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1. Introduction 
 

This work consists the final report of the European Commission funded research project: 
PROTOMEDEA. PROTOMEDEA stands for "PROTecting MEDiterranean EAst" and has been a 
project, in response to the call for “Marine Protected Areas: network(s) for the enhancement 
of sustainable fisheries in EU Mediterranean waters” (Ref. MARE/2014/41), funded by the 
European Union DG MARE, which run for 40 months (December 2015 till April 2019).  
The project aimed to contribute towards the establishment of fishery related Marine 
Protected Area networks in the Eastern Mediterranean, focusing on two case studies: the 
Aegean Sea (GSA 22) and Cyprus (GSA 25). The links among the project’s Work Packages (WPs) 
are displayed in Figure 1.1.  
 
 

Figure 1.1. Links among Work Packages 

 
 
Based on the DoW, the project’s main aim was to map the already existing Marine Protected 
Areas (MPAs) and to plan proposed MPA networks in these two areas. Furthermore, the 
mapping of essential fish habitats, the effect of MPA in achieving the Maximum Sustainable 
Yield (MSY) objectives of the Common Fisheries Policy (CFP) and the development of ECOPATH 
models in selected areas were foreseen in order to evaluate the current overall contribution 
of MPAs in fisheries sustainability. “What if” scenaria of MPA impacts on MSY and 
Ecopath/Ecospace models have been evaluated and different management schemes were 
developed and examined in order to support the optimization of fishery management. 
 
Its main scientific objectives included:   

 Mapping of existing Marine Protected Areas (MPAs) and planning of proposed MPA 

networks in two areas of the Eastern Mediterranean, the Aegean Sea and Cyprus;   

 Mapping of essential fish habitats, and the effect of MPA in achieving the Maximum 

Sustainable Yield (MSY) objectives of the Common Fisheries Policy (CFP);   
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 Development of ECOPATH models in selected MPAs, which will be examined using 

previous and new data in order to evaluate the current overall contribution of MPAs in 

fisheries sustainability;  

 Evaluation of “What if” scenaria of MPA impacts on MSY and Ecopath/Ecospace models;  

 Interaction with a wide range of stakeholders in order to propose commonly agreed and 

more effective MPAs in the study areas 
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2. Mapping of existing Marine Protected Areas (MPAs) and planning of proposed 
networks in two areas of the Eastern Mediterranean, the Aegean Sea and Cyprus 

 

2.1 Proposed MPA network in the Aegean  

 

The current work has been carried out within WP4: Planning a network of MPAs under D-4.3b: 
Proposed MPA network in the Aegean. Marine and coastal areas are experiencing the last 
decades a large growth of human development, with multiple activities competing for marine 
space and resources. This has often led to a significant degradation of marine ecosystems, 
depletion of biological resources and biodiversity loss (e.g. Halpern et al, 2008a; b; Micheli et al, 
2013a). Loss of ecosystem functions may be directly or indirectly translated into financial loss of 
services for human societies (Katsanevakis et al, 2011). For instance, recent data confirm that 
the majority of the most important fish stocks in the eastern Mediterranean are overexploited 
with significant impacts on the local and national economy (Colloca et al, 2013; Tsikliras et al, 
2015; Vasilakopoulos et al, 2014). In addition, the eastern Mediterranean increasingly suffers by 
the effects of climate change and species’ invasions causing alteration of species composition 
and displacement of native species, habitat degradation and changes in the functioning of 
ecosystems (Katsanevakis et al, 2013; 2014a; b). Therefore, there is an urgent need to protect 
biodiversity and fisheries resources in those areas. 

Today however, most management approaches adopted are sectoral and fragmentary ignoring 
the linking processes between human societies and marine ecosystems, often resulting in low 
capacity to provide comprehensive management solutions that ensure social acceptance (Mazor 
et al, 2014). This has prompted the need to develop coordinated management plans and adopt 
holistic strategies that take into account all human activities and interactions within marine 
ecosystems (Foley et al, 2010; Knight et al, 2008). Systematic Conservation Planning (SCP) 
contributes to the development of Maritime Spatial Plans (MSPs) through the creation of Marine 
Protected Areas (MPAs) and the identification of areas (‘zones’), within which different human 
activities may be allowed or prohibited. MPAs on one hand have been widely suggested as a 
useful tool for sustaining marine ecosystems through biodiversity conservation and fishery 
enhancement (Agardy and Staub 2006, and references therein). Zoning on the other hand adds 
flexibility to the provision of management solutions by allowing the organization of multiple 
activities into a spatial design scheme (Watts et al, 2009). A summary of the social and ecological 
benefits perceived when applying MPAs may be found in Box 2.1.1 

 

Box 2.1.1: Marine Protected Areas as a management tool for the protection of biological 
resources 

The positive benefits derived from the implementation of Marine Protected Areas (MPAs) have 
been reported widely i.e. increases in sizes of organisms, density and biomass of commercially 
exploited species and whole assemblages, reproductive potential, species richness, live cover of 
benthic organisms, and restoration of trophic interactions (e.g. Edgar et al, 2014; Fenberg et al, 
2012; Floros et al, 2013; Guidetti and Sala, 2007; Halpern and Warner, 2002; Halpern, 2003; 
Lester et al, 2009; Selig and Bruno, 2010; Stewart et al, 2009). Although the role of MPAs 
regarding the recovery of fish stocks remains an issue of debate between scientists (Kaiser, 2005; 
Stefansson and Rosenberg, 2006; Vandeperre et al, 2011), more and more studies identify that 
benefits from protection are positively correlated with the age and size of MPAs, the level of 
protection and enforcement (Claudet et al, 2008; Giakoumi et al, 2017). Moreover, while the 
establishment of MPAs is still a challenge, it is generally accepted that MPAs may achieve a 
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balance between ecological conservation and socioeconomic needs (Klein et al, 2008a; b) when 
using biological principles as primary design criteria (Roberts et al, 2003) and including relevant 
socio-economic aspects to ensure community support and compliance (Moore et al, 2004; Pita 
et al, 2013; Walmsley and White, 2003).  

 

SCP is characterised by specific principles and follows a structured, well-defined approach 
(Figure 2.1.1). A wide range of ecological features that represent the local biodiversity and 
marine resources, are included in the analysis. Overall goals and specific measurable objectives 
(‘targets’) regarding these ecological features are explicitly set in a transparent and socially 
responsible manner (Margules and Pressey 2000; Pressey and Bottrill 2009). To provide 
management solutions that achieve these ecological targets, analysis incorporates in addition 
socio-economic information related to the human activities present in an area, which are later 
translated into financial costs of implementing the suggested management actions. Integration 
of cost helps to properly assess the impact of management decisions, deliver cost-effective 
solutions with higher likelihood of implementation, and facilitate stakeholder involvement in 
the planning process (Moilanen et al, 2009; Wilson et al, 2009). 

 

 

Figure 2.1.1 Key steps followed in Systematic Conservation Planning (SCP) and Marine Spatial Planning 
(MSP) processes. Dashed lines indicate the dynamic character of the planning process where local 
preferences and new knowledge are integrated into management plans through stakeholder engagement 

 

The Aegean is one of the most important areas, ecologically and socioeconomically, in the 
oligotrophic eastern Mediterranean Sea, characterized by increased productivity in its northern 
part due to the outflows from the Black Sea, the Dardanelles and rivers (Petihakis et al, 2014; 
Zervakis and Georgopoulos, 2002). The peculiar topography, with more than 3000 islands and 
rocky islets, the geomorphologic complexity (hydrothermal vents, marine caves, trenches, 
volcanoes), the complicated hydrology, and the variety of habitats, render the Aegean Sea an 
important area for the unique biodiversity it hosts (Sini et al, 2017). In the Aegean important 
habitats for the survival of endemic and protected species such as seabirds, the Mediterranean 
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monk seal, marine mammals, fish and invertebrates are present (e.g. Coll et al, 2012; 2015; 
Greenpeace, 2006; Hoyt et al, 2012; Mackelworth, 2011; Mouillot et al, 2011; Oceana MedNet, 
2012; Sini et al. 2017; UNEP-MAP-RAC/SPA, 2010a, b; Würtz et al, 2012). In addition, the Aegean 
Sea and its coastal areas are of high economic importance for local livelihoods (e.g. Stergiou et 
al, 1997; Tsikliras et al, 2015). For instance, the North Aegean’s continental shelf is the most 
important fishing ground for sardine in the Eastern Mediterranean basin (Giannoulaki et al, 
2006; Tsagarakis et al, 2008). Moreover, more than 50% of the Greek otter trawl fleet operates 
in the North Aegean Sea, producing over 57% of the total national demersal landings (NSSG, 
2006). 

However, these activities pose a threat to the marine environment of the Aegean Sea and its 
resources. Impacts from fishing and land activities have affected most of the coastal areas of the 
Aegean (Coll et al, 2016; Micheli et al, 2013a). Terrestrial activities (e.g. industrial zones, 
household waste, large urban and tourist development) pollute the sea, and have resulted in 
the restriction of many areas for recreation and food consumption. Data on 'Bio-Sustainability 
Indicators' support that several fish stocks in the Aegean are currently over-exploited and multi-
level management measures are recommended for achieving sustainable fisheries (Antonakakis 
et al, 2011; Directorate of General Fisheries, 2015; Moutopoulos and Stergiou, 2011; Stergiou et 
al, 1997; Tsikliras et al, 2015). Being part of the main marine transit route to the Middle East, 
the Aegean Sea is characterized by increased shipping traffic (WWF Greece, 2015) resulting in 
high risk of oil accidents, pollution events and collisions with marine megafauna (Lyridis et al, 
2006). Furthermore, invasive species, introduced in the Mediterranean mainly through the Suez 
Canal, ships and aquaculture, are greatly impacting the local marine biodiversity (Katsanevakis 
et al, 2016). In addition, in the light of the economic crisis in Greece, the declining importance 
of environmental issues in public perception is expected to affect conservation efforts and 
decrease the enforcement of management measures and regulations in the wider area 
(Katsanevakis et al, 2015). 

The overall aim of the present planning exercise is to contribute towards the development of an 
efficient MPA network and the production of Maritime Spatial Plans (MSPs), taking into account 
the protection of ecological characteristics and Essential Fish Habitats (EFH), significant areas for 
fisheries, as well as their socio-economic impacts through a participatory bottom-up process. To 
this end, the most widely applied conservation planning software was used, i.e. MARXAN with 
Zones (Ball et al, 2009; Watts et al, 2009), to provide alternative management solutions through 
a transparent and robust analysis. The planning exercise takes into consideration the most 
important biodiversity and fishery features present in the area, while socio-economic costs of 
important uses operating and existing management actions currently in place (e.g. Fisheries 
Restricted Areas, Marine Protected Areas, Natura 2000 network) are integrated in the proposed 
plans. 

The process for producing the final Proposed Network of Marine Protected Areas (MPAs) was 
achieved in two main cycles, as shown in Figure 2.1.2 In the first round (Deliverable 4.3a) the 
study area was identified and divided into management units (‘Planning Units’, PUs), the zoning 
system was defined and finally the required information was collated from other WPs and older 
projects. In the second round (Deliverable 4.3b), based on the issues and outputs from the 
previous run, several information input files were updated, and implementation strategies and 
concepts were altered. More specifically: 

 Ecological features were updated (i.e. Essential Fish Habitats, EFHs) in terms of models’ 
confidence thresholds that define the habitats’ distribution 

 New ecological and socio-cultural features were added in the analysis (i.e. distribution 
of Mullus barbatus; Scomber scombrus; areas of potential socio-cultural significance for small 
scale fisheries)  



-6- 
 

 The idea for integration with the level of habitats’ vulnerability to invasion using the 
Cumulative IMPacts of invasive ALien species index (CIMPAL index; Katsanevakis et al, 2016), 
was abandoned, since (i) the resolution of the CIMPAL index and the underlying data reported 
in Katsanevakis et al. (2016) was too coarse for the needs of the present study; (ii) restoration 
cost even if evaluated would be unrealistically high, while restoration cannot be guaranteed; (iii) 
some alien species have gained commercial importance for the fisheries sector (Minutes of the 
Protomedea General Assembly Meeting, 22.01.2018)  

 Protection status of several species and conservation targets have been updated 
following a revised version of the IUCN Red List of Threatened species database 
(www.iucnredlist.org), adopting assessments at the Mediterranean regional scale, when this 
information was available  

 Spatial data on existing management measures were updated: Marine Protected Areas 
(MPAs) were revised; Fisheries Restricted Areas (FRAs) taken into consideration for Zone A (no-
take zone) included only those that prohibit permanently all fishing gears simultaneously; the 
layer of Natura 2000 sites was updated, following the recent expansion of the network, 
established by the Common Ministerial Decision of the Ministers of Environment and Energy 
and Rural Development and Food (Government Gazette, Vol. B, No 4432, December 15, 2017); 
in all management measures a spatial rule was applied (planning units with regulations 
occupying less than 50% of the planning unit size were removed) in order to represent more 
realistically the current management status  

 Fishing effort for all gears was recalculated in order to express more realistically the 
spatial distribution of these activities  

 Density of shipping routes for both cargo and passengers retrieved from previous 
projects (MARISCA, THALCHOR) were re-processed in order to better represent the areas of 
higher ship density  

 Opportunity cost formula was adapted in order to avoid bias due to very small values of 
the opportunity cost  

 Zone contribution weights that were based on the IUCN Red Species List database have 
been partially re- assessed and adapted on the particular characteristics of the study area, 
following expert judgement  

 Finally, different scenarios have been developed with high and low targets set for the 
conservation features (ecological and socio-cultural features), based on (a) the criteria set by 
the EU legislation and recommendations regarding the protection of important habitats and 
species, along with expert judgment (b) stakeholders’ perceptions integrating feedback from 
Task 4.4 – “Stakeholder perceptions”, in order to produce alternative solutions that incorporate 
both scientific and local knowledge of actors that are being influenced by decisions.  

The suggested plan includes a network of Marine Protected Areas (MPAs), where areas that 
systematically contribute to the biodiversity and fishery targets are identified, and the most 
important human activities are organized in a 5-zone management system. The method respects 
the principles of Systematic Conservation Planning (SCP) under a general Ecosystem-Based 
Management (EBM) framework to fisheries management and attempts to integrate issues such 
as the mitigation of conflicting uses and the cumulative effects of human activities, while 
ensuring the sustainability of commercially important fish stocks and the maintenance of 
culturally significant areas closely linked to traditional activities, i.e. small scale fisheries. This is 
one of the first times that such an integrated approach is applied in the Aegean Sea seeking to 
make a substantial contribution to the EU demands for the development of MSP, the adoption 
of integrated ecosystem approaches to fisheries management, the protection of marine 
environment and the sustainable exploitation of marine resources (e.g. the MSP Directive 

http://www.iucnredlist.org/
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2014/89/EU; the Common Fisheries Policy; the Marine Strategy Framework Directive 
2008/56/EC; the Habitats Directive 92⁄43⁄EEC; the EU Regulations No 1967/2006 and No 
1343/2011 concerning the sustainable exploitation of fishery resources in the Mediterranean 
Sea etc.). Outputs may provide guidance in management negotiations and decisions through an 
efficient, structured and transparent process, ensure the maintenance of marine ecosystems in 
healthy condition and guarantee the sustainable exploitation of ecosystem goods and services 
in the most effective way. 

Finally, it must be highlighted that this planning exercise is based on the available spatial 
information and is considered a snapshot of the current condition. MSP is a continuous, 
iterative, and adaptive process that evolves along with the dynamic nature of the marine 
environment and the increased scientific knowledge on marine ecosystems, their components 
and interaction with human societies (Douvere, 2008). Therefore, decision makers have to 
continuously update management plans and adapt their strategies whenever new information 
is available, in order to achieve long-term and realistic planning solutions (Katsanevakis et al, 
2011).  

 

Figure 2.1.2 The main steps for Marine Spatial Planning (MSP) process, along with the links and 
information exchange between Work Packages (WPs) in the Protomedea project as evolved in time, for 
the application of Marxan with Zones Decision Support Tool. Blue boxes indicate initial steps achieved 
during the first run of Marxan with Zones (Deliverable 4.3a: Initial MPA network in the Aegean Sea) and 
input received from other WPs, dashed lines indicate that files were updated during the second run of 
Marxan with Zones. Green boxes indicate steps accomplished on the second run to produce the final MSP 
outputs (Deliverable 4.3b: Proposed MPA network in the Aegean Sea). 
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2.1.1 Systematic Conservation Planning: Principles and tools 

 

The main idea behind a planning problem is the selection of areas of high ecological value 
(‘priority areas’) throughout a large number of possible sites (Planning Units, PUs) using 
ecological, social and economic criteria (Figure 2.1.1.1). The selection of priority areas is based 
on the following principles of SCP (Margules and Pressey, 2000; Stewart et al, 2007): 

 Complementarity – priority areas identified are complementary to the ones that are 
already protected (i.e. existing management actions, such as MPAs) 

 Comprehensiveness – inclusion of many conservation features that describe the 
different components and aspects of local biodiversity 

 Representativeness – the samples are representative of the overall biodiversity of the 
area 

 Irreplaceability – areas with unique features are being identified and protected as being 
irreplaceable units for conservation of local biological resources 

 Cost efficiency – the proposed management solutions achieve the conservation targets 
with the least possible cost 

 Adequacy – the proposed management solutions ensure the adequacy of biodiversity 
and fishery resources, taking into account the threats posed by human activities to the ecological 
characteristics and their vulnerability to each activity. 

 

Given the complexity of locating new conservation areas that meet the principles of SCP, 
Decision Support Tools (DSTs) are frequently used to guide the spatial identification of priority 
areas. The most well-known and widely used DSTs are Marxan (Ball et al, 2009) and Marxan with 
Zones (Watts et al, 2009). These are software that use simulated annealing algorithms to find a 
range of good near-optimal systems of priority areas that meet the conservation targets set, 
while attempting to minimize socio-economic costs for human uses (Wilson et al, 2009). 
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Figure 2.1.1.1 The different types of spatial information frequently used in systematic conservation 
planning and spatial prioritization (human activities, conservation features, study area divided in planning 
units), based on a planning exercise for the establishment of Marine Protected Areas in Fiji (Tulloch et al, 
2015) 

 

Marxan provides a spatially binary solution that indicates whether or not a PU belongs to the 
MPA network. Marxan with Zones uses a more sophisticated algorithm, offering the ability to 
integrate many different activities and organise them into a zoning system, which forms a 
management plan. In other words, various zones may be defined where different uses are 
prohibited or permitted within each zone. Zoning allows the spatial allocation of human 
activities in space and the establishment of different objectives within each zone which 
contribute to the overall objectives set in the planning process. This adds greater adaptability to 
the provision of management solutions (Watts et al, 2009). In addition, it has been shown that 
organizing uses into zones offers more realistic plans minimizing possible conflicts between 
different interests (Agardy, 2010). 

In both cases of Marxan and Marxan with Zones, biodiversity is represented by a variety of 
ecological characteristics (‘ecological features’) present in an area, and clear conservation 
objectives are set for each one of the features. Objectives are translated into quantitative 
operational objectives, for instance preserving 30% of the population of each species in the 
study area (Leslie et al, 2003). Successful achievement of operational objectives means that each 
ecological feature targeted for conservation (e.g. a species) receives adequate protection 
through the assignment of the species-relevant areas into an MPA network. This means that a 
single PU does not by itself have an intrinsic constant value, but rather its value is a reflection of 
its contribution to the network’s overall objectives (Ardron et al., 2010). 

Ideally, the MPA network achieves targets with the lowest cost for human activities operating 
in the study area (Carwardine et al, 2009). Usually, this cost is measured in terms of socio-
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economic cost (‘opportunity cost'), defined as the foregone income (or profit) of the economic 
activities that arise, when these activities are excluded from a specific area that is established as 
protected (Naidoo et al, 2006). Greater cost will be given to areas where many different activities 
take place (or are intensively used by one activity) because these areas (and the resources 
within) contribute significantly to the income of these activities. Therefore, the exclusion of 
activities within these areas is likely to damage many activities (or to damage a lot a single 
activity that is practiced significantly within the area). Consequently, the software will try to 
avoid establishing any restriction within these areas, in order to minimize costs and achieve 
cheap ('efficient') solutions, if alternatives are available. However, sometimes costly PUs that 
are essential for meeting the conservation objectives cannot be avoided (Ardron et al., 2010). 

 

Marxan with Zones uses a numerical algorithmic of re-arranging the PUs (simulated annealing) 
to find the best possible spatial solution (Watts et al, 2009). The algorithm aims to minimize the 
total cost of a zoning system, which is the sum of the cost of each PU defined in a particular zone 
k (1st term of Equation 1) and the cost of the connection between two PUs assigned in different 
zones (2nd term of Equation 1): 

Minimize cost: 

 

 Eq.1 

 

Where:  

m is the total number of planning units (i = 1, ..., m) 

 

p is the total number of zones (k = 1, ..., p) 

 

cik is the cost of assigning a planning unit i in zone k. For all PUs i and zones k, xik takes values 
{0, 1}, where, 

 

if the PU i (i = 1, ..., m) is assigned into zone k (k = 1, ..., p) xik = 1, if not then xik = 0. A PU cannot 

be assigned into more than one zone, so:  

At the same time each zone must achieve the percentages of contribution to the overall 
conservation objectives according to the effectiveness of each zone: 

      Eq.2 

 

      Eq.3 

 

Where 
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aij is the amount of the ecological feature targeted for protection j (j = 1, ..., n) in a PU i, 

ejk is the efficiency of zone k contributing to the conservation of the feature targeted for 
protection j sj is the overall target for the feature targeted for protection j 

th is the target for the ecological feature targeted for protection j in a particular zone k 

Marxan and Marxan with Zones are tools designed to support decision makers through a 
transparent and robust selection of priority areas, providing alternative solutions even to very 
complex management issues (Ball et al, 2009; Watts et al, 2009). Marxan with Zones has been 
commonly applied in MSP, due to its advantage to support a range of different human activities 
and management actions. For instance, it has been applied for the production of marine 
management plans in California (Klein et al, 2009), the Caribbean (Agostini et al, 2010), 
Indonesia (Grantham et al, 2013) and Israel (Mazor et al, 2014) for providing management 
solutions with capacity to set various types of objectives in the planning exercise (Watts et al, 
2009). 

 

2.1.2 Study area and Planning Units (PUs) 

 

The study area (Figure 2.1.2.1) covers overall 177643.7 km2 and extends to the Greek territory 
of the Aegean Sea (6 nm from coast) and international waters (corresponds to the General 
Fisheries Commission for the Mediterranean (GFCM) Geographic Sub-Area (GSA) “22-Aegean 
Sea”, and a small part of GSA “24-North Levantine” including Kastellorizo Island). For the needs 
of the analysis the study area was limited at the southern border by the 2000 m bathymetric 
contour line. The inclusion of international waters in the study area (96585.2 km2), was decided 
disregarding the fact that most commonly MSP plans are limited to administrative boarders (i.e. 
territorial waters), since this approach does not necessarily secure the ecological continuity of 
species and habitats distribution (e.g. marine mammals and turtles; Dallimer and Strange, 2015). 
A grid was compiled that divided the study area into 25683 cells (hereafter planning units, PUs) 
of two different square-size cells (2 km x 2 km at the Greek territory, and 10 km x 10 km at the 
international waters). The use of two different sizes of PUs in the grid was decided due to the 
relevantly high resolution of available data at the shallow in contrast to the coarser at the deeper 
waters, and the spatially restricted distribution of coastal ecological features (e.g. Posidonia 
oceanica meadows, coralligenous etc.) in comparison to the relevantly overall large study area. 
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Figure 2.1.2.1 The study area defined by the Greek territorial waters (2 km x 2 km square-size cells, area 
81058.5 km2) and the international waters (10 km x 10 km, area 96585.2 km2) 

 

 

 

2.1.3 Zoning plan 

 

A five- zone management plan was decided amongst partners and a general objective was set 
for each zone (Table 2.1.3.1). The zoning plan (Table 2.1.3.2) contains a list of existing and future 
planned human activities that are permitted or banned in each zone according to their impacts 
on the ecological features present in the study area (marine habitats, marine species, essential 
fish habitats) and their consistency with each zone’s target. Zones varied regarding their 
effectiveness in protecting the ecological features under study, therefore their contribution to 
the overall targets set differed. 
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Table 2.1.3.1 Zoning plan and general target set for each zone 

 

Zone E (‘General use’ zone) is a zone where all activities are allowed with respect to the current 
legal framework in force (e.g. fishing gear restrictions). Due to the presence of impacting 
activities that may affect the good ecological status of an area, Zone E does not contribute to 
the protection of biodiversity and fish stocks. Consequently, PUs with human activities such as 
industries, aquaculture, big cities and ports, were considered seriously affected by these 
activities and thus, they were excluded from the protection zones and were assigned in Zone E. 
Similarly, PUs with high densities of cargo shipping routes were allocated in Zone E (‘General use 
zone’) due to the high risk of oil spills that may have serious effects in the overall status of marine 
environments. High densities of passenger shipping routes were excluded from Zones A and D, 
since this activity is considered a threat for pelagic biodiversity (e.g. marine mammals and sea 
turtles) due to the high risk of collisions and underwater noise. Future H/C extraction activity 
was not included in the analysis due to the fact that the conditions under which this operation 
will take place in the Greek EEZ are still vague. 
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Table 2.1.3.2 The proposed zoning plan along with activities allowed and prohibited in each zone. In Zone 
E (‘General use’ zone) all human activities are allowed with respect to the current legal framework in 
force, but the zone does not contribute to the protection targets set. Establishment of offshore wind 
farms is a future planned activity licensed to operate in specific areas under the national management 
plan of development in Greece. 

 

 

2.1.4 Ecological components: biodiversity and fisheries related features 

 

Ecological information regarding the distribution of biodiversity in the study area was retrieved 
from the outputs of the MARISCA project (www.marisca.eu; Sini et al, 2017) and were based on 

http://www.marisca.eu/
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(i) scientific (peer- reviewed) and grey literature; (ii) on-line databases; (iii) datasets provided by 
universities (e.g. University of the Aegean), Hellenic Ministries and administrative organisations 
of Greece (e.g. Ministry of Interior, Ministry of Environment and Energy, Department of 
Fisheries, Statistical Authority), research institutes and NGOs (e.g. HCMR, BirdLife, MoM etc.); 
(iv) previous Projects; and (v) personal observations of expert scientists, divers and diving 
centres; (vi) deliverables from previous Tasks in the framework of PROTOMEDEA (i.e. 
distribution of fisheries-related features (Essential Fish Habitats - EFH, D-2.3: Maps of essential 
fish habitats).  

In total 78 ecological features were mapped (Figure 2.1.4.1), including a wide variety of marine 
habitats and species encountered in the Aegean that are under strict protection according to EU 
and national legislation, and international conventions. Specifically, the choice of marine 
habitats was based on the definitions provided by the European Union Habitats Directive 
(92/43/EEC) and the EUNIS classification system of European habitats. An additional group of 
other vulnerable ecological features, which do not strictly fit the definition of a “habitat” were 
also considered, as they represent structurally important biotic components that are 
characterized by high vulnerability to anthropogenic stressors, slow growth rates and low 
resilience. The list of animal species was limited to those that are under strict protection status 
in the national and European legislation, and whose collection and deliberate capture or killing 
is prohibited according to the (i) Annex II of the “Protocol for Specially Protected Areas and 
Biological Diversity in the Mediterranean” of the Barcelona Convention (1982, adopted on 10 
June 1995), (ii) Annex IV of the EU Habitats Directive (92/43/EEC), (iii) Annex II of the Bern 
Convention on the Conservation of European Wildlife and Natural Habitats, (iv) Bird Directive 
2009/147/EC on the conservation of wild birds, and (v) Annex II of the Greek Presidential Decree 
67/81 on the protection of native flora and wild fauna. The distribution of ecological features 
used in the analysis is shown in Figures 2.1.4.2-2.1.4.13. 

 

 

 

Figure 2.1.4.1. Number of ecological features per taxonomic group used in the analysis. An additional 
socio-cultural feature (“areas of cultural significance for small scale fishing”) was also included in the 
conservation features’ list for protection. 
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Depending on the original information available, the majority of marine species were expressed 
in the analysis as: 

(i) surface area (km2) of the species and habitats distribution contained in each PU, for the 
information available as full actual or modelled coverage of species and habitats distribution 
maps (e.g. Posidonica oceanica meadows), or priority areas of particular species which represent 
a proportion of the full distribution coverage (e.g. sea turtles, cetaceans, seabirds) 

(ii) surface area (km2) of the PU where the species or habitat is present, for information 
available as presence (i.e. species occurrence in point data format) depicting partially the 
feature’s distribution, under the assumption that the entire PU is a suitable area for that feature 

(iii) normalized significance of PUs using the Potential Habitat Index (PHI) for the forecasting 
models of the species: Aplysina aerophoba; Axinella cannabina; Sarcotragus foetidus; Cladocora 
caespitosa; Charonia variegate; Centrostephanus longispinus (Katsanevakis et al, 2017) 

(iv) number of features present in a PU (i.e. marine caves). 

 

Detailed information regarding the ecological data included in the analysis may be found in Sini 
et al (2017). 

Spatial information was organized into a collective geo-spatial database (ESRI ArcGIS 10.2) using 
the ETRS89 Lambert Azimuthal Equal Area (LAEA) projection coordinate reference system, as 
suggested by the European Environmental Agency (EEA) for this kind of spatial analysis. 
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Figure 2.1.4.2 Spatial distribution of shallow marine habitats (coastal lagoons, seagrass meadows, soft 
and hard substrates) present in the study area (obtained through satellite image analysis; see Sini et al, 
2017 & Topouzelis et al, 2018) 
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Figure 2.1.4.3 Records of marine habitats (rhodolith beds and coralligenous formations) present in the 
study area (Sini et al, 2017) 
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Figure 2.1.4.4 Records of marine habitats (marine caves, submarine structures by leaking gases) present 
in the study area (Sini et al, 2017) 
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Figure 2.1.4.5 Spatial distribution of demersal fish Essential Fish Habitats (EFHs) present in the study area 
(Deliverable 2.3). Information has been processed in order to select the most preferable areas as nurseries 
for these species on a stable basis during the study period (frequency of relevance ≥ 80% for I. coindetti; 
≥ 65% for M. merluccious; ≥ 60% for E. cirrosa; ≥ 50% for P. longirostris and M. barbatus; expert G. Tserpes-
HCMR) 
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Figure 2.1.4.6 Spatial distribution of pelagic fish Essential Fish Habitats (EFHs) present in the study area 
(Deliverable 2.3). Information has been processed in order to select the most preferable areas as nurseries 
for these species on a stable basis during the study period (‘preferential’ habitats for all species except S. 
pilchardus for which ‘preferential’ and ‘occasional’ habitats were selected; expert M. Giannoulaki-HCMR) 
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Figure 2.1.4.7 Records of marine corals of the bathyal and sublittoral zone, and Anthozoans present in the 
study area (Sini et al, 2017) 
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Figure 2.1.4.8 Important areas of marine mammals and seabirds present in the study area (Sini et al, 2017) 
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Figure 2.1.4.9 Important areas of cetaceans present in the study area (Sini et al, 2017) 
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Figure 2.1.4.10 Records of pelagic and demersal elasmobrachs and fish (Hippocampus spp.) present in the 
study area (Sini et al, 2017) 
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Figure 2.1.4.11 Records of Porifera (sponges) present in the study area (Sini et al, 2017) 
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Figure 2.1.4.12 Records of marine molluscs present in the study area (Sini et al, 2017) 

 



-28- 
 

 

Figure 2.1.4.13 Records of echinoderms present in the study area (Sini et al, 2017) 

 

2.1.5 Socio-cultural significant features for protection 

 

The majority of the fleet that operates in Greek coastal areas is characterized as small scale 
(about 94%), family owned and therefore is considered crucial to local coastal economies and 
traditionally fisheries- dependent areas, as it usually offers income and employment in poor and 
isolated areas with very few alternative economic activities, especially during the ongoing 
financial recession in Greece (STECF, 2016). This is particularly important for the Aegean Sea 
especially since an important proportion of the fleet operates in coastal areas (EUNETMAR, 
2014) and is dependent on important habitats and species (FAO, 2006).  

Essential fish habitats (EFHs) and coastal ecosystems contribute indirectly as spawning and 
nursery grounds to local traditional fisheries communities through fish production, by sustaining 
fishing livelihoods through the creation of revenue, employment and food security. Therefore, 
these areas have significant contribution to the social and economic sustainability, social 
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cohesion and resilience of the sector and local communities in the study area. Furthermore, the 
existence of small-scale fisheries (SSF) and fisheries- dependent communities is related to 
services such as providing a sense of place and community identity (Acott and Urquhart, 2014; 
Urquhart and Acott, 2015). In addition, being a strong element of the seascape, they contribute 
to the cultural landscape and national heritage of the Greek islands. In particular, SSF consist a 
strong component of a picturesque seascape, well rooted in country’s maritime cultural 
heritage, which can be also appealing to visitors and tourists in the Aegean islands. Furthermore, 
the wooden fishing boats contribute to preserving a long-standing craftsmanship and 
boatbuilding tradition in the country, as well as traditions, rituals and customs related for 
example to religious ceremonies surrounding a ship launching linked to the maritime custom of 
ship naming (Cheilary and Vasilaki, 2010). Hence, the seafood provisioning service could be 
considered as an intermediate service that contributes to the maintenance of resilient 
traditional fishing communities and cultural services. Consequently, any degradation of these 
habitats is expected to have disproportionally negative economic impacts (Jackson et al. 2015) 
as well as socio-cultural impacts not only in coastal fisheries and communities, but also at a 
wider scale. 

In PROTOMEDEA (Deliverable 4.1) areas of potential socio-cultural significance for small scale 
fishing where identified, which could indicate places where socio-cultural connections to the sea 
are particularly strong. Specifically, the criteria that employed to identify these areas were: 

 

1. Degree of tradition (Gee et al, 2017): related to traditional fishing communities where vessels 
presence and intensity is high and characterized by small (<12m), traditional (mainly wooden), 
family owned of low technology and capacity vessels. In these areas it is considered that the 
fishing community determines the identity of the region 

2. Cultural uniqueness (Gee et al, 2017): related to the distribution of boatyards that construct 
and maintain traditional wooden fishing boats in the study area. The feature of craftmanship 
belongs to a culture that is of a long history, has passed on from generation to generation, and 
is considered irreplaceable and distinct 

3. Fishing dependency (Natale et al, 2013; Gee et al, 2017) related to the importance of the 
activity to the resilience and cohesion of local coastal communities 

 

Regarding the first two criteria consultation with ‘Traditional Boat Association of Greece’ 
contributed to identify these areas, as well as personal communication with experts (Researcher 
Kapantagakis A, HCMR) who highlighted ‘hot-spot’ areas regarding the ‘degree of tradition’ 
criterion. Data for fishing dependency was provided by JRC-ISPRA. Data was stratified by port, 
vessel length classes and years. Dependency was calculated comparing estimated employment 
from fisheries at each port with general employment in the areas of accessibility surrounding 
the port (Natale et al, 2013). 

The geo-statistical method Kriging-CoKriging was employed to combine available information. 
In particular, data on fishing dependency (main factor) regarding vessels < 12m (Natale et al, 
2013), data on total employment by port for vessels < 12m (Ministry of Shipping and Island 
Policy) and shipyards distribution (Traditional Boat Association), was used to identify potential 
socio-cultural significant areas that could be introduced directly in Marxan with Zones. A 
distance of 6 nautical miles from land, to approximate the potential zone of fisheries activity 
(Greek territorial waters in the Aegean Sea), was assumed for the mapping of these features 
using ArcGIS (Figure 2.1.5.1). 
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Sites of social and cultural importance (associated mainly with fishing dependency of small-scale 
fisheries) were considered as an additional conservation feature with a target amount to be 
included in each solution in the Marxan with Zones scenarios. In this way, the output is a network 
of protected areas that incorporates along with biodiversity targets, areas of social and cultural 
importance. This element is considered of importance especially in insular areas (e.g., certain 
islands of Cyclades and Dodecanese) where alternative sources of income are scarcer, and a 
potential displacement of the fleet could have considerable social impacts. Nevertheless, it 
should be also highlighted that in areas where the target is achieved allowing small scale 
fisheries activity, the aim should be to strengthen traditional fishing and develop activities that 
diversify income (e.g., fishing tourism). 

Finally, it is noted that this approach is exploratory and a broader participation of stakeholders 
and primary up to date research combining different tools and methods would allow a more 
informative view of the socio-cultural significant areas identified in the present study. However, 
regardless of the challenges in identifying proper indicators, it is important to realize that 
cultural heritage and identity linked to marine habitats and fisheries that they support is non-
renewable and cannot be replaced (Beaumont et al. 2006). 

 

 

Figure 2.1.5.1 Map of potential socio-cultural significant areas for small scale fisheries in the Aegean Sea 
(Deliverable 4.1) 
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2.1.6 Setting operational targets on ecological features 

 

Targets for ecological features are intended to quantify the amount required to meet ecological 
objectives (Ban et al, 2013). The target for a conservation feature in the present study was 
expressed as the percentage of its extent (Giakoumi et al, 2012). Overall four scenarios were 
constructed based on the conservation targets for ecological and socio-cultural features (Table 
2.1.6.1). The first two were based on scientific expertise and EU Recommendations (“Scientific 
scenarios”), while the other two were adapted following the stakeholders’ perceptions 
(“Stakeholders scenarios”) as indicated by Task 4.4 (“Stakeholder perceptions”). In both cases a 
high and low targets scenario was proposed, in order to provide multiple alternatives and 
planning options regarding a future consultation and negotiation process. 

 

Regarding “Scientific scenarios”, the setting of conservation targets was addressed using the 
existing multi- level legislation and science-based expert judgment (Makino et al, 2013). 

Initially, ecological features were clustered into groups on the basis of their protection status 
using the existing legal frameworks for biodiversity conservation and protection of fish stocks 
(i.e. IUCN Red List, Habitats Directive, Birds Directive, EU Regulation 1967/2006 etc.). Protection 
status for several species has been updated following the IUCN Red List of Threatened Species 
of the International Association of Nature Conservation (IUCN, 2017) that provided regional 
assessments at the Mediterranean scale, since they were considered more representative and 
valid for the study area. In the case where no regional assessment was available for the 
Mediterranean Sea, protection status at the EU or global level was used. Experts then ranked 
the operational objectives for these groups using quantitative terms (i.e. from 'low' to 'very 
high') and translated them into numerical targets, which were later applied on each feature 
(Ardron, 2003). Specifically, species’ targets were determined based on their classification in the 
IUCN Red List, which ensured for example, that higher operational targets have been set for 
threatened species with declining population trends (Ardron et al, 2010). Species belonging to 
the IUCN Category “Data Deficient” and species not included in the IUCN Red Species List but 
protected by other international legal frameworks, were treated equally to the IUCN Category 
“Vulnerable”, following the definition of this status and the precautionary approach. The 
definition of numerical targets for habitats was based exclusively on specific and measurable 
evaluation criteria recommended by EU (i.e. European Topic Centre on Biological Diversity, 
2010) and literature review (e.g. Leslie et al, 2003, Stewart et al, 2007). Higher targets were set 
for the ecological features listed as “priority species” (e.g. Caretta caretta) and “priority 
habitats” (e.g. Posidonia oceanica meadows) in the Habitats Directive (Directive 92/43/EEC). 
Similarly, targets for Essential Fish Habitats (EFHs) for the most commercially important species 
(demersal and pelagic fishes) were updated and ranked by experts following the respective stock 
assessment status for each species. Therefore, a species that has been assessed as over-
exploited has received a higher protection target, in comparison to a species that its stock is not 
over-exploited. In addition, for the ‘Scientific High’ targets scenario, targets were further 
adapted in order to balance possible bias caused by the high numerical targets and the type of 
available information, as suggested by Hermoso et al (2012).  

The targets for the social - cultural importance areas (associated mainly with fishing dependency 
of small- scale fisheries) fall in the range 20-40%, and demonstrate an attempt to find a balance 
between achieving biodiversity targets (which indirectly support fisher communities) and 
avoiding to pose restrictions in small scale fisheries in areas of significant socio-cultural value. In 
any case, it is acknowledged that more informative data at a fine scale and targeted participated 
processes (including for example communities of interest, local residents, general public) could 
possibly have identified more informative targets. 



-32- 
 

 

Regarding the “Stakeholders’ scenarios”, stakeholders were provided with a list of protection 
status for habitats (priority and non-priority habitats) and species (IUCN threat status) along with 
examples, and a short review of the relevant national and European legal framework that refers 
to target setting. Afterwards, their responses were elaborated by Task 4.4 in order to provide 
specific ranges for numerical targets based on stakeholders’ perceptions. 
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Table 2.1.6.1 Ranking of conservation target scores following the clustering on protection status of important species and habitats included in the analysis. In the 
‘Scientific scenarios’, targets vary based on the (i) data type (only for the ‘Scientific High’ targets scenario); (ii) fish stock assessments; (iii) existing multi-level legislation 
and (iv) science-based expert judgment. Regarding ‘Stakeholders scenarios’ targets vary based on stakeholders’ perceptions after surveys conducted under Task 4.4. 
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2.1.7 Socio-economic information: human activities and opportunity cost 

 

The most commonly accounted for and significant cost in marine planning is the opportunity 
cost (Ban and Klein, 2009). The opportunity cost for each zone describes the foregone revenue 
(or 'gain') resulting from the prohibition of maritime activities in each zone, for instance fishing 
profits that are lost when an area is established as a Marine Reserve in which fishing activity is 
banned (Watts et al, 2009). Four important economic activities were included in the analysis to 
compile the opportunity cost layer: (i) fishing with bottom trawls (OTB); (ii) fishing with encircling 
nets (purse seines, PS); (iii) small scale (coastal) fishing, i.e. fixed nets and longlines with boat 
length less than 12 meters (SSF); and (iv) tourism. Information regarding fisheries was retrieved 
from Deliverable 2.4. 

The cost for the fisheries sector resulted from the spatial distribution of fishing effort for bottom 
trawlers, purse seines and small scale fisheries, which was estimated as the “fishing” time spent 
in each cell in one year and was expressed in fishing hours (hereafter “fishing effort”). 

The fishing effort distribution for bottom trawlers and purse seiners (Figures 2.1.7.1 and 2.1.7.2 
respectively) was estimated by Vessel Monitoring System (VMS) data, a satellite based 
monitoring system, which at regular time intervals provides data to the fisheries authorities 
related to the location, heading and speed of vessels. Common errors and outliers in the VMS 
dataset were filtered out and removed by applying the approaches suggested by Bastardie et al 
(2010), Kavadas et al (2014) and Russo et al (2014). Moreover, fishing activity was classified as 
“fishing”, “steaming” or “mooring” on the basis of speed thresholds. It was considered that 
speeds <4 knots for bottom trawlers and <2 knots for purse seiners corresponded to “fishing”, 
otherwise the signals were classified as “steaming” (Kavadas and Maina 2012; Kavadas et al, 
2014; Maina et al, 2018a; b). VMS pings falling within circular buffers of 3 km for bottom trawlers 
and 300 m for purse seiners around each harbour were classified as “mooring”. The study area 
was partitioned in grid of 2x2 km square cells and fishing effort was estimated as the “fishing” 
time spent in each of these cells in one year and was expressed in fishing hours (h). For the 
purposes of Marxan with Zones, distribution maps of fishing effort from bottom trawlers and 
purse seiners were used for the year 2015. 

Since primary data on fishing vessels locations (i.e. VMS/AIS) were not available for small scale 
fishing vessels (LOA < 12 m) for the Greek case study, a methodological approach based on Multi-
Criteria Decision Analysis has been employed to estimate a fishing pressure index for the small-
scale fisheries (gillnets, trammel nets and longlines) in the study area for the year 2015 (Figure 
21). This methodology produces fishing pressure index by taking into consideration several 
interactions with anthropogenic and environmental factors. The methodology is further 
described on Kavadas et al (2015), and it is considered as a modified work based on data from 
2015 for the case study area. 

The fishing effort was standardized by dividing the surface area of each grid cell, in order to 
express fishing effort per year and per km2. The relevant permanent closures for fisheries were 
excluded from the fishing effort layer when their surface area intersected the grid cell by more 
than 50%. More details regarding fishing effort information may be found in Deliverable 2.4 
“Maps of fishing effort”. 

The layer of tourism development (Figure 2.1.7.4) was retrieved from the General Framework 
Plan for Sustainable Tourism Spatial Planning in Greece (Ministry of the Environment, Energy 
and Climate Change, 2011) and was retrieved directly from the MARISCA Project 
(www.marisca.eu). It was considered that in the areas were massive tourism is present the 
coastal front would be considerably impacted due to intensive coastal development, in contrast 
to the off-shore areas that would not be significantly affected by this activity. Consequently, as 

http://www.marisca.eu/
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suggested by Giakoumi et al (2012), coastal PUs neighbouring massive touristic resorts were 
attributed a cost value of 1 since important economic activities should be limited to achieving 
effective protection, and a value of 0 at the off-shore PUs. 

 

 

Figure 2.1.7.1 Spatial distribution of normalised values for fishing effort for bottom trawling (normalized 
fishing hours per year per km2 in a scale 0-1), which derived from the actual fishing effort values for 2015 
(Deliverable 2.4). The information presented here has been processed accordingly for the needs of 
Marxan with Zones analysis. 
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Figure 2.1.7.2 Spatial distribution of normalised values for fishing effort for encircling nets (purse seines; 
normalized fishing hours per year per km2 in a scale 0-1), which derived from the actual fishing effort 
values for 2015 (Deliverable 2.4). The information presented here has been processed accordingly for the 
needs of Marxan with Zones analysis. 
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Figure 2.1.7.3 Spatial distribution of fishing pressure index per km2 for small scale (coastal) fishing (values 
ranging from 0 to 1), for the year 2015 in the study area (Deliverable 2.4), representing the respective 
fishing effort for this activity. Information presented here has been processed accordingly for the needs 
of Marxan with Zones analysis. 
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Figure 2.1.7.4 Spatial distribution of coastal areas where massive tourism is present in the study area 

 

To express the implementation cost of the proposed management plans in financial terms 
('opportunity cost'), the surrogates for fishing effort (bottom trawling, purse seines, small scale 
fishing) and tourism (massive tourism) were weighted based on the relative contribution of each 
sector to the Gross Domestic Product (GDP) of the study area, following the method suggested 
by Giakoumi et al (2012). The relative contribution of each sector to the GDP of the study area 
(Table 4) was calculated in current prices for 2014, in close collaboration with Task 4.1, and was 
based on data from the Hellenic Statistical Service (HEL.STAT., 2017a; b). The coefficient for 
fishing was further broken down to the coefficients for trawlers, purse seines, and small-scale 
coastal fisheries in proportion to the relative contribution of each fishing sector to the total 
landings in the study area (HEL.STAT., 2017b). 
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Table 2.1.7.1 Weights of the Aegean Sea extracted from the relative contribution of each sector to the 
GDP of the study area (2014) 

 

 

The opportunity cost C of a single activity j in each planning unit i is: 

 

 

 

where Eij is the normalized value of activity j in each management unit i, and WEj is the 
contribution of each sector to the GDP of the study area, multiplied by a factor of 1000 for 
optimization reasons. 

