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Mantis - Stakeholder Meeting N. 7 

IZOR Institute of Oceanography and Fisheries, Split, Croazia 

11 September 2018 

 

 9h30: NedoVrgoc IZOR: Welcome and introductions 

 9h45: Fabio Fiorentino CNR/Giulia Prato WWF Mantis project 

presentation and meeting objectives 

 10h00: Lorenzo D'Andrea Conisma:  Preliminary project results on 

fisheries management scenarios in the Adriatic 

 10h30: Open discussion with stakeholders  

 11h30: Coffe Break 

 11h45: Silvia Angelini CNR: GRID platform presentation 

 12h15: Open discussion on marine uses and conflicts  

 13h: Fabio Fiorentino CNR/Giulia Prato WWF: Conclusions 
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Meeting objectives 

On the 26th of October a meeting to share and discuss with stakeholders the 

results of both the Mantis and Minouw project was held in Mazara del Vallo, 

Sicily. Twenty stakeholders were welcomed to the meeting, including 

representatives of regional institutions and control bodies, national fisheries 

associations, local producers organizations and local fishermen cooperatives, 

local and national research centres. 

The objectives of the meeting were to:  

 Share and discuss the fisheries management scenarios simulated within the 

Mantis project for the Strait of Sicily  

 Share and discuss the results of the Minouw project on the tested solutions 

to increase gear selectivity and reduce discards at sea. 

The meeting lasted 3h following the agenda below:  
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After the participants welcome and acknowledgement from the CNR Director 

Gioacchino Bono, project coordinator Fabio Fiorentino recalled the correlated 

objectives of the 2 projects: protecting fish stocks by closing fisheries in areas 

of high juveniles concentrations (Mantis) and by increasing gears selectivity to 

reduce juveniles’ bycatch (Minouw). Fiorentino recalled the importance of 

having an open discussion with stakeholders, whose feedback has been key in 

the identification of the best management scenarios in the Mantis project, as 

well as in the development of technical solutions for gear selectivity in the Minow 

project.  

Overview of minouw results on technical solutions. Giulia Prato 

Giulia Prato, WWF, provided an overview of the Minouw project results, 

presenting the main technical solutions identified for improving trawl nets 

selectivity: led lights in Tuscany trawlers (the video was showed), T90 panel in 

Catalonian trawlers and grids in Sicilian trawlers. An overview of the project 

website was also provided to show where information on technical solutions of 

interest can be collected. The presentation highlighted the need for fishers to 

urgently adopt such technical solutions, in order to be able to comply with the 

Landing Obligation for demersal species entering into force on the 1st January 

2019. With this regard, the recent Medac advice was recalled, which asked for 

management plans where technical measures to improve selectivity are 

included as condition-sine-qua-non for obtaining de minims exemptions. 

Overview of mantis results on management scenarios. Tommaso Russo 

Tommaso Russo presented the production maps of the 4 target species (hake, 

red mullet, deep water rose shrimp and red shrimp) in the Strait of Sicily, 

compiled through the integration of scientific data and fishers knowledge 

collected during the project introductory meetings.  

Discussion: 
 Domenico Asaro, local fisher: requests a more detailed geographical 

map to verify the accuracy of the presented data, particularly concerning 

the red shrimp autumn fishing area located 60mile north Lybia, which 

does not appear to be a fishing area for the Sicilian trawlers. He also 

expresses disagreement with the presented levels of production, with 

the example of 3000 kg/30 m boat, being not realistic to his knowledge 

 T. Russo: shows the maps presenting the overlap among the age-

cohorts distribution of catches for each species and the existing Fisheries 

Restricted Areas.  

 GiampaoloBuonfiglio: expresses surprise for the absence of juveniles in 

the southernmost FRA  

 F. Fiorentino: clarifies that the FRA was established for hake which was 

demonstrated to be there according to surveys conducted until 2003. 
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The area was not monitoredsince then, hence data used for the current 

maps only includes 2012-2016 surveys.  

 G. Buonfiglio: Suggests that the areas showing high productions for both 

adults and juveniles should be considered as important areas where 

selective grids identified with the Minouw project should be used.  

 Germana Garofalo: specifies that the apparent overlap between adults 

and juveniles’ high concentration areas is mostly due to the low 

resolution of the map. Higher resolution maps with bathymetry would 

be needed to show the absence of overlap. 

 D. Asaro: stresses that fishers don’t target juveniles, but only adults 

that inhabit 700-1000 m depths. Fishers don’t target 300-500m grounds 

knowing they are inhabited by juveniles 

 F. Fiorentino: recalls that some fisheries (such as Sciacca) are forced to 

fish juvenile fish, not having vessels of enough size and power to target 

deeper and further grounds such as the Mazara vessels.  

T. Russo presents the tested management scenarios (Table Annex V-1): 

 status quo 

1. 1 year closures of all protected areas of the SoS 

2. 1 year closure of the SoS FRAs 

3. 8% fleet reduction and 5% effort reduction (according to the Sos 

management plan) 

4. 1 year closure of the whole Adventure Bank (scenario decided upon 

the feedback of fishers in Porto Palo)  

5. Autumn ban (sept-oct) + after-ban regulation of effort (3 fishing days 

per week during 2 months) (suggested by Porto Palo fishers)  

Winter ban (feb-march) + after-ban regulation of effort (3 fishing days per week 

during 2 months) (suggested by Porto Palo fishers) 
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Effects on effort dislocation  

 Scenario 4 - Adventure bank closure: Fishing effort increases in farther 

areas close to North Africa and along the borders of the closed area 

 Scenario 3 - Capacity and effort reduction: Fishers’ highlight the need to 

consider tunisian vessels, 300 boats operating offshore. The fleet is 

expanding, the area must be closed for everyone and research 

institutions must collaborate to monitor them. T. Russo states that the 

observation is relevant, but there is no available data about Tunisian 

fishing effort, since they don’t have VMS or AIS. Suggests that data could 

be collected by the Mazara fishers, while the data-collection will improve 

(mentions pilot studies testing VMS on Tunisian vessels)  

Effects on economic performance: 

 Scenario 4 - Adventures bank closure: no effect on costs, improvement  

on incomes and revenues  

 Scenario 3 - Capacity and effort reduction:  no effect on costs, even 

higher improvement on incomes and revenues (due to reduced 

completion among boats)  

 Scenario 2 - All FRAs closures and Scenario 6- winter ban: no effect on 

costs, improvement of incomes and revenues 

 Scenario 5 - Autumn ban: no effect on costs, reduction of income and 

revenues 

Effects on Spawning Stock Biomass 

 Deep-water rose shrimp: equilibrium is reached in all scenarios after an 

initial decline in the resource. The autumn ban scenario performs better 

in terms of stock recovery – after a strong reduction, the stock doubles 

its size in 6 years.  

 Hake: only the Adventure bank closure scenario has an effect, very 

positive. The closed Bank acts as a lung for the stock. This scenario has 

the most positive effect 

 Red mullet: Best scenarios are Adventures bank closure and autumn 

ban. The closure of all FRAs has no effect. 

 Red shrimp: Large positive effect from the autumn ban. Adventure 

banks closure has no effect 

Table Annex V-1 Synthesis of scenarios effects 

Effect on 

economic 

performance 

Adventure 

Bank 
FRAs 

All 

protected 

areas 

Capacity 

and Effort 

reduction 

Autumn 

ban 

Winter 

ban 

Costs          

incomes             

revenues             
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Effect on 

Spawining 

Stock 

Biomass 

Adventure 

Bank 
FRAs 

All 

protected 

areas 

Capacity 

and Effort 

Autumn 

ban 

Winter 

ban 

Deep-water 

rose shrimp             

Hake             

Redmullet             

Redshrimp             

Discussion: 

 T. Russo: To have a real effect on species biological cycles, large areas 

must be closed, however this might negatively affect other species since 

the fleet is forced to insist in other areas. The Adventure bank closure is 

the most promising scenario in terms of improved production, improved 

size of the catches and hence improved revenues on the market. If no 

spatial measures are considered, the most promising scenario is the 

Autumn ban, followed by a regulation of effort. 

 F. Fiorentino, G. Buonfiglio: economic performances are only referred to 

the first year after the application of the measure. The reduction in 

revenues foreseen (e.g. following the winter ban) will be balanced by 

the rapid increase in production of the stock. Longer term predictions 

are needed also for the economic performance of the fleet, and the 

Tunisian fleet activity must also be included. 

 T. Russo: It is possible to estimate the Tunisian activity, also for the 

vessels not having vms or ais. Official fleet register data are needed, 

plus the knowledge of the Mazara fishers on the tunisians’activity. A 

discussion needs to follow on whether the closure simulations should be 

tested for both Italian and Tunisian fleets or accounting for a Tunisian 

non-compliance.  

Detailed results of grid tests – MINOUW. Sergio vitale 
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After reminding project objectives and workingpackages, Sergio Vitale focused 

on the results of the tests performed to improve bottom trawl selectivity and 

reduce juvenile discards through the application of Juveniles Trash Excluder 

Device (JTED). Target species of the fishing activity are the Deep Water Rose 

Shrimps (DPS), while the by-catch species aremostly European hake (HKE) and 

horse mackerel. An interchangeable system was projected to adapt, on a fixed 

frame, three grids with different selectivity (Grid 1, Steel & Net, mesh size 40 

mm square; Grid 2, Steel, space among the bars 2 cm; Grid 3, Steel, space 

among the bars 2.5 cm) (Fig. Annex V-1). The sampling design consisted in 

repeated hauls (with grid and without grid) using a local commercial fishing 

vessel. Forty-eight trawl hauls were carried out on 7 days over the same 

geographical coordinates during November 2015. In September 2017 a new 

survey was conducted with the same vessel for a total of further 42 hauls. 
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Figure Annex V-1 Juveniles Trash Excluder Device (JTED) adopted during the MINOUW project 

Square mesh grid (Grid 1) was the most efficient in reducing shrimp 

and hake juveniles. 

New tests will be performed during the commercial fishing activity, in order to 

simultaneously test the grid effect with paired trawls, one equipped with a grid, 

one without, as control.  

The main problem identified was the occlusion of grids with macro-zoobenthos, 

when fishing trawler targeting fish on rocky-habitats. The potential solution will 

be to adopt a double net (as already used in the commercial activity) – with a 

vertical-bars grid (2 cm) installed on the upper net, and a lower net with larger 

mesh size which will allow the exit of macro-zoobenthos. 

Discussion: 

 F. Fiorentino: suggests that, based upon the Mantis results, area 

closures alone are not sufficient to allow stock recovery, but must be 

integrated with additional measures, one of which could be the 

identification of buffer areas around the nurseries, where fishing is 

allowed only to trawls equipped with selectivity grids. 

 Buonfiglio: demands whether anyeffect was seen on the commercial 

target. 

 S. Vitale: with grid 1 (built with a net of 40-mm square mesh) there is 

an overall loss of –60% and –44% DPS and HKE juveniles, respectively. 
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A good efficiency in reduction of undersized specimens using grid 2 (DPS 

–59%; HKE –34%,) and grid 3 (DPS –73%; HKE –38%). However, the 

latter showed quite a high loss of the marketable DPS fraction (–

36%).These % were calculated on 1 hour experimental haul, hence is it 

paramount to perform the test during the real fishing activity.  

Net efficiency depends on the haul duration and the time of the day: very high 

differences are seen between day and night hauls. At night grids are more 

efficient for DPS (from -45% during the day to -73% at night than the control) 

while for HKE its appear more efficient during the day (from – 50% during the 

day to -5% during the night than the control), since, during the night, juvenile 

hake swim towards the surface. 

 Buonfiglio: suggests to use grids to reduce juveniles at night, and to 

compensate the loss in the commercial fraction by using the lights as in 

the Tuscany Minouw site example. Lights in fact allow to increase the 

commercial fraction of the catch. 

 T. Russo: suggests it would be useful to evaluate the economic efficiency 

of the grids, considering the gain in time due to reduced processing and 

better prices on the market for higher quality catches.  

 Alfonso milano: stresses that consumers nowadays prefer large shrimps 

to be consumed raw. For this reason Esselunga buys deep water rose 

shrimp at 15 eur/kg.  It would be interesting to think an integration of 

the grid system with a set of overlaid folds that automatically select the 

sizes of the catch, avoiding the manual processing. EMFF funds could be 

used to develop this kind of solution.  

 S. Vitale reminds that such a solution would have a mechanical impact 

on the catch due to the passage of the animal through different levels. 

Fiorentino suggests that more modern boats are needed, built with the 

objective of valuing better the catch directly onboard.  

 S. Vitale: suggests to couple the use of grid to closures of nursery 

grounds, where only boats equipped with grids are allowed to fish, and 

to provide a sustainability certification to such boats as an incentive to 

adopt grids. Consumers are increasingly aware of environmental issues 

also related to fishing, as demonstrated by a study performed for 

Auchan, where consumers were available to spend up to 14% more for 

a certified product. 

 Buonfiglio: asks if grids have been tested only with a rigid structure. 

Vitale explains the structure is rigid but the 3 types of grids are easily 

inter-changeable. Interesting would be to test steel grids which could be 

rolled up.  A similar example exists in Norway, where on 35 m boats the 

crew is made of only 2 people, everything being authomatised. 

 Buonfiglio: asks if the cost and operational complexity for gear 

modifications to apply grids has been evaluated.   

 S. Vitale: applying grids to nets is very easy. One grid has an average 

cost of 600-700 euros. It is likely that the cost would be lower for a 
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bigger purchase from the sector. Grid installation is straightforward, as 

testified by boat captains and warehouseman. The cone of the current 

grid prototype could also be substituted with a net working as a 

launching platform.  The only problem related to grids is the risk of rocks 

being stuck in the grid when fishing for fish on rocky substrates (not 

shrimp). However this should be solved by using a double net – with 

lower net having very large mesh size. Rocks would roll into the lower 

net and would be released through the mesh or a pannel. This solution 

is already used in commercial nets for the same reason.  

 Buonfiglio: states that the loss in 7% of the target catches would surely 

slow fishers to accept grids. It would be necessary to impose grids as 

only condition to fish in certain areas.  

 Fiorentino: agrees that grids use should be imposed in the management 

plans in particular for fishing in juveniles concentration areas. 

 Buonfiglio:  suggests to close GFCM FRAs in the Strait of Sicily with an 

additional surrounding buffer zone with limited access to boats equipped 

with grids.  

 T. Russo: stresses that fishers must see the advantage in such measure, 

otherwise they would never implement them (and controls are lacking)  

 A. Milano: suggests that the advantage for fishers adopting grids would 

be the facilitated access to EMFF measures. E.g for measure 1.42 for 

fish products transformation onboard, only vessels adopting selective 

gear are eligible  

Conclusions 

MANTIS: The Adventure bank closure is the most promising scenario in terms 

of improved production, improved size of the catches and hence improved 

revenues on the market. If no spatial measures are considered, the most 

promising scenario is the Autumn ban (sept-oct) followed by an after-ban 

regulation of effort (3 fishing days per week during 2 months, as suggested by 

Porto Palo fishers)  

Additional tests needed: Longer term predictions for the economic performance 

of the fleet are needed and the Tunisian fleet activity must also be included. 

Tunisian activity might be quantified coupling official fleet register data with the 

the knowledge of the Mazara fishers. 

MINOUW: Square mesh grid (Grid 1) is the most efficient in reducing catch of 

undersized shrimp and hake.  Grids could be used to reduce juvenile catches at 

night, while adopting lights (see Tuscany site example) to compensate   loss in 

the commercial fraction. One grid has an average cost of 600-700 euros. It is 

likely that the cost would be lower for a bigger purchase from the sector. Grid 

installation is straightforward, as testified by boat captains and warehouseman. 

Grids use should be imposed in the management plans in particular for fishing 

in areas of juveniles concentration. Eg. GFCM FRAs in the Strait of Sicily could 
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be prohibited to fishing, while adding a surrounding buffer zone with access 

allowed only for vessels equipped with grids. 

Fishers adopting grids would have facilitated access to EMFF funds, in particular 

measure 1.42 

Additional tests needed:  

 grid effect with paired trawls, (one equipped with a grid, one without, 

as control) during the commercial fishing activity, in order to evaluate 

real % of target catch retention. 

 Net modification to use grids on rocky substrates, with a double net 

(doppiosacco - as already used in the commercial activity) – with a 

vertical-bars grid (2 cm) installed on the upper net, and a lower net with 

larger mesh size which will allow the exit of macro-zoobenthos and rocks 
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The 7th and final stakeholder meeting of the Mantis project was held back to 

back with the FAO MedSudMed technical meeting in support of fisheries 

management in the south-central Mediterranean Sea.  

The meeting was attended by representatives of the Italian, Tunisian, Lybian, 

Maltese and Cyprus government and research institutes which form part of the 

MedSudMed network. Final Mantis project results for the Strait of Sicily were 

presented by Tommaso Russo during the first day of the meeting (see Agenda 

in Annex I).  

The presentation showed that among the 14 scenarios tested, those providing 

the best compromise in terms of conservation and economic benefits were the 

scenario proposed by fishers (2-months summer trawling ban followed by effort 

regulation) and the scenario of GFCM FRAs closures + 8% effort reduction. The 

closure of the Adventure Bank FRA alone, although providing the highest 

conservation benefits, was detrimental to fishing income (Fig. Annex VI-1) 

 

Figure Annex VI-1 Conservation and economic benefits of the 14 tested scenarios. 

Mr. Jarboui, Chair of the meeting, thanked Mr. Russo for the different scenarios 

provided, and encouraged including South Mediterranean data, considering 
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socio-economic impacts after the first year of closure, and finally, evaluating the 

possibility of closing other fishing grounds in addition to those presented. Mr. 

Russo replied that for the moment, data from South Mediterranean countries 

are not fully reliable, and not available for many years. About the socio-

economic impacts, he also added that the focus of the research was to evaluate 

the initial price that fishers would have to pay under different management 

scenarios (some of which resulted economically unsustainable for the fishers). 

Mr. Fiorentino added that the estimates were based on geo-referenced 

information, and stressed the importance of having geo-referenced CPUE, effort, 

standing stock biomass as well as connectivity data. Once this information would 

be available from North Africa, the picture will be complete. Under this point of 

view, the role of MedSudMed is vital. Connectivity information is vital to define 

nursery areas as well as their spillover towards grounds in which juveniles 

become catchable adults. 

Mr. Arneri thanked Mr. Russo for his presentation and expressed his gratitude 

to the MANTIS project for having included the concerns shared by fishers in the 

analysis. It was especially important modelling their behavior, to assess the 

potential choices made once an area is closed to fishing. Mr. Arneri also added 

that socio-economic data on Tunisian fisheries are being collected by 

MedSudMed and the INSTM, and that soon such an analysis will be applied to 

all areas.  

For what concerns the simulations implemented under the MANTIS project, 

Sadok Ben Meriem from the INSTM added that these should be performed 

carefully. This is because the interaction among different species also needs to 

be considered in order to avoid biased results. In addition, the projection should 

be extended further to the first year, because it is clear that at the beginning of 

a fishing restriction there will be a decline in the catch and therefore in 

profitability, but in the medium and long term it is highly likely that the catch 

will recover and, thanks to a balance in terms of price per kg of target specie 

also the profitability of the fishery will recover.  

Overall the participants welcomed the presentation, which highlighted the 

amount of work done and results achieved. In particular, the several scenarios 

tested and the overall approach adopted in the study presented were 

acknowledged, as well as the importance attached to inputs from fishers in 

scenarios identification and to fishers’ behaviour in the simulation process.  

The participants also noted that the data used comprised only the Italian fleet 

and looked forward to further expand the study. In particular, the importance 

to include in the model data from the southern part of the central Mediterranean 

and explore medium term projections for the economic studies was stressed. 

On this respect, Mr Russo confirmed the possibility to import and include in the 

study a wider set of data and reiterated that the more data are included in the 
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model, the more robust would be the results. Regarding the economic 

projections, Mr Russo reiterated the main objectives of the simulation tool, that 

is to explore the initial loss in terms of catch and income that fishers would be 

called to face in the case one of the scenario considered would be applied. 

As further comment, Mr Fiorentino recalled that SMART estimates were based 

on geo-referenced information; therefore he stressed the importance of having 

geo-referenced data on catch, effort, catch per unit of effort (CPUE) standing 

stock biomass, as well as connectivity data for feeding the model. Accordingly, 

the need of gathering the best possible data from surveys at sea and commercial 

catch monitoring covering the entire Strait of Sicily was put forward. In this 

view, the participants concurred that MedSudMed would play a kay role in 

supporting the collection and standardization of data for joint studies. 
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MANTIS: Marine protected Areas Network Towards Sustainable 

fisheries in the Central Mediterranean 

MULTI-STAKEHOLDERS WORKSHOPS ON THE MAIN RESULTS OF THE 

MANTIS PROJECTS IN THE STRAIT OF SICILY 

Palermo, 20 June 2019 

To be held back to back with the MedSudMed technical meeting in support of 

fisheries management in the south-central Mediterranean Sea 

Hotel Astoria– Via Montepellegrino, 62 – Palermo - Italy 

Provisional agenda  

09:30-09:45 - Opening of the meeting and objectives presentation (Fabio 

Fiorentino)  

09:45-10:15 - Simulating the effects of alternative management measures of 

trawl fisheries in the Strait of Sicily including a network of FRAs (Tommaso 

Russo) 

10:15-10:30 - Coffee break 

10:30-11:00 - Discussion with stakeholders operating in the Strait of Sicily and 

conclusions (Giulia Prato and Fabio Fiorentino) 
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Executive summary 

According to the approved program, the WP3 of the MANTIS project was aimed 

to model the dynamics of target stocks in terms of abundance and yield, 

including connectivity between spawning and nursery areas (larval dispersal, 

bottom settlement, ontogenetic and spawning migrations). WP3, that is the core 

of the whole project, aims to simulate effects of different management 

scenarios, based on combinations of different networks of existing and new 

MMAs and variations in fishing effort (e.g. days at sea), on the population 

dynamics of the target species and fisheries when pursuing the target of MSY 

within the more general EAFM. To this end the behaviour and space-time 

dynamics of fleet are modelled. Thus, the activities of WP3 was firstly aimed at 

setting-up the data platform with advanced functionalities for querying and 

processing information collected in WP2. In this initial phase analyses focalized 

on the identification and mapping of main trawling fishing-grounds in the case 

study areas as prerequisite for any effective simulation of spatial based measure 

for fishery management. After the selection of the best trade-off for the spatial 

modelling of the system, performed according to the different data sources 

(VMS, biological monitoring of catches, landings and surveys), the spatial 

distribution of the resources and the related productivity (in terms of LPUE) was 

estimated for each spatial unit/month. The reference spatial unit finally adopted 

for modelling was a 15 × 15 nautical miles grid, which is a submultiple of the 

one defined by the GFCM. These results represented the pre-requisite to model 

the stategy of the trawlers, through an Individual-Based approach.  

In the meantime, the modelling of connectivity (that is movement between 

different spatial units across different times) was, performed for the different 

species, in terms of both passive drift of eggs and larval stages fromSpawning 

areas towards Nursery areas and Juveniles/Adults migration from Nursery 

areas. In combination with the spatial modelling of productivity and related 

strategy of the trawling fleets, these two components of the connectivity allowed 

to explore a series of spatial-based, temporal-based, capacity-based and 

combined scenarios for each case study.  

The original workplan of the MANTIS project established the application of two 

modelling approaches in order to assess and forecast the potential (expected) 

effects of spatial-based management scenarios: (1) The SMART platform (Russo 

et al., 2014b), representing an innovative approach further developed during 

the project; (2) the ISIS-Fish platform(Mahévas and Pelletier, 2004), an 

acknowledged model in this field that was selected to provide a comparative 

landmark. Concerning ISIS-Fish, collaboration was started with the team of Dr. 

Stephanie Mahevas (Unit of Fisheries Ecology and Modelling - IFREMER). In 

contrast with SMART, the ISIS-Fish platform does not allow to predict the fishing 

effort displacement determined by spatial and/or temporal management 

measures. Thus, while the set-up of the ISIS-Fish application was partially 

carried out, it was decided to use some outputs of SMART, specifically the 
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optimized fishing effort pattern associated to each scenario, to assess the 

corresponding effects on stocks and fishery. This decision determined a 

temporal rearrangement of the application of the two models: the full 

application of SMART became a pre-requisite for the application of ISIS-Fish. 

However, despite the extension of the project duration, the modelling of 

connectivity and the full application of SMART required more time than 

expected, and this determined the practical impossibility of completing the 

application of ISIS-Fish.Thus, the full modelling of the two case studies was 

limited to the application of SMART. 

It is worth noting that another aim of the WP3 was the modelling of that relevant 

portion of the fleet (at least in the Adriatic Sea) of trawlers not equipped with 

VMS or AIS. To do this, an approach based on Artificial Neural Network was 

developed and applied. Although the lack of data about catches and landings of 

this portion of the fleet prevented the application of the IBM modelling of fishing 

effort displacement by scenario, we estimated the overlap between spatial 

closures and aggregated fishing footprint for these vessels.  

The application of SMART to the case study of Strait of Sicily allowed exploring 

the possible consequences of fourteen management scenarios, including the 

status quo. The results indicate that: 

 The biological effects (i.e. on the four modelled stocks) vary largely 

between the different scenarios. In particular, some spatial approaches 

such as the closure of the three established GFCM FRA, are likely to allow 

reaching the sustainability targets in terms of fishing mortality for three 

of the four stocks considered (deep water rose shrimp, red mullet and 

giant red shrimp),  

 An Extended Summer stop, that is the full temporal ban of trawling for 

2 months followed by other two months of reduced activity, represents 

another potentially effective (but costly) approach; 

 All the management scenarios are always associated, at least in their 

first phase of entry into force, to a decrease of the profit for the fleet 

with respect to the status quo; 

The application of SMART to the case study of the Adriatic Sea allowed exploring 

the possible consequences of seven management scenarios, including the status 

quo. The results indicate that:  

 A general reduction of fishing mortalities on resources is expected by all 

the management measures with the exception of the Pomo Pit and Sole’s 

Sanctuary closures for red mullet and the Summer stop for common 

sole; 

 The FRA for the Sole Sanctuary produce a light improve in sole SSB, 

while the Jabuka/Pomo Pit FRA is likely to determine strong increase of 

SSB of the Norway lobster;  
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 The most effective measure is represented by the closure of a large 

coastal area (within 6 nautical miles from the coast), although the 

economic effects of this approach could be very negative for the fleet;  

Conversely to the case study of the Strait of Sicily, the Extended Summer stop 

scenario does not seem a promising approach in the Adriatic Sea.  

Scope of this deliverable 

According to the approved program, the WP3 of the MANTIS project is aimed to 

model the dynamics of target stocks in terms of abundance and yield, including 

connectivity between spawning and nursery areas (larval dispersal, bottom 

settlement, ontogenetic and spawning migrations). WP3, that is the core of the 

whole project, aims to simulate effects of different management scenarios, 

based on combinations of different networks of existing and new MMAs and 

variations in fishing effort (e.g. days at sea), on the population dynamics of the 

target species and fisheries when pursuing the target of MSY within the more 

general EAFM. To this end the behaviour and space-time dynamics of fleet are 

modelled. Following the Deliverable 3.1(Set-up of the data platform with 

advanced functionalities for querying and processing), in which the preliminary 

set-up of the modelling approaches was presented, this Deliverable presents the 

final applications to the case studies and discusses in details the related results. 

The first part of this deliverable is dedicated to the modelling of connectivity in 

the two case study areas, including both passive movements (i.e. larval 

dispersal – from spawning to nursery areas) and juveniles/adults movements. 

The second part of this deliverable is dedicated to the modelling of trawl fishing 

in the two case study areas, including the evaluation of different management 

scenarios. 

The original workplan of the MANTIS project established the application of two 

modelling approaches in order to assess and forecast the potential (expected) 

effects of spatial-based management scenarios: (1) The SMART platform (Russo 

et al., 2014b), representing an innovative approach further developed during 

the project; (2) the ISIS-Fish platform(Mahévas and Pelletier, 2004), an 

acknowledged model in this field that was selected to provide a comparative 

landmark. Concerning ISIS-Fish, collaboration was started with the team of Dr. 

Stephanie Mahevas (Unit of Fisheries Ecology and Modelling - IFREMER). In 

contrast with SMART, the ISIS-Fish platform does not allow to predict the fishing 

effort displacement determined by spatial and/or temporal management 

measures. Thus, while the set-up of the ISIS-Fish application was partially 

carried out, it was decided to use some outputs of SMART, specifically the 

optimized fishing effort pattern associated to each scenario, to assess the 

corresponding effects on stocks and fishery. This decision determined a 

temporal rearrangement of the application of the two models: the full 
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application of SMART became a pre-requisite for the application of ISIS-Fish. 

However, despite the extension of the project duration, the modelling of 

connectivity and the full application of SMART required more time than 

expected, and this determined the practical impossibility of completing the 

application of ISIS-Fish. 

Thus, the second part of this deliverable contains only the complete list of 

results, for the two case study areas, obtained using SMART. 

Modelling of connectivity 

This section of the deliverable is devoted to the description of the scope, 

methods and outcomes of the numerical approach used to define population 

connectivity in the target regions of the Strait of Sicily (Mediterranean Sea) (in 

Section “Case study #1: The Strait of Sicily“) and Adriatic Sea domain, GSA 17 

and GSA 18 (in Section “Case Study #2: The Adriatic Sea”). Specifically, the 

adopted approach provided connectivity information of eggs and larvae between 

the spawning areas, where mature specimens release eggs, and recruitment 

areas, where larvae reach their preferential habitat at the time of settlement 

and it produced an initial hypothesis about the migration of adult specimens 

that leave nurseries towards suitable areas for eggs release. Connectivity 

information adequately interpolated over the geographical distribution of fishing 

grounds will be adopted, for the implementation of the model SMART. 

Connectivity between spawning and nursery areas (in Section “Spawning-

Nursery areas connectivity”) will be investigated by means of numerical models 

that are designed to compute ocean circulation patterns and to infer the paths 

of larval dispersal from spawning sources to settlement sites (i.e. nursery 

areas). The potential effects of water circulation on eggs and larvae will be, 

hence, investigated by treating them as numerical Lagrangian particles that are 

advected by a transport model that predict the movement of particles on the 

base of advection, turbulent component of the ocean currents, and larvae 

behaviours.  

Information of adult migration towards suitable areas for eggs release (in 

Section “Adult migration from nursery areas”) was inferred on the base of 

geographical distribution of species abundance and related age classes by 

evaluating the spatial gradient of abundances between age classes.  

For what concern the Strait of Sicily population connectivity was provided for 

the target species Parapenaeus longirostris, Mullus barbatus, Merluccius 

merluccius andAristaeomorpha foliacea. Information were provided in between 

the years 2012 and 2015 and they were made available to the project partners 

at the following link: 

https://drive.google.com/open?id=1wUCD1fsWZIgHnmxF09rTUxQxG3dumfh-. 
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For the Adriatic Sea, larval connectivity was provided for three target species, 

Nephrops norvegicus, Mullus barbatus, andSolea solea, by providing larval 

fluxes simulated for the period 2006-2016 obtained with a daily frequency larval 

release occurring during the spawning season. The adult connectivity was 

computed for Mullus barbatus, Merluccius merluccius andSolea solea using 

CampBiol DATA of the years 2012-2016. Results were shared with project 

partners at the link: 

https://drive.google.com/drive/u/0/folders/1RNH339NJ-T3M7_cnLA3-

0BFxQtuBjUwT. 

The released project outputs consist of connectivity matrices between spawning 

and recruitment areas, and on migration flow matrixes for adult migration 

patterns. Connectivity matrixes provide the fluxes of particles that leaving the 

spawning areas reach nursery ones. Such fluxes are normalized by the total 

amount of particles that are released during the year/month/or reference period 

within each spawning areas.  

In order to verify the reliability of the model to provide suitable solutions and 

test the sensitivity of recruitment to multiannual hydrodynamic conditions a 

recruit density index, named larval aggregation index, was computed and 

compared with available observations. 

Outputs of migration information include maps of colored vectors indicating the 

potential geographical changing of species abundances per age classes. 

The domains of investigation 

The Strait of Sicily 

The Northern sector of the Strait of Sicily (Mediterranean Sea) is a case studies 

that was considered for its relevance in terms of contribution to total annual 

production of demersal species in the Mediterranean Sea and presence of stocks 

shared between Member States and Third Countries. The study area (Fig. Annex 

VII-1) includes the FAO- GFCM geographical sub-areas (GSAs) 15 (Malta Island) 

and 16 (South of Sicily).  