 

The total opportunity cost of a PU i in one zone is equal to the sum of the cost of all Ej 
activities banned in that zone: 

 

 

 

Finally, in all PUs a minimum value of 1 was added, which represents the opportunity cost of 
present and future human activities that were not taken into account in the analysis, under the 
precautionary approach. In addition, since fishing effort was expressed as hours per km2, cost 
in large PUs (international waters) was multiplied by a factor of 25 in order to be expressed 
homogeneously in comparison to the small PUs (Greek territorial waters). 

Other activities that operate in the study area and pose a threat to biodiversity and fisheries 
resources have been integrated into the analysis (Figures 2.1.7.5 and 2.1.7.6). These activities 
were: (i) the coastal front of major urban cities (more than 10000 inhabitants); (ii) large ports 
and Liquefied Natural Gas (LNG) terminals; (iii) aquaculture; (iv) areas with high density of 
passenger and cargo shipping routes; (v) installations for H/C exploitation (operating); (vi) future 
planned offshore wind farms (licensed). PUs including these activities were excluded from the 
protection zones since their environmental status was considered seriously affected by these 
uses, and therefore could not support the protection of biodiversity and fish stocks. 
Consequently, these areas were assigned in the ‘General use’ zone (Zone E), in which current 
legal framework is in force but the zone does not contribute to the protection targets set. 
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Figure 2.1.7.5 Spatial distribution of human activities and threats present in the study area incorporated 
in the analysis 
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Figure 2.1.7.6 Spatial distribution of human activities and threats present in the study area incorporated 
in the analysis 

 

2.1.8 Integration of management measures in the Aegean Sea 

 

Following the principle of complementarity in SCP, existing management actions (Figures 
2.1.8.1-2.1.8.7) were also incorporated into the new design. This spatial information derived 
directly from the Deliverable 2.1: MPA maps in the Aegean Sea and Petza et al, 2017. These 
actions were: (i) Designated MPAs (including respective zoning and relevant prohibitions as 
established by law); (ii) Natura 2000 Network (as of December 2017); (iii) Archaeological sites; 
(iv) Permanent Fisheries Restricted Areas (FRAs) at the national and EU level, which consist of 
prohibitions for bottom trawling (FRA-OTB), purse seines (FRA-PS) and small scale fishing (FRA-
SSF), which aim at the protection of the various ecological features present in these areas and 
are different from the management status mentioned above (existing MPAs, Natura 2000 etc.); 
(v) other permanent fishing prohibitions (hereafter ‘FRAs-impacted’) for the various fishing 
gears with other scope rather than conservation. These areas (e.g. Ierissos Gulf) have been 
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established by the national legislation in order to avoid food consumption (e.g. areas of waste 
effluent), promote maritime safety (e.g. military areas, channels of high shipping traffic), or 
define the limits of uses operating in these areas (e.g. aquaculture, ports etc.). The latter FRAs, 
along with PUs with overlapping management measures with human threats, were assessed as 
areas seriously affected by human activities and therefore could not contribute to the protection 
of biodiversity and fish stocks. Therefore, these areas were excluded from protection zones and 
were allocated in the ‘General use’ zone (Zone E), where existing general regulations are in force. 

Incorporation of management measures in the planning exercise was achieved by assigning PUs 
in the respective zones based on the activities allowed or prohibited under the different 
management status (Table 2.1.8.1). To do so, management measures were grouped based on 
the fishing gear(s) restrictions and were allocated to relevant zones. For the mapping of 
management measures a spatial rule was applied in order to depict realistic spatial plans: the 
PUs whose surface area intersected the grid cell by less than 50%, were excluded from the 
relevant management status, since it was not considered realistic to assign the whole PU 
because of such a small area.  

 

Table 2.1.8.1 Existing management actions based on permanent gear restrictions integrated into the 
analysis and their assignment into relevant zones in order for the proposed zoning plan and existing legal 
framework to be in accordance. PUs where management measures overlapped with human activities 
were considered degraded, hence were assigned into Zone E (“General use”) 

 

 



-44- 
 

 

Figure 2.1.8.1 Marine Protected Areas (MPAs) grouped by permanent fishing gear prohibitions included 
in the analysis (Deliverable 2.1) 
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Figure 2.1.8.2 Natura 2000 network in the study area (updated sites as declared in December 2017). There 
are no particular fishing prohibitions by law under this management measure 
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Figure 2.1.8.3 Archaeological sites grouped by permanent fishing gear prohibitions included in the analysis 
(Deliverable 2.1; Petza et al, 2017) 
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Figure 2.1.8.4 Fisheries Restricted Areas (FRAs) at a national and European level grouped per fishing gear 
prohibitions included in the analysis (Deliverable 2.1; Petza et al, 2017) 
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Figure 2.1.8.5 Permanent prohibitions for bottom trawling under the various management measures 
included in the analysis (Deliverable 2.1; Petza et al, 2017) 
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Figure 2.1.8.6 Permanent prohibitions for encircling nets (purse seines) under the various management 
measures included in the analysis (Deliverable 2.1; Petza et al, 2017) 
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Figure 2.1.8.7 Permanent restrictions for small scale (coastal) fishing gears (fixed nets and longlines) under 
the various management measures included in the analysis (Deliverable 2.1; Petza et al, 2017). “FRAs” 
represent fishing restrictions that target directly biodiversity and stock protection. “FRAs-impacted” refer 
to restrictions targeting other than conservation (mainly target safety for maritime and/or food 
consumption), implying a degraded environment that cannot support conservation targets set, hence 
were excluded from the protection zones 

 

2.1.9 Application of Marxan with Zones for the creation of an MPA network in the Aegean 
Sea 

 

Calibration was conducted to ensure that the software Marxan with Zones was behaving in a 
robust and logical manner (Ban et al, 2013). The following parameters were appropriately 
adjusted as described below: 

 Boundary Length Modifier (BLM) is a way of quantifying the connectivity of a configuration 
between PUs. Increasing the BLM encourages the software to select fewer, larger contiguous 
areas to meet its targets, while values close to zero tend to give more clumped spatial 
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solutions. BLM value was set to 0.0001 in order to fine-tune the degree of the overall 
clumping in the output design. 

 Feature Penalty Factor (FPF) is a user-defined weighting which controls how much emphasis 
is placed on fully representing a particular ecological feature in the solution, and works as a 
penalty for the software in the case it does not achieve the target set for each feature (Watts 
et al, 2009). This parameter was calibrated to ensure that Marxan with Zones was adequately 
reaching its targets for each input feature. SPF varied from 100 to 2000 for the various 
scenarios, which ensured that 99% of the conservation targets were reached, where this was 
achievable. 

 Zone boundary cost (ZBC) parameter controls the spatial relationships between the zones by 
assigning a cost associated to the length of the boundaries of each zone. The ZBC increases 
when zones tend to become more compact, although these solutions are considered to be 
more expensive in management terms (Watts et al, 2009). ZBC values between zones varied 
from 0.00005 to 1 for pairs of zones, which yielded an acceptable balance between the length 
and cost of zone boundaries (Stewart and Possingham 2005). 

 Zone Effectiveness (or ‘contribution’) explains the different level of contribution each zone 
has for reaching the overall targets set (Watts et al, 2009). The effectiveness of each zone 
depends on the activities allowed or banned in the zone, the degree of restriction of human 
use and the vulnerability of the features to these particular pressures (Makino et al, 2013; 
Wilson et al, 2009). For example, bottom trawling has a serious impact on benthic habitats 
but not on pelagic fish. Therefore, Zones B and C where trawling is prohibited contribute 
more to the protection of benthic ecological features, and Zone D where trawling is allowed, 
contributes to the protection of pelagic fish stocks, but not to the demersal stocks that are 
directly impacted by this gear. Zones’ contribution to each ecological feature target was 
quantified based on a combined method of Cumulative Impact Assessment (CIA, Halpern et 
al, 2008a) and expert judgment (Klein et al, 2009). The vulnerability weights (Halpern et al, 
2007; 2008b) originating from the CIA were transformed into zone contribution weights by 
simply subtracting from the maximum value and normalization, in order for values to range 
from 0 to 1.  

Calibration of these factors was a time-consuming process that was carried out using the Zonae 
Cogito® software. We ran Marxan with Zones 1000 times. From the simulated results we 
selected the most optimal solution (hereafter ‘best solution’) using 100 million iterations, in 
order to provide an acceptable trade-off of simulated annealing (execution speed) and the 
objective function score (efficiency). High values of number of runs and iterations guaranteed 
the robustness of results in the proposed management plans. 

To identify the PUs of particular ecological importance to achieve the conservation objectives, 
an irreplaceability analysis was performed (Ardron et al, 2010). Irreplaceability analysis indicates 
the most important areas that contribute systematically to the protection of biodiversity and 
fish stocks in the area, and deserve priority in the implementation of management actions (Leslie 
et al, 2003). A PU may be irreplaceable because it contains unique features to protect, or is 
necessary to achieve the species target due to its low cost (Kukkala and Moilanen, 2013). The 
irreplaceability analysis uses the selection frequency of the PUs in each zone (how many times 
a PU was selected in each zone among the 1000 simulated solutions produced by Marxan with 
Zones), and identifies those selected over 60% (Ardron et al, 2010). 

A sensitivity analysis was also performed, in order to test the effect of the various conservation 
features’ targets on the configuration patterns of Marxan with Zones outputs (Ban et al, 2013). 
For the sensitivity analysis ecological features were clustered based on their main taxonomic 
group. To identify which features’ group is more influential and drives the four different 
management scenarios, targets of each group under consideration were set to zero successively 
and Marxan with Zones was applied each time, keeping all other parameters constant (Ardron 
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et al, 2010). 

Finally, the proposed management plans were compared in target-based pairs, by applying a 
second irreplaceability analysis where selection frequencies for each zone were summed for 
pairs of scenarios as follows: 

 Scientific high targets scenario vs. Stakeholders high targets scenario 

 Scientific low targets scenario vs. Stakeholders low targets scenario 

The PUs for each zone that were selected more than 60% of the 2000 runs overall (PU selected 
more than 1200 times) in the summed scenarios, were identified as an indication of the most 
important areas between the scientific and stakeholders’ perceptions outputs. Such an analysis 
offers an effective way to glean valuable information about priority areas, while acknowledging 
the uncertainty inherent in the delineation of targets, model assumptions and parameters. This 
type of analysis can be used to prioritise marine conservation planning and implementation 
activities across a broad region, indicating which areas within the region consistently contribute 
to meeting the conservation goals (Leslie et al, 2003). 

 

2.1.10 Identification of biodiversity hotspots in the Aegean Sea 

 

The highest density of ecological information was reported in the Thracian Sea, Sporades 
complex island (including the national Marine Park of Alonissos- northern Sporades MPA), the 
eastern side of Athos peninsula, the northern Aegean islands complex (Limnos island and the 
coastal areas around Lesvos and Chios), South Evoikos Gulf, the Cyclades complex of islands 
(around Paros, Koufonisia, Sxoinousa, Santorini, Mylos and Amorgos islands), eastern of Kithira 
islands and Dodecanese (mainly between Fournoi and Kalymnos islands) complex of islands 
(Figure 2.1.10). High recorded biodiversity values in these areas could either be due to the 
presence of actual biodiversity hotspots or due to increased monitoring effort that potentially 
poses a sampling bias towards well-studied areas. 
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Figure 2.1.10 Number of records of ecological information present in each PU (socio-cultural features are 
not included) 

 

2.1.11 Identification of significant economic areas in the Aegean Sea 

 

Zone A (“Full protection of biodiversity and fish stocks”) has overall the highest opportunity cost 
compared to the other zones, since all activities considered in the analysis (fishing and tourism 
sectors) are prohibited in this zone. In Zone A the higher cost values are reported mainly in 
coastal areas (Figure 2.1.11.1), indicating the importance of these areas from a financial point 
of view, with greater contribution to the local economy. The areas with the highest opportunity 
cost in Zone A where located mainly in Cyclades complex of islands (Paros, Naxos, Syros, 
Santorini, Mykonos, Mylos), in Dodecanese (Rhodes, Kos, Kalimnos, Leros islands), around 
north-east of Peloponnesus (Porto Cheli, Nafplio and Ermioni), the North Aegean islands 
(eastern part of Lesvos and Chios, south eastern part of Samos, and Agios Efstratios), areas in 
the Saronikos Gulf (Egina island, and around Attica), Evoikos and Pagasitikos Gulfs, and the 
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coastal zone of Thermaikos Gulf, Chalkidiki and Thracian Sea. From all the activities taken into 
account for Zone A, tourism was the most important economic activity with significant 
contribution to the GDP of the study area. This is the main reason that Zone A has significantly 
higher opportunity cost values, in comparison to the other zones where the development of 
massive tourism is allowed. 

In Zone B (“Partial protection of biodiversity and fish stocks”) the factors that contribute to the 
opportunity cost were fishing with bottom trawlers and purse seines, since these activities are 
prohibited in this zone while small scale fishing is allowed. Highest cost values for Zone B (Figure 
2.1.11.2) where allocated mainly in Thermaikos and Kavala Gulfs, the Thracian Sea, Saronikos 
and Evoikos Gulfs, due to higher fishing pressure in these areas. Lower values in Zone B were 
reported in the Dodecanese complex of islands. 

Similar areas were identified for Zone C for which the spatial distribution of cost is driven by 
bottom trawling (activity prohibited in Zone C). Therefore, these areas indicate the popular 
fishing grounds for bottom trawlers with significant socio-economic value for this sector. More 
specifically, in Zone C (“Protection of benthic biodiversity and fish stocks”) high cost values were 
reported for Thermaikos and Kavala Gulfs, the Thracian Sea, Evoikos Gulf (particularly the 
northern part), and parts of the Saronikos Gulf (Figure 2.1.11.3). Lower values in Zone C were 
reported in the Dodecanese and North Aegean complex of islands. 

In Zone D (“Protection of pelagic biodiversity and fish stocks”) the opportunity cost is defined by 
the spatial distribution of fishing with encircling nets (purse seines) which is prohibited in this 
zone. The highest values of opportunity cost in Zone D were reported in the north western part 
of Thasos island, Chalkidiki peninsulas and Thermaikos Gulf, Evoikos and Saronikos Gulfs (Figure 
2.1.11.4). These areas indicate the popular fishing grounds for purse seines with significant 
socio-economic value for this sector. 

Finally, in Zone E the opportunity cost is zero since all activities are allowed within this zone. 
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Figure 2.1.11.1 Spatial distribution of opportunity cost in Zone A (“Full protection of biodiversity and fish 
stocks”). Data have been processed properly in order to depict the actual opportunity cost in the map. 
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Figure 2.1.11.2 Spatial distribution of opportunity cost in Zone B (“Partial protection of biodiversity and 
fish stocks”). Data have been processed properly in order to depict the actual opportunity cost in the map. 
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Figure 2.1.11.3 Spatial distribution of opportunity cost in Zone C (“Protection of benthic biodiversity and 
fish stocks”). Data have been processed properly in order to depict the actual opportunity cost in the map. 
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Figure 2.1.11.4 Spatial distribution of opportunity cost in Zone D (“Protection of pelagic biodiversity and 
fish stocks”). Data have been processed properly in order to depict the actual opportunity cost in the map. 

 

2.1.12 Current management condition in the Aegean Sea 

 

Overall about 33.6% of the study area (57878.4 km2) is currently under some kind of 
management (Archaeological sites, MPAs, Natura 2000 network, FRAs, FRAs-impacted), while in 
the rest 66.4% of the study area there are no specific restrictions of human activities currently 
in force, apart from the general restrictions that are valid everywhere (Table 2.1.12.1). From this 
area already currently managed at the national or European level, 54.6% is located in the Greek 
territorial waters and 45.4% in the international waters. However, in these areas it is not 
compulsory that fisheries restrictions are in place, such as the case of many Natura 2000 sites, 
where so far there are no prohibitions of specific fishing gears. When the Natura 2000 network 
is not considered, the overall area managed is approximately 32.6% of the study area. The 
managed area with prohibitions aiming particularly at the protection of marine biodiversity and 



-59- 
 

fish stocks covers approximately 33.5% of the study area, including the Natura 2000 sites. 
Without taking into account the Natura 2000 network, this percentage is about 32.6% of the 
study area, and represents the area were fishing prohibitions and regulations for fisheries are in 
place. 

Fisheries Restricted Areas (FRAs; FRAs-impacted) is the most important conservation tool in 
terms of coverage in comparison to other management measures taken into consideration in 
the present study, covering approximately 32% of the study area. More details regarding the 
coverage of the various management measures incorporated in the analysis are described in 
Table 2.1.12.1. 

From the overall area that is regulated for fisheries, a large part of the study area falls under the 
prohibitions for bottom trawling (OTB, 57849 km2) corresponding to about 32.6% of the whole 
study area. From this area that bottom trawling is regulated, 17.3% fall within the Greek territory 
and 15.3% in the international waters, while in terms of the reported management status 
(“Prohibitions OTB”) there is almost an equal amount shared between territorial and 
international waters (Table 2.1.12.2). This is mainly due to the wide surface occupied by the 
bottom trawling restriction under the EU Regulation 1967/2006 for the sustainable exploitation 
of fishery resources in the Mediterranean Sea (ban of bottom trawling at depths less than 50m 
or at distance 1.5nm from coast, and at depths greater than 1000 m). 

The area where encircling nets (purse seines, PS) are restricted under the various management 
measures (Table 2.1.12.2) covers about 3.55% of the study area (corresponds to 6312.1 km2) 
and is mainly due to the management status of Fisheries Restricted Areas (FRAs) and secondarily 
of Marine Protected Areas (MPAs). The vast majority of this area is allocated in the Greek 
territorial waters (3.54% of the study area). 

Finally, restrictions that prohibit small scale fishing (SSF) under the various management 
measures occupy the smallest surface (0.25% of the study area corresponding to 443.8 km2), all 
of which is located in the Greek territorial waters (Table 2.1.12.2). From this area, 328.5 km2 
corresponding to 0.18% of the study area, is covered only by the restrictions for small scale 
fishing targeting directly the protection of marine biodiversity and fish stocks (FRAs-impacted 
excluded). 

All surface areas have been calculated with spatial information representing the actual 
regulations surfaces, in order to describe accurately the current management status of the study 
area. 
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Table 2.1.12.1 Management measures currently in force expressed as (a) coverage in km2 and percentage allocated in Greek territorial and international waters; and 
(b) percentage of the area under the reported management measure in Greek territorial and international waters respectively. ”FRAs” represent Fisheries Restricted 
Areas with permanent prohibitions for at least one of the gears under study (bottom trawling, purse seines and small scale fishing) targeting directly the protection 
of marine biodiversity and fish stocks. “FRAs-impacted” represent the regulations related to maritime and food security that were assessed as degraded due to the 
impacting activities present, and therefore have been excluded from the full protection zone (Zone A). All surface areas have been calculated with spatial information 
representing the actual regulations surfaces. 
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Table 2.1.12.1.2 Management measures currently in force grouped per fishing gear (OTB: bottom trawling; PS: purse seines; SSF: small scale fishing) expressed as (a) 
area in km2 and percentage allocated in Greek territorial and international waters; and (b) percentage of the area under the reported management measure in Greek 
territorial and international waters respectively. Fisheries Restricted Areas (FRAs) include management measures with permanent prohibitions for fishing gears under 
study targeting directly the protection of marine biodiversity and fish stocks. “FRAs-impacted” represent permanent fishing gear prohibitions targeting at maritime 
safety that were assessed as degraded due to the impacting activities present, and hence were excluded from the full protection zone (Zone A). The Natura 2000 
network does not pose any particular restrictions therefore is not included in the table. All surface areas have been calculated with spatial information representing 
the actual regulations surfaces. 

 

 
 

Study area 
 

Reported management status 

 
 

overall             ‰ of study        ‰ in territorial         ‰ in international 

surface (km
2
)             area                      waters                            waters 

 

% in territorial      % in international 
waters                       waters 

 

Prohibitions for bottom trawling (OTB) 

 

Archaeological sites: Prohibitions OTB 
 

MPAs: Prohibitions OTB 
 

FRAs: Prohibitions OTB 

 
Spatial overlap of management measures: Prohibitions 
OTB 

 

2300.3                   12.9                         12.0                                  0.9 
 

915.9                     5.2                           5.2                                   0.0 
 

56506.3                 318.1                      166.2                              151.9 

 
57849.0                 325.6                      173.1                              152.6 

 

92.8                             7.2 
 

100.0                            0.0 
 

52.3                            47.7 

 
53.1                            46.9 

 

Prohibitions for purse seines (PS) 

 

Archaeological sites: Prohibitions PS 
 

MPAs: Prohibitions PS 
 

FRAs: Prohibitions PS 

 

120.5                     0.7                           0.7                                   0.0 
 

739.4                     4.2                           4.2                                   0.0 
 

5600.1                   31.5                         31.4                                  0.1 

 

100.0                            0.0 
 

100.0                            0.0 
 

99.6                             0.4 

 

Spatial overlap of management measures: Prohibitions 
PS 

 
6312.1                   35.5                         35.4                                  0.1 

 
99.6                             0.4 

 

Prohibitions for small scale fisheries (SSF) 

 

Archaeological sites: Prohibitions SSF 
 

94.1                       0.5                           0.5                                   0.0 
 

100.0                            0.0 
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MPAs: Prohibitions SSF 
 

FRAs: Prohibitions SSF 
 

FRAs-impacted: Prohibitions SSF 

 
Spatial overlap of management measures: Prohibitions 
SSF (excluding FRAs- impacted) 

 
Spatial overlap of management measures: Prohibitions 
SSF (including FRAs- impacted) 

 

157.0                     0.9                           0.9                                   0.0 
 

82.2                       0.5                           0.5                                   0.0 
 

115.4                     0.6                           0.6                                   0.0 
 

 

328.5                     1.8                           1.8                                   0.0 
 

 
443.8                     2.5                           2.5                                   0.0 

 

100.0                            0.0 
 

100.0                            0.0 
 

100.0                            0.0 
 

 

100.0                            0.0 
 

 
100.0                            0.0 

 

All prohibitions (all fishing gears) 

 

Spatial overlap of all fishing gear prohibitions (OTB, PS, 
SSF, SSF-impacted) 

 
57878.4                 325.8                      173.2                              152.6 

 
53.2                            46.8 

 



 

-63- 
 

2.1.13 Scientific scenario with high targets set for conservation features (Scenario: 
“Scientific High”) 

 

The output of the planning exercise (‘Best solution’) provides the most optimal run in the 
scenario that best meets targets with the lowest score. The scientific scenario with high targets 
set (“Scientific High”) is presented in Figure 2.1.13.1. 

 

 

 

Figure 2.1.13.1 The proposed management plan and network of Marine Protected Areas (MPAs) of the 
planning exercise (Scenario: ‘Scientific High‘) with the suggested 5 management zones 

 

Overall, Zone E (‘General use’ zone) occupies the widest surface of the study area (85027.2 km2) 
which is the available zone for the operation and development of all human activities, covering 
about 50% of the study area (Figure 2.1.13.2). Overall, 34.3% of Zone E falls in the Greek 
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territorial waters (29198.5 km2) and 65.7% in the international waters (55828.7 km2). In this 
zone fishing activities are defined by the European and the Greek legal framework currently in 
force. Zone B follows where only small scale fishing and tourism are allowed, with overall surface 
39434.1 km2, from which 77.9% of the zone falls within the Greek territorial waters and 22.1% 
in the international waters respectively. The overall surface of the ‘Full protection zone’ (Zone 
A) is 26280.1 km2 (corresponds to 14.8% of the study area) of which 31.6% falls in the Greek 
national and 68.4% in the international waters. In this zone, all activities are prohibited (“Marine 
Reserves”). Zone C where small scale fishing, fishing with encircling nets and massive tourism 
are allowed, occupies 25018.5 km2 (corresponds to 14.1% of the study area), of which 45.1% is 
located in the Greek territorial and 54.9% in the international waters respectively. Finally, Zone 
D (‘Protection of pelagic biodiversity and fish stocks’) where bottom trawling, small scale fishing 
and massive tourism are allowed, covers the smallest surface area occupying 1.1% of the study 
area (1883.8 km2), of which 81.2% falls within the Greek territory (1530.6 km2) and 18.8% in 
the international waters (353.2 km2). 

The respective percentages that each zone occupies in the Greek territorial and international 
waters are shown in Table 2.1.13.1. 

From the overall 78 ecological and socio-cultural features targeted for protection, 74 targets 
have been successfully reached above 99% in the proposed plan, corresponding to 95% of the 
overall targets set. The species for which targets have not been reached were (i) Leucoraja 
circularis (91% of the overall target achieved); (ii) Leucoraja maltinesis (92% of the overall target 
achieved); (iii) Delphinus delphis (92% of the overall target achieved); (iv) Mobula mobular (0% 
of the overall target achieved). Target failure was due to the combined effect of very high targets 
set for these species and the species’ overlap with human threats such as high shipping routes, 
which obliged the specific PUs to be allocated in zones with partial (i.e. Zones B, C, D) or no 
contribution (i.e. Zone E) to the overall targets, in comparison to Zone A (Figures 2.1.13.3 and 
2.1.13.4). 

 

 

 

Figure 2.1.13.2 Percentage (%) of surface area covered by each zone in the study area for the proposed 
network of Marine Protected Areas (MPAs) of the planning exercise (Scenario: ‘Scientific High’) 
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Table 2.1.13.1 Area covered by each zone in the proposed zoning system (Scenario: ‘Scientific High’) 
expressed as surface area (km2) and percentage (%) of the study area, Greek territorial waters and 
international waters, respectively 
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Figure 2.1.13.3 Spatial overlap between the distribution of Leucoraja circularis and Leucoraja maltinesis 
and unstoppable impacting human activities (cargo shipping routes, aquaculture), that led to the target 
failure for these ecological features. These areas were considered highly affected by the superimposed 
human threats and therefore were locked in Zone E, since they do not contribute to the achievement of 
the conservation targets. 
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Figure 2.1.13.4 Spatial overlap between the distribution of Mobula mobular and Delphinus delphis and 
unstoppable impacting human activities (cargo and passenger shipping routes, existing H/C exploitation, 
coastal industry, aquaculture, LNG, cities, future windfarms, ports) that led to the target failure for these 
ecolog ical features. These areas were considered highly affected by the superimposed human threats 
and therefore were locked in Zone E, since they do not contribute to the achievement of targets set 

 

The majority of PUs characterised by high density of ecological features (e.g. the national Marine 
Park of Alonissos - northern Sporades and the Cyclades islands) have been mainly assigned in 
the high protection zones (Zones A and B) as expected, since these zones contribute more to the 
targets, due to the prohibition of the majority of human activities taken into consideration in 
the analysis (Figure 2.1.13.5). Similarly, the majority of ecological features that are favoured over 
the restriction of specific fishing gears have been allocated into the relevant prohibitive zones. 
For instance, the vast majority of demersal Essential Fish Habitats (EFHs) that are effected by 
bottom trawlers, have been allocated to zones were this activity is prohibited (e.g. Zones A, B 
and C). On the contrary, the allocation of pelagic EFHs that are mainly impacted by purse seiners 
in Zone C where fishing with this gear is allowed, has been avoided. Examples of the distribution 
of important ecological features present in the study area allocated into the management zones 
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of the proposed plan are shown in Figures 2.1.13.6-2.1.13.10. 

Regarding the identified socio-cultural significant areas for small scale fisheries (SSF) in the 
Greek territorial waters, areas with the highest values for this feature have been allocated in 
Zone B (Figure 2.1.13.11). In particular, from the overall 70678.8 km2 that socio-cultural 
significant areas occupy, 30286.52 km2 have been allocated in Zone B, corresponding to 17% of 
the study area, and approximately 37.4% of the Greek territorial waters. In Zone B only SSF are 
allowed to operate, therefore this zone has a significant effect on sustaining social and cultural 
characteristics provided by this activity more effectively in comparison to the other zones, and 
secures the prevention of possible conflicts with other types of fishing gears operating in the 
same areas. 

 



 

-69- 
 

 

Figure 2.1.13.5 Spatial overlap of the proposed management plan (Scenario: ‘Scientific High’) and the 
density of ecological features per zone present in the study area 
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Figure 2.1.13.6 Spatial overlap of the proposed management plan (Scenario: ‘Scientific High’) and the 
distribution of Essential Fish Habitats (EFHs) of demersal fish present in the study area 
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Figure 2.1.13.7 Spatial overlap of the proposed management plan (Scenario: ‘Scientific High’) and the 
distribution of Essential Fish Habitats (EFHs) of pelagic fish present in the study area 
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Figure 2.1.13.8 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of Posidonia oceanica meadows present in the study area 
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Figure 2.1.13.9 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of cetaceans present in the study area 

 



 

-74- 
 

 

Figure 2.1.13.10 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of seabirds present in the study area 
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Figure 2.1.13.11 Spatial overlap of Zone B in the proposed management plan (‘Scientific High’) and socio-
cultural significant areas for small scale fisheries (SSF) present in the study area. In Zone B only SSF are 
allowed, hence this zone has a significant effect on the conservation of this feature and secures that 
conflicts with other fishing practices operating in the same areas will be avoided. 

 

In terms of socio-economic cost the proposed plan seems to have generally a minimum financial 
impact (‘opportunity cost’) for human activities, providing a cost- efficient solution for 
management decisions. It has to be clarified that opportunity cost has been weighted in order 
to be expressed in socio-economic terms and therefore high cost values do not necessarily 
correspond to high fishing effort values. 

In Zone A (“Full protection zone of biodiversity and fish stocks”) all activities are prohibited. 
Areas of high opportunity cost, such as the majority of the Greek coastal zone and the deeper 
waters in Cyclades and Dodecanese islands, have been generally avoided to be included in Zone 
A. Exceptions are the areas that were initially allocated in Zone A due to the permanent 
prohibitions for all fishing gears currently in force (e.g. no-take zones of Marine Parks). On the 
contrary areas with low values of fishing activity and tourism such as the Marine Park of 
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Alonissos - northern Sporades, and the deeper parts of the Thracian Sea, Thermaikos Gulf and 
south eastern Aegean Sea, have been included in Zone A (Figure 2.1.13.12), since restrictions 
have low impact in terms of management implementation (low opportunity cost) for all the 
activities under study. 

In Zone B (“Partial protection zone of biodiversity and fish stocks”), areas of high socio-economic 
importance for small scale fishing (SSF is allowed in Zone B) and low socio-economic importance 
for bottom trawling and purse seiners (OTB and PS are prohibited in Zone B) respectively, have 
been selected to be included in this zone. Hence, Zone B is allocated mainly in the coastal waters 
of the study area, since in these regions small scale fisheries most commonly operate and 
constitute popular fishing grounds for this activity (Figure 2.1.13.13). On the contrary, important 
areas for trawling and purse seines that are prohibited in Zone B (high opportunity cost) such as 
the deep parts of Thermaikos and Kavala Gulfs have been generally avoided to be included in 
this zone. 

In Zone C (“Protection of benthic biodiversity and fish stocks”) where bottom trawling is 
prohibited, areas of low socio-economic importance for this sector have been selected to be 
included in this zone (Figure 2.1.13.14). These areas include the shallow waters of the Greek 
territory and the deep parts located south-east of the study area, where bottom trawling activity 
is anyway absent, mainly due to the EU Regulation 1967/2006 that prohibits trawling until the 
isobaths of 50 m or 1.5 nm from coast, and in depths greater than 1000 m. On the contrary, 
popular fishing grounds for bottom trawling, as indicated by the distribution of the opportunity 
cost in Zone C, such as the deeper waters of Thermaikos, Kavala, south Evoikos and Saronikos 
Gulfs, the Thracian Sea and Dodecanese islands, have been avoided in order not to have a major 
economic impact on this fishing sector (OTB). 

Similarly, in Zone D where fishing with encircling nets (purse seines) is prohibited, popular fishing 
grounds for this fishing practice (high opportunity cost) such as the north western part of Thasos 
island, the western part of Thermaikos Gulf (north-west of “Kassandra” peninsula) and parts of 
Evoikos Gulf have been avoided (Figure 2.1.13.15). 

Finally, in Zone E all activities are allowed with respect to the existing legislation, therefore this 
zone has no opportunity cost. 
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Figure 2.1.13.12 Spatial overlap of the proposed management plan (‘Scientific High’) and opportunity cost 
for Zone A (“Full protection of biodiversity and fish stocks”) in the study area. Data have been processed 
properly in order to depict the actual opportunity cost in the map. 
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Figure 2.1.13.13 Spatial overlap of the proposed management plan (‘Scientific High’) and opportunity 
cost for Zone B (“Partial protection of biodiversity and fish stocks”) in the study area. Data have been 
processed properly in order to depict the actual opportunity cost in the map.  
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Figure 2.1.13.14 Spatial overlap of the proposed management plan (‘Scientific High’) and opportunity cost 
for Zone C (“Protection of benthic biodiversity and fish stocks”) in the study area. Data have been 
processed properly in order to depict the actual opportunity cost in the map. 
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Figure 2.1.13.15 Spatial overlap of the proposed management plan (‘Scientific High’) and opportunity 
cost for Zone D (“Protection of pelagic biodiversity and fish stocks”) in the study area. Data have been 
processed properly in order to depict the actual opportunity cost in the map. 

 

In terms of existing management measures (MPAs, Archaeological sites, Natura 2000, FRAs, 
FRAs- impacted), from the overall surface of Zone A (26280.1 km2), 46.2% of the zone (12141.1 
km2) is already under a type of management status (Table 2.1.13.2). The majority of Zone A is 
currently managed under the Fisheries Restricted Areas (FRAs) and the Natura 2000 network, 
covering approximately 40% and 14% of Zone A respectively. However, when the Natura 2000 
sites are excluded (currently no actual prohibitions in place), the area regulated for fisheries 
occupies 45.2% of Zone A. 

Overall, in Zone B about 56.7% (22371.3 km2) is currently protected under some kind of 
management status (Table 2.1.13.2). The majority of Zone B is managed under the FRAs 
(approximately 54% of Zone B) and the Natura 2000 network (15.3% of Zone B), while a small 
proportion of the zone falls under the Archaeological sites management status. When the 
Natura 2000 sites where currently no actual prohibitions are in place are not taken into account, 
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the area regulated for fisheries occupies 54.1% of Zone B. 

In Zone C approximately 80% of the zone is currently protected under some kind of management 
status (Table 2.1.13.2). This percentage corresponds to 20110 km2 including the Natura 2000 
sites, and 19850 km2 when not considering the status of Natura 2000. The majority of Zone C 
surface area (79.3% of Zone C coverage) is currently managed under the national and European 
Fisheries Restricted Areas (FRAs) that prohibit at least one fishing gear in those areas. 

In Zone D about 10% of the zone is currently protected under some management status 
currently in force. The majority of this protection is mainly due to the national and European 
Fisheries Restricted Areas (FRAs) that prohibit at least one fishing gear in those areas (Table 
2.1.13.2). 

Finally, Zone E (‘General use’ zone) in terms of management actions, includes mainly PUs that 
although they are under some type of management action, due to the presence of human 
threats these areas have been assessed not to contribute to the protection targets, therefore 
have been allocated in this zone (Table 2.1.13.2). 

The surface areas for each management measure in the Greek national waters and international 
waters per zone are shown in Table 2.1.13.3. 
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Table 2.1.13.2 Management measures currently in place in the study area (Archaeological sites, MPAs, FRAs, FRAs-impacted, Natura 2000 network) for each zone in 
the proposed management plan (Scenario: ‘Scientific High’) expressed as (i) km2 per zone; (ii) % of zone surface; (iii) % of surface of the specific management measure 
overall. Surfaces have been calculated in the original data. 
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Table 2.1.13.3 Management measures currently in place in the study area (Archaeological sites, MPAs, FRAs, FRAs-impacted, Natura 2000 network) for each zone in 
the proposed management plan (Scenario: ‘Scientific High’) expressed as % of zone surface allocated in (i) the Greek territorial waters, and (ii) in the international 
waters 
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In terms of existing fishing gear prohibitions in the proposed plan (Figures 2.1.1.13.16-
2.1.13.18), from the overall 26280 km2 that Zone A occupies, 45.2% of the zone (11873.6 km2) 
is already under at least one type of fishing gear restriction. In approximately 45.2% of Zone A 
(corresponds to 11873.6 km2) bottom trawling is already restricted, of which 45.3% 
(corresponds to 5374.3 km2) is located in the Greek territory and 54.7% (corresponds to 6499.3 
km2) in international waters. Fishing with purse seines is currently prohibited in 6.4% of Zone A 
(corresponds to 1680.1 km2), of which 98.6% (corresponds to 1656.4 km2) falls in the territorial 
waters and 1.4% (corresponds to 23.7 km2) in international waters. Finally, existing small scale 
fishing prohibitions occupy 0.8% of Zone A (corresponds to 212.8 km2), all of which falls within 
the Greek territorial waters. 

From the overall surface of Zone B (39434.1 km2) 54.1% of the zone (21347.2 km2) is already 
under at least one type of fishing gear restriction. In about 54% of Zone B (corresponds to 
21318.3 km2) bottom trawling is already restricted, of which 69.7% (corresponds to 14860.9 
km2) is in the Greek territory and 30.3% (corresponds to 6457.4 km2) is in international waters. 
Fishing with purse seines is currently prohibited in 8.8% of Zone B (corresponds to 3461.1 km2), 
all of which falls within the territorial waters. Finally, existing small scale fishing prohibitions 
occupy 0.37 % of Zone B (corresponds to 145.2 km2), all of which falls within the Greek territorial 
waters as well. 

From the overall surface of Zone C (25018.5 km2), 79.34% of the zone (19850.2 km2) is already 
under at least one type of fishing gear restriction. In approximately 79.3% of Zone C 
(corresponds to 19849.6 km2) bottom trawling is already restricted, of which 37.7% is in the 
Greek territory (corresponds to 7474.7 km2) and 62.3% (corresponds to 12374.9 km2) is in 
international waters. Fishing with purse seines is currently prohibited in 1.43% of Zone C 
(corresponds to 357.3 km2), all of which falls in territorial waters. Finally, existing small scale 
fishing prohibitions occupy 0.1% of Zone C (corresponds to 22.4 km2), all of which falls within 
the Greek territorial waters. 

From the overall surface of Zone D (1883.8 km2), 6.2% of the zone (117.3 km2) is already under 
at least one type of fishing gear restriction. In 6.2% of Zone D (117.3 km2) bottom trawling is 
already restricted, all of which is allocated in the Greek territory. Fishing with purse seines is 
currently prohibited in approximately 0.2% of Zone D (3.1 km2), all of which is allocated within 
the Greek territorial waters. 

Zone E includes all PUs with fishing restrictions that overlapped with human threats (e.g. big 
cities and ports, aquaculture, high density shipping routes etc.) and thus they were considered 
impacted. Therefore, these areas were excluded from all the other protection zones and were 
allocated in Zone E. From the overall surface of Zone E (85027.2 km2), 5.50% of the zone (4690.1 
km2) are already under at least one type of gear restriction. In about 5.5% (4690.1 km2) of Zone 
E bottom trawling is already restricted, of which 62.2% (2917.6 km2) is in the Greek territory 
and 37.8% (corresponds to 1772.5 km2) is in international waters. Fishing with purse seines is 
currently prohibited in about 1% (810.5 km2) of Zone E, all of which falls within the Greek 
territorial waters. Finally, existing small scale fishing prohibitions occupy 0.1% of Zone E (63.4 
km2), all of which falls within the Greek territorial waters. 

The surface area of existing prohibitions for each fishing gear expressed as percentage in 
territorial and international waters' total surface, and zones’ total area are shown in Table 
2.1.13.4. 

 

Independently from the management status, overall in the proposed plan for “Scientific High” 
scenario, restrictions for bottom trawlers (OTB) have increased by 65.2% (corresponds to 
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additional 37691.1 km2, representing 21.2% of the study area), of which 55.9% is in the Greek 
territory and 44.1% is in the international waters, in comparison to the initial 57849 
km2coverage (Figure 2.1.13.19). 

Restrictions regarding fishing with encircling nets (purse seines, PS) have increased in the 
suggested plan by 989.4% (corresponds to additional 62453.7 km2, representing 35.2% of the 
study area), of which 60.7 % is in the Greek territory and 39.3% is in the international waters, in 
comparison to the initial 6312.1 km2coverage (Figure 2.1.13.20). 

Finally, overall the surface of small scale fishing (SSF) restriction has increased by 5873% 
(corresponds to additional 26067.2 km2, representing 14.7% of the study area), of which 32.2% 
is in the Greek territory and 67.8% is in the international waters, in comparison to the initial 
443.8 km2coverage (Figure 2.1.13.21). 

In Table 2.1.13.5 the percentages that each gear prohibition occupies in the study area, the 
Greek territorial and international waters in the present status quo and the proposed 
management plan are described. 
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Table 2.1.13.4 Prohibitions per fishing gear (independently from management status) per zone in the proposed management plan (Scenario: “Scientific High”) 
expressed as (i) percentage (%) of the overall surface area of the Greek territorial (Territ.), and international (Intern.) waters (e.g. OTB prohibitions occupy 17.5% 
of the territorial waters and 24% of the international waters falling within Zone A), (ii) percentage (%) of the overall surface area of the zones’ surface (e.g. from 
the overall OTB prohibition in Zone A, 45.3% falls within the territorial waters and 54.7% in international waters respectively). 
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Table 12.1.13.5 Prohibitions per fishing gear (independently from management status) expressed in percentages (%) of the (i) study area; (i i) Greek territorial 
waters, and (iii) international waters, between the legal framework currently in place and the proposed management plan (Scenario: “Scientific High”) 
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Figure 2.1.13.16 Overlap of zones in the proposed management plan (‘Scientific High’) and all existing 
fishing restrictions for bottom trawling (OTB) in the study area independently from management measure 
type (indicated with striking areas). Within Zone E bottom trawling is regulated following the existing legal 
framework. 
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Figure 2.1.13.17 Overlap of zones in the proposed management plan (‘Scientific High’) and all existing 
fishing restrictions for purse seines (PS) in the study area independently from management measure type 
(indicated with striking areas). Within Zone E bottom trawling is regulated following the existing legal 
framework. 
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Figure 2.1.13.18 Overlap of zones in the proposed management plan (‘Scientific High’) and all existing 
fishing restrictions for small scale fishing (SSF) in the study area independently from management 
measure type (indicated with striking areas). Within Zone E bottom trawling is regulated following the 
existing legal framework. 
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Figure 2.1.13.19 Areas where bottom trawling (OTB) is allowed to operate (indicated with green colour) 
and areas where bottom trawling is not allowed (indicated with red colour) in the proposed plan 
(Scenario: “Scientific High”), and existing management measures for OTB ban (indicated with striking 
areas). Within Zone E bottom trawling is regulated following the existing legal framework. 
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Figure 2.1.13.20 Areas where purse seines (PS) are allowed to operate (indicated with green colour) and 
areas where purse seines are not allowed (indicated with red colour) in the proposed plan (Scenario: 
“Scientific High”), and existing management measures for PS ban (indicated with striking areas). Within 
Zone E fishing with purse seines is regulated following the existing legal framework. 
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Figure 2.1.13.21 Areas where small scale fishing (SSF) is allowed to operate (indicated with green colour) 
and areas where small scale fishing is not allowed (indicated with red colour) in the proposed plan 
(Scenario: “Scientific High”), and existing management measures for SSF ban (indicated with striking 
areas). In Zone E small scale fishing is regulated following the existing legal framework. 

 

 

The results of the irreplaceability analysis for each zone identified the most important and 
irreplaceable PUs, due to the ecological features present. 

The PUs selected more than 60% of the overall 1000 times runs of Marxan with Zones in the 
Scientific scenario with high targets (“Scientific High”) for Zone A (Figure 2.1.13.22) were located 
in the Thracian Sea and Strymonian Gulf, Chalkidiki, the national Marine Park of Alonissos- 
northern Sporades and north-eastern part of Evoia, areas located at the North Aegean island 
complex (deeper waters east of Limnos and Agios Eustratios, and shallow parts of Lesvos, Chios, 
Psarra and Ikaria islands), the coastal zone around Attika and Makronisos island, and the eastern 
part of Peloponnesus, the Cyclades complex of islands (around Gyaros islet, Kimolos, Anafi, 
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Santorini, offshore Amorgos island, and between Syros-Kithnos-Serifos islands) and Dodecanese 
complex of islands (the shallow parts of Karpathos and Kasos, the deeper waters between 
Astipalea and Kos, the wider area east of Rhodes island). These areas have been assigned in the 
zone of maximum protection status (Zone A, ‘full protection of biodiversity and stocks’) where 
no activity is allowed due to their high ecological value and hence they contribute significantly 
to the conservation and protection of marine resources in the study area. It is suggested that 
these areas should constitute the core of a future MPA network in the Aegean Sea, and it is 
highly recommended that their establishment as Marine Reserves to be considered of high 
priority in future management plans of the area. It is also important to highlight that some of 
the areas have been already identified as important biodiversity areas, being declared as Marine 
Protected Areas (e.g. Alonissos- Northern Sporades MPA), or Natura 2000 sites (e.g. parts of 
Evoia, Lesvos, etc.), while others have been proposed as MPAs (e.g. Gyaros and Karpathos 
islands). 

In Zone B (‘Partial protection of biodiversity and stocks’) the irreplaceability analysis (Figure 
2.1.13.23) indicated as most important areas for this zone were the shallower parts of the 
Thracian Sea, Agio Oros peninsula (third peninsula of Chalkidiki), Samothraki and Thasos islands, 
the coastal part of Thermaikos, Pagasitikos and South Evoikos Gulfs, Porto Cheli and the south-
eastern part in Peloponnesus, the wider area in Cyclades and Dodecanese complex of islands. 

In Zone C the PUs identified as most important areas that contribute in the protection of benthic 
biodiversity and fish stock targets (Figure 2.1.13.24) were mainly the wide offshore areas located 
at the southern part of the Cyclades and Dodecanese island complexes. However, shallower 
areas around Chalkidiki, internally of Thermaikos, Evoikos, Saronikos and Argolikos Gulfs, around 
the islands Kithnos, Andros, Tinos, Syros, Mykonos, Anafi and Sefiros, were also included in this 
zone. 

Similarly in Zone D areas that were selected more than 600 times out of the 1000 Marxan with 
Zones runs (Figure 2.1.13.25) were Thermaikos Gulf, the deeper waters around Limnos island, 
the western part of Lesvos and north east part of Chios islands (North Aegean), the eastern part 
of Evoia. In addition, dispersed smaller areas have been identified in the Cyclades complex 
between Mykonos-Syros- Tinos islands, and Naxos- Amorgos-Santorini islands respectively. 

The PUs identified from the irreplaceability analysis for Zone E (‘General use’ zone) represent 
the majority of the deep waters in the study area and some coastal areas (Figure 2.1.13.26). 
Regarding the deep parts, the main reason for the selection of these areas was the absence of 
ecological features and the generally low opportunity cost values. The presence of coastal PUs 
in Zone E is explained mainly by the presence of human activities allowed and operating in this 
zone. 
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Figure 2.1.13.22 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone A (“Full protection of biodiversity and fish stocks”), as indicated by the 
irreplaceability analysis 
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Figure 2.1.13.23 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone B (‘Partial protection of biodiversity and fish stocks’), as indicated by the 
irreplaceability analysis 
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Figure 2.1.13.24 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone C (‘Protection of benthic biodiversity and fish stocks’), as indicated by 
the irreplaceability analysis 
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Figure 2.1.13.25 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone D (‘Protection of pelagic biodiversity and fish stocks’), as indicated by the 
irreplaceability analysis 
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Figure 2.1.13.26 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone E (‘General use’), as indicated by the irreplaceability analysis 

 

2.1.14 Scientific scenario with low targets set for conservation features (Scenario: 
“Scientific Low”) 

 

The output of the planning exercise (‘Best solution’) provides the most optimal run in the 
scenario that best meets targets with the lowest score. The scientific scenario with low targets 
set (“Scientific Low”) is presented in Figure 2.1.14.1. 
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Figure 2.1.14.1 The proposed management plan and network of Marine Protected Areas (MPAs) of the 
planning exercise (Scenario: ‘Scientific Low‘) with the suggested 5 management zones 

 

 

Overall, Zone E (‘General use’ zone) occupies the widest surface of the study area (109462.3 
km2), which is the available zone for all human activities and covers more than 60% of the study 
area (Figure 2.1.14.2). In this zone fishing activities are defined by the European and the Greek 
legal framework currently in force. About 38.6% of Zone E falls within the territorial and 61.4% 
in the international waters respectively. Zone D (‘Protection of pelagic biodiversity and fish 
stocks’) covers the smallest surface area (3974.4 km2) occupying 2.2% of the study area, from 
which 80.9% are allocated within the territorial and 19.1% in international waters respectively. 
In this zone tourism, bottom trawling and small scale fishing are allowed, whereas fishing with 
purse seines is prohibited to operate. 
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Figure 2.1.14.2 Percentage (%) of surface area covered by each zone in the study area for the proposed 
network of Marine Protected Areas (MPAs) of the planning exercise (Scenario: ‘Scientific Low’) 

 

Overall the ‘Full protection zone’ (Zone A) covers 7492.3 km2 (corresponding to about 4% of the 
study area), of which 38.6% fall within the Greek territorial and 61.4% in the international 
waters. From the overall 16271.6 km2that Zone B covers, 80.1% of zone fall within the Greek 
territorial waters and 19.9% are allocated in the international waters. Finally, from the overall 
40443.1 km2that Zone C covers, 46.2% fall within the territorial waters and 53.8% in the 
international waters. The respective percentages that each zone occupies in the Greek territorial 
and international waters are shown in Table 2.1.14.1. 

From the overall 78 ecological and socio-cultural features targeted for protection, 77 targets 
have been successfully reached above 99% in the proposed plan, corresponding to 98.7% of the 
overall targets set. The species for which targets have not been reached was Mobula mobular 
(reached 0% of the overall target). Target failure was due to the species’ overlap with high 
shipping routes, which obliged the specific PUs to be allocated in Zone E which had no 
contribution to the overall targets due to the impacting activities operating in that zone (Figure 
2.1.13.4). 

 

 

Table 2.1.14.1 Area covered by each zone in the proposed zoning system (Scenario: ‘Scientific Low’) 
expressed as the percentage (%) of the (i) study area; (ii) Greek territorial waters, and (iii) international 
waters 
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PUs characterised by high density of ecological features have been mainly assigned in the high 
protection zones (Zone A - ‘full protection zone of biodiversity and fish stocks’ and Zone B - 
‘partial’ protection zone of biodiversity and fish stocks) as expected, since these zones 
contribute more to the targets due to the prohibition of a large number of human activities, as 
shown in Figure 2.1.14.3. Examples of the distribution of Essential Fish Habitats (EFHs) for pelagic 
and demersal fish allocated into the management zones of the proposed plan are presented in 
Figures 2.1.14.4-2.1.14.5. 
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Figure 2.1.14.3 Spatial overlap of the proposed management plan (Scenario: ‘Scientific Low’) and the 
density of ecological features per zone present in the study area 
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Figure 2.1.14.4 Spatial overlap of the proposed management plan (‘Scientific Low’) and the distribution 
of Essential Fish Habitats (EFHs) of demersal fish present in the study area 
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Figure 2.1.14.5 Spatial overlap of the proposed management plan (Scenario: ‘Scientific Low’) and the 
distribution of Essential Fish Habitats (EFHs) of pelagic fish present in the study area 

 

 

Overall in the proposed plan the surface of bottom trawlers (OTB) has increased by 21% 
(corresponds to additional 12132.8 km2, representing 6.8% of the study area) of which 54.8% is 
located in the Greek territory and 45.2% in the international waters, in comparison to the initial 
57849 km2coverage (Figure 2.1.14.6). Restrictions regarding fishing with encircling nets (purse 
seines, PS) have increased in the suggested plan by 364.4% (corresponds to additional 22999.9 
km2, representing 12.9% of the study area), of which 70.7% is allocated in the Greek territory 
and 29.3% in the international waters, in comparison to the initial 6312.1 km2 coverage (Figure 
2.1.14.7). Finally, overall restrictions for small scale fishing (SSF) have increased by 1645.1% 
(corresponds to additional 7301.9 km2, representing 4.1% of the study area) of which 40.6% 
falls within the Greek territory and 59.4% in the international waters, in comparison to the initial 
443.8 km2coverage (Figure 2.1.14.8). 
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Figure 2.1.14.6 Areas where bottom trawling (OTB) is allowed to operate (indicated with green colour) 
and areas where bottom trawling is not allowed (indicated with red colour) in the proposed plan 
(Scenario: “Scientific Low”), and existing management measures for OTB ban (indicated with striking 
areas). Within Zone E bottom trawling is regulated following the existing legal framework. 
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Figure 2.1.14.7 Areas where purse seines (PS) are allowed to operate (indicated with green colour) and 
areas where purse seines are not allowed (indicated with red colour) in the proposed plan (Scenario: 
“Scientific Low”), and existing management measures for PS ban (indicated with striking areas). Within 
Zone E fishing with purse seines is regulated following the existing legal framework. 
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Figure 2.1.14.8 Areas where small scale fishing (SSF) is allowed to operate (indicated with green colour) 
and areas where small scale fishing is not allowed (indicated with red colour) in the proposed plan 
(Scenario: “Scientific Low”), and existing management measures for SSF ban (indicated with striking 
areas). In Zone E small scale fishing is regulated following the existing legal framework. 

 

 

The results of the irreplaceability analysis for each zone (PUs selected more than 60% of the 
overall 1000 times runs of Marxan with Zones), that identified the most important and 
irreplaceable PUs due to the ecological features present within that assist in achieving the 
targets set in the planning exercise, are shown in Figures 2.1.14.9-2.1.14.13. 
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Figure 2.1.14.9 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan with 
Zones was applied for Zone A (“Full protection of biodiversity and fish stocks”), as indicated by the 
irreplaceability analysis 
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Figure 2.1.14.10 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone B (‘Partial protection of biodiversity and fish stocks’), as indicated by the 
irreplaceability analysis. 
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Figure 2.1.14.11 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone C (‘Protection of benthic biodiversity and fish stocks’), as indicated by 
the irreplaceability analysis. 
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Figure 2.1.14.12 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone D (‘Protection of pelagic biodiversity and fish stocks’), as indicated by the 
irreplaceability analysis. 
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Figure 2.1.14.13 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone E (‘General use’), as indicated by the irreplaceability analysis. 

 

 

 

 

 

 

2.1.15 Stakeholders’ scenario with high targets set for conservation features (Scenario: 
“Stakeholders High”) 

 

The stakeholders’ scenario with low targets set (“Stakeholders High”) is presented in Figure 
2.1.15.1. 
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Figure 2.1.15.1 The proposed management plan and network of Marine Protected Areas (MPAs) of the 
planning exercise (Scenario: ‘Stakeholders High‘) with the suggested 5 management zones 

 

 

Overall, Zone E (‘General use’ zone) occupies the widest surface of the study area (102236.5 
km2) covering more than 55% of the study area (Figure 2.1.15.2). From this area, 40.3% of the 
zone falls within the territorial and 59.7% in the international waters respectively. Zone D 
(‘Protection of pelagic biodiversity and fish stocks’) covers the smallest surface area (1510.1 
km2) occupying 0.9% of the study area, of which 85.5% of the zone is allocated in the territorial 
and 14.5% in the international waters respectively. 
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Figure 2.1.15.2 Percentage (%) of surface area covered by each zone in the study area for the proposed 
network of Marine Protected Areas (MPAs) of the planning exercise (Scenario: ‘Stakeholders High’) 

 

From the overall surface of the ‘Full protection zone’ (Zone A, 15857.9 km2), 26% falls within 
the Greek territorial and 74% in the international waters. From the overall 47401 km2that Zone 
B covers, 68% of this zone is located within the Greek territorial waters and 32% are allocated in 
the international waters. Finally, from the overall 10638.1 km2that Zone C covers, 21% fall 
within the territorial waters and 79% in the international waters. The respective percentages 
that each zone occupies in the Greek territorial and international waters are shown in Table 
2.1.15.1. 

From the overall 78 ecological and socio-cultural features targeted for protection, 77 targets 
have been successfully reached above 99% in the proposed plan, corresponding to 98.7% of the 
overall targets set. The species for which targets have not been reached was Mobula mobular 
(reached 0% of the overall target). Target failure was due to the species’ overlap with high 
shipping routes, which obliged the specific PUs to be allocated in Zone E which had no 
contribution to the overall targets due to the impacting activities operating in that zone (Figure 
2.1.13.4). 

PUs characterised by high density of ecological features have been mainly assigned in the high 
protection zones (Zone A - ‘full protection zone of biodiversity and fish stocks’ and Zone B - 
‘partial’ protection zone of biodiversity and fish stocks) as expected, since these zones 
contribute more to the targets due to the prohibition of a large number of human activities 
(Figure 2.1.15.3). 

Examples of the distribution of Essential Fish Habitats (EFHs) for pelagic and demersal fish 
allocated into the management zones of the proposed plan are presented in Figures 2.1.15.4-
2.1.15.5. 
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Table 2.1.15.1. Area covered by each zone in the proposed zoning system (Scenario: ‘Stakeholders High’) 
expressed as the percentage (%) of the (i) study area; (ii) Greek territorial waters, and (iii) international 
waters 
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Figure 2.1.15.3 Spatial overlap of the proposed management plan (Scenario: ‘Stakeholders High’) and the 
density of ecological features per zone present in the study area 
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Figure 2.1.15.4 Spatial overlap of the proposed management plan (Scenario: ‘Stakeholders High’) and the 
distribution of Essential Fish Habitats (EFHs) of demersal fish present in the study area 
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Figure 2.1.15.5 Spatial overlap of the proposed management plan (Scenario: ‘Stakeholders High’) and the 
distribution of Essential Fish Habitats (EFHs) of pelagic fish present in the study area 

 

Overall in the proposed plan the surface of bottom trawlers (OTB) has increased by 36.9% 
(corresponds to additional 21360.6 km2, representing 12% of the study area) of which 52.9% is 
located in the Greek territory and 47.1% in the international waters, in comparison to the initial 
57849 km2coverage (Figure 2.1.15.6). 

Restrictions regarding fishing with encircling nets (purse seines, PS) have increased in the 
suggested plan by 940% (corresponds to additional 59333.9 km2, representing 33.4% of the 
study area), of which 58.7% is allocated in the Greek territory and 41.3% in the international 
waters, in comparison to the initial 6312.1 km2 coverage (Figure 2.1.15.7). 

Finally, overall restrictions for small scale fishing (SSF) have increased by 3529.6% (corresponds 
to additional 15666 km2, representing 8.8% of the study area) of which 27.1% falls within the 
Greek territory and 72.9% in the international waters, in comparison to the initial 443.8 
km2coverage (Figure 2.1.15.8). 
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Figure 2.1.15.6 Areas where bottom trawling (OTB) is allowed to operate (indicated with green colour) 
and areas where bottom trawling is not allowed (indicated with red colour) in the proposed plan 
(Scenario: “Stakeholders High”), and existing management measures for OTB ban (indicated with striking 
areas). Within Zone E bottom trawling is regulated following the existing legal framework. 
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Figure 2.1.15.7 Areas where purse seines (PS) are allowed to operate (indicated with green colour) and 
areas where purse seines are not allowed (indicated with red colour) in the proposed plan (Scenario: 
“Stakeholders High”), and existing management measures for PS ban (indicated with striking areas). 
Within Zone E fishing with purse seines is regulated following the existing legal framework. 

 



 

-122- 
 

 

Figure 2.1.15.8 Areas where small scale fishing (SSF) is allowed to operate (indicated with green colour) 
and areas where small scale fishing is not allowed (indicated with red colour) in the proposed plan 
(Scenario: “Stakeholders High”), and existing management measures for SSF ban (indicated with striking 
areas). In Zone E small scale fishing is regulated following the existing legal framework. 

 

 

The results of the irreplaceability analysis for each zone (PUs selected more than 60% of the 
overall 1000 times runs of Marxan with Zones), that identified the most important and 
irreplaceable PUs due to the ecological features present within that assist in achieving the 
targets set in the planning exercise, are shown in Figures 2.1.15.9-2.1.15.13. 
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Figure 2.1.15.9 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan with 
Zones was applied for Zone A (“Full protection of biodiversity and fish stocks”), as indicated by the 
irreplaceability analysis 
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Figure 2.1.15.10 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone B (‘Partial protection of biodiversity and fish stocks’), as indicated by the 
irreplaceability analysis. 
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Figure 2.1.15.11 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone C (‘Protection of benthic biodiversity and fish stocks’), as indicated by 
the irreplaceability analysis. 
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Figure 2.1.15.12 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone D (‘Protection of pelagic biodiversity and fish stocks’), as indicated by 
the irreplaceability analysis. 
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Figure 2.1.15.13 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone E (‘General use’), as indicated by the irreplaceability analysis. 

 

 

 

 

 

 

2.1.16 Stakeholders’ scenario with low targets set for conservation features (Scenario: 
“Stakeholders Low”) 

 

The stakeholders’ scenario with low targets set (“Stakeholders Low”) is presented in Figure 
2.1.16.1. 
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Figure 2.1.16.1 The proposed management plan and network of Marine Protected Areas (MPAs) of the 
planning exercise (Scenario: ‘Stakeholders Low‘) with the suggested 5 management zones 

 

 

Overall, Zone E (‘General use’ zone) occupies the widest surface of the study area (114417.1 
km2) and covers more than 60% of the study area (Figure 2.1.16.2). From this area, 40.1% of 
Zone E falls within the territorial and 59.9% in the international waters respectively. The ‘Full 
protection zone’ (Zone A) covers the smallest surface area (2780.2 km2), of which 12.6% of the 
zone is located in the Greek territorial and 87.4% in the international waters respectively. Zone 
D (‘Protection of pelagic biodiversity and fish stocks’) is the second smallest zone, occupying 
1.7% of the study area (2957 km2), of which 94.9% of the zone are allocated in the territorial 
and 5.1% in the international waters respectively. 
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Figure 2.1.16.2 Percentage (%) of surface area covered by each zone in the study area for the proposed 
network of Marine Protected Areas (MPAs) of the planning exercise (Scenario: ‘Stakeholders Low’) 

 

 

From the overall 15105.7 km2that Zone B covers, 90.1% of zone’s surface fall within the Greek 
territorial waters and 9.9% are allocated in the international waters. Finally, from the overall 
42383.6 km2that Zone C covers, 43.4% fall within the territorial waters and 56.6% in the 
international waters. The respective percentages that each zone occupies in the Greek territorial 
and international waters are shown in Table 2.1.15.1. 

From the overall 78 ecological features targeted for protection, the 77 targets have been 
successfully reached above 99% in the proposed plan, corresponding to 98.7% of the overall 
targets set. The species for which targets have not been reached was Mobula mobular (reached 
0% of the overall target). Target failure was due to the species’ overlap with high shipping routes, 
which obliged the specific PUs to be allocated in Zone E which had no contribution to the overall 
targets due to the impacting activities operating in that zone (Figure 2.1.13.4). 

PUs characterised by high density of ecological features have been mainly assigned in Zone B - 
‘partial’ protection zone of biodiversity and fish stocks, since this zone contributes more to the 
targets but has a lower cost in comparison to Zone A - ‘full’ protection zone of biodiversity and 
fish stocks (Figure 2.1.16.3). 

Examples of the distribution of Essential Fish Habitats (EFHs) for pelagic and demersal fish 
allocated into the management zones of the proposed plan are presented in Figures 2.1.16.4-
2.1.16.5. 
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Table 2.1.16.1 Area covered by each zone in the proposed zoning system (Scenario: ‘Stakeholders Low’) 
expressed as the percentage (%) of the (i) study area; (ii) Greek territorial waters, and (iii) international 
waters 
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Figure 2.1.16.3 Spatial overlap of the proposed management plan (Scenario: ‘Stakeholders Low’) and the 
density of ecological features per zone present in the study area 
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Figure 2.1.16.4 Spatial overlap of the proposed management plan (Scenario: ‘Stakeholders Low’) and the 
distribution of Essential Fish Habitats (EFHs) of demersal fish present in the study area 
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Figure 2.1.16.5 Spatial overlap of the proposed management plan (Scenario: ‘Stakeholders Low’) and the 
distribution of Essential Fish Habitats (EFHs) of pelagic fish present in the study area 

 

 

Overall in the proposed plan the surface of bottom trawlers (OTB) has increased by 14.8% 
(corresponds to additional 8537.1 km2, representing 4.8% of the study area) of which 54.8% is 
located in the Greek territory and 45.2% in the international waters, in comparison to the initial 
57849 km2coverage (Figure 2.1.16.6). 

Restrictions regarding fishing with encircling nets (purse seines, PS) have increased in the 
suggested plan by 262.4% (corresponds to additional 16564.4 km2, representing 9.3% of the 
study area), of which 82.1% is allocated in the Greek territory and 17.9% in the international 
waters, in comparison to the initial 6312.1 km2coverage (Figure 2.1.16.7). 

Finally, overall restrictions for small scale fishing (SSF) have increased by 592.7% (corresponds 
to additional 2630.5 km2, representing 1.5% of the study area) of which 20.9% falls within the 
Greek territory and 79.1% in the international waters, in comparison to the initial 443.8 
km2coverage (Figure 2.1.16.8). 
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Figure 2.1.16.6 Areas where bottom trawling (OTB) is allowed to operate (indicated with green colour) 
and areas where bottom trawling is not allowed (indicated with red colour) in the proposed plan 
(Scenario: “Stakeholders Low”), and existing management measures for OTB ban (indicated with striking 
areas). Within Zone E bottom trawling is regulated following the existing legal framework. 
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Figure 2.1.16.7 Areas where purse seines (PS) are allowed to operate (indicated with green colour) and 
areas where purse seines are not allowed (indicated with red colour) in the proposed plan (Scenario: 
“Stakeholders Low”), and existing management measures for PS ban (indicated with striking areas). 
Within Zone E fishing with purse seines is regulated following the existing legal framework. 
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Figure 2.1.16.8 Areas where small scale fishing (SSF) is allowed to operate (indicated with green colour) 
and areas where small scale fishing is not allowed (indicated with red colour) in the proposed plan 
(Scenario: “Stakeholders Low”), and existing management measures for SSF ban (indicated with striking 
areas). In Zone E small scale fishing is regulated following the existing legal framework. 

 

 

The results of the irreplaceability analysis for each zone (PUs selected more than 60% of the 
overall 1000 times runs of Marxan with Zones), that identified the most important and 
irreplaceable PUs due to the ecological features present within that assist in achieving the 
targets set in the planning exercise, are shown in Figures 2.1.16.9-2.1.16.13.  
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Figure 2.1.16.9 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan with 
Zones was applied for Zone A (‘Full protection of biodiversity and fish stocks’), as indicated by the 
irreplaceability analysis 
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Figure 2.1.16.10 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone B (‘Partial protection of biodiversity and fish stocks’), as indicated by the 
irreplaceability analysis. 
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Figure 2.1.16.11 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone C (‘Protection of benthic biodiversity and fish stocks’), as indicated by 
the irreplaceability analysis. 
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Figure 2.1.16.12 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone D (‘Protection of pelagic biodiversity and fish stocks’), as indicated by 
the irreplaceability analysis. 
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Figure 2.1.16.13 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied for Zone E (‘General use’), as indicated by the irreplaceability analysis. 

 

 

 

2.1.17 Comparison of Marine Spatial Plan scenarios in the Aegean Sea 

 

By comparing scenarios through this irrepaceability analysis we aimed to identify planning units 
that are selected more than 60% of the overall runs (in total 2000 runs of Marxan with Zones for 
pairs of scenarios), and these areas can be thought of as being important for efficiently meeting 
conservation objectives for each zone (Ardron et al, 2010). 

For the “Scientific High” and “Stakeholders High” targets scenarios, the most important areas 
identified for Zone A (‘full protection of biodiversity and fish stocks’) were the deeper waters of 
the Thracian Sea, Chalkidiki, Kavala and Thermaikos Gulf, Sporades complex of islands 
(Alonissos- Northern Sporades MPA), Limnos, Saronikos Gulf and Cyclades islands (between 
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Kithnos, Serifos and Syros islands). Shallower parts were identified in the Northern Aegean Sea 
islands (Lesvos, Chios, Limnos, Ikaria and Agios Eftratios), in Cyclades islands (Mylos, Paros, 
Naxos, Santorini) and Dodecanese islands (Karpathos, Kos, Lipsi). 

In Zone B (‘partial protection of biodiversity and fish stocks’) the irreplaceability analysis 
indicated as most important areas were the coastal waters in the Thracian Sea, Thasos and 
Samothraki islands, Thermaikos and Kavala Gulf including the eastern peninsula of Chalkidiki 
(“Athos” peninsula in Agio Oros), Pagasitikos Gulf, Northern Evoikos Gulf, Northern Aegean 
islands (Limnos, Lesvos, Chios, Samos, Ikaria), eastern of Peloponnesus (Porto Cheli, Idra island 
Nafplio and Monemvasia), around all Cylcades and Dodecanese islands. 

Most important areas identified for Zone C (‘protection of benthic biodiversity and fish stocks’) 
were located in the North Evoikos Gulf, Chalkidiki, Egina island and small islets such as Christiana 
and Kandelioussa. 

Finally, most important areas identified for Zone D (‘full protection of pelagic biodiversity and 
fish stocks’) were scarce coastal areas in Thermaikos Gulf (e.g. Nea Kallikratia). 

The comparison of the proposed management plans per zone under the scenarios ‘Scientific 
High’ vs. ‘Stakeholders High’ is shown in Figures 2.1.17.1-2.1.17.5. 
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Figure 2.1.17.1 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times out 
of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the proposed 
scenarios ‘Scientific High’ vs. ‘Stakeholders High’ targets set, for Zone A (‘Full protection of biodiversity 
and fish stocks’) 
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Figure 2.1.17.2 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times out 
of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the 
proposed scenarios ‘Scientific High’ vs. ‘Stakeholders High’ targets set, for Zone B (‘Partial protection of 
biodiversity and fish stocks’) 
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Figure 2.1.17.3 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times out 
of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the 
proposed scenarios ‘Scientific High’ vs. ‘Stakeholders High’ targets set, for Zone C (‘Benthic protection of 
biodiversity and fish stocks’) 
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Figure 2.1.17.4 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times out 
of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the 
proposed scenarios ‘Scientific High’ vs. ‘Stakeholders High’ targets set, for Zone D (‘Pelagic protection of 
biodiversity and fish stocks’) 
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Figure 2.1.17.5 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times out 
of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the 
proposed scenarios ‘Scientific High’ vs. ‘Stakeholders High’ targets set, for Zone E (‘General use zone’) 

 

In the “Scientific Low” and “Stakeholders Low” targets scenarios, the most important areas 
identified for Zone A were scarce areas in the deeper parts of the Alonissos- Northen Sporades 
MPA and North Aegean Sea. In Zone B (‘partial protection of biodiversity and fish stocks’) the 
irreplaceability analysis indicated as most important areas were the coastal waters in the 
Thracian Sea, Thasos and Samothraki islands, Thermaikos and Chalkidiki (particularly the 
“Athos” peninsula in Agio Oros), Pagasitikos Gulf, the Sporades islands including the Alonissos- 
Northern Sporades MPA, Evoikos Gulf, Northern Aegean islands (Limnos, Lesvos, Samos, 
Fournoi), eastern of Peloponnesus (Porto Cheli, Idra island and Nafplio), around Cylcades islands 
(mainly between Paros and Naxos, and around Andros – Mikonos- Syros islands), and 
Dodecanese islands (particularly around Karpathos, Kos, Kalimnos, Leros, Lipsi). Most important 
areas identified for Zone C (‘protection of benthic biodiversity and fish stocks’) were the deeper 
waters located mainly south- eastern of the study area, and coastal waters in Chalkidiki, 
Pagasitikos Gulf, Evoia, Attika and Saronikos Gulf, Argolikos Gulf, North Aegean, Cyclades and 
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Dodecanese complexes of islands. Finally, most important areas identified for Zone D (‘full 
protection of pelagic biodiversity and fish stocks’) were allocated in the Thracian Sea, 
Samothrace island, Kavala Gulf, southern Evoikos Gulf, and scarce areas in Cyclades and 
Dodecanes complexes of islands. 

The comparison of the proposed management plans per zone under the scenarios 
‘Scientific Low’ vs. ‘Stakeholders Low’, is shown in Figures 2.1.17.6-2.1.17.10. 

 

 

Figure 2.1.17.6 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times 
out of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the 
proposed scenarios ‘Scientific Low’ vs. ‘Stakeholders Low’ targets set, for Zone A (‘Full protection of 
biodiversity and fish stocks’) 

 



 

-149- 
 

 

Figure 2.1.17.7 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times out 
of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the proposed 
scenarios ‘Scientific Low’ vs. ‘Stakeholders Low’ targets set, for Zone B (‘Partial protection of biodiversity 
and fish stocks’) 
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Figure 2.1.17.8 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times out 
of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the proposed 
scenarios ‘Scientific Low’ vs. ‘Stakeholders Low’ targets set, for Zone C (‘Benthic protection of biodiversity 
and fish stocks’) 
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Figure 2.1.17.9 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times out 
of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the proposed 
scenarios ‘Scientific Low’ vs. ‘Stakeholders Low’ targets set, for Zone D (‘Pelagic protection of biodiversity 
and fish stocks’) 
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Figure 2.1.17.10 Irreplaceability analysis indicating Planning Units (PUs) selected more than 60% times 
out of the 2000 runs of Marxan with Zones, which was the sum of selection frequencies between the 
proposed scenarios ‘Scientific Low’ vs. ‘Stakeholders Low’ targets set, for Zone E (‘General use zone’) 

 

 

Comparing the outputs of the analysis between high and low target scenarios, it was evident 
that by setting lower targets for ecological and socio-economic features, allowed for zones of 
less contribution to conservation where commercial fishing is allowed (e.g. Zones C and D) to 
expand. On the contrary, Zone A that has 100% contribution in reaching the targets but with 
much higher cost in comparison to the other zones, is in general much smaller in the scenarios 
“Scientific Low” and “Stakeholders Low” targets scenarios in comparison to the “Scientific High” 
and “Stakeholders High”, as expected. 

However, the comparison of the proposed management plans pointed out overall a great 
consistency in the PUs with high selection frequency between the pairs of scenarios of high and 
low targets for each zone. The identified PUs indicate the importance of these areas as 
biodiversity hotspots regarding the overall objectives set for each zone and highlight that priority 
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action should be placed within. These areas contribute to the conservation and may secure the 
sustainability of biodiversity and fish stocks in the study area, independently from high or low 
targets set. On the contrary in the case that these areas are ignored, a significant fraction of 
conservation targets proposed by the MSPs will be lost. The high consistency of areas indicated 
by the comparison between pairs of scenarios was also an indication for the robustness of the 
analysis’ outputs that highlights the contribution of specific areas that combine high biodiversity 
and low cost values. 

 

Finally, the sensitivity analysis showed that overall targets are driving the management plan 
output for all scenarios, rather than the opportunity cost. More specifically, the conservation 
features that had major influence on the proposed network of Marine Protected Areas (MPAs) 
and the distribution of all zones in the planning exercises were primarily the taxonomic group of 
Mammals, and secondary Aves. This is due to the wide distribution of this group in the study 
area represented by large continuous areas where these species are present, along with the very 
high targets set since most of them have high protection status. These reasons forced Marxan 
with Zones to include large surface areas into protection zones which combine high contribution 
to conservation targets and relevantly low cost values, in order to reach the conservation 
objectives set. 

Less effect in the configuration of management plans for Zone A had the taxonomic groups of 
Molluscs, Pisces, Porifera and Reptiles, although the majority of benthic features had an impact 
on the allocation of this zone. Zone B was influenced by the taxonomic groups of Molluscs and 
Pisces, while Zone C was influenced also by the taxonomic groups of Elasmatobranchii and the 
feature of socio-cultural areas for small scale fishing identified. Finally, Zone D was influenced 
by the taxonomic groups Cnidaria, Echinoderms and Elasmatobranchii. 

 

 

2.1.18. Conclusions 

 

As a response to the EU calls for achieving sustainable management of marine resources by 
implementing ecosystem-based Maritime Spatial Planning (MSP), the present study aimed to 
provide spatial solutions in the Aegean Sea that maximize the economic benefit of local 
communities while protecting the marine environment and its resources. For this reason, the 
spatial optimisation tool Marxan with Zones (Watts et al 2009) was applied in order to suggest 
a network of MPAs integrated into a five-zoning system plan where human activities are 
organised within these zones. A precautionary ecosystem-based approach oriented towards 
fisheries management was implemented that targeted the protection of biodiversity features, 
important habitats for fish stocks and fisheries, and socio-cultural significant areas for small scale 
fishing, taking into consideration the socio-economic costs that represented important activities 
in the area. Four alternative solutions were delivered by setting various conservation targets 
that considered EU recommendations, scientific knowledge and stakeholders’ perspectives 
about critical issues for conservation in the study area, in order to assist decision making process 
and negotiation with stakeholders. Incorporation of opportunity costs into the analysis assisted 
in providing cost-effective solutions that assured the implementation of the proposed plans with 
the least possible impacts on resource users (Carwardine et al, 2008). The adoption of multiple 
conservation zones on the other hand facilitated the allocation of human activities in space and 
increased the capacity of the proposed plans, adding flexibility to accommodate the objectives 
for various users and mitigating conflicts between activities, in comparison to other traditional 
planning processes (Crowder et al, 2006). 
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The proposed plans achieved the majority of operational targets set regarding the protection of 
ecological and socio-cultural features present in the Aegean Sea. The main reason of target 
failure was due to the overlap of important ecological features for protection and existing uses 
that were incompatible with the conservation of these features. Although not all targets have 
been fully reached, the amount of protection of biodiversity and fish stocks achieved in the 
proposed plans highlights the importance of adopting spatial prioritization software and 
evidence-based MPA planning tools such as Marxan with Zones. It must be highlighted that the 
proposed solutions can assure that safeguarding habitats and populations of species in the 
Aegean Sea has been achieved with the least possible cost of implementation for human 
activities. The vast majority of these additional areas proposed for ban of the various fishing 
gears (trawling, purse seines and small scale fishing) in the relevant zones and massive tourism 
in Zone A, were of low economic value for these sectors, while popular fishing grounds were 
excluded from the relevant restrictive zones therefore these closures are expected to have an 
overall low impact to these sectors. 

Conflicts between conservation and human activities were also identified during the analysis. 
This fact was even more evident in protected areas, such as areas under the Natura 2000 
network which frequently overlapped with urban centres located in the coastal zone, big ports, 
coastal industries and aquaculture, indicating inadequacy of current management strategies to 
effectively maintain the marine environment and its resources in good environmental status 
(Figure 2.1.18.1). In these cases, the political leadership and competent administrative authority 
will have to decide whether these areas should be considered as a priority for the development 
of socio-economic activities, or as irreplaceable areas for the effective protection of critical 
species and habitats in the Aegean. In the latter case, the development of socio- economic 
activities can be spatially relocated or be implemented in a mild way so that the marine 
environment and its components are not jeopardized and restoration actions should take place 
wherever this is feasible in order to increase the conservation capacity of these areas. This 
outcome is similar to the study by Petza et al (2017), which highlighted such types of conflicts 
and recommended that activities should be strictly and clearly regulated in order to resolve 
conflicts over multiple-use of areas or resources, including conflicts of marine users and 
conservation. 
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Figure 2.1.18.1 Examples of conflicts between management actions aiming at conservation of marine 
biodiversity and resources (i.e., Natura 2000 network) and impacting human activities (cities, ports, 
aquaculture, coastal industry, passenger and cargo shipping routes) 

 

The suggested plans are fully in line with the existing national and European legal framework 
and current management in the Aegean Sea and have been built to complement existing 
management measures (principle of complementarity in Systematic Conservation Planning). For 
instance, no-take zones of Marine Protected Areas (MPAs) where all activities are strictly 
prohibited have been allocated in Zone A (“Marine Reserve”). Areas where the Greek law 
restricts for instance bottom trawling have been assigned in Zones A, B or C where this activity 
is prohibited, or in Zone E if these areas were assessed as impacted by overlapping human 
threats. However, it must be clarified that the present planning exercise may provide advice to 
planners only for the selected activities that have been incorporated in the analysis. Moreover, 
integration of the complex national and EU legal framework for restricting fishing activities in 
the study area was an extremely challenging procedure. This is due to the fact that the Greek 
laws are characterized by multiple small areas with overlapping restrictions of the same or 
multiple gears. A Fisheries Restrictive Area (FRA) may target directly the protection of fish stocks, 
but may also include for instance degraded areas that are unsuitable for food consumption due 
to waste effluents, or the delimitation of marine uses such as aquaculture, which are areas 
unsuitable for designating marine reserves. Moreover, restrictions may vary between different 
protection statuses, or may be vague such as the case of the Natura 2000 network where no 
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particular law exists that prohibits fishing activities within these areas. This amplified the 
difficulty of integrating different concepts and information into zones and augmented the 
complexity of the analysis overall. In any case, it is concluded that FRAs are the most effective 
tool in terms of surface area that currently exists in the Greek legislation for the protection of 
the marine environment, in comparison to all the management actions examined in the present 
study. 

Areas of high ecological importance (‘priority areas’) in the study area that are considered 
irreplaceable for reaching the conservation and fishery targets, were also identified for each 
zone in the proposed management plans. This analysis was conducted for each individual 
scenario, but also in pairs of scenarios aiming at high and low targets respectively (i.e. between 
“Scientific High” and “Stakeholders High” scenarios, and between “Scientific Low” and 
“Stakeholders Low” scenarios respectively). In all cases, a persistency of the most significant 
areas identified in each zone was noted, depending on each zone’s overall protection target. 
These areas contribute to the conservation and may secure the sustainability of biodiversity and 
fish stocks in the Aegean Sea independently from high or low targets set. That was also an 
indication for the robustness of the analysis’ outputs that highlights the contribution of specific 
areas that combine high biodiversity value and low cost values. Regarding the areas identified 
particularly in Zone A, due to their ecological significance, it is highly recommended that their 
establishment as Marine Reserves is listed as priority in management decisions. Excluding some 
of these areas or ignoring the high protection status required would signify that an important 
fraction of the conservation targets proposed by the MSPs is misplaced. In Zone A the adoption 
of activities compatible with the conservation of biodiversity and fish stocks such as ecotourism 
or diving are encouraged. It worth mentioning that many of the priority areas identified in the 
present analysis have been proposed to be designated as Marine Reserves (e.g. Santorini, 
Gyaros and Karpathos islands), while many of which have been highlighted by the 
irreplaceability analysis have been also acknowledged from past projects (i.e. MARISCA: 
www.marisca.eu), which aimed at the strict conservation of marine biodiversity in the Aegean 
Ecoregion. The selection of priority areas at the offshore parts of the study area for Zone A have 
been influenced by the presence of features mainly belonging to the taxonomic groups of 
Mammals and Aves as showed by the sensitivity analysis, in combination to the lack of 
information for other species in these areas. It is expected that new information will decrease 
the bias in areas with limited ecological information and will assist in the production of more 
efficient and holistic planning designs in the future. For Zones B, C and D additional prohibitions 
for the relevant gears under study (bottom trawling and purse seines) should be established 
under the protection status of FRAs that directly target for conservation of marine biodiversity 
and fisheries resources. Regarding areas located in the international waters, continuous 
collaboration, exchange of information and stakeholder engagement between neighbouring 
countries is required for the management of common resources. 

 

MSP is a dynamic and transparent participatory process where stakeholders develop a mutual 
understanding of information and reach a common consensus for producing an acceptable 
solution to the various sectors involved (Pomeroy and Douvere, 2008). The Systematic 
Conservation Planning (SCP) approach is one of the best tools currently available for 
constructing effective management plans and identifying well-designed MPA networks that 
minimize impacts on existing resource uses, while protecting a representative range of 
biodiversity much more efficiently in comparison to fragmented approaches employed in the 
past (Hermoso et al, 2012; Klein et al, 2008a;b; Wilson et al, 2009). However, the establishment 
of MPAs is often controversial as the restriction of human activities may have negative impacts 
for sectors and users affected by these decisions (Christie, 2004; Hattam et al, 2014; Oracion et 
al, 2005; Stump and Kriwoken, 2006). Particularly in the Mediterranean Sea that compliance is 
a major limiting factor, participatory planning is expected to provide multiple benefits in reserve 

http://www.marisca.eu/
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design and implementation (Fenberg et al, 2012; Pomeroy and Douvere, 2008). 

This is one of the first times that such an integrated approach is implemented in the Aegean, 
which expands the complexity of planning process, accounting for diverse types of information 
and concepts. Other studies have also identified priority areas in the Aegean Sea (e.g. Micheli et 
al, 2013b and references therein), however all of them applied a single-objective approach that 
considered simply one or a number of ecological features. Complex scenarios have been 
developed using a step-by-step approach that incorporated current and future planned 
activities, and a variety of threats for marine biodiversity and fish stocks. To improve the 
efficiency of the planning process in the Aegean Sea, we have proposed alternative solutions 
were stakeholders’ perspectives and feedback from scientists have been integrated in the 
analysis, to better assess the trade-offs in terms of socio-economic and ecological implications 
of the management actions suggested. Outputs aim to promote adaptive management and 
guide decisions by providing a baseline during a future negotiation process in Greece. The 
strategy followed may serve as an example for many other EU Member States that need to 
create MSP plans and carefully balance economic considerations while protecting marine 
biodiversity in their seas, or help mitigate the impacts of neighbouring natural resource 
development and exploitation. 
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2.2 Proposed MPA network in Cyprus 

 

The current work has been carried out within WP4: Planning a network of MPAs under D-4.4.b: 
Proposed MPA network in Cyprus. Marine and coastal areas are experiencing the last decades a 
large growth of human development with multiple activities competing for marine space and 
resources. This has often led to a significant degradation of marine ecosystems, depletion of 
biological resources and biodiversity loss (e.g. Halpern et al, 2008a;b; Micheli et al, 2013a). Loss 
of ecosystem functions may be directly or indirectly translated into financial loss of services for 
human societies (Katsanevakis et al, 2011). For instance, recent data confirm that the majority 
of the most important fish stocks in the eastern Mediterranean are overexploited with 
significant impacts on the local and national economy (Colloca et al, 2013; Tsikliras et al, 2015; 
Vasilakopoulos et al, 2014). In addition, the eastern Mediterranean increasingly suffers by the 
effects of climate change and species’ invasions causing alteration of species composition and 
displacement of native species, habitat degradation and changes in the functioning of 
ecosystems (Katsanevakis et al, 2013; 2014a;b). Therefore, there is an urgent need to protect 
biodiversity and fisheries resources in those areas. 

Today however, most management approaches adopted are sectoral and fragmentary ignoring 
the linking processes between human societies and marine ecosystems, often resulting in low 
capacity to provide comprehensive management solutions that ensure social acceptance (Mazor 
et al, 2014). This has prompted the need to develop coordinated management plans and adopt 
holistic strategies that take into account all human activities and interactions within a marine 
ecosystem (Foley et al, 2010; Knight et al, 2008). Systematic Conservation Planning (SCP) 
contributes to the development of maritime spatial plans (MSPs) through the creation of Marine 
Protected Areas (MPAs) and the identification of areas (‘zones’), within which different human 
activities may be allowed or prohibited. MPAs on one hand have been widely suggested as a 
useful tool for sustaining marine ecosystems through biodiversity conservation and fishery 
enhancement (Agardy and Staub 2006, and references therein). Zoning on the other hand adds 
flexibility to the provision of management solutions, by allowing the organization of multiple 
activities into a spatial design scheme (Watts et al, 2009). A summary of the social and ecological 
benefits perceived when applying MPAs may be found in Box 2.2.1. 

 

 

Box 2.2.1.: Marine Protected Areas as a management tool for the protection of biological 
resources 

 

The positive benefits derived from the implementation of Marine Protected Areas (MPAs) have 
been reported widely i.e. increases in sizes of organisms, density and biomass of commercially 
exploited species and whole assemblages, reproductive potential, species richness, live cover of 
benthic organisms, and restoration of trophic interactions (e.g. Edgar et al, 2014; Fenberg et al, 
2012; Floros et al, 2013; Guidetti and Sala, 2007; Halpern and Warner, 2002; Halpern, 2003; 
Lester et al, 2009; Selig and Bruno, 2010; Stewart et al, 2009). Although the role of MPAs 
regarding the recovery of fish stocks remains an issue of debate between scientists (Kaiser, 2005; 
Stefansson and Rosenberg, 2006; Vandeperre et al, 2011), more and more studies identify that 
benefits from protection are positively correlated with the age and size of MPAs, the level of 
protection and enforcement (Claudet et al, 2008; Giakoumi et al, 2017). Moreover, while the 
establishment of MPAs is still a challenge, it is generally accepted that MPAs may achieve a 
balance between ecological conservation and socioeconomic needs (Klein et al, 2008a;b) when 
using biological principles as primary design criteria (Roberts et al, 2003) and including relevant 
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socio-economic aspects to ensure community support and compliance (Moore et al, 2004; Pita 
et al, 2013; Walmsley and White, 2003). 

 

SCP is characterised by specific principles and follows a structured, well-defined approach 
(Figure 2.2.1). A wide range of ecological features that represent the local biodiversity and 
marine resources, are included in the analysis. Overall goals and specific measurable objectives 
(‘targets’) regarding these ecological features are explicitly set in a transparent and socially 
responsible manner (Margules and Pressey 2000; Pressey and Bottrill 2009). To provide 
management solutions that achieve these ecological targets, analysis incorporates in addition 
socio-economic information related to the human activities present in an area, which are later 
translated into financial costs of implementing the suggested management actions. Integration 
of cost helps to properly assess the impact of management decisions, deliver cost-effective 
solutions with higher likelihood of implementation, and facilitate stakeholder involvement in 
the planning process (Moilanen et al, 2009; Wilson et al, 2009). 

 

 

Figure 2.2.1. Key steps followed in Systematic Conservation Planning (SCP) and Marine Spatial Planning 
(MSP) processes. Dashed lines indicate the dynamic character of the planning process where local 
preferences and new knowledge are integrated into management plans through stakeholder engagement 

 

Cyprus is located at the Levantine Sea (East Mediterranean) and is characterised by oligotrophic 
waters with increased salinity and temperature (Krom et al, 1991). These factors, along with the 
sea-bottom complexity and the presence of the Suez Channel, contribute to the high biodiversity 
but low abundances in the area (WWF Greece, 2015). The ecological importance of Cyprus has 
been identified by several conservation initiatives for the habitats and species it hosts (e.g. Coll 
et al, 2012; 2015; Greenpeace, 2006; Hoyt et al, 2012; Mackelworth, 2011; Mouillot et al, 2011; 
Oceana MedNet, 2012; UNEP-MAP-RAC/SPA, 2010a;b; Würtz et al, 2012). 

Direct interactions arising from the use of marine resources between different activities, 
particularly at the coast, create conflicts amongst users, as well as between users and resources. 
Tourism is an important activity that is rapidly increasing the last years in Cyprus. The direct 
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contribution of Travel and Tourism sectors to the national Gross Domestic Product (GDP) in 2016 
was EUR 1283.2mn (7.2% of GDP). This amount is expected to rise by 9.1% by 2027, due to the 
activity generated by touristic industries such as hotels, travel agents, airlines and other 
passenger transportation (WTTC, 2017). The rising contribution of tourism to the Cypriot 
economy has been also related to the fact that Cyprus has been recognised internationally as 
having the greatest number of ‘excellent’ beaches for swimming amongst all the 28 EU member 
states (EEA, 2017). Fisheries sector although it holds a small contribution in the Gross Domestic 
Product (GDP; around 0.3 % according to data from FAO, 2005), it has a long tradition in Cyprus 
as an important source of diet, employment and income for coastal populations. Hence, fishing 
activity grasps primary socio-economic importance as a sector nationally (EMFF, 2014). Purse 
seines and trawlers constitute a very small proportion of the fishing fleet in comparison to the 
small scale fisheries. As a consequence, fishing is operated mainly in the coastal areas, which 
creates competition for marine resources with other activities. On the other hand, several 
commercial fish populations in Cyprus were assessed in 2012 as not being in good status due to 
overfishing (DFMR, 2016). Local changes in habitats, functional species groups and water quality 
have been reported due to man-made permanent structures and discharges in urban or 
industrial areas (DFMR, 2016). Industrial or urban outflows in Cyprus have also been identified 
as pressures that have affected the viability of stocks at the local scale (WWF Greece, 2015). 
Furthermore, a number of protected marine mammals present in Cyprus (e.g. dolphins, whales, 
seals) have decreasing trends due to their accidental capture or reduction of their food from 
overfishing (WWF Greece, 2015). 