The Strait of Sicily connects the eastern and the western side of the 

Mediterranean Sea with complex geomorphology of the seabed that include 

banks, large plateaus and an abyssal plain. On the eastern side, a submarine 

plateau extends from Cape Passero (Sicily Island) to the Maltese Archipelago, 

whereas on the western and southern sides the Adventure Bank and the wide 

North African shelf characterize the Strait of Sicily bottom topography. Nine 

different biocenosis types provide suitable habitat for the investigated species. 
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Figure Annex VII-1 Geographic and bathymetric features of the Strait of Sicily between the Sicilian 

and the African shelves. 

The general oceanographic features are dominated by the eastward flowing 

Modified Atlantic Water (MAW) and by the westward flowing Intermediate 

Levantine Waters (LIW). The former splits into two main streams, the Atlantic 

Ionic Stream (AIS) and the Atlantic Tunisian Current (ATC, Béranger et al., 

2004). These currents interact with continental shelves and the margins of the 

main banks (Adventure and Malta Banks) giving rise to strong coastal current 

or stable geostrophic gyres and upwelling also enhanced by South-West and 

North-West winds (Millot&Taupier-Letage, 2005). 

A comprehensive physical dataset provided by the reanalysis, analysis and 

forecast components of the Mediterranean Forecasting System - MFS and 

released by Copernicus platform (http://marine.copernicus.eu) was used to 

recognise the uniqueness of the oceanographic features of the Strait of Sicily 

and to force the larval transport Lagrangian model, that will simulate numerical 

particles displacements at sea. 

For instance, Figures Annex VII-2 gives emphasis to the main features of the 

sea current field. Such pictures are derived by an average of the first 15 m depth 

of the water column for the periods 1994 - 1997 (top panel) and 1998 - 2010 

(bottom panel). As revealed by the analysis of decadal variability of the 

Mediterranean Sea circulation, (Pinardi et al., 2015) showed large changes 
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between such two periods during which a current reversal take place in the 

northern Ionian Sea and affect the eastern part of the Strait of Sicily circulation. 

In the northern part of the Ionian Sea, during the first period, the extension of 

AIS shows a large northward meander, giving rise to an overall anticyclonic 

circulation, on the other hand, during the second period the circulation in the 

northern Ionian Sea is cyclonic and the AIS cut across the Ionian Sea at the 

latitude of around 36° N. 

Geographic information about the distribution of known spawning and nursery 

(i.e. suitable for settlement) areas of the Strait of Sicily as well as their shape 

were obtained by means of a long-term dataset (2003 – 2010) of bottom trawl 

surveys supported by the MEDITS project. The latter allowed for the gathering 

data about demersal communities of both mature and juvenile specimen 

(Bertrand et al., 2002b, 2002a), mainly carried out in late spring (May-June). 

An example of the dataset is shown in Figure Annex VII-2 where coloured 

patches indicate the temporal persistence of Parapenaeus longirostris catches 

in the northern part of the SoS. 

Temporal persistence, given by the Persistence Index (PI), is derived by the 

above cited dataset and, ranging between 0 and 1, it indicates the total absence 

of mature/recruits density hot spots or the maximum time persistence of 

mature/recruits density hot spots throughout the years (Colloca et al., 2015; 

Fiorentino et al., 2003). 
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Figure Annex VII-2 Sea current climatology at 15 meters depth including years from 1994 to 
1997 (top panel) and 1998 to 2010 (bottom panel). Colours show values of the sea current 

greater than 0.05 m/s. 
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Figure Annex VII-3 Size and geographical distribution of spawning (top panel) and recruitment 
(bottom panel) areas with computed Persistence Index (PI) values. 
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Spawning-Nursery areas connectivity 

The numerical approach 

The connectivity between spawning and nursery areas was investigated by the 

adoption of numerical modelling. The adopted model for this case study is 

LTRANS (Larval TRANSport Lagrangian model) that was originally built by (North 

et al., 2006) at the University of Maryland. The model consists of an off-line 

particle-tracking model that runs with the stored predictions of the Regional 

Ocean Modelling System. For the aim of this case study and the specific 

applications, required by MANTIS project, a number of changes were hard coded 

in order to provide different input hydrodynamics and output layout. 

LTRANS is written in Fortran 90 and it includes a 4th order Runge-Kutta scheme 

for particle advection and a random displacement model for vertical turbulent 

particle motion. Larval behaviour may be used to assign specific features to the 

larvae, and settlement routines may be used to account for pediveliger 

settlement in order to increase the realism of the simulations. See Figure Annex 

VII-3 for a flowchart representation of the functioning of LTRANS model. 

The advection scheme solves for the current velocities at the particle location 

using an iterative process that incorporates velocities at previous and future 

times to provide the most robust estimate of the trajectory of particle motion in 

water bodies with complex fronts and eddy (Dippner, 2004). Current velocities 

provided by the Runge-Kutta scheme are multiplied by the duration of the 

internal time step (dt) to calculate the displacement of the particle in each 

component direction. Displacements are then added to the original location of 

the particle (xn, yn, zn) in order to calculate the new location of the particle. 

xn+1  = xn +  u dtEq. 1 

y n+1 = yn +  vdtEq.2 

z n+1 = zn + wdtEq. 3 

The model also uses a random component to particle motion in order to 

reproduce turbulent diffusion that occurs at the scale of particle motion, smaller 

than the grid resolution of the hydrodynamic model (Hunter et al., 1993). A 

random displacement model (Visser, 1997) is implemented within the larval 

transport model to simulate sub-grid scale turbulent particle motion in the 

vertical direction and a random walk model is used to simulate turbulent particle 

motion in the horizontal direction.  

The behaviour routine includes a swimming speed component and a behavioural 

cue component that can depend upon species and developmental stage 

regulating the direction of particle movement.  
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The settlement routine is to determine if a particle is inside or outside suitable 

habitats (defined by polygons). Once a particle reaches a specified age, the 

settlement module tests the location of particles to determine if they are within 

the boundaries of a polygon. To determine if the particle is inside or outside a 

polygon, a ray, parallel to the x-coordinate axis, is shot from the particle to the 

east. The number of times the ray intersects with the line segments of each 

polygon is calculated; if the number of intersections is odd, then the particle is 

within the polygon, if the number is even, then, the particle is outside the bar 

boundaries. 

Before particles settle or die (i.e. the particle stop moving representing the 

death of a larva), the location of each particle is tested every internal time step 

to ensure that it remains within the model boundaries. If the motion of the 

particle causes it to exceed the boundaries, the particle can be placed within the 

model domain or can stop at the edges. Vertical boundaries (surface and 

bottom) are specified for each particle by interpolating sea surface height and 

bottom depth to the location of the particle. If a particle passes through the 

surface or bottom boundary due to turbulence or vertical advection, the particle 

is placed back in the model domain at a distance that is equal to the distance 

that the particle exceeds the boundary (i.e., it is reflected vertically). If a particle 

passes through the surface or bottom due to particle behaviour, the particle is 

placed just below the surface or above the bottom. 
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Figure Annex VII-4 Flow diagram of the overall components of the Lagrangian model (from 

LTRANS User Guide). 

Case study #1: Strait of Sicily 

Design of the experiments 

The spatial information about the Strait of Sicily domain that were used to 

implement the present case-study include modelled hydrodynamic variables 

(i.e. zonal and meridional current velocity at all computed depths) and 

geographical location and shapes of the known spawning and nursery areas 

(Fiorentino et al., 2003; Garofalo et al., 2007) of the target species Parapenaeus 

longirostris, Merluccius merluccius, Aristaeomorpha foliacea and Mullus 

barbatus. Unknown areas of spawning and recruitment were inferred by 

considering typical habitat preferences (depth distribution and bottom 

substrates) of the species. 

The hydrodynamic variables were obtained by Copernicus Marine platform that 

is in charge of release multiannual dataset of the Mediterranean Forecasting 

System. Its reanalyses components, with available data from 1987 up to 2015, 

are derived by the application of the hydrodynamic model NEMO-OPA (Madec, 

2008). This ocean general circulation model solves the primitive equation in 

spherical coordinates and it is implemented in the Mediterranean basin at 1/16° 

by 1/16°(about 7 km) horizontal resolution and 72 unevenly spaced vertical 

levels(Oddo et al., 2009). The model solutions are corrected by a variational 

data assimilation scheme. The model domain extends into the Atlantic in order 

to resolve the exchanges with the Atlantic Ocean at the Strait of Gibraltar and 

there, it is nested with climatological fields computed from ten years of global 

model output (Drévillon et al., 2008). NEMO-OPA is forced by momentum, water 

and heat fluxes interactively computed by bulk formulae using the 6-h, 0.75° 

horizontal-resolution ERAInterim reanalysis fields from the European Centre for 

Medium-Range Weather Forecasts (ECMWF). 

The location and shape of the main areas of the Strait of Sicily, where mature 

(i.e. zones of spawning) and juvenile (i.e. zones of recruitment where larvae 

can settle to became juveniles) specimen are found, were derived by a long-

term bottom trawl survey (2003 -2010) named MEDITS. Supported by the 

Ministry of Agricultural, Food and Forestry Policies and the European 

Commission, MEDITS was carried out in EU Mediterranean waters in late spring 

(May-June) to gather data on benthic and demersal fish and shellfish in a wide 

depth range, from 10 to 800 meters’ depth. The survey adopts a standardized 

trawl net (GOC 73) with vertical opening of 2.5–3 m and a very fine stretched 

mesh (20-mm) in the cod-end, thus, designed to catch demersal communities 

in a large range of sizes, including small-sized juveniles. 

For the Strait of Sicily domain, the survey dataset was analysed and mapped to 

define areas of density of mature and juveniles over years, also performing a 
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persistence analysis on these density patches (Colloca et al., 2013). The 

computation of an index of persistence for density values provided evidences of 

the temporal stability of the density patches. Such index is computed for each 

grid point of the maps and it is the ratio of the number of years in which the 

pixel shows values higher than the upper quartile and the total number of years. 

Hence, it ranges between 0 and 1, where 1 indicates maximum persistence of 

the highest values throughout the years, and 0 the total absence of highest 

values (Fiorentino et al., 2003; Garofalo et al., 2007). Stable nursery or 

spawning areas were thus defined as those areas showing high persistence 

(greater than 0.8) of the uppermost densities of young-of-the-year and mature 

females, respectively (Fortibuoni et al., 2010). For instance, Figure Annex VII-

3 show spawning (top panel) and recruitment (bottom panel) spatial patterns 

defined by the persistence index (hereafter PI) that was computed from 

observations of Parapenaeus longirostris. PI greater than 0.8 identifies stable 

(during the period of observations) spawning areas (top panel) and recruitment 

areas (bottom panel). 

For the purpose of this numerical model case study, spawning (where numerical 

particles will be released) and nursery areas (where numerical particles can 

potentially settle) include the entire range of PI values. If geographical 

distribution of spawning and recruitment areas were not available by 

observational dataset they were inferred by merging available data of substrate 

and bathymetry (derived by EmodNET portal; http://www.emodnet.eu) that are 

typical of juvenile recruiter and adults of the target species. The same 

Lagrangian model parameterization was adopted for all experiments except for 

the location and spatial extension of the spawning and recruitment areas that 

differs for each species. The Lagrangian model uses external time step 

corresponding to the daily frequency of the released physics products of the 

zonal and meridional current velocities and internal time step of 1800 seconds, 

for stability reasons. The output is stored every day of the model integration. 

Turbulent horizontal and vertical components are given by the constant value 

of 4.9 m2 s-1 in agreement with the numeric approach proposed by (Okubo, 

1971) and based on the computational grid spatial resolution. During the model 

simulations, a spatially homogeneous (a regular grid of 2.6 by 3.3 km was used) 

set of particles was released, with daily frequency, within the edges of the 

spawning areas. The particles were randomly released along the water column 

and advected by the MFS sea current fields. 

Since we do not model growth explicitly, in absence of a defined relationship 

linking temperature and larval phase duration we assumed that larvae reach the 

minimum length for settling in two time windows: 10-30 and 40-60 days after 

spawning. Therefore, the particles released in the spawning areas and advected 

by currents, can settle only if reaching the nursery area within this time frames. 

Before they are considered too small to settle and after they are removed from 

the simulation. The 10-30 days group can mimic a fast growing larvae being 
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spawned during summer months while the 40-60 days group a winter ones. For 

this reason, each model simulation includes two different values for age of 

settlement and death of numerical particles, artificially introducing natural 

larvae behaviours.  

Particularly, the Lagrangian model runs with 22 years of hydrodynamics 

hindcast obtained for the period 1994 - 2015 for Parapenaeus longirostris, and 

it runs with 4 years hindcast for the period 2012 - 2015 for the remaining 

considered species. 

The outcomes of the Lagrangian model were ad hoc processed to evaluate the 

origin of numerical particles that settle into defined recruitment regions, hence 

providing connectivity information. For the species Parapenaeus longirostris a 

larval aggregation index was also computed in order to verify the reliability of 

the model solutions in relation to known hydrodynamics constraints.  

Larval aggregation index was computed for each cell of a control grid as follows: 

𝐿𝐴𝑖 =  ∑ 𝐶𝑗

𝑛

𝑗=1

 Eq. 4  

where (i) indicates each cell of the recruitment areas, C the number of numerical 

particles entering a cell during the settling period and (j) the time range of the 

simulations. LA values, normalized by the maximum value obtained during the 

time range of the simulations, range between 0 and 1. The value (n) is the 

number of years included into each ensemble and can be modified to obtain 

seasonal, yearly or multiannual estimates.  

For graphical representation and easy discussion LA densities were split into five 

classes ranging from very low (0.05–0.20) to low (0.21–0.40), intermediate 

(0.41–0.60), high (0.61–0.80) and very high (0.81–1). 

The particles fluxes (PFs) were computed with equation (5). CRis the number of 

numerical particles that settle in a recruitment region (R) during the time range 

of the simulations (j). CRis normalized by the number of particles (NS) that are 

released in the spawning region, during the whole simulation. As for LA, (n) can 

vary to obtain specific temporal ensemble of simulations. 

𝑃𝐹𝑠 =
1

𝑁𝑆 ∗ 𝑛
∑ 𝐶𝑅𝑗

𝑛

𝑗=1

 Eq. 5 

Results per species 

All performed model experiments are listed in Table Annex VII-1. For 

Parapenaeus longirostris a specific analysis of model outcome was performed 
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(Experiment I). For the remaining species the results undergone to a quality 

check and were released as connectivity matrices and related particle fluxes. 

Table Annex VII-1 For each species (column 1), the number of preformed experiments (column 
2), the name (year_time window) of model simulations (column 3) and the model outcomes 
(column 4). LA refers to Larval aggregation index and PF to particle fluxes as previously defined. 

Species 

Name of 

the 

experiment 

Name list of model simulations 
Model 

products 

Parapenaeus 

longirostris 

Experiment 

I 

from 1994_1030 to 1997_1030 

from 1994_4060 to 1997_4060 

 

LA 

Ensemble 

01 

  
from 1998_1030 to 2010_1030 

from 1998_4060 to 2010_4060 

LA 

Ensemble 

02 

    

 
Experiment 

II 

from 2012_1030 to 2015_1030 

from 2012_4060 to 2015_4060 

 

PF in 

matrices 

of 

connectivity 

Mullus barbatus 
Experiment 

III 

from 2012_1030 to 2015_1030 

from 2012_4060 to 2015_4060 

 

PF in 

matrices 

of 

connectivity 

Merluccius 

merluccius 

Experiment 

IV 

from 2012_1030 to 2015_1030 

from 2012_4060 to 2015_4060 

 

PF in 

matrices 

of 

connectivity 

Aristaeomorpha 

foliacea 

Experiment 

V 

from 2012_1030 to 2015_1030 

from 2012_4060 to 2015_4060 

PF in 

matrices 

of 

connectivity 

Parapenaeus longirostris 

For Parapenaeus longirostris two experiments were carried out: Experiment I 

with the aim of verify the reliability of the model to provide suitable solutions 

and test the sensitivity of recruitment to multiannual hydrodynamic conditions, 

Experiment II to provide particle fluxes between spawning and recruitment 

areas and to generate connectivity matrices for the species. Model simulations 

of Experiment I run in between 1994 and 2010. Model simulations of Experiment 

II runs in between 2012 and 2015. 

Numerical particles, representing eggs and larvae, are released within each 

spawning area (white polygons in Fig. Annex VII-5), over a regular grid of 2.6 

by 3.3 km. Thus, every day of model simulation, a constant set of 827 particles 

was released within the 19 spawning polygons. Recruitment areas are also 

shown in Figure Annex VII-5, defined by black polygons. 
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By Experiment I, Figures Annex VII-6 and 7 display, for time windows 10-30 

and 40-60, respectively, daily arrival of potential settlers within the recruitment 

areas. The simulation outcomes refer here to the period in between 1994 and 

2003, displaying seasonal variability of recruitment, inter-annual changes. A 

remarkable shift in recruitment occurs between 1997 and 1998. Such strong 

variation of recruitment is related to the effect of a decadal change in the sea 

current system regime. The event, known as Northern Ionian Reversal 

phenomenon (Pinardi et al. 2015), is a current reversal that takes place in the 

northern Ionian Sea. Indeed, between 1997 and 1998 a current reversal 

occurred in the northern Ionian Sea also affecting the circulation in the eastern 

part of the Strait of Sicily (see Fig. Annex VII-2). Before 1997 an intense AIS 

outflow into the northern part of the Ionian Sea gives rise to an overall 

anticyclonic circulation, after 1998 the circulation in the northern Ionian Sea is 

cyclonic and a weaker AIS cut across the Ionian Sea at the latitude of around 

36° N. 

A graphical representation of the larval aggregation (LA) into the recruitment 

areas is displayed in Figure Annex VII-8 for an ensemble of model outcomes 

including the years in between 1994 and 1997, similarly, Figure Annex VII-9 

refers to an ensemble of model outcomes including the years in between 1998 

and 2010. These two periods were considered in order to represent two different 

phases of the Northern Ionian Reversal phenomenon. In order to discuss the 

model outcome the spawning and recruitment areas were grouped in macro-

regions named WEST, EAST and SOUTH-EAST.  

In Figure Annex VII-8 LA was low and intermediate in the WEST region and it 

was intermediate and high in the EAST region. S-EAST region showed maxima 

of LA ranging between high and very high. Figure Annex VII-9 displays the 

effects induced by the different hydrodynamic conditions linked to the decadal 

switch of the sea current system regime. Intermediate LA was found in all 

recruitment regions with exception of the westernmost portion of the WEST 

region and the north-easternmost portion of the EAST region, displaying low LA. 

EAST and S-EAST recruitment regions were characterized by high and very high 

LA. 

The origin and the amount of particles that leave spawning to reach recruitment 

macro-areas were provided by graphical representation of connectivity matrices 

displayed in Figure Annex VII-10 for the period in between 1994 and 1997 and 

Figure Annex VII-11 for the period in between 1998 and 2010. 

Abscissa/ordinate axes indicate the name of the geographical regions of 

spawning/recruitment (WEST, EAST and S-EAST) as defined in the previous 

Figures Annex VII-8 and 9. The dimension of the green squares indicates the 

intensity of the particle fluxes, normalized with respect to the maximum particle 

flux (PFs) of the ensemble. 
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In Figure Annex VII-10 PFs displayed self-recruitment features (i.e. spawning 

and recruitment areas within the same macro areas are connected). Spawning 

region WEST was well linked to EAST recruitment region and the spawning 

region EAST was linked to EAST and S-EAST recruitment regions. The maximum 

value of PFs was found between S-EAST spawning and S-EAST recruitment 

regions. In Figure Annex VII-11 with the exception of the WEST region, self-

recruitment was less pronounced. PFs indicate that particles move with similar 

intensity from spawning region WEST towards recruitment regions EAST and S-

EAST. Spawning region EAST was well linked to recruitment region S-EAST. A 

maximum value of PF between S-EAST spawning and S-EAST recruitment 

regions is also found. 

From Experiment II the model products consisted of connectivity matrices 

showing for each year and for each time windows (i.e. 10-30 and 40.60 days 

after particles release) the identification numbers of spawning and recruitment 

areas, the number of particles that reach every recruitment area, the number 

of particles that are released from the corresponding spawning area and the 

ratio between released and recruited particles, representing the success of 

recruitment of the released particles. Figure Annex VII-12 (top and bottom 

panels) provides an example of connectivity matrices that were produced after 

model outcomes. 
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Figure Annex VII-5 Spawning (white polygons) and recruitment (black polygons) areas of  
Parapenaeus longirostris in the domain of the Strait of Sicily 
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Figure Annex VII-6 Daily setling with time windows for setling 10-30 of Parapenaeus longirostris 
larvae in recruitment areas for the years in between 1994 and 2003. 

 

Figure Annex VII-7 Daily setling with time windows for setling 40-60 of Parapenaeus longirostris 

larvae in recruitment 
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Figure Annex VII-8 Larval Aggregation index map (LA) as generated by the LA Ensemble 01 (1994 
- 1997). 
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Figure Annex VII-9 Larval Aggregation (LA) index map as generated by the LA Ensemble 02 (1998 
- 2010). 
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Figure Annex VII-10 Graphical representation of the PFs from spawning to recruitment regions. 

Abscissa/Ordinate axes indicate the name of the spawning/recruitment regions in Figure 3.8. The 
bigger is the green square the higher is the PF. 
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Figure Annex VII-11 Graphical representation of the PFs from spawning to recruitment regions. 

Abscissa/Ordinate axes indicate the name of the spawning/recruitment regions in Figure Annex 
VII-50. The bigger is the green square the higher is the PF. 
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Figure Annex VII-12 A snapshot of part of the connectivity matrices including for time windows 
10-30 (top panel) and 40-60 (bottom panel). Columns A show the time windows, B, the 
identification number of each spawning areas, C the number of particles that were released from 
each area during the year of integration, F, G, H, I the number of particles that reach the 

recruitment areas during 2012, 2013, 2014, 2015, K, L, M, N the computed particle flux (PF) from 
spawning to recruitment areas during 2012, 2013, 2014, 2015. 

Mullus barbatus 

For Mullus barbatus, Experiment III provided the computation of particle fluxes 

between spawning and recruitment areas and was used to release connectivity 

matrices (e.g. Fig. Annex VII-12) for the species. Model simulations of 

Experiment III run in between 2012 and 2015. 

Numerical particles, representing eggs and larvae, are released within each 

spawning polygon (white polygons in Fig. Annex VII-13), over a regular grid of 

2.6 by 3.3 km. Thus, every day of model simulation, a constant set of 934 

particles was released in the total of 7 spawning polygons. Recruitment areas 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

165 
 

are also shown in Figure Annex VII-13, defined by black polygons. For this 

species, the geographical distribution and size of recruitment areas in the Strait 

of Sicily was unknown. This information was hence inferred by merging available 

information on bathymetry and substrate features that are typical of the habitat 

of this species (i.e. 0 - 60 meters depths characterized by muddy bottom). 

Merluccius merluccius 

For Merluccius merluccius, Experiment IV provided the computation of particle 

fluxes between spawning and recruitment areas and was used to release 

connectivity matrices (e.g. Fig. Annex VII-12) for the species. Model simulations 

of Experiment IV run in between 2012 and 2015. 

Numerical particles, representing eggs and larvae, are released within each 

spawning polygon. For this species, knowledge on spawning regions is missing. 

Thus, the whole domain of the Strait of Sicily was feed with daily release of 570 

particles from 285 different spawning areas (white polygons in Fig. Annex VII-

14). Recruitment areas are also shown in Figure Annex VII-14, defined by black 

polygons. 
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Figure Annex VII-13 Spawning (white polygons) and recruitment (black polygons) areas of Mullus 
barbatus in the domain of the Strait of Sicily. 
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Figure Annex VII-14 Spawning (white polygons) and recruitment (black polygons) areas of 

Merluccius merluccius in the domain of the Strait of Sicily. 

Aristeomorfa pholiacea 

For Aristeomorfa pholiacea, Experiment V provided the computation of particle 

fluxes between spawning and recruitment areas and was used to release 

connectivity matrices (e.g. Fig. Annex VII-12) for the species. Model simulations 

of Experiment IV run in between 2012 and 2015. 

 

 

 

 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

168 
 

 

 

Figure Annex VII-15 Spawning (white polygons) and recruitment (black polygons) areas of 
Aristeomorfa pholiacea in the domain of the Strait of Sicily. 

Numerical particles, representing eggs and larvae, are released within each 

spawning polygon (white polygons in Fig. Annex VII-15), over a regular grid of 

2.6 by 3.3 km. Thus, every day of model simulation, a constant set of 530 

particles was released in the total of 70 spawning polygons. Recruitment areas 

are also shown in Figure Annex VII-15, defined by black polygons. 

Case Study #2: The Adriatic Sea 

The Adriatic Sea is a semi-enclosed basin characterised by the largest shelf area 

of the Mediterranean, which extends over the Northern and Central parts where 

the bottom depth is no more than about 75 and 100 m respectively, with the 
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exception of the Pomo/Jabuka Pit (200-260 m) in the Central Adriatic. The 

Southern Adriatic has a relatively narrow continental shelf and a marked, steep 

slope; it reaches the maximum depth of 1223 m.  

In the Adriatic Sea all types of bottom sediments are found, muddy bottoms are 

mostly below a depth of 100 m, while in the Central and Northern Adriatic the 

shallower seabed is characterized by relict sand. The Eastern coast is high, rocky 

and articulated with many islands while the Western one is flat and alluvial. The 

hydrography of the region is characterized by water inflow from the Eastern 

Mediterranean (entering from the Otranto channel along the Eastern Adriatic 

coast) and fresh water runoff from Italian rivers. These features seasonally 

produce both latitudinal and longitudinal gradients in hydrographic 

characteristics along the basin.  

Fisheries management in the Adriatic basin is divided in two Geographical Sub-

Areas (GSA): the GSA 17 (North and Central Adriatic) and the GSA 18 (Southern 

Adriatic).  

The larval connectivity of the three species, has been computed by offline 

coupling the MITgcm model with the LTRANS-Zlev larval connectivity model, 

including species specific larval behaviour model. The analysis was conducted 

over the 6 year period (2006-2012) in order analyse a long record of 

hydrodynamic conditions, representing a wide range of oceanographic variability 

typical of the spawning months. 

The hydrodynamic model 

MITgcm model was implemented as presented in Deliverable 2.5 model run for 

the 2006-2012 period, with 1/64° horizontal resolution and a 100s timestep 

(Querin et al., 2016). 

Current and temperature fields have been produced using MITgcm, 

implemented with 1/64° horizontal resolution, and a vertical z-level 

discretization, which corresponds to an average surface of each element of the 

domain (each cell) of ≈9 km2. The adopted horizontal and vertical resolutions 

allow for an accurate description of the processes (Querin et al., 2016).   

Adopting the nesting configuration already presented in (Querin et al., 2016), 

the southern open boundary conditions of the MITgcm Adriatic model are given 

by the ADIOS (Adriatic Ionian system) MITgcm implementation of the Adriatic 

Ionian Sea (1/32° resolution) which is nested along the Sicily Strait (on the 

western side) and along the Cretan Passage (on the eastern side) into the 1/16° 

Mediterranean forecasting system model set up in the framework of Copernicus 

Mediterranean Monitoring and Forecasting Centre: Copernicus-Med-MFC, 

http:marine.copernicus.eu). River discharge have been set using the data of 

Janekovic´ et al., 2014, and the meteorological forcing fields produced by the 

latest version of the Regional Climate Modelling system (ReGCM4), for the 
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Adriatic-Ionian system, and the forcing fields produced by ARSO Slovenia, with 

the operational ALADIN (4.4 km resolution) for the North Adriatic. 

The data output of the model are available as binary files containing at each 

time step (T) the daily averaged velocity of the currents in the three dimensions, 

x, y and z (Vx, Vx, Vz), at each grid point, defined by the geographical 

coordinates and by the water levels (Lon, Lat, Level). 

Maps in Figure Annex VII-16 and Annex VII-17 represent, respectively, the 

circulation fields reproduced by the model at four different days characterised 

by different wind forcing conditions of, respectively, Southerly-winds (Fig. 

Annex VII-16, top) and No-winds (Fig. Annex VII-16, down), Northeasterly 

winds (Fig. Annex VII-17, top) and Strong north-easterly winds (Fig. Annex VII-

17, down). 
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Figure Annex VII-16 Current streamlines and wind vectors (white and black arrows) for two events 

of, respectively, Southerly-winds (top) and No-winds (down). 

 

 

 

Figure Annex VII-17 Current streamlines and wind vectors (white and black arrows) for two events 
of, respectively, Low Northeasterly winds (top) and Strong Northeasterly winds (down). 

The lagrangian larval dispersal model 

The larval LTRANS-Zlev Lagrangian partickle tracking model, is an evolution of 

the LTRANS v.2b, (http://northweb.hpl.umces.edu/LTRANS.htm, Larval 

TRANSport model, (North et al., 2011), an off-line particle-tracking model that 

runs with the stored predictions of a 3D hydrodynamic model, such as current, 
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temperature, and density fields. Although LTRANS was built to simulate oyster 

larvae, it can easily be adapted to simulate passive particles and other 

planktonic organisms. 

LTRANS-Zlev adopts new functionalities; in particular, adopting a Z level vertical 

resolution, the model is capable of dealing with the Z-level coastal boundaries, 

relevant in the Adriatic Sea basin. 

Following the species-specific behaviour, the larval model simulates: 

 Larval release near the seabed from the areas colonised by adults, based 

on assessments and literature data; 

 Larval transport, based on the 6 years MITgcm model outputs; 

 Larval growth and behaviour, species specific 

 Larval settlement, species specific. 

Larval behaviours models for the three species differ not only in the 

parameterization, but also in their formulation and in the representation of some 

processes, which can be represented with more details for some species and 

less detailed for others, depending on the biological knowledge. 

Results have been aggregated in time (by month and for the whole period of 

simulation) and used to produce spill over and settlement density indexes, at 

each point of the model domain. Moreover, they have been spatially aggregated 

on the coarser grid used in SMART (Fig. Annex VII-18) and temporally 

aggregated by month, by year and as a total sum, providing the matrixes of 

larval fluxes between the spawning cells and the settlement cells, as listed in 

Table Annex VII-2. 

(In this deliverable we present a selection of results. We show the different post 

processing elaboration applied to one species only, not replicating the same 

elaboration for all of them.) 

Model sensitivity 

Model sensitivity to more uncertain parameters have been addressed by 

changing the settling times for all the three species, and the temperature 

limitation, for N. norvegicus, introducing a variable spawning efficiency, for 

Mullus barbatus, as summarised in Table Annex VII-2. 
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Figure Annex VII-18 Mantis-Adriatic-15 Grid 

Table Annex VII- 2 Output file of larval connectivity integrated in SMART 

Species Period File name 

Nephrop

s n. 

All NEW_Connectivity_NepHD_G7_T15_D20_S5d_Adri15_CTime.xl

sx 

Nephrop

s n. 

January Connectivity_JAN_NepHD_G7_T15_D20_S5d_Adri15_CTime.xls

x 

Nephrop

s n. 

February Connectivity_FEB_NepHD_G7_T15_D20_S5d_Adri15_CTime.xls

x 

Nephrop

s n. 

Decembe

r 

Connectivity_DEC_NepHD_G7_T15_D20_S5d_Adri15_CTime.xls

x 

Solea s All Connectivity _SolHD_G7_TD30_S20d_Adri15.xlsx 

Solea s Decembe

r 

Connectivity_DEC_SolHD_G7_TD30_S20d_Adri15.xlsx 

Solea s January Connectivity_JAN_SolHD_G7_TD30_S20d_Adri15.xlsx 

Mullus b. All Connectivity_ TriHD_G6_P20_S10d_Adri15_WEIGHT.xlsx 

Mullus b. May Connectivity_MAY_TriHD_G6_P20_S10d_Adri15_WEIGHT.xlsx 

Mullus b. June Connectivity_JUNE_TriHD_G6_P20_S10d_Adri15_WEIGHT.xlsx 

Mullus b. July Connectivity_JULY_TriHD_G6_P20_S10d_Adri15_WEIGHT.xlsx 
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Nephrops norvegicus. Larval behavior and model set-up 

The model simulates a larval release near the seabed from the areas colonised 

by adults, selected in agreement with MEDITS assessments 1996 - 2017, and 

reported in Figure Annex VII-19.  

 

Figure Annex VII-19 Release areas (sources of larvae) of Nephrops plotted in agreement with 
MEDITS data Nephrops assessment (1996-2017). All colours (except red) refer to the different 
management subareas. B/W straightand oblique hashes show the unsuitable areas with Φ<3 a 
and depth < 20 m respectively. Numbers refer to management-sub-areas. Upper right: 
Geographic overview of the Adriatic Sea grain size (Φ). 

Larval settlement is constrained by depth (>20m), and sediment type (Φ > 3). 