The overall aim of the present planning exercise is to contribute towards the development of an 
efficient MPA network, taking into account the protection of ecological characteristics and 
Essential Fish Habitats (EFH), significant areas for fisheries, as well as their socio-economic 
impacts through a participatory bottom-up process. To this end, the most widely applied 
conservation planning software was used, i.e. MARXAN with Zones (Ball et al, 2009; Watts et al, 
2009), to provide alternative management solutions through a transparent and robust analysis. 
The planning exercise takes into consideration the most important biodiversity and fishery 
features present in the area, while socio-economic costs of important uses and existing 
management actions (e.g. Fisheries Restricted Areas, Marine Protected Areas, Natura 2000 
network) are integrated into the proposed plans. 

The process for producing the final Proposed Network of Marine Protected Areas (MPAs) was 
achieved in two main cycles, as shown in Figure 2.2.2. In the first round (Deliverable 4.4a: initial 
MPA network in Cyprus) the study area was identified and divided into management units 
(‘Planning Units’, PUs), the zoning system was defined and finally the required information was 
collated from other WPs and older projects. In the second round (Deliverable 4.4b: proposed 
MPA network in Cyprus), based on the issues and outputs from the previous run, several 
information input files were updated, and implementation strategies and concepts were altered. 
More specifically: 

 The majority of ecological features were replace by the national data prepared for the 
European Environmental Agency (EEA) European Topic Center on Biological Diversity 
(ETC/BD) national reporting, under Article 17 of the Habitats Directive and the 
“Explanatory Notes and Guidelines”, updated on 16/01/2014 and approved by the 
Habitats Committee (Article 17 Reporting 2007 – 2012; 
http://cdr.eionet.europa.eu/cy/eu/art17) 

 New ecological features were added in the analysis (i.e. distribution of corals 
Dendrophyllia ramea;reefs and Tursiops truncatus) 

 The idea for integration with the level of habitats’ vulnerability to invasion using the 
Cumulative IMPacts of invasive ALien species index (CIMPAL index; Katsanevakis et al, 
2016), was abandoned, since (i) the resolution of the CIMPAL index and the underlying 
data reported in Katsanevakis et al. (2016) was too coarse for the needs of the present 

http://cdr.eionet.europa.eu/cy/eu/art17
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study; (ii) restoration cost even if evaluated would be unrealistically high, while 
restoration cannot be guaranteed; (iii) some alien species have gained commercial 
importance for the fisheries sector (Minutes of the Protomedea General Assembly 
Meeting, 22.01.2018) 

 Protection status of several species and conservation targets has been updated 
following a revised version of the IUCN Red List of Threatened species database 
(www.iucnredlist.org), adopting assessments at the regional scale (Mediterranean), 
when this information was available 

 Fishing Restrictive Areas (FRAs) with seasonal prohibitions for gears under study were 
removed from the analysis. Exception was the seasonal closure of Lara Toxeftra MPA 
that was included in the analysis as a permanent closure due to its relevance with 
conservation targets (protection of sea turtles) and its significant protection status 
(SPAMI). 

 FRAs occupying less than 50% of the planning unit size were removed from the analysis 
due to their very small surface area. Other management measures were updated in 
order to represent more realistically the current management status (management 
status occupying less than 20% of the planning unit size were removed). 

 One proposed MPA has been moved to designated MPA status, after the recent 
Presidential Decree 5085 (Number 113, Annex III) by the Ministry of Agriculture, Rural 
Development and the Environment on the 4th May 2018 

 Fishing effort for all gears was recalculated in order to express more realistically the 
spatial distribution of these activities 

 “Army firing areas” were assessed to be in good environmental status due to the 
seasonal closures and the nature of the prohibitions as military base (Petrou A., personal 
communication). This activity was considered to be compatible with the protection of 
marine biodiversity and fish stocks, hence it has been agreed between partners to be 
locked into the protection zones (Zones A and B) 

 Opportunity cost formula was adapted in order to avoid bias due to very small values of 
the cost 

 Zone contribution weights that were based on the IUCN Red Species List database have 
been partially re- assessed and adapted on the particular characteristics of the study 
area, following expert judgement 

 Finally, different scenarios have been developed with high and low targets set for the 
ecological features that are based on (a) the criteria set by the EU legislation and 
recommendations regarding the protection of important habitats and species, along 
with expert judgment (b) stakeholders’ perceptions integrating feedback from Task 4.4 
– “Stakeholder perceptions”, in order to produce alternative solutions that incorporate 
both scientific and local knowledge of actors that are being influenced by decisions. 

 

The suggested plan includes a network of Marine Protected Areas (MPAs) where areas that 
systematically contribute to the biodiversity and fishery targets are identified, and the most 
important human activities are organized in a 3-zone management system. The method respects 
the principles of Systematic Conservation Planning (SCP) under a general Ecosystem-Based 
Management (EBM) framework to fisheries management and attempts to integrate issues such 
as the mitigation of conflicting uses and the cumulative effects of human activities, while 
ensuring the sustainability of commercially important fish stocks and biodiversity. This is the first 
time that such an integrated approach is applied in the Cypriot marine territory seeking to make 
a substantial contribution to the EU demands for the development of MSP, the adoption of 
integrated ecosystem approaches to fisheries management, the protection of marine 
environment and the sustainable exploitation of marine resources (e.g. the MSP Directive 
2014/89/EU; the Common Fisheries Policy; the Marine Strategy Framework Directive 

http://www.iucnredlist.org/
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2008/56/EC; the Habitats Directive 92⁄43⁄EEC; the EU Regulations No 1967/2006 and No 
1343/2011 concerning the sustainable exploitation of fishery resources in the Mediterranean 
Sea etc.). Outputs may provide guidance in management negotiations and decisions through an 
efficient, structured and transparent process, ensure the maintenance of marine ecosystems in 
healthy condition and guarantee the sustainable exploitation of ecosystem goods and services 
in the most effective way. 

Finally, it must be highlighted that this planning exercise is based on available spatial information 
and is considered a snapshot of the current condition. MSP is a continuous, iterative, and 
adaptive process that evolves along with the dynamic nature of the marine environment and 
the increased scientific knowledge on marine ecosystems, their components and interaction 
with human societies (Douvere, 2008). Therefore, decision makers have to continuously learn 
and adapt management plans and strategies whenever new information is available, in order to 
achieve long-term and realistic planning solutions (Katsanevakis et al, 2011). 

 

 

Figure 2.2.2 The main steps for Marine Spatial Planning (MSP) process, along with the links and 
information exchange between Work Packages (WPs) in the Protomedea project as evolved in time, for 
the application of Marxan with Zones Decision Support Tool. Blue boxes indicate initial steps achieved in 
the first run of Marxan with Zones (Deliverable 4.4a: initial MPA network in Cyprus) and input received 
from other WPs, dashed lines indicate that files were updated during the second run of Marxan with 
Zones. Green boxes indicate steps accomplished on the second run to produce the final MSP outputs 
(Deliverable 4.4b: proposed MPA network in Cyprus).  

 

2.2.1 Systematic Conservation Planning: Principles and tools 

 
The main idea behind a planning problem is the selection of areas of high ecological value 
(‘priority areas’) throughout a large number of possible sites (Planning Units, PUs) using 
ecological, social and economic criteria (Figure 2.2.1.1). The selection of priority areas is based 
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on the following principles of SCP (Margules and Pressey, 2000; Stewart et al, 2007): 

 Complementarity –  priority areas identified are complementary to the ones that are 
already protected (i.e. existing management actions, such as MPAs) 

 Comprehensiveness – inclusion of many conservation features that describe the different 
components and aspects of local biodiversity 

 Representativeness – the samples are representative of the overall biodiversity of the area 

 Irreplaceability – areas with unique features are being identified and protected as being 
irreplaceable units for conservation of local biological resources 

 Cost efficiency – the proposed management solutions achieve the conservation targets 
with the least possible cost 

 Adequacy – the proposed management solutions ensure the adequacy of biodiversity 
and fishery resources, taking into account the threats posed by human activities to the 
ecological characteristics and their vulnerability to each activity. 

Given the complexity of locating new conservation areas that meet the principles of SCP, 
Decision Support Tools (DSTs) are frequently used to guide the spatial identification of priority 
areas. The most well-known and widely used DSTs are Marxan (Ball et al, 2009) and Marxan 
with Zones (Watts et al, 2009). These are software that use simulated annealing algorithms to 
find a range of good near-optimal systems of priority areas that meet the conservation 
targets set, while attempting to minimize socio-economic costs for human uses (Wilson et 
al, 2009). 
Marxan provides a spatially binary solution that indicates whether or not a PU belongs to the 
MPA network. Marxan with Zones uses a more sophisticated algorithm, offering the ability to 
integrate many different activities and organise them into a zoning system, which forms a 
management plan. In other words, various zones may be defined where different uses are 
prohibited or permitted within each zone. Zoning allows the spatial allocation of human 
activities in space and the establishment of different objectives within each zone which 
contribute to the overall objectives set in the planning process. This adds greater adaptability 
to the provision of management solutions (Watts et al, 2009). In addition, it has been shown 
that organizing uses into zones offers more realistic plans since it minimizes possible conflicts 
between different interests (Agardy, 2010). 
In both cases of Marxan and Marxan with Zones, biodiversity is represented by a variety of 
ecological characteristics (‘ecological features’) present in an area, and clear conservation 
objectives are set for each one of the features. Objectives are translated into quantitative 
operational objectives, for instance preserving 30% of the population of each species in the 
study area (Leslie et al, 2003). Successful achievement of operational objectives means that 
each ecological feature targeted for conservation (e.g. a species) receives adequate protection 
through the assignment of the species-relevant areas into an MPA network. This means that 
a single PU does not by itself have an intrinsic constant value, but rather its value is a reflection 
of its contribution to the network’s overall objectives (Ardron et al, 2010). 

Ideally, the MPA network achieves targets with the lowest cost for human activities taking 
place in the study area (Carwardine et al, 2009). Usually, this cost is measured in terms of 
socio-economic cost (‘opportunity cost'), defined as the foregone income (or profit) of the 
economic activities that arise, when these activities are excluded from a specific area that 
is established as protected (Naidoo and Ricketts, 2006). Greater cost will be given to areas 
where many different activities take place (or are intensively being used by one activity) 
because these areas (and the resources within) contribute significantly to the income of these 
activities. Therefore, the exclusion of activities within these areas is likely to damage many 
activities (or to damage a lot a single activity that is practiced significantly within the area). 
Consequently, the software will try to avoid establishing any restriction within these areas, in 
order to minimize costs and achieve cheap ('efficient') solutions, if alternatives are available. 
However, sometimes costly PUs that are essential for meeting the conservation objectives 
cannot be avoided (Ardron et al, 2010). 
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Figure 2.2.1.1. The different types of spatial information frequently used in systematic conservation 
planning and spatial prioritisation (human activities, ecological features, study area divided in planning 
units), based on a planning exercise for the establishment of Marine Protected Areas in Fiji (Tulloch et al, 
2015) 

 

Marxan with Zones uses a numerical algorithmic of re-arranging the PUs (simulated annealing) 
to find the best possible spatial solution (Watts et al, 2009). The algorithm aims to minimize the 
total cost of a zoning system, which is the sum of the cost of each PU defined in a particular zone 
k (1st term of Equation 1) and the cost of the connection between two PUs assigned in different 
zones (2nd term of Equation 1): 

Minimize cost: 

 

 

Eq. (1) 

 

 

Where 

m is the total number of planning units (i = 1, ..., m) 

p is the total number of zones (k = 1, ..., p) 
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cik is the cost of assigning a planning unit i in zone k. 

For all PUs i and zones k, xik takes values {0, 1}, where, 

if the PU i (i = 1,  ...,  m)  is  assigned  into  zone  k  (k  =  1,  ...,  p)  xik    =  1,  if  not  

then  xik    =  0. 

 

A PU cannot be assigned into more than one zone, so:  

 

At the same time each zone must achieve the percentages of contribution to the overall 
conservation objectives according to the effectiveness of each zone: 

 

       Eq. 2 

and 

       Eq. 3 

Where 

aij is the amount of the ecological feature targeted for protection j (j = 1, ..., n) in a PU i, 

ejk is the efficiency of zone k contributing to the conservation of the feature targeted for 

protection j 

sj is the overall target fo the feature targeted for protection j 

th is the target for the ecological feature targeted for protection j in a particular zone k 

 

Marxan and Marxan with Zones are tools designed to support decision makers through a 
transparent and robust selection of priority areas, providing alternative solutions even to very 
complex management issues (Ball et al, 2009; Watts et al, 2009). Marxan with Zones has been 
commonly applied in MSP, due to its advantage to support a range of different human 
activities and management actions. For instance, it has been applied for the production of 
marine management plans in California (Klein et al, 2009), the Caribbean (Agostini et al, 2010), 
Indonesia (Grantham et al, 2013) and Israel (Mazor et al, 2014) for providing management 
solutions with capacity to set various types of objectives in the planning exercise (Watts et al, 
2009) 

 

 

2.2.2 Study area and Planning Units (PUs) 

 

The study area (Figure 2.2.2.1) extends in the territorial waters of Cyprus (distance 12nm from 
coast), covering in total 8090 km2. A grid was compiled that divided the study area into 2271 
cells (hereafter planning units, PUs) of 2 x 2 km2size. 
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Figure 2.2.2.1 The study area defined by the territorial waters of Cyprus (12 nm from coastline) and the 
grid of 2 x 2 km 2 square-sized Planning Units (PUs) that was used for the analysis 

 

 

 

 

 

 

 

2.2.3 Zoning plan 

 

A three- zone management plan was decided amongst partners and a general objective was set 
for each zone (Table 2.2.3.1). 
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Table 2.2.3.1 Zoning plan and general target set for each zone 

 

 

The zoning plan contains a list of existing anthropogenic activities that are permitted or banned 
in each zone according to their impacts on the ecological features present in the study area 
(marine habitats, marine species, essential fish habitats) and their consistency with each zone’s 
target (Table 2.2.3.2). Zones varied regarding their effectiveness in protecting the ecological 
features under study, therefore their contribution to the overall targets set differed. 

Zone C (‘General use’ zone) is a zone where all activities are allowed with respect to the current 
legal framework in force (e.g. fishing gear restrictions). Due to the presence of impacting 
activities that may affect the good environmental status of an area, Zone C does not contribute 
to the protection of biodiversity and fish stocks. Consequently, PUs with human activities such 
as aquaculture, big cities and ports present, were excluded from the protection zones since their 
environmental status was considered seriously affected by these uses, and therefore were 
assigned in Zone C. Exception from this rule were the ‘army firing areas’ where, based on the 
partners’ knowledge of the area, this activity was considered compatible with the conservation 
objectives for marine biodiversity and fish stocks, while these areas were assessed in good 
environmental condition due to the presence of relevant fishing restrictions (seasonal restriction 
for all fishing gears; Petrou A, personal communication). For this reason, military firing areas 
were locked in the protection Zones A and B in comparison to all other human uses. 

The poor quality of data available for tourism (number of arrivals at the scale of regions) and the 
lack of threshold for defining massive tourism obliged us to exclude this information as it was 
evaluated that it could add bias to the results. Future H/C extraction was also not included in 
the analysis since this operation falls outside the study area. 
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Table 2.2.3.2 The proposed zoning plan along with activities allowed and prohibited in each zone. In Zone 
C (‘General use’ zone) all human activities are allowed with respect to the current legal framework in 
force, but the zone does not contribute to the protection targets set in the planning exercise. Military 
firing areas were assessed in good environmental status and could potentially contribute to conservation 
targets, therefore were assigned in Zones A and B (Petrou A., personal communication) 

 

 

2.2.4 Ecological components: biodiversity and fisheries related features 

 

Ecological information regarding the distribution of biodiversity in the study area was retrieved 
from (i) scientific (peer-reviewed) and grey literature; (ii) on-line databases; (iii) datasets 
provided to the PROTOMEDEA project by universities (e.g. University of Cyprus), Ministries and 
administrative organizations of Cyprus (e.g. Ministry of Interior, Statistical Service), research 
institutes and NGOs (e.g. BirdLife, MoM etc.); (iv) previous scientific projects (e.g. 
Mediterranean Sensitive Habitats ‘MEDISEH’ project: Mediterranean Sensitive Habitats, 2013; 
Giannoulaki et al, 2013; Martin et al, 2014); (v) EEA- ETC/BD reporting under Article 17 of the 
Habitats Directive updated on 16/01/2014 (Article 17 Reporting 2007 – 2012; 
http://cdr.eionet.europa.eu/cy/eu/art17); (vi) deliverables from previous Tasks in the 
framework of PROTOMEDEA (i.e. distribution of fisheries-related features (Essential Fish 
Habitats - EFH, D-2: Maps of essential fish habitats for the target species). 

In total 41 ecological features were mapped (Figure 2.2.4.1), including a wide variety of marine 
habitats and species encountered in Cyprus that are under strict protection according to EU and 
national legislation, and international conventions. Specifically, the choice of marine habitats 
was based on the definitions provided by the European Union Habitats Directive (92/43/EEC) 
and the EUNIS classification system of European habitats. An additional group of other 
vulnerable ecological features, which do not strictly fit the definition of a “habitat” were also 

http://cdr.eionet.europa.eu/cy/eu/art17);
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considered, as they represent structurally important biotic components that are characterized 
by high vulnerability to anthropogenic stressors, slow growth rates and low resilience. The list 
of animal species was limited to those that are under strict protection status, and whose 
collection and deliberate capture or killing is prohibited according to (i) the Annex II of the 
“Protocol for Specially Protected Areas and Biological Diversity in the Mediterranean” of the 
Barcelona Convention, (ii) Annex IV of the EU Habitats Directive (92/43/EEC) and (iii) the 
Appendix II of the Bern Convention on the Conservation of European Wildlife and Natural 
Habitats. In addition, for bird species (taxonomic group ‘Aves’) apart from the Bird Directive 
2009/147/EC on the conservation of wild birds, additional species important for protection were 
added in the list, based on experts that provided the data. The distribution of ecological features 
used in the analysis is shown in Figures 2.2.4.2-2.2.4.8. Although a significant effort was made 
to retrieve data for the deep part of the study area, the available information was mainly 
concentrated in the coastal zone. 

 

 

 

Figure 2.2.4.1 Number of ecological features per taxonomic or other group used in the analysis 

 

Depending on the original information available, the majority of marine species were expressed 
in the analysis as: 

(i) surface area (km2) of the species and habitats distribution contained in each PU, for the 
information available as full actual, or modelled coverage of species and habitats distribution 
maps (e.g. coralligenous formations, rhodolith beds) 

(ii) surface area (km2) of the PU where the species or habitat is present, for information available 
as presence (i.e. species occurrence) depicting partially the feature’s distribution, under the 
assumption that the entire PU is a suitable area for that feature 

(iii) abundance, indicating the population size of a species (i.e. the majority of seabirds) (iv) 
number of features present in a PU (i.e. marine caves). 

 

Spatial information was organized into a collective geo-spatial database (ESRI ArcGIS 10.2) using 
the ETRS89 Lambert Azimuthal Equal Area (LAEA) projection coordinate reference system, as 
suggested by the European Environmental Agency (EEA) for this kind of spatial analysis. 
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Figure 2.2.4.2 Spatial distribution of marine habitats (Dendrophyllia ramea, coralligenous and reef 
habitats) present in the study area 
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Figure 2.2.4.3 Spatial distribution of marine habitats (marine caves, hard substrate and rhodolith beds) 
present in the study area 
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Figure 2.2.4.4 Spatial distribution of marine habitats (Posidonia oceanica meadows, soft substrate) 
present in the study area 
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Figure 2.2.4.5 Spatial distribution of essential fish habitats (EFHs) for Mullus barbatus and Mullus 
surmuletus in the study area (Deliverable 2.3). Information has been processed in order to select the areas 
that appear to be an appropriate habitat on a stable basis during the study period (expert G. Scarcella) 
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Figure 2.2.4.6 Spatial distribution of essential fish habitats (EFHs) for Upeneus spp. and Pagellus erythrinus 
in the study area (Deliverable 2.3). Information has been processed in order to select the areas that appear 
to be an appropriate habitat on a stable basis during the study period (expert G. Scarcella) 
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Figure 2.2.4.7 Records of seabirds (number of species per Planning Unit, PU) present in the study area 
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Figure 2.2.4.8 Spatial distribution of marine reptiles and marine mammals present in the study area 

 

2.2.5 Setting operational targets on ecological features 

 

Targets for ecological features are intended to quantify the amount required to meet ecological 
objectives (Ban et al, 2013). The target for a conservation feature in the present study was 
expressed as the percentage of its extent (Giakoumi et al, 2012). Overall four scenarios were 
constructed based on the conservation targets for ecological and socio-cultural features (Table 
2.2.5.1). The first two were based on scientific expertise and EU Recommendations (“Scientific 
scenarios”), while the other two were adapted following the stakeholders’ perceptions 
(“Stakeholders scenarios”), as indicated by Task 4.4 (“Stakeholder perceptions”). In both cases 
a high and low targets scenario was proposed, in order to provide multiple alternatives and 
planning options regarding a future consultation and negotiation process. 

Regarding “Scientific scenarios”, the setting of conservation targets was addressed using the 
existing multi- level legislation and science-based expert judgment (Makino et al, 2013). 

Initially, ecological features were clustered into groups on the basis of their protection status 
using the existing legal frameworks for biodiversity conservation and protection of stocks (i.e. 
IUCN Red List, Habitats Directive, Birds Directive, EU Regulation 1967/2006 etc.). Protection 
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status for several species has been updated following the IUCN Red List of Threatened Species 
of the International Association of Nature Conservation (IUCN, 2017) that provided regional 
assessments at the Mediterranean scale, since they were considered more representative and 
valid for the study area. In the case where no regional assessment was available for the 
Mediterranean Sea, protection status at the EU or global level was used. Experts then ranked 
the operational objectives for these groups using quantitative terms (i.e. from 'low' to 'very 
high') and translated them into numerical targets, which were later applied on each feature 
(Ardron, 2003). Specifically, species’ targets were determined based on their classification in the 
IUCN Red List, which ensured for example, that higher operational targets have been set for 
threatened species with declining population trends (Ardron et al, 2010). Species belonging to 
the IUCN Category “Data Deficient” and species not included in the IUCN Red Species List but 
protected by other international legal frameworks, were treated equally to the IUCN Category 
“Vulnerable” in the Scientific scenarios following the definition of this status and the 
precautionary approach. The definition of numerical targets for habitats was based exclusively 
on specific and measurable evaluation criteria recommended by EU (i.e. European Topic Centre 
on Biological Diversity, 2010) and literature review (e.g. Leslie et al, 2003, Stewart et al, 2007). 
Higher targets were set for the ecological features listed as “priority species” (e.g. Caretta 
caretta) and “priority habitats” (e.g. Posidonia oceanica meadows) in the Habitats Directive 
(Directive 92/43/EEC). Similarly, targets for Essential Fish Habitats (EFHs) for the most 
commercially important species (demersal and pelagic fishes) were updated and ranked by 
experts following the respective stock assessment status for each species. Therefore, a species 
that has been assessed as over-exploited has received a higher protection target, in comparison 
to a species that its stock is not over-exploited. In addition, for the ‘Scientific High’ targets 
scenario, targets were further adapted in order to balance possible bias caused by the high 
numerical targets and the type of available information, as suggested by Hermoso et al (2012). 

Regarding the “Stakeholders’ scenarios, stakeholders were provided with a list of protection 
statuses for habitats (priority and non-priority habitats) and species (IUCN threat status) along 
with examples, and a short review of the relevant national and European legal framework that 
refers to target setting. Afterwards, their responses were elaborated by Task 4.4 in order to 
provide specific ranges for numerical targets based on stakeholders’ perceptions. 
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Table 2.2.5.1. Ranking of conservation target scores following the clustering on protection status of important species and habitats include d in the analysis. In the 
‘Scientific scenarios’, targets vary based on the (i) data type (only for the ‘Scientific High’ targets scenario); (ii) fish stock assessments; (iii) existing multi-level legislation 
and (iv) science-based expert judgment. Regarding ‘Stakeholders scenarios’ targets vary based on stakeholders perceptions after surveys conducted under Task 4.4. 
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2.2.6 Socio-economic information: human activities and opportunity cost 

 

The most commonly accounted for and significant cost in marine planning is the opportunity 
cost (Ban and Klein, 2009). The opportunity cost for each zone describes the foregone revenue 
(or 'gain') resulting from the prohibition of maritime activities in each zone, for instance fishing 
profits that are lost when an area is established a Marine Reserve in which fishing activity is 
banned (Watts et al, 2009). Two important economic activities were included in the analysis to 
compile the opportunity cost layer: (i) bottom trawl fishing (OTB); and (ii) small scale (coastal) 
fishing, i.e. fixed nets and longlines with boat length less than 12 meters (SSF). Information 
regarding fisheries was retrieved from Deliverable 2.4. 

The cost for the fisheries sector resulted from the spatial distribution of fishing effort for bottom 
trawlers and small scale fisheries, which was estimated as the “fishing” time spent in each cell 
in one year and was expressed in fishing hours (h; hereafter “fishing effort”). 

For the distribution of fishing effort, information on bottom trawlers and small scale fisheries 
(Figures 2.2.6.1 and 2.2.6.2 respectively) was retrieved from Vessel Monitoring System (VMS) 
data - a satellite based monitoring system, which at regular time intervals provides data to the 
fisheries authorities related to the location, heading and speed of vessels. In the current work, 
primary VMS data for Cyprus were provided by the Department of Fisheries and Marine 
Research and were analyzed. Common errors and outliers in the VMS dataset were filtered out 
and removed by applying the approaches suggested by Bastardie et al (2010); Hintzen et al. 
(2012); Kavadas et al (2014) and Russo et al (2014). Moreover, fishing activity was classified as 
“fishing”, “steaming” or “mooring” on the basis of speed thresholds. It was considered that 
speeds <4 knots for bottom trawlers and <2 knots for small scale fisheries corresponded to 
“fishing”, otherwise the signals were classified as “steaming” (Kavadas and Maina 2012; Maina 
et al, 2018a; 2018b). VMS pings falling within circular buffers of 3 km for bottom trawlers and 
100 m for small scale fisheries around each harbour were classified as “mooring”. An artificial 
increase in VMS pings temporal frequency was also applied. The study area was partitioned in 
grid of 2x2 km square cells and fishing effort was estimated. For the purposes of Marxan with 
Zones, distribution maps of fishing effort from bottom trawlers were used for the year 2015. For 
small scale fisheries, distribution maps of fishing effort were used for the year 2010 as this was 
the year with a complete and reliable dataset of VMS data. 

The fishing effort was standardized by dividing the surface area of each grid cell, in order to 
express fishing effort per year and per km2. The relevant permanent closures for fisheries were 
excluded from the fishing effort layer when their surface area intersected the grid cell of more 
than 50% of its surface (see Section 3.6 “Management measures” for further details). Exception 
from this spatial rule was the Cape Greko area, located in the southern-eastern of the study 
area, since it was very recently established a Marine Protected Area (May, 2018 under the 
national Law C.D.P. 113/2008 N. 5085), and therefore the future cost of this establishment and 
regulations enforcement was taken into account. More details regarding fishing effort 
information may be found in Deliverable 2.4 “Maps of fishing effort”. 
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Figure 2.2.6.1 Spatial distribution of fishing effort for bottom trawling (hours per year per km2), which 
derived from the actual fishing effort values for 2015 (Deliverable 2.4). The information presented here 
has been processed accordingly for the needs of Marxan with Zones analysis. 
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Figure 2.2.6.2 Spatial distribution of fishing pressure index per km2 for small scale (coastal) fishing, for 
the year 2010 in the study area (Deliverable 2.4), representing the respective fishing effort for this activity. 
Information presented here has been processed accordingly for the needs of Marxan with Zones analysis. 

 

Τo express the implementation cost of the proposed management plans in financial terms 
('opportunity cost'), the surrogates for fishing effort (bottom trawling, small scale fishing) were 
weighted based on the relative contribution of the fishing gears of interest (i.e., large-scale 
fisheries/trawlers and small-scale coastal fisheries) to the total value of catch in the study area. 
The relative contribution of each sector to the total value (Table 2.2.7.1) was calculated in 
current prices for 2015 in close collaboration with Task 4.1, and was based on data from the 
Department of Fisheries and Marine Research of Cyprus (Cyprus official DCF data, 2015) 
provided through personal communication. It is noted that not all trawling activity falls within 
the study area. 

 

Table 2.2.6.1 Weights extracted from the relative contribution of each sector to the total value of catch 
in the study area (2015) 
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The opportunity cost C of a single activity j in each planning unit i is: 

 

 

 

where Eij is the normalized value of activity j in each management unit i, and WEj is the 
contribution of each sector to the total in the study area, multiplied by a factor of 1000 for 
optimization reasons. 

 

 

The total opportunity cost  of a PU i in one zone is equal to the sum of the cost of all Ej 
activities banned in that zone: 

 

 

 

 

 

Finally, in all PUs a minimum value of 1 was added, which represents the opportunity cost of 
present and future human activities present in the study area that were not taken into account 
in the analysis, under the precautionary approach. 

 

Other activities operating in the area and pose a threat to biodiversity and fishery resources 
have been integrated into the analysis (Figures 2.2.6.3 – 2.2.6.5). These activities were: (i) the 
coastal front of major urban cities, (ii) large ports, (iii) aquaculture cages, (iv) anchoring areas, 
(v) military disposal areas, (vi) military firing areas, (vii) desalination units. PUs including these 
uses were excluded from the protection zones since their environmental status was considered 
seriously affected by these activities and therefore could not support the protection of 
biodiversity and fish stocks, and were assigned in the ‘General use’ zone (Zone C) in which 
current legal framework is in force but the zone does not contribute to the protection targets 
set. Military firing areas were considered in good environmental status that could potentially 
contribute to the conservation targets (Petrou Antonis, personal communication), therefore 
they were allocated in the two protection zones (Zone A and B). 



 

-184- 
 

 

 

Figure 2.2.6.3 Spatial distribution of human activities and threats present in the study area incorporated 
in the analysis 
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Figure 2.2.6.4 Spatial distribution of human activities and threats in the study area incorporated in the 
analysis. Firing areas are characterised by seasonal fishing gear restrictions, and have been assessed as 
being in good environmenta l status, therefore were assigned in the protection zones (Zones A and B). 
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Figure 2.2.6.5 Spatial distribution of human activities and threats present in the study area incorporated 
in the analysis 

 

2.2.7 Integration of existing management measures in Cyprus 

 

Following the principle of complementarity in SCP, existing management actions (Figures 
2.2.7.1-2.2.7.4) were also incorporated into the new design. This spatial information derived 
directly from the Deliverable 2.2: MPA maps in Cyprus. These actions were: (i) Designated MPAs 
(including respective zoning and relevant prohibitions as established by law); (ii) Proposed 
MPAs; (iii) Specially Protected Areas of Mediterranean Importance (SPAMI); (iv) Natura 2000 
Network (no fishing regulations in force); (v) Artificial reefs; (vi) Wrecks (protected by law; and 
unregulated); and (vii) Permanent spatial restrictions for fisheries (Fisheries Restricted Areas, 
FRAs) at the national and EU level, which consist of prohibitions for bottom trawling (FRA-OTB) 
and small scale fishing (FRA-SSF). 

All management measures used in the analysis were permanent closures for fishing gears under 
study. The only exception from this rule was Lara Toxeftra MPA, which although is characterised 
by temporal (seasonal) restrictions for all gears, it was included in the analysis as a permanent 
measure due to its high relevance with conservation targets (protection of sea turtles) and its 
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important designated status (Lara Tofeftra is also a SPAMI). Consequently, this area was locked 
in the protection zones (Zones A and B). 

Moreover, PUs with overlapping management measures and human impacting activities were 
assessed as areas seriously affected by these activities and therefore could not to contribute to 
the protection of biodiversity and fish stocks. Therefore, the latter were excluded from the 
protection zones and were allocated in the ‘General use’ zone (Zone C), where existing general 
regulations are in force but these areas do not contribute to conservation objectives. Exception 
from this rule was the military firing areas which was also locked in the protection zones (Zones 
A and B). 

Incorporation of management measures in the planning exercise was achieved by assigning PUs 
in the respective zones based on the activities allowed or prohibited under the different 
management status (Table 2.2.7.1). To do so, management measures were grouped based on 
the fishing gear(s) restrictions and were locked in relevant zones. For the mapping of Fisheries 
Restricted Areas (FRAs) a spatial rule was applied in order to depict realistic spatial plans: the 
PUs whose surface area intersected the grid cell by less than 50% were excluded from the 
relevant management status, since it was not considered realistic to assign the whole PU 
because of such a small area. In addition, due to the very small surface area of the rest 
management measures other than FRAs (i.e. proposed and established MPAs and SPAMIs, reefs 
and wrecks), the spatial rule was modified and planning units occupying less than 20% of the 
grid cell have been excluded from the analysis.  
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Table 2.2.7.1 Existing management actions based on permanent gear restrictions integrated into the 
analysis and their assignment into relevant zones in order for the proposed zoning plan and existing legal 
framework to be in accordance. The Lara Toxeftra site which is a Marine Protected Area (MPA) and a 
Specially Protected Area of Mediterranean Importance (SPAMI) has been assigned to Zones A and/or B 
due to the seasonal prohibition for fisheries in force. The only wreck (Zenobia) for which fishing 
restrictions exist was assigned in Zone A respectively, while all other wrecks for which no particular 
prohibition exists by law had the option to belong in Zones A or B in accordance to the existing legal 
framework. In the Natura 2000 network no particular fishing restrictions have been established under this 
protection status. PUs where management measures overlapped with impacting human activities were 
considered degraded, hence were locked in Zone C (“General use”) 
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Figure 2.2.7.1 Existing and proposed Marine Protected Areas (MPAs) and Specially Protected Areas of 
Mediterranean Importance (SPAMIs) incorporated in the analysis (Deliverable 2.2). Lara Toxeftra (MPA 
and SPAMI) includes seasonal restrictions for fishing, however due to its relevance with conservation 
targets (protection of sea turtles) was integrated in the analysis as a permanent restriction and was 
assigned into protections zones (Zones A and B) 
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Figure 2.2.7.2 Existing management measures in the study area incorporated in the analysis (Deliverable 
2.2). “Wreck protected” refers to the only wreck that fishing activity is restricted by national law, in 
contrast to the majority of wrecks where fishing activity is not regulated (“Wreck”) 
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Figure 2.2.7.3 Fisheries Restricted Areas with permanent prohibitions for small sale fishing (FRAs-SSF) in 
the study area incorporated in the analysis (Deliverable 2.2) 
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Figure 2.2.7.4 Fisheries Restricted Areas with permanent prohibitions for bottom trawling (FRAs-OTB) in 
the study area incorporated in the analysis (Deliverable 2.2) 

 

2.2.8 Application of Marxan with Zones for the creation of a MPA network in Cyprus 

 

Calibration was conducted to ensure that the software Marxan with Zones was behaving in a 
robust and logical manner (Ban et al, 2013). The following parameters were appropriately 
adjusted as described below: 

 Boundary Length Modifier (BLM) is a way of quantifying the connectivity of a 
configuration between PUs. Increasing the BLM encourages the software to select 
fewer, larger contiguous areas to meet its targets, while values close to zero tend to give 
more clumped spatial solutions. BLM values were set to 0.0001 for all scenarios, in order 
to fine-tune the degree of the overall clumping in the output design. 

 Feature Penalty Factor (FPF) is a user-defined weighting which controls how much 
emphasis is placed on fully representing a particular ecological feature in the solution, and 
works as a penalty for the software in the case it does not achieve the target set for each 
feature (Watts et al, 2009). This parameter was calibrated to ensure that Marxan with 
Zones was adequately reaching its targets for each input feature. SPF varied from 100 to 
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1000, which ensured that 99% of the conservation targets were reached, where this was 
achievable. 

 Zone boundary cost (ZBC) parameter controls the spatial relationships between the zones 
by assigning a cost associated to the length of the boundaries of each zone. The ZBC 
increases when zones tend to become more compact, although these solutions are 
considered to be more expensive in management terms (Watts et al, 2009). ZBC values 
between zones varied from 0.00001 to 0.01 for pairs of zones, which yielded an 
acceptable balance between the length and cost of zone boundaries (Stewart and 
Possingham, 2005). 

 Zone Effectiveness (or ‘contribution’) explains the different level of contribution each 
zone has for reaching the overall targets set (Watts et al, 2009). The effectiveness of each 
zone depends on the activities allowed or banned in the zone, the degree of restriction of 
human use and the vulnerability of the features to these particular pressures (Makino et 
al, 2013; Wilson et al, 2009). For example, bottom trawling has a serious impact on benthic 
habitats, so Zone B where trawling is prohibited contributes more to the protection of 
these features. Zones’ effectiveness to each ecological feature target was quantified 
based on a combined method of Cumulative Impact Assessment (CIA, Halpern et al, 
2008a) and expert judgment (Klein et al, 2009). The vulnerability weights (Halpern et al, 
2007; 2008b) originating from the CIA were transformed into zone contribution weights 
by simply subtracting from the maximum value and normalization, in order for values to 
range from 0 to 1.  

Calibration of these factors was a time-consuming process that was carried out using the Zonae 
Cogito® software. We ran Marxan with Zones 1000 times. From the simulated results we 
selected the most optimal solution (hereafter ‘best solution’) using 100 million iterations, in 
order to provide an acceptable trade-off of simulated annealing (execution speed) and the 
objective function score (efficiency). High values of number of runs and iterations guaranteed 
the robustness of results in the proposed management plans. 

To identify the PUs of particular ecological importance to achieve the conservation objectives, 
an irreplaceability analysis was performed (Ardron et al, 2010). Irreplaceability analysis indicates 
the most important areas that contribute systematically to the protection of biodiversity and 
fish stocks in the area, and deserve priority in the implementation of management actions (Leslie 
et al, 2003). A PU may be irreplaceable because it contains unique features to protect, or is 
necessary to achieve the species target due to its low cost (Kukkala and Moilanen, 2013). The 
irreplaceability analysis uses the selection frequency of the PUs in each zone (how many times 
a PU was selected in each zone among the 1000 simulated solutions produced by Marxan with 
Zones), and identifies those selected over 60% (Ardron et al, 2010). 

A sensitivity analysis was also performed, in order to test the effect of the various conservation 
features’ targets on the configuration patterns of Marxan with Zones outputs (Ban et al, 2013). 
For the sensitivity analysis ecological features were clustered based on their main taxonomic 
group. To identify which features’ group is more influential and drive the four different 
management scenarios, targets of each group under consideration were set to zero successively 
and a Marxan with Zones was performed each time, keeping all other parameters constant 
(Ardron et al, 2010). 

Finally, the proposed management plans were compared in target-based pairs, by applying a 
second irreplaceability analysis where selection frequencies for each zone were summed for 
pairs of scenarios as follows: 

 Scientific high targets scenario vs. Stakeholders high targets scenario  

 Scientific low targets scenario vs. Stakeholders low targets scenario 

The PUs for each zone that were selected more than 60% of the 2000 runs overall (PUs selected 



 

-194- 
 

more than 1200 times) in the summed scenarios, were identified as an indication of the most 
important areas between the scientific and stakeholders’ perceptions outputs. Such an analysis 
offers an effective way to glean valuable information about priority areas, while acknowledging 
the uncertainty inherent in the delineation of targets, model assumptions and parameters. This 
type of analysis can be used to prioritise marine conservation planning and implementation 
activities across a broad region, indicating which areas within the region consistently contribute 
to meeting the conservation goals (Leslie et al, 2003). 

 

2.2.9 Identification of biodiversity hotspots in Cyprus 

 

The highest density of ecological information was reported in Akrotiri peninsula accounting 
overall 32 species present, followed by Pafos, Akamas peninsula and Cape Greko (Figure 2.2.9.1). 
High recorded biodiversity values in these areas could be either due to the presence of actual 
biodiversity hotspots or due to increased monitoring effort that poses a sampling bias towards 
more poorly studied areas. 

 

 

Figure 2.2.9.1 Number of records of ecological information present in each PU 
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2.2.10 Identification of significant economic areas in Cyprus 

 

In general, opportunity cost for Zone A (“Full protection of biodiversity & stocks”) had the 
highest values since all activities taken into account are prohibited within this zone. This means 
that from a financial point of view these areas are more important for local communities since 
they contribute greater to the national and local economy. The areas with the highest 
opportunity cost in Zone A where Kape Kiti and Limassol, followed by Akrotiri peninsula (Figure 
2.2.10.1). This is mainly due to the overall increased fishing activity reported in these PUs, 
particularly of the small scale fishing which is indicated by the fact that the majority of high cost 
areas are located at the coastal waters. 

On the contrary, Zone B (“Partial protection of biodiversity & stocks”) is characterized by 
generally lower cost values, since only bottom trawling is prohibited within this zone. Higher 
values were recorded in the southern part of the study area, in Limassol, Episkopi bay and in the 
wider area of Petra tou Romiou (Figure 2.2.10.2). These areas are located in the deeper waters, 
since in depths less than 50 m bottom trawling is prohibited (Council Regulation (EC) No 
1967/2006 of 21 December 2006). 

Finally, in Zone C the opportunity cost is zero since all activities are allowed within this zone. 
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Figure 2.2.10.1 Spatial distribution of opportunity cost in Zone A (“Full protection of biodiversity and fish 
stocks”) 
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Figure 2.2.10.2 Spatial distribution of opportunity cost in Zone B (“Partial protection of biodiversity and 
fish stocks”) 

 

2.2.11 Current management condition in Cyprus 

 

From the management measures included in the present analysis, overall 3461.34 km2 
(corresponding to about 42.8% of the study area), are currently under some kind of 
management status at the national or European level, and without necessarily to involve fishing 
prohibitions (i.e. Natura 2000 network). When not considering the Natura 2000 network (no 
fishing regulations are present within these areas), the prohibitions for fishing with bottom 
trawls (OTB) and small scale fishing (SSF) that have been integrated in the planning exercise 
(Table 2.2.11.1) cover 3455.1 km2, which corresponds to 42.71% of the study area. 

Fisheries Restricted Areas (FRAs) is the most important conservation tool in terms of coverage 
in comparison to other management measures taken into consideration in the present study, 
particularly bottom trawling (FRAs-OTB). This is due to fisheries restrictions under the Council 
Regulation (EC) No 1967/2006 for the prohibition of fishery resources exploitation in the 
Mediterranean Sea (ban of bottom trawling at depths ≤50m or at distance 1.5nm from coast, 
and at depths greater than 1000m). Fisheries Restricted Areas (FRAs) for small scale fishing 
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(FRAs-SSF) on the other hand are due to the national legislation and occupy overall surface area 
of 55.82 km2 (corresponds to approximately 0.7% of the study area), as shown in Table 2.2.11.1. 
Second most important management measure for protection is the Natura 2000 network 
covering about 1.6% of the study area. Although no particular regulations for fisheries exist in 
these areas, they are considered important for the protection of biodiversity and fish stocks. 

Proposed Marine Protected Areas (3.81 km2) and wrecks (3.42 km2) occupy the smallest area 
in comparison to other management status. It must be clarified that although in the study area 
the coverage of wrecks is much wider, only one (“Zenobia wreck”) is currently regulated 
regarding fishing activity under a legal framework in the territory. Overall designated Marine 
Protected Areas (MPAs) cover 12.54 km2 from which 5.54 km2 is the Lara Toxeftra MPA (also a 
SPAMI) where seasonal regulations are currently in force for the protection of sea turtles. 

 

 

Table 2.2.11.1. Permanent management measures for bottom trawling (OTB) and small scale fishing (SSF) 

currently in force (area in km2 and % of study area) that were used in the analysis. All areas have been 

calculated with spatial information representing the actual surfaces where this information was available, 
in order to describe accurately the current management status of the study area. “Prohibitions OTB and 
SSF overall” represent the overall surface of existing permanent fishing prohibitions for both OTB and SSF 
(i.e., MPAs; FRAs; artificial reefs; regulated wrecks). “Existing management status overall” represents all 
permanent fishing prohibitions for OTB and SSF in force, including the Natura 2000 network (no fishing 
regulations currently in force). 

 

 

2.2.12 Scientific scenario with high targets set for conservation features (Scenario: 
“Scientific High”) 

 

The output of the planning exercise (‘Best solution’) provides the most optimal run in the 
scenario that best meets targets with the lowest score. The scientific scenario with high targets 
set (“Scientific High”) is presented in Figure 2.2.12.1. 
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Figure 2.2.12.1 The proposed network of Marine Protected Areas (MPAs) of the planning exercise 
(Scenario: ‘Scientific High’) and the suggested 3-zoning management plan 

 

The smallest zone is Zone Β (“Partial protection of biodiversity and fish stocks”) where trawling 
is prohibited and only small scale fishing is allowed. Zone B covers 726.7 km2, which corresponds 
to 8.98% of the study area. This zone includes relevantly important areas for small scale fisheries 
in terms of economic value for this sector (Figure 2.2.12.2). 

Zone A (“Full protection of biodiversity and fish stocks”) follows covering 3006 km2, which 
corresponds to 37.16% of the study area. In this zone no fishing or other impacting human 
activities that pose a threat to marine biodiversity and fish stocks are allowed. In Zone A, the 
adoption of activities compatible with the conservation of biodiversity and fish stocks such as 
ecotourism or diving, are encouraged. Overall, the wide area occupied by Zone A is explained by 
(i) the wide distribution of some species (i.e. Tursiops truncatus); (ii) the high targets set; (iii) the 
high protection status of some species, (iv) the full contribution of this zone to the overall targets 
set, in contrast to the other zones which have partial or no contribution at all for the majority of 
ecological features incorporated in the analysis. Interestingly, the area Moulia (south-western 
part of Cyprus), which had been proposed at the past for MPA but finally its designation was 
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rejected, is located within the full protection zone (Zone A). In addition, the latest designation 
of the MPA “Marine caves of Pegeia” in 2019 located at the western part of the island has also 
been included in the proposed MPA network. 