Based on the information on Nephrops life cycle and on expert opinion, as 

already presented in the Mantis project Deliverable 3.2 larval emission occurs 

in the Adriatic Sea in December, January and February. Simulations have been 

set accordingly, simulating the daily larval release and their dispersal up to their 

settlement, which occurs when they reach the 14 mm (carapace length) size 

required for settlement. According to its formulation, the time required to each 

larva to settle is variable, depending on the temperature exposure during larval 

lifetime and on the time required to find a suitable sediment site. Floating or 

sinking behaviour is superimposed to the vertical hydrodynamic transport, 

based on the larval size, which is influenced by the local seawater temperature. 

In the first life stage, larvae have positive buoyancy that transports them to the 

surface waters, where they remain until they reach a critical size allowing them 
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to sink down to the bottom. At this stage, they start searching for a seabed 

substrate with the adequate features for settlement. The larvae are released 1 

meter above the sea bed at an initial size of 6mm. 

In the 1st life stage the particles swim toward surface at 25mm/s up to reaching 

the 30 meters depth layer (during day time) or 5 meters depth layer (during 

night time). In the 2nd life stage the particles perform diel vertical migration, 

going by night to the upper [0-5] meters depth layer while during the day they 

remain in the [0-30] meters depth layer. The upward and downward vertical 

movement occurs respectively at a 25 and 9 mm/s speed when the larvae is out 

of its target layer. Once the particles are inside the required layer they do 

random vertical movements swimming vertically with a random up or down 

direction and a velocity taken randomly in the range[0-17mm/s]. The time at 

which particles perform the dial vertical migration from one layer to the other 

corresponds to the instant at which the short wave downward sun radiation on 

the sea surface reaches the 50W m- 2 threshold. When the larvae reaches a 

14mm size it enters in the 3rd life stage and starts swimming downward toward 

the sea bed with a velocity of 9mm/s.  During the 4th life stage the particle 

remains in the 2m thick layer above the sea bed where it is advected horizontally 

by the currents at 10% of the flow velocity to account for the viscous boundary 

layer effects. Whenever the particle arrives in an area of suitable grain size the 

particles settle. Instead, the particle dies if it does not find a suitable settlement 

within 3 days spent in life stage 4.  

An ensemble of 558 simulations have been performed, one for each day of 

December, January and February, for 6 years, between the 1st of December 

2006 to the 3rd of March 2012, releasing one particle from each of the 15198 

cells of the domain. 

Solea solea. Larval behaviour and model set-up 

Spawning area have been identified based on the SoleMon surveydata (2009-

2016) and according to literature (Grati et al., 2013; Scarcella et al., 2014), as 

reported in Figure Annex VII-20. A temperature dependent growth is simulated 

based on the data presented in (Vaz et al., 2019)and further elaborations. 

Floating or sinking behaviour is superimposed to the vertical hydrodynamic 

transport, based on the larval size, which is influenced by the local seawater 

temperature. In the first life stage, larvae have positive buoyancy that 

transports them to the surface waters, where they remain until they reach a 

critical size allowing them to sink down to the bottom. At this stage, they start 

searching for a seabed substrate with the adequate features for settlement. 

Larvae are released at 1 meter above the sea bed at an initial size of 1mm. 

Larval growth is time and temperature dependent, according to two growth 

laws: 
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Growth rate (mm/day)= 0.1023*EXP(0.099*T) (larval size S<4mm)  

Growth rate (mm/day)= S*0.0459*LOG (max(9,T))-0.0882 (larval size 

S>4mm) 

An active larval behaviour, with diel vertical migration is included, according to 

Savina et al., 2010. During the 1st life stage larvae swim toward surface at 

3mm/s up to reaching the 10 meters depth layer (during night time) or 3 meters 

depth layer (during day time), moving with a vertical velocity of 3mm/s. The 

upward and downward movement starts, respectively, when the short wave 

downward sun radiation on the sea surface reaches the 50W.m-2 threshold. 

(Computed from the MITgcm hydrodynamic model atmospheric fields forcing). 

When the larvae reaches a 8mm size, or, at a maximum after the 30 days, it 

enters in the 3rd life stage and starts swimming downward toward the sea bed 

with a velocity of 3mm/s 

During the 4th life stage the larvae remains in the 2m thick layer above the sea 

bed where it is advected horizontally by the currents at 10% of the flow velocity 

to account for the viscous boundary layer effects. Whenever it arrives in an area 

where the depth is lower than 30 meters and the grain size is lower or equal to 

6 (phi <3) the larvae settle. If it does not find a suitable settlement within 20 

days spent in life stage 4, the larvae die. 

An ensemble of 420 simulations have been performed, one for each day of 

December and January, for 6 years, between the 1st of December 2006 to the 

31st of January 2012, releasing one particle from each cell of the domain over 

the regular grid with 1/64 degree resolution. 
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Figure Annex VII-20 Age class areas, Fabioski sanctuary and additional release area determined 
from the survey data 

Mullus barbatus. Larval behaviour and model set-up 

Spawning area have been identified based on MEDISeH project, as presented in 

Figure Annex VII-21. Settling suitable area have been identified based on 

habitat preference (Gargano et al., 2017). A constant growth rate was used: 

after 35 days the larva stage ends and the larvae settle if the sediment is 

suitable, if the sediment is unsuitable, the larvae enters the searching phase, 

which lasts for a maximum searching time, beyond that, the larvae dies. 

The model simulates larval advection, using the MITgcm 3D current fields, and 

imposing vertical movement (upward and downward vertical migration) 

according to the larval stage. Horizontal turbulence introduced as a random walk 

with intensity 1m2/s. The simulation does not take into account larval stranding 

at the coast, therefore when the particles reach the coastal boundary, they are 

bounced back into the model domain. Settling occurs after 35 days from 

spawning (or later, according to two additional scenarios which take into account 

a searching time of 10 or 15 days). 

Spawning was simulated in two ways: 

Uniform, from May1 to July 31, from adult hot-spots, uniformly distributed with 

a 1/64 resolution in the spawning areas  

Variable, from May1 to July 31, simulating one spawning per day with variable 

number of spawned particles, which is minimum at the 1st of May, increases to 
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a maximum, N, at the 1st of June, then remains constant until the end of June, 

then decreasing again to a minimum at the end of July. N is increased or 

decreased in May and July according to the law: 

N = N0e−(d
15⁄ )

2

 

With d being the time lapse in days between a given day of May from June 1 or 

a given day of July from June 30. 

At the time of release (at the bottom), larvae is advected, following the 3D 

current field, and an upward movement of 5 mm/ s is superimposed. When 

larvae reach the surface, it remains between 0-10 m during the day (from dawn 

to sunset), subjected to 3D advection and moving with a random vertical 

velocity of 5 mm/s, at sunset it moves down to the 19-21 m layer, for the night, 

and here it subjected to 3D advection and superimposed random vertical 

velocity (5 mm/ s). 

At day 35 larvae move downward, at 5 mm/s and start searching the suitable 

site for a searching time, which has been varied, in the simulations, from 1, to 

10, and to 15 days. 

Settling occurs when sediment grain size is > 6, and depth is < 20 m. If the 

larvae do not find a suitable sediment within the maximum searching time, the 

die.  

A total number of 552 simulations was run, one for each day between the 1st of 

May to the 31th of July, for each year between 2007 and 2012.  



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

179 
 

 

Figure Annex VII-21 Mullus barbatus spawning area (red heat map) and nursery area (blue 
heatmap), based on adult persistency maps (MEDISeH project, and CampBiol data). 

Adriatic Sea. Larval connectivity model results 

The results have been spatially aggregated on the coarser grid used in SMART 

and temporally aggregated by month, by year and as a total sum, providing the 

matrixes of larval fluxes of Nephrops norvegicus, Solea solea and Mullus 

barbatus between the spawning and the settlement cells. Matrixes have 

different dimensions, depending on the number of releasing cells of each of the 

three experiments. Moreover, additional information has been computed for 

each spawning cell, such as the mortality rates (total, for unsuitable 

temperature, for unsuitable site, for boundary exit) (Table Annex VII-2). 

Model sensitivity 

Additional simulations were performed to address the models’ response to 

changes in uncertain parameters, such as temperature tolerance, searching 

time and other changes in larval behaviour model as summarised in Table Annex 

VII-3. 

Table Annex VII-3 List of parameters/ processes addressed in the model sensitivity analysis 

Species Parameter/Process Ref, Sensitivity 

Nephrops n. Searching time 5 days/1,3,10 days 

Nephrops n. MAX Temperature tolerance  15 °C /13, 14, 15, 16 °C 
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Solea s Diel vertical migration  ON/OFF (only random movement, 

in the 2-5 m layer) 

Mullus b. Searching time 10 days/1, 15 days 

Mullus b. Spawning function Variable/constant 

Connectivity post-treatment and analysis 

The SR, success-release-(spill-over) and the SA, success-arrival density 

matrixes have been produced as presented for the Nephrops norvegicus 

application in Figure Annex VII-22 (Melaku Canu et al., in prep) and connectivity 

fluxes among the sub-populations have been assessed, as presented for the 

Nephrops norvegicus application Figure Annex VII-23 (Melaku Canu et al., in 

prep). For each sub-areas, a density kernel is produced, as shown in Figure 

Annex VII-24 for one of the Solea solea spawning subareas. 

The results have been also aggregated on a coarser grid and used to compute 

the SR success of release (spill-over) index on spatial units that can be used for 

defining the essential fishery habitats, as presented here for the Solea solea 

application in Figure Annex VII-25. 

Density maps of number of settled particles were produced as shown Figure 

Annex VII-26 for Mullus Barbatus for the whole ensemble of released particles. 

These density maps were as well produced considering only particles released 

in every single release cell of the Mantis Adriatic 15 Grid, as illustrated Figure 

Annex VII-27. This map illustrates how the particle released in one single cell of 

the domain can be connected to the other potential settlement cells, to build 

the Connectivity matrixes. 
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Figure Annex VII-22 Results of the Nephrops norvegicus connectivity model. A): SRI: spill-over 
index of (success release). Black lines define the area of fishery closures. C): SAI: index of success 
arrival. (density kernel). The shaded white line defines the spawning area. 
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Figure Annex VII-23 Nephrops norvegicus graphic representation of the connectivity between the 
areas 1-10 of Figure Annex VII-19. Dots (nodes) represent each RELEASE area (1-10, shown with 
the same colours of Figure Annex VII-19), and its dimension is proportional to the Retention rate, 

calculated as the number of arrival over the number of releases. Lines represent the fluxes 
between two areas, the thickness varies with flux intensity (number of particles released from 
each donor area), the line colour is the same colour of the donor area. 
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Figure Annex VII-24 Averaged arrival density of S. solea released from one of the spawning areas, 
as shown in the small map in the down/left panel. 

 

Figure Annex VII-25 Successful release (spill-over). Percentage of successful settlement for the 
larvae released from each of the area. 
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Figure Annex VII-26 Mullus barbatus settlement density for the whole ensemble of release 
(spawning) positions. 
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Figure Annex VII-27 Mullus barbatus settlement areas for the release (spawning) positions 

contained in one of the cells of the Mantis Adriatic 15 grid. For this example the chosen release 

cell is the number 241, identified by a white contour. 

Adult migration from nursery areas 

The adults’ migration patterns were investigated for the target species in two 

domains (Sicily Channel and Adriatic Sea) following an empirical approach. The 

mathematical method that was applied to get the migration maps is described 

in the following parts. 

Numerical methods 

Considering the abundance like a tracer the transport equation for a 

conservative tracer was evaluated between age classes 0 and higher. Potential 

migration, for each species, was hence computed, according to the following 

formula 

𝜕𝐴

𝜕𝑡
= −

𝜕𝐹

𝜕𝑥
           Eq. 6 
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where A is the abundance, considered as a conservative tracer and F a flux that 

is, in turn, derived by the computation of the spatial gradient between 

abundances of adjacent age classes.  

Fro each fish species the abundances distributions of each age classes were 

considered a sequence of steady states. Within this context the equation 6 was 

treated following a numerical approach obtaining the following algebraic 

expression for the horizontal components of F:  

𝑈𝑥,𝑦 = (𝐴𝑥+1,𝑦
𝑡+1 − 𝐴𝑥,𝑦

𝑡 ) + (𝐴𝑥−1,𝑦
𝑡+1 − 𝐴𝑥,𝑦

𝑡 ),      Eq. 7 

𝑉𝑥,𝑦 = (𝐴𝑥,𝑦+1
𝑡+1 − 𝐴𝑥,𝑦

𝑡 ) + (𝐴𝑥,𝑦−1
𝑡+1 − 𝐴𝑥,𝑦

𝑡 ),      Eq. 8 

with 𝑈𝑥,𝑦, 𝑉𝑥,𝑦 represent the horizontal components of F for the point x, y of the 

regular mesh  previously described, 𝐴𝑥,𝑦
𝑡 the number of individuals of age class t 

at point x, y, the subscript  indicates a shift forward or backward in the mesh 

point of 1 unit, in the meridional or zonal direction and the superscript +1, 

indicates a shift forward in the age class. Therefore, for each point of the regular 

sampling grid, the total number of individuals migrated to the nearest points 

between adjacent ages classes were estimated. The strong assumptions behind 

the followed method consist on the migration range among subsequent ages 

classes based on one cell length and that the obtained results can only provide 

a qualitative information on the direction pattern of the interclasses migration. 

Strait of Sicily 

Observations 

For each target species, abundances were derived by available observations of 

bottom-trawl surveys that were performed during the campaigns named 

CampBiol, MEDITS and GRUND (see the following table for the main specifics of 

at sea campaigns). All the datasets are processed to be compared one each 

other and referred to the sampling grid covering most of the Sicily Channel and 

constituted by regularly spaced squares of 0.25°. 

In Table Annex VII-4 the three field campaigns are described in terms of time 

windows and method adopted for determining the different fish species 

abundances.  

Table Annex VII-4 description of the field campaigns 

Name Campaign period Trawl specifics 

CampBiol 2012-2016 All-year-round 

MEDITS 2009-2016 Middle Spring-Late Summer 

GRUND 1990-2008 Autumn 
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In order to provide extensive temporal and geographical coverage, the 

observations were grouped into two separated dataset including CampBiol and 

GRUND in the first case (dataset 1) and CampBiol and MEDITS in the second 

case (dataset 2). For each new dataset the abundances were grouped per 

species with age classes 0 (below the age of one year), 1, 2, 3, 4, 5, 6, 7 (over 

the age of one year). The obtained datasets were normalized and adopted to 

infer the moving of fishes across age classes. 

Data Pre-processing 

Preliminary to the application of eq. 7 and 8 the two datasets described in 

previous paragraph were treated following an empirical approach. In particular, 

for each fish species, the abundances A of the different ages classes were 

summed and normalized. 

The obtained datasets consisted in the normalized abundances of individuals of 

the same species belonging to the Macro Age Classes (MAC) described in Table 

Annex VII-5 obtained for each point of the sampling regular grid.  

Table Annex VII-5 pre-processing grouping of individuals abundances (A) in Macro Age Classes 
(MAC); subscribed numbers indicates the reference age class. 

Fish 

species 

1st Macro Age 

Class 

2nd Macro Age 

Class 

3rd Macro Age 

Class 

DPS A0 A1+ A2+ A3 / 

MUT A0 A1+ A2+ A3 +A4 / 

ARS A0+ A1 A2+ A3 +A4 / 

HKE A0 A1+ A2 A3 +A4 +A5+A6+ A7 

For each fish species eq. 7 and 8 were applied considering as interclass 

migration the macroclasses described in Table Annex VII-5. As an example, for 

the DPS the migration were computed only between 1st Macro Age Class, 

constituted by the 0th age class, and the 2nd Macro Age Class, constituted by the 

sum of individuals belonging to the 1st, 2nd and 3rd ages classes. 

Results per dataset 

The main results are presented per dataset, 1 and 2, and each dataset includes 

the migration maps of the four target species. For each species the migration 

maps were both, derived by merging the observations (see left panels in the 

following Figures Annex VII-28 to 37) and derived by normalizing and merging 

the observations (see right panels in the following figures). The direction of the 

coloured arrows indicate the migration direction from age class 0 to all higher 

age classes and the grey scale indicates an increasing (dark grey) or decreasing 

(light grey) of the local abundance. 
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Dataset 1 

 

Figure Annex VII-28 Potential migration maps of Aristeomorfa pholiacea from age class 0 to higher 

age classes. Left panel: Merged values. Right panel: Normalized and merged values 
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Figure Annex VII-29 Potential migration maps of Parapenaeus longirostris from age class 0 to 
higher age classes. Left panel: Merged values. Right panel: Normalized and merged values 

 

 

 

 

Figure Annex VII-30 Potential migration maps of Mullus barbatus from age class 0 to higher age 
classes. Left panel: Merged values. Right panel: Normalized and merged values. 
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Figure Annex VII-31 Potential migration maps of M. merluccius from age class 0 to age classes 1 
and 2. Left panel: Merged values. Right panel: Merged and normalized values. 

 

 

 

 

 

 

Figure Annex VII-32 Potential migration maps of Merluccius merluccius from age class 1 and 2 to 
higher age classes. Left panel: Merged values. Right panel: Normalized and Merged values 
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Dataset 2 

 

Figure Annex VII-33 Potential migration maps of Aristeomorfa pholiacea. Left panel: Merged 

values. Right panel: Normalized and merged values. 
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Figure Annex VII-34 Potential migration maps of Parapenaeus Longirostris. Left panel: Merged 
values. Right panel: Normalized and merged values. 

 

Figure Annex VII-35 Potential migration maps of Mullus barbatus. Left panel: Merged values. 
Right panel: Normalized and merged values. 
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Figure Annex VII-36 Potential migration maps of Merluccius merluccius from age class 0 to age 
classes 1 and 2. Left panel: Merged values. Right panel: Normalized and merged values. 

 

Figure Annex VII-37 Potential migration maps of Merluccius merluccius from age class 1 and 2 to 
higher age classes. Left panel: Merged values. Right panel: Normalized and merged values. 

The Adriatic Sea 

Observations 

For each target species, abundances were derived by available observations of 

bottom-trawl surveys that were performed during the campaigns named 

CampBiol (2012 – 2016). This dataset was chosen, as it was the most complete 

in terms of geographical and temporal coverage in the years selected, allowing 
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data best homogeneity. The dataset is organised in records referred to a grid of 

1356 squared Cells, with a dimension of 0.125x0.125 ° equivalent to 14x14 km. 

For each species the abundances were grouped per date, referred grid number 

and organised in term of ages. Ages were divided in classes: class 0 (below the 

age of one year), 1, 2, 3, 4, 5, 6, 7 (over the age of one year). The obtained 

datasets were normalized and adopted to infer the moving of fishes across age 

classes. 

Data Pre-processing 

Data were pre-processed before using the equation 9. Data were first of all 

aggregate obtaining a mean of the fish abundances during the selected years, 

and were therefore normalized to smooth differences in terms of grid data 

richness and to have a more complete and representative dataset that could 

take in account all the possible fish migration patterns.The obtained datasets 

consisted in the normalized abundances of individuals of the same species 

belonging to the Macro Age Classes (MAC) described in Table Annex VII-6 

obtained for each point of the sampling regular grid. 

Table Annex VII-6 pre-processing grouping of individuals abundances (A) in Macro Age Classes 
(MAC); subscribed numbers indicate the reference age class. 

Fish 

species 

1st Macro Age 

Class 

2nd Macro Age 

Class 

3rd Macro Age 

Class 

MUT A0 A1+ A2+ A3 +A4 / 

SOL A0+ A1 A2 A3 +A4 

HKE A0 A1+ A2 A3 +A4 +A5 

For each fish species eq. Y were applied considering as interclass migration the 

macroclasses described in table X. As an example, for the MUT the migration 

were computed only between 1st Macro Age Class, constituted by the 0th age 

class, and the 2nd Macro Age Class, constituted by the sum of individuals 

belonging to the 1st, 2nd,3rd and 4th ages classes.  

Results 

The main results are reported in this paragraph. Migration maps were reported 

for each target species. Migration maps are in term of merged data as the 

normalised one having a similar pattern but lost in term of accuracy. The 

direction of the coloured arrows indicates the migration direction from the lower 

age class to all higher age classes.  
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Figure Annex VII-38 Potential migration maps of Mullus barbatus from class 1 to higher age 
classes. 
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Figure Annex VII-39 Potential migration maps of Merluccius merluccius from class 1 to class 2. 
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Figure Annex VII-40 Potential migration maps of Merluccius merluccius from class 2 to class 3 
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Figure Annex VII-41 Potential migration maps of Solea solea from class 1 to class 2 
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Figure Annex VII-42 Potential migration maps of Solea solea from class 2 to class 3. 
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Applications of SMART 

Introduction and background 

SMART (Spatially explicit bio-economic Model for Assessing and managing 

demeRsal Trawl fisheries) is a bio-economic model aimed at capturing the 

spatial interaction between resources and fishing effort while appraising the 

performance of fisheries in terms of catches, revenues, costs and ultimately 

gains. SMART was primarily developed to simulate different management 

scenarios (with particular reference to spatial and temporal fishing bans) and to 

forecast their short-term effects on the demersal resources (Russo et al., 

2014b). The model incorporates environmental, biological, fishery and economic 

data to explore the impact (on stock status, exploitation impact, and fisheries 

performance) of different combinations of management options like area 

closures or the modulation of the levels of total allowable effort and fleet 

capacity. The major result of the work done by (Russo et al., 2014b)is that ‘a 

series of strategically designed areas of fishery bans could significantly improve 

trawl fisheries resource conditions in the Strait of Sicily. Within the MANTIS 

project, the original structure of SMART – as described in (Russo et al., 2014b) 

n– has been deeply revised and integrated as the main task of this Work 

packageactivity, and the first aim of this deliverable is to provide an extensive 

description of this development. 

Paraphrasing the article 8 of the reformed Common Fishery Policy: […] areas 

where fish below minimum conservation reference size or spawners aggregate 

should be protected to contribute to the conservation of living aquatic resources 

and marine ecosystems, andfishing activities might be restricted or prohibited. 

In this perspective, biologically sensitive areas, such as nursery and spawning 

grounds of exploited stocks should be safeguarded by seasonal or permanent 

restriction or bans of fishing activities highly impacting. Area closures need an 

apriori assessment of potential effects of the displacement of the effort to 

previously unfished or little exploited areas. 

Thus, one of the possible applications of the SMART approach is investigating if 

and how a network of MMAs can contribute to improving sustainable fisheries in 

the Central Mediterranean focusing on two case studies, the Strait of Sicily and 

the Northern Adriatic. The proposed approach should allow reconciling also the 

conservation needs, linked to the protection of Essential Fish Habitats (e.g. 

nursery and spawning areas) and sensitive habitats (seagrass meadows, 

coralligenous habitats, maerl beds), with the objective of enhancing both the 

economic and ecological sustainability of fisheries. To this end, the behaviour 

and space-time dynamics of the fleet will be modelled using SMART. Analyses 

were carried out for two case studies, each consisting of four target species: 

 Strait of Sicily: Parapenaeus longirostris, Merluccius merluccius, Mullus 

barbatus, Aristaeomorpha foliacea; 
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 Adriatic Sea: Solea solea, Merluccius merluccius, Mullus barbatus; 

Nephrops norvegicus). Considering that M. merluccius is assumed to be 

a single stock in the Northern, Central and Southern Adriatic, for this 

species the GSA 18 data should be considered as well. However, SMART 

needs some raw inputs data, collected at the scale of individual fishing 

vessels, whereas aggregated data are not suitable to run the model. 

Thus, according to the willing of modelling M. merluccius stocks in the 

whole Adriatic Sea, raw CAMPBIOL (biological sampling of catch) data 

were required to the UO of the Italian Data collection Framework in 

charge of carrying out this activity in the South Adriatic Sea (GSA18). 

Unfortunately it was not possible to have access to the data and, 

consequently, for the GSA18, we used only the available data related to 

fishing vessels operating in this area but landing in harbours of GSA17. 

The smartR package and its workflow: general description and 
technical details 

smartR is an open-source software which implements the SMART model in the R 

language. Through this novel package is possible to achieve a complete set of 

analyses within the SMART approach: from the editing and formatting of the raw 

data; the construction and maintenance of coherent datasets; the numerical and 

visual inspection of the generated metadata; to the final simulation of management 

scenarios and forecast of their effects.  

The ‘smartR’ is available at:  

https://cran.r-project.org/web/packages/smartR/index.html. 
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Figure Annex VII-43 Workflow of the smart R package. 
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The rationale of the model, as well as the workflow of the smart R package, can 

be summarized in the following logical steps: 

1. Processing landings data, combined with VMS data, to estimate the 

spatial/temporal productivity of each cell, in terms of aggregated LPUE by 

species; 

2. Processing biological data to estimate LPUE by age and by species, for each 

cell/time; 

3. Analysing VMS data to assess the fishing effort by vessel/cell/time; 

4. Combining LPUE by age with VMS data to model the landings by 

vessel/species/length class/time; 

5. Estimating the cost by vessel/time associated to a given effort pattern and 

the related revenues, as a function of the landings by vessel/species/length 

class/time (step 4); 

6. Combining costs and revenues by vessel, at the yearly scale, to obtain the 

profit, which are the proxy of the vessel performance. Profit could be 

aggregated at the fleet level to estimate the overall performance; 

7. Using estimated landings by species/age, together with survey data, to run 

MICE model for the selected case of study in order to obtain a biological 

evaluation of the fisheries. 

Each of these steps corresponds to a different module of the package. The 

relationship between each module of SMART (in grey) and its data sources (box 

at the centre of the image) is represented in Figure Annex VII-43A. The 

quantities (e.g. LPUE) generated by the different modules, and used in the 

intermediate steps of the model, are represented in dark yellow.  

While the different modules are described in detail in the successive subsections, 

in Figure Annex VII-43B the rationale of the simulation approach applied at the 

level of the individual trawler is summarized. SMART includes an individual-

based model (IBM) predicting the allocation of the fishing effort for each vessel 

under different scenarios. Starting from the observed effort pattern by vessel, 

several scenarios can be virtually applied in order to predict the pattern resulting 

from the adaptation of each vessel to the new situation. Firstly,  𝑝𝑐,𝑡,𝑣  that is the 

spatial (for each cell c) and temporal (for each time t) distribution of the effort 

for each vessel v is reconstructed using VMS data. Afterward, this distribution 

is modified both in space and/or time according to the selected scenario. For 

instance (scenario with FRA), 𝑝𝑐,𝑡,𝑣, is set to zero if 𝑐 ∈ 𝐹𝑅𝐴, where FRA is the 

set of cells closed to fisheries. Otherwise, 𝑝𝑐,𝑡,𝑣 is set to zero if 𝑡 ∈ 𝐵, where B is 

the set of times during which a temporal stop of fishing activity is set. Since it 

is possible to assume that the effort would simply reallocate according to the 

remaining distribution rescaled to the total effort, candidate configurations were 

obtained by multinomially sampling points when 𝑐 ∉ 𝐹𝑅𝐴| 𝑡 ∉ 𝐵 from this 

distribution. Checking whether the associated profit is greater than the previous 

ones will validate this candidate configuration (Fig. Annex VII-43B). If the 

configuration is not valid, it will be discarded and another candidate 
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configuration will be drawn. Otherwise, 𝑝𝑐,𝑡,𝑣 is updated and the whole procedure 

is repeated until a convergence criterion is met. These steps are repeatedly 

carried out, for each vessel, in IBM optimization (Fig. Annex VII-43C). When the 

optimization ends for all the vessels in the fleet, aggregated revenues, costs, 

and profit can be computed for the whole fleet. In the same time, the total 

landings by species/age (or size) are passed to the MICE model devised to 

assess the biological consequences of the selected scenario. Finally, economic 

and biological outcomes for the selected scenarios are compared in a 

Management Scenario Evaluation (MSE). 

A summary of the data inputs used and of the main statistics related to the two 

case studies are reported in Tables Annex VII-7 and 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table Annex VII-7 Data inputs and statistical information about SoS case study 
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Area of 

Study 

GSAs 12, 13, 14, 15, 16 

Latitude Range 33 - 39 

Longitude Range 8.5 – 16.75 

N. of Cells 500 

Surface Area 303536 km^2 

VMS 

Time Frame 2012 - 2016 

N. of Vessels 
377 (average) 588 

(unique) 

N. of Pings 
31470316 (total) 

6294063 (average) 

Fleet 

Register 

N. of Vessels 587 

Average LOA 22 m 

Average Power 290 kW 

Average Tonnage 79 GT 

Landings 

Time Frame 2012 - 2016 

N. of Vessels 
89 (average * year), 

231 (unique) 

N. of Species 
4 (ARS, DPS, HKE, 

MUT) 

Avg. N. of Observations by Year 30339 

Avg. N. of Observation by Vessel 77 

Avg. N. of Observation by Species 7585 

Survey 

Time Frame 2012 - 2016 

N. of Species 
4 (ARS, DPS, HKE, 

MUT) 

N. of Observations 19699 

Avg. N. of Observation by Year 3940 

Avg. N. of Observation by Species 4925 

N. of Measured Specimens 162063 

Avg. N. of Measured Specimens by Year 32413 

Avg. N. of Measured Specimens by 

Species 
40516 

Fishery 

Time Frame 2012 - 2016 

N. of Species 
4 (ARS, DPS, HKE, 

MUT) 

N. of Observations 51559 

Avg. N. of Observation by Year 4687 

Avg. N. of Observation by Species 12890 

N. of Measured Specimens 493611 
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Avg. N. of Measured Specimens by Year 44874 

Avg. N. of Measured Specimens by 

Species 
123403 

Costs 

Time Frame 2014 

N. of Vessels 385 

N. of Observations 587 

Avg. N. of Observation by Vessel 1.5 

Table Annex VII-8 Data inputs and statistical information about Adriatic case study 

Area of Study 

GSAs 17, 18 

Latitude Range 39 – 46 

Longitude Range 12 – 20.5 

N. of Cells 339 

Surface Area 149562 km^2 

VMS 

Time Frame 2012 – 2016 

N. of Vessels 
485 (average) 781 

(unique) 

N. of Pings 
4389454 (total) 8778091 

(average) 

Fleet Register 

N. of Vessels 778 

Average LOA 21 m 

Average Power 290 kW 

Average Tonnage 65 GT 

Landings 

Time Frame 2012 – 2016 

N. of Vessels 
78 (average * year), 224 

(unique) 

N. of Species 4 (HKE, MUT, NEP, SOL) 

Avg. N. of Observations by Year 30339 

Avg. N. of Observation by Vessel 72 

Avg. N. of Observation by Species 7135 

Survey 

Time Frame 2012 – 2016 

N. of Species 4 (HKE, MUT, NEP, SOL) 

N. of Observations 32175 

Avg. N. of Observation by Year 6435 

Avg. N. of Observation by Species 8044 

N. of Measured Specimens 164153 

Avg. N. of Measured Specimens by Year 32831 

Avg. N. of Measured Specimens by Species 41038 

Fishery 

Time Frame 2012 – 2016 

N. of Species 4 (HKE, MUT, NEP, SOL) 

N. of Observations 31572 
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Avg. N. of Observation by Year 6314 

Avg. N. of Observation by Species 7893 

N. of Measured Specimens 97370 

Avg. N. of Measured Specimens by Year 19474 

Avg. N. of Measured Specimens by Species 24342 

Costs 

Time Frame 2014 

N. of Vessels 385 

N. of Observations 587 

Avg. N. of Observation by Vessel 1.5 

Analysis of the fishing footprint 

Trawlers equipped with VMS 

The fleet dataset required by the smartR package integrates the actual fishing 

effort (Table 9) allocated in the area of interest (of VMS/AIS equipped vessels) 

and the general characteristics of each vessel (from the Fleet Register) within 

the working fleet. 

Table Annex VII- 9 Trawlers fleet information for case of study 

Case 

Study 
Country 

Number of 

trawlers 

(mean 

across 

years) 

Temporal 

Coverage(monthly 

scale) 

Level of 

aggregation of 

the input dataset 

Strait of 

Sicily 
Italy 377 2012-2016 

Single vessel/raw 

pings 

 Malta 13 2014 Whole fleet 

Adriatic 

Sea 
Italy 485 2012-2016 

Single vessel/raw 

pings 

 Croatia 
Aggregated 

Fleet Data 
2012-2016 Whole fleet 

The fishing effort data – for the Italian fleet – was extracted from the vmsbase 

databases (Russo et al., 2014a) with a SQL query returning the tracks of ships. 

The queried pings had undergone the standard processing within the vmsbase 

package, including the tracks’ interpolation (Russo et al., 2011a), sea bottom 

depth measurement for each interpolated ping and metier detection (Russo et 

al., 2011b). The next step of the elaboration of the fishing effort dataset was 

the determination of the fishing position using a combined speed and depth 

filter, characterising the fishing operations of the studied metier. After that, the 

computed fishing points were overlaid on the grid polygons to obtain the overall 

gridded effort of the fleet. In this way, each record/point was associated with 

the enclosing cell of the grid and, together with the temporal information of the 
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week and month number, was processed in the subsequent aggregated 

analyses. 

Finally, the vessel register dataset (as the one provided on the FRONT (2018) 

portal, is loaded and cross-linked, by the common field carrying the vessel 

identification number information, to the already loaded tracking device dataset. 

The vessel length overall (LOA) is attached to the corresponding vessels of the 

effort dataset. 

Trawlers with LOA between 12-15m not equipped with VMS 

This section regards the application of a novel approach we developed to predict 

annual fishing footprint in the Adriatic Sea for vesselswithout tracking devices. 

Given that the Adriatic fleet is largely composed by vessels below 12 m in LOA, 

most of the vessels belonging to Adriatic fleet are not covered by (at least) 

tracking devices (i.e. VMS and/or AIS). As a consequence, the fishing footprint 

estimated for the Adriatic Sea is biased from the lack of a relevant fleet portion 

more than other seas around the Italian peninsula. 

Here, we presented and applied a method that combine static information about 

sea characteristics (e.g. depth and distance from the coast) and fleet structure 

and distribution by harbours (that is spatial allocation of fishing capacity) with 

the georeferenced data (collected from VMS) about the spatial distribution of 

fishing effort at a yearly scale. This method is based on artificial neural networks 

(ANN), a group of modelling techniques devised to reproduce the functioning of 

the human brain to analyse large and complex data sets characterized by non-

linear relationships among variables, internal redundancy and noise (Lek and 

Guégan, 1999).More in detail, we designed a cascaded multilayer perceptron 

network (CMPN hereafter - (Watts and Worner, 2008)), that is a sequence of 

two multilayer perceptron network (MPN) in which the output from one MPN 

becomes the input to another MPN (Franceschini et al., 2018). 

The study area comprises both GSA17 and GSA18 with the exception of: 1) the 

Croatian territorial waters (Fig. Annex VII-44), within which Italian trawlers do 

not operate; and 2) the portion of the shelf with depth < 50m and distance < 3 

nautical miles within which trawling activities are forbidden. The study area was 

divided in 16.072 cells with size of 3 × 3 kilometres. This grid is the same used, 

within the DCF, for the computation of the ecological indicators of fishing 

pressures 5, 6 and 7 (Lambert et al., 2012; Russo et al., 2011a). A series of 

variables was computed, for each cell of this grid, using the different layers of 

information. These variables represent the input for the MPNs architecture 

described in the following subsection. Namely: 

 The proportion of each cell belonging to the standard DCF depth 

strata (i.e. [0-20) m, [20-135 50) m, [50-80) m, [80-100) m, [100-

200) m, [200-800) m and over 800m); 
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 The proportion of surface with respect to five different substrates 

typologies: mud, sand, rocks, Sensitive Habitats such as sea 

meadows, maerl and coralligenous biocenosis; 

 The presence/absence (as a binary variable) of anthropic activities 

other than fisheries; 

 The proportion of surface occupied by marine protected areas 

(MPAs). 

 The complete list of variables and their characteristics is summarized 

in Table Annex VII-10. 

Table Annex VII- 10 List of the variable used as input in the cascaded MPN (level 1). R+ stands 
for the set of positive real numbers. 

Variable 

Type 

Variable 

Name 
Description Range 

Bathymetry 

Depth20 
proportion of cell belonging to the depth 

stratum [0-20) m 
0-1 

Depth50 
proportion of cell belonging to the depth 

stratum [20-50) m 
0-1 

Depth80 
proportion of cell belonging to the depth 

stratum [50-80) m 
0-1 

Depth100 
proportion of cell belonging to the depth 

stratum [80-100) m 
0-1 

Depth200 
proportion of cell belonging to the depth 

stratum [100-200) m 
0-1 

Depth800 
proportion of cell belonging to the depth 

stratum [200-800) m 
0-1 

DepthOver800 
proportion of cell belonging to the depth 

stratum [800-) m 
0-1 

Management 

Anthropic 

presence/absence (as a binary variable) 

of anthropic activities other than 

fisheries 

0/1 

MPA 

proportion of surface occupied by 

sensitive habitats or marine protected 

areas (MPAs) 

0-1 

Substrates 

Sensitive 

Habitats (SH) 

Presence of habitats characterized as 

sensitive 
0/1 

Sea Meadows 

proportion of sea bottom surface 

occupied by Posidonia beds or 

Cymodocea beds 

0-1 

Sand 

proportion of sea bottom surface 

occupied by Circalittoral muddy sand,                                                                       

Circalittoral fine sand, Deep-sea sand,  

Deep-sea muddy sand, Infralittoral fine 

sands, or Deep Sea Sand 

0-1 
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Mud 

proportion of sea bottom surface 

occupied by Circalittoral fine mud, 

Circalittoral sandy mud, Deep-sea mixed 

substrata, or Facies of sandy muds with 

Thenea muricata 

0-1 

Rocks 

proportion of sea bottom surface 

occupied by Circalittoral rock and other 

hard substrata, Circalittoral coarse 

sediment, Infralittoral coarse sediment, 

or Infralittoral rock and other hard 

substrata 

0-1 

Bio 

proportion of sea bottom surface 

occupied by Mediterranean communities 

of shelf-edge detritic bottoms, 

Mediterranean biocoenosis of coastal 

detritic bottoms, Mediterranean 

biocoenosis of muddy detritic bottoms, 

Communities of abyssal muds, 

Mediterranean biocoenosis  of coastal 

terrigenous muds, Mediterranean 

communities of bathyal muds, 

Mediterranean coralligenous 

communities moderately exposed to or 

sheltered from hydrodynamic action, 

Faunal communities on deep moderate 

energy circalittoral rock, or Maerl beds 

0-1 

Topology Distance Distance from the Italian coastline 

0-110 

nautical 

miles 

Fleet 

influence 

FI[12-15) 

Index of the number of trawlers 

belonging to the length class [12-15m) 

and their relative distance from the cell c 

0-1 

FI[15-18) 

Index of the number of trawlers 

belonging to the length class [15-18m) 

and their relative distance from the cell c 

0-1 

FI[18-24) 

Index of the number of trawlers 

belonging to the length class [15-18m) 

and their relative distance from the cell c 

0-1 

FI[24-40) 

Index of the number of trawlers 

belonging to the length class [15-18m) 

and their relative distance from the cell c 

0-1 
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Figure Annex VII-44 a) Study area: the Adriatic Sea with the two FAO Geographical Sub Areas 
(GSAs) (white lines) and the main isobaths are shown; b) Human activities (in red) and Marine 
Managed Areas (in yellow); c) main bottom substrates obtained from the European Marine 
Observation Data Network (EMODnet) Seabed Habitats project (http://www.emodnet-
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seabedhabitats.eu/); and d) the 3 x 3 Km square grid (in grey) used within DCF for the 

computation of the fishing pressure indicators and the Croatian territorial water excluded from 
the analysis. The positions of the harbours are represented by orange circles. 

The fleet of the Adriatic Sea (i.e. GSA 17 and 18 combined) is composed by 

2207 vessels (Table Annex VII-11). The portion of this fleet belonging to the 

class [12-15m), that is the subset not mandatory equipped by VMS/AIS data, 

represents the 74.17% of the total. It is reasonable that the trawling effort 

deployed within a given cell is a function of the characteristics of the cell and of 

its position with respect to the harbours. In fact, the steaming distance to reach 

a given cell is critical aspect and, in theory, the marginal effect of the distance 

on the effort is expected to be negative. Conversely, the trawling effort deployed 

in a given cell should be positively influenced by the size of the fleet (i.e. the 

number of trawlers belonging to the different fleet segments) distributed in the 

nearest harbours. In summary, the trawling effort is likely to be influenced by 

the topology of the system. In order to model these relationships, the distances 

between each harbours of the Italian Adriatic coast hosting trawlers (Table 

Annex VII-11) and the centre of each cell c of the grid were computed and 

combined with the distribution of trawlers by harbour and length class to obtain, 

for each cell of the grid, a vector of the “fleet influence” (FCc,l), defined as: 

𝐹𝐶𝑐,𝑙 = ∑
𝑁ℎ,𝑙

𝑑𝑐,ℎ

𝐻
ℎ=1           Eq. 10 

Where c is the cell, l is one of the standard DCF length classes for LOA ([12-

15m), [15-18m), [18-24m), and [24-40m)), dc, h is the distance of the cell c 

from the harbour h, and Nh, l is the number oftrawlers hosted in the harbour h 

and belonging to the length class l. Two separates sets, each composed by four 

vectors, were computed for FI. The first set (FICFR) was computed 

consideringthe official (i.e. total) number of trawlers by harbour/length class 

(Table Annex VII-11), according to the CFR.The second set (FIVMS) was 

computed considering only the trawlers equipped by VMS and thus for which 

the fishing footprint could be estimated. 

Table Annex VII-11 Number of trawlers for each Italian harbour along the Adriatic coast and for 
each length class according to the DCF 

Harbour name [12-15) [15-18) [18-24) [24-40) 

ANCONA 90 10 21 19 

BARI 63 3 2 0 

BARLETTA 15 2 2 1 

BELLARIA 31 2 0 0 

BISCEGLIE 11 3 8 9 

BRINDISI 79 0 0 0 

CAORLE 58 9 2 0 

CATTOLICA 20 2 2 0 

CESENATICO 18 5 6 0 
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CHIOGGIA 61 9 35 24 

CIVITANOVA MARCHE 31 5 21 1 

FANO 40 4 4 8 

GIULIANOVA 31 0 6 4 

GORO 226 5 2 0 

GRADO 71 1 1 0 

MANFREDONIA 77 13 27 0 

MARANO LAGUNARE 148 8 0 0 

MOLA DI BARI 24 8 11 0 

MOLFETTA 4 5 15 17 

MONOPOLI 38 11 12 0 

ORTONA 93 5 9 0 

OTRANTO 33 1 1 0 

PESARO 10 1 0 0 

PESCARA 33 11 29 14 

PORTO GARIBALDI 22 5 8 2 

PORTO SAN GIORGIO 46 9 3 1 

PORTO TOLLE 31 22 8 2 

RICCIONE 22 1 0 0 

RIMINI 36 6 17 9 

SAN BENEDETTO DEL TRONTO 54 9 18 14 

SENIGALLIA 42 2 0 0 

TERMOLI 53 4 11 5 

TRANI 10 2 2 7 

VASTO 59 2 6 0 

VENEZIA 28 1 0 0 

VIESTE 19 3 1 2 

Total 1637 179 269 120 

The spatial pattern corresponding to the total yearly fishing effort was 

estimated, using all the VMS data collected during the years 2012-2016 for the 

subset of Italian trawlers equipped with this tracking device, using the procedure 

described in (Russo et al., 2011a, 2011b, 2014a, 2016b), and represented as 

mean of the years 2012-2016 in Figure Annex VII-45. 
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Figure Annex VII-45 Fishing footprint as total yearly fishing effort (mean of the years 2012-2016) 
estimated using the VMS data, for the four different length classes grouping the Italian trawlers 

operating in the Adriatic Sea 

Cascaded Multilayer Perceptron Network (CMPN) is aimed at predicting the total 

yearly fishing effort (FE in fishing hours) of a fleet segment l (defined as the 

group of trawlers belonging to a given DCF length class), in a spatial system 

defined as a set of C cells, starting from a subset of vessels for which it could 

be retrospectively quantified using VMS data. The CMPN presented in this study 

(Fig. Annex VII-46) is composed by two MPNs. Each MPN belongs to the ANN 

family of “feedforward” neural networks, the oldest and simplest ANN type 

(Quetglas et al., 2011). The number of neurons in the input layer corresponds 
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to the number of independent variables or descriptors employed to predict the 

dependent variables, which correspond to the neurons in the output layer. The 

intermediate (hidden) layer, the core of the MPN, contains a variable number of 

neurons, since the size of this layer is a parameter to be tuned during the 

optimization of the MPN structure.  

The CMPN architecture applied in this study consists of two MPNs (Fig. Annex 

VII-46), respectively named MPN1 and MPN2. MPN1 is composed by 20 neurons 

in the input layers, which correspond to the variables of Table Annex VII-10. 

The output layer of MPN1 is composed of four neurons corresponding to the FEc,l 

described above. According to this architecture, the aim of MP1 is to model the 

effect of the different groups of independent variables (Bathymetry, 

Management, Substrates, Topology and Fleet influence) on the fishing effort for 

the four length classes (output variables FEc,l) but the spatial interaction 

between the output variables is not considered. In other words, MPN1 is not 

devised to take into account the interaction between the components of the fleet 

corresponding to the different LOA classes. The preliminary analysis of the 

correlations between the output variables (FEc,l), on the patterns of Figure Annex 

VII-45, evidenced that they are strongly interrelated (Fig. Annex VII-46). This 

is the reason why a second ensemble of MPN (MP2 in Fig. Annex VII-46) was 

designed. Each MPN2 uses the same set of 20 independent variables that fed 

MPN1, together with three over the four set of FEc,l returned by MP1, to refine 

the prediction on the fourth FEc,l. Thus, each MPN2 has a single output neuron. 

CMPN has been applied in other ecological studies when a correlation exists 

among output variables (Franceschini et al., 2018). 
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Figure Annex VII-46 Structure of the Cascaded Multilayer Perceptron Network used in this study. 

The names of the input variables are reported on the left side 
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The above-described CMPN was trained and test as follow: 

1. Input variables: A subset of 8842 cells of the 3×3 km grid was defined after 

the exclusion of the Croatian territorial waters and of cells nearest than 3 Km 

to the Italian coastline. Values for the 20 independent variables (Table Annex 

VII-10) plus the mean total yearly fishing effort by length class were 

estimated for each cell; 

2. Output variables: The subset of vessels equipped by VMS was extracted from 

the CFR and the corresponding values of FEc,l were computed; 

3. Both input and output quantitative variables were normalized in the range 

[0-1], while qualitative variables (anthropic activity and sensitive habitats) 

were expressed as presence/absence binary value (0/1); 

4. The training phase of MPN is typically carried out using two input datasets 

(the Training set and the Validation set), since this allows limiting the risk of 

“overfitting”. The Test dataset is used to assess the performance of the 

trained MPN. The overfitting occurs when the model fits too much to seen 

data (that is basically the train dataset), and do not generalize well the 

phenomenon of interest, leading to poor predictive performances on the test 

dataset. The risk of overfitting is particularly high in spatial models (Black, 

1995), because neighbouring spatial units are likely to be very similar. To 

minimize the effect of the spatial autocorrelation, the set of 8842 cells and 

the corresponding input and output variables were firstly partitioned into 45 

blocks, each defined as the group of cells within a square box of 0.75 × 0.58 

degrees (Fig. Annex VII-47A). Then, a 70% of these blocks was randomly 

selected for the training set, 15% from the ones not attributed to the training 

set was randomly selected for the Validation set and, finally, the remaining 

15% not attributed neither to the training set nor to the Validation set was 

used as Test set; 

5. Training, Validation and Test datasets were used to optimize the number of 

neurons in the hidden layer of MPN1. A size of the hidden layer between 1 

and 10 neurons was explored by repeating the datasets extraction (step 4 of 

this list) 10 times for each size of the hidden layer and then assessing the 

performance of the MPN by comparing the predicted values of FEc,l for the 

test dataset with the observed ones through the determination coefficient 

(R2); 

6. After the identification of the optimal number of neurons in the hidden layer 

of MPN1, the same procedure was successively applied to optimize the size 

of the hidden layer for the MPN2s; 

7. At the end of optimization phase for both MPN1 and MPN2s, the final structure 

of the CMPN was defined in terms of number of neurons in the hidden layers 

of the two MPN. 
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Figure Annex VII-47 A) Example of the random definition of blocks for the training, validation and 
test datasets. Performance (measured as R2 between predicted and observed values of the fishing 
effort in the test dataset) of MPN1 (B) and MPN2 (C) with different numbers of neurons in the 

hidden layer. For MPN2, the distributions in the boxplots represent the aggregation of the four 
MPN2. 

The performance of the optimized CMPN was firstly assessed by means of a 

cross-validation (CV) procedure. The same resampling procedure described in 

the previous section (step 4) was repeated, and the agreement between the 

predicted values of FEc,l for each test dataset and the observed ones was 

measured using the determination coefficient (R2). CV was performed on the 

optimized CMPN. A number of 100 random datasets were defined for training 

(70% of cells), validation (15% of cells) and test (15% of cells) and, for each 

fleet segment, the predictive performance of the CMPN was measured by 

comparing the predicted values of FEc,l for the cells of the test dataset with the 

observed ones through the determination coefficient (R2). Finally, in order to 

evaluate the contribution of independent variables on the goodness of 

predictions, a Perturbation method was applied (Franceschini et al., 2018; 

Scardi and Harding, 1999) using different levels of perturbation [± 0.1; ± 0.2, 

± 0.3, ± 0.4, ± 0.5]. 

CMPN with 10 neurons in the hidden layer of MPN1 and 8 neurons in the hidden 

layer of MPN2 returned the best results in terms adjusted determination 

coefficient between predicted and observed values of the test datasets (Fig. 

Annex VII-47). At their asymptotes, the performance (in terms of R2) of MPN1 

and MPN2 were 0.75 and 0.89, respectively. It is worth noting that these values 

of agreement were obtained for the test datasets, which were devised to be 

completely independent by and not overlapped with the other two (training and 

validation) datasets used during the learning phase. However, both MPN1 and 

MPN2 with similar numbers of neurons in the hidden layer returned similar 

values of R2 for the comparison between predicted and observed values of the 

fishing effort, providing evidence of training stability (Fig. Annex VII-47). 

According to these results, the CMPN with 10 neurons in the hidden layer of 

MPN1 and 8 neurons in the hidden layer of MPN2, hereafter CMPN10-8, was 

selected and used for the rest of the analyses. The detailed analysis of CMPN10-

8 performances for the different length classes (Fig. Annex VII-48) evidences 
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that MPN1 performed better for the intermediate length classes. The MPN2s, 

instead, returned high and homogeneous performances for length classes [15-

18) and [18-24), whereas the performance for the other two length classes 

([12-15m) and [21-40) are lower and much more variable. However, mean R2 

for MPN2 scored 0.77 ± 0.048 (mean ± standard deviation), which could be 

considered a satisfactory value. The CMPN10-8 was then used to predict the 

distribution of the fishing effort for the whole fleet, according to the procedure 

described above that is by replacing FICFR with FICFR in the input variables of 

both MPN1 and MPN. The pattern obtained for the different length classes are 

represented in Figure Annex VII-49. While the patterns for the length classes 

[15-18m), [18-24m) and [24-40m) are very similar to the observed ones, the 

one for the length class [12-15m) depict, as expected, an area much wider than 

the observed one. In terms of fishing grounds, the pattern for length class [12-

15m) is characterized, first of all, by a high level of effort along the Italian coast, 

especially in the GSA17, with the exception of a large area offshore Ancona. 

Some fishing grounds far from the Italian coast are also represented: the one 

in front of the Istria’s peninsula (Croatia), the one in front of Split (Croatia), and 

the band-shaped one in front of the Montenegro’s coasts. 

 

Figure Annex VII-48 Boxplots of the MPN1 and MPN2 performances (R2 between predicted and 
observed fishing effort for the test datasets, 100 random repetitions) of the CMPN10-8. 
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Figure Annex VII-49 Fishing footprint as total yearly fishing effort (mean of the years 2012-2016) 
estimated from the CMPN10-8, for the four different length classes grouping the Italian trawlers 
operating in the Adriatic Sea. Particular emphasis is given to the length class [12-15m). 

The outputs of the sensitivity analysis (Fig. Annex VII-50) showed that there is 

a large set of variables characterized by the highest importance for the length 

class [12-15m), whereas only few input variables are relevant for the other 

three length classes. The effort of the adjacent higher length class is the most 

important input variable for length classes [12-15m) and [15-18m). Conversely, 

the effort of the length class [15-18m) is the most important input variable for 

the length class [12-15m). The distance from the coast has the main effect on 

the predicted fishing footprint for the length class [24-40m). With the exception 

of Effort [15-18m) for the length class [12-15m), the variation of the MSE is 

proportional to the perturbation. Among the variables influencing the prediction 

of the length class [12-15m), those describing the structure of the fleet (FI 

index) are the most important, followed by the distance from the coast, the 

presence of anthropic activities different from fisheries, marine protected areas, 

percentage of sea bottom classified as “sand” and depth stratum. 
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Figure Annex VII-50 Output of the sensitivity analysis based on the “Perturbation” method. 

Percent increase in mean square error (MSE) of the CMPN10-8 output obtained by perturbating 
each of the input variables in the test datasets, while keeping all the other inputs at their original 
values, are visualized as stacked bars in which the colorscale describes the size of the 
perturbation. 

Modelling of yield: Spatial LPUE and age structure of landings 

Monthly landings, routinely collected through questionnaires within the DCF, 

were combined with VMS data (using the fishing vessel and temporal range of 

the fishing activity as references) to estimate the monthly LPUE for each species 

and cell of the grid. The procedure is extensively described in a recent study 

(Russo et al., 2018). The LPUE obtained are aggregated by species and across 

all the different age classes (cohorts). The aggregated LPUE were than 

transformed in LPUE by size by using the biological data on length composition 

of the catch. Being the monthly landings available only for the Italian trawlers 

of LOA >15 meters, it wasn’t possible to apply this procedure to the vessels 

belonging to the segment of Italian trawlers with LOA between 12 and 15 

meters, and neither to the Maltese and Croatian fleets. Therefore, the spatial 

LPUE where computed only for the subset of the fleet with a sampling of both 

effort and landings data. However, the estimate of effort distribution computed 

for the Italian trawlers was subsequently employed for an assessment of the 

effort displacement caused by the establishment of the spatial closures. 

The age of each individual was estimated from its length, to determine the 

demographic structure of catch and thus to convert the length-frequency 

distribution (LFD) of catch into an age-frequency distribution. The growth 

parameters according to the Von Bertalanffy model were estimated internally to 

the SMART model (see Table Annex VII-12 for the estimated values). Sex of 
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each individual was not considered and parameters values for unsex class were 

used. The procedure can be schematized into the following steps. 

The mixture decomposition was carried out employing the Markov Chain Monte 

Carlo (MCMC) stochastic simulation engine JAGS (Plummer, 2003). JAGS (Just 

Another Gibbs Sampler) is a widely used open-source implementation of Gibbs 

sampling. Gibbs sampling is an MCMC approach currently representing a 

technique for the statistical inference that is used in several scientific domains. 

It produces samples from a posterior distribution conditioned on the observed 

data and thus allows to obtain final estimates of model parameters. 

JAGSextends the standard Gibbs sampling process, using further algorithms to 

sample from the target posterior distribution. This software is endowed with 

complete installation and user’s documentation and is also usable in the R 

programming language where it has accumulated a large number of 

dependencies. 

With the Von Bertalanffy model, the growth rate of fish decreases linearly with 

size, while with the Gompertz model the growth curve assumes an exponential 

decrease of the growth rate (Katsanevakis and Maravelias, 2008). The Von 

Bertalanffy model is described by the differential equation: 

𝑑𝑙

𝑑𝑡
= 𝑘1(𝐿∞ − 𝑙)                                                                     Eq. 11 

where k1 is the growth rate parameter and L_∞ is the asymptotic length at 

which growth is zero. The commonly employed parametrization of the solution 

is: 

𝑙(𝑡) = 𝐿∞(1 − 𝑒−𝑘1(𝑡−𝑡1))                                                                         Eq. 12 

with t1 interpreted as the age at which an individual fish would have had zero 

length. Providing the maximum supposed number of components (cohorts) of 

the mixture, the routine implemented in smartR returns: 

 The estimated age by individual and species; 

 A vector of cohorts proportion by species, time (month) and cell.  

These proportion are used to split the LPUE by species/month/cell into LPUE by 

species/age/month/cell, using the length-weight parameters in Table Annex 

VII-12. 

Integration of the connectivity 

The new version of SMART allows integrating the role of connectivity among the 

sub-areas (cells or set of cells) composing the spatial model. Two aspects of 

connectivity were considered: the connectivity due to larval dispersal from 

spawning to nursery areas and that concerning the reproductive migration from 

the nursery/feeding grounds to spawning areas.To do this, the original version 

of the Elman Multilayer Perceptron Network (EMPN) of SMART(Russo et al., 
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2014b) was modified to predict the LPUE by species/age of each cell i at time t 

using as input the following variables: 1) the amount of fishing effort at time t-

1; 2) the time of the system (in months); 3) the LPUE by species/age of cell i 

at time t-1; and 4) the weighted mean LPUE by species/age at time t-1 in the 

set of donor/receiving cells defined for each cell of the grid (Fig. Annex VII-51). 

The set of donor/receiving cells was defined using a symmetrical connectivity 

matrix containing the estimated flux, by species/age, for each pair of cells. 

Fluxes were quantified as positive values for the donorcells and negative for the 

receiving cells. This connectivity matrix was generated, for the different life 

stages of each species, using the procedure described in the next subsections. 

 

Figure Annex VII-51 Representation of the Elman network devised to process temporal time series 
of LPUE for each species in the model. The input layer comprises three blocks of neurons: one for 

fishing effort and time, one for the temporal series of LPUE, by age, of mean LPUE in the 
donor/receiving cells. The input neurons directly propagate the information to the basic hidden 
neurons. At each step of the training procedure, the updated pattern of the basic hidden neurons 
is memorized by the context neurons and, at the successive step, propagated to the basic hidden 
neurons together with the new information in the input neurons. The output layer contains as 
many neurons as the number of age classes of the species considered. 

Economic aspects 

The economic performance of the fleet results from the balance between costs 

and revenues of all the vessels actively involved in the fishery. Thus, to evaluate 

the economic performance of the fishing fleet, it is firstly necessary to model, 

at the scale of the single vessel, the operational cost linked to the fishing activity 

with the corresponding revenue and then to aggregate revenues and costs for 

the whole fleet. For each fishing vessel, the economic performance is 

determined by the profit resulting from its strategy, which results from the 

subtraction of the costs from the revenues. Here, the strategy is represented by 

the fishing grounds selection and the amount of effort deployed. Two blocks of 

economic parameters were considered to estimate costs and revenues related 
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to the fishing activity of each trawler. Namely, costs were modelled in terms of 

their “spatial-based”, “effort-based” and “production-based” components. 

Spatial-based costs are a function of spatial locations of fishing operations (i.e. 

the fishing grounds). Given that, for each vessel, different fishing grounds are 

characterized by different distances from the harbour of departure (computed 

as the linear distance between the centre of each cell and the positions of the 

harbours), these costs are mainly related to the fuel consumption. Monthly 

values of fuel price were provided by the Italian National Institute of Statistics 

(ISTAT1).  

Accordingly, a spatial index (SI) was computed, for each vessel v and time t 

(month) as: 

𝑆𝐼𝑣,𝑡 = ∑ 𝑑𝑣,𝑐𝐸𝑐,𝑣,𝑡
𝐶
𝑐=1   Eq. 7 

Where dv,c is the distance between cell c and the harbour of departure for the 

vessel v, and Ec,v,t is the amount of effort (in hours of fishing) deployed by vessel 

v in the cell c during the time period t.  

The relationship for spatial-based costs (SC), is defined as: 

𝑆𝐶𝑣,𝑡 = 𝛼 × 𝐿𝑂𝐴𝑣 × 𝑆𝐼𝑣,𝑡  Eq. 8 

Where SCv,t are the spatial-based costs, in Euros, bore by vessel v during the 

time period t, SIv,t is the spatial index defined above, LOAv is the length-over-

all of the vessel v and 𝛼 the parameter to be estimated. Here, the term LOAv is 

aimed at capturing the effect of vessel size on fuel consumption.LOA was 

preferred to Engine Power (KW) because we consider the official data about LOA 

more reliable than those about Engine Power. However, LOA also represent a 

good proxy to model the fuel consumption (Davie et al., 2015) The effort-based 

costs are independent of the locations of fishing operations and are defined as 

a function of the number of days at sea spent by each vessel. This component 

of the costs is devised to consider the labour costs (e.g. salaries) and the other 

expenses (repair/maintenance of the vessel) directly linked to the temporal 

duration of fishing activities. VMS data allow to easily assessing the number of 

days at sea (DS) for each vessel v during the period t. Thus, 

𝐸𝐶𝑣,𝑡 = 𝛾 × 𝐿𝑂𝐴𝑣 × 𝐷𝑆𝑣,𝑡  Eq. 9 

                                                 

1https://dgsaie.mise.gov.it/prezzi_carburanti_mensili.php 
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Where ECv,t are the effort-based costs, in Euros, bore by vessel v during the 

time period t and 𝛾 is the parameter to be estimated. Here, the term LOAv is 

aimed at capturing the effect of vessel size in terms of, for instance, the crew 

size. 

The production-based costs are linked to the amount of landings (e.g. 

commercialization costs). They are defined as: 

𝑃𝐶𝑣,𝑡 = 𝜇 × 𝐿𝑉𝑣,𝑡  Eq. 10 

The production-based costs are linked to the amount of landings (e.g. 

commercialization costs). They are defined as: 

𝑃𝐶𝑣,𝑡 = 𝜇 × 𝐿𝑉𝑣,𝑡  Eq. 10 

Where PCv,t are the production-based costs, in Euros, beard by vessel v during 

the time period t, 𝜇 is the parameter to be estimated and LVv,tare the landing 

value, that is the product of landings by species and size times the respective 

prices. 

The total costs (TC) for vessel v during the period t are: 

𝑇𝐶𝑣,𝑡 = 𝑆𝐶𝑣,𝑡 + 𝐸𝐶𝑣,𝑡 + 𝑃𝐶𝑣,𝑡 + 𝜀  Eq. 11 

The corresponding Revenues (R) for vessel v during the period t are: 

𝑅𝑣,𝑡 = ∑ ∑ 𝑞𝑠,𝑙,𝑡 × 𝑝𝑠,𝑙,𝑡
𝐿
𝑙

𝑆
𝑠=1   Eq.12 

Where qs,l,t is the amount of landings for the species s and size class l during the 

period t by the respective price at the market (ps,l,t). 

Thus, the Profit (P) for vessel v during the period t is: 

𝑃𝑣,𝑡 = 𝑅𝑣,𝑡 − 𝑇𝐶𝑣,𝑡  Eq. 13 

And, for the whole fleet, during the year y: 

𝑃𝑦 = ∑ ∑ 𝑃𝑣,𝑡
𝑉
𝑣=1

𝑇
𝑡=1   Eq. 14 
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Values of prices at the market by species and length class, together with the 

price of fuel, were partially retrieved by (Russo et al., 2014b) and integrated 

using the public database provided by the “Istituto di servizi per il mercato 

agricolo alimentare” (ISMEA2). 

Stock Assessment and forecast of management’s effects on resources 

The last module of the smartR platform is called “Assessment” since it is aimed 

at evaluating the potential effects of the fishing effort patterns identified through 

the simulation module. While the Assessment module returns a series of 

standard output (estimated fishing mortalities by age class, estimated 

biomasses for each species/age, reference points such as FMSY and SSB), it is 

not organized as a ready-to-use tool. A MICE approach was adopted to model 

the population dynamics of the exploited resources (Morello et al., 2009; 

Plagányi et al., 2014; Punt et al., 2016), a quantitative model for trawl fishing 

in the cases of study was set up. The model describes, for each case study, the 

exploitation of resources by fisheries as well as the main inter-specific and intra-

specific trophic interactions.  

Strait of Sicily 

The new version of SMART adopted a MICE approach to model the population 

dynamics of the exploited resources(Morello et al., 2014; Plagányi et al., 2014; 

Punt et al., 2016). The model describes exploitation of resources by fisheries as 

well as the main inter-specific and intra-specific trophic interactions (Fig. Annex 

VII-52). Unlike HKE and DPS, MUT and ARS were considered as stand-alone 

stocks not characterized by trophic relationship with other investigated species. 

The chosen framework models a simple Statistical Catch At Age (SCAA) with a 

basic population dynamic where the catch-at-age datasets are fitted for multiple 

cohorts simultaneously and the fishing mortality is split into age and year 

components (Doubleday, 1976) where the catch-at-age datasets are fitted for 

multiple cohorts simultaneously and the fishing mortality is split into age and 

year components.The age-structured population dynamic is designed with a 

forward projection method, and it is modelled as: 

Nya = {

R0eϵy

Ny−1a−1e−Zy−1a−1

Ny−1x−1e−Zy−1x−1 + Ny−1ze−Zy−1

  Eq. 21 

Where 𝑁𝑦𝑎 is the number of individual of age a in the year y, 𝑅0 is the median 

recruitment with a yearly deviation of eϵy and x as the maximum age class. Only 

                                                 

2http://www.ismea.it/flex/FixedPages/IT/WizardPescaMercati.php/L/IT 
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one source of uncertainty was considered, namely process error due to variation 

in future recruitment. To do this, a number of 100 projections of the model were 

carried out and, in each projection, the future recruitment is generated as: 

𝑁𝑦,0
𝑠 = 𝑅0

𝑠𝑒𝜀𝑦
𝑠 −(𝜎𝑅

𝑠 )2/2  
Where       𝜀𝑦

𝑠~𝑁(0; (𝜎𝑅
𝑠)2) Eq. 22 

where 𝑁𝑦,0
𝑠  is the number of age-0 animals of species s at the start of year y, 𝑅0

𝑠 

is the average number of age-0 animals of species s, and 𝜎𝑅
𝑠 is the extent of 

variation in recruitment for species s. 