It is important to note that 83.7% of Zone A (2517.3 km2) is comprised by the deep waters of 
Cyprus (areas deeper than 1000m depth) which is characterised by low opportunity cost (cost 
has the lowest value, C =1) which signifies that no actual fishing activity operates within. The 
latter is because bottom trawling is prohibited in waters deeper than 1000m (Council Regulation 
(EC) No 1967/2006 of 21 December 2006), while for small scale this area is not preferred by 
fishermen because of the high fishing expenses due to the long distance from coast. As a result, 
although this large area of deep waters is proposed to be prohibitive for fisheries, it is not 
expected to impact any of the fishing sectors under study. 

Finally, the widest area is covered by Zone C (“General use” zone) occupying 4357.3 km2, which 
corresponds to 53.86% of the study area. In this zone fishing activities are defined by the 
European and the Cypriot legal framework currently in force while no additional prohibition has 
been incorporated in this zone. 

 

 

Figure 2.2.12.2 Percentage (%) of surface area covered by each zone in the study area for the proposed 
network of Marine Protected Areas (MPAs) of the planning exercise (Scenario: ‘Scientific High’) 

 

In the proposed plan, from the overall 41 ecological components targeted for protection, 39 
targets have been successfully reached above 99%, corresponding to 95.1 % of the overall 
targets set. The species for which targets have not been reached were (i) Phalacrocorax 
aristotelis (reached 0% of the overall target); and (ii) Essential Fish Habitat (EFH) of Mullus 
barbatus (reached 96% of the overall target). Target failure was due to the combined effect of 
the very high targets set for these species, the species’ distribution overlap with human threats 
such as big coastal cities, and the distribution of opportunity cost values, which obliged the 
specific PUs to be allocated in zones with partial or no contribution to the overall targets, instead 
of Zone A (Figures 2.2.12.3 and 2.2.12.4). 
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Figure 2.2.12.3 Spatial overlap between the distribution of Phalacrocorax aristotelis and impacting human 
activities (urbanization) that led to the complete target failure for this ecological feature 
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Figure 2.2.12.4 Spatial overlap between the distribution of Essential Fish Habitat (EFH) of Mullus barbatus 
and impacting human activities (ports, anchoring areas, urbanization, desalination untis) that led to the 
partial target failure for this ecological feature 

 

The majority of PUs characterised by high density of ecological features have been mainly 
assigned in Zones A and B (‘full’ and ‘partial’ protection zones of biodiversity and fish stocks, 
respectively) as expected, since these zones contribute more to the targets. For instance, the 
Akrotiri peninsula that was identified as a biodiversity hotspot in Cyprus has been allocated in 
the proposed plan in the protection zones (Zones A and B respectively). 

The spatial overlap between the density of ecological features present in the study area per zone 
in the proposed management plan, is shown in Figure 2.2.12.5. Examples of the spatial overlap 
between the proposed plan and important ecological features present in the study area are 
shown in Figures 2.2.12.6-2.2.12.12. 
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Figure 2.2.12.5 Spatial overlap of the proposed management plan (Scenario: ‘Scientific High’) and the 
density of ecological features per zone present in the study area 
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Figure 2.2.12.6 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of Essential Fish Habitats (EFHs) for Mullus barbatus and Mullus surmuletus 
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Figure 2.2.12.7 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of Essential Fish Habitats (EFHs) for Pagellus erythrinus and Upeneus spp. 
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Figure 2.2.12.8 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of Posidonia oceanica meadows present in the study area 
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Figure 2.2.12.9 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of coralligenous habitats 
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Figure 2.2.12.10 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of rhodolith (maerl) beds 
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Figure 2.2.12.11 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of the Loggerhead sea turtle Caretta caretta 
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Figure 2.2.12.12 Spatial overlap of the proposed management plan (‘Scientific High’) and the distribution 
of monk seal (Monachus monachus) 

 

Socio-economic cost the implementation of the proposed plan seems to have overall a minimum 
impact (‘opportunity cost’) for human activities, providing a cost- efficient solution for 
management decisions (Figures 2.2.12.13 and 2.2.12.14). It has to be clarified that opportunity 
cost has been weighted in order to be expressed in socio-economic terms and therefore high 
cost values do not necessarily correspond to high fishing effort values. 

In Zone A (“Full protection zone of biodiversity and fish stocks”) all activities are prohibited. 
Areas identified of high opportunity cost, such as the areas in front of Limassol and Larnaca, 
have been generally avoided to be included in Zone A. On the contrary, the majority of Zone A 
is located in areas with low fishing activity such as the Chrysochous bay, parts of Akrotiri 
peninsula and areas with depths greater than 1000m. Therefore, the proposed restrictions will 
have low impact in terms of management implementation, indicating the cost effective solution 
in the management plan. 

In Zone B (“Partial protection zone of biodiversity and fish stocks”) areas of high socio-economic 
importance for small scale fishing (SSF allowed in Zone B) and low socio-economic importance 
for bottom trawling (OTB prohibited in Zone B) respectively, have been selected to be included 
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in this zone. This means that on one hand areas of high opportunity cost for bottom trawlers 
have been avoided to decrease cost for this sector, while popular fishing grounds for small scale 
fishing have been integrated in Zone B to potentially support this activity (e.g. areas between 
Larnaca and Limassol, Episkopi bay, Akamas peninsula and areas around the city of Pafos). 

In Zone C all activities are allowed with respect to the existing legislation, therefore this zone 
has no opportunity cost. 

 

 

Figure 2.2.12.13 Spatial overlap of the proposed management plan (‘Scientific High’) and opportunity cost 
for Zone A (“Full protection of biodiversity and fish stocks”) in the study area 
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Figure 2.2.12.14 Spatial overlap of the proposed management plan (‘Scientific High’) and opportunity cost 
for Zone B (“Partial protection of biodiversity and fish stocks”) in the study area 

 

Overall from the ‘Full protection of biodiversity and fish stocks’ (Zone A, 3006 km2) 92.43% of 
Zone A are currently under some management measure, corresponding to 2778.5 km2 (Figures 
2.2.12.15 and 2.2.12.16), from which the majority is due to the presence of Fisheries Restricted 
Areas (FRAs). The Natura 2000 network follows, occupying 78.3 km2, which corresponds to 2.6% 
of Zone A. Although no specific fishing restrictions exist for the Natura 2000 sites, it is still 
considered an efficient management tool to account regarding the protection of marine 
environment, and it is expected that concrete regulations will be established in the future to 
promote conservation more effectively. 

Regarding Zone B (‘Partial protection of biodiversity and fish stocks’) where only small scale 
fishing is allowed, overall 63.23% of Zone B is currently under some management status, 
corresponding to 459.45 km2 (Figures 2.2.12.17 and 2.2.12.18). The majority of Zone B is mainly 
managed under the Fisheries Restricted Areas (FRAs). 

Zone C (‘General use zone’) is a free activity zone however, existing regulations are in force 
within this zone. As a result, in Zone C the overall surface already under some management 
status is approximately 223.36 km2, corresponding to 5.13% of the zone (Figures 2.2.12.19 and 
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2.2.12.20). Management measures that fall within this zone are due to their overlap with human 
activities that impact these areas and therefore cannot contribute to the conservation targets 
(Figure 2.2.12.21), or due to management measures where no regulations are in force (i.e. 
Natura 2000 and unregulated wrecks). 

The proportions of each management measure in each zone are shown in Table 2.2.12.1 
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Table 2.2.12.1 Percentage of surface area occupied by the various management measures in relation to the overall surface of the (a) s tudy area; (b) 
zones as defined in the zoning system; (c) management status. Surfaces have been calculated in the original data. 
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Finally, in the proposed management plan (‘Scientific High’ scenario) the overall restrictions for 
bottom trawlers (Figure 2.2.12.22) occupy 3954.86 km2, corresponding to 48.89% of the study 
area (Table 2.2.12.2). Bottom trawling restrictions have increased in the proposed plan by 
14.46% (additional surface area 499.76 km2 which corresponds to 6.2% of the study area), in 
comparison to the initial 3455.1 km2 coverage. 

Similarly, the proposed restrictions for small scale fishing (Figure 2.2.12.23) occupy 3045.32 
km2, corresponding to 37.64% of the study area (Table 2.2.12.2). Small scale fishing restrictions 
have increased in the proposed plan by 5355.61% (additional surface area 2989.5 km2 which 
corresponds to 36.95% of the study area), in comparison to the initial 55.82 km2 coverage. 
However, 88.38% of this area (corresponds to 2691.5 km2) is located at depths greater than 
1000m where there is no actual fishing activity, therefore it is expected that the largest part of 
the overall prohibition for SSF in the proposed plan will have no socio-economic impact on this 
sector. 

It must be clarified that for reasons of consistency, maps and areas presented have been 
calculated using management measures derived from the original spatial information, and not 
the processed gridded information used in the actual analysis, in order to represent more 
accurately the present and proposed management status in the study area. 

 

Table 2.2.12.2 Percentages (%) of all the restrictions per fishing practice in the current legislation in 
comparison to the proposed plan, in the study area. Areas have been calculated with the original data. 
For bottom trawling overall proposed area has been calculated as the existing regulations, Zone A and 
Zone B. For small scale fishing overall proposed area has been calculated as the existing regulations and 
Zone A. 
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Figure 2.2.12.15 Spatial overlap of Zone A (‘Full protection of biodiversity and stocks’) with existing 
management measures in the study area. Management measures that do not fall within the zone are due 
to their overlap with existing impacting activities therefore cannot support the zone’s general aim for 
protection. 
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Figure 2.2.12.16 Spatial overlap of Zone A (‘Full protection of biodiversity and stocks’) with existing 
management measures in the study area. FRAs that do not fall within the zone are due to their overlap 
with existing impacting activities therefore cannot support the zone’s general aim for protection. 
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Figure 2.2.12.17 Spatial overlap of Zone B (‘Partial protection of biodiversity and stocks’) with existing 
management measures in the study area. Management measures that do not fall within the zone are due 
to their overlap with existing impacting activities therefore cannot support the zone’s general aim for 
protection. 
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Figure 2.2.12.18 Spatial overlap of Zone B (‘Partial protection of biodiversity and stocks’) with existing 
management measures in the study area. FRAs that do not fall within the zone are due to their overlap 
with existing impacting activities therefore cannot support the zone’s general aim for protection. 
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Figure 2.2.12.19 Spatial overlap of Zone C (‘General use’) with existing management measures in the study 
area. Management measures that fall within this zone are due to their overlap with existing activities 
therefore cannot contribute to the protection targets. In Zone C existing regulations are in force. 
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Figure 2.2.12.20 Spatial overlap of Zone C (‘General use’) with existing management measures in the study 
area. FRAs that fall within this zone is due to their overlap with existing activities therefore cannot 
contribute to the protection targets. In Zone C existing regulations are in force. 
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Figure 2.2.12.21 Spatial overlap of proposed plan with human activities (anchoring, aquaculture, army 
disposal material, big ports, big coastal cities, desalination) in the study area. These areas were assessed 
as impacted due to the presence of human activities, consequently could not contribute to the targets 
(locked in Zone C). Exception from this rule is the ‘army firing areas’ that have been assessed to be in good 
environmental status and the activity is compatible with the conservation of marine biodiversity and fish 
stocks (locked in Zones A and B; A. Petrou, personal communication). 
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Figure 2.2.12.22 Overall existing and proposed permanent fisheries prohibitions for bottom trawling 
(OTB) in the ‘Scientific High’ targets scenario 
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Figure 2.2.12.23 Overall existing and proposed permanent fisheries prohibitions for small scale fishing 
(SSF) in the ‘Scientific High’ targets scenario 

 

Finally, the results of the irreplaceability analysis for each zone and PU identified the most 
important and irreplaceable PUs, due to the ecological features present within that assist in 
achieving the targets set in the planning exercise. 

The PUs selected more than 600 times for Zone A (‘Full protection of biodiversity and fish stocks’) 
of the overall 1000 times runs of Marxan with Zones (Figure 2.2.12.24) were located in 
Chrysochous bay, Lara Toxeftra, around Pafos city, Episkopi bay and parts of Akrotiri peninsula, 
Larnaca bay and Agia Napa. Most of these areas have been allocated in Zone A due to their 
management status (e.g. Lara Toxeftra and Cavo Greko MPAs), while others due to their high 
ecological value (e.g. Akrotiri peninsula). The deep waters (depths greater than 1000m) have 
been selected due to the presence of the common dolphin in the study area. It is suggested that 
these areas should constitute the core of a future MPA network in Cyprus, and it is highly 
recommended that their establishment as MPAs to be considered of high priority. 

In Zone B (‘Partial protection of biodiversity and stocks’) the irreplaceability analysis (Figure 
2.2.12.25) indicated as most important areas for this zone are the western part of Akamas 
peninsula, Pomos, the areas northern and southern of Pafos urban center, Episkopi bay and 
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Akrotiri peninsula, areas between Zygi and Larnaca, Pervolia and Agia Napa. These areas have 
high ecological value on one hand, but on the other they are characterised as popular fishing 
grounds for small scale fishing with high economic value for this sector. 

Finally, as priority areas for Zone C (‘General use’ zone) are the majority of the deep waters in 
the study area where bottom trawling is allowed, Pafos, Larnaca and Limassol bays. In the 
majority of coastal areas present in the general use zone (Zone C) impacting human activities for 
biodiversity and fish stocks are operating, such as big cities, ports and aquaculture, therefore 
have been allocated in this zone (Figure 2.2.12.26). 

 

 

Figure 2.2.12.24 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone A (“Full protection of biodiversity & fish stocks”) 
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Figure 2.2.12.25 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone B (“Partial protection of biodiversity & fish stocks”) 

 



 

-227- 
 

 

Figure 2.2.12.26 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone C (“General use”) 

 

 

 

2.2.13 Scientific scenario with low targets set for conservation features (Scenario: 
“Scientific Low”) 

 

The output of the planning exercise (‘Best solution’) provides the most optimal run in the 
scenario that best meets targets with the lowest score. The scientific scenario with low targets 
set (“Scientific Low”) is presented in Figure 2.2.13.1. 
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Figure 2.2.13.1 The proposed network of Marine Protected Areas (MPAs) of the planning exercise 
(Scenario: ‘Scientific Low’) and the suggested 3-zoning management plan 

 

The smallest zone is Zone A (“Full protection of biodiversity and fish stocks”), covering 401.92 
km2 which correspond to 4.97% of the study area (Figure 2.2.13.2). Zone Β (“Partial protection 
of biodiversity and fish stocks”) follows, covering 3555.87 km2, which corresponds to 43.95% of 
the study area. Finally, the widest zone is Zone C (“General use” zone) that covers 4132.2 km2, 
which corresponds to 51.08% of the study area. In Zone C fishing activities are defined by the 
European and the Cypriot legal framework currently in force. 
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Figure 2.2.13.2 Percentage (%) of surface area covered by each zone in the study area for the proposed 
network of Marine Protected Areas (MPAs) of the planning exercise (Scenario: ‘Scientific Low’) 

 

In the proposed plan, from the overall 41 ecological components targeted for protection in total 
40 targets have been successfully reached above 99%, corresponding to 97.6% of the overall 
targets set. The species for which targets have not been reached was Phalacrocorax aristotelis 
(reached 0% of the overall target). Target failure was due to the spatial overlap of the species’ 
distribution with impacting human threats (i.e. coastal city of Pafos), which obliged the specific 
PUs to be allocated in Zone C (Figure 2.2.12.3). 

The majority of PUs characterised by high density of ecological features have been mainly 
assigned in Zones A and B (‘full’ and ‘partial’ protection zones of biodiversity and fish stocks, 
respectively) as expected, since these zones contribute more to the targets. For instance, the 
Akrotiri peninsula that was identified as biodiversity hotspots in Cyprus, is located in the 
proposed plan in the protection zones (Zones A and B respectively). 

The spatial overlap between the density of ecological features present in the study area per zone 
in the proposed plan, is shown in Figure 2.2.13.3. Examples of the spatial overlap between the 
proposed plan and important ecological features present in the study area are shown in Figures 
2.2.13.4-2.2.13.10. 
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Figure 2.2.13.3 Spatial overlap of the proposed management plan (‘Scientific Low’) and the density of 
ecological features per zone present in the study area 
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Figure 2.2.13.4 Spatial overlap of the proposed management plan (‘Scientific Low’) and the distribution 
of Essential Fish Habitats (EFHs) for Mullus barbatus and Mullus surmuletus 
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Figure 2.2.13.5 Spatial overlap of the proposed management plan (‘Scientific Low’) and the distribution 
of Essential Fish Habitats (EFHs) for Pagellus erythrinus and Upeneus spp. 
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Figure 2.2.13.6 Spatial overlap of the proposed management plan (‘Scientific Low’) and the distribution 
of Posidonia oceanica meadows present in the study area 

 



 

-234- 
 

 

Figure 2.2.13.7 Spatial overlap of the proposed management plan (‘Scientific Low’) and the distribution 
of coralligenous habitats 
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Figure 2.2.13.8 Spatial overlap of the proposed management plan (‘Scientific Low’) and the distribution 
of rhodolith (maerl) beds 
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Figure 2.2.13.9 Spatial overlap of the proposed management plan (‘Scientific Low’) and the distribution 
of the Loggerhead sea turtle Caretta caretta 
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Figure 2.2.13.10 Spatial overlap of the proposed management plan (‘Scientific Low’) and the distribution 
of the monk seal (Monachus monachus) 

 

Ιn the proposed management plan (‘Scientific Low’ scenario) the overall restrictions for bottom 
trawlers (Figure 2.2.13.11) occupy 4179.95 km2, corresponding to 51.67% of the study area. 
Bottom trawling restrictions have increased in the proposed plan by 20.98% (additional surface 
area 724.85 km2 which corresponds to 8.96% of the study area), in comparison to the initial 
3455.1 km2 coverage. 

Similarly, the proposed restrictions for small scale fishing (Figure 2.2.13.12) occupy 444.7 km2, 
corresponding to 5.5% of the study area. Small scale fishing restrictions have increased in the 
proposed plan by, in comparison to the initial 55.82 km2 coverage. 

For reasons of consistency, maps and areas presented have been calculated using management 
measures derived from the original spatial information, and not the processed gridded 
information used in the actual analysis, in order to represent more accurately the present and 
proposed management status in the study area. 

The results of the irreplaceability analysis for each zone for the Scientific Low targets scenario 
are shown in Figures 2.2.13.13-2.2.13.15.  
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Figure 2.2.13.11 Overall existing and proposed permanent fisheries prohibitions for bottom trawling 
(OTB) in the ‘Scientific Low’ targets scenario 
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Figure 2.2.13.12 Overall existing and proposed permanent fisheries prohibitions for small scale fishing 
(SSF) in the ‘Scientific Low’ targets scenario 
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Figure 2.2.13.13 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone A (“Full protection of biodiversity & fish stocks”) 
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Figure 2.2.13.14 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone B (“Partial protection of biodiversity & fish stocks”) 
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Figure 2.2.13.15 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone C (“General use”) 

 

 

 

2.2.14 Stakeholders’ scenario with high targets set for conservation features (Scenario: 
“Stakeholders High”) 

 

The output of the planning exercise (‘Best solution’) provides the most optimal run in the 
scenario that best meets targets with the lowest score. The scientific scenario with high targets 
set (“Stakeholders High”) is presented in Figure 2.2.14.1 
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Figure 2.2.14.1 The proposed network of Marine Protected Areas (MPAs) of the planning exercise 
(Scenario: ‘Stakeholders High’) and the suggested 3-zoning management plan 

 

The smallest zone is Zone Β (“Partial protection of biodiversity and fish stocks”) covering 719.19 
km2, which corresponds to 8.89% of the study area (Figure 2.2.14.2). 

Zone A (“Full protection of biodiversity and fish stocks”) follows covering 3009.47 km2 which 
corresponds to 37.2% of the study area. Similarly, to the ‘Scientific High’ targets scenario, 
Overall, the wide area occupied by Zone A is explained by (i) the wide distribution of some 
species (i.e. Tursiops truncatus); (ii) the high targets set; (iii) the high protection status of some 
species, (iv) the full contribution of this zone to the overall targets set, in contrast to the other 
zones which have partial or no contribution at all for the majority of ecological features 
incorporated in the analysis. Interestingly, the areas Moulia (south-western part of Cyprus) and 
the recently designated MPA “Marine caves of Pegeia” located at the western part of Cyprus 
have also been included in the proposed MPA network. 

It is important to note that 83.95% of Zone A (2526.3 km2) is comprised by the deep waters of 
Cyprus (areas deeper than 1000m depth) which is characterised by low opportunity cost (cost 
has the lowest value, C =1) which signifies that no actual fishing activity operates within, due to 
the Council Regulation (EC) No 1967/2006 of 21 December 2006 for bottom trawlers, and the 
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distance from coast for small scale fishing. As a result, although this large area of deep waters is 
proposed to be prohibitive for fisheries, it is not expected to impact any of the fishing sectors 
under study. 

Finally, the widest zone is Zone C (“General use” zone) that covers 4361.32 km2, which 
corresponds to 53.91% of the study area. In this zone fishing activities are defined by the 
European and the Cypriot legal framework currently in force. 

 

 

 

Figure 2.2.14.2 Percentage (%) of surface area covered by each zone in the study area for the proposed 
network of Marine Protected Areas (MPAs) of the planning exercise (Scenario: ‘Stakeholders High’) 

 

In the proposed plan from the overall 41 ecological components targeted for protection, 39 
targets have been successfully reached above 99%, corresponding to 95.1 % of the overall 
targets set. The species for which targets have not been reached were (i) Phalacrocorax 
aristotelis (reached 0% of the overall target); and (ii) Essential Fish Habitat (EFH) of Mullus 
barbatus (reached 96% of the overall target). Target failure was due to the combined effect of 
the very high targets set for these species, the species’ distribution overlap with human threats 
such as big coastal cities, and the distribution of opportunity cost values, which obliged the 
specific PUs to be allocated in zones with partial or no contribution to the overall targets, instead 
of Zone A (Figures 2.2.14.3 and 2.2.14.4). 

The majority of PUs characterised by high density of ecological features have been mainly 
assigned in Zones A and B (‘full’ and ‘partial’ protection zones of biodiversity and fish stocks, 
respectively) as expected, since these zones contribute more to the targets. For instance, the 
Akrotiri peninsula that was identified as a biodiversity hotspot in Cyprus, is located in the 
proposed plan in the protection zones (Zones A and B respectively). 

The spatial overlap between the density of ecological features present in the study area per zone 
in the proposed plan, is shown in Figure 2.2.14.3. Examples of the spatial overlap between the 
proposed plan and important ecological features present in the study area are shown in Figures 
2.2.14.4-2.2.14.10. 
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Figure 2.2.14.3 Spatial overlap of the proposed management plan (‘Stakeholders High’) and the density 
of ecological features per zone present in the study area 
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Figure 2.2.14.4 Spatial overlap of the proposed management plan (‘Stakeholders High’) and the 
distribution of Essential Fish Habitats (EFHs) for Mullus barbatus and Mullus surmuletus 
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Figure 2.2.14.5 Spatial overlap of the proposed management plan (‘Stakeholders High’) and the 
distribution of Essential Fish Habitats (EFHs) for Pagellus erythrinus and Upeneus spp. 
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Figure 2.2.14.6 Spatial overlap of the proposed management plan (‘Stakeholders High’) and the 
distribution of Posidonia oceanica meadows present in the study area 
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Figure 2.2.14.7 Spatial overlap of the proposed management plan (‘Stakeholders High’) and the 
distribution of coralligenous habitats 
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Figure 2.2.14.8 Spatial overlap of the proposed management plan (‘Stakeholders High’) and the 
distribution of rhodolith (maerl) beds 
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Figure 2.2.14.9 Spatial overlap of the proposed management plan (‘Stakeholders High’) and the 
distribution of the Loggerhead sea turtle Caretta caretta 
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Figure 2.2.14.10 Spatial overlap of the proposed management plan (‘Stakeholders High’) and the 
distribution of the monk seal (Monachus monachus) 

 

In the proposed management plan (‘Stakeholders High’ scenario) the overall restrictions for 
bottom trawlers (Figure 2.2.14.11) occupy 3950.86 km2, corresponding to 48.84% of the study 
area. Bottom trawling restrictions have increased in the proposed plan by 14.35% (additional 
surface area 495.76 km2 which corresponds to 6.13% of the study area), in comparison to the 
initial 3455.1 km2 coverage. 

Similarly, the proposed restrictions for small scale fishing (Figure 2.2.14.12) occupy 3048.82 
km2, corresponding to 37.69% of the study area. Small scale fishing restrictions have increased 
in the proposed plan by 5361.88% (additional surface area 2993 km2 which corresponds to 37% 
of the study area), in comparison to the initial 55.82 km2 coverage. However, it must be 
highlighted that 88.3% of this area (corresponds to 2691.5 km2) is located at depths greater than 
1000m where no fishing activity operates therefore, it is expected that this large area of 
exclusion from fishing in the proposed plan will have no actual socio-economic impact on 
fisheries. 

It must be clarified that for reasons of consistency, maps and areas presented have been 
calculated using management measures derived from the original spatial information, and not 
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the processed gridded information used in the actual analysis, in order to represent more 
accurately the present and proposed management status in the study area. 

The results of the irreplaceability analysis for each zone for the Stakeholders High targets 
scenario are shown in Figures 2.2.14.13-2.2.14.15.  

 

 

Figure 2.2.14.11 Overall existing and proposed permanent fisheries prohibitions for bottom trawling 
(OTB) in the ‘Stakeholders High’ targets scenario. 
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Figure 2.2.14.12 Overall existing and proposed permanent fisheries prohibitions for small scale fishing 
(SSF) in the ‘Stakeholders High’ targets scenario. 
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Figure 2.2.14.13 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone A (“Full protection of biodiversity & fish stocks”) 
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Figure 2.2.14.14 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone B (“Partial protection of biodiversity & fish stocks”) 
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Figure 2.2.14.15 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone C (“General use”) 

 

 

 

2.2.15 Stakeholders’ scenario with low targets set for conservation features (Scenario: 
“Stakeholders Low”) 

 

The output of the planning exercise (‘Best solution’) provides the most optimal run in the 
scenario that best meets targets with the lowest score. The scientific scenario with low targets 
set (“Stakeholders Low”) is presented in Figure 2.2.15.1. 
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Figure 2.2.15.1 The proposed network of Marine Protected Areas (MPAs) of the planning exercise 
(Scenario: ‘Stakeholders Low’) and the suggested 3-zoning management plan 

 

The smallest zone is Zone A (“Full protection of biodiversity and fish stocks”) covering 78.04 km2 
which correspond to 0.97% of the study area (Figure 2.2.15.2). Zone Β (“Partial protection of 
biodiversity and fish stocks”) follows covering 3474.811 km2, which corresponds to 42.94% of 
the study area. Finally, Zone C (“General use” zone) covers 4537.84 km2, which corresponds to 
56.09% of the study area. In Zone C fishing activities are defined by the European and the Cypriot 
legal framework currently in force. 
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Figure 2.2.15.2 Percentage (%) of surface area covered by each zone in the study area for the proposed 
network of Marine Protected Areas (MPAs) of the planning exercise (Scenario: ‘Stakeholders Low’) 

 

From the overall 41 ecological components (marine benthic habitats, EFHs, species) targeted for 
protection, 40 targets have been successfully reached above 99% in the proposed plan, 
corresponding to 97.6% of the overall targets set. The species for which targets have not been 
reached was Phalacrocorax aristotelis (reached 0% of the overall target). Target failure was due 
to the spatial overlap of the species’ distribution with impacting human threats (i.e. big coastal 
city of Pafos), which obliged the specific PUs to be allocated in Zone C (Figure 2.2.12.3). 

The majority of PUs characterised by high density of ecological features have been mainly 
assigned in Zones A and B (‘full’ and ‘partial’ protection zones of biodiversity and fish stocks, 
respectively) as expected, since these zones contribute more to the targets. For instance, the 
Akrotiri peninsula that was identified as biodiversity hotspots in Cyprus, is located in the 
proposed plan in the protection zones (Zones A and B respectively). 

The spatial overlap between the density of ecological features present in the study area per zone 
in the proposed plan, is shown in Figure 2.2.15.3. Examples of the spatial overlap between the 
proposed plan and important ecological features present in the study area are shown in Figures 
2.2.15.4-2.2.15.10. 
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Figure 2.2.15.3 Spatial overlap of the proposed management plan (‘Stakeholders Low’) and the density of 
ecological features per zone present in the study area 
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Figure 2.2.15.4 Spatial overlap of the proposed management plan (‘Stakeholders Low’) and the 
distribution of Essential Fish Habitats (EFHs) for Mullus barbatus and Mullus surmuletus 
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Figure 2.2.15.5 Spatial overlap of the proposed management plan (‘Stakeholders Low’) and the 
distribution of Essential Fish Habitats (EFHs) for Pagellus erythrinus and Upeneus spp. 
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Figure 2.2.15.6 Spatial overlap of the proposed management plan (‘Stakeholders Low’) and the 
distribution of Posidonia oceanica meadows present in the study area 
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Figure 2.2.15.7 Spatial overlap of the proposed management plan (‘Stakeholders Low’) and the 
distribution of coralligenous habitats 
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Figure 2.2.15.8 Spatial overlap of the proposed management plan (‘Stakeholders Low’) and the 
distribution of rhodolith (maerl) beds 
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Figure 2.2.15.9 Spatial overlap of the proposed management plan (‘Stakeholders Low’) and the 
distribution of the Loggerhead sea turtle Caretta caretta 
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Figure 2.2.15.10 Spatial overlap of the proposed management plan (‘Stakeholders Low’) and the 
distribution of the monk seal (Monachus monachus) 

 

Finally, in the proposed management plan (‘Stakeholders Low’ scenario) the overall restrictions 
for bottom trawlers (Figure 2.2.15.11) occupy 3799.93 km2, corresponding to 46.97% of the 
study area. Bottom trawling restrictions have increased in the proposed plan by 9.98% 
(additional surface area 344.83 km2, corresponding to 4.26% of the study area), in comparison 
to the initial 3455.1 km2 coverage. 

Similarly, the proposed restrictions for small scale fishing (Figure 2.2.15.12) occupy 117.37 km2, 
corresponding to 1.45% of the study area. Small scale fishing restrictions have increased in the 
proposed plan by 110.27% (additional surface area 61.55 km2 corresponding to 0.76% of the 
study area), in comparison to the initial 55.82 km2 coverage. 

For reasons of consistency, maps and areas presented have been calculated using the 
management measures derived from the original spatial information, and not the processed 
gridded information used in the actual analysis, in order to represent more accurately the 
present and proposed management status in the study area. 

The results of the irreplaceability analysis for each zone for the Stakeholders Low targets 
scenario are shown in Figures 2.2.15.13-2.2.15.15.  
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Figure 2.2.15.11 Overall existing and proposed permanent fisheries prohibitions for bottom trawling 
(OTB) in the ‘Stakeholders Low’ targets scenario. 
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Figure 2.2.15.12 Overall existing and proposed permanent fisheries prohibitions for small scale fishing 
(SSF) in the ‘Stakeholders Low’ targets scenario. 
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Figure 2.2.15.13 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone A (“Full protection of biodiversity & fish stocks”) 
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Figure 2.2.15.14 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone B (“Partial protection of biodiversity & fish stocks”) 
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Figure 2.2.15.15 Planning Units (PUs) selected more than 600 times out of the 1000 runs that Marxan 
with Zones was applied, for Zone C (“General use”) 

 

2.2.16 Comparison of Marine Spatial Plan scenarios in Cyprus: High targets vs. Low targets 

 

By comparing scenarios through this irrepaceability analysis we aimed to identify planning units 
that are selected more than 60% of the overall runs (in total 2000 runs of Marxan with Zones for 
pairs of scenarios), and these areas can be thought of as being important for efficiently meeting 
conservation objectives for each zone (Ardron et al., 2010). The comparison of the proposed 
management plans for high and low targets set indicated overall high consistency between 
zones in pairs of scenarios. That was an indication also for the robustness of the analysis’ outputs 
that highlights the contribution of specific areas that combine high biodiversity value and low 
cost values. The identified PUs indicate the importance of these areas and highlight that priority 
action should be placed within, while if they are ignored a significant fraction of conservation 
targets proposed by the MSPs is lost. 

For the “Scientific High” and “Stakeholders High” targets scenarios, the most important areas 
identified for Zone A were Chysochous bay, Lara Toxeftra MPA (and SPAMI), the areas close to 
Pafos, Akrotiri Peninsula, Zygi, areas in Larnaca bay and Agia Napa. In addition, a large part of 
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the deep waters (depth greater than 1000m) due to the protection of the common dolphin T. 
truncatus. For Zone B Pomos, Akamas and Akrotiri peninsulas, the area between Perivolia and 
Zygi, and Agia Napa have been identified. The comparison of the proposed management plans 
per zone under the scenarios ‘Scientific High’ vs. ‘Stakeholders High’ is shown in Figures 2.2.16.1-
2.2.16.3. 

In the “Scientific Low” and “Stakeholders Low” targets scenarios, the most important areas 
identified for Zone A were Chysochous bay, Lara Toxeftra MPA (and SPAMI), Akrotiri Peninsula, 
Zygi, areas in Larnaca bay and Agia Napa. For Zone B Pomos, Akamas and Akrotiri peninsulas, 
Episkopi and Limassol bay, the area between Perivolia and Zygi, and Agia Napa have been 
identified. The comparison of the proposed management plans per zone under the scenarios 
‘Scientific Low’ vs. ‘Stakeholders Low’, is shown in Figures 2.2.16.4-2.2.16.6. 

Comparing the outputs of the analysis between high and low target scenarios, the areas 
identified from the irreplaceability analysis are in general much smaller for Zone A in the 
“Scientific Low” and “Stakeholders Low” targets scenarios in comparison to the “Scientific High” 
and “Stakeholders High” targets scenarios. However, for those areas identified in the coastal 
zone where the majority of ecological features are present, a great consistency is noticed 
between high and low target scenarios, indicating their great significance as biodiversity 
hotspots in the study area. These areas contribute to the conservation and may secure the 
sustainability of biodiversity and fish stocks in Cyprus independently from high or low targets 
set. 
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Figure 2.2.16.1 Irreplaceability analysis of the sum of selection frequencies between the proposed 
scenarios ‘Scientific High’ vs. ‘Stakeholders High’ targets set, for Planning Units (PUs) selected more than 
60% times out of the 2000 runs overall, for Zone A (‘Full protection of biodiversity and fish stocks’) 
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Figure 2.2.16.2 Irreplaceability analysis of the sum of selection frequencies between the proposed 
scenarios ‘Scientific High’ vs. ‘Stakeholders High’ targets set, for Planning Units (PUs) selected more than 
60% times out of the 2000 runs overall, for Zone B (‘Partial protection of biodiversity and fish stocks’) 
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Figure 2.2.16.3 Irreplaceability analysis of the sum of selection frequencies between the proposed 
scenarios ‘Scientific High’ vs. ‘Stakeholders High’ targets set, for Planning Units (PUs) selected more than 
60% times out of the 2000 runs overall, for Zone C (‘General use zone’) 
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Figure 2.2.16.4 Irreplaceability analysis of the sum of selection frequencies between the proposed 
scenarios ‘Scientific Low’ vs. ‘Stakeholders Low’ targets set, for Planning Units (PUs) selected more than 
60% times out of the 2000 runs overall, for Zone A (‘Full protection of biodiversity and fish stocks’) 
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Figure 2.2.16.5 Irreplaceability analysis of the sum of selection frequencies between the proposed 
scenarios ‘Scientific Low’ vs. ‘Stakeholders Low’ targets set, for Planning Units (PUs) selected more than 
60% times out of the 2000 runs overall, for Zone B (‘Partial protection of biodiversity and fish stocks’) 
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Figure 2.2.16.6 Irreplaceability analysis of the sum of selection frequencies between the proposed 
scenarios ‘Scientific Low’ vs. ‘Stakeholders Low’ targets set, for Planning Units (PUs) selected more than 
60% times out of the 2000 runs overall, for Zone C (‘General use zone’) 

 

Finally, the sensitivity analysis showed that overall targets are driving the management plan 
output for all scenarios, rather than the opportunity cost. More specifically, the conservation 
features that had major influence on the proposed network of Marine Protected Areas (MPAs) 
and the distribution of all zones in the planning exercises were primarily the taxonomic group of 
Mammals, and secondly the distribution of habitats. This is due to the wide distribution of 
Tursiops turncatus (‘Mammals’) in the study area represented by large continuous areas where 
the species is present, along with the very high targets set since most of them have high 
protection status. These reasons forced Marxan with Zones to include large surface areas into 
Zone A which combine high contribution to conservation targets and relevantly low cost values, 
in order to reach the conservation objectives set. 

Less effect in the configuration of management plans for Zone A, had the taxonomic groups of 
Reptiles, Aves and Essential Fish Habitats (EFHs). Zone B was influenced by the taxonomic groups 
of Aves, Cnidaria and Reptiles. 
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2.2.17 Conclusions 

 

As a response to the EU calls for achieving sustainable management of marine resources by 
implementing ecosystem-based Maritime Spatial Planning (MSP), the present study aimed to 
provide spatial solutions in Cyprus that maximize the economic benefit of local communities 
while protecting the marine environment and its resources. 

For this reason, the spatial optimisation tool Marxan with Zones (Watts et al, 2009) was applied 
in order to suggest a network of MPAs integrated into a three-zoning system plan where human 
activities are organised within these zones. A precautionary ecosystem-based approach oriented 
towards fisheries management was implemented that targeted the protection of biodiversity 
features and important habitats for fish stocks and fisheries, taking into consideration the socio-
economic costs that represented important activities in the area, such as fisheries. Four 
alternative solutions were delivered by setting various conservation targets that considered EU 
recommendations, scientific knowledge and stakeholders’ perspectives about critical issues for 
conservation in the study area, in order to assist decision making and add flexibility to future 
negotiation with stakeholders. The adoption of multiple conservation zones facilitated the 
allocation of human activities in space and increased the capacity of the proposed plans, adding 
flexibility to accommodate the objectives of various users and mitigating conflicts between 
activities, in comparison to other traditional planning processes (Crowder et al, 2006). 
Incorporation of opportunity costs into the analysis on the other hand assisted in providing cost-
effective solutions that assured the implementation of the proposed plans with the least 
possible impacts on resource users (Carwardine et al, 2008). The vast majority of the additional 
areas proposed for prohibition of trawling and small scale fishing were of low economic value 
for fisheries, while popular fishing grounds for each gear have been excluded from the relevant 
restrictive zones. For instance, in scenarios with high ecological targets more than 85% of the 
proposed prohibited areas for bottom trawling and small scale fishing were located in depths 
greater than 1000m where no actual fishing activity is operating, as indicated by the distribution 
of fishing effort which was verified by fishermen during the stakeholder workshops conducted. 
Therefore, it is expected that a large proportion of the suggested fisheries ban will have no actual 
socio- economic impact on fisheries. 

The proposed plans achieved the majority of operational targets that were set regarding the 
protection of conservation features in Cyprus. The main reason of target failure was due to the 
overlap of important biodiversity features and existing uses that were incompatible with their 
conservation. Although not all targets have been fully reached, the amount of protection of 
biodiversity and fish stocks achieved in the proposed plans highlights the importance of adopting 
spatial prioritization approaches and evidence-based MPA planning tools such as Marxan with 
Zones. 

Conflicts between conservation and human activities were also identified during the analysis 
(Figures 2.2.17.1-2.2.17.2). This fact was even more evident in artificial reefs and wrecks which 
frequently overlapped with impacting human activities such as big cities and ports, implying 
inadequacy of current management to effectively protect the marine environment and its 
resources. In these cases, impact assessments must be conducted to better understand the level 
of influence from each activity to the various ecological features present in those areas. At a 
second step, the political leadership and competent administrative authority will have to decide 
whether these areas should be considered as a priority for the development of socio- economic 
activities, or as irreplaceable areas for the effective protection of critical species and habitats, 
taking into consideration these assessments. In the latter case, the development of socio-
economic activities can be spatially relocated or be implemented in a mild way so that the 
marine environment and its components are not jeopardized, and restoration actions should 
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take place wherever this is feasible in order to increase the conservation capacity of these areas. 

 

 

Figure 2.2.17.1 Conflicts between management actions for conservation and human 
development, indicated by the spatial overlap of artificial reefs and the various human threats 
present in the study area 
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Figure 2.2.17.2 Conflicts between management actions for conservation and human development, 
indicated by the spatial overlap of wrecks and the various human threats present in the study area 

 

The suggested plans are fully in line with the national and European legal framework and current 
management in the study area under the principle of complementarity in Systematic 
Conservation Planning (SCP). For instance, regulated wrecks were all fishing is prohibited were 
allocated in Zone A, or in the ‘General use’ zone (Zone C) for the areas overlapping with human 
threats that were assessed as degraded and therefore could not contribute to conservation 
targets. On the contrary, MPAs where permanently all fishing practices are prohibited and did 
not overlap with any human activities, were all allocated in Zone A. However, it must be clarified 
that the present planning exercise may provide advice to planners only for the activities that 
have been incorporated in the analysis. 

Moreover, integration of the complex legal framework for managing fishing activities in the 
study area was an extremely challenging procedure. A Fisheries Restrictive Area (FRA) may 
target directly to the protection of biodiversity and fish stocks, but may also impose prohibitions 
aiming at maritime and food consumption safety due to the presence of an impacting human 
activity, implying in the latter case degraded areas unsuitable for designating marine reserves. 
Moreover, restrictions may vary between different management statuses, or may be vague such 
as the case of the Natura 2000 network where no particular law exists that prohibits fishing 
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activities within these areas. This amplified the difficulty of integrating different concepts and 
information into zones and augmented the complexity of the analysis in general. In any case, it 
is concluded that FRAs are the most effective tool in terms of surface area that currently exists 
in the study area for the protection of the marine environment in comparison to all the other 
management actions examined in the present study. 

Areas of high ecological importance (‘priority areas’) in the study area that are considered 
irreplaceable for reaching the conservation and fishery targets, were also identified for each 
zone in the proposed management plans. This analysis was conducted for each individual 
scenario, but also in pairs of scenarios aiming at high and low targets respectively (i.e. between 
“Scientific High” and “Stakeholders High” scenarios, and between “Scientific Low” and 
“Stakeholders Low” scenarios respectively). Overall, there was consistency between all 
scenarios regarding the most significant areas that combined high biodiversity value and low 
cost for each zone. These areas contribute significantly to the conservation and sustainability of 
biodiversity and fish stocks in the study area independently from high or low targets set. That 
was also an indication for the robustness of the analysis’ outputs highlighting the contribution 
of these areas to conservation targets in a systematic way. Regarding the areas identified 
particularly in Zone A, due to their ecological significance, it is highly recommended that their 
establishment as Marine Reserves should be listed as priority in management actions. Excluding 
some of these areas or ignoring the high protection status required to be established, would 
signify that an important fraction of the conservation targets proposed by the MSPs is misplaced. 
In Zone A, the adoption of activities compatible with the conservation of biodiversity and fish 
stocks such as ecotourism or diving are encouraged. For Zone B additional prohibitions for 
trawling should be established under the status of permanent FRAs that directly target for 
conservation of marine biodiversity and fisheries resources. 

Although a great effort was made to select the most updated and representative spatial 
distribution of important ecological features present in the study area, still there are significant 
gaps particularly in greater depths. As indicated by the sensitivity analysis, the outputs of the 
scenarios have been influenced primarily by the spatial distribution of marine mammals, and 
secondarily by reptiles and birds. It is expected that new information will assist in the production 
of more efficient and holistic planning designs in the future, particularly for areas which 
currently have limited information. 

 

MSP is a dynamic and transparent participatory process where stakeholders develop a mutual 
understanding of information and reach a common consensus for producing an acceptable 
solution to the various sectors involved (Pomeroy and Douvere, 2008). SCP approach is one of 
the best tools currently available for constructing effective management plans and identifying 
well-designed MPA networks that minimize impacts on existing resource uses, while protecting 
a representative range of biodiversity much more efficiently in comparison to fragmented 
approaches employed in the past (Hermoso et al, 2012; Klein et al, 2008a;b; Wilson et al, 2009). 
However, the establishment of MPAs is often controversial as the restriction of human activities 
may have negative impacts for sectors and users affected by these decisions (Christie, 2004; 
Hattam et al, 2014; Oracion et al, 2005; Stump and Kriwoken, 2006). Particularly in the 
Mediterranean Sea that compliance is a major limiting factor, participatory planning is expected 
to provide multiple benefits in reserve design and implementation (Fenberg et al, 2012; 
Pomeroy and Douvere, 2008). 