In general, the total mortality Z of the age group a during year yis defined as:  

𝑍𝑦𝑎 = 𝑀𝑎 + 𝑆𝑎𝐹𝑦  Eq. 23 

Where 𝑀𝑎is the natural mortality rate at age a, 𝑆𝑎 is the fishery selectivity at 

age a and 𝐹𝑦 isthe fishing mortality of the year y. The prey-predator interactions 

are modeled as a secondary source of mortality. For DPS, this relationship was 

modified to account the predation by HKE (Carrozzi et al., 2019): 

𝑍𝑦𝑎 = 𝑀𝑎
1,𝐷𝑃𝑆 + 𝑆𝑎𝐹𝑦 + 𝑀𝑦,𝑎

2,𝐷𝑃𝑆  Eq. 24 

Where 𝑀𝑎
1,𝐷𝑃𝑆 is the natural mortality rate at age a, 𝑆𝑎 is the fishery selectivity 

at age a and 𝐹𝑦 is the fishing mortality of the year y, and 𝑀𝑦,𝑎
2,𝐷𝑃𝑆 is the rate of 

natural mortality during year y for DPS of age a due to HKE predation, while for 

HKE, the total mortality was modified to account the cannibalism behaviour of 

older HKE that predates younger HKE with age smaller or equal to 2 years 

(Carrozzi et al., 2019), giving: 

𝑍𝑦𝑎 = 𝑀𝑎
1,𝐻𝐾𝐸 + 𝑆𝑎𝐹𝑦 + 𝑀𝑦,𝑎

2,𝐻𝐾𝐸  Eq. 25 

The mortality rate for DPS and HKE of age ≤ 2 can be modeled according to: 

𝑀𝑦,𝑎
2,𝐷𝑃𝑆 = �̃�𝑎

𝐷𝑃𝑆 (
𝛼𝐷𝑃𝑆𝐵𝑦

𝐻𝐾𝐸

𝛽𝐷𝑃𝑆+𝐵𝑦
𝐷𝑃𝑆 − 1)  𝑀𝑦,𝐴𝑔𝑒≤2

2,𝐻𝐾𝐸 = �̃�𝐴𝑔𝑒≤2
𝐻𝐾𝐸 (

𝛼𝐻𝐾𝐸𝐵𝑦,𝐴𝑔𝑒>2
𝐻𝐾𝐸

𝛽𝐻𝐾𝐸+𝐵𝑦,𝐴𝑔𝑒>2
𝐻𝐾𝐸 − 1)  

Eq. 

26 

Additionally, the population dynamic of HKE is also defined in terms of 

survivability due to abundances of preys: 
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�̃�𝑦,𝐴𝑔𝑒≤2
2,𝐻𝐾𝐸 = 𝑒−𝑀𝑦,𝐴𝑔𝑒≤2

2,𝐻𝐾𝐸

  Eq. 27 

And the survival rate for HKE is modelled as: 

�̃�𝑦,𝑎
𝐻𝐾𝐸 =

𝛼𝐻𝐾𝐸(𝐵𝑦
𝐷𝑃𝑆+𝐵𝑦,𝐴𝑔𝑒≤2

𝐻𝐾𝐸 )

𝛽𝐻𝐾𝐸+(𝐵𝑦
𝐷𝑃𝑆+𝐵𝑦,𝐴𝑔𝑒≤2

𝐻𝐾𝐸 )
  Eq. 28 

The parameterization of the secondary mortality 𝑀2 , for both DPS and 

𝐻𝐾𝐸𝐴𝑔𝑒≤2,and the survivability of �̃�𝑦,𝑎
𝐻𝐾𝐸, is constrained by𝛼𝑠 and 𝛽𝑠as the 

parameters of the interaction functions, �̃�𝑎
𝑠is a measure of mortality, and 𝐵𝑦,𝑎

𝑠  is 

the start-year biomass for species s.Where 𝛼 = 𝛽 + 1 and, for the predator (HKE 

older than 2 years):  

𝛽 =
1−𝜒

2∗𝜒−1
  Eq. 29 

While, for the prey (DPS and HKE younger than 2 years):  

𝛽 =  
2∗𝜒−1

1−𝜒
  Eq. 30 

To ease the input parametrization, we replaced biomass by relative biomass: 

The parameters of Equation 20,�̃�𝑎
𝐷𝑃𝑆, 𝛼𝐷𝑃𝑆, 𝛽𝐷𝑃𝑆 for DPS and �̃�𝐴𝑔𝑒≤2

𝐻𝐾𝐸 , 𝛼𝐻𝐾𝐸, 𝛽𝐻𝐾𝐸 

for HKE of age ≤ 2 are then specified by defining the parameters𝜒𝐷𝑃𝑆and 𝜒𝐻𝐾𝐸 

as the survival coefficients, and Ω𝐷𝑃𝑆 and Ω𝐻𝐾𝐸≤2 which is the proportion of 

mortality which is lost if there predator is absent, i.e.: 

Ω𝐷𝑃𝑆𝑀𝑎
𝐷𝑃𝑆 = 𝑀𝑦,𝑎

2,𝐷𝑃𝑆  Ω𝐻𝐾𝐸≤2𝑀𝑎
𝐻𝐾𝐸 = 𝑀𝑦,𝐴𝑔𝑒≤2

2,𝐻𝐾𝐸   Eq. 32 

Values for  and Ω are reported in Table Annex VII-13. Furthermore, the catch 

at age in numbers for each year Cya are estimated as:  

𝑃𝑦
𝑃𝑟𝑒𝑦𝑠

=
𝐵𝑦

𝐷𝑃𝑆+𝐵𝑦,𝐴𝑔𝑒≤2
𝐻𝐾𝐸

𝐵0
𝐷𝑃𝑆+𝐵0,𝐴𝑔𝑒≤2

𝐻𝐾𝐸   Eq. 31 
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𝐶𝑦𝑎 =
𝑆𝑎𝐹𝑦

𝑍𝑦𝑎
𝑁𝑦𝑎(1 − 𝑒−𝑍𝑦𝑎)  Eq. 33 

While the catch-in-weight for year y is: 

𝐶�̃� =  ∑ 𝑤𝑎+1/2𝐶𝑦,𝑎𝑎   Eq. 34 

Where 𝑤𝑎is the weight of animal of age a.The catch-at-age datasets are 

assumed to be multinomially distributed, while the survey estimates of 

abundance by age-class are assumed to be log-normally distributed with a 

standard error of the log that is independent of age and year.  

The spawning biomass, for each species and year, is accounted in the middle of 

the year as modelled by the expression: 

𝑆𝑆𝐵𝑦 = ∑ 𝑤𝑎𝑚𝑎
𝑥
𝑎=0 𝑁𝑦𝑎𝑒−0.5𝑍𝑦𝑎  Eq. 35 

The model time period runs from 2012 to 2016.  

 

 

 

Figure Annex VII-52 Representation of the relationships between trawl fishing and the main stocks 
exploited in the Strait of Sicily, together with the main trophic relationships between stocks. Adult 
HKE is a predator of DPS and of HKE juveniles. MUT and ARS were considere as stand-alone stocks 

not characterized by trophic relationship with other species. 
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Table Annex VII-12 Biological parameters not referred to age. The von Bertalanffy growth 

parameters and the length-weight parameters were used to set up the growth model and convert 
number of individuals by species and length in biomasses. 

Relationship Species k L (mm) t0 

Von Bertalanffy growth equation 

 

ARS 0.610 67.2 -0.118 

DPS 0.600 44.95 -0.118 

HKE 0.100 926.82 0.0471 

MUT 0.329 229.53 0.0305 

Length-Weight relationship 

    

ARS 0.0025 2.48  

DPS 0.0033 2.46  

HKE 0.0040 3.15  

MUT 0.0010 3.04  

 

 

 

 

 

 

Table Annex VII-13 Biological parameters referred to age, used to set up MICE model. Values of 
FMSY were used as reference for the MSE. 

Species Age 
Natural 

Mortality 

Proportion of 

Maturity 

Selectivity 

(Fisheries) 

Selectivity 

(Survey) 

ARS 

0 1.42 0.2 0.5 0.5 

1 0.58 0.5 0.75 1 

2 0.44 1 1 1 

3 0.38 1 1 1 

4+ 0.35 1 1 1 

DPS 

0 1.42 0.03 0.5 0.75 

1 1.09 0.98 1 1 

2 1.05 1 1 1 

3+ 1.03 1 1 1 

HKE 

0 1.38 0.01 0.5 1 

1 0.56 0.16 0.75 1 

2 0.27 0.61 1 1 

3 0.22 0.93 1 1 
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4 0.19 0.98 0.75 0.75 

5 0.18 1 0.5 0.5 

6 0.17 1 0.5 0.5 

7+ 0.16 1 0.5 0.5 

MUT 

0 1.71 0.2 0.3 0.5 

1 0.87 0.56 1 1 

2 0.65 0.86 1 1 

3 0.53 1 1 1 

4+ 0.44 1 1 1 

  
Recruitment 

(mean of log) 

Recruitment 

(sd of log) 

Z before 

maturity 
FMSY 

ARS  20.00 0.93 0.8 0.41 

DPS  22.00 0.90 1.7 0.88 

HKE  19.00 0.88 1.4 0.19 

MUT  19.00 0.88 1.7 0.42 

Adriatic Sea 

As for the case study of the Strait of Sicily, the chosen framework employs the 

Statistical Catch At Age (SCAA) model with a basic population dynamic 

(Doubleday, 1976)and the model describes exploitation of resources by fisheries 

as well as the main inter-specific and intra-specific trophic interactions (Fig. 

Annex VII-53).The age-structured population dynamic is designed with a 

forward projection method, and it is modelled as: 

Nya = {

R0eϵy

Ny−1a−1e−Zy−1a−1

Ny−1x−1e−Zy−1x−1 + Ny−1ze−Zy−1

  Eq. 36 

Where 𝑁𝑦𝑎 is the number of individual of age a in the year y, 𝑅0 is the median 

recruitment with a yearly deviation of eϵy and x as the maximum age class. Only 

one source of uncertainty was considered, namely process error due to variation 

in future recruitment. To do this, a number of 100 projections of the model were 

carried out and, in each projection, the future recruitment is generated as: 

𝑁𝑦,0
𝑠 = 𝑅0

𝑠𝑒𝜀𝑦
𝑠 −(𝜎𝑅

𝑠 )2/2  Where 𝜀𝑦
𝑠~𝑁(0; (𝜎𝑅

𝑠)2) Eq. 37 

where 𝑁𝑦,0
𝑠  is the number of age-0 animals of species s at the start of year y, 𝑅0

𝑠 

is the average number of age-0 animals of species s, and 𝜎𝑅
𝑠 is the extent of 

variation in recruitment for species s. 
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In general, the total mortality Z of the age group a during year y is defined as:  

𝑍𝑦𝑎 = 𝑀𝑎 + 𝑆𝑎𝐹𝑦  Eq. 38 

Where 𝑀𝑎is the natural mortality rate at age a, 𝑆𝑎 is the fishery selectivity at 

age a and 𝐹𝑦 is the fishing mortality of the year y. The prey-predator interactions 

are modeled as a secondary source of mortality. 

The mortality rate for HKE of age ≤ 2 can be modelled according to: 

𝑀𝑦,𝐴𝑔𝑒≤2
2,𝐻𝐾𝐸 = �̃�𝐴𝑔𝑒≤2

𝐻𝐾𝐸 (
𝛼𝐻𝐾𝐸𝐵𝑦,𝐴𝑔𝑒>2

𝐻𝐾𝐸

𝛽𝐻𝐾𝐸+𝐵𝑦,𝐴𝑔𝑒>2
𝐻𝐾𝐸 − 1)  Eq. 39 

Additionally, the population dynamic of HKE is also defined in terms of 

survivability due to abundances of preys: 

�̃�𝑦,𝐴𝑔𝑒≤2
2,𝐻𝐾𝐸 = 𝑒−𝑀𝑦,𝐴𝑔𝑒≤2

2,𝐻𝐾𝐸

  Eq. 40 

and the survival rate for HKE is modelled as: 

�̃�𝑦,𝑎
𝐻𝐾𝐸 =

𝛼𝐻𝐾𝐸(𝐵𝑦,𝐴𝑔𝑒≤2
𝐻𝐾𝐸 )

𝛽𝐻𝐾𝐸 + (𝐵𝑦,𝐴𝑔𝑒≤2
𝐻𝐾𝐸 )

 

The parametrization of the secondary mortality 𝑀2 , for 𝐻𝐾𝐸𝐴𝑔𝑒≤2, and the 

survivability of �̃�𝑦,𝑎
𝐻𝐾𝐸, is constrained by 𝛼𝑠 and 𝛽𝑠 as the parameters of the 

interaction functions, �̃�𝑎
𝑠 is a measure of mortality, and 𝐵𝑦,𝑎

𝑠  is the start-year 

biomass for species s. Where 𝛼 = 𝛽 + 1 and, for the predator (HKE older than 2 

years):  

𝛽 =
1−𝜒

2∗𝜒−1
  Eq. 41 

While, for the prey (HKE younger than 2 years):  

𝛽 =  
2∗𝜒−1

1−𝜒
  Eq. 42 

To ease the input parametrization, we replaced biomass by relative biomass: 
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The parameters of Equation 33, �̃�𝐴𝑔𝑒≤2
𝐻𝐾𝐸 , 𝛼𝐻𝐾𝐸, 𝛽𝐻𝐾𝐸 for HKE of age ≤ 2 are then 

specified by defining the parameter𝜒𝐻𝐾𝐸 as the survival coefficient, Ω𝐻𝐾𝐸≤2 which 

is the proportion of mortality which is lost if there predator is absent, i.e.: 

Ω𝐻𝐾𝐸≤2𝑀𝑎
𝐻𝐾𝐸 = 𝑀𝑦,𝐴𝑔𝑒≤2

2,𝐻𝐾𝐸   Eq. 44 

Values for  and Ω are reported in Table Annex VII-15. Furthermore, the catch 

at age in numbers for each year Cya are estimated as:  

𝐶𝑦𝑎 =
𝑆𝑎𝐹𝑦

𝑍𝑦𝑎
𝑁𝑦𝑎(1 − 𝑒−𝑍𝑦𝑎)  Eq. 45 

While the catch-in-weight for year y is: 

𝐶�̃� =  ∑ 𝑤𝑎+1/2𝐶𝑦,𝑎𝑎   Eq. 46 

Where 𝑤𝑎is the weight of animal of age a. The catch-at-age datasets are 

assumed to be multinomially distributed, while the survey estimates of 

abundance by age-class are assumed to be log-normally distributed with a 

standard error of the log that is independent of age and year.  

The spawning biomass, for each species and year, is accounted in the middle of 

the year as modelled by the expression: 

𝑆𝑆𝐵𝑦 = ∑ 𝑤𝑎𝑚𝑎
𝑥
𝑎=0 𝑁𝑦𝑎𝑒−0.5𝑍𝑦𝑎  Eq. 47 

The model time period runs from 2012 to 2016. 

𝑃𝑦
𝑃𝑟𝑒𝑦𝑠

=
𝐵𝑦

𝐷𝑃𝑆+𝐵𝑦,𝐴𝑔𝑒≤2
𝐻𝐾𝐸

𝐵0
𝐷𝑃𝑆+𝐵0,𝐴𝑔𝑒≤2

𝐻𝐾𝐸   Eq. 43 
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Figure Annex VII-53 Representation of the technical (trawl fishing) and trophic interaction 
between the species (NEP = Nephrops norvegicus, SOL = Solea solea, MUT = Mullus barbatus, 
HKE = Merluccius merluccius) and the trawling fleets in the Adriatic Sea. 

Table Annex VII-14 Biological parameters not referred to age. The von Bertalanffy growth 
parameters and the length-weight parameters were used to set up the growth model and convert 
number of individuals by species and length in biomasses. 

Relationship Species k L (mm) t0 

von Bertalanffy growth equation 

 

HKE 0.174 642.396 0.046 

MUT 0.247 301.717 0.175 

NEP 0.237 88.330 0.071 

SOL 0.283 444.483 0.019 

Length-Weight relationship 

    

HKE 0.004 3.13  

MUT 0.0093 3.06  

NEP 0.0004 3.13  

SOL 0.0106 3.06  

Table Annex VII-15 Biological parameters referred to age, used to set up MICE model. Values of 
FMSY were used as reference for the MSE. 

Species Age 
Natural 

Mortality 

Proportion of 

Maturity 

Selectivity 

(Fisheries) 

Selectivity 

(Survey) 

HKE 

0 1.335 0 0.1 0.8 

1 0.655 0 0.7 0.95 

2 0.455 0.109 0.6 1 

3 0.365 0.676 0.5 0.95 

4 0.315 0.943 0.5 0.92 

5+ 0.28 1 0.5 0.9 
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MUT 

0 1.2 0.1 0.02 0.08 

1 0.71 0.9 0.4 1 

2 0.54 1 0.8 1 

3 0.46 1 1 1 

4+ 0.4 1 1 1 

NEP 

0 1.755 0 0 0 

1 0.79 0.26 0.4 0.8 

2 0.4 0.86 1 0.9 

3+ 0.35 1 0.8 1 

SOL 

0 0.7 0 0.1 0.1 

1 0.35 0.16 1 1 

2 0.28 0.76 0.8 0.8 

3+ 0.25 0.96 0.4 0.4 

  
Recruitment 

(mean of log) 

Recruitment 

(sd of log) 

Z before 

maturity 
FMSY 

HKE  5.619 0.81 0.5 0.167 

MUT  5.985 0.61 0.5 0.32 

NEP  5 0.88 0.5 0.453 

SOL  4.513 0.37 0 0.26 

Simulated scenarios 

Several management scenarios were simulated and evaluated for each case 

study. These scenarios were grouped in the following categories: 

Spatial-based, that is defined by some MPA within which the trawling activities 

are forbidden all year round;  

 Temporal-based, that is defined by some temporal stop (period of the 

year during which the trawling activities are forbidden), eventually 

followed by a period during which the trawling activity is reduced; 

 Capacity/Effort-based, that is defined by some reduction of both fishing 

capacity (i.e. the size of the fleet) and fishing effort (as days at sea); 

 Combined, that is defined as the combination of two of the previous 

categories. 

The detailed list of scenarios by case study is described in the following 

subsections. For each scenario, a series of 100 simulations were carried out by 

1) using the years 2012-2016 to set-up and train the model on observed data; 

2) simulate the entry into force of management action in 2017; 3) estimate the 

displacement of the fishing effort and the related landings, costs, revenues, and 

incomes; 4) estimate the new exploitation pattern (F at age for each species) 
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and use it to run the MICE model and projecting its effects on stocks along a 5-

years period in terms of Spawning Stock Biomass of each stock. 

A Management Strategy Evaluation (MSE) was carried out by comparing the 

overexploitation rate (defined, for each stock, as the ratio between the 

estimated �̅� and the most recent value of F0.1 , as proxy of FMSY,available in the 

literature), the ratio between the mean SSB forecast for the years 2018-2021 

and the mean SSB for the years 2012-2016 , and the forecast income for the 

fleet. Thus, nine parameters (four values of �̅�
𝐹0.1

⁄ , four values of 

𝑆𝑆𝐵2017−2022
𝑆𝑐𝑒𝑛𝑎𝑟𝑖𝑜̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

𝑆𝑆𝐵2017−2022
𝑆𝑡𝑎𝑡𝑢𝑠 𝑞𝑢𝑜̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅⁄ , and one value for income) were compared across the 

different scenarios.  

Strait of Sicily 

The list of scenarios explored is summarized in Table Annex VII-16. The first 

one was represented by the status quo providing a baseline for assessing other 

scenarios. The Effort Regime scenario was based on the Multi-Annual 

Management Plan adopted by the Italian Governments and by the EC for 

demersal fisheries in the SoS. Moreover, six sets of scenarios were used to 

evaluate the effectiveness of spatial and temporal closures of trawling, 

respectively. Spatial closures corresponded to 1) the all-year-round closure of 

trawl fishing in the three FRA identified by the (REC.CM-GFCM/40/2016/4 of 

GFCM); 2) year-around closure of the full network of FRA (Fig. Annex VII-54) 

identified within the MANTIS project, which comprises the three GFCM FRA, 3) 

Adventure Bank, 4) Coastal Closure, 5) Network 2x2 made of five areas, one for 

each GSA except for GSA 15, with a total surface area of four cells, and 

6)Network 3x3 made of five areas, one for each GSA except for GSA 15, with a 

total surface area of nine cells. Temporal closures comprise the “Short summer 

stop”, routinely applied by Italy in the last decade, and the Short Winter stop. 

In addition, two scenarios suggested by stakeholders (fishers) within a series of 

meetings held in 2018 in Mazara del Vallo and Portopalo di Capo Passero, two 

of the main Sicilian trawler harbours, were evaluated: 1) the so-called 

“Extended Winter stop”, that is the complete stop of trawl fishing in February 

and March, followed by two months of reduced activity (3 fishing days per week 

instead of 5 as happens in the rest of the year); 2) the so-called Extended 

Summer stop scenario, that is the complete stop of trawl fishing in September 

and October, followed by two months of reduced activity (3 fishing days per 

week instead of 5 as happens in the rest of the year). 

Finally, two scenarios were based on a combination of spatial closure, which 

comprises the three GFCM FRA, and an effort reduction as in the Effort Regime 

scenario, with one scenario accounting for a 4% reduction of fishing effort while 

the other for a 8% reduction of the total fishing effort. 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

237 
 

 

Figure Annex VII-54 Spatial data summary for the Strait of Sicily and Simulated scenarios, A) 
GSA subdivisions, marine managed areas and national waters; B) Isobaths; C) Full network, D) 
Adventure Bank, E) Coastal Closure, F) Network 2x2, G) Network 3x3; H) Observed Fishing Effort 
log10(Hours of Fishing). 
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Table Annex VII-16 Summary of the different scenarios compared through a simulation approach 

Name Type Source 
Capacity 

regulation 
Effort regulation Spatial regulation 

Status quo 
Capacity/Effort-

based 
- None None None 

Effort 

Regime 

Capacity/Effort-

based 

Italian 

Governments 

and EU 

-5% with respect to 

the Status quo 

 

-8% of total annual effort for 

each vessel, with respect to the 

Status quo 

None 

GFCM FRA Spatial-based GFCM None None 

Yearly round closures of the 

areas 2, 3, and 4 (Fig. Annex 

VII-54C) 

FRA 

Network 
Spatial-based 

MANTIS 

(researchers) 
None None 

Yearly round closures of the all 

the areas (Fig. Annex VII-54C) 

Adventure 

Bank 
Spatial-based 

MANTIS 

(researchers) 
None None  

Coastal 

closure 
Spatial-based 

MANTIS 

(researchers) 
None None  

Network 

22 
Spatial-based 

MANTIS 

(researchers) 
None None  

Network 

33 
Spatial-based 

MANTIS 

(researchers) 
None None  

Short 

Winter stop 

Temporal-

based 

MANTIS 

(researchers) 
None 

Total stop in February and March 

-40% of effort in April and May 
None 

Short 

Summer 

stop 

Temporal-

based 

MANTIS 

(researchers) 
None 

Total stop in September and 

October 
None 
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-40% of effort in November and 

December 

Extended 

Winter stop 

Temporal-

based 

MANTIS 

(stakeholders) 
None 

Total stop in February and March 

-40% of effort in April and May 
None 

Extended 

Summer 

stop 

Temporal-

based 

MANTIS 

(stakeholders) 
None 

Total stop in September and 

October 

-40% of effort in November and 

December 

None 

GFCM FRA – 

4 Effort 
Combined 

MANTIS 

(researchers) 
None 

-4% of total annual effort for 

each vessel, with respect to the 

Status quo 

Yearly round closures of the 

areas 2, 3, and 4 (Fig. Annex 

VII-54C) 

GFCM FRA – 

8 Effort 
Combined 

MANTIS 

(researchers) 
None 

-8% of total annual effort for 

each vessel, with respect to the 

Status quo 

Yearly round closures of the 

areas 2, 3, and 4 (Fig. Annex 

VII- 54C) 

 

 

 

 

 

 

 

 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

240 
 

 

Figure Annex VII-55 Spatial data summary for the Adriatic Sea, a) GSA subdivisions; b) Isobaths; 
C) FRA identified in the Adriatic Sea; D) Scenario for Pomo FRA closure, E) Scenario for Sole 
Sancuary closure, F) Scenario for Pomo FRA + Sole Sancuary FRA, G) Scenario for Co astal Closure 
+ Pomo FRA; h) Observed Fishing Effort log(Hours of Fishing). 
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Spatial closures corresponded to 1) the all-year-around closure of trawl fishing 

in the Pomo FRA (Fig. Annex VII-55D); the all-year-around closure of trawl 

fishing in the Sole Sanctuary FRA (Fig. Annex VII-55E); the all-year-around 

closure of trawl fishing in the both these FRA (Fig. Annex VII-55F); the all-year-

around closure ofthe fishing grounds with a distance of 6 nautical miles from 

the coast. Temporal closure corresponded to the so-called “Extended Summer 

stop”, that is the complete stop of trawl fishing in September and October, 

followed by two months of reduced activity (3 fishing days per week instead of 

5 as happens in the rest of the year. 

Table Annex VII-17 Summary of the different scenarios compared through a simulation approach 

Name Type Source 

Capacity 

regulatio

n 

Effort 

regulatio

n 

Spatial 

regulatio

n 

Status 

quo 

Capacity/Effort

-based 
- None None None 

Effort 

Regime 

Capacity/Effort

-based 

Italian 

Governments 

and EU 

-5% with 

respect to 

the Status 

quo 

 

-8% of 

total 

annual 

effort for 

each 

vessel, 

with 

respect to 

the Status 

quo 

None 

Coastal 

closure 
Spatial-based  None None 

Fig. Annex 

VII-55G 

Pomo Pit 

FRA 
Spatial-based  None None 

Fig. Annex 

VII-55D 

Sole’s 

Sanctuar

y 

Spatial-based  None None 
Fig. Annex 

VII-55F 

Pomo Pit 

+ Sole’s 

Sanctuar

y 

Spatial-based 
MANTIS 

(researchers) 
None None 

Fig. Annex 

VII-55E 

Extended 

Summer 

stop 

Temporal-

based 

MANTIS 

(stakeholders

) 

None 

Total stop 

in 

September 

and 

October 

-40% of 

effort in 

November 

None 
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and 

December 

 

Results: case study Strait of Sicily 

Given that a detailed analysis of LPUE in space and time are beyond the scope 

of this paper, the description is limited to mean pattern by species (Fig. Annex 

VII-56). The estimated LPUE for the four species are characterized by different 

ranges. The highest mean values are associated to DPS, reaching 2 Kg per meter 

of LOA and hour of fishing, followed by ARS (0.7 Kg/m/h), HKE (0.6 Kg/m/h), 

and MUT (0.3 Kg/m/h). The main fishing grounds of ARS are distributed off-

shore in the North-west region of SoS, around Maltase islands, and in the 

southern-east corner of the area. Main fishing grounds for DPS along the 

northern sector of the SoS are distributed in separated areas. A first area 

comprises the grounds near the north-west corner of the Sicily, the southern 

border of the Adventure Bank in front of the Pantelleria island, a large area off 

Sciacca and the eastern border of the Malta Bank. On the contrary, the DPS 

fishing grounds off the African coasts are distributed seamlessly between 100m 

–and 400 m depth. This spatial pattern is very similar to the one of the HKE, 

which is the main commercial bycatch of DPS trawling Finally, the fishing 

grounds of MUT are grouped in three main parts: the whole Adventure bank, 

the grounds off the oriental corner of the Sicily and a large area of the Tunisian 

shelf, from the Gulf of Hammamet to the bottoms off the Gulf of Gabes. 
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Figure Annex VII-56 Spatial distribution of LPUE (Kg/m/h) by species, as seasonal mean for the 
period 2012-2016. 

 

Figure Annex VII-57 Distribution of the main different age classes, by species, in terms of 
proportion the landings. The age classes older than 3 years were aggregated to reduce the number 

of submaps. 

According to the distribution of the main age classes (Fig. Annex VII-57), it is 

worth noting that: 1) for ARS, the different age classes are consistently 
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overlapped in the three fishing grounds; 2) DPS shows a progressive shifting of 

the spatial distribution, according to the age, towards deeper areas; 3) HKE 

cohorts occupy the same fishing grounds, but with different proportion 

according to age; 4) Given that no information on the coastal bottoms off Tunisia 

and Libya is available, the first cohort of MUT seems to be present only near the 

Sicilian coast, whereas older age classes are progressively concentrated in 

offshore margin of the Adventure Bank and the Tunisian coast. 

According to the different measures corresponding to each scenario of Table 

Annex VII-17, SMART returned estimates of the expected fishing effort pattern 

by vessel, and then at the aggregated level of the fleet, including the fishing 

effort displacement (if any) determined by the establishment of the different 

management measures (Fig. Annex VII-58). The Effort Regime scenario is likely 

to determine the abandonment of far fishing grounds, especially located in the 

southeast part of the SoS and off Tunisia. 

The establishment of the three FRA defined by the GFCM (GFCM FRA scenario) 

is associated with a remarkable increase of the fishing effort around these FRA, 

together with an increase in the south and south-east region of the SoS.  This 

effort displacement and “border-effect” is even more evident in the simulated 

scenarios of the “network” kind (FRA Network, Network 2x2, Network 3x3) 

scenarios, in which a kind of “ring” encloses the areas in the network. These 

scenarios also evidence that a remarkable amount of the original effort is forced 

to be displaced out of the FRAs located near the Tunisian coasts. The Adventure 

Bank and the Coastal Closure scenarios show a similar rearrangement pattern 

of fishing effort with a broad shift towards the more distant fishing grounds. 

The temporal scenario represented by the Extended Summer Stop is associated 

with a substantial decrease of the fishing effort on both Sicilian and African 

shelves. In contrast, the Extended Winter Stop is likely to determine a decrease 

of the effort on more offshore and deeper grounds, including the slope. Instead, 

the Short Summer Stop and the Short Winter Stop are mainly characterised by 

a reduced effort closer to the African coasts, with a greater reduction in the 

Short Summer Stop. Almost on the opposite direction is the shift evidenced in 

the scenario with the combination of fishing capacity reduction and GFCM FRA 

network (GFCM FRA -4% and GFCM FRA -8%), where it is noticeable an increase 

of the fishing effort along the coasts of Tunisia, Libia and Sicily but also near the 

Malta Bank. 
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Figure Annex VII-58 Optimized (average over 100 simulations) fishing effort pattern (in the red 
scale of Log Hours Fishing) and corresponding for delta for the status quo (in the green-red scale 
of Log Fishing Hours), for each scenario. The FRAs are represented as a white polygon in the 
Spatial-based scenarios. The patterns are referred to the total yearly fishing effort for the Italian 

trawlers operating in the SoS 

The new fishing effort patterns determined by the various simulated scenarios 

were associated to the pattern of fishing mortality (A) and as   by species (B), 

see summary of Figure Annex VII-59 and 60 respectively. 

 

Figure Annex VII-59 Barplot (mean and MSE) representing the �̅� for each species and 

scenario, corresponding to the new fishing effort pattern after the introduction of the 
different management measures. Age ranges for the computation of �̅� were: 1-3 years 

(ARS), 0-2 years (DPS), 1-5 years (HKE) and 1-3 years (MUT). 
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Figure Annex VII-60 The corresponding overexploitation rate (�̅�
𝑭𝟎.𝟏

⁄ ) for the different species and 

scenarios; Age ranges for the computation of �̅� were: 1-3 years (ARS), 0-2 years (DPS), 1-5 years 

(HKE) and 1-3 years (MUT). 

The effects of the four species widely vary between scenarios. In general, all 

the simulations determine a reduction of the fishing mortality for every species 

except for the ARS in the “Network” scenarios (GFCM FRA, FRA Network, 

Network 2x2, and Network 3x3). 

The greatest reduction of �̅� is recorded by the Adventure Bank scenario, where 

it seems possible to achieve a halving of the mortalities for HKE, DPS, and MUT. 

A similar result, but with a lower reduction of F for MUT together with a more 

profound decrease of F for ARS is showed by the Short Summer Stop scenario. 

Henceforth, the Short Summer Stop and the Extended Summer Stop are the 

scenarios that achieve the greatest benefit for ARS in terms of reduction of F. 

The fishing mortalities for DPS stays particularly high in the Network 2x2, 

Extended and Short Winter Stop, Coastal Closure, and Effort Regime, while it 

falls below 0.5 in the Extended and Short Summer Stop and the Adventure Bank 

scenarios. The HKE’s condition benefits from Effort Regime (on average but with 

a large variation across repeated experiments), Adventure Bank, Network 3x3, 

Extended and Short Summer Stop, but instead it doesn’t show an intense 
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reduction of F in the GFCM FRA, Coastal Closure and Network 2x2. The fishing 

mortalities of MUT show the greatest reduction in the simulation Adventure Bank 

and GFCM FRA + Capacity Reduction, while are stable around the level of the 

Status Quo in the scenarios of Network 3x3, Network 2x2, and Effort Regime. 

 

Figure Annex VII-61 Barplot (mean and MSE) representing: A) the values of landings for each 
species and scenario, corresponding to the new fishing effort pattern after the introduction of the 
different management measures; B) the corresponding costs by type and scenarios: C) the 
aggregated costs, revenues and corresponding incomes by scenario, for the whole fleet of Italian 
trawlers. 
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From an economic point of view, the performances of the different scenarios are 

summarized in Figure Annex VII-61. In general, the revenues show a fluctuating 

rate across the different scenarios for each species, mainly below the threshold 

of the Status Quo, except for the ARS in the Short Winter Stop and the DPS in 

Effort Regime. However it is not possible to identify a similar trend for any 

scenario with determines a common outcome for each species. The lowest 

revenues are associated to the Network 2x2 for ARS, Network 3x3 and Extended 

Winter Stop for DPS, Network 3x3, Adventure Bank, and Short Winter Stop for 

HKE, and FRA network, Adventure Bank, Extended and Short Summer Stop for 

MUT. Costs by effort (as the number of fishing days) are obviously lower for all 

the measures involving the reduction of the fishing effort or the fishing capacity, 

it is greater for extended temporal stops, but also for the Effort Regime, GFCM 

FRA + Capacity Reduction, while they are very similar to the status quo for the 

scenarios based on spatial closures only. The scenarios with effort and capacity 

reduction have also a pronounced effect on the spatial costs (i.e. fuel), given 

that also this kind of cost is related to the number of fishing days and boats, 

with a slight reduction also for the short stops. At an aggregated level, it is 

worth noting that incomes are more or less the same in the different scenarios: 

always lower than in the status quo, with the highest values occurring for the 

GFCM FRA scenarios (also this with the capacity reductions) and the other 

scenarios scoring similar values, around 70% of the status quo, except for 

minimum profit recorded for Adventure Bank, Network 3x3 and Network 2x2. 

The estimated effects of the different scenarios on the SSB mid-term trends are 

represented in the Figures Annex VII-62, 63, 64, and 65. Here the status quo 

represents a reference, and it is characterized by an increasing trend for ARS, 

a decreasing trend for DPS (especially) and HKE, and a stable trend for MUT. 

The Effort Regime scenario is associated with positive effects on ARS, DPS 

showed a clear decreasing trend whereas MUT and HKE seem to be unaffected 

by this measure. The spatial scenarios (GFCM FRA and Full Network) are instead 

characterized by positive effects on all the four species, which show increasing 

trends (ARS and MUT), or stable trends (DPS and HKE). The Full Network 

scenario seems particularly effective for MUT. Network 2x2 and 3x3 scenarios 

showed an increment in SSB values for ARS and HKE while scenarios which 

include the reduction of fishing effort (i.e. GFCM FRA – 4 and 8 Effort) resulted 

to be the best scenarios in term of SBB levels for all the four species. Best results 

are also associated with the extended Summer stop scenario, in which all the 

four species are expected to increase their SSB towards levels twice at much of 

the previous ones. In contrast, the Winter stop scenario does not show visible 

effects and the trends for the four species are very similar to those of the status 

quo. 
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Figure Annex VII-62 Reconstructed and predicted trends of Spawning Stock Biomass (SSB) ARS 

by scenario. The white background identifies the observed time series (years 2012-2016), while 
the yellow background corresponds to prediction (years 2017-2022). In the predictions, dashed 

line marks the mean trend over 100 simulations, while the grey area corresponds to the standard 
confidence interval. 
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Figure Annex VII-63 Reconstructed and predicted trends of Spawning Stock Biomass (SSB) for 
DPS by scenario. The white background identifies the observed time series (years 2012-2016), 
while the yellow background corresponds to prediction (years 2017-2022). In the predictions, 

dashed line marks the mean trend over 100 simulations, while the grey area corresponds to the 
standard confidence interval. 
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Figure Annex VII-64 Reconstructed and predicted trends of Spawning Stock Biomass (SSB) for 

HKE by scenario. The white background identifies the observed time series (years 2012-2016), 
while the yellow background corresponds to prediction (years 2017-2022). In the predictions, 

dashed line marks the mean trend over 100 simulations, while the grey area corresponds to the 
standard confidence interval. 
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Figure Annex VII-65 Reconstructed and predicted trends of Spawning Stock Biomass (SSB) for 

MUT by scenario. The white background identifies the observed time series (years 2012-2016), 
while the yellow background corresponds to prediction (years 2017-2022). In the predictions, 

dashed line marks the mean trend over 100 simulations, while the grey area corresponds to the 
standard confidence interval. 

The results for all different scenarios are summarized in Figure Annex VII-66. 

Alternative management scenarios are always associated, at least in their first 

phase of entry into force, to a decrease of the profit for the fleet with respect to 

the status quo, while the biological consequences on the stocks vary. In 

particular, spatial scenarios and their combination with temporal-based 

approach (i.e. “combined”) are likely to allow reaching the sustainability targets 

in terms of fishing mortality for three of the four stocks considered, whereas the 

effect of the two temporal-based scenarios performed with a substantial 

decrease of profits for the fleet. After the status quo, the Short Winter stop 

scenario shows the worst performance among all the simulated scenarios in 

terms of recovery rate for SSB. Conversely, both the Extended Summer stop 

and Adventure Bank scenarios give the best biological effects, since they provide 

a mean SSB recovery rate larger than two for the stocks, however these 

scenarios correspond also to a relevant reduction (around -40%) of the profit 

for the fleet. GFCM FRA scenarios which encompass effort reduction provide 

good performances in terms of stock recovery with a low reduction of the profits 

beyond status quo. The situation is, from an economic point of view, even worse 

for Short Summer Stop and Network 3x3 scenarios. Network scenarios and 
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Coastal closure show similar results as regards the biological aspects, allow to 

achieve the sustainability targets only for two of the four species. 

 

Figure Annex VII-66 Management Strategy Evaluation of the different scenarios. The x axis 
corresponds to the number of stocks that are expected to be exploited at F0.1 after the 
implementation of the corresponding scenario, the y-axis corresponds to the mean recovery rate 

for SSB of the four stocks, computed as 
𝑺𝑺𝑩𝟐𝟎𝟏𝟕−𝟐𝟎𝟐𝟐

𝑺𝒄𝒆𝒏𝒂𝒓𝒊𝒐̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝑺𝑺𝑩𝟐𝟎𝟏𝟕−𝟐𝟎𝟐𝟐
𝑺𝒕𝒂𝒕𝒖𝒔 𝒒𝒖𝒐̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅⁄ . The size of the bubble 

represents the percentage of profit with respect to the status quo, for each scenario, in the first 
year (2017) of application. The colour of the bubble groups the scenarios 

Results: case study Adriatic Sea 

The description of mean pattern of LPUE by species for the Adriatic Sea is shown 

in Figure Annex VII-67. The estimated LPUE of bottom trawlers for the four 

species are characterized by different ranges. The highest mean values are 

associated to HKE and MUT, reaching 1.20 Kg per meter of LOA and hour of 

fishing, followed by NEP (0.70 Kg/m/h) and SOL (0.14 Kg/m/h). The main 

fishing grounds of NEP are distributed in the central-southern part of the Adriatic 

Sea and in particular around the Pomo’s Pit. As regards HKE and MUT, fishing 

grounds are largely distributed along all the Adriatic Sea with a concentration in 

the central sector. On the contrary, main fishing grounds for SOL are present in 

the northern part of the Adriatic Sea. 
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Figure Annex VII-67 Spatial distribution of LPUE (Kg/m/h) of bottom trawling by species, as 
seasonal mean for the period 2012-2016. 

The distributions of the main age classes for the four species are shown in Figure 

Annex VII-68. While HKE occupy the most of the bacin, but with different 

proportion in different areas according to age, both SOL and MUT show a 

progressive shifting of the spatial distribution of older fish towards deeper areas. 

NEP cohorts seem instead occupy different fishing ground according to the age 

classes, thereby showing in particular a larger distribution to the northern and 

southern part of the Adriatic Sea while their age increases. 
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Figure Annex VII-68 Distribution of the main different age classes, by species, in terms of 
proportion the landings. The age classes older than 3 years were aggregated to reduce the number 

of submaps. 

According to the different measures corresponding to each scenario of Table 

Annex VII-17, SMART returned estimates of the expected fishing effort pattern 

by vessel, and then at the aggregated level of the fleet, including the fishing 

effort displacement (if any) determined by the establishment of the different 

management measures (Fig. Annex VII-69). The Effort Regime scenario shows 

a general decrease of fishing effort on the areas far away from the home 

harbours, except for the zone directly facing Montenegro, and on the coastal 

areas with less productive LPUEs. The establishment of the three FRAs (Pomo 

Pit, Sole’s Sanctuary and Pomo Pit+Sole’s Sanctuary), is associated with a 

remarkable increase of the fishing effort around these FRA, together with an 

increase in the south-east region of the Adriatic Sea. The attracting “border 

effect” is noticeable in all the three scenarios but the pressure on the Pomo Pit 

seems alleviated when that the Sole’s Sanctuary is established. The scenario of 

Coastal Closure makes even more evident the effort displacement and a strong 

concentration of effort in the remaining central areas of the Adriatic Sea. 
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Figure Annex VII-69 Optimized (average over 100 simulations) fishing effort pattern (in the red 
scale of Log Hours Fishing) and corresponding for delta for the status quo (in the green-red scale 

of Log Fishing Hours), for each scenario. The FRAs are represented as a white polygon in the 
Spatial-based scenarios. The patterns are referred to the total yearly fishing effort for the Italian 
trawlers operating in the Adriatic Sea. 

The new fishing effort patterns associated to the different scenarios were related 

to the pattern of fishing mortality (A) and F̅ by species (B) of Figure Annex VII-

70 and 71. According to the Effort Regime scenario a mean reduction of about 

the 10% of current fishing mortality is expected. The Extended Summer Stop 

scenario produced a a reduction of fishing mortality ranging from 10 % in MUT 

to 20% in HKE and NEP, while an increase of about 10 % is expected in SOL. In 

the Coastal Closure scenario determines the decrease of the F for all the 

considered species, being between 70-80% of the current F in MUT and SOL 

with a less detectable reduction for HKE (-25%) and NEP (-20%). The closure 

of the Pomo Pit FRA is expected to produce a reduction of current fishing 

mortality ranging from 15 % in NEP and SOL and 30% in HKE, while an increase 

of 10% of F should be occu in MUT. On the other hand the closure of the Sole 
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Sanctuary is related to a decrease of about 30% of F for SOL and HKE, and 15% 

in NEP but an increase of 10% in MUT.  Pomo Pit + Sole’s Sanctuary closures 

the reduction of F in HKE and NEP resulted of about 30-40% and that of SOL of 

15%, while an increase of 10% in current F is expected for MUT. Analysing the 

results of simulation by species HKE all management scenarios are expected 

produce a reduction of fishing mortality being the strongest reduction due to the 

closure of Pomo Pit + Sole’s Sanctuary FRA (F~0.35). A reduction of fishing 

mortality in NEP occurs in any scenarios reaching the lowest value of ~0.30 in 

the Effort Regime simulation. The variation of F for MUT across the simulations 

is characterized by largest variation, both above and below the Status Quo. The 

FRA-based scenario (Pomo Pit, Sole’s Sanctuary and Pomo Pit +Sole’s 

Sanctuary) determine an increase of the MUT’s fishing mortality (F~0.62), while 

the Extended Summer Stop, Effort Regime and the Coastal Closure cause the 

opposite effect with the lowest level in the Coastal Closure scenarios (F~0.15). 

Concerning the SOL most of the explored scenarios produces a reduction of 

Fishing mortality being that due to the Sole’s Sanctuary the highest (F~0.25). 

It is an exception the Extended Summer Stop producing a light increase of the 

current F. 

Overal the largest reduction of fishing mortalities occur for the Coastal Closure 

scenario, followed by the Effort Regime and Extended Summer Stop scenarios. 

The FRAs scenario corresponds to a strong benefit for all the species except for 

MUT. 

 

Figure Annex VII-70 Barplot (mean and MSE) representingthe   for each species and scenario, 
corresponding to the new fishing effort pattern after the introduction of the different management 
measures. Age ranges for the computation of �̅� were: 1-4 years (HKE), 1-3 years (MUT), 0-1 

years (NEP), and 1-4 years (SOL). 
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Figure Annex VII-71 Barplot(mean and MSE) representing the overexploitation rate (�̅�
𝑭𝟎.𝟏

⁄ ) for 

each species and scenario, corresponding to the new fishing effort pattern after the introduction 
of the different management measures. Age ranges for the computation of �̅� were: 1-4 years 

(HKE), 1-3 years (MUT), 0-1 years (NEP), and 1-4 years (SOL). 
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Figure Annex VII-72 Barplot (mean and MSE) representing: A) the values of landings for each 
species and scenario, corresponding to the new fishing effort pattern after the introduction of the 
different management measures; B) the corresponding costs by type and scenarios: C) the 
aggregated costs, revenues and corresponding incomes by scenario, for the whole fleet of Italian 
trawlers. 

The performances of the different scenarios – in terms of revenues and costs – 

are shown in Figure Annex VII-72. The revenues related to landings of MUT, 

NEP, and SOL show a substantial variation between the different cases, while 

those for HKE are quite similar. Coastal closure is associated with the lowest 

revenues for both MUT and SOL while it has the highest value for NEP. Costs by 

effort (as the number of fishing days) show a quite constant value among all 

scenarios. The pattern is similar for spatial costs (i.e. fuel), given that also this 

kind of cost is related to the number of fishing days. Production costs show 

instead the lowest value for the Coastal closure scenario. 
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The estimated effects of the different scenarios on the SSB mid-term trends are 

represented in Figure Annex VII-73. Here the status quo represents a reference, 

and it is characterized by an increasing trend for HKE, a decreasing trend for 

MUT and SOL, and a stable-increasing trend for NEP. The effort regime improve 

abundance of SSB of HKE and NEP. The Coastal closure scenario is associated 

with positive effects on all the four species. The Summer stop did not show 

substantial differences from the status quo scenario with the exception of NEP 

and SOL. The Full Network scenario seems particularly effective for MUT. Pomo 

pit FRA, Sole’s sanctuary and their combination are associated with increasing 

trends for SSB of HKE, NEP, and SOL. 
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Figure Annex VII-73 Reconstructed and predicted trends of Spawning Stock Biomass (SSB) for 
the different species by scenario. The white background identifies the observed time series (years 
2012-2016), while the yellow background corresponds to prediction (years 2017-2022). In the 
predictions, dashed line marks the mean trend over 100 simulations, while the grey area 

corresponds to the standard confidence interval. 
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Results about each management scenario of the Adriatic Sea are summarized 

in Figure Annex VII-74. Even in this case of study, in their first phase all the 

different management scenarios are always associated to a decrease of the 

profit for the fleet with respect to the status quo. Substantial differences as 

regards the biological consequences of all species are met with respect of 

different approaches. In fact, only the Coastal closure scenario allows to reach 

the sustainability targets in terms of fishing mortality for two stocks, even if, 

from an economic point of view, it is associated with the lowest profits for the 

fleet (-50%). Sole’s sanctuary did not show such good performance in terms of 

recovery rate for SOL SSB with respect to the Status quo scenario, Awhile a 

strong increase of NEP SSB is associated with the spatial closure of Pomo Pit FR. 

However, leaving out Coastal closure, all different approaches did not provide a 

mean SSB recovery >0.9 for each species. In particular, temporal-based 

scenario is also associated to a relevant reduction of the profit for the fleet. 

According to the results, the Coastal closure scenario is the best spatial-based 

approach in terms of stock recovery but, on the other hand, it showed the 

highest decrease in terms of profits. Moreover, it is worth noting that all the 

spatial-based scenarios (i.e. Pomo Pit FRA, Sole Sanctuary, Pomo FRA + Sole 

Sanctuary) and the Effort Regime are likely to determine an explotation very 

close to sustainability for 2 over the 4 stocks (NEP and SOL, see Fig. Annex VII-

71). 
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Figure Annex VII-74 Management Strategy Evaluation of the different scenarios. The x axis 
corresponds to the number of stocks that are expected to be exploited at F0.1 after the 
implementation of the corresponding scenario, the y-axis corresponds to the mean recovery rate 

for SSB of the four stocks, computed as 
𝑺𝑺𝑩𝟐𝟎𝟏𝟕−𝟐𝟎𝟐𝟐

𝑺𝒄𝒆𝒏𝒂𝒓𝒊𝒐̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝑺𝑺𝑩𝟐𝟎𝟏𝟕−𝟐𝟎𝟐𝟐
𝑺𝒕𝒂𝒕𝒖𝒔 𝒒𝒖𝒐̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅⁄ . The size of the bubble 

represents the percentage of profit with respect to the status quo, for each scenario, in the first 
year (2017) of application. The colour of the bubble groups the scenarios by type. 

Effects on the fishing footprint for trawlers with LOA >=12 and <15 

Changes in effort distribution for the trawlers with LOA between 12m and 15m 

in the Adriatic Sea were not directly optimized in the scenario simulations (Table 

Annex VII-18), since basic data about the behaviour (i.e. fishing effort pattern) 

and related landings were not available for this fleet segment. Thus, it was not 

possible to feed SMART with individual data for these vessels. However, we 

assessed the effects of effort displacement caused by the establishment of 

spatial management measures in terms of total reduction of hours and 

percentage compared to the total observed effort. For each scenario, the 
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resulting changes were computed by excluding the fishing hours in the fishing 

grounds affected by closure. 

Table Annex VII-18 Relative and percentage changes in each scenario for the trawlers with LOA 
between 12m and 15m 

Scenario Total Fishing Hours Hours Change Percentage Change 

Observed 9281.89 - - 

Pomo 8902.65 -379.23 -4.08 

Sanctuary 8923.85 -358.04 -3.85 

Pomo+Sanctuary 8615.19 -666.69 -7.18 

Coastal closure 5898.35 -3383.54 -36.45 

The Table Annex VII-16 basically shows that some spatial-based scenarios, 

namely Pomo Pit FRA, Sole Sanctuary, Pomo FRA + Sole Sanctuary, are not 

expected to affect the trawlers with LOA between 12m and 15m, whereas the 

Coastal closure scenario could determined a lost of around 35% of the original 

effort deployed by this fleet segment. 

Discussion 

The application of SMART to the case study of SoS allowed exploring the possible 

consequences of 14 management scenarios, including the status quo. The 

consequences in terms of fishing effort displacement are also very different 

between scenarios (Fig. Annex VII-74). When spatial restrictions are applied 

(i.e. in GFCM FRA and FRA Network scenarios) effort is re-allocated in unclosed 

areas (Ba et al., 2019). Indeed, fishing effort is expected to increase around the 

edges of FRAs, as well as in already exploited fishing grounds. This “fishing-in-

the-line” effect has been previously documented in literature (Cabral et al., 

2017; Horta e Costa et al., 2013; Wilcos and Pomeroy) and it is easily 

explainable by the fact that FRAs are likely to host higher biomasses and support 

spill over fluxes of resource for the fisheries. This chain of effects also suggests 

that, in the FRA Network scenario, the establishment of the new FRAs off the 

Tunisian coast could push the distant Sicilian trawlers farther (i.e. towards the 

fishing grounds near the coast of Libya) with larger costs for the fuel (Fig. Annex 

VII-72). Costs are always higher in spatial-based scenarios, even because the 

spatial component of cost is expected to exceed the value observed for the 

status quo. It is therefore coherent to observe that, for effort-based and 

temporal-based scenarios, the predicted fishing effort patterns are more or less 

a puzzle of areas in which the effort is expected to decrease (Fig. Annex VII-

70). 

Under the Effort Regime, the cells at the borders of the SoS (with the exception 

of those near the Sicilian coast) resulted abandoned, probably due to the cost 

to reach these fishing grounds. For Winter and Summer stop scenarios the 

lighter areas are much wider and only partially overlapping. The main 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

274 
 

differences are that under the Summer stop the shallow bottoms off the Tunisian 

coast are less exploited while during the Winter stop the main reduction occurs 

on the slope off the Tunisian and the Libyan coast. In other words, the Summer 

stop is expected to reduce fishing effort in shallow grounds, while the Winter 

stop would determine an effort reduction in deeper areas. Considering both the 

effect of F and SSB, the Summer stop scenario showed a better performance 

than the Winter stop. Furthermore, the Winter stop seems to score similar to 

the Effort Regime: both scenarios support some improvements for HKE, but not 

enough to promote a switch of the system towards a MSY for all the species.  

Analysing the results by species, it seems that ARS has its own story, since this 

stock is the only one showing a sustainable exploitation and an increasing trend 

in SSB for all scenarios, and in particular for the Summer stop. A similar pattern 

is found in MUT, with this species close to F0.1 in the status quo and able to 

strongly improve its SSB only in three different scenarios (GFCM FRA, FRA 

Network and Summer stop). DPS and HKE are the most challenging stocks, 

since the overall performance of the different scenarios is closely dependent on 

the effects on these stocks. Strong positive effects on the DPS SSB of the GFCM 

and the network of FRAs, the closure of the Adventure bank, the extended and 

short Summer stops, the combination of closures of FRAS (GFCM and Network) 

are expected. On the other hand positive effects on the hke SSB are expected 

by closing the network of protecting areas where the cpue is higher, the closure 

of the Adventure bank and extended Summer stop. 

It is also interesting that combining the effort reduction with the FRA closures 

produces higher icrease of the HKE SSB than the simple reduction of fishing 

effort. 

It is worth noting that these two species are linked by trophic relationships in 

the present modelling approach. This implies that fluctuations of the biomasses 

of DPS and HKE are not considered a “stand-alone”, as in single-species 

assessments, but non-synchronous trends are likely to occur as the time series 

expands. This could be observed in the Summer stop forecast for DPS and HKE, 

where local maxima are followed by a decrease in SSB. 

In the present version of SMART, fishing effort pattern of each vessel is modelled 

as the best configuration to maximizing individual profit. An emblematic case 

study on reallocation of fishing effort after the introduction of a large fisheries 

spatial closure was documented for trawl fishing in the Western Baltic Sea, 

where fishers redistributed effort to areas that have had relatively high landings 

per unit of effort (LPUE) to compensate for lost landings (Miethe et al., 2014). 

Within the optimization module of SMART, each vessel is considered as an 

individual agent that reacts to the different management measures by adapting 

its spatial configuration of effort to maintain the profit, at a monthly temporal 

scale, at the maximum level (as difference between costs and revenues). In this 

way, the rationale of SMART is consistent with other spatial models (Bartelings 
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et al., 2015; Bastardie et al., 2014; Girardin et al., 2015; Mahévas and Pelletier, 

2004; Miethe et al., 2014; Mormede et al., 2017) designed to simulate how 

fishing effort could be re-allocated following any spatial or temporal closure of 

fishing grounds (Girardin et al., 2015). In fact, the “implementation error”, 

which often impairs the effectiveness of management policies (Wilen, 1979), 

occurs exactly when fishermen behaviour is not considered.  

When comparing the two “scaled” spatial-based scenarios, the FRA GFCM and 

the FRA Network of 11 FRA, that includes the FRA GFCM, the outputs of SMART 

suggest that, under the FRA Network scenario, the large displacement of effort 

is expected to counteract, at least in part, the positive effects of the larger 

spatial closures. These results support that the rule-of-the-thumb prescribing 

that “the larger the FRA the best the effects” is too simplistic and sometime 

deceptive (Gaines et al., 2010; Liu et al., 2018). 

A similar reasoning could be applied for temporal closures, as the selection of 

the months/season to close should be carefully evaluated considering not only 

the life cycle of the different species but also the spatial distributions of the 

fishing effort in the different periods of the year. This study evidences that, for 

the case study of trawling in the SoS, the temporal stop of the activity during 

the late summer, followed by a period of reduced activity, is one of the best 

options to support the recovery of exploited stocks. This could be explained by 

observing that the Summer stop scenario is particularly effective to determine 

a reduction of effort in more coastal and shallow waters (i.e. the Sicilian and 

African shelves). As these areas host most of the nurseries and spawning 

hotspots, this management scenario implicitly harmonises the purpose of the 

spatial scenarios with an important reduction of the whole effort. 

The application of SMART to the case study of the Adriatic Sea allowed exploring 

the possible consequences of seven management scenarios, including the status 

quo. The results, summarized in Figure Annex VII-72, indicate that alternative 

management scenarios would not decrease profits with respect to the status 

quo with the exception of the coastal closure scenario, at least in its first phase 

of entry into force. A general reduction of fishing mortalities on resources is 

expected by all the management measures with the exception of the Pomo Pit 

and Sole’s Sanctuary closures for MUT and the Summer stop for SOL. Although 

HKE remains far form the F0.1 in all management scenarios and MUT appears 

sustainable exploited only in case of coastal closure, NEP reachs values very 

close to the MSY condition for all proposed measures and SOL in all cases of 

spatial based management. The Extended Summer stop scenario shows the 

worst performance in terms of profits and recovery rate for SSB. Overall the 

costal closure would seem the best approach both in term of recovery of the 

stocks and economic performance of the fleets. 

The consequences in terms of fishing effort displacement are also very different 

between scenarios. When spatial restrictions are applied (i.e. in coastal closure, 
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Pomo Pit, Sole Sanctuary) effort is re-allocated in unclosed areas (Ba et al., 

2019). Indeed, fishing effort is expected to increase around the edges of FRAs, 

as well as in already exploited fishing grounds. The coastal closure scenarios 

would push the fleet toward south eastern Adriatic (Fig. Annex VII-69). Costs 

are always higher in spatial-based scenarios, even because the spatial 

component of cost is expected to exceed the value observed for the status quo. 

As observed of the strait of Sicily, effort-based and temporal-based scenarios 

would change effort patterns quite randomly (Fig. Annex VII-69). 

Analysing the results by species, it seems that SOL would show an increasing 

pattern of SSB in all scenarios occurring the highest increase with the coastal 

closure. However it is important to stress that the bottom otter trawl fleet is not 

targeting the sole stock and the rapido trawl fleet, mainly exploiting this 

resources, is not considered on the model. Therefore, SMART outputs should 

not be considered as  particularly significant for sole, although, the coastal 

scenarios output is in line with what has been observed by Scarcella et al. 

(2014).  

A strong positive effect of the coastal closure scenario results in MUT, improving 

the protection of juveniles in the coastal bottoms and increasing the stock 

productivity. For NEP and HKE spatial-based approaches, especially Pomo pit 

closure, support in the mid-term the current levels of SSB. Positive effects on 

HKE SSB of all the manangement measures with the exception of the Pomo Pit 

FRA are expected. In the case of NEP all the manangement measures produces 

increase of SSB than in status quo, giving the closure of the Pomo Pit FRA the 

best performance.  

It is important to highlight that the SMART outputs not take into account the 

Croatian trawl fleets as well as the fleets using passive gears and beamtrawl 

targeting sole due to the unavailability of disaggregated georeferenced data on 

catch and effort. However this partial configuration of the effort impact is 

considered to not substantially affect the model results. 

In summary, for the case study of the Adriatic Sea, this study returned some 

indications in substantial agreement with previous modelling approaches 

(Bastardie et al., 2017). Differently to the SoS, the Extended Summer stop in 

the Adriartic decreases the fishing mortality on HKE and NEP but positive effects 

on SSB is recorded only for NEP. The implementation of FRAs (Pomo PIT and 

Sole’s Sanctuary) showed a reduction of fishing mortality in all the target species 

with the exception of MUT. In particulare both NEP and SOL reach values very 

close to the MSY. While a limited increase of SOL SSB is expected by SMART as 

consequence of the closure of the Sole’s Sanctuary, the Pomo Pit FRA is likely 

to determine strong positive consequences for NEP. In the same time, the Effort 

Regime produces very limited decrease of fishing mortality in target species with 

exception of NEP. Furthermore the decrease in fishing effort seems to produce 

very light increases in SSB of HKE and NEP. Finally the closure of a large coastal 
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area moves the fishing mortality on MUT and SOL to level lower than F0.1, while 

improving also sustainability of exploitation of HKE and NEP. However the 

economic effects of this management scenariuo could be very negative for the 

fleet.  

Globally considered, these results suggest the critical role of Essential Fish 

Habitats (i.e. nurseries and spawning areas) and the need to protect them. It is 

worth noticing that, in the present modelling approach, the function of these 

areas is implicitly considered by modelling the connectivity-mediated effects of 

different patterns of fishing mortality, which is a topic addressed in few studies 

(Simons et al., 2015). Beyond the structural difference between temporal and 

spatial-based scenarios, the results of this study confirm, in agreement with 

previous similar research (Churchill et al., 2016), that FRAs located over 

biologically sensitive areas and aiming at protecting critical life stages could 

work as “lungs” for the system and support fishing activity in far fishing grounds. 

Unfortunately, none of the scenarios tested in this study seems enough to fully 

reach sustainability targets such as thiose related to MSY for all the investigated 

species. Apart from the economic consequences, the stock of the HKE still 

remains overexploited both in the SOS and in the Adriatic in any simulated 

manangement scenario. This results is in agreement with to the knowledge on 

the biology of this species, its distribution, and the inherently “mixed-nature” of 

trawl fishing in the Mediterranean Sea that make very difficult to adopt a MSY 

strtategy for HKE. This failure in identifying a fully-satisfactory approach is not 

a novelty in the literature, as other authors previously demonstrated that there 

is no single management tool capable of satisfying all objectives, and that a 

suite of management tools is needed (Dichmont et al., 2013). In the case of 

HKE, although it is very difficult to reach a fishing mortality compatible with that 

corresponding at F0.1 without a dramatic reduction of trawler effort, a strategy 

combining the reduction of fishing effort, the protection of nurseries and the 

adoption of a selective grid to reduce the catch of undersized fish could be the 

wise approach to improve the stock status of the species in the Mediterranean 

while maintaining the profitability of the trawling fisheries (Vitale et al., 2018). 

From an economic point of view, the scenarios evaluated in this study are always 

likely to cause an abrupt loss of profits for the fleet in short-medium terms. This 

is the logical consequence of reduced activity and of the fishing grounds 

closures. Both these approaches imply an immediate reduction of landings, at 

least at their entry into force, that is exactly when the economic indicators of 

SMART are computed. Actually, SMART does not forecast the values of these 

economic indicators in the new equilibrium regime, when the biomasses of the 

stocks are fully recovered. This means that the economic consequences are 

probably negative only in the short-term, whereas the final effects of the 

management could be more economically sustainable. Moreover, it is important 

to remember that temporal-based management are often supported through 

economic incentives for the compliant fishers, so that the revenues lost are in 
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part compensated by subsidies esclusively focused on those fleets that are more 

negatively impacted by the management measures (i.e. those fleets 

traditionally operating in the FRAs). 

Future perspectives of this study include the exploration of additional scenarios. 

First of all, it could be interesting to investigate the effects of “hybrid” 

spatial/temporal-based scenarios, for instance the combined effects of Effort 

Regime and spatial closures. Given that the reduction of fishing capacity should 

reduce the competition for fishing grounds, it is possible that some negative 

effects currently limiting the effectiveness of FRAs would disappear or reduce. 
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Abstract: 

MANTIS Deliverable 4.3. addresses the issue of identifying a practically-based 

action, within the Monitoring, Control and Surveillance (MCS) framework that 

accounts for key compliance enforcement needs for sustainable fisheries and 

biodiversity conservation. Principles to inform a participatory approach to MCS 

of MMAs in the case study were also reviewed. Low detection probability often 

encourages non-compliant activities. Failure of MCS may derive from the lack 

of delegation of clear competent authority and powers to conduct MCS activities 

to an administrative entity (e.g. specific department or agency, coast guards). 