This is the first time that such an integrated approach is implemented in Cyprus, which 
incorporates the complexity of planning, and accounting for diverse types of information and 
concepts. Other studies have also identified priority areas in Cyprus (e.g. Micheli et al, 2013b 
and references therein), however all of them applied a single-objective approach that 
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considered simply one or a number of ecological features, and mainly focus outside the limits of 
the study area. Complex scenarios have been developed using a step- by-step approach that 
considered current and future planned activities (e.g. proposed MPAs) and a variety of threats 
for marine biodiversity and fish stocks. To improve the efficiency and flexibility of the planning 
process in Cyprus, we have proposed alternative solutions were stakeholders’ perspectives and 
feedback from scientists have been integrated in the analysis, to better assess the trade-offs in 
terms of socio- economic and ecological implications of the management actions suggested. 
Outputs aim to promote adaptive management and guide decisions by providing a baseline 
during a future negotiation process in Cyprus. The strategy followed here is in line with most 
recent examples and efforts made by other EU Member States that need to create MSP plans 
and carefully balance economic considerations while protecting marine biodiversity in their 
seas, or help mitigate the impacts of neighbouring natural resource development and 
exploitation (e.g. Mazor et al, 2014; Virtanen et al, 2018). 
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3. Mapping of essential fish habitats, and the effect of MPA in achieving the 

Maximum Sustainable Yield (MSY) objectives of the Common Fisheries Policy 

(CFP) 
 

3.1 Mapping fishing effort in the study areas 
 
This section constitutes the work that has been carried out within WP2: Current MPA status 
in the Eastern Mediterranean under D-2.4: Mapping fishing effort in the study areas. In recent 
years, the application of a Vessel Monitoring System (VMS) in Europe allowed an analysis of 
the spatio-temporal distribution of fishing effort in high resolution (Lee et al., 2010), for 
vessels with total length >12 m (EC, 2003). VMS is a satellite-based monitoring system which 
at regular intervals provides data to the fisheries authorities on the location, course and speed 
of fishing vessels (Fig 3.1). VMS is nowadays a standard tool of fisheries monitoring and control 
worldwide. The EU legislation requires that all coastal EU countries should set up systems that 
are compatible with each other, so that countries can share data and the Commission can 
monitor that the rules are respected. Another case is, when VMS data are requested in the 
context of a specific investigation and provided by the Member State as a file containing VMS 
positions. At the Commission, the data are processed under the responsibility of the Head of 
Unit MARE/D4 (Directorate-General for Maritime Affairs and Fisheries, Directorate D: 
Mediterranean and Black Sea), acting as the Controller. 

http://ec.europa.eu/dgs/maritimeaffairs_fisheries/index_en.htm 
 

 

 

Fig 3.1: VMS technology (FAO, 2005-2014) 

 

http://ec.europa.eu/dgs/maritimeaffairs_fisheries/index_en.htm
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The essential components of VMS function are: tracking vessel locations, identifying possible 
fishing activity and providing a means of communication. Examples of management rules 
where VMS could be effective will probably include restrictions related to geographic areas 
(Murawski et al., 2005). The analysis of VMS data can also be a significant input for several 
modelling approaches combining VMS data with bathymetry, environmental and 
oceanographic data, fisheries data (catches, landings, discards), sea bottom types and habitats 
(Kavadas et al., 2014, Maina et al., 2016). 

In addition, despite the high significance of small-scale fisheries in the Mediterranean Sea, 

the vast majority of the small scale vessels do not meet the criteria of currying the VMS. 

Therefore, there is no actual estimate of their fishing footprint on a spatial scale. With the 

intention of contributing to the implementation of a future maritime spatial plan, it was 

decided to analyze data from the small scale fisheries sector of Greece. The potential fishing 

footprint/intensity was derived by means of Multi Criteria Decision Analysis (MCDA) with the 

aspiration to serve as a valuable source of information for efficient spatial planning (Kavadas 

et al., 2015). 

 

3.1.1 Estimation of fishing effort from trawlers, purse seiners and small scale fisheries 

based on VMS data 

3.1.1.1 VMS data availability and use 

 

According to Commission Regulation (EU) No 2244/2003, fishing vessels higher than 12 

meters in total length, are obliged to be equipped with VMS, which at regular time intervals 

(every two hours) provides data to the fisheries authorities related to the location, heading 

and speed of vessels. VMS data are characterized as “confidential” and are provided after 

relevant application document by the responsible authority and there is a commitment that 

the data will be used only for research purposes and never the activity of a specific vessel will 

be reported. This means that the identification number of the vessel is protected and does 

not become visible anywhere. 

The specification and actual measurement of fishing effort have long posed problems for 

fishery researchers and managers (Caddy & Griffiths, 1995). Several methods have been 

developed and applied to VMS data to obtain estimates of fishing effort (Lee et al., 2010). In 

the current work, primary VMS data for the years 2009-2015 were analyzed in the study areas 

(Greece and Cyprus). 

 

3.1.1.2 VMS data and fishing fleet characteristics for each case study 

 

For Greece VMS data were provided by the Hellenic Ministry of Maritime Affairs, Islands and 

Fisheries (following a requesting procedure). VMS data are characterized as confidential, and 

only the results obtained from the analysis of data may be published. The available datasets 

cover the period from January 2009 until December 2015. The Fisheries Data Center of the 

Institute of Marine Biological Resources and Inland Waters is responsible to host the data, to 

evaluate, analyze and distribute the results of the analysis in maps or in statistical tabulated 
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matrices. 

In Greece, all trawlers (282 vessels) are equipped with VMS, while 225 purse seiners and 70 

coastal vessels have total length greater than 15 meters and therefore are equipped with 

VMS (fleet register in 2015; Kavadas eta al., 2013). The majority of coastal fishing vessels are 

not obligated to have VMS due to small length size. 

For Cyprus VMS data were provided by the Department of Fisheries and Marine Research 

upon a request. The VMS system has been in use since 2004 on the polyvalent vessels > 12 

m, trawlers and the single purse seine vessel. The coastal vessels were equipped with VMS 

system for the period 2007 - 2011. Currently the system works on the two remaining trawlers 

in the fleet and some 26 polyvalent vessels which mainly target large pelagic. 

 

3.1.1.3 Primary analysis of VMS data 

 

The primary analysis of VMS data was based on VMSbase an R package which is devised to 

manage, process and visualize information about fishing vessels activity (provided by VMS) 

and catches/landings (as reported in the logbooks) (R Development Core Team, 2014; Russo 

et al., 2014). Methodologies include data cleaning, that is removal of redundant or evidently 

erroneous records, and data enhancing, that is interpolation and merging with external data 

sources. On that basis, common errors and outliers in VMS dataset were filtered out and 

removed. Some common errors in VMS dataset are: 

 vessel positions on land 

 implausibly high speeds (> 20 knots) 

 headings outside a compass range (0-359 degrees) 

 duplicate records. 

In addition, the interpolation refers to the artificial increase in VMS ping temporal frequency 

obtained by applying a mathematical algorithm that estimates position, speed and course at 

times that are not recorded (Russo et al., 2011). In general, this step is needed in order to 

ensure fisheries data from VMS have proper temporal detail, as the standard frequency of 

native data is generally low (i.e. around 2 hours). To this end, VMS dataset were enhanced 

using interpolation techniques. Moreover, sea bottom depth for each ping was further 

assigned. 

Classification of fishing activity as “fishing”, “steaming” or “mooring” consist one of the most 

important processes in VMS data analysis. Speed thresholds for trawlers, purse seiners and 

small scale fishing vessels depending on depth stratum, experimental sampling and onboard 

observations, were used in order to define the “fishing” activity. It was considered that for 

bottom trawlers VMS readings of speed < 4 knots correspond to “fishing” otherwise the 

signals were characterized as “steaming”. In the same way, VMS readings of speed < 2 knots 

for purse seines and small scale fishing vessels were characterized as “fishing”. VMS pings 

falling within a circular buffer around each harbor classified as ‘‘mooring’’. The distance 

threshold characterizing ‘‘mooring’’ was 3 km for trawlers, 300 m for purse seiners and 100 

m for small scale fisheries. Since the information derived by the electronic logbooks was not 

available for both case studies, analysis of logbook data was not performed. 
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3.1.1.4 Estimation of fishing effort 

 

The final step of the analysis comprises the estimation of fishing effort which is typically 

computed as the amount of fishing effort deployed in each element (i.e. 2×2 grid cell size) of 

a given space partitioning. For modeling purposes, fishing effort was finally expressed in 

fishing hours, in days at sea, days×GT and days×KW (Kavadas & Maina, 2012; Kavadas et al., 

2014; Maina et al., 2016; Maina et al., 2018a). The estimation of fishing effort expressed in 

fishing hours was based on the VMS data enhancement procedure using interpolation 

techniques (Russo et al., 2011). Since the standard frequency of the native dataset was 

around 2 hours and the frequency of the interpolated dataset was increased at 10 minutes, 

estimation of fishing hours by grid cell calculated as the total number of fishing signals with 

10 minutes’ frequency divided by 6. The estimation of fishing effort in days at sea, days×GT 

and days×KW, was based on a multi-step procedure assuming that each vessel can visit a 

fishing rectangle (i.e. grid cell 2×2 km) more than once a day; therefore, a weighted value 

was attributed to each rectangle depending on the number of visits it received within 24 h 

(Table 3.1.1.4.1). Fisheries Restricted Areas were also excluded from the final fishing effort 

maps in Aegean Sea (Petza et al., 2016; 2017). 

 

Table 3.1.1.4.1: Methodology to estimate the fishing effort by grid cell expressed in days at sea, 

days×GT and days×KW 
 

(a) Each group of signals spatially joined to the related grid cell (2×2 km) 
 

(b) Calculate the number of signals (p) per vessel (v) 

and day (d) 

 
Τv,d=count(pv,d) 

(c) Calculate the number of signals per grid cell (c), 

vessel and day 

 
Τc,v,d=count(pc,v,d) 

 

(d) Allocate weight in each grid cell per vessel and 

day. The resulting value is multiplied by gross tonnage 

(GT) and power engine (KW) 

Ec,v,d= Τv,d,c / Τv,d (≤1) 

Σ Ec,v,d=1 (one “fishing day”) 

Gc,v,d= Ec,v,d×GTv 

Wc,v,d= Ec,v,d×KWv 

 

 
(e) Estimation of fishing effort by 2×2 grid cell 

DSc= ΣvΣd Ec,v,d 

GTDc=ΣvΣd Gc,v,d 

KWDc=ΣvΣd Wc,v,d 
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3.1.2 Estimation of fishing effort from small scale fisheries based on MCDA 

 

Since primary data on fishing vessels locations were not available for small scale vessels, a 
methodological approach based on MCDA has been employed to estimate a fishing pressure 
index for the small-scale fishery (FPc) in the Greek study area. This methodology produces 
fisheries footprint by taking into consideration several interactions with other anthropogenic 
or environmental factors. The methodology is further described on Kavadas et al., 2015, and 
it is considered as a modified work based on data from 2009 to 2015 for the case study area. 
Several methods and processes such as the Analytic Hierarchy Process (AHP) and Fuzzy logic 
were applied in an effort to solve the multiple criteria problem. FPc was perceived as the fuzzy 
product of two indices:  the coastal fishery suitability index (Sc) and the activity index (Ac) 
based on the spatial distribution of registered small scale fishing vessels in the Greek study 
area: 

FPc = Sc×Ac 
To this end, we identified the most influential components and criteria affecting small-scale 
coastal fishing. Each criterion was assigned a grading value by expert judgment; a rank of order 
of importance. The final rankings used for all criteria under study (Table 3.1.2.1). The criteria 
were the following: 

 bathymetry (source: University of the Aegean, HCMR) 

 distance from coastline (ESRI, 2011) 

 Chl-a annual concentration (period: 2009- 2015, source: http://oceancolor.gsfc. 
nasa.gov/cms/) 

 fisheries restricted areas for small scale fisheries (legislation, source: Petza et al., 2016; 
2017) 

 marine traffic activity based on ferries and cargos (source: http://www.marinetraffic.com) 

 bottom trawlers and purse seiners annual fishing effort (period: 2009- 2015) 

 no-take zones: aquaculture farms, depth >500 m. 
 
  

http://oceancolor.gsfc/
http://oceancolor.gsfc/
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Table 3.1.2.1: Ranking* of the criteria taken into account in MCDA 

 
*The higher the grade, the most likely this area is for coastal fishing activities 

 
 
 
 
Sc estimation from the investigated criteria proceeded in the following steps: (i) creation of 
spatial information and calibration of each criterion according to a scale of evaluation and 
formation of the hierarchical structure of the multiple criteria problem; (ii) implementation of 
the AHP to estimate the relative importance of the evaluation criteria; (iii) application of the 
Weighted Linear Combination method (WLC) using the weights (priority vectors) to estimate 
the suitability index (Table 3.1.2.2); (iv) standardization on a scale from 0 to 1 with linear Fuzzy 
Membership (FM). 
 
 
 
 
 
 
 

Bathymetry (meters) Grade 
 Marine traffic activity 

  (cargos & ferries)  
Grade 

0 - 50 m 4  Absence of Marine traffic 4 

50 m - 100 m 3 
 High coast distance from marine 

traffic (3 nm – 6 nm) 
3 

100 m - 200 m 2 
 Medium coast distance from marine 

traffic (1.5 nm - 3 nm) 
2 

200 m - 500 m 1 
 Low coast distance from marine 

traffic (≤ 1.5 nm) 
1 

  >500 m  0     

  Distance from coast (nautical miles)  Grade     Bottom trawl fleet effort  Grade  

≤ 1.5 nm 4  Absence of effort 4 

1.5 nm - 3 nm 3  Low 3 

3 nm - 6 nm 2  Medium 2 

  > 6 nm  1     High  1  

Sea Surface Chlorophyll (Chl-a) (mg/m3) Grade    Purse seine fleet effort  Grade  

Eutrophic waters: > 0.793mg/m3 4 
 

Absence of effort 4 

Upper mesotrophic waters : 0.46 mg/m3 - 
0.793mg/m3 

3 
 

Low 3 

Medium mesotrophic waters: 0.23 mg/m3 - 
0.46mg/m3 

2 
 

Medium 2 

Lower mesotrophic waters: 0.1 mg/m3 - 
0.23 mg/m3 

1 
 

High 1 

Legislation Grade 
 No-take Zones 

(Boolean value 0=yes; 1=no) Grade 

available areas 4 
 

Aquaculture farms 0 

ban from 1 to 3 months 3    
   depth >500m 0 

ban from 3 to 5 months 2    

  ban for 12 months  0     available areas  1  
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Table 3.1.2.2: The weights (priority vectors) for each criterion based on AHP and expert judgement 

 
 

The Ac for the coastal fishing fleet by registration port (VAIp) was based on vessels’ length and 

Gross tonnage (GT) for the years 2009- 2015. The methodology used to estimate Ac consisted 

of the following steps: (i) implementation of the optimal interpolation method on VAIp to 

estimate values at a spatial cell level (VAIc); (ii) implementation of the optimal FM in VAIc, to 

represent numerically the degree to which a given measure of criteria within a grid cell belongs 

to a fuzzy set. The study area was gridded with a spatial resolution of 2×2 km. Each of these 

cells was assigned the corresponding values for each of the MCDA modelled criteria. 

 

3.1.2.1 Validation of the MCDA method based on questionnaires 

 
The main datasets that were used for validation purposes were the following: 

 Information from interviews and questionnaires from twenty-seven (27) small-scale 
fishers. 

 The fishing pressure (spatial) index for the small-scale fishery (FPc) based on MCDA 
method. 

The information from interviews and questionnaires was gathered from 27 small-scale fishers 
in selected ports of the central Ionian Sea i.e. Astakos, Kalamos, Mytikas, Argostoli, Asos, 
Liksouri, Poros and Sami. This information was collected in the framework of ECOAST project 
(Era-net COFASP). Particularly, a mapping exercise was carried out and the small-scale fishers 
were provided information on the fishing grounds in the area. In this exercise, the fishers were 
drawn the fishing grounds and noted the hotspot areas as well as the less important areas for 
fishing. The produced images were digitized and were further analysed using ESRI’s ArcGIS 
software (ESRI, 2011). Maps of approximate fishing pressure by vessel were produced and 
grading values were given as follows: 

 a grading value 3 was given to the areas noted as hotspots (highly important fishing 
grounds) 

 a grading value 2 was given to the areas noted as moderate important fishing grounds 

 a grading value 1 was given to the areas noted as less important fishing grounds 
The maps of the approximate fishing pressure (with grading values from 1 to 3), were spatially 
aggregated in order to explore the total fishing pressure based on the noted fishing grounds 
used by the vessels of the 27 small-scale fishers that participated in the mapping exercise. 
Namely, for each spatial unit (i) with cell size 2x2 km, an approximate fishing pressure (IFPi) 
was calculated. 
 

Criterion Weights 

Bathymetry 0.315 

Distance from coast 0.296 

Legislation 0.069 

Trawl effort 0.095 

Purse seine 0.059 

Marine traffic 0.058 

Chl-a  0.109  
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where IFPi measures the approximate total fishing pressure from grading values (GVi) on the 
total number 
(n) of fishing vessels (v) considered. 
For the validation purposes, the MCDA method that was used to estimate FPc in the Aegean 
Sea was also applied in the central Ionian Sea. Given that both fishing pressure spatial indices, 
i.e. the FPc and the IFPc, were estimated based on different datasets and methods, further 
standardization is needed in order to compare them. For this purpose, the FPc was 
standardized based on a weighed value given by port on the basis of the total number of 
fishers (by port) participated in the mapping exercise. Finally, a comparison of the spatial 
indices IFPc and the standardised FPc was based on a methodological framework suggested 
by Potts and Elith (2006) and applied in Maina et al., 2018b. In this methodological framework, 
the Pearson’s r correlation coefficient, the Spearman’s rank correlation, the Root Mean 
Square Error (RMSE) and a simple linear regression model between the outcomes of IFPc and 
the standardized FPc were estimated. The above analysis was performed by using R (R 
Development Core Team, 2014) 
Pearson’s r correlation coefficient provides an indication of how closely the two spatial indices 
agree in relative terms (varies from 0 to 1, though a perfect correlation equals to 1). 
Spearman’s rank correlation provides an indication of similarity between the ranks of the two 
spatial indices (varies from −1 to +1). 
Furthermore, a simple linear regression model between the two spatial indices provides 
information on the bias and consistency of the predictions. The intercept term in this model 
(b) provides an indication of the bias, and the gradient of the fitted line (m) provides an 
indication of the distribution (spread) of values of the standardised FPc over their numerical 
range compared with the spread of the IFPc. For a perfect model, b should equal zero and m 
should equal one. RMSE statistic gives the standard deviation of the model prediction error. 
A smaller value indicates better model performance (RMSE: should be close to 0). 
 
 
 

3.1.3 Spatial distribution of fishing effort based on VMS data 

 
After the quality control and the characterization of vessels activity as “fishing”, approaches 
of estimation of fishing effort expressed in fishing hours, days at sea, days×GT and days×KW 
were applied. Fishing effort from bottom trawlers (for both case studies), purse seines (for 
Greece) and small scale fisheries (for Cyprus) were estimated at an annual scale. VMS data for 
bottom trawlers and purse seiners were analyzed annually for the fishing periods from 2009 
up to 2015. VMS data for small scale fisheries were available for the case study of Cyprus until 
April 2011, thus the data were analyzed annually for the fishing periods from 2009 up to 
20/4/2011. The following maps (figures 3.1.3.1.1 – 3.1.3.4.3) indicate the spatial distribution 
of fishing effort for each case study (Greece: figures 3.1.3.1.1 - 3.1.3.2.7 and Cyprus: figures 
3.1.3.3.1 – 3.1.3.4.3). The estimated values expressed in fishing hours, days at sea, days×GT 
and days×KW will be used for modelling purposes in order to support other WPs of the project. 
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3.1.3.1 Maps of fishing effort from bottom trawlers in the Greek case study 

 

 
Fig. 3.1.3.1.1 Fishing effort of bottom trawlers estimated by VMS data for the period 2009. 

 

 
Fig. 3.1.3.1.2 Fishing effort of bottom trawlers estimated by VMS data for the period 2010. 
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Fig. 3.1.3.1.3 Fishing effort of bottom trawlers estimated by VMS data for the period 2011. 
 

 
Fig. 3.1.3.1.4 Fishing effort of bottom trawlers estimated by VMS data for the period 2012. 
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Fig. 3.1.3.1.5 Fishing effort of bottom trawlers estimated by VMS data for the period 2013. 

 

 
Fig. 3.1.3.1.6 Fishing effort of bottom trawlers estimated by VMS data for the period 2014. 
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Fig. 3.1.3.1.7 Fishing effort of bottom trawlers estimated by VMS data for the period 2015. 

 

3.1.3.2 Maps of fishing effort from purse seiners in the Greek case study 

 

 
Fig. 3.1.3.2.1 Fishing effort of purse seiners estimated by VMS data for the period 2009. 
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Fig. 3.1.3.2.2 Fishing effort of purse seiners estimated by VMS data for the period 2010. 
 

 
Fig. 3.1.3.2.3 Fishing effort of purse seiners estimated by VMS data for the period 2011. 
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Fig. 3.1.3.2.4 Fishing effort of purse seiners estimated by VMS data for the period 2012. 

 

 
Fig. 3.1.3.2.5 Fishing effort of purse seiners estimated by VMS data for the period 2013. 
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Fig. 3.1.3.2.6 Fishing effort of purse seiners estimated by VMS data for the period 2014. 
 

 
Fig. 3.1.3.2.7 Fishing effort of purse seiners estimated by VMS data for the period 2015. 
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3.1.3.3 Maps of fishing effort from bottom trawlers in the case study of Cyprus 

 

 
Fig. 3.1.3.3.1 Fishing effort of bottom trawlers estimated by VMS data for the period 2009. 
 

 
Fig. 3.1.3.3.2 Fishing effort of bottom trawlers estimated by VMS data for the period 2010. 
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Fig. 3.1.3.3.3 Fishing effort of bottom trawlers estimated by VMS data for the period 2011. 
 

 
Fig. 3.1.3.3.4 Fishing effort of bottom trawlers estimated by VMS data for the period 2012. 
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Fig. 3.1.3.3.5 Fishing effort of bottom trawlers estimated by VMS data for the period 2013. 
 

 
Fig. 3.1.3.3.6 Fishing effort of bottom trawlers estimated by VMS data for the period 2014. 
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Fig. 3.1.3.3.7 Fishing effort of bottom trawlers estimated by VMS data for the period 2015. 
 

3.1.3.4 Maps of fishing effort from small scale fisheries in the case study of Cyprus 

 

 
Fig. 3.1.3.4.1 Fishing effort of small scale fisheries estimated by VMS data for the period 2009. 
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Fig. 3.1.3.4.2 Fishing effort of small scale fisheries estimated by VMS data for the period 2010. 
 

 
Fig. 3.1.3.4.3 Fishing effort of small scale fisheries estimated by VMS data for the period 2011. 
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3.1.4 Spatial distribution of fishing effort based on MCDA methodology 

 
FPc was derived as the fuzzy product of the two previously calculated indices Sc and Ac. Values 
close to 1 indicate areas with an elevated likelihood of intense small scale coastal fishing 
pressure. Figures 3.1.4.1 to 3.1.4.7 indicated that small scale fishing fleet was operating 
mostly along the coastline usually up to 3 nm. Also coastal vessels activity was limited in areas 
where bottom trawlers and purse seiners were operating. 
 

 
Fig. 3.1.4.1 Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2009. 
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Fig. 3.1.4.2 Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2010. 
 

 
Fig. 3.1.4.3 Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2011. 
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Fig. 3.1.4.4 Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2012. 
 

 
Fig. 3.1.4.5 Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2013. 
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Fig. 3.1.4.6 Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2014. 
 

 
Fig. 3.1.4.7 Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2015. 
 
 
 
 



-309- 
 

3.1.4.1 Validation results on MCDA methodology 

 
All metrics applied for the validation purposes indicated that the outcomes of the two spatial 
indices (i.e. the standardized FPc and IFPc) were sufficiently similar (Figures 3.1.4.1.1-
3.1.4.1.2; Table 3.1.4.1.1). In particular, the Pearson’s r correlation coefficient and the 
Spearman’s rank correlation showed a significant positive (~0.7) correlation between the 
values of the two spatial indices. 
 
The simple linear regression model, revealed a statistically significant correlation between the 
two spatial indices (p-value: 0.001). Although differences were indicated between the 
distribution (spread) of values of the two spatial indices (as indicated by parameter m), a small 
bias was indicated between them (as indicated by parameter b). Moreover, RMSE showed a 
good predictive performance (in terms of error) of the simple linear regression model. 
 

 
Figure 3.1.4.1.1 Fishing pressure of small-scale fisheries estimated using MCDA approach (FPc) 

 

 
Figure 3.1.4.1.2 Fishing pressure of small-scale fisheries based on an analysis of information gathered 
from interviews with small-scale fishers (IFPc) 
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Table 3.1.4.1.1 The validation statistics for the comparison between the two spatial indices (i.e. IFPc 
and the standardized FPc): Pearson’s r correlation coefficient, Spearman’s ρ rank correlation, Root 
Mean Square Error (RMSE) and linear regression. The b (intercept term) and m (gradient of the fitted 
line) were assessed by fitting a simple linear regression between the IFPc and the standardized FPc 
values. 

 

 
 

3.1.5 Conclusions 

 

During the implementation period of this work, the methods proposed to analyze VMS data in 

order to estimate fishing effort are satisfying scientific and management purposes by giving 

the basic information needed for further analysis and modeling. The basic objective of fisheries 

management, as highlighted in the CFP, is to create sustainable fisheries in sustainable 

ecosystems, including proper response to important environmental and biodiversity concerns 

(EC, 2011). The output of these methods satisfies some basic requirements of the ongoing 

framework of CFP not only in the manner to collect data but also to analyze them and give 

concrete and reliable results about the behavior of the fishing fleet controlled by the VMS. 

Moreover, improvements and new approaches such as the estimation of a fishing pressure 

index from small scale fisheries using MCDA approach is extremely useful and can be applied 

in any case that vessels positions are not available. 

Methodological steps for the analysis of VMS dataset includes the quality control (elimination 

of errors in the raw VMS data), the data enhancing by integration of legislation bathymetry 

etc., the characterization of fishing activity by a speed rule for the estimation of fishing effort 

indicators (Days at sea, Days×GT, Days×KW, fishing hours) and finally the visualization by 

producing high detailed maps of fishing effort with respect to spatial and temporal grids. It is 

important to highlight that adjustment and customization on the basis of the available data 

were achieved by the review of methods and the exchange of ideas by each partner. 

In particular, two approaches were implemented in order to estimate fishing effort based on 

VMS data, by using signals that characterized as “fishing”. The first approach was developed 

to the IMBRW-HCMR and was used in order to estimate the fishing effort expressed in three 

types of indicators: days at sea, days×GT and days×KW (Kavadas & Maina, 2012; Kavadas et 

al., 2014; Maina et al., 2016). The other approach, was based on VMSbase (Russo et al., 2014), 

an R package which is devised to manage, process and visualize information about fishing 

vessels activity. Moreover, VMSbase provides functions for estimating the intermediate points 

of the two hour regular intervals-VMS dataset and subsequently the fishing effort expressed 

in fishing hours using interpolation techniques (Russo et al., 2011). 

Furthermore, the methodological approach based on MCDA (Kavadas et al., 2015), producing 
fisheries footprints and corresponding fishing effort which may be used for future 
incorporation in the process of Marine Spatial Planning, especially when primary data of 
vessels locations are not available. As a word of criticism, due to the obvious lack of 
information on small scale fisheries, surrogate approximations were used mainly based on 

Spearman ρ Pearson’s r linear regression RMSE 

  b m  

0.69 0.72 0.48 0.1 0.09 
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expert judgment. However, the comparison of the MCDA approach (based on expert 
judgement) with the information gathered from interviews with small-scale fisheries revealed 
sufficiently similar results. 
 

3.2 Identification of regionally relevant and acceptable technical and scientific 

indicators to evaluate the effect of MPAs network towards MSY objectives  
 
The specific work has been carried out within WP5: MPA effect on MSY, under D-5.1: 
Identification of regionally relevant and acceptable technical and scientific indicators to 
evaluate the effect of MPAs network towards MSY objectives. In the present section, a short 
review of the models used for fisheries spatial simulations are provided, focusing on the one 
selected in the present project. The aim of the deliverable was to identify the effects of MPAs 
networking proposed under the previous WP in term of SSB and landings of the main target 
species fished in the two study areas (namely Aegean and Cyprus). 
Many different models have been developed for fisheries spatial simulation. According to 
Pelletier and Mahévas (2005), the simplest population models used to evaluate the impact of 
MPA were not spatially explicit. These models were just aimed at testing no-take zones and 
were mainly used to investigate the impact of reserve size on biological reference points, like 
Maximum Sustainable Yield (MSY) or the ratio of current biomass to virgin biomass (see also 
Mace 1994). Most often, no regulation of fishing was considered aside from the no-take zone. 
Consequently, the reserve size required to ensure population sustainability is high and 
reallocation of fishing effort in the open area may induce undesirable effects as observed for 
example in Hastings and Botsford (1999) and Parrish (PFMC, 1999). But population equilibrium 
may be reached for an infinity of combinations of exploitation rates and reserve size, which 
shows that both regulations should be considered jointly (Mangel 1998). When the 
exploitation rate is stochastic, optimal reserve size may be calculated for a given risk to the 
population (Mangel 2000). 
Models derived from metapopulation theory (Hanski and Gilpin 1997) have also been used to 
evaluate the impact of no-take zones on the dynamics of exploited populations. Patch 
occupancy models (Levins 1970) depict the dynamics of a large number of habitat patches 
connected via migration, and population size is described through the proportion of patches 
occupied by fish, rather than by biomass or abundance. Mortality is included in the extinction 
rate of patches. Using this kind of model, Man et al. (1995) showed that a no-take zone allows 
maximization of both catch and stock size if the exploitation rate is high. Depending on the 
exploitation rate, the proportion of no-take zone that simultaneously achieves maximum 
catch and stock size ranges between 0 and 0.5. This type of model assumes all patches are 
identical, and ignores the spatial arrangement of patches and populations, as well as the local 
dynamics of populations; which limits their interest for evaluation of MPA and other policies. 
Reserve impact was more often studied through source-sink and metapopulation models, 
which allows exploring the consequences of alternative reserve locations. All papers 
emphasize the importance of establishing reserves in source patches. Sanchirico and Wilen 
(2001) mathematically demonstrated that in this case, both biomass and yield increased if 
dispersal rates were moderate and if the source patch was productive. Conversely, placing a 
reserve in sink patches may induce negative effects. Upon reserve establishment, fishing 
effort must be reduced to prevent harmful consequences of effort displacement toward open 
patches. 
Many authors have resorted to spatially-explicit versions of models commonly used in 
fisheries science to demonstrate the impact of MPA, and more generally to investigate the 
consequences of different allocations of fishing effort over space and/or time. 
The equilibrium yield per recruit model proposed by Beverton and Holt (1957, pp. 136-148) 
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was used and modified by several authors (e.g.: Holland, 2002) to explore the impact of a 
permanent no-take zone as a function of fishing mortality, reserve size and transfer rates 
between the reserve and the exploited area (e.g.: Apostolaki et al. 2002). In such models, 
implementing a reserve leads to increased yield per recruit and additional spawning 
biomasses only when fishing mortality is high. Gain in yield is moderate, because of fishing 
effort reallocation, but spawning biomass substantially increases, even for small reserve sizes. 
The equilibrium assumption prevents these models from tackling potentially positive effects 
of reserves (or more generally of fishing effort reallocation) on reproduction and recruitment. 
They only allow investigation of growth overfishing such as consequences of changes in 
exploitation patterns and global fishing mortality upon abundance, biomass and catch. 
Fishing effort allocation is known to be highly dependent upon spatio-temporal patterns of 
resources, and there are many cases where periodic concentrations of some population stages 
cause intensive local exploitations (Whitmarsh and Young 1985; Rowley 1994; Vignaux 1996; 
Poulard and Léauté 2002, and others). Models depicting spatio-temporal features of resource 
distribution are needed to explicitly account for such patterns of fishing effort allocation. 
Most papers consulted for this deliverable were interested in comparing different 
management measures, and sometimes they also evaluated the effects of combined 
management measures (Guénette et al. 2000). Such models make it possible to explore a 
wider range of MPA designs, varying both in size, location and timing of the MPA. For instance, 
Guénette et al. (2000) considered seasonal closures, and reserves located in migration 
corridors or on the continental slope, plus combinations of these measures. Dramatically 
different exploitation rates could be obtained by changing the spatial and seasonal allocation 
of fishing effort while keeping total effort constant (Pelletier and Magal 1996; Verdoit-Jarraya 
2003). More often than not, reserves or seasonal closures appear to be unable on their own 
to protect stocks from overexploitation (Walters et al. 1993), or even from collapse (Guénette 
et al. 2000). However, in Walters et al. (1993), none of the management measures considered 
(minimum landing size and direct effort limitations) was able to restore the stock, due to the 
high commercial value of immatures. Pelletier and Magal (1996) and Apostolaki et al. (2002) 
showed that, unlike reductions in fishing mortality through TACs or overall effort controls, 
MPA implementation does not necessarily induce short-term losses in yield. 
Using these models, MPA appear particularly relevant i) in the case of heavy exploitation; ii) 
for species with spatial segregation of life stages; and iii) when essential habitats have to be 
protected e.g. spawning grounds or nurseries (Apostolaki et al. 2002); points ii) and iii) require 
particularly careful designs to ensure MPA efficiency. MPA design is also critical when it comes 
to relationships between hydrodynamic conditions and larval dispersion. 
In this perspective, the present deliverable is based on the approach described by Sampson 
and Scott (2011), and such methodology has been employed in the following desirables (5.2 
and 5.3). To explore the role of MPAs networking in improving the stock status of the most 
important target fishery resources in the two study areas a reasonable simple model of 
population selectivity has been utilized. The model starts from a set of survival equations, 
coupled to allow movement between subpopulations, and explores the conditions necessary 
to produce different shaped population selection curves. Important factors influencing the 
population –selectivity model are the gear-specific selection characteristics of the fleets, their 
effort levels relative to one another, the spatial distribution of fishing mortality, and the 
movement of fish between populations. The model can generate quite complicated curves 
and has surprising properties. For example, under a wide variety of conditions, even though 
the same asymptotic gear-selectivity applies in all subpopulations, the overall population-
selectivity will be dome-shaped unless fishing mortality in uniform across all subpopulations. 
Therefore, in the case of the proposed area closures foreseen under WP3 and WP4 a new 
spatial population-selectivity has been estimated. The relevant indicators to evaluate the 
effect of MPAs were the change in a) SSB and b) Landings of the target species due to the new 



-313- 
 

exploitation patterns. In addition, for demersal species, the potential change in the 
productivity of the stock as estimated using a simple yield per recruit model employing the 
new population selectivity. 
In the following paragraphs we present the rationale used to estimate the population 
selection curves of the target species of the two study areas assuming different rate of fishing 
mortality in a spatial model as described by Sampson and Scott (2011). 

3.2.1 Spatial model for fishery age selection 

In an age-structured model for fish population dynamics, when fishing mortality is age-
dependent and the instantaneous rate of fishing mortality (F) during a year (or other suitable 
time step) is not the same for all age classes, the selection (or selectivity) coefficients measure 
the relationship between age a and Fa, after standardization to account for year-to-year 
changes in the overall rate of fishing. The set of points (a, Fa) is often represented by a smooth 
curve passing through all the points. If the Fa values are uniform across all age classes, then 
the selection curve is a horizontal line and we can state that there is no selectivity. If the 
selection coefficients increase with age to a plateau, we can describe the selection curve as 
being asymptotic. If the selection coefficients increase to a maximum and then decline, we 
can describe the selection curve as being domed or dome-shaped. Although this concept of a 
selection curve implies that selectivity is a continuous function of age, selection curves are 
commonly used with data that have been discretized into age or length classes. The 
mathematical definition of selectivity differs across regions. On the Pacific side of North 
America the Fa values within a year are usually standardized into selection coefficients by 
dividing each Fa value by the maximum value observed for any age class in that year (e.g., 
Deriso et al. 1985). In Europe and on the Atlantic side of North America the Fa values are 
usually standardized by dividing by the average (called F) of the Fa values observed over a 
defined range of age classes (e.g., Darby and Flatman 1994). In stock assessment and fishery 
population dynamics models, the individual Fa values for a given year (y) are recovered by 
multiplying the selection coefficient with that year’s maximum Fa or mean F value, as in 
 

 
If selectivity in the model varies from year to year, then the selection coefficients (Sa) would 
include an index for the year (Sa,y). These selection coefficients define the population 
selection curve. 
 

3.2.2 Simplified spatial model for population age structure 

To explore the role of the population-selection curve in fish population dynamics, consider the 
population to be partitioned into distinct subpopulations occupying discrete spatial regions 
(indexed by r), with some limited exchange of fish between the regions. The fish within each 
region all suffer the same instantaneous rate of natural mortality (M for all ages), but they 
potentially experience different instantaneous rates of age-specific fishing mortality (Fa,r = Fr 
sa). In this formulation, the gear-selection curve (sa) is the same across all regions, but the fish 
in each region suffer a (potentially) different absolute level of fishing mortality. We describe 
the sa values, denoted by a lower case S, as the gear-selection curve to distinguish them from 
the age-specific relative F values that are derived by combining the fish in the separate 
regions. The population- selection values (Sa, denoted by an upper case S) are a composite, 
weighted average of the Fa values operating in each region. The population-selection curve 
will be the same as the gear-selection curve only under special circumstances (below). If the 
population is exploited by several types of fishing gear that differ in their gear-selection 
characteristics, then each gear type would have its own selection curve (sa, gear), and we 
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would partition the age-specific, instantaneous rates of fishing mortality accordingly. For now, 
we assume that all gear types have the same gear-selection curve. To keep the notation and 
mathematics relatively simple, we use the standard exponential decay equation to represent 
the mortality processes operating within each region during a year (or other unit time step). 
At the end of each year, the fish mix instantaneously among the regions. 
Further, we consider only the equilibrium situation in which recruitment to each region and 
the rates of fishing mortality within each region are constant from year to year. The 
assumption of constant recruitment could be relaxed, but in this case the equations below 
apply to the age classes in a single year class, and the variable for abundance should have a 
subscript for year as well as age and region. The equilibrium assumption avoids this notational 
complication. 
For each age class a, the number of living fish at the start of each year within region r = i is 
given by equation 1: 

 
 
The coefficient Pj,i denotes the proportion of fish that move into region j from region i. The 
first term in the right-hand side of eq. 1 represents the individuals in the focal region I at the 
start of the year that survive and remain in the region; the second term represents the 
individuals that move into the region from the other regions. 
Mortality in this formulation is treated as a continuous process, but movement occurs 
abruptly (and unrealistically) at the end of each year. The equation can be viewed as an 
approximation to a differential equation system in which there is a continuous movement of 
fish among regions. When the mixing rates are high and non-directional, one can ignore the 
regional differences and treat the population as occupying a single region. Equations similar 
to eq. 1 have been used to represent spatial fish population dynamics in stock assessment 
models (Hampton and Fournier 2001), in models of no-take marine reserves (Apostolaki et al. 
2002), and in the operating models for management strategy evaluations (e.g., Punt et al. 
2002; Pelletier et al. 2009). 
 

3.2.3 Equation for population-selectivity 

At the population level, the number of age-a fish alive at the start of each year is given by the 

age-specific abundances summed over all the regions as specified in equation 2. 

 
 
The population-selection coefficients are proportional to the age-specific fishing mortality 
coefficients for the population, which, because of the equilibrium condition, can be obtained 
from the ratios of successive Na values (Equation 3). 
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The divisor in the equation for Sa is shown here as the maximum Fa value, but we could instead 
use the average Fa value (mean F), with the average taken over some suitable age range. By 
substituting the right- hand side of eq. 1 into eqs. 2 and 3, we can derive an equation that 
relates population-selectivity (equation 4). 

 
Here the gear-selection coefficients (sa) are embedded in the age- and region-specific total 
mortality coefficients (Za,r = M + Fr sa). 
The above model for population-selectivity has no provision for a plus-group, which is an 
accumulator class for all the ages greater than some reference age. Stock assessment models 
commonly use a plus-group to reduce the number of age categories that must be accounted 
for. This simplification assumes that the vital rates for these older age classes are sufficiently 
similar that they can be treated in the aggregate with inconsequential loss of accuracy. The 
underlying mathematical equation for plus-group abundance follows from 

 
where q is the annual survival fraction, assumed constant for all ages equal to a or greater. In 
the model for population selectivity, one cannot apply a similar approach unless one assumes 
that there is no movement of fish among the different regions. When there is movement of 
fish among regions, the abundance for a given region at the start of an age class depends not 
only on the survivors from that region but also on the survivors from other regions. 
The population-level fishing mortality and selection coefficients satisfy the catch equation for 
the population. 

 
 
where Za,r = M + FSa. Similarly, for each region, the fishing mortality and selection coefficients 
satisfy a region-level catch equation. 
 

 
where Za,r = M + Fr sa. These equations are just extensions to the calculation of effective 
fishing mortality described in Beverton and Holt (1957). 
From eq. 4 it is difficult to discern the behavior of the population-selection curve because each 
Sa value is the logarithm of the ratio of two sums of exponentials. However, for a certain special 
case this defining equation can be greatly simplified. Before considering this case, we first 
determine the general conditions required to produce a decreasing (or increasing or constant) 
sequence of population-selection coefficients. 
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3.2.4 Conditions for dome-shaped population-selection curves 

The population-selection coefficients are just scaled Fa values and will decrease (or increase) 

with age if the Fa values for adjacent age classes are decreasing (or increasing). Population 

selectivity is decreasing if and only if the following conditions are satisfied: 

 

Assuming that selectivity is smallest for the youngest age classes, if inequality condition 5 is 

satisfied for at least one age class, then the population-selection curve will be dome-shaped or 

will have a local maximum at an intermediate age. If condition 5 is not satisfied for any age 

class, then the population-selection curve will be strictly increasing, or increasing and then 

horizontal, or just horizontal. The population selection coefficients will be the same for 

adjacent age classes (a, a+1) if and only if Na+2 Na = (Na+1)2. 

Direct substitution of the general equations for Na, Na+1 and Na+2 into condition 5 produces 

a very untidy expression that appears intractable, but useful results can be obtained for the 

simpler problem in which there is no movement of fish between the regions (Pj,i = 0 for all 

regions j and i) and the gear-selection coefficients are the same for the three adjacent age 

classes (sa = sa+1 = sa+2 = s). In this special case, that condition 5 reduces to the following: 

 

Because M is always nonnegative, the initial exponential term in eq. 6 is positive for all 

combinations of regions, and the condition will be satisfied except when the final squared term 

is zero, which occurs if Fi = Fj for all i and j, or in the limit as the Fi go to zero. That is, even 

though the gear selection curve is flat for some set of age classes, the population selection 

curve for those same age classes will also be flat only if the same rate of fishing mortality is 

applied in all regions or if the rates of fishing mortality are vanishingly small. Otherwise the 

population-selection curve for this set of age classes will be declining; the population- selection 

curve will be dome-shaped. Also, from condition 6 it is evident that the degree of difference 

among the regional F values controls how much the population-selection curve departs from 

flat selection. The greater the differences among the F values, the more pronounced the 

domed shape. 

When different types of fishing gear, with differing selectivity characteristics, operate together 

in some region r, then the overall age-specific fishing mortality for the fish in that region will 

be the summation of the age-specific fishing mortality rates produced by each gear type. 

 

 
These composite Fa,r values substitute for the Frsa terms in eq. 1. The composite gear-

selection coefficients for region r are obtained from successive values of Na,r. 



-317- 
 

 

The gear-selection curve for the region is a weighted average of the different individual gear-

selection curves and is directly influenced by the relative amounts of fishing mortality 

produced by the different gear types. 

 

3.2.5 Exploring the shape of population-selectivity curves 

To explore the possible shapes of population-selection curves in deliverables 5.2 and 5.3 we 

developed a spreadsheet model that implements eq. 4 for three and two regions respectively 

for demersal and small pelagic stocks and 4 or 5 age classes (depending on the target species). 

The natural mortality (M) employed was the average of the M at age used in the assessment, 

thousands of recruits annually estimated from the stock assessment were distributed in the 2-

3 areas in accordance with the outcomes of the deliverable 2.3 (Maps of essential fish habitats 

for the target species). Logistic curves for gear-selectivity as the combination of the gear 

employed in the fishery were utilized. We considered a series of four scenarios in which all 

regions have the same gear-selection curve but have different conditions for rate of fishing 

mortalities. 

The output of two MARXAN scenarios was evaluated: a) a low target protection scenario and 

b) a high target protection scenario. Subsequently, for demersal species three areas were 

defined in accordance with the outcomes of deliverable D-4.3b: proposed MPA network in the 

Aegean and D-4.4b: proposed MPA network in Cyprus as: 

 Area 1: no commercial fishing allowed, represented by the region A of Marxan outputs; 

 Area 2: only passive gears allowed; represented by the combination of regions B and C of 

Marxan outputs 

 Region C: Both passive and active gears allowed, represented by the combination of 

regions D and E of Marxan outputs. 

For small pelagics two regions were defined in accordance with the outcomes of deliverable 

D-4.3b: proposed MPA network in the Aegean 

 Area 1: no purse seines are allowed, represented by the regions A, B and D of Marxan 

outputs 

 Area 2: purse seines are allowed, represented by the combination of regions C and E of 

Marxan outputs. 

Moreover, we distributed the fishing mortality rate available from the most updated stock 

assessment in each region in accordance with the effort distribution measured in the 

framework of deliverables 2.3.1 and 2.3.2 (see maps in Figures 3.2.5.1 – 3.2.5.3). 
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Figure 3.2.5.1 Maps of demersal case study in the Aegean with low target protection MARXAN scenario 

(top) and the high target protection MARXAN scenario (bottom). 
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Figure 3.2.5.2 Maps of small pelagic case study in the Aegean with low target protection MARXAN 

scenario (top) and the high target protection MARXAN scenario (bottom). 
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Figure 3.2.5.3 Maps of demersal case study in Cyprus with low target protection MARXAN scenario (top) 

and the high target protection MARXAN scenario (bottom). 
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Finally, for both demersal and small pelagics we considered 4 different scenarios for the 

spatial simulations in each target protection scenario (low and high): 

 in scenario 0, the simplest case, we considered the F distribution in accordance as the 

status quo, with areas already closed for the fishery as described in deliverables D-2.1 and 

D-2.2 having a rate of fishing mortality as zero; 

 in scenario 1, we assumed a complete reallocation in Area 3 (for demersal) or 2 (for small 

pelagics) of the fishing effort excluded in Area 1 and 2 in accordance with deliverables D- 

4.3b and D-4.4b; 

 in scenario 2, we assumed 50% of reallocation in Area 3 (for demersal) or 2 (for small 

pelagics) of the fishing effort excluded in Area 1 and 2 in accordance with deliverables D- 

4.3b and D-4.4b; 

 in scenario 3, we assumed 0% of reallocation in Area 3 (for demersal) or 2 (for small 

pelagics) of the fishing effort excluded in Area 1 and 2 in accordance with deliverables D-

4.3b and D-4.4b. 