Such competent authority must additionally receive sufficient means to 

undertake its MCS tasks properly (e.g. staff, equipment and resources). Fault 

may lie with the legal drafters: multiple-use MPA regulations may have imposed 

use requirements, activity specifications, or geographical restrictions that are 

too complex for most users to understand, leading to confusion and a range of 

unintended violations. An effective MCS should be characterised by 

transparency, accountability and an effective and deterrent monitoring and 

sanctioning system. Within this context the participatory approach the so called 

“responsive management” was proposed to be applied to the case study. The 

most relevant features of the this approach are to involve stakeholders: i) in 

collecting data including catch, fishing effort, discards, and socio-economic 

aspects; ii) in defining regulatory conditions under which the exploitation of the 

resource within the identified MMAs is conducted, including penalties for non-

compliance, and iii) in surveillance promoting cooperation (e.g. sentinels) with 

the Coast Guard, whose task is to carry out controls on the area so that the 

measures provided for are respected. Enhanced public participation in the 

fisheries management process should allow: l) Less costs for the development 

and implementation of MSC systems, and  ii) more compliance from 

stakeholders and therefore, more possibilities to achieve the established 

management goal. The use of different types of tracking devices as tools for 

fishing vessel monitoring and control in relation to MMAs is also discussed in 

relation to their main technical and regulatory specifications. Since vessels 

below 12 m length are not legally committed to use tracking system mounted 

on-board, such as VMS, AIS or others, a monitoring system for this fleet 

segment can be achieved only on a voluntary basis through a full engagement 

of local artisanal fishers in FRAs designation and implementation. 

Objectives:  

The overall objective of the deliverable is to discuss a MCS participatory 

framework for MMAs in the two MANTIS case study areas, namely the Strait of 

Sicily and the Adriatic Sea. 
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Introduction 

The Convention on Biological Diversity (CBD) Aichi Targets call on the world to 

protect at least 10 per cent of coastal and marine areas by 2020. Aichi Target 

11 states that “by 2020, at least 17 per cent of terrestrial and inland water, and 

10 per cent of coastal and marine areas, especially areas of particular 

importance for biodiversity and ecosystem services, are conserved through 

effectively and equitably managed, ecologically representative and well 

connected systems of protected areas and other effective area-based 

conservation measures, and integrated into the wider landscapes and 

seascapes”. This objective, reinforced by the UN’s 2015 Sustainable 

Development Goals, is however still far from being achieved and may not be 

enough to ensure effective, global conservation of the marine environment. 

The latest global assessments, presented in Sydney at the IUCN World Parks 

Congress 2015, reported more than 200,000 protected areas worldwide, 

covering 5.3% of seas within national jurisdiction (Rees et al., 2018). This 

proportion is reduced to 2.07% when Waters Beyond National Jurisdiction or 

Open Seas are included in the analysis (www.MPAtlas.org, August 2017), with 

only 0.08% declared as no-take areas (Amengual and Alvarez-Berastegui, 

2018).  

In a recent review of the Mediterranean MPAs in relation to the Aichi Target 11, 

Amengual and Alvarez-Berastegui (2018) reportedthat the latest estimation of 

protected surface waters was 7.14%, with only 0.04% declared as no-take 

zones (MEDPAN and UNEP-MAP-SPA/RAC, 2016). This coverage has been 

estimated by including a range of national and international protection figures, 

i.e. Marine Managed Areas (MMAs): Natura 2000 sites (898 sites covering 

2.37% of the Mediterranean), National MPAs (186 MPAs, covering 1.6%), 

Mediterranean fisheries protected areas (under the auspices of the General 

Fisheries Commission for the Mediterranean, 4 areas covering 0.7%) and 

international MPAs (Pelagos Sanctuary for Mediterranean Marine Mammals, 1 

site, covering 3.47%, plus other site designations not evaluated). By 2018 GFCM 

declared 8 Fisheries Restricted Areas (FRAs): the Eastern Gulf of Lion, East of 

Adventure Bank, West of Gela Basin, East of Malta Bank, Jabuka/Pomo Pit, 

Lophelia reef off Capo Santa Maria di Leuca, the Eratosthenes Seamount, and 

the Nile delta area cold hydrocarbon seeps. These FRAs should protect sensitive 

sea bottom habitats and nursery grounds of target commercial fisheries species 

from the adverse effects of fishing activities within a total area of 22,500 km2. 

This builds on a large FRA protecting waters deeper than 1000 m in the 

Mediterranean Sea, where towed dredges and trawl nets are forbidden, which 

was established by GFCM in 2005. The total area of deep-waters protected from 

bottom-contact fishing gear covers over 1,7000,000 km2 (FAO, 2018). 

Large scale MPAs are increasingly recognized to be important tools in mitigating 

the negative impacts of multiple human pressures. For example, in 2006 the US 
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government expanded the North western Hawaiian Islands Marine Monument, 

in 2009 a large-scale marine reserve was established in Kiribati’s Phoenix 

Islands, in 2015 about 80% of Palau’s waters became a marine sanctuary, and 

the Nazca-Desventuradas Marine Park in Chile was established in 2016 

(Environmental Law Institute, 2016). In order to better design and manage 

these protected areas, initiatives like Big Ocean 

(https://bigoceanmanagers.org/) help in managing large MPAs and generate 

transboundary networks of collaboration. The 17 members sites of Big Ocean 

represent 10 countries and protect 11 million km2 of marine space (> 3% of 

the total global ocean). The sites range between the 146,000 km2 Argo-Rowley 

Terrace Commonwealth Marine Reserve (Australia) and 1.9 million km2 Marae 

Moana marine park in the Cook Islands. 

In the last decades, fisheries management has progressively included spatial 

management measures aimed at mitigating the destruction of vulnerable 

habitats and to improve the goods and services they provide (Apitz et al 2006; 

Pedersen et al. 2009). Several efforts to manage areas and fishery grounds 

have been made and different types of MMAs are emerging as the main tool for 

either marine conservation or fishery management around the world. The 

designation of MPAs and FRAs are reducing marine space to the fishing activities, 

significantly altering spatial patterns of fishing activities. Minimizing the 

negative ecological and economic impacts of MMAs requires the adoption of an 

integrated, multi-sector, ecosystem-based and transparent planning process, 

known as marine spatial planning (MSP) (Smith and Wilen 2003; Crowder et al., 

2006; Tyldesley 2006; Douvere 2008). MSP relies on information on the 

numerous and different activities taking place in the marine environment as well 

as on the distribution of ecosystem components such as fisheries stocks and 

habitats (Eastwood et al 2007; Halpern et al 2012). It is aimed at promoting a 

sustainable use of the sea, for example by avoiding long-term damage to 

benthic habitats or the wasteful bycatch of non-target species. Until recently, 

logbook catch data was used as main source of information to monitor and 

control the spatial distribution of fishing activities. This data have been 

increasingly combined with satellite Vessel Monitoring System (VMS) and 

Automatic Identification System (AIS) in order to have efficient fisheries 

monitoring tools (Gerritsen and Lordan, 2010; Russo et al., 2016; Enever et al., 

2017). Although VMS and AIS can be used to assess fishing activity in space 

and time, they cannot directly provide data on the spatial distribution of fisheries 

catch. In recent years, Remote Electronic Monitoring (REM), through the use of 

cameras (CCTV) and other tools (e.g. sensors) are focused to monitor the catch 

of target species and the by-catch of commercial and non-commercial species 

including protected species, such as elasmobranchs, sea turtles, marine 

mammals and seabirds (Bergsson et al., 2017; WWF, 2017). Moreover, remote 

cameras could reduce the need to use expensive on-board observer 

programmes.  
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Despite the fact that the implementation of offshore MMAs has progressed since 

the World Summit in 2002, a question remains on how these areas may be 

managed in a practical sense (Environmental Law Institute, 2016). This 

particular issue has not been comprehensively addressed, particularly in terms 

of ensuring compliance with, and enforcement of regulatory provisions. The 

situation is complicated by the fact that the levels of protection required may 

range from simply limiting fishing, and/or other human activities, to the 

complete prohibition of any forms of activity, use or extraction in the area(s) 

concerned (Miller et al., 2013). Monitoring, control and surveillance (MCS) are 

the customary tools for compliance enforcement and combating illegal, 

unreported and unregulated (IUU) fishing. Their general purpose is to underpin 

implementation of agreed policies, plans, and strategies for management, as 

well as to augment fisheries regulations. This is crucial to enforce protection of 

fish stocks and habitats and such measures have to be considered as integral 

functions of a fisheries management regime.  

Principles for a participatory approach to MCSof MMAs in the Adriatic 

Sea and Strait of Sicily 

MCS can be summarized as follows: 

Monitoring: continuous requirement for measurement of fishing characteristics 

and resource yields, which implies supervising and observing relevant activities 

with appropriate reporting;  

Control: regulatory conditions under which the exploitation of resources may be 

conducted;  

Surveillance: degree and types of observations required to maintain compliance 

with the regulatory controlsimposed on fishing activities (Flewwelling P., 2012). 

A framework for monitoring of MMAs in the Adriatic Sea and the Strait of Sicily 

can be found in Deliverable 4.2. Deliverable 4.3 will focus on control and 

surveillance issues. 

In its entirety, MCS is a key element in the enforcement of MMAs, and comprises 

a range of actions, legal steps and processes to counter non-compliant activities. 

In general, education improves appreciation of, and insight into, why regulatory 

measures are necessary. 

As emphasised by Sumaila et al. (2006), the probability of detection is usually 

linked to the probability of non-compliant activities taking place. Therefore, low 

detection probability often encourages non-compliant activities. Equally, low 

deterrence enhances the likely profits of non-compliant activities. A MCS system 

for MMAs includes regulating entry to and exit from such areas in order to 

undertake designated activities (Fig. Annex VIII-1; Miller et al., 2013).  
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Since the actionsrequired have relevant costs, they should be derived from 

clearly-identified objectives, most notably in respect to regulating, and/or 

monitoring, closed area access. 

A key feedback element is the need for a robust compliance evaluation process 

to identify systemic MCS successes, opportunities, weaknesses and strengths. 

An inability to adequately quantify compliance enforcement efforts in relation 

on on-compliant behaviour constitutes a major short coming for many MCS 

programs. Compliance evaluation outcomes can then be used to formulate, or 

adapt, future management plans and regulatory provisions. 

Selecting any particular MCS approach for MMAs requires careful consideration 

of a number of key factors. These include the following: 

 spatial and/or temporal constraints; 

 the types of fleets/fisheries involved; 

 the regulatory requirements ofthemeasuresbeing enforced; 

 a defined stakeholder participatory approach; 

 the types of “entry conditions”, monitoring access and the possible forms 

of on-going ‘surveillance’ to determine activities being undertaken in 

closed areas. 

 the types of surveillance actions to be implemented to maintain 

compliance with the regulatory controlsimposed on fishing activities 

 the transparencyand accountabilityrules associated with data sharing 

and disclosing 

Regarding the “entry conditions” the easiest way to regulate activities in MMAs 

and detect IUU fishing is to forbid any legal fishing activity in a no-take zone, 

so that all fishing vessels are immediately suspected if they do not have their 

gear stowed, have slowed below transit speeds, or are steaming in a less-than-

direct route through a no-take zone. Detecting such activities does not require 

vessels at sea and can be achieved through remote area surveillance options 

such as vessel monitoring systems, electronic monitoring systems for gear use, 

aircraft and satellite surveillance (including drones), and passive detection 

systems (Brooke et al., 2010). Other surveillance options that can also be 

incorporated into MCS strategies include port monitoring and catch 

documentation schemes to ensure that only products from licensed vessels are 

allowed to be marketed. Furthermore, IUU vessels are prevented from landing 

or laundering catches from within no-take zones.  

More complex regulations of fishing activities within MMA require more 

investments in surveillance related activities. A risk-based approach with a clear 

analysis of the trade-offs between regulatory measures and surveillance actions 

should be therefore part of a MCS plan considering the overall management goal 

and the specific objectives of the MMA network. 
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A lack in communication, or a complex regulatory regime can be 

counterproductive with regards to legal compliance. Failure to achieve 

widespread compliance with an MMA law does not necessarily point to a need 

for more enforcement action. For example, if local fishers or other stakeholders 

are unaware of the existence of an MMA, or of its exact location, or if gear 

restrictions within an MPA are unclear, the best response may be to launch an 

educational campaign or other efforts to improve public awareness 

(Environmental Law Institute, 2016). In some instances, fault lies with the legal 

drafters: multiple-use MPA regulations may have imposed use requirements, 

activity specifications, or geographical restrictions that are too complex for most 

users to understand, leading to confusion and a range of unintended violations. 

Improving compliance through enforcement thus begins with an understanding 

of what the enforcement threats and problems are. This also requires and 

identification of who is required to comply with the law (e.g. fishers, recreational 

boaters, divers, etc.).  

In some other instances, failure of MCS may derive from the lack of delegation 

of clear competent authority and powers to conduct MCS activities to an 

administrative entity (e.g. specific department or agency, coast guards). Such 

competent authority must additionally receive sufficient means to undertake its 

MCS tasks properly (e.g. staff, equipment and resources). 

Transparency, accountability and an effective and deterrent monitoring and 

sanctioning system are the most effective tools with which to tackle IUU fishing. 

Making public the information about authorised activities inside MMA (e.g. 

fishing fleet register and associated details such as identification of boats, 

authorisation numbers, species targeted etc) greatly facilitates MCS activitiesby 

allowing a fairand non-discriminatory approach. It also increases accountability 

of legal and legitimate operators inside MMA, in contrast to illegal activities 

(Hutniczakand Delpeuch, 2017). 

 

Figure Annex VIII-1 A schematic representation of monitoring, control and surveillance (MCS) for 
closed areas management (from Miller et al., 2013) 
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Control and surveillance in a participatory approach 

MCS strategies were improved over the past decade due to advances in 

technology and the wider spread of the participatory management approaches 

(Flewwelling, 2002). 

The participatory approach is one of the main elements of the so called 

“responsive management” that has been studied and evaluated in different EU 

research projects. In particular, the ECOFISHMAN EU FP7 project (ended in 

February 2014), has developed a new management system, called Responsive 

Fisheries Management System (RFMS), based on results-based management 

(RBM), which transfers the responsibility for fisheries management to resource 

users. 

This model was presented and adopted in Deliverable 4.1 on “Good practices for 

Marine Management areas network governance”, in which a governance 

structure of a MMA was described. The roles and responsibilities related to the 

management, monitoring and control activities in the implementation are clearly 

defined and involved different stakeholders.  

 Figure Annex VIII-2 below illustrates the organs and stakeholders 

concerned, the roles and flow of information that characterizes the MSC 

in a participatory management system; in detail:  

Monitoring: involves the collection, measurement and analysis of data including 

catch, fishing effort, discards, socio-economic aspects; the final outcome of the 

monitoring activities is to verify the results of the implementation of the 

proposed measures (see Deliverable 4.2). The designated Scientific Committee 

will be responsible for monitoring; fishers should collaborate with the Scientific 

Committee and be fully involved in data collection through sharing and providing 

data, using new monitoring technologies and tools and participating to data 

analysis and discussion of the results obtained. 

 Control: the regulatory conditions under which the exploitation of the 

resource within the identified MMAs is conducted, including penalties for 

non-compliance. The RFMS approach establishes mechanisms to involve 

stakeholders in decision-making and in the implementation of the 

measures and, to a certain extent, also to monitor the actual application 

of the same measures. Fishers, in fact, could be required to cooperate 

through supervisory actions (e.g. sentinels) with the Coast Guard, 

whose task is to carry out controls on the area so that the measures 

provided for are respected.  

 Surveillance: involves the regulation and supervision of fishing activities 

to ensure that national/international legislation and terms, conditions of 

access, and management measures are observed. The Implementing 

Body will be responsible for surveillance as well as coordination, 

management and administration; it should take the form of a 
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Consortium and may be made up of representatives of the main 

recipients of the MMA, e.g. fishers associations and other stakeholders. 

 

Figure Annex VIII-2 MSC in a participatory management system 

Enhanced public participation in the fisheries management process brings a 

number of advantages as compared to a centralized and top-down system 

(Flewwelling, 2002; Nielsen, 2013). Among these the two following can be 

mentioned: 

 Less costs for the development and implementation of MSC systems 

because costs stemming from public control are reduced; 

 More compliance from stakeholders and therefore, more possibilities to 

achieve the established management goal. 

Methodologies and tools for control and surveillance of fisheries 

restricted areas 

One of the most powerful tools to deter illegal fishing activities in or around an 

MMA consists of the use of vessel monitoring devices and systems: e.g. global 

positioning systems (GPS), VMS, and AIS. VMS devices securely transmit the 

location of a fishing vessel during a fishing trip. AIS is more affordable, 

contributes to safe navigation, and the data are public. However, vessel 

operators can turn off or tamper with VMS/AIS systems, although such 

“spoofing” behaviour at sea is detectable and can be a warning flag for illegal 

activities. Requiring all fishing vessels as a condition of their fishing permit to 

have an installed and operating remote monitoring device such as VMS or AIS 

on board would aid enforcement of remote MMA requirements. For near-shore 

MMAs, enforcement officers may employ on-shore, line-of-sight surveillance 

methods or utilize at-sea enforcement vessels to detect violations. 
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Vessel monitoring data in combination with electronic logbooks can be used to 

identify the fishing grounds where the products landed by a given vessel have 

been caught (Russo et al., 2018). AIS data have been recently used to 

understand the compliance of fishing fleet to the Adriatic Pomo Pit closure (Elahi 

et al., 2018). Italy and Croatia agreed on 15 months trawling ban (July 2015 – 

October 2016) for the Pomo Pit. The results of the study shown that trawlers 

complied with the ban, however the redistribution of the fishing effort impacted 

negatively on nursery grounds near the FRA. Similar analysis was conducted in 

the FRAs in the Strait of Sicily showing little compliance with the areas (Oceana 

2018). More in general VMS/AIS data are key to develop systematic 

conservation planning, accounting for the effects of spatial conservation 

measures on the fishing fleet activity. Examples for Italian waters can be found 

in Maiorano et al. (2008); Russo et al. (2014); Bastardie et al. (2017). 

Satellite Vessel Monitoring Systems (VMS) 

Vessel Monitoring Systems (VMS) is a system used fishery science to allow 

environmental and fisheries regulatory organizations to track and monitor the 

activities of fishing vessels. VMSis recognized to be a crucial aspectfor 

monitoring control and surveillance (MCS) at national and international levels. 

VMS are used to monitor vessels in the territorial waters of a country or a 

subdivision of a country, or in the Marine Protected Area, Fisheries Restricted 

Area and Exclusive Economic Zones (EEZ) from the coasts of many countries. 

Thiskind of device improves the management and sustainability of the marine 

environment, through ensuring proper fishing practices and the prevention of 

illegal fishing, and thus protect and enhance the livelihoods of fishermen. 

 

Figure Annex VIII-3 Example of vessel monitoring system 

The exact functionality of a VMS system and the associated equipment varies 

with the requirements of the nation of the vessel's registry, and the regional or 

national water in which the vessel is operating. Within regional and national VMS 
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initiatives there are also sub-divisions which apply different functionality to 

different vessel categories. Data from VMSare available every 1-2 hours 

(position, speed, direction), but they can also be reduced to lower frequency to 

increase effectiveness of control in MPAs (article 50 of EC/1224/2009), filtering 

for vessel speeds depending on the fishing activity of interest (e.g. 2.5-4.5 knots 

for trawlers depending on depth and target assemblages), using spatial grids to 

calculate spatial distribution of fishing pressure; and eventually linking VMS data 

to logbooks.  

Relevant VMS regulations for EU fishing vessels 

Since 2005, the VMS is mandatory for all the fishing vessels with length-over-

all (LOA) ≥ 15 m - Regulation (EC) No 2244/20033.  

Since 1 January 2012 the vessel length threshold for VMS has been downscaled 

to 12 m from Council Regulation (EC) No 1224/20094 establishing a Community 

control system for ensuring compliance with the rules of the Common Fisheries 

Policy. However, Article 9.5 establishes that a Member State may exempt 

Community fishing vessels of less than 15 metres’ length overall flying its flag 

from the requirement to be fitted with a vessel monitoring system if they:  

a) operate exclusively within the territorial seas of the flag Member State  

b) never spend more than 24 hours at sea from the time of departure to the 

return to port. 

Commission Implementing Regulation (EU) No 404/2011 of 8 April 2011 lays 

down detailed rules for the implementation of Council Regulation (EC) No 

1224/2009 establishing a Community control system for ensuring compliance 

with the rules of the Common Fisheries Policy. In particular, Article 18 

establishes inter-alia that an EU fishing vessel subject to VMS shall not be 

allowed to leave a port without a fully operational satellite-tracking device 

installed on board. 

According to Article 19 of Reg. EU No. 404/2011, the satellite-tracking device 

installed on board EU fishing vessels shall ensure the automatic transmission to 

the Fisheries Monitoring Centre (FMC) of the flag Member State, at regular 

intervals, of data relating to: 

a) the fishing vessel identification; 

                                                 

3EC, 2003 Commission Regulation (EC) No 2244/2003 of 18 December 2003 laying down detailed 

provisions regarding satellite-based Vessel Monitoring Systems, Comm. Regul., 1999, 17–27 

4
Art. 14 - to ensure an effective control, Member States should operate a vessel monitoring system and fishing 

vessels of 12 metres’ length overall or more should be equipped with a device allowing Member States to 

automatically locate and identify those vessels. 
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b) the most recent geographical position of the fishing vessel, with a position 

error which shall be less than 500 metres, with a confidence interval of 99 

%; 

c) the date and time of the fixing of the said position of the fishing vessel; and 

d) the instant speed and course of the fishing vessel. 

Regarding entry and exit of fishing vessels from a specific area, Article 23 of the 

same regulation establishes that: each Member State shall ensure that through 

VMS data its FMC monitors, as regards its fishing vessels, date and time of entry 

into and exit from:  

a) any maritime area where specific rules on access to waters and resources 

apply;  

b) fishing restricted areas referred to in Article 50 of the Control Regulation;  

c) regulatory areas of the Regional Fisheries Management Organizations to 

which the European Union or certain Member States are a party;  

d) waters under the sovereignty and jurisdiction of a third country. 

GFCM Recommendations on VMS 

Recommendation GFCM/33/2009/7 foresees that each flag Party and 

Cooperating non-Contracting Party (CPnC) shall implement no later than 31st 

December 2012, a satellite-based VMS for its commercial fishing vessels 

exceeding 15 meters length overall. The Recommendation sets out minimum 

standards for the establishment of a Vessel Monitoring System (VMS) in the 

GFCM area, including the need for continuous collection and transmission of the 

following data at least every two hours whilst vessels are out their base ports 

to their FMC: 

a) the vessel's GFCM Unique Identifier as recorded in the GFCM Fishing Fleet 

register and Authorised Vessels List; 

b) the geographical position of the vessel (longitude, latitude) with minimum 

resolution of 500 metres, with a confidence interval of 99%; 

c) the date and time of the fixing of the said position of the vessel; 

d) the speed and course of the vessel. 

In 2014 Resolution GFCM/38/2014/1on Guidelines on VMS and related control 

systems in the GFCM area of competence was issued, inter alia including 

provisions for the establishment of a GFCM-wide vessel database, including 

vessel records, VMS data and a registry of IUU incidents. In subsequent years 

the use of VMS has routinely been included as a MCS measure in fisheries 

management plans and decisions concerning the establishment of FRA, 

including the following GFCM Decisions relevant for the Central Medterranean: 

 Recommendation GFCM/41/2017/3 on the establishment of a fisheries 

restricted area in the Jabuka/Pomo Pit in the Adriatic Sea 

 Recommendation GFCM/40/2016/4 establishing a multiannual 

management plan for the fisheries exploiting European hake and deep-
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water rose shrimp in the Strait of Sicily (geographical subareas 12 to 

16). 

Automatic Identification System (AIS) 

Another device to control fishing effort is the Automatic Identification System 

(AIS), which in the EU became compulsory in May 2014 for all fishing vessels of 

length above 15 meters. AIS is a ship-reporting system based on messages 

broadcast by vessels carrying transponders. It was developed primarily as a tool 

for maritime safety to avoid vessel collision by Vessel Traffic Services (VTS), 

and as a means for coastal states to receive information on vessels operating 

near their coasts. AIS transponders send and receive signals, using a very high-

frequency (VHF) transmitter, broadcast to receiver devices on other ships or to 

land-based systems. Information provided by AIS equipment, such as unique 

identification, position, course, and speed, can be displayed on a screen or an 

Electronic Chart Display and Information System (ECDIS). AIS is intended to 

assist a vessel's watch standing officers, and to allow maritime authorities to 

track and monitor vessel movements. AIS integrates a standardized VHF 

transceiver with a positioning system such as a GPS receiver, with other 

electronic navigation sensors, such as a gyrocompass or rate of turn indicator. 

Vessels fitted with AIS transceivers can be tracked by AIS base stations located 

along coast lines or, when out of range of terrestrial networks, through a 

growing number of satellites that are fitted with special AIS receivers which are 

capable of deconflicting a large number of signatures. 

 

a)              b) 

 

Figure Annex VIII-4 Automatic Identification System (AIS). a) schematic representation of AIS 
transmission; b) screenshot from the 'Marine Traffic' website, which provides live information and 
vessel positions for vessels around the world (www.marinetraffic.com). 

The International Maritime Organization's International Convention for the 

Safety of Life at Sea requires AIS to be fitted aboard international voyaging 

ships with 300 or more gross tonnage (GT), and all passenger ships regardless 

of size. For a variety of reasons, ships can turn off their AIS transponders. The 
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drawback of AIS is its limited range. AIS signal transmission, with a frequency 

up to 20 min, is limited by the curvature of the Earth to approximately 40 

nautical miles and depending on ground station height, approximately the visual 

horizon line. It is mandatory for vessels over 12 m when they are close to the 

ports. Frequency of the signal () The European Space Agency (ESA) is promoting 

a European-based SAT-AIS system in partnership with the European Maritime 

Safety Agency (EMSA). 

AIS is one of the main sources of information for the SafeSeaNet, a vessel traffic 

monitoring and information system operated by European Maritime Sea Agency 

(EMSA) ensuring the effective tracking of vessels through a centralized 

European platform for maritime data exchange, linking together maritime 

authorities across Europe. These provide identity details, latest positions and 

other status information in near-real-time for around 17,000 vessels operating 

in and around EU waters. EMSA collects, processes and exchanges maritime 

related data from a wide range of sources 

(http://www.emsa.europa.eu/combined-maritime-data-menu/data-

sources.html). 

One of the main attributes of integrated maritime services is the ability to 

combine information from a range of different data sources, and as such to 

greatly enrich the maritime domain awareness picture. 

Satellite detection of fishing vessels 

The Copernicus Maritime Surveillance (CMS) service, implemented by EMSA, 

provides earth observation satellite images to support a better understanding 

and improved monitoring of activities at sea. The service is available to support 

authorised users in a wide range of operational functions, including fisheries 

control, law enforcement, and marine environment monitoring. Fishing vessels 

are detected using two types of images:  

1) SAR (Synthetic Aperture Radar) sensors which use microwave frequencies to 

retrieve backscatter measurements from the detected surface below. By 

measuring the roughness of the sea surface, the resulting images display 

features which stand out against the background;  

2) Optical images, which can provide a wealth of information in different spectral 

bands. Optical radiometers however cannot capture images during the night 

or in cloud cover conditions. 

Remote Electronic Monitoring (REM) cameras 

Remote Electronic Monitoring (REM) is a new method to monitor the catch 

directly on the fishing vessel. It uses several interlinked monitoring and 

observing apparatuses; 1) CCTV video cameras, to record catch and processing 

activity; 2) geographic position systems (GPS), to record vessel location; 3) 

hydraulic winch pressure sensors; and 4) drum revolution counters to determine 
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when vessels’ nets are in the water. On-board PCs with linked, removable hard 

drives record data (Fig. Annex VIII-5). Such technology thus uses more than 

just CCTV cameras. This system is important to control all of the fishing activities 

occurring in a vessel. Video data files are prohibitively large to stream live, so 

gathered data is usually stored on a removable hard drive which is swapped 

over at suitable intervals, rather than sent via satellite.  The imagery can then 

be used to obtain information on catch handling, discarding practices and catch 

composition; to gather scientific data; to verify self-reported information; or in 

monitoring for compliance with regulations. 

 

Figure Annex VIII-5 Remote Electronic Monitoring (REM) systems. 

Fishery and Oceanography Observing System (FOOS) in the 

Mediterranean 

Fishery and Oceanography Observing System (FOOS) can be adapted to fit 

specific research needs in terms of real time monitoring of fishing activities (Fig. 

Annex VIII-6). This device transforms fishing vessels into monitoring systems 

able to gather a large range of environmental and fishery information (Carpi et 

al., 2015; Patti et al., 2016). These tools have been used by CNR both in the 

Adriatic Sea and in the Strait of Sicily on several fishing vessels to gather spatial 

data on their fishing activity. The FOOS was designed to be networked through 

satellite and/or General Packet Radio Service (GPRS) or Universal Mobile 

Telecommunications System (UMTS) modems, depending on the distance from 

the coast, and to be able to receive and transmit data in real time to a land-

based station (Patti et al., 2016). 

a) b) 
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Figure Annex VIII-6 FOOS system (from Patti et al., 2016, a: the system specification, b: map of 
catch distribution from FOOS data. 

Tracking systems for small-scale fishing vessels 

Small-scale fisheries provide an essential source of food and employment for 

coastal communities, yet the availability of detailed information on the spatio-

temporal distribution of fishing effort to support resource management at a 

country level is scarce.  

A lack ofuseable data can create challenges in securing fishers’access rights to 

important fishing grounds (FAO, 2014), which can lead to conflict between 

fishers and governmentagencies or other resource users over 

competingdemands for space. 

Fortunately, the last decade has seen an increase incost-effective technologies 

suitable for characterizingthe behaviour of resource users (Alvard et al. 2015). 

Recent studies have also shown how simple tools as GlobalPositioning System 

(GPS) trackers can be used by fishingcommunities to collect fine-scale 

information to facilitatemore effective resource management decisions (Metcalfe 

et al., 2017). Combining community engagement and relatively low cost tools 

such as Global Positioning System (GPS) trackers (and mobile phones) can 

rapidly provide fine-scale information on: (1) the behavioural dynamics of the 

fishers and fleets that operate within this sector; and (2) the location, size and 

attributes of important fishing grounds upon which communities are 

dependent5. In addition it increases safety conditions onboard. 

Monitoring the access of small-scale vessels (vessels below 12 m length) to 

FRAs would require the implementation of a tracking system also for this 

                                                 

5https://ec.europa.eu/fisheries/press/outcomes-workshop-digital-tools-small-scale-fisheries-brussels-4-5-

december-2018_en 
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segment of the fleet. Since vessels below 12 m length are not legally committed 

to use tracking system mounted on-board, a monitoring system for this fleet 

segment can be achieved only on a voluntary basis through a full engagement 

of local artisanal fishers in FRAs designation and implementation. 
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Abstract: 

D 4.4. summarizes the main results of WP4 in terms of main conclusions and 

recommendations related to governance implementation of MMAs networks 

identified in the two case study areas (Strait of Sicily and Adriatic Sea). The 

suggested governance approach is based on a participatory approach, well 

defined strategic and specific management objectives and a robust monitoring 

system based on indicators. This latter will be mostly based on the ongoing 

monitoring programmes (MEDITS trawl survey, fisheries data collection, etc.) 

and integrated with new ad hoc data collection. Approaches for control and 

surveillance are also described as well as the types of tracking devices tools for 

fishing vessels monitoring and control. 

Objectives: 

To summarize the main outputs of WP4 related to the identification of a suitable 

governance model for networks of MMAs in the central Mediterranean Sea 

including the main provisions for the development of a monitoring, control and 

surveillance system in a full participatory approach.  

Introduction 

Ecosystems are complex and dynamic natural units that produce goods and 

services beyond those of benefit to fisheries. Fisheries needs to be managed in 

an ecosystem-based context since they have a direct impact on marine 

ecosystems, which is also impacted by other human activities. The so-called 

“ecosystem approach to fisheries” (EAF) depends on the way in which fisheries 

management and ecosystem management, and their respective stakeholders 

interface. 

The Convention on Biological Diversity (CBD) Aichi Targets call on the world to 

protect at least ten percent of coastal and marine areas by 2020. Aichi Target 

11 stating that “by 2020, at least 10 per cent of coastal and marine areas, 

especially areas of particular importance for biodiversity and ecosystem 

services, are conserved through effectively and equitably managed, ecologically 

representative and well connected systems of protected areas and other 

effective area-based conservation measures, and integrated into the wider 

landscapes and seascapes”. This objective, reinforced by the UN’s 2015 

Sustainable Development Goals, is however still far from being achieved and 

may not be enough, to ensure effective, global conservation of the marine 

environment. 

In a recent review of Mediterranean MPA in relation to the Aichi Target 11, 

Amengual and Alvarez-Berastegui (2018) found that the latest estimation of 

protected surface waters was 7.14%, with only 0.04% declared as no-take 

zones (MEDPAN and UNEP-MAP-SPA/RAC, 2016). This coverage has been 

reached by including a range of national and international protection figures 
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(Marine Managed Areas (MMAs): Natura 2000 sites (898 sites covering 2.37% 

of the Mediterranean), National MPAs (186 MPAs, covering 1.6%), 

Mediterranean fisheries protected areas (under the auspices of the General 

Fisheries Commission for the Mediterranean, 4 areas covering 0.7%) and 

international MPAs (Pelagos Sanctuary for Mediterranean Marine Mammals, 1 

site, covering 3.47%, plus other site designations not evaluated).GFCM has 

declared 7 Fisheries Restricted Areas (FRAs), located in France, Italy, Cyprus 

and Egypt. These FRAs should protect sensitive sea bottom habitats and nursery 

grounds of target commercial fisheries species within a total area of 17.677 ha. 