 

 

3.2.6 Population-selectivity curves estimated for target species in Aegean 

In figures 3.2.6.1 -3.2.6.3 are summarized the population-selectivity curves estimated for the 

demersal target species considered in the Aegean Sea (GSA 22). Taking into account that an 

updated stock assessment is missing for such stocks we considered the data available in 

Tserpes et al. (2016). In Figures 3.2.6.4 - 3.2.6.5 are summarized the population-selectivity 

curves estimated for the small pelagic target species (anchovy and sardine) considered in the 

Aegean Sea (GSA 22). The latest stock assessment available for these stocks was considered 

(STECF 17-15). 
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Figure 3.2.6.1 Population selection curves estimated in the low target protection MARXAN scenario 

(top) and the high target protection MARXAN scenario (bottom) for each of the 4 fishing effort re-

allocation scenarios 4 scenarios Merluccius merluccius in GSA 22. 
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Figure 3.2.6.2 Population selection curves estimated in the low target protection MARXAN scenario 

(top) and the high target protection MARXAN scenario (bottom) for each of the 4 fishing effort re-

allocation scenarios 4 scenarios Mullus barbatus in GSA 22. 
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Figure 3.2.6.3 Population selection curves estimated in the low target protection MARXAN scenario 

(top) and the high target protection MARXAN scenario (bottom) for each of the 4 fishing effort re-

allocation scenarios 4 scenarios Parapenaeus longirostris in GSA 22. 
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Figure 3.2.6.4 Population selection curves estimated in the low target protection MARXAN scenario 
(top) and the high target protection MARXAN scenario (bottom) and for each of the 4 fishing effort re-
allocation scenarios for Engraulis encrasicolus in GSA 22. 
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Figure 3.2.6.5 Population selection curves estimated in the low target protection MARXAN scenario 
(top) and high target protection MARXAN scenario (bottom) and for each of the 4 fishing effort re-
allocation scenarios for Sardina pilchardus in GSA 22. 

 

 

 

3.2.7 Population-selectivity curves estimated for target specie in Cyprus 

 

In figures 3.2.7.1 - 3.2.7.2 are summarized the population-selectivity curves estimated for the 

demersal target species considered in Cyprus (GSA 25). The assessment outcomes used are 

from the SAC-GFCM working groups on stock assessment for demersal species carried out in 

2016 (GFCM, 2016) and 2017 (GFCM, 2017). 
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Figure 3.2.7.1 Population selection curves estimated in the low target protection MARXAN scenario 

(top) and the high target protection MARXAN scenario (bottom) for each of the 4 fishing effort re-

allocation scenarios 4 scenarios Mullus barbatus in GSA 25. 
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Figure 3.2.7.2 Population selection curves estimated in the low target protection MARXAN scenario 

(top) and the high target protection MARXAN scenario (bottom) for each of the 4 fishing effort re-

allocation scenarios 4 scenarios Mullus surmuletus in GSA 25. 

 

3.2.8 Conclusions 

 

In the present section, we employed a reasonably simple mathematical representation for 

population- selectivity, which measures the age-specific rates of fishing mortality 

experienced by the exploited fish population of the target species considered in the two 

study areas considering the high and low protection target foreseen in Marxan outputs. The 
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main information used in the spatial model to estimate the population-selectivity in different 

scenarios of area closure and effort redistribution are the gear-selection curves, assumed 

always as logistic, the spatial distribution of the recruits, and the spatial distribution of the 

fishing activities. The population selection curves resulting from the spatial model were 

employed to run forecast in the consecutive sections. 

 

3.3 Synthesis table and evaluation report of the different MPAs scenario output in 

terms of the established MSY reference points for small pelagic species 
 

The specific work has been carried out within WP5: MPA effect on MSY under D-5.2: Synthesis 

table and evaluation report of the different MPAs scenario output in terms of the established 

MSY reference points for small pelagic species. Recent literature has highlighted the 

exceptional importance of small pelagic fish (SPF), which include some of the largest fisheries 

in the world. In Greek waters constitute almost 30% of the total catch. Thus it is very important 

to understand the determinants of SPF collapses and devise exploitation strategies that will 

maintain their crucial ecological and economic roles. 

SPF population dynamics and management present additional peculiarities. One of the 

principal challenges in assessing the ecological consequences of small pelagic fish fisheries is 

that these stocks undergo large cyclical fluctuations in abundance (MacCall, 2009). Fishing can 

potentially exacerbate naturally caused collapses, because shifts in populations’ spatial 

distributions coupled with fish schooling behavior allow fisheries to be economically viable, 

even when abundance is low (Beverton, 1990; Barange et al., 2009). Because of these 

fluctuations, standard static reference points used to judge stock status [e.g., unfished biomass 

(biomass that maximizes long-term sustainable yield)] have little meaning for the management 

of forage fish stocks (Essington et al., 2015). Most reference points are based on a presumed 

relation between population production and population biomass, but such a relationship 

rarely exists among these populations (Essington et al., 2015). These fluctuations greatly 

reduce our ability to ascertain effects of fishing on stock dynamics (Barange et al., 2009). 

Moreover, disentangling the contributions of fishing vs. natural processes on population 

dynamics of SPF has been difficult because of the sensitivity of these stocks to environmental 

conditions. The roles of fishing and environment in governing variation in fish population 

abundance have been contested for many decades. Essington et al. (2015) propose a simple 

remedy to reduce the odds of forage fish collapses. Specifically, they suggest a harvest rule 

whereby fishing is suspended when forage fish biomass falls below a minimum biomass 

threshold, and is allowed to proceed for biomass levels above the threshold. 

It is well known that the full evaluation of MSY intervals requires defining Stock-Recruit 

relationships or at least biomass limit reference points and recruitment dynamics over the full 

range of biomass. According to the latest STECF stock assessment working group for the 

Mediterranean (STECF-17-09), Stock-Recruit relationships or biomass limit reference points 

and recruitment dynamics is not possible for the stocks of anchovy and sardine in Aegean Sea 

(GSA 22) due the short time series of data. Thus the STECF-17-09 suggested MSY catch advice 

based on the MSY proxy of an exploitation rate of E=0.4 (Patterson, 1992), agreeing that this 

provided an effective proxy for FMSY. In accordance to this suggestion and for the purposes of 
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this deliverable we considered the E=0.4 as MSY proxy as well as the SSB and landings as 

additional indicators. 

The STECF-17-09 report states that for sardine in GSA 22, indications show that exploitation is 

above possible MSY reference points. The assessment carried out in working group suggests 

than biomass is low and some reduction in F / catch is required but the amount of reduction 

cannot be estimated. For anchovy in GSA 22, the STECF-17-09 report states that results were 

quite uncertain but indications show that exploitation is at the level of possible MSY reference 

points and SSB is increasing since 2000. 

Marine Protected Areas (MPAs) are key tools to mitigate human impacts in coastal 
environments, promoting sustainable activities to conserve biodiversity and fisheries. 
However, the designation of MPAs alone may not result in the lessening of some human 
threats and promote fisheries sustainability. This is highly dependent on the management 
goals and the related specific regulations that are adopted. 

Within the framework of PROTOMEDEA we have evaluated in terms of stock sustainability the 

proposed MPAs as derived from the output of D4.3a. Specifically, we aim to provide synthesis 

table and evaluation of each MPAs scenario output in terms of established MSY reference 

points for anchovy (Engraulis encrasicolus) and sardine (Sardina pilchardus) in Aegean Sea, the 

target small pelagic species. 

Especially when it comes to the small pelagics there are certain points that need to be cautious 

about. 

Fishing mortality rates on small pelagics tend to increase as abundance declines because their 

schooling behavior makes fishing worthwhile, even at low population levels. Thus, the effects 

of fishing and environment are often confounded, making it particularly difficult to disentangle 

their relative influence on forage fish. Furthermore, fishing mortality rates can still be high 

even upon reduction of the area available to the fishery. So, an area closure and the re-

allocation of fishing effort, is not necessarily associated with the reduction of the fishing 

mortality. 

Thus each MARXAN scenario was examined followed by a) a respective reduction in the fishing 

mortality and b) no reduction in the fishing mortality. 

Here we describe how Medium-Term Forecasts (MTF) that have been performed using The 

Fisheries Library in R (FLR): a collection of tools for quantitative fisheries science, developed in 

the R language, that facilitates the construction of bio-economic simulation models of fisheries 

systems as well as the application of a wide range of quantitative analysis (Kell et al., 2007). 

Specifically, we used the Assessment for All (a4a) initiative of the European Commission Joint 

Research Centre (Jardim et al., 2015; Millar and Jardim, 2018) and the FLash package for 

running ten years’ projection using the respective selectivity curves presented in Deliverable 

5.1. Given the short data series available, we could not consider any stock recruitment 

relationship. Thus the recruitment has been assumed as constant equal to the geometric mean 

of the entire time series available in the stock assessment. Based on Deliverables D-4.3b and 

D-4.4b two different scenarios regarding area closures were tested: 

 a low target MARXAN protection scenario and 

 a high target MARXAN protection scenario. 
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Subsequently, for each MARXAN scenario and in accordance to the scenarios tested in D-5.3, 

the following evaluation scenarios were tested for the target small pelagic fish (figure 3.3.1): 

 in scenario 0 (status quo), the spatial distribution of the fishing effort was estimated by 

taking into account those areas already closed for purse seines (Fishing Restricted Areas 

as described in deliverables D-2.1 and D-2.2). In these areas the rate of fishing mortality 

was considered as zero; 

 in scenario 1, we assumed a complete (100%) reallocation of the fishing effort excluded 

from Area A (representing Zones A, B and D in accordance with deliverables D-4.3b and D-

4.4b) to Area B (representing Zones C and E as described to D--4.3b and D-4.4b); 

 in scenario 2, we assumed 50% reallocation of the fishing effort excluded from Area A 

(representing Zones A, B and D in accordance with deliverables D 4.3b and D4.4b) to Area 

B (representing Zones C and E as described to D4.3b and D4.4b); 

 in scenario 3, we assumed no (0%) reallocation of the fishing effort excluded from Area A 

(representing Zones A, B and D in accordance with deliverables D 4.3b and D4.4b) to Area 

B (representing Zones C and E as described to D4.3b and D4.4b); 

 

Figure 3.3.1 Scenarios tested in the present deliverable. FRA = Fishery Restricted Areas; PS = Purse 

Seines. 

 

For each MARXAN and fishing effort re-allocation scenario two medium term projections for a 

ten-year period were run: a) one assuming a respective reduction in the fishing mortality (F) 

for anchovy and sardine and b) no reduction in F. This was considered necessary as especially 

in the case of small pelagics a reduction in fishing effort is not necessarily accompanied by a 

reduction in the fishing mortality (Essington et al., 2015). 
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3.3.1 Medium term forecasts for target small pelagic species in Aegean Sea in GSA 22 

3.3.1.1 High Target MARXAN scenario 

Table 3.3.1.1.1 summarizes the input parameters used to estimate the selection curves and to 

run the forecasts. Figures 3.3.1.1.1- 3.3.1.1.2 report the mid-term forecasts for the high target 

MARXAN scenario the respective scenarios regarding the re-allocation of the fishing effort for 

anchovy and sardine in the Aegean Sea (GSA22) assuming a respective reduction in fishing 

mortality. Figures 3.3.1.1.3-3.3.1.1.4 report the mid-term forecasts for the high target 

MARXAN scenario the respective scenarios regarding the re-allocation of the fishing effort for 

anchovy and sardine in the Aegean Sea (GSA 22) assuming no reduction in fishing mortality. 

 

Table 3.3.1.1.1 Summary table of the input parameters used in the selectivity forecasts for the target 

species of GSA 22 for the high target MARXAN protection scenario. Area A: area closed for the purse 

seine fishery. Area B: area open for the purse seine fishery. FMSY: F corresponding to the maximum 

sustainable yield based on Patterson empirical reference point, Fbar: F corresponding to ages 1 to 3. Fbar 

at status quo is estimated for the period 2014-2016. 

 

 Marxan 
scenario 

 Area A Area B Fbar FMSY 

Sardine High 
protection 
target 

Number of recruits (x 
1000) 

3735222.819 1291126.781   

  F -STATUS QUO 0.353 0.362 0.716 0.57 
  F - Scenario 1 0 0.716 0.716  

  F - Scenario 2 0 0.539 0.539  

  F - Scenario 3 0 0.363 0.363  

       

Anchovy High 
protection 
target 

Number of recruits (x 
1000) 

17722.74697 8663.439027   

  F -STATUS QUO 0.305 0.314 0.62 0.517 
  F - Scenario 1 0 0.62 0.62  

  F - Scenario 2 0 0.467 0.467  

  F - Scenario 3 0 0.314 0.314  
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Figure 3.3.1.1.1 Mid-term forecasts estimated for the 4 scenarios tested for Engraulis encrasicolus in 

GSA 22 regarding the high target MARXAN protection followed by a respective reduction in fishing 

mortality. 

 

 
Figure 3.3.1.1.2 Mid-term forecasts estimated for the 4 scenarios tested for Sardina pilchardus in GSA 
22 in high target MARXAN protection followed by a respective reduction in fishing mortality. 
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Figure 3.3.1.1.3 Mid-term forecasts estimated for the 4 scenarios tested for Engraulis encrasicolus in 
GSA 22 in high target MARXAN protection assuming no reduction in fishing mortality. 

 

 

Figure 3.3.1.1.4 Mid-term forecasts estimated for the 4 scenarios tested for Sardina pilchardus in GSA 

22 in high target MARXAN protection assuming no reduction in fishing mortality. 

 

3.3.1.2 Low Target MARXAN scenario 

 
Table 3.3.1.2.1 summarizes the input parameters used to estimate the selection curves and to 
run the forecasts. Figures 3.3.1.2.1 - 3.3.1.2.2 report the mid-term forecasts for the low target 
MARXAN scenario the respective scenarios regarding the re-allocation of the fishing effort for 
anchovy and sardine in the Aegean Sea (GSA22) assuming a respective reduction in fishing 
mortality. Figures 3.3.1.2.3 - 3.3.1.2.4 report the mid-term forecasts for the low target 
MARXAN scenario the respective scenarios regarding the re-allocation of the fishing effort for 
anchovy and sardine in the Aegean Sea (GSA 22) assuming no reduction in fishing mortality. 
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Table 3.3.1.2.1 Summary table of the input parameters used in the selectivity forecasts for the target 
species of GSA 22 for low MARXAN protection scenario. Area A: area closed for the purse seine fishery. 
Area B: area open for the purse seine fishery. FMSY: F corresponding to the maximum sustainable yield 
based on Patterson empirical reference point, Fbar: F corresponding to ages 1 to 3. Fbar at status quo 
is estimated for the period 2014-2016. 

 
 

 
Figure 3.3.1.2.1 Mid-term forecasts estimated for the 4 scenarios tested for Engraulis encrasicolus in 
GSA 22 regarding the low target MARXAN protection followed by a respective reduction in fishing 
mortality. 
 

 Marxan 
scenario 

 Area A Area B Fbar FMSY 

Sardine Low 
protection 
target 

Number of recruits (x 
1000) 

2606108.098 2420241.502   

  F -STATUS QUO 0.157 0.558 0.716 0.57 
  F - Scenario 1 0 0.716 0.716  

  F - Scenario 2 0 0.637 0.637  

  F - Scenario 3 0 0.558 0.558  

       

Anchovy Low 
protection 
target 

Number of recruits (x 
1000) 

10556.5045 15829,6815   

  F -STATUS QUO 0.136 0.483 0.62 0.517 
  F - Scenario 1 0 0.62 0.62  

  F - Scenario 2 0 0.552 0.552  

  F - Scenario 3 0 0.483 0.483  
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Figure 3.3.1.2.2 Mid-term forecasts estimated for the 4 scenarios tested for Sardina pilchardus in GSA 
22 in the low target MARXAN protection followed by a respective reduction in fishing mortality. 
 

 
Figure 3.3.1.2.3 Mid-term forecasts estimated for the 4 scenarios tested for Engraulis encrasicolus in 
GSA 22 in low target MARXAN protection assuming no reduction in fishing mortality. 
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Figure 3.3.1.2.4 Mid-term forecasts estimated for the 4 scenarios tested for Sardina pilchardus in GSA 
22 in low target MARXAN protection assuming no reduction in fishing mortality. 
 

3.3.2 Conclusions 

 
In the present deliverable we evaluate the MPAs networks foreseen in the framework of WP4, 
in terms of FMSY and SSB for small pelagic species, quantifying stocks productivity when the 
juvenile stages are protected. Tables 3.3.2.1-3.3.2.2 summarize the output of the projections 
presented in this deliverable. Two different MARXAN scenarios were evaluated (low and high 
target protection) assuming: 

 100% re-allocation of the fishing effort thus no reduction in the fishing mortality 

 50% re-allocation of the fishing effort associated a) with the respective reduction in fishing 

mortality and b) no reduction in the fishing mortality 

 No re-allocation of the fishing effort associated a) with the respective reduction in fishing 

mortality and b) no reduction in the fishing mortality 

 
Regarding anchovy and the low target protection scenario, a slight increase (~5%) in terms of 
SSB was observed only in “Scenario 3: No re-allocation of the fishing effort associated with the 
respective reduction in fishing mortality”, in the medium term this improvement will 
determine 11% reduction in catches as observed in the Status quo scenario. Regarding the 
high target scenario, a similar ~6% increase in terms of SSB was observed in “Scenario 2: 50% 
re-allocation of the fishing effort associated with the respective reduction in fishing mortality” 
implying in the medium term ~12% reduction in catches as observed in the Status quo 
scenario. A bigger increase in SSB (~15%) was observed only in “Scenario 3: No re-allocation 
of the fishing effort associated with the respective reduction in fishing mortality”, implying in 
the medium term ~30% reduction in catches as observed in the Status quo scenario. In those 
scenarios that no fishing mortality reduction was assumed for anchovy, no increase in the SSB 
was observed. 
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Regarding sardine and the low target protection scenario, a slight increase (~3.7%) in terms of 
SSB was observed only in “Scenario 3: No re-allocation of the fishing effort associated with the 
respective reduction in fishing mortality”. In the medium term this improvement will 
determine 13% reduction in catches as observed in the Status quo scenario. Regarding the 
high target scenario, an increase of ~6% in terms of SSB was observed in “Scenario 2: 50% re-
allocation of the fishing effort associated with the respective reduction in fishing mortality” 
implying in the medium term ~7% reduction in catches as observed in the Status quo scenario. 
A bigger increase in SSB (~13.4%) was observed only in “Scenario 3: No re-allocation of the 
fishing effort associated with the respective reduction in fishing mortality”, implying in the 
medium term ~30% reduction in catches as observed in the Status quo scenario. In those 
scenarios that no fishing mortality reduction was assumed for sardine, a slight increase ~2 % 
in the SSB was observed in the case of the high target scenario. In the scenarios examined in 
this context a 5% reduction in catches is foreseen. 
 
Table 3.3.2.1 Summary table of forecast outputs for the target small pelagic species of GSA 22 in A) low 
target MARXAN protection, B) high target MARXAN protection following a respective reduction in 
fishing mortality. 

 
Anchovy GSA 22 

Marxan 
scenario 

F/FMSY SSB last year/ SSB last year STQ 
Catches last year/ 

Catches last year STQ 

F -STATUS QUO 
 
 
 
 
 
 

Low 
target 

protection 

1.199   

F - Scenario 1 
1.079 1.008 0.942 

F - Scenario 2 
1.067 1.009 0.940 

F - Scenario 3 
0.934 1.054 0.898 

 
Sardine GSA 22 

F/FMSY SSB last year/ SSB last year STQ 
Catches last year/ 

Catches last year STQ 

 
F -STATUS QUO 

1.253 
  

 
F - Scenario 1 

1.253 0.994 0.999 

 
F - Scenario 2 

1.114 1.015 0.939 

 
F - Scenario 3 

0.976 1.037 0.873 

 
Anchovy GSA 22 

 
 
 
 
 
 
 
 

High 
target 

protection 

F/FMSY SSB last year/ SSB last year STQ 
Catches last year/ 

Catches last year STQ 

 
F -STATUS QUO 

1.199 
  

 
F - Scenario 1 

1.199 1.019 0.954 

 
F - Scenario 2 

0.904 1.060 0.877 

 
F - Scenario 3 

0.608 1.143 0.706 

 
Sardine GSA 22 

F/FMSY SSB last year/ SSB last year STQ 
Catches last year/ 

Catches last year STQ 

 
F -STATUS QUO 

1.253 
  

 
F - Scenario 1 

1.253 0.996 0.993 

 
F - Scenario 2 

0.944 1.059 0.883 

 
F - Scenario 3 

0.635 1.134 0.695 
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Table 3.3.2.2 Summary table of forecast outputs for the target small pelagic species of GSA 22 in A) low 
target MARXAN protection, B) high target MARXAN protection following no reduction in fishing 
mortality. 

 
Anchovy GSA 22 

Marxan 
scenario 

F/FMSY SSB last year/ SSB last year STQ 
Catches last year/ 

Catches last year STQ 

F -STATUS QUO 
 
 
 
 
 
 
 
 

Low 
target 

protection 

1.199   

 
F - Scenario 1 

1.199 0.993 0.996 

 
F - Scenario 2 

1.199 0.984 0.995 

 
F - Scenario 3 

1.199 0.993 0.997 

 
Sardine GSA 22 

F/FMSY SSB last year/ SSB last year STQ 
Catches last year/ 

Catches last year STQ 

 
F -STATUS QUO 

1.253 
  

 
F - Scenario 1 

1.253 0.994 0.999 

 
F - Scenario 2 

1.253 0.991 0.992 

 
F - Scenario 3 

1.253 0.992 0.994 

 
Anchovy GSA 22 

 
 
 
 
 
 
 
 

 
High 

target 
protection 

F/FMSY SSB last year/ SSB last year STQ 
Catches last year/ 

Catches last year STQ 

 
F -STATUS QUO 

1.199 
  

 
F - Scenario 1 

1.199 0.995 0.995 

 
F - Scenario 2 

1.199 0.986 0.993 

 
F - Scenario 3 

1.199 0.995 0.996 

 
Sardine GSA 22 

F/FMSY SSB last year/ SSB last year STQ 
Catches last year/ 

Catches last year STQ 

 
F -STATUS QUO 

1.253 
  

 
F - Scenario 1 

1.127 1.018 0.951 

 
F - Scenario 2 

1.127 1.019 0.952 

 
F - Scenario 3 

1.127 1.022 0.954 

 
 
 
 
 
 
 



-340- 
 

3.3.3 Data and model discrepancies 

 

The evaluation of area closures as suggested by MARXAN scenarios were carried out by 

means of the Assessment for All (a4a) initiative of the European Commission Joint Research 

Centre (Jardim et al., 2015; Millar and Jardim, 2018) and the FLash package for running ten 

years’ projection using the respective selectivity curves presented in Deliverable 5.1. The 

time series available and the stock assessment model used was the one suggested and 

approved by the latest STECF-17-09 for anchovy and sardine stocks in GSA22. Data series 

available is generally short and most important it presents data gaps for the period 2009- 

2012. Thus the STECF-17-09 did not consider the output of this model as adequate for catch 

advice. However, this was the best available for the spatial closures evaluation and medium 

term projections and we endorsed it. 

Moreover, it is well known that the full evaluation of MSY intervals requires defined Stock-
Recruit relationships or at least biomass limit reference points and recruitment dynamics 
over the full range of biomass. According to the latest STECF stock assessment working group 
for the Mediterranean (STECF-17- 09), Stock-Recruit relationships or biomass limit reference 
points and recruitment dynamics is not possible for the stocks of anchovy and sardine in 
Aegean Sea (GSA 22) due the short time series of data. Thus the STECF-17-09 suggested MSY 
catch advice based on the MSY proxy of an exploitation rate of E=0.4 (Patterson, 1992), 
agreeing that this provided an effective proxy for FMSY. In accordance to this suggestion and 
for the purposes of this deliverable we considered the E=0.4 as MSY proxy as well as the SSB 
and landings as additional indicators. This was the best available choice despite any 
discrepancies. 
 

3.4 Synthesis table and evaluation report of the different MPAs scenario output in 

terms of the established MSY reference points for demersal species 
 

The current work has been carried out within WP5: MPA effect on MSY under D-5.3: 

Synthesis table and evaluation report of the different MPAs scenario output in terms of the 

established MSY reference points for demersal species. Demersal fisheries in the Aegean Sea 

and in Cyprus are characterized by high diversity, both in terms of catch composition and the 

structure of the sector. Generally, fishing vessels exploiting the demersal stocks in such areas 

can be classified in two major fleet categories: (a) bottom trawlers and (b) artisanal or small- 

scale coastal vessels. The artisanal fleet generally exploits the continental shelf using a wide 

variety of fishing gears (multi-gear fleet), mainly different types of static nets and bottom 

longlines (Tsepes et al., 2016). The artisanal fleet is typically composed of small sized vessels 

(<12m) that represent more than 80% of the total EU Mediterranean fleet. The bottom 

trawler fleet comprises larger-sized vessels accounting for about 10% of the total fleet 

(Sacchi, 2011). 

In the Mediterranean, management of demersal stocks is exclusively based on various effort 

control regimes (input control). Direct regulation of effort is achieved through a licensing 

system allowing fishing in certain areas and seasons for specific vessels and gears, as well as 

through restrictions on the fishing capacity of licensed vessels (vessel tonnage, engine 

power). Direct effort regulation is typically accompanied by methods of indirect effort 
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control, including various technical measures and management actions. Examples of such 

methods are especially Marine Managed Areas. In the present deliverable we focus on the 

demersal fisheries in the Aegean Sea (GSA 22) and Cyprus (GSA 25) aiming to examine the 

effects of the different spatial closures foreseen in the framework of Marxan analyses on the 

main commercial stocks. We are going to provide synthesis table and evaluation of the 

different MPAs scenario output in terms of established MSY reference points for the target 

demersal species. The main indicators considered are Spawning Stock Biomass (SSB in tons) 

and Catches (in tons). 

Here we describe how Medium-Term Forecasts (MTF) that have been performed using The 

Fisheries Library in R (FLR): a collection of tools for quantitative fisheries science, developed 

in the R language, that facilitates the construction of bio-economic simulation models of 

fisheries systems as well as the application of a wide range of quantitative analysis (Kell et 

al., 2007). Specifically, we used the Assessment for All (a4a) initiative of the European 

Commission Joint Research Centre (Jardim et al., 2015; Millar and Jardim 2018) and the FLash 

package for running ten years’ projection using the respective selectivity curves presented in 

Deliverable D-5.1. Given the short data series available, we could not consider any stock 

recruitment relationship. Thus the recruitment has been assumed as constant equal to the 

geometric mean of the entire time series available in the stock assessment. Based on 

Deliverables D-4.3b and D-4.4b two different scenarios regarding area closures were tested: 

 a low target MARXAN protection scenario and 

 a high target protection MARXAN. 

 
Subsequently, for each MARXAN scenario and in accordance to the scenarios tested in 
Deliverable D-5.2, the following evaluation scenarios were tested for the target demersal fish 
(figure 3.4.1): 

 in scenario 0 (status quo), the spatial distribution of the fishing effort was estimated by 

taking into account those areas already closed for purse seines (Fishing Restricted Areas 

as described in deliverables D-2.1 and D-2.2). In these areas the rate of fishing mortality 

was considered as zero; 

 in scenario 1, we assumed a complete (100%) reallocation of the fishing effort excluded 

from Area 1 (representing Zones A in accordance with deliverables D-4.3b and D-4.4b) to 

Area 2 (representing Zones B and C as described to D-4.3b and D-4.4b) and Area 4 

(representing Zones D and E as described to D-4.3b and D-4.4b); 

 in scenario 2, we assumed 50% reallocation of the fishing effort excluded from Area 1 to 

Area 2 and Area 3; 

 in scenario 3, we assumed no (0%) reallocation of the fishing effort excluded from Area 1 

to Area 2 and Area 3. 
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Figure 3.4.1 – Scenarios tested in the present deliverable. FRA = Fishery Restricted Areas; SSF = Small 
Scale Fisheries. 
 

3.4.1 Medium term forecasts for target specie in Aegean 

3.4.1.1 High target 

 

In table 3.4.1.1.1 are summarized the input parameters used to estimate, for the High target, 

the selection curves and to run the forecasts. The figures 3.4.1.1.1- 3.4.1.1.3 are reported the 

mid-term forecasts estimated for the demersal target species considered in the Aegean Sea 

(GSA 22). 

Table 3.4.1.1.1 - Summary table of the input parameters used in the forecasts for the target species of 
GSA 22. 

 

  Area 1 Area 2 Area 3 F bar FMSY 

Hake Number of recruits (x 1000) 49535 19035 12709 - - 

 F -STATUS QUO 0.33 0.08 0.23 0.64 0.17 

 F - Scenario 1 0 0.06 0.58 0.64  

 F - Scenario 2 0 0.06 0.39 0.45  

 F - Scenario 3 0 0.06 0.21 0.26  

       

Red Mullet Number of recruits (x 1000) 139884 4712 48952 - - 

 F -STATUS QUO 0.48 0.12 0.33 0.93 0.44 

 F - Scenario 1 0 0.11 0.82 0.93  

 F - Scenario 2 0 0.11 0.55 0.66  

 F - Scenario 3 0 0.11 0.28 0.39  

       

Deep water rose shrimp Number of recruits (x 1000) 372249 89663 283936 - - 

 F -STATUS QUO 0.05 0.24 0.57 0.86 0.44 

 F - Scenario 1 0 0 0.86 0.86  

 F - Scenario 2 0 0 0.61 0.61  

 F - Scenario 3 0 0 0.37 0.37  
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Figure 3.4.1.1.1 High target mid-term forecasts estimated for the 4 scenarios for Merluccius merluccius 
in GSA 22. 

 

 
Figure 3.4.1.1.2 High target mid-term forecasts estimated for the 4 scenarios for Mullus barbatus in 
GSA 22. 
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Figure 3.4.1.1.3 High target mid-term forecasts estimated for the 4 scenarios for Parapenaeus 
longirostris in GSA 22. 
 

 

 

 

3.4.1.2 Low target 

 
In table 3.4.1.2.1 are summarized the input parameters used to estimate, for the Low target, 

the selection curves and to run the forecasts. The figures 3.4.1.2.1-3.4.1.2.3 are reported the 

mid-term forecasts estimated for the demersal target species considered in the Aegean Sea 

(GSA 22). 
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Table 3.4.1.2.1 - Summary table of the input parameters used in the forecasts for the target species 

of GSA 22. 

 

 
 

 
Figure 3.4.1.2.1 High target mid-term forecasts estimated for the 4 scenarios for Merluccius merluccius 
in GSA 22. 

  Area 1 Area 2 Area 3 F bar FMSY 

Hake Number of recruits (x 1000) 28351 20777 12709 - - 

 F -STATUS QUO 0.10 0.16 0.37 0.64 0.17 

 F - Scenario 1 0 0.12 0.52 0.64  

 F - Scenario 2 0 0.12 0.42 0.54  

 F - Scenario 3 0 0.12 0.33 0.45  

       

Red Mullet Number of recruits (x 1000) 113442 17352 48952 - - 

 F -STATUS QUO 0.15 0.24 0.54 0.93 0.44 

 F - Scenario 1 0 0.21 0.71 0.93  

 F - Scenario 2 0 0.21 0.58 0.79  

 F - Scenario 3 0 0.21 0.44 0.65  

       

Deep water rose shrimp Number of recruits (x 1000) 372249 89663 283936 - - 

 F -STATUS QUO 0.135143 0.220923 0.503935 0.86 0.44 

 F - Scenario 1 0 0 0.86 0.86  

 F - Scenario 2 0 0 0.75 0.75  

 F - Scenario 3 0 0 0.63 0.63  
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Figure 3.4.1.2.2 High target mid-term forecasts estimated for the 4 scenarios for Mullus barbatus in 
GSA 22. 

 

 
Figure 3.4.1.2.3 High target mid-term forecasts estimated for the 4 scenarios for Parapenaeus 
longirostris in GSA 22. 
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3.4.2 Medium term forecasts for target specie in Cyprus 

3.4.2.1 High target 

 

In table 3.4.2.1.1 are summarized the input parameters used to estimate, for the High target, 

the selection curves and to run the forecasts. The figures 3.4.2.1.1-3.4.2.1.2 are reported the 

mid-term forecasts estimated for the demersal target species considered in Cyprus (GSA 25). 

 

Table 3.4.2.1.1 - Summary table of the input parameters used in the forecasts for the target species of 

GSA 25. 

 
 

 
Figure 3.4.2.1.1 High target mid-term forecasts estimated for the 4 scenarios for Mullus barbatus in 
GSA 25. 

  Area 1 Area 2 Area 3 F bar FMSY 

Red mullet Number of recruits (x 1000) 2683 64 166 - - 

 F -STATUS QUO 0.02 0.10 0.14 0.26 0.36 

 F - Scenario 1 0 0.10 0.16 0.26  

 F - Scenario 2 0 0.10 0.15 0.25  

 F - Scenario 3 0 0.097114 0.134956105 0.23  

       

Striped red mullet Number of recruits (x 1000) 2424 0 0 - - 

 F -STATUS QUO 0.04 0.25 0.34 0.64 0.23 

 F - Scenario 1 0 0.28 0.36 0.64  

 F - Scenario 2 0 0.28 0.33 0.61  

 F - Scenario 3 0 0.28 0.30 0.57  
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Figure 3.4.2.1.2 High target mid-term forecasts estimated for the 4 scenarios for Mullus surmuletus in 
GSA 25. 

 

3.4.2.2 Low target 

 

In table 3.4.2.2.1 are summarized the input parameters used to estimate, for the Low target, 

the selection curves and to run the forecasts. The figures 3.4.2.2.1-3.4.2.2.2 are reported the 

mid-term forecasts estimated for the demersal target species considered in Cyprus (GSA 25). 

 

Table 3.4.2.2.1 - Summary table of the input parameters used in the forecasts for the target species of 

GSA 25. 

 

  Area 1 Area 2 Area 3 F bar FMSY 

Red mullet Number of recruits (x 1000) 2685 62 166 - - 

 F -STATUS QUO 0 0.12 0.14 0.26 0.36 

 F - Scenario 1 0 0.11 0.15 0.26  

 F - Scenario 2 0 0.11 0.14 0.25  

 F - Scenario 3 0 0.11 0.13 0.24  

       

Striped red mullet Number of recruits (x 1000) 2423550 225 0 - - 

 F -STATUS QUO 0.01 0.29 0.34 0.64 0.23 

 F - Scenario 1 0 0.31 0.33 0.64  

 F - Scenario 2 0 0.31 0.31 0.61  

 F - Scenario 3 0 0.31 0.29 0.57  
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Figure 3.4.2.2.1 Low target mid-term forecasts estimated for the 4 scenarios for Mullus barbatus in 
GSA 25. 
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Figure 3.4.2.2.2 High target mid-term forecasts estimated for the 4 scenarios for Mullus surmuletus in 

GSA 25. 

 

 

 

 

 

 

3.4.3 Conclusions 

 

Overall, the projections performed with the High target, in comparison to those with the Low 

one, show a bigger amount in term of SSB (Tables 3.4.3.1, 3.4.3.2). 

There is a clear improvement of the stocks in term of SSB when the reduction of fishing 

mortality is concentrated in areas with a higher concentration of juveniles (Scenario 3) and in 

the medium term, this improvement will determine similar catches as observed in the Status 

quo scenario. In the present deliverable we quantify how the MPAs networks, foreseen in the 

framework of WP4, will cause a better exploitation of demersal species determining stocks 

more productive when the juvenile stages are protected. However, in the case of the Aegean 

Sea a reduction of fishing effort (Scenarios 2 and 3) is needed to improve the status of demersal 

stocks. 
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Table 3.4.3.1 Summary table of forecast outputs for the High target for the target species of GSA 22 and 

GSA 25. 

Hake GSA 22 SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 0.9954 0.9956 

F - Scenario 2 1.7545 1.1750 

F - Scenario 3 3.6000 1.3437 

   

Red mullet GSA 22 SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 0.9884 0.9815 

F - Scenario 2 1.3874 0.9648 

F - Scenario 3 2.1684 0.8766 

   

Deep water rose shrimp GSA 22 SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 0.9929 1.0008 

F - Scenario 2 1.3234 0.9610 

F - Scenario 3 1.8090 0.8026 

   

Red mullet GSA 25 SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 0.9896 0.9934 

F - Scenario 2 1.0240 0.9732 

F - Scenario 3 1.0784 0.9512 

   

Striped red mullet GSA 25 SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 0.9491 0.9888 

F - Scenario 2 0.9814 0.9885 

F - Scenario 3 1.0497 1.0095 
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Table 3.4.3.2. Summary table of forecast outputs for the Low target for the target species of GSA 22 and 

GSA 25. 

Hake GSA 22 SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 1.0142 1.0179 

F - Scenario 2 1.3217 1.1020 

F - Scenario 3 1.8099 1.2111 
   

Red mullet GSA 22 SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 0.9991 0.9956 

F - Scenario 2 1.1680 0.9809 

F - Scenario 3 1.3951 0.9703 

Deep water rose shrimp GSA 
22 

SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 1.0150 1.0104 

F - Scenario 2 1.1404 0.9994 

F - Scenario 3 1.2824 0.9571 
   

Red mullet GSA 25 SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 0.9922 0.9912 

F - Scenario 2 1.0171 0.9795 

F - Scenario 3 1.0441 0.9702 
   

Striped red mullet GSA 25 SSB last year/ SSB last year STQ Catches last year/ Catches last year STQ 

F -STATUS QUO   

F - Scenario 1 0.9545 1.0014 

F - Scenario 2 0.9820 1.0058 

F - Scenario 3 1.0083 1.0096 
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4. Development of ECOPATH models in selected MPAs, which will be examined 

using previous and new data in order to evaluate the current contribution of 

MPAs in fisheries sustainability 
 

4.1 Ecopath model in the Aegean 
 

The current work has been carried out within WP6: Ecosystem modelling – Development of 
Ecopath models under D-6.1: Ecopath model in the Aegean. The scope of fisheries management 
has been broadened since the late 20th century/beginning of the 21st century when the term 
“Ecosystem-based Fisheries Management (EBFM)” was coined and an Ecosystem Approach to 
Fisheries (EAF) was adopted, requiring that decision making should be based not only on the 
characteristics of a particular stock, but on all components of the ecosystem (Garcia et al. 
2003). Putting management decisions into an ecosystem context, demands shifting from 
traditional single-species stock assessments to more complex ecosystem models which 
encompass multi-species interactions, environmental conditions and human activities (Collie 
et al. 2016). Ecosystem modelling integrates available information to study direct and indirect 
trophic interactions among ecosystem compartments, including fishing activities and the 
environment and is therefore a useful tool for fisheries management (Christensen and Walters 
2004). Ecosystem models, when run along with single-species assessments, can test the effect 
of harvest policies on the entire ecosystem, thus qualitatively facilitating management advice 
(Collie et al. 2016). 
Ecopath ecosystem models, that in their simplest form date back to the early 80s (Polovina 
1984), are descriptive and provide a snapshot of the trophic flows and interrelationships, 
energy fluxes and food web structure of marine ecosystems, i.e. the species of a studied 
ecosystem and their trophic interactions (Christensen et al. 2005). Focus has been placed on 
using the models for fisheries management purposes by including the Ecosim and Ecospace 
suites of tools in the main Ecopath software system (EwE: Ecopath with Ecosim - 
www.ecopath.org). Ecosim is a time dynamic simulation module that models changes in fishing 
pressure and the relative impact of fisheries on the environment, whereas Ecospace is a spatial 
and temporal dynamic module primarily designed for exploring the impact and placement of 
protected areas that can be used to address spatially explicit research or policy questions. The 
broad use of EwE has contributed to complement previous knowledge of the structure and 
functioning of marine ecosystems and has enabled the proposal of fisheries reference limits 
and exploitation indicators based on meta-analysis of models’ results (e.g. Christensen 1995; 
Libralato et al. 2008). 
Ecopath models have been widely used to assess the impact of artisanal, recreational (e.g., 
Albouy et al. 2010) and commercial fishing (e.g., Coll et al. 2006; Libralato et al. 2010; Piroddi 
et al. 2010; Banaru et al. 2012; Hattab et al. 2013; Prato et al. 2016) as well as of other driving 
forces (e.g., Libralato et al. 2006; Díaz López et al. 2008; Barausse et al. 2009; Valls et al. 2012; 
Bayle-Sempere et al. 2013) on marine ecosystems and specific functional groups and fishing 
gears (Moutopoulos et al. 2013). More than 40 Ecopath models have been developed across 
the Mediterranean Sea, the vast majority of which in the northern coastline (Coll & Libralato 
2012), with only two models developed along the southern coastline, in Tunisian (Hattab et al. 
2013) and Israeli (Corrales et al. 2017) waters. The western and central part of the 
Mediterranean basin are the areas with the most Ecopath models (e.g. Coll et al. 2006; Coll et 
al. 2009), while in the eastern part Ecopath models have been developed in Israel (Corrales et 
al. 2017) and in Greece: in the Ionian Sea (Piroddi et al. 2010; Piroddi et al. 2011; Moutopoulos 
et al. 2013; Piroddi et al. 2016) and in the Aegean Sea (Tsagarakis et al. 2010). 
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In the framework of the PROTOMEDEA project, we developed two Ecopath mass-balance base 
models for the two study areas in the Aegean Sea, namely Thermaikos Gulf and Pagassitikos 
Gulf. These models will constitute important tools in order to set up and run spatial and 
temporal simulations within the Evaluation of ‘What if’ scenaria of MPA impacts on MSY and 
Ecopath/Ecospace models section/ objective aiming to explore management strategies related 
to MPA establishment, level of enforcement and potential benefits. 
 

4.1.1 Study areas – Thermaikos gulf 

Thermaikos Gulf is a shallow gulf in the northwestern Aegean Sea (Fig. 4.1.1.1) with a maximum 
depth not exceeding 100 m and mud, sandy mud and muddy sand bottom (Poulos et al. 2000). 
Although it is a relatively small area of about 3400 km2, it constitutes one of the most important 
fishing grounds, with the second highest fishing effort (first is the Thracian Sea) of trawlers and 
purse seiners in the Aegean Sea (Eigaard et al. 2017), accounting for more than 20% of the total 
Greek catches that mainly consist of European anchovy (Engraulis encrasicolus) and European 
pilchard (Sardina pilchardus) for purse seiners, European hake (Merluccius merluccius), red 
mullet (Mullus barbatus), surmullet (Mullus surmuletus), and deep water rose shrimp 
(Parapenaeus longirostris) for trawlers, as well as common cuttlefish (Sepia officinalis), 
common octopus (Octopus vulgaris) and crabs for coastal vessels and trawlers combined 
(Stergiou et al. 2007). Outer Thermaikos Gulf, which is considered one of the most productive 
areas in the Greek Seas, is the main fishing ground, with its coastal part being subject to several 
fishing restrictions, while its innermost part (Thessaloniki Bay and Gulf, and inner Thermaikos 
Gulf) is protected from large- scale fishing activities, as bottom trawl and purse-seine fishing 
have been totally banned since 1978 (Dimarchopoulou et al. 2018). 
 
 

Figure 4.1.1.1 Location of the modelled areas in the Aegean Sea. 

 



-355- 
 

4.1.2 Study areas – Pagasitikos gulf 

Pagasitikos Gulf is an enclosed shallow gulf in the western coast of central Aegean Sea with a 
mean depth of 69 m and a maximum depth of 102 m (Fig. 4.1.1.1). Its eastern part is more than 
80 m deep with the sea bottom covered with sediments rich in silt but poor in clay, while its 
western part is less than 80 m deep with the sea bottom covered with sand and biogenic 
detritus. Pagasitikos Gulf is in contact with the waters of north Evoikos Gulf through the channel 
of Trikeri which is 6 km wide. 
About ninety fish species, many of which of high commercial value, reproduce in Pagasitikos 
Gulf (Caragitsou et a. 2001). Pagasitikos is a semi protected area as fishing with towed gears 
has been prohibited all year long since 1966. Purse seiners, targeting small and medium 
pelagics such as European anchovy, European pilchard, Atlantic mackerel (Scomber scombrus), 
chub mackerel (Scomber japonicus), and numerous small-scale coastal vessels, mainly using 
nets, longlines and traps to target Norway lobster (Nephrops norvegicus), surmullet, red mullet, 
European hake, common pandora (Pagellus erythrinus), anglerfish (Lophius spp.), are active in 
the area. Recreational fishing is rather extensive and recreational fishers mainly target sparids 
and seabass. The total fisheries production in Pagasitikos Gulf had been increasing from the 
mid-80s until 2010, but it has rapidly been decreasing since then. 
 

4.1.3 ECOPATH Modelling 

 
For the description of the Thermaikos and Pagasitikos Gulfs ecosystems we used Ecopath with 
Ecosim (Christensen et al. 2005) to construct Ecopath mass-balance base models. Ecopath 
models, either simpler or more complex, represent a static, mass-balanced snapshot of the 
studied ecosystem, i.e. the species it contains and their trophic interactions. Overall, the 
Ecopath software package (along with the Ecosim and Ecospace modules which are part of D-
7.2) can be used in order to a) address ecological questions, b) evaluate ecosystem effects of 
fishing, c) explore management policy options, d) analyse impact and placement of marine 
protected areas, e) model effect of environmental changes. 
Ecopath models are designed to describe a specific ecosystem which therefore needs to be 
explicitly defined by the modeler who sets the boundaries of the studied ecosystem, as well as 
the time period for the model and defines the functional groups (FGs) of organisms. FGs can be 
single species, or groups of (ecologically or taxonomically) related species, i.e. species that 
share similar population dynamics and ecological function, or even size/age groups (stanzas). 
As Ecopath models are an integral part of the holistic ecosystem approach to fisheries 
management, the species to be included are not only the commercially important ones but 
may belong to different trophic modes, from lower to higher trophic levels, and can be primary 
producers, heterotrophs or facultative consumers, i.e. organisms which consume part of their 
food and photosynthesize the other part. At least one detritus group must be entered, and 
optionally discards can be entered as a specific detritus group. Also, the fishing fleet(s) that 
exploit the resources of the studied ecosystem have to be defined in the model. 
Ecopath assumes mass balance, i.e. that the energy input and output of all living groups are 
balanced, usually over a yearly time period, and bases the parameterisation on two master 
equations, one to describe the production and another for the energy balance of each 
component in the ecosystem (Christensen et al. 2005). 
 