Recently, GFCM has increased the extension of the FRAs to the waters deeper 

than 1000 m in the Mediterranean Sea, where towed dredges and trawl nets are 

forbidden.  

Large scale MPAs are increasingly recognized to be important tools in mitigating 

the negative impacts of multiple human pressures and increase the resilience of 

the ecosystem to global change. 

In the last decades, fisheries management has progressively included spatial 

management measures aimed to mitigate the destruction of the habitats and to 

improve the goods and services they provide (Apitz et al 2006; Pedersen et al. 

2009). The legal basis for the implementation of network of FRAs in the 

Mediterranean is provided by the EU Mediterranean regulation 1967/2006 which 

refers to the protection of Nursery areas, spawning grounds or other areas to 

be protected from harmful effects of fishing. The Common Fisheries Policy (EU 

reg. 1380/2013) claims for prohibiting or restricting fishing activities in areas 

where there is clear evidence of heavy concentrations of fish below minimum 

conservation reference size and of spawning grounds. To this aim EU Member 

States should identify suitable areas which may form part of a coherent network. 

Resolution GFCM/41/2017/5 on a network of essential fish habitats in the GFCM 

area of application is about the definition of a consistent network of essential 

fish habitats which would also consider sensitive habitats and to provide advice 

on how to implement the protection of this network, and enhance it from 2018, 

in order to effectively contribute to achieve the maximum sustainable yield and 

implement the ecosystem approach to fisheries management in line with the 

GFCM objectives. 

Despite the implementation of offshore MMAs has progressed since the World 

Summit in 2002, a question remains on how these areas may be managed in a 

practical sense (Environmental Law Institute, 2016). This particular issue has 

not been comprehensively addressed, particularly in terms of ensuring 

compliance with, and enforcement of regulatory provisions. The situation is 

complicated by the fact that the levels of protection required may range from 

simply limiting fishing, and/or other human activities, to the complete 

prohibition of any forms of activity, use or extraction in the area(s) concerned 

(Miller et al., 2013). 
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Monitoring, control and surveillance (MCS) are the customary tools for 

compliance enforcement and combating illegal, unreported and unregulated 

(IUU) fishing. Their general purpose is to underpin implementation of agreed 

policies plans and strategies for management, as well as to augment fisheries 

regulations crucial to enforce protection of fish stocks and habitats and they 

have to be thought as integral functions of a fisheries management regime.  

Designing and assessing an optimal management framework for the 

MMAs network: key conclusions and recommendations 

Overall, when defining MMAs, it is important to identify the main management 

goal and the specific objectives. The scope of MMA might vary from protection 

aimed at nature conservation, to fisheries related protection (spatial or 

temporal) to support the recovery of commercial fish stocks, or even to other 

goals (e.g. species management area, cultural heritage).  

In the case of MANTIS, the MMAs networks are components of fisheries 

management plans where goals and attributes are defined in the broad context 

of fisheries sustainability and accounting for the ecosystem approach to fisheries 

management. MANTIS project aims at identify the more suitable MMA 

combination to optimize the exploitation of target demersal stocks in two key 

fishery areas of the central Mediterranean: the Strait of Sicily and the central-

North Adriatic. 

The main relevant components in the process of establishment of a MMA scan 

be summarized as follows: 

1. Stakeholders involvement  

2. Strategic plan and management objectives (ecological, social, economic) 

3. Governance structure 

4. Management measures 

5. Monitoring Control and Surveillance programme  

6. Implementation of the plan 

Legal framework for the implementation of a MMAs network in the 

Strait of Sicily and Adriatic Sea 

The legal framework supporting the implementation of MMAs in the two case 

study areas is based on the main following EU regulations and GFCM 

recommendations (from D 4.1): 
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Policy framework Types of area 

Legal fisheries 

management 

regime 

Objectives 

Examples 

Non-Mediterranean 

waters 
Mediterranean Sea 

World Summit on 

Sustainable 

Development 

Convention on 

Biological Diversity, 

Council Decision 

93/626/EEC 

Coastal MPAs 

National 

strategies, plans 

or programmes 

for the 

conservation and 

sustainable use of 

biological 

diversity. 

To protect at least 10% of 

coastal and marine areas of 

particular importance for 

biodiversity and ecosystem 

services. 

MPAs MPAs 

Marine Strategy 

Framework Directive 

Directive 

2008/56/EC of the 

European Parliament 

and of the Council of 

17 June 2008 

Several types of 

spatial protection 

measures and 

MMAs (e.g. 

national, regional 

and international) 

CFP Art. 11and 18 

 

Spatial 

management 

measures under 

RFMO 

To ensure the Good 

Environmental Status of all 

European seas by 2020, and 

specifically to contribute 

coherent and representative 

networks of marine 

protected areas, adequately 

covering the diversity of the 

constituent ecosystems. 

Proposal by Portugal 

under the MSFD 

Programme (9) of 

measures to extend the 

national bottom 

trawling ban in the 

Portuguese EEZ to all 

foreign fishing fleet, in 

order to protect the 

seabed from adverse 

impacts of fishing 

activity. 

 

Not designated yet 

Mediterranean 

Regulation 

 

Council Regulation 

(EC) N. 1967/2006 

Posidonia oceanica 

and other marine 

phanerogams. 

 

Mediterranean 

Regulation – 

Articles 

4;5;6;8;13 

Various measures to 

conserve and manage living 

aquatic resources or 

maintain or improve the 

conservation status of 

Not applicable 

Ban on the use of 

towed dredges and 

trawl nets fisheries 

at:1) depths 

beyond 1000m 2) 
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Policy framework Types of area 

Legal fisheries 

management 

regime 

Objectives 

Examples 

Non-Mediterranean 

waters 
Mediterranean Sea 

of 21 December 

2006 

 

Coralligenous 

habitats and 

mäerl beds. 

 

Depths beyond 

1000 m. 

 

The use of towed 

gears shall be 

prohibited within 3 

nautical miles of 

the coast or within 

the 

50 m isobath 

where thatdepth is 

reached at a 

shorter distance 

from the coast. 

 

Nursery areas, 

spawning grounds 

or other areas to 

be protected from 

harmful effects 

of fishing. 

 

marine ecosystems, 

including: 

Establishment of fishing 

protected areas 

 

Restrictions and 

prohibitions concerning 

fishing gears, and 

certain areas 

within 3 nautical 

miles of the coast 

or within the 

50 m isobaths. 

 

Protection of 

marine 

phanerogams 

beds, coralligenous 

and maerl habitats 

from towed gears. 

 

FRAs 



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

311 
 

Policy framework Types of area 

Legal fisheries 

management 

regime 

Objectives 

Examples 

Non-Mediterranean 

waters 
Mediterranean Sea 

 

Mediterranean and 

Black Sea under 

GFCM 

Resolution 

GFCM/41/2017/5 on 

a network of 

essential fish 

habitats in the GFCM 

area of application 

 

Fisheries 

Restricted Areas 

(FRA) (e.g. areas 

closed to demersal 

fisheries) 

GFCM 

To protect nursery and 

spawning grounds, in 

addition to measures 

included in management 

plans; 

To protect vulnerable 

marine ecosystems 

 

 

FRA in the Strait of 

Sicily: established 

to protect juveniles 

of hake and deep-

water rose shrimp 

and support stocks 

recovery (12) 

 

Ban of any towed 

demersal fisheries 

below 1000m 

depth (13) 
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Policy framework Types of area 

Legal fisheries 

management 

regime 

Objectives 

Examples 

Non-Mediterranean 

waters 
Mediterranean Sea 

Common Fisheries 

Policy 

EU reg. 1380/2013 

Fisheries Stock 

Recovery Areas 
CFP – Art. 8 

To prohibit or restrict fishing 

activities in areas where 

there is clear evidence of 

heavy concentrations of fish 

below minimum 

conservation reference size 

and of spawning grounds. 

To this aim: 

 EU Member States 

should identify 

suitable areas which 

may form part of a 

coherent network 

 The European 

Commission may be 

empowered to 

establish such 

biologically sensitive 

protected areas in a 

multiannual plan. 

MS still have to identify 

these areas 

MS still have to 

identify these 

areas 

National Legislations 

MPA, Fish Stock 

RecoveryAreas; 

MMA; real time 

closures; etc. 

National fisheries 

legislation (often 

only applicable to 

national fleet) 

Various types of instruments 

with their objectives: 

- National MPAs for 

conserving species or 

habitats of national 

interest 

 

Italian MPAs 

according Italian 

laws n. 979/1982 

and n. 394/1991 
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Policy framework Types of area 

Legal fisheries 

management 

regime 

Objectives 

Examples 

Non-Mediterranean 

waters 
Mediterranean Sea 

 

- National fisheries 

reserves/boxes to 

protect juveniles, 

spawning grounds etc. 
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Stakeholders involvement through a participatory approach 

The designation, implementation, and management of MPAs should consider 

conservation outcomes as well as socioeconomic impacts and financial and 

institutional sustainability (Pascual, 2016). The implementation of marine areas 

often creates conflicts among stakeholders, as access to valued ecosystems, 

localities, and stocks is prohibited or heavily curtailed. These conflicts, in return, 

may affect the social, economic, and institutional dimensions, which are critical 

to the success of MMAs. 

The participatory approach is one of the main element of the so called 

“responsive management” that has been studied and evaluated in different EU 

research projects. 

In particular, the EU FP7 project ECOFISHMAN (ended in February 2014), 

developed a new management system, called Responsive Fisheries Management 

System (RFMS), which transfers the responsibility for (fisheries) management 

to resource users. Three main actors are identified: a) authority, the entity 

entrusted with the final responsibility for resource management which specifies 

the measurable objectives to be reached; b) operators, organised group of 

resource users (e.g. association of fishermen with fishing rights in a given 

fishery); c) auditor, entitled to evaluate whether the contract between the 

authority and the operators has been fulfilled in the sense that the outcome 

targets listed in the (potential) management plan have been achieved.  

The involvement of relevant stakeholders will enhance the achievement of such 

a structured responsive system. This aspect has been further exploited by the 

SOCIOEC project which recommended to involve stakeholders in a proper 

evaluation of the potential effects of a (new) management measure and/or 

framework. Strong stakeholders’ involvement should be envisaged in the 

different stages of the analysis, from a) setting the scene (definition of the 

nature and scale of the “problem”) to b) giving inputs for scenarios to c) 

evaluating results of simulations and giving feedback for potential 

improvements. Stakeholder involvement is also essential in the pre-screening 

of the acceptability of the management framework proposed: higher is the 

acceptability higher is the compliance and the effectiveness of a management 

measure.  

During the project a questionnaire was distributed to relevant stakeholders of 

the two MANTIS case study areas (Strait of Sicily SOS and Adriatic) during the 

two introductory meetings held in Mazara del Vallo and Ancona (see deliverables 

2.1 and 2.2 - Introductory meetings reports). Fishers and fishers 

representatives were asked to provide their perception on topics related to the 

state of fisheries, fishing activities and the main management issues, MPAs, and 

stakeholders’ involvement in decision-making. 
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The results suggest a worse perception on the state of fisheries in the SoS 

compared to the Adriatic. Authorities, researchers and MPA staff seem to 

perceive a worse condition of the state of fisheries compared to the fishing 

sector, however all stakeholders agree in stating a degradation of fisheries in 

the last ten years. Bad fisheries management and excessive fishing effort were 

considered as the main threats in both regions, while pollution was strongly 

perceived only in the SoS and climate change only in the Adriatic. Illegal fishing 

was also perceived as a big threat in both areas. Main conflicts occurred between 

artisanal fishers and divers both in the Adriatic (especially Croatia) and in the 

SoS, and between Maltese professional fishers and recreational ones and 

shipping. 

Concern for illegal fishing arose often while answering to different questions: for 

instance, while most fishers do consider MPAs as a useful tool to protect 

biodiversity and fish stocks they also strongly believe they are not efficient 

against illegal fishing, on the contrary, they often attract illegal fishing, both 

from recreational fishers and from poachers. Improved monitoring and control 

measures were thus considered necessary not only by researchers, but by most 

fishers too, especially in Malta and Croatia. The general perception is also that 

MPAs don’t help reducing conflicts among users since they cause overcrowding 

of fishing activities in an area. The introduction of seasonal fisheries closures 

was considered the best approach both in the Adriatic and in the SoS. In the 

Adriatic, spatial closures were also recommended. The enforcement of current 

fisheries management measures was recommended in both areas (in particular 

stopping illegal fishing and introducing controls and bans on recreational 

fishing), while in the SoS increasing the minimum reference size for target 

species was also requested. 

Adriatic fishers were not very responsive to the issue of involvement in co-

management, in fact the majority of them didn’t answer the question. In the 

SoS, the majority of fishers stated not having being involved in co-management 

initiatives, however answers were similarly balanced between those who 

believed it important to involve the sector and were willing to be involved, and 

those that had the opposite opinion. In particular fishers from Malta wished for 

more involvement of their sector by the Department of Fisheries and 

Aquaculture in the definition of management measures. 

Management goals and objectives 

Objectives are very important part of management plan, however in long term 

perspective the planning should start not by definition of objectives, but with 

the vision definition. Vision is defining the long-term status, which should be 

reached followed by goals, objectives, targets and activities. Understanding the 

difference between the terms Vision, Goals, Objectives, Tasks – is key for 

planning and eventually for fulfilling the Vision. 
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Planning typically starts with a vision and a mission. Then managers develop a 

strategy for realizing the vision and mission; their success and progress in 

achieving vision and mission will be indicated by how well the underlying goals 

and objectives are achieved.  

A vision statement usually describes some broad set of goals (for instance 

“healthy and diverse marine ecosystems through science-based conservation 

and management”, “marine environments that are resilient in the face of 

change”, etc.). 

Goals are typically outcome statements, while objectives are very precise, time-

based, and measurable actions that support the completion of goals. Goals and 

objectives are an essential element in planning and are a key referent points in 

many aspects of managing and controlling. 

The definition of the objectives should be very clear, logical, and precise and 

time bounded in order to make the proper assessment and achieve proper 

results, which could be later used for reassessment of management plan and 

self critique if the objectives are not reached.  

Objectives must be SMART - Specific, Measurable, Achievable, Realistic, and 

Time-Bound (Doran, 1981). If objectives miss one of the SMART definitions, it 

is huge weakness for every strategic planning and assessments of results. 

In setting MMAs for the two case study areas, the primary objectives are 

connected to the achievement of sustainability goals (MSY-based) for demersal 

fisheries through the protection of areas/habitats playing a key role for stock 

productivity (e.g. nurseries). Secondary objectives could be possibly based on 

development of regional identity, increase tourism, conservation of cultural 

heritage, creation of new attraction, possibilities for recreation, research on 

nature and conservation of landscape. 

Management measures 

Bio-economic models have been applied in WP3 to simulate the adoption of 

alternative management measures, e.g. alternative configurations of area 

closures and/or other technical measures, both on the main stocks and fleets. 

WP3 will also evaluate the possible effects of management measures on the 

redistribution of fishing effort, including small scale and recreational fisheries as 

well as the possible congestion of zones remaining fully open to all fisheries 

(e.g. increase in conflicts between fishermen and with other users of the sea). 

The alternative management scenarios tested in WP3 were also based on 

stakeholder’ preferences. 

The results arising from the questionnaire analysis were considered together 

with main perceptions and management suggestions arising from the 

introductory meetings, who have seen the participation of different stakeholders 
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including professional fishers (mostly from trawl fishery) in Mazara del Vallo, 

Ancona, Split and Chioggia. A full description of the management measures 

suggested can be found in D 4.1. 

Mazara del Vallo (trawlers, Strait of Sicily): Fishers agreed with respecting the 

fisheries restricted areas recently established in the northern side of the SoS, 

and provided information to identify essential fish habitat for the project target 

species in the southern side of the SoS, 

Ancona (trawlers, central Adriatic) spatial and seasonal closures were supported 

by the fishers attending the meeting, 

Split (trawlers, central Adriatic): stakeholders supported the enforcement of 

spatial measures on Jabuka Pit and of a permanent trawling ban in South 

Adriatic at depths over 500 m, in order to protect adult spawners 

Chioggia (bottom trawlers Northern Adriatic): According to participants, 

management of fisheries in the Northern Adriatic should have specific measures, 

different from other areas, due to its particular characteristics (very shallow, 

fishes reaching adult stage at small sizes). Additional spatial management 

measures are not considered appropriate in this areasince 

nursery grounds of target species occur in coastal lagoons and within 3 miles 

from coast, where fishing is already banned.  

Governance structure of a MMA network 

The implementation of a MMA can only be ensured by defining a governance 

structure in which the roles and responsibilities related to the management, 

monitoring and control activities in the implementation are clearly defined.  

The governance structure that is proposed for the two case study areas reflects 

the latest approaches in terms of co-management and responsive management 

(Sampedro et al 2017;  

ECOFISHMAN project) where stakeholders are widely involved in the 

management, control and monitoring phases (see D 4.2). 

Figure Annex IX-1 below illustrates the organs and stakeholders concerned, the 

roles and flow of information that will characterize the governance structure of 

a MMA. 
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Figure Annex IX-1 The governance structure proposed for the two case study areas (from 
Sampedro et al 2017; ECOFISHMAN project modified) 

The authority is an organizational entity enacting authority in pursuit of the 

management objectives decided for a MMA. It represents the interests of the 

public, and it is ultimately responsible for the establishment, general strategy 

and the financial support of a MMA. 

At the time of establishment of a MMA, an Implementing Body should be 

appointed (which may take the form of a Consortium and may be made up of 

representatives of the main recipients of the MMA, eg. category associations 

and other stakeholders). The Implementing Body is responsible for coordination, 

management and administration. The Implementing Body will play the role of 

filtering between the Authority and the recipients of the MMA, namely the 

fishermen, who will have to implement the measures and, to a certain extent, 

also monitor the actual application of the same measures. Fishermen, in fact, 

could be required to cooperate through supervisory actions (e.g. sentinels) with 

the Coast Guard, whose task is to carry out controls on the area so that the 

measures provided for are respected. 

A key role in the governance of the MMA will be the monitoring activities, aimed 

at verifying the results of the implementation of the proposed measures. In this 

respect, it is crucial to identify, at the same time of the establishment of the 

MMA, the responsible body (Scientific Committee) of the monitoring. The 

designated Scientific Committee will be responsible for monitoring the key 

indicators identified as being able to measure the achievement of the objectives 
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and to produce progress reports. The main purpose of the Scientific Committee 

is to evaluate whether, or the extent to which, the outcome targets have been 

achieved.  

The Governance structure of MMA network was presented and discussed during 

the II general meeting hold in Rome (7-8 May 2018); some changes were made 

in Figure Annex IX-1, with the addition of functional relationship among all the 

stakeholders involved in the management, control and monitoring phases. 

Monitoring, control and surveillance  

MCS can be summarized as follows: 

Monitoring: continuous requirement for measurement of fishing characteristics 

and resource yields, which implies supervising and observing relevant activities 

with appropriate reporting;  

Control: regulatory conditions under which the exploitation of resources may be 

conducted;  

Surveillance: degree and types of observations required to maintain compliance 

with the regulatory control imposed on fishing activities (Flewwelling P., 2012). 

A framework for monitoring of MMAs in the Adriatic Sea and the Strait of Sicily 

can be found in Deliverable 4.2. D 4.3 focuses on control and surveillance issues. 

In its entirety, MCS is a key element in the MMAs enforcement which comprise 

a range of actions, legal steps and processes to counter non-compliant activities. 

In general, education improves appreciation of, and insight into, why regulatory 

measures are necessary. 

As emphasised by Sumaila et al. (2006), the probability of detection is usually 

linked to the probability of non-compliant activities taking place. Therefore, low 

detection probability often encourages non-compliant activities. Equally, low 

deterrence enhances the likely profits of non-compliant activities. A MCS system 

for MMAs includes a regulating entry to and exit from such areas for designating 

activities. 

Since the actions required have relevant costs, they should be derived from 

clearly-identified objectives, most notably in respect to regulating, and/or 

monitoring, closed area access. 

A key feedback element is the need for a robust compliance evaluation process 

to identify systemic MCS successes, opportunities, weaknesses and strengths. 

Compliance evaluation out come scan then beused to formulate, or adapt, future 

management plans and regulatory provisions. 
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Selecting any particular MCS approach for MMAs requires careful considerate on 

of a number of key factors. These include the followings: 

 spatial and/or temporal constraints; 

 the types of fleets/fisheries involved; 

 the regulatory requirements of the measures being enforced; 

 a stakeholder participatory approach defined; 

 the types of “entry conditions”, monitoring access and the possible forms 

of on-going ‘surveillance’ to determine activities being undertaken in a 

closed areas. 

 the types of surveillance actions to be implemented to maintain 

compliance with the regulatory controls imposed on fishing activities 

Monitoring plan 

The overall policy goal of adopting a network of MMAs for fisheries purposes in 

EU marine waters is to substantially improve the exploitation of fish stocks 

toward the goals set by the  

Common Fisheries Policy in term of biological and socio-economic sustainability, 

stakeholder inclusions and minimization of the impact on the ecosystem. Further 

objectives should be identified also taking into account the preferences of local 

stakeholders. In the case of the two study areas, North Adriatic and Strait of 

Sicily, the MMA networks will be designed to protect mainly the most important 

nursery areas of a set of target species and improve the productivity either of 

stocks or fishing fleets. 

In this regard, the efficacy of the identified MMAs for reducing fishing mortality 

rates, protecting juvenile or undersized animals, and enhancing productivity 

depends by the following main aspects (see D 4.2): 

1. the degree of fish movement across closed-area boundaries (spillover effect),  

2. the spatial distribution and quantity of displaced fishing effort,  

3. the relative catchability (cpue) of the target stock(s) outside the closures,  

4. the level of protection afforded to undersized animals taken by the fishery, 

5. the effect on the overall sustainability of commercial stocks,  

6. the impact on the ecosystem, 

7. the socio-economic implications. 

Other relevant aspects to be considered in a MMAs monitoring program are the 

spatial and temporal scale of data collection and analysis. This means defining 

the area to be monitored, the spatial and time resolution for the collection of 

the different types of data and finally the resolution of the outputs produced 

(e.g. indicators).  

For each of the above mentioned factors the more suitable indicators were 

identified in D 4.2. They were selected also considering the type and amount of 
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data that will be possible to gather in the field and the associated budget 

constrains (Table Annex IX-1) 
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Table Annex IX-1 Objectives, indicators and data of a MMAs network monitoring program. Data are provided at different time scales:  m: one month, q:quarter, 
y: year. In bold the frequency of calculation of indicators 

Monitoring objectives Indicators 

Data 

Survey 

CPUE by 

age/size 

Commer

cial 

CPUE by 

age/size 

by fleet 

segment 

VMS/AIS 

Catch of 

commer

cial 

fleets 

Socio 

economi

c and 

governa

nce 

variables 

1. Spillover  from MMAs 
Temporal trend in cpue of target stocks by size/age 

class 
y q    

2. Fishing effort trend 

 

Spatial trend   m   

Temporal trend   m   

Fleet size,     y 

      

Effort     y 

Capacity Physical Productivity (CFP)     y 

Vessel Physical Productivity (VFP),     y 

Days at Sea     y 

3. Level of protection 

afforded to undersized 

specimens 

Proportion of juveniles protected by the MMA network y  m   

4. Fisheries sustainability 

Indicator 3.1.1 MSFD: F/Fmsy of commercial stocks y y  q  

Cpue of commercial by-catch species y q  q  

Cpue of non-commercial species y     
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5. Ecosystem impact 

Proportion of seabed  significantly affected by trawling 

(Indicator 6.1.2 MSFD) 
  q   

Proportion of selected species at the top of the food 

web (Criterion 4.2 MFSD) 
y     

Selaceans abundance (Criterion 4.3 MSFD: Abundance / 

distribution of key trophic groups/species) 
y y  y  

Discard rate of target stocks  q    

6. Socio-economic 

sustainability 

ROFTA     y 

GAV     y 

NEP     y 

Net Profit per vessel     y 

CR/BER      

Landing (total and by vessel/day)     y 

Landing value (total and by vessel/day)     y 

Revenue (total and by vessel/day)     y 

Revenue per day     y 

Average market price of landings     y 

Fuel cost by vessel/day     y 

Employment     y 

Gross value added per FTEs     y 

Gross value added per vessel     y 

Average wages     y 

Days at sea     y 
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7. Governance 

Amount of illegal fishing within the MMA   q   

Violation of regulations (n. and types of infringments)     q 

Management costs and enforcement costs     q 

 

 

 

 

 

 

 

 

.
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Technical skills and human power required for MMAs monitoring 

Monitoring in the two case study area requires specific skills in collection and 

analysis of fisheries data. Skills, human power and source of raw data from the 

already existing monitoring programs required for the calculation of descriptors 

listed in Table Annex IX-1 are indicated in Table Annex IX-2.  

Table Annex IX-2 Skills, human power and source of raw data required for the calculation of each 

monitoring descriptor. 

Monitoring 

objectives 
Indicators 

Skills and 

human power 
 

Skills 

Man 

/ 

mont

hs 

Source of 

data 

 

1. Spillover from 

MMAs 

Temporal trend in cpue 

of target stocks by 

size/age class 

Time 

series 

analysis 

2 
MEDITS / 

SOLEMON 

2. Track fishing 

effort displacement 

Spatial trend VMS data 

analysis 
3 

DG PESCA - 

MIPAAF Temporal trend 

3. Level of 

protection afforded 

to undersized 

specimens 

Proportion of juveniles 

protected by the MMA 

network 

Spatial 

analysis 
3 

MEDITS / 

SOLEMON 

4. Fisheries 

sustainability 

Indicator 3.1.1 MSFD: 

F/Fmsy of commercial 

stocks 

Stock 

assessme

nt 

2 DCF 

Cpue of commercial by-

catch species Time 

series 

analysis 

1 

MEDITS / 

SOLEMON& 

DCF Cpue of non commercial 

species 

5. Ecosystem 

impact 

Proportion of seabed  

significantly affected by 

trawling (Indicator 

6.1.2 MSFD) 

VMS data 

analysis 
3 

DG PESCA - 

MIPAAF 

Proportion of selected 

species at the top of the 

food web (Criterion 4.2 

MFSD) 

Time 

series 

analysis 

3 
MEDITS / 

SOLEMON /DCF 
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Selaceans abundance 

(Criterion 4.3 MSFD: 

Abundance / 

distribution of key 

trophic groups/species) 

6. Socio-economic 

sustainability 

ROFTA 

Socio-

economic 

data 

analysis 

3 DCF 

GAV 

NEP 

Net Profit per vessel 

CR/BER 

Landing (total and by 

vessel/day) 

Landing value (total 

and by vessel/day) 

Revenue (total and by 

vessel/day) 

Revenue per day 

Average market price of 

landings 

Fuel cost by vessel/day 

Employment 

Gross value added per 

FTEs 

Gross value added per 

vessel 

Average wages 

7. Fishers 

commitment 

Amount of illegal fishing 

within the MMA 

VMS data 

analysis 
1 

DG PESCA - 

MIPAAF 

Violation of regulations 

(n. and types of 

infringments) 

 1 
NATIONAL 

AUTHORITIES 

Management costs and 

enforcement costs 
 2  

Control and surveillance plan 

The roles and responsibilities related to the management, monitoring and 

control activities in the implementation are clearly defined and involved different 

stakeholders.  
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Figure Annex IX-2 below illustrates the organs and stakeholders concerned, the 

roles and flow of information that will characterize the MSC in a participatory 

management system; in detail:  

 Monitoring: involves the collection, measurement and analysis of data 

including catch, fishing effort, discards, socio-economic aspects; the 

final outcome of the monitoring activities is to verify the results of the 

implementation of the proposed measures (see D. 4.2). The designated 

Scientific Committee will be responsible for monitoring; fishers should 

collaborate with the Scientific Committee and be fully involved in data 

collection through sharing and providing data, using new monitoring 

technologies and tools and participating to data analysis and discussion 

of the results obtained.  

 Control: the regulatory conditions under which the exploitation of the 

resource within the identified MMAs is conducted including penalties for 

non-compliance. Responsive Fisheries Management System establishes 

mechanisms to involve stakeholders in decision-making and in the 

implementation of the measures and, to a certain extent, also monitor 

the actual application of the same measures. Fishers, in fact, could be 

required to cooperate through supervisory actions (eg. sentinels) with 

the Coast Guard, whose task is to carry out controls on the area so that 

the measures provided for are respected.  

 Surveillance: involves the regulation and supervision of fishing activity 

to ensure that national/international legislation and terms, conditions of 

access, and management measures are observed. The Implementing 

Body will be responsible for surveillance as well as coordination, 

management and administration; it should take the form of a 

Consortium and may be made up of representatives of the main 

recipients of the MMA, eg. category associations and other stakeholders. 
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Figure Annex IX-2 MSC in a participatory management system 

Enhanced public participation in the fisheries management process brings a 

number of advantages as compared to a centralized and top-down system. 

Among these the two followings can be mentioned: 

 Less costs for the development and implementation of MSC systems 

because costs stemming from public control are reduced; 

 More compliance from stakeholders and therefore, more possibilities to 

achieve the established management goal. 

Technological tools for control and surveillance of MMAs 

One of the most powerful tools to deter illegal fishing activities in or around an 

MMA consists on the use of vessel monitoring devices and systems: e.g. global 

positioning systems (GPS), VMS, and AIS. VMS devices securely transmit the 

location of a fishing vessel during a fishing trip. AIS is more affordable, 

contributes to safe navigation, and the data are public. However vessel 

operators can turn off or tamper with AIS systems, but such “spoofing” 

behaviour at sea is detectable and can be a warning flag for illegal activity. 

Requiring all industrial fishing vessels as a condition of their fishing permit to 

have an installed and operating remote monitoring device such as VMS or AIS 

on board would aid enforcement of remote MMA requirements. For near-shore 

MMAs, enforcement officers may employ on-shore, line-of-sight surveillance 

methods or utilize at-sea enforcement vessels to detect violations. 

Vessel monitoring data in combination with electronic logbooks can be used to 

identify the fishing grounds where the products landed by a given vessel have 

been caught (Russo et al., 2018).  



Marine protected areas: network(s) for enhancement of sustainable fisheries in EU 

 
 

329 
 

The Copernicus Maritime Surveillance (CMS) service, implemented by EMSA, 

provides earth observation satellite images to support a better understanding 

and improved monitoring of activities at sea. The service is available to support 

authorised users in a wide range of operational functions, including fisheries 

control, law enforcement, and marine environment monitoring. Fishing vessels 

are detected using two types of images: 1) SAR (Synthetic Aperture Radar) 

sensors use microwave frequencies to retrieve backscatter measurements from 

the detected surface below. By measuring the roughness of the sea surface, 

resulting images display features which stand out against the background; 2) 

Optical images can provide a wealth of information in different spectral bands. 

Optical radiometers cannot capture images during the night or in cloud cover 

conditions. 

Remote Electronic Monitoring (REM) is a new method to monitor the catch 

directly on the fishing vessel. It uses several interlinked monitoring and 

observing apparatuses;1) CCTV video cameras, to record catch and processing 

activity; 2) geographic position systems (GPS), to record vessel location; 3) 

hydraulic winch pressure sensors; and 4) drum revolution counters to determine 

when vessels’ nets are in the water; instead, on-board PCs with linked, 

removable hard drives to record data. Such technology uses more than just 

CCTV cameras. This system is important to control all of the fishing activities 

occurring in a vessel. Video data files are prohibitively large to stream live, so 

gathered data is usually stored on a removable hard drive which is swapped 

over at suitable intervals, rather than sent via satellite. The imagery can then 

be used to obtain information on catch handling, discarding practices and catch 

composition; to gather scientific data; to verify self-reported information; or in 

monitoring for compliance with regulations. 

Finally, Fishery and Oceanography Observing System (FOOS) have been 

recently adapted to fit specific research needs in terms of real time monitoring 

of fishing activities. This device transforms fishing vessels into monitoring 

systems able to gather a large range of environmental and fishery information 

(Carpi et al., 2015; Patti et al., 2016). These tools have been used by CNR both 

in the Adriatic Sea and in the Strait of Sicily on few fishing vessels to gather 

spatial data on their fishing activity. The FOOS was designed to be networked 

through satellite and/or General Packet Radio Service (GPRS) or Universal 

Mobile Telecommunications System (UMTS) modems depending on the distance 

from the coast and to be able to receive and transmit data in real time to a land-

based station (Patti et al., 2016). 
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