 

Master equation 1: Production = predation mortality + fishery catches + biomass 

accumulation + net migration + other mortality 

Master equation 2: Consumption = production + respiration + unassimilated food 
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Mass balance means that production from any of the groups should end somewhere else in the 
system while taking into consideration the basic physiological and thermodynamic constraints. 
Predation mortality is the parameter linking the groups with each other. When balancing the 
model to achieve mass balance, one production equation is used for each of the FGs. For each 
equation, predation mortality expressed as diet composition, biomass accumulation, net 
migration and fishery catches of the group must always be entered (Table 4.1.3.1). It is optional 
to enter any of the rest four parameters in Table 1 (B, P/B, Q/B, EE), because the set of linear 
equations can be solved with one unknown value. Most of the times, based on the ease of 
estimation, EE is left to be estimated by the software. Biomass accumulation is entered as rate 
(t/km2/year) or relative to biomass if the data show change in biomass during the modelled 
year. Unassimilated food is a function of consumption, production and respiration and in 
general it takes a default value of 20%, with the exception of herbivores and detritivores for 
which 40% is more appropriate. 
 

Table 4.1.3.1 Data requirements for Ecopath models. 
 

 Input parameter Unit 
B Biomass t/km2 
P/B Production/Biomass year-1 
Q/B Consumption/Biomass year-1 
EE Other mortality Proportion 
Diets Diet composition Proportion 
Catches Landings + discards t/km2/year 

 
 
The model of Thermaikos Gulf was built for the years 1998-2000, when good quality and 
reliable biomass data were available. The food web was described by 33 functional groups 
(FGs), that encompassed 2 planktonic, 7 invertebrate, 19 fish, and 2 detritus groups, as well as 
sea turtles, seabirds and dolphins, covering the entire trophic spectrum of the ecosystem (Table 
4.1.4.1). Thermaikos Gulf is exploited by four fishing fleets that were included in the model, 
namely trawlers, purse seiners, beach seiners and small-scale coastal vessels. 
The model of Pagasitikos Gulf was constructed for the year 2008, when reliable biomass data 
were available. The food web was described by 31 FGs, that encompassed groups of lower to 
higher trophic levels namely 2 planktonic, 8 invertebrate, 16 fish, and 2 detritus groups, as well 
as sea turtles, seabirds and dolphins (Table 4.1.4.2). Pagasitikos Gulf is exploited by two fishing 
fleets that were included in the model, namely purse seiners and small-scale coastal vessels. 
The detailed species/taxa composition of the FGs for both models are given in the appendix, in 
Table 4.1.3.1.A1 for Thermaikos Gulf and Table 4.1.3.1.A2 for Pagasitikos Gulf. 
Biomass data for fish and main invertebrate FGs were obtained from local scientific surveys 
(MEDITS: International bottom trawl survey in the Mediterranean, hauls 42-51 in the case of 
Thermaikos Gulf), while for the rest of the FGs the literature and other models were used; 
landings data were based on reconstructed landings per gear and subarea of Greece 
(Moutopoulos & Stergiou 2012); diet compositions (Appendix Table 4.1.3.1.A3; 4.1.3.1.A4) 
were obtained from published reviews regarding the Mediterranean (Stergiou & Karpouzi 
2002; Karachle & Stergiou 2017); production and food consumption values were calculated 
using published empirical equations (Pauly 1980) or the relevant life-history tools in FishBase 
(Froese & Pauly 2018). 
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Table 4.1.3.1.A1 Taxa included in each functional group (FG) of the Thermaikos Ecopath model. 
 

 FG Species 

3 Benthic small crustaceans Amphipods, isopods, cumaceans etc, including suprabenthos 
5 Shrimps Melicertus kerathurus, Parapenaeus longirostris 

6 Crabs Carcinus aestuarii, Hommarus gammarus, Liocarcinus depurator, 
Nephrops norvegicus, Squilla mantis 

7 Benthic invertebrates Echinodermata, mollusca, sipuncula, etc, excluding decapoda 

8 Octopuses and cuttlefish Eledone cirrhosa, Eledone moschata, Octopus vulgaris, Rondeletiola 
minor, Sepia elegans, Sepia officinalis, Sepia orbignyana, Sepietta 
spp., 
Sepiola spp. 

9 Squids Alloteuthis media, Illex coindetii, Loliginidae, Loligo sp., 
Ommastrephidae 

10 Red mullets Mullus barbatus, M. surmuletus 

11 Anglerfish Lophius budegassa, L. piscatorius 

12 Flatfishes Arnoglossus laterna, Arnoglossus thori, Citharus linguatula, 
Scophthalmus maximus, Solea solea, Symphurus nigrescens 

13 Other gadiforms Gaidropsarus mediterraneus, Merlangius merlangus, Micromesistius 
poutassou, Phycis blennoides, Trisopterus capelanus 

14 Hake Merluccius merluccius 

15 Demersal fishes 1 Callionymus lyra, C. maculatus, C. risso, Callionymus spp., Gobius niger, 
Oblada melanura 

16 Demersal fishes 2 Chelidonichthys cuculus, C. lastoviza, C. lucerna, Deltentosteus 
quadrimaculatus, Dicentrarchus labrax, Eutrigla gurnardus, Helicolenus 
dactylopterus, Pagellus erythrinus, Pagrus pagrus, Scorpaena notata, S. 
porcus, Serranus hepatus, Syngnathus acus, Umbrina cirrosa, 
Uranoscopus scaber 

17 Demersal fishes 3 Blennius ocellaris, Conger conger, Dentex dentex, D. 
macrophthalmus, Diplodus sargus sargus, Epinephelus 
alexandrinus, E. marginatus, Pagellus acarne, P. bogaraveo, 
Polyprion americanus, Sarpa salpa, 
Serranus cabrilla, Sparus aurata, Trachinus draco, Zeus faber 

18 Demersal fishes 4 Argentina sphyraena, Capros aper, Cepola macrophthalma, Dentex 
maroccanus, Diplodus annularis, Lepidotrigla cavillone, Lesueurigobius 
friesii, L. suerii, Macroramphosus scolopax, Spondyliosoma cantharus, 
Trigla lyra 

19 Picarels and bogue Boops boops, Spicara flexuosa, S. maena, S. smaris 
20 Sharks Mustelus spp., Scyliorhinus canicula, Squalidae 

21 Rays and skates Leucoraja naevus, Raja clavata, R. radula, Rhinobatidae, Torpedo 
marmorata 

22 Anchovy Engraulis encrasicolus 
23 Sardine Sardina pilchardus 
24 Horse mackerels Trachurus mediterraneus, T. trachurus 

25 Mackerels Scomber colias, S. scombrus 

26 Other small pelagics Aphia minuta, Belone belone, Mugilidae, Sardinella aurita 

27 Medium pelagics Auxis thazard, Katsuwonus pelamis, Pomatomus saltatrix, Sarda sarda, 
Seriola dumerili 

28 Large pelagics Thunnus spp., Xiphias gladius 

29 Loggerhead turtle Caretta caretta 

30 Seabirds Calonectris diomedea, Hydrobates pelagicus, Larus audouinii, L. 
cachinnans, L. melanocephalus, Phalacrocorax aristotelis, Puffinus. 
yelkouan 

31 Dolphins Delphinus delphis, Phocoena phocoena, Stenella coeruleoalba, Tursiops 
truncatus 
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Table 4.1.3.1.A2 Taxa included in each functional group (FG) of the Pagasitikos Ecopath model. 
 

 FG Species 

3 Benthic small crustaceans Amphipods, isopods, cumaceans etc, including suprabenthos 
5 Shrimps Melicertus kerathurus, Parapenaeus longirostris 

6 Crabs Carcinus aestuarii, Goneplax rhomboids, Hommarus Gammarus, 
Inachidae, Liocarcinus depurator, Medorippe lanata, Squilla mantis 

7 Norway lobster Nephrops norvegicus 
8 Benthic invertebrates Echinodermata, mollusca, sipuncula, etc, excluding decapoda 

9 Octopuses and cuttlefish Octopus vulgaris, Sepia elegans, Sepia officinalis, Sepiolidae 

10 Squids Alloteuthis media, Eledone cirrhosa, Eledone moschata, Illex 
coindetti, 
Loliginidae, Loligo sp., Loligo vulgaris, Ommastrephidae 

11 Red mullets Mullus barbatus, M. surmuletus 

12 Anglerfish Lophius budegassa, L. piscatorius 

13 Flatfishes Arnoglossus laterna, Citharus linguatula, Scophthalmus maximus, 
Solea 
spp. 

14 Other gadiforms Micromesistius poutassou, Trisopterus capelanus 

15 Hake Merluccius merluccius 

16 Demersal fishes 1 Callionymus risso, Diplodus annularis, Gobius niger, Lesueurigobius 
friesii, 
Oblada melanura, Spondyliosoma cantharus 

17 Demersal fishes 2 Dicentrarchus labrax, Eutrigla gurnardus, Pagellus erythrinus, 
Pagrus pagrus, Scorpaena elongata, S. notata, Scorpaenidae, 
Serranus hepatus, Serranus spp., Trigla lucerna, Triglidae, 
Trigloporus lastoviza, Umbrina 
cirrosa, Uranoscopus scaber 

18 Demersal fishes 3 Blennius ocellaris, Conger conger, Dentex dentex, Dentex 
macrophthalmus, Diplodus sargus, Echelus myrus, Pagellus 
bogaraveo, Polyprion americanus, Sarpa salpa, Sparus aurata, 
Trachinus draco, Zeus 
faber 

19 Picarels and bogue Boops boops, Spicara flexuosa, S. maena, S. smaris 

20 Sharks and rays Dasyatis pastinaca, Mustelus spp., Raja brachyura, Raja clavata, R. 
miraletus, R. montagui, R. polystigma, R. spp., Rhinobatidae, 
Scyliorhinus 
canicula, Torpedo marmorata 

21 Anchovy Engraulis encrasicolus 

22 Sardine Sardina pilchardus 

23 Horse mackerels Trachurus mediterraneus, T. trachurus 

24 Mackerels Scomber japonicus, S. scombrus 

25 Other small pelagics Belone belone, Mugilidae, Sardinella aurita, Sprattus sprattus 

26 Other larger pelagics Katsuwonus pelamis, Pomatomus saltatrix, Sarda sarda, Seriola 
dumerili, 
Thunnus spp., Xiphias gladius 

27 Loggerhead turtle Caretta caretta 

28 Seabirds Calonectris diomedea, Hydrobates pelagicus, Larus audouinii, L. 
cachinnans, L. melanocephalus, Phalacrocorax aristotelis, Puffinus 
yelkouan 

29 Dolphins Delphinus delphis, Phocoena phocoena, Stenella coeruleoalba, 
Tursiops 
truncatus 
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Table 4.1.3.1.A3 Diet composition matrix of the Thermaikos Ecopath model. 
 Prey \ predator 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

1 Phytoplankton 0.6 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0.02 0.009 0 0 0 0 0 0.131 0 0 0.01 0 0 0 0 0 

2 Zooplankton 0.2 0.097 0 0.1029 0.005 0 0.09 0.175 0.14 0.018 0.161 0.3 0.137 0.107 0.15 0.152 0.773 0.9 0.142 0.035 1 0.849 0.767 0.6 0.867 0.05 0.05 0.05 0 0 

3 Benthic small crustaceans 0 0.03 0 0.23 0.06 0 0.14 0.128 0.184 0.03 0.121 0.305 0.063 0.131 0.2 0.078 0.1 0.05 0 0.006 0 0.02 0.03 0.04 0.103 0.02 0 0 0 0 
4 Polychaetes 0 0.02 0.03 0.2 0.41 0.02 0.06 0.075 0.132 0.06 0.022 0 0 0.661 0.12 0.095 0.019 0.045 0.05 0.1 0 0 0.047 0 0 0.005 0 0.001 0 0 

5 Shrimps 0 0 0 0.03 0.02 0 0.01 0.005 0.04 0.02 0.012 0.01 0.073 0.018 0.05 0.084 0.045 0.005 0.01 0.1 0 0 0.005 0.01 0 0.005 0.03 0 0 0 

6 Crabs 0 0 0 0.026 0.025 0 0.05 0.013 0.08 0 0.012 0.032 0 0 0.09 0.038 0.036 0 0.1 0.1 0 0 0.005 0 0 0 0 0.138 0 0 

7 Benthic invertebrates 0 0.03 0.06 0.28 0.31 0.03 0.53 0.02 0.024 0.1 0.04 0.008 0.02 0.083 0.02 0.145 0.027 0 0.2 0.035 0 0 0.05 0.084 0.005 0 0.093 0.299 0 0 

8 Octopuses and cuttlefish 0 0 0 0.02 0 0 0.05 0.035 0 0.1 0.04 0.005 0.04 0 0.015 0.048 0 0 0.08 0.012 0 0 0.01 0 0 0.005 0 0.01 0 0.017 

9 Squids 0 0 0 0 0 0 0 0.045 0 0 0 0 0.115 0 0 0 0 0 0.068 0.008 0 0 0.035 0.004 0 0.055 0.13 0.01 0 0.122 

10 Red mullets 0 0 0 0 0 0 0 0.009 0 0.02 0 0.031 0 0 0.04 0 0 0 0 0.055 0 0 0 0 0 0.005 0 0.003 0 0 

11 Anglerfish 0 0 0 0 0 0 0 0 0 0.02 0 0 0 0 0 0 0 0 0.02 0 0 0 0 0 0 0 0 0 0 0 

12 Flatfishes 0 0 0 0 0 0 0 0 0 0.02 0.01 0 0.012 0 0 0 0 0 0.054 0.008 0 0 0.005 0 0 0 0 0 0 0.0003 
13 Other gadiforms 0 0 0 0 0 0 0 0.022 0 0.1 0.12 0.006 0.03 0 0.08 0.022 0 0 0.048 0.04 0 0 0.005 0.004 0 0.066 0 0 0 0 

14 Hake 0 0 0 0 0 0 0 0.002 0 0.036 0 0 0.04 0 0 0 0 0 0.046 0.026 0 0 0 0 0 0.01 0.005 0 0 0.035 

15 Demersal fishes 1 0 0 0 0 0.003 0 0 0.001 0 0 0.08 0.03 0.02 0 0.015 0 0 0 0.043 0.08 0 0 0 0 0 0 0 0 0 0.107 

16 Demersal fishes 2 0 0 0 0 0 0 0.02 0 0 0.05 0.04 0 0.02 0 0 0.05 0 0 0 0.03 0 0 0 0 0 0 0.02 0 0 0.135 

17 Demersal fishes 3 0 0 0 0 0.002 0 0.04 0 0 0 0.12 0.01 0.04 0 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0.0085 0 0.136 

18 Demersal fishes 4 0 0 0 0 0.002 0 0 0.001 0 0.036 0.07 0.015 0.04 0 0.03 0.01 0 0 0.028 0.06 0 0 0 0.004 0 0 0.005 0.0005 0 0.006 

19 Picarels and bogue 0 0 0 0 0 0 0.01 0.023 0 0.08 0 0.032 0.03 0 0.075 0.055 0 0 0 0.01 0 0 0.03 0 0 0.03 0 0.05 0 0.189 

20 Sharks 0 0 0 0 0 0 0 0.004 0 0 0 0 0 0 0 0 0 0 0.0001 0 0 0 0 0 0 0 0 0 0 0 

21 Rays and skates 0 0 0 0 0 0 0 0 0 0.05 0.008 0 0 0 0 0 0 0 0.015 0 0 0 0 0 0 0 0 0 0 0 

22 Anchovy 0 0 0 0 0 0 0 0.156 0 0.03 0.04 0.184 0.16 0 0 0.114 0 0 0.018 0.195 0 0 0.004 0.1 0 0.294 0.35 0.01 0.04 0.019 
23 Sardine 0 0 0 0 0 0 0 0.163 0 0.05 0.008 0.01 0.11 0 0.03 0.05 0 0 0.02 0.05 0 0 0.004 0.13 0 0.295 0.1 0.05 0.05 0.03 
24 Horse mackerels 0 0 0 0 0 0 0 0.03 0 0.13 0.069 0 0 0 0 0 0 0 0.048 0.01 0 0 0 0.004 0 0.05 0.04 0.05 0 0.043 

25 Mackerels 0 0 0 0 0 0 0 0.003 0 0.05 0.02 0 0 0 0.03 0.05 0 0 0 0 0 0 0 0 0 0.02 0.04 0 0 0.001 

26 Other small pelagics 0 0 0 0 0 0 0 0.09 0 0 0 0 0.05 0 0.03 0 0 0 0 0 0 0 0.003 0.02 0 0.09 0.062 0 0.04 0.16 

27 Medium pelagics 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.075 0 0 0 

28 Large pelagics 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

29 Loggerhead turtle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

30 Seabirds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

31 Dolphins 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

32 Discards 0 0.003 0 0.015 0.01 0 0 0 0 0 0 0.013 0 0 0 0 0 0 0.01 0.01 0 0 0 0 0 0 0 0.32 0.26 0 

33 Detritus 0.2 0.8 0.81 0.09 0.15 0.9 0 0 0.4 0 0.007 0.009 0 0 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0 0.61 0 
 Import 0 0 0.1 0.006 0.003 0.05 0 0 0 0 0 0 0 0 0.005 0 0 0 0 0 0 0 0 0 0.005 0 0 0 0 0 
 Sum 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Table 4.1.3.1.A4 Diet composition matrix of the Pagasitikos Ecopath model. 
 Prey \ predator 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

1 Phytoplankton 0.6 0.02 0 0 0 0 0 0 0 0 0 0.021 0 0 0.026 0.03 0.033 0 0 0 0.131 0 0 0.01 0 0 0 0 

2 Zooplankton 0.18 0.097 0 0.103 0.005 0.24 0 0.09 0.175 0.139 0.018 0.127 0.1 0.137 0.423 0.229 0.263 0.9 0.1 1 0.849 0.7 0.34 0.8 0.05 0.05 0 0 

3 Benthic small crustaceans 0 0.03 0 0.23 0.06 0.03 0 0.14 0.128 0.04 0.04 0.115 0.15 0.008 0.0915 0.029 0.012 0.05 0.03 0 0.02 0.03 0.05 0.15 0.01 0 0 0 

4 Polychaetes 0 0.02 0.03 0.2 0.41 0.02 0.02 0.06 0.075 0.1805 0.06 0.306 0 0 0.2745 0.061 0.059 0.04 0.05 0 0 0.05 0 0 0.0025 0.18 0 0 

5 Shrimps 0 0 0 0.04 0.015 0.11 0 0.001 0.005 0.122 0.001 0.05 0.05 0.0001 0.05 0.066 0.087 0.01 0.019 0 0 0.01 0.01 0 0.0175 0 0 0 

6 Crabs 0 0 0 0.026 0.02 0.07 0 0.02 0.006 0.0795 0 0.004 0.06 0 0.015 0.06 0.06 0 0.018 0 0 0.01 0 0 0 0.138 0 0 

7 Norway lobster 0 0 0 0 0.01 0 0 0.04 0 0 0.039 0 0 0.07 0 0.043 0 0 0 0 0 0 0 0 0 0 0 0 

8 Benthic invertebrates 0 0.03 0.06 0.28 0.31 0.14 0.03 0.529 0.02 0.0245 0.09 0.043 0.01 0.03 0.12 0.041 0.177 0 0.1 0 0 0.05 0.09 0.01 0.0465 0.32 0 0 

9 Octopuses and cuttlefish 0 0 0 0.01 0 0 0 0.05 0.01 0 0.03 0.04 0.01 0.052 0 0.009 0.029 0 0.001 0 0 0.02 0 0 0.0001 0.01 0 0.01 

10 Squids 0 0 0 0 0 0 0 0 0.052 0 0 0 0 0.08 0 0 0 0 0.07 0 0 0.05 0.01 0 0.0925 0.01 0 0.122 

11 Red mullets 0 0 0 0 0 0 0 0 0.006 0 0.001 0 0.05 0 0 0.004 0 0 0.014 0 0 0 0 0 0.0025 0.003 0 0 

12 Anglerfish 0 0 0 0 0 0 0 0 0 0 0.037 0 0 0 0 0 0 0 0.157 0 0 0 0 0 0 0 0 0 
13 Flatfishes 0 0 0 0 0 0 0 0 0 0 0.028 0.04 0 0.04 0 0 0 0 0.055 0 0 0.01 0 0 0 0 0 0.0003 

14 Other gadiforms 0 0 0 0 0 0 0 0 0.003 0 0.001 0.015 0.01 0.02 0 0.004 0.03 0 0.001 0 0 0.01 0.01 0 0.022 0 0 0 

15 Hake 0 0 0 0 0 0 0 0 0.002 0 0.18 0 0 0.05 0 0 0 0 0.08 0 0 0 0 0 0.0075 0 0 0.042 

16 Demersal fishes 1 0 0 0 0 0.005 0 0 0 0.008 0.0145 0.036 0.05 0.07 0.06 0 0.087 0.055 0 0.01 0 0 0 0.01 0 0.0125 0.0005 0 0.113 

17 Demersal fishes 2 0 0 0 0 0 0 0 0.02 0 0 0.05 0.086 0 0.03 0 0.12 0.057 0 0.02 0 0 0 0 0 0 0 0 0.135 

18 Demersal fishes 3 0 0 0 0 0.002 0 0 0.04 0 0 0 0.06 0.1 0.061 0 0 0 0 0.02 0 0 0 0 0 0 0.0085 0 0.136 

19 Picarels and bogue 0 0 0 0 0 0 0 0.01 0.05 0 0.08 0 0.1 0.05 0 0.094 0.011 0 0.005 0 0 0.03 0 0 0.015 0.05 0 0.189 

20 Sharks and rays 0 0 0 0 0 0 0 0 0.019 0 0.05 0.009 0 0 0 0 0 0 0.13 0 0 0 0 0 0 0 0 0 

21 Anchovy 0 0 0 0 0 0 0 0 0.132 0 0.109 0.01 0.18 0.162 0 0 0.08 0 0.06 0 0 0.005 0.2 0 0.322 0.01 0.04 0.019 
22 Sardine 0 0 0 0 0 0 0 0 0.24 0 0.09 0.007 0.1 0.15 0 0.085 0.036 0 0.06 0 0 0.005 0.25 0 0.1975 0.05 0.05 0.03 

23 Horse mackerels 0 0 0 0 0 0 0 0 0.013 0 0.03 0.0001 0 0 0 0 0 0 0.0001 0 0 0 0.01 0 0.045 0.05 0 0.043 

24 Mackerels 0 0 0 0 0 0 0 0 0.009 0 0.03 0.01 0 0 0 0.001 0.011 0 0 0 0 0 0 0 0.03 0 0 0.001 

25 Other small pelagics 0 0 0 0 0 0 0 0 0.047 0 0 0 0 0.0001 0 0.037 0 0 0 0 0 0.02 0.02 0 0.076 0 0.04 0.16 

26 Other larger pelagics 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.051 0 0 0 

27 Loggerhead turtle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

28 Seabirds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

29 Dolphins 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

30 Discards 0 0.001 0 0.001 0.001 0 0 0 0 0 0 0 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0.12 0.17 0 

31 Detritus 0.22 0.802 0.81 0.09 0.159 0.39 0.9 0 0 0.4 0 0.007 0 0 0 0 0 0 0 0 0 0 0 0.02 0 0 0.6 0 
 Import 0 0 0.1 0.02 0.003 0 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0.1 0 
 Sum 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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4.1.4 Conclusions 

 
The Thermaikos and Pagasitikos Gulf models are defined by 33 and 31 FGs respectively 
covering the main trophic components of both ecosystems and including all the professional 
fishing activities operating in the areas, as defined by 4 fishing fleets in Thermaikos and 2 
fleets in Pagasitikos. The input and resulting output parameters of the balanced models are 
shown in Table 4.1.4.1 for Thermaikos Gulf and Table 4.1.4.2 for Pagasitikos Gulf, while the 
trophic linkages among the different compartments of the studied ecosystems are depicted 
in flow diagrams (Fig. 4.1.4.1 for Thermaikos; Fig. 4.1.4.2 for Pagasitikos). 
 
Table 4.1.4.1 Input and output parameters of the Thermaikos Gulf Ecopath model. FG functional 
group; TL trophic level; B biomass (t/km2); P/B production / biomass (yr-1); Q/B consumption / 
biomass (yr-1); EE ecotrophic efficiency; P/Q production / consumption. 

 
 FG TL B P/B Q/B EE P/Q 

1 Phytoplankton 1.00 7.866 117.3 0 0.744  

2 Zooplankton 2.25 6.1 62.47 186.38 0.764 0.34 

3 Benthic small crustaceans 2.21 1.11 7.686 57.12 0.993 0.13 

4 Polychaetes 2.10 4.808 1.712 13.083 0.988 0.13 
5 Shrimps 3.09 0.306 3.339 7.896 0.999 0.42 

6 Crabs 2.97 0.412 2.541 5.187 0.997 0.49 

7 Benthic invertebrates 2.05 8.71 1.215 3.434 0.995 0.35 

8 Octopuses and cuttlefish 3.33 0.392 2.9 5.807 1.000 0.50 

9 Squids 3.84 0.363 2.6 26.47 0.997 0.10 
10 Red mullets 2.81 0.196 1.908 7.192 0.994 0.27 

11 Anglerfish 4.18 0.203 1.1 3.777 0.211 0.29 

12 Flatfishes 4.00 0.107 1.82 8.741 0.995 0.21 

13 Other gadiforms 3.55 0.58 1.45 6.493 1.000 0.22 

14 Hake 4.14 0.4 0.587 3.7 0.998 0.16 
15 Demersal fishes 1 3.14 0.15 2.4 9.306 0.995 0.26 

16 Demersal fishes 2 3.66 0.246 1.6 7.739 0.996 0.21 

17 Demersal fishes 3 3.72 0.322 1.4 4.592 0.991 0.30 

18 Demersal fishes 4 3.30 0.237 1.9 11.105 0.995 0.17 
19 Picarels and bogue 3.25 0.663 1.5 8.339 0.992 0.18 
20 Sharks 3.93 0.071 0.698 4.08 0.988 0.17 

21 Rays and skates 4.02 0.141 1 3.394 0.717 0.29 

22 Anchovy 3.25 2.25 1.753 6.693 0.995 0.26 

23 Sardine 3.09 1.95 1.778 11.668 0.997 0.15 

24 Horse mackerels 3.36 0.732 1 7.315 0.994 0.14 
25 Mackerels 3.49 0.294 1.022 6.448 0.994 0.16 
26 Other small pelagics 3.22 1.17 1.4 6.365 0.997 0.22 

27 Medium pelagics 4.19 0.25 0.425 3.706 0.097 0.11 

28 Large pelagics 4.24 0.049 0.4 2.529 0.864 0.16 

29 Loggerhead turtle 3.09 0.02 0.16 2.68 0.000 0.06 
30 Seabirds 2.28 0.001 4.78 111.61 0.000 0.04 
31 Dolphins 4.46 0.02 0.08 13.81 0.625 0.01 

32 Discards 1.00    0.995  

33 Detritus 1.00 31.44 117.3 0 0.412  
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Table 4.1.4.2 Input and output parameters of the Pagasitikos Gulf Ecopath model. FG functional 
group; TL trophic level; B biomass (t/km2); P/B production / biomass (yr-1); Q/B consumption / 
biomass (yr-1); EE ecotrophic efficiency; P/Q production / consumption. 
 FG TL B P/B Q/B EE P/Q 

1 Phytoplankton 1.00 6.071 117.3 177.5 0.762  

2 Zooplankton 2.22 4.98 59.49 54.4 0.958 0.335 

3 Benthic small crustaceans 2.21 2.181 7.32 12.46 0.870 0.135 

4 Polychaetes 2.10 14.47 1.63 7.52 0.920 0.131 

5 Shrimps 3.10 1.25 3.21 4.94 0.990 0.427 
6 Crabs 2.96 1.1 2.44 4.76 0.991 0.494 
7 Norway lobster 2.87 0.953 1.32 3.27 0.995 0.277 

8 Benthic invertebrates 2.05 25.35 1.15 5.53 0.950 0.352 

9 Octopuses and cuttlefish 3.32 0.456 2.69 22.154 0.997 0.486 

10 Squids 3.83 0.5 2.6 6.896 0.991 0.117 

11 Red mullets 2.89 0.206 1.85 3.6 0.996 0.268 
12 Anglerfish 4.29 0.422 1 7.734 0.930 0.278 
13 Flatfishes 3.63 0.286 1.5 7.15 0.992 0.194 

14 Other gadiforms 3.93 0.4 1.2 3.5 0.983 0.168 

15 Hake 4.16 1.157 0.7 8.173 0.995 0.200 

16 Demersal fishes 1 3.19 1.747 1.5 5.6 0.998 0.184 
17 Demersal fishes 2 3.79 2.9 1 5.51 0.990 0.179 
18 Demersal fishes 3 3.63 1 0.9 8.237 0.995 0.163 

19 Picarels and bogue 3.22 1.878 1.6 3.146 0.997 0.194 

20 Sharks and rays 4.38 0.454 1.414 6.533 0.838 0.449 

21 Anchovy 3.22 3.11 1.642 11.39 0.999 0.251 
22 Sardine 3.06 5.161 1.28 6.43 0.996 0.112 
23 Horse mackerels 3.41 0.354 1.1 6.004 0.999 0.171 

24 Mackerels 3.70 0.33 1.122 6.081 0.996 0.187 

25 Other small pelagics 3.18 1.2 1.205 2.661 0.995 0.198 
26 Other larger pelagics 4.22 0.24 0.698 2.68 0.982 0.262 

27 Loggerhead turtle 3.30 0.02 0.16 111.61 0.781 0.060 
28 Seabirds 2.31 0.001 4.78 13.81 0.000 0.043 

29 Dolphins 4.46 0.02 0.08 177.5 0.213 0.006 

30 Discards 1.00  117.3 54.4 0.995  

31 Detritus 1.00 31.44 59.49 12.46 0.729  

 

  
Figure 4.1.4.1 Flow diagram of Thermaikos Gulf organised by 33 functional groups’ trophic levels. 
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Figure 4.1.4.2 Flow diagram of Pagasitikos Gulf organised by 31 functional groups’ trophic levels. 

 
 
According to the summary statistics that describe the studied ecosystems as a whole (Table 4), 
the output parameters were generally within those of previous models in the Adriatic (Coll et 
al. 2007) and northeastern Aegean Seas (Tsagarakis et al. 2010). Statistics (Table 4.1.4.3) 
indicate medium sized systems in terms of flows, with a total system throughput of about 3200 
t/km2/year for Thermaikos and 3000 t/km2/year for Pagasitikos, and also immature 
ecosystems, probably as a result of the intense fishing pressure, with high system production, 
far from zero, exceeding respiration (Christensen et al. 2005). Although still high, Pagasitikos 
Gulf presents the lowest value for system production compared to the other models, 
something that could possibly be attributed to towed gears not operating in the area for over 
50 years as it has been shown that prohibiting fishing with towed gears is likely to lead in change 
from disturbed to mature ecosystems in terms of bottom complexity, as well as benthos and 
fish species composition (Watling & Norse 1998). The models are typical in their uncertainty, 
as implied by a pedigree index of 0.53, which indicates that the data used for constructing them 
are of reasonable quality (Morissette 2007). 
Overall, squids had a high relative total impact in both ecosystems meaning that they play an 
important role in the food web with relatively low biomass; out of fishes, other gadiforms in 
Thermaikos and demersal fishes 2 in Pagasitikos had the highest overall impact and 
keystoneness (Fig. 4.1.4.3-4.1.4.4). Loggerhead turtles and seabirds had the lowest impact on 
both studied ecosystems. 
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Table 4.1.4.3 Statistics, flows and ecological indicators for Thermaikos and Pagasitikos Gulfs in 
comparison to models from other Mediterranean areas (NC Adriatic: Coll et al. 2007; N Aegean: 
Tsagarakis et al. 2010). 

Parameter Thermaikos Pagasitikos NC Adriatic N Aegean Units 
Sum of all consumption 1389 1526 1305 867 t/km2/

year 
Sum of all exports 514 216 730 275 t/km2/

year 
Sum of all respiratory flows 417 521 421 270 t/km2/

year 
Sum of all flows into 
detritus 

868 786 1388 563 t/km2/
year 

Total system throughput 3185 3049 3844 1976 t/km2/
year 

Sum of all production 1350 1126 1566 791 t/km2/
year 

Calculated total net 
primary production 

923 712 1150 536 t/km2/
year 

Total primary 
production/total 
respiration 

2.21 1.37 2.73 1.99  

Net system production 506 191 729 266 t/km2/
year 

Total primary 
production/total biomass 

23 8.5 8.82 16.21  

Total biomass/total 
throughput 

0.01 0.03 0.03 0.02 /year 

Total biomass (excluding 
detritus) 

40 84 130 33 t/km2 

System Omnivory Index 0.2 0.25 0.19 0.18  

Ecopath pedigree index 0.53 0.53 0.66 0.61  

 
 

Figure 4.1.4.3 Keystone index and relative total impact of each functional group of the Thermaikos Gulf 
model. Circle size indicates the % relative biomass of each group. 
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Figure 4.1.4.4 Keystone index and relative total impact of each functional group of the Pagasitikos Gulf 
model. Circle size indicates the % relative biomass of each group. 

 
The mixed trophic impact analysis shows the relative direct and indirect impact that a 
hypothetical very small increase of the biomass of the impacting groups have on the biomass 
of the impacted groups, thus revealing indirect interactions between groups due to prey 
availability (Fig. 4.1.4.5-4.1.4.6). In Thermaikos Gulf (Fig. 4.1.4.5), polychaetes had the highest 
positive impact on demersal fishes 1, while zooplankton had the highest negative impact on 
itself due to cannibalism. As far as fisheries are concerned, out of the four fleets exploiting 
Thermaikos Gulf, small scale fisheries had the strongest negative impact on the ecosystem with 
pronounced impact on dolphins, loggerhead turtles, large pelagics, flatfishes and rays and 
skates. 
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and  
 
Figure 4.1.4.5 Mixed trophic impact analysis of the Thermaikos Gulf Ecopath model. Impact on and by 
the four fishing fleets is also shown (1-4). 

 
 
 
 
 
In Pagasitikos Gulf (Fig. 4.1.4.5), benthic invertebrates had the highest positive impact on 
octopuses and cuttlefish, while zooplankton had also in this case the highest negative impact 
on itself. Regarding fisheries, out of the two fleets exploiting the studied ecosystem, small scale 
fisheries had the strongest negative impact on different compartments of the ecosystem with 
pronounced impact on dolphins, loggerhead turtles, other larger pelagics, anglerfish and red 
mullets. 
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Figure 4.1.4.6 Mixed trophic impact analysis of the Pagasitikos Gulf Ecopath model. Impact on and by 
the two fishing fleets is also shown (1-2). 

 
The two Ecopath base models constructed as part of the current work will provide the basis for 
the section “Ecopath/Ecosim/Ecospace, based on “what-if” scenaria”, in which time-dynamic 
Ecosim scenaria will be generated for Pagasitikos Gulf and both Ecosim and spatially resolved 
Ecospace scenaria will be developed for Thermaikos Gulf, using time-series data and 
species/environmental parameter distribution data, aiming to explore the temporal and spatial 
effect of different fishing effort scenaria on the biomass and fisheries yield of each 
compartment of the studied ecosystems. 
 

4.2 Ecopath model in Cyprus 
 
The current work has been carried out within WP6: Ecosystem modelling – Development of 
Ecopath models under D-6.2: Ecopath model in Cyprus. Ecosystem modelling integrates 
available information to study direct and indirect trophic interactions among ecosystem 
compartments, including fishing activities and the environment. It is therefore a useful tool for 
fisheries management (Christensen and Walters 2004). The broad use of the trophic modelling 
tool Eastern Mediterranean ultra-oligotrophic, yet species-rich, coastal ecosystems are 
undergoing major changes due to the cumulative impacts of intensified human activities and 
climate change (Coll et al., 2010, 2012; Micheli et al., 2013; Rilov, 2016). Management efforts 
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to deal with important stressors such as pollution (e.g. Coppini et al. 2011; Deudero and Alomar 
2015) and overexploitation of marine resources (e.g. Vasilakopoulos et al. 2014; Tsikliras et al 
2015) have been patchy and often uncoordinated mainly because this area is surrounded by 
three continents and nations of different social, cultural and economic status (Katsanevakis et 
al., 2015). Most efforts have also been ineffective, as decision makers seem to have failed to 
capture the complex and dynamic nature of the system and the need of integrated 
management approaches. As a result, many resources are exploited at biologically 
unsustainable levels and many fish stocks, especially demersal, are considered overexploited 
or even depleted (Vasilakopoulos et al., 2014; Tsikliras et al., 2015). 
These changes appear to have also made the marine environment of the eastern 
Mediterranean more susceptible to biological invasions, with many Lessepsian immigrants (i.e. 
Red Sea species entering the Mediterranean through the Suez Canal) gaining an advantage over 
native species, and thus establishing thriving populations along the Levant coasts (Edelist et al., 
2013). Some of these species become invasive and through a series of mechanisms may 
substantially change community structure, cause the loss of native genotypes, modify habitats, 
affect food web properties and ecosystem processes, impede the provision of ecosystem 
services, impact human health, and cause substantial economic losses (Katsanevakis et al., 
2014). 
Worldwide, failure of traditional management strategies and depletion of important marine 
resources has led to an increased interest towards ecosystem-based management (Rosenberg 
and McLeod, 2005; Link, 2010a). Within this context, ecosystem models are valuable tools as 
they provide a holistic approach of marine ecosystems (Plaganyi, 2007; Fulton, 2010). Such 
models have also become critically important in supporting policies like the EU’s Marine 
Strategy Framework Directive (MSFD - 2008/56/EC), the environmental pillar of the European 
marine policy. MSFD requires the assessment of all European seas at regional scales in relation 
to their ecosystem status and associated pressures, on the basis of which measures are taken 
towards achieving ‘good environmental status’ by 2020. For such assessments, environmental 
targets are established through the use of 11 descriptors and associated indicators, related to, 
among others, marine food webs and alien species (Piroddi et al., 2015). 
The Ecopath with Ecosim (EwE) modelling approach (Christensen and Walters, 2004) has been 
widely applied to describe the structure and functioning of aquatic food webs and to evaluate 
the impacts of human activities and environmental changes (Colleter et al., 2015; Christensen 
and Walters, 2011; Corrales et al., submitted). In the Mediterranean Sea, several EwE models 
have been developed, the majority of which in the western basin (Coll and Libralato, 2012; also 
available at http://sirs.agrocampus- ouest.fr/EcoBase/#discoverytools) and fewer in the 
eastern basin (e.g., Piroddi, 2008; Tsagarakis et al., 2010; Moutopoulos et al., 2013; Corrales et 
al., 2017). Although most have been used to assess the impact of fishing activities (e.g., Coll et 
al., 2006; Tsagarakis et al., 2010; Corrales et al., 2015), some have also been used to evaluate 
the impact of alien species (e.g., Pranovi et al., 2003; Corrales et al., 2017). 
The goal of this task was to gather, digitize and group all existing information concerning: a) 
biomass data; b) existing data on the diet composition of species in the area and c) fisheries 
related data. Moreover, during this task stomach content analysis of selected species took 
place, in order to acquire important information to be able to represent for the first time 
steady-state situations of the food webs in Cyprus. Further, having in mind the importance of 
the impact of non-indigenous species introduction and establishment (with special attention 
on Lessepsian immigrants), this group was also taken separately into consideration. An Ecopath 
model of the insular shelf ecosystem of the Republic of Cyprus representing the 2015-2017 
period was developed for the first time The model was used to (i) describe the structure and 
functioning of the ecosystem, (ii) identify keystone groups and species, (iii) evaluate the impact 
of fishing activities and (iv) assess the role of alien species (hereafter called aliens) on the 
ecosystem. 

http://sirs.agrocampus-/
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4.2.1 Study area and study period 

 

The study area includes the insular shelf of the Republic of Cyprus (i.e. the southern part of the 

island, which is under governmental control; thereafter referred to Cyprus), from 0 to 200 m 

depth, covering an area of approximately 1610 km2 (Fig. 4.2.1.1). The bathymetric extension 

was selected on the basis of biological and fishery requirements, as it includes the majority of 

the alien species distributions (Golani, 1998; Edelist et al., 2013) and the main fishing grounds 

of coastal fishing fleets. Unfortunately, due to the present political situation on the island, it was 

not possible to include the whole insular shelf. It should thus be emphasized that the term 

“insular shelf” throughout the text refers only to the modelled part of the insular shelf of Cyprus. 

The model represents the 2015-2017 period. Selection of these years has been based on: (a) 
data availability and quality, and (b) alien species representation, as many of them have been 
recently established in the ecosystem and/or because the systematic recording of marine alien 
species has just recently started in the area. The first inventory of alien marine species of Cyprus 
was only published in 2009 (Katsanevakis et al., 2009) and it included 126 alien and/or 
cryptogenic species, of which 101 had a Lessepsian origin and 80 were considered as 
established. Since then, scientific monitoring has intensified and more than 155 marine species 
are now included in the Cyprus Invasive Alien Species database (CYIAS; http://www.ris-
ky.eu/cydas) (Katsanevakis, 2017). 
 

 

Figure 4.2.1.1 Study area (shaded) of the 2015-17 trophic model of the insular shelf of Cyprus, covering 

depths from zero to 200 meters. 

 

4.2.2 Modelling approach 

The food web model of the insular shelf ecosystem of Cyprus was developed using the EwE 

software version 6.5 (Christensen and Walters, 2004; Christensen et al., 2008). We used the 

static Ecopath model, which provides a ‘snapshot’ of the trophic flows during a specific period. 

 

 

Cypru
s 

http://www.ris-ky.eu/cydas)
http://www.ris-ky.eu/cydas)
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The food web is modeled using functional groups, which consist of ontogenic fractions of a 

species, single species or groups of species sharing common ecological traits. The Ecopath is 

parameterized with two master equations for each functional group, one describing the 

production and the other the consumption (Christensen and Walters, 2004; Heymans et al., 

2016): 

production = predation mortality + fishing mortality + biomass accumulation + net migration + 

other mortality 

consumption = production + unassimilated food + respiration 

 
For each functional group, the model requires three out of the four basic parameters: biomass 

(B) (t km-2), production (P/B) and consumption (Q/B) rates (yr-1), and ecotrophic efficiency 

(EE), i.e. the proportion of production used in the system through predation or fishing (1-EE is 

other or unexplained mortality). In addition, the diet composition and the catch by fleet are 

required. A detailed description of the algorithms and equations as well as the main 

advantages and limitations of the approach are described in Christensen and Walters (2004), 

Christensen et al. (2008) and Heymans et al. (2016). 

 

4.2.3 Functional groups and input data 

 

Functional groups were defined based on ecological and biological features of the species such 

as habitat, depth distribution, size and diet, and taking into account data availability (especially 

biomass). To assess the role of alien fish species we included specific exclusively alien 

functional groups. 

A total of 40 functional groups were defined in the model, including two primary producers’ 

groups, 36 consumers’ groups (10 invertebrates’ groups, 22 fish groups, of which nine alien, 

one turtles group, two marine mammals’ groups, one seabirds group) and two detritus groups 

(natural detritus or marine snow and discards) (Table 4.2.3.1). 

Published and unpublished information from the Department of Fisheries and Marine 

Research of Cyprus (DFMR) and from other literature resources (see Appendix for details) was 

collected and analysed. Ecological and biological features of species used to define functional 

groups were obtained from the literature, if not available for Cyprus. Biomass was estimated 

using data from visual surveys for depths from zero to 50 meters (DFMR, 2017a) and MEDITS 

bottom trawl surveys (swept-area method) for depths from 50 to 200 meters (Bertrand et al., 

2002), as well as from available literature (see Appendix). Biomass estimates were firstly 

calculated for each bathymetric zone (0-50m, 50-100m, 100-200m) and a mean biomass was 

estimated taking into account the weight of each zone in the total surface area. Biomass 

estimates were not available for 10 functional groups and were estimated by the model based 

on realistic EE values (Heymans et al., 2016). Production and consumption rates were obtained 

using empirical equations (Heymans et al., 2016) or extracted from the literature and/or from 

other models and corrected for temperature differences following Opitz (1996). Diets were 

obtained from the literature and corrected where needed by replacing prey absent in the area 

with ecologically equivalent local prey. For groups known to partially feed outside the system, 
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a fraction of the diet was set as import (Christensen et al., 2008; Heymans et al., 2016). 

Small-scale fishing boats, bottom trawlers, purse seiners, recreational fisheries and scuba 

spearfishing were included as 5 separate fleets. Small-scale fishing boats, mostly using bottom 

set nets and longlines, constitute more than 90% of the professional fishing fleet in Cyprus. 

Only two bottom otter trawlers and two purse seiners operate in the area, while the 

recreational fishery is widely practiced using a variety of surface fishing techniques from boat 

or shore, as well as freedive spearfishing (DFMR, 2013). Scuba spearfishing is illegal in Cyprus 

but still exercised by some due to the high market value of targeted species. Fisheries data 

(reported and unreported landings and discards) were obtained from national fishery 

statistics, port sampling data and inspection reports provided by the DFMR. Recreational 

fisheries catches were incorporated using data from surveys (Michailidis et al., in prep). 

 

4.2.4 Pre-balancing and balancing 

 

An Ecopath model is considered balanced under the following conditions: (i) EE <1 for all 
functional groups (ii) values of P/Q (production/consumption rate or gross efficiency of food 
conversion) are between 0.05 to 0.35 with the exception of very fast-growing groups, (iii) NE 
(net efficiency of food conversion) >P/Q, (iv) R/A (respiration/food assimilation) <1, (v) P/R 
(production/respiration) <1 and (vi) R/B (respiration/biomass) are between 1-10 yr-1 for fish 
and higher for small organisms (Christensen et al., 2008; Heymans et al., 2016). 

With the initial data, a total of 16 functional groups showed EE >1. To correct this, we followed 

a manual top-down balancing procedure, starting with the functional groups of higher trophic 

levels (TROPHs) and following the best practice guidelines proposed in Heymans et al. (2016). 

Pre-balancing (PREBAL) diagnostics proposed by Link (2010b) were used as a guidance tool 

throughout the balancing procedure and to ensure that B, P/B and Q/B values obeyed general 

ecological principles. According to this set of tests, biomass of functional groups should span 5-

7 orders of magnitude, the trendline slope of B (on log scale) of functional groups plotted along 

the x axis in order of increasing TROPH should be negative 5-10% and P/B, Q/B and P/Q should 

follow a similar trend. Outlier groups were re- evaluated to make sure the data used were the 

most appropriate and reliable. 

As in other Ecopath models developed in the Mediterranean, through a manual balancing 

procedure and based on the PREBAL diagnostics, B, P/B and Q/B were fine-tuned where 

needed to create the final inputs for the model. The diet matrix was also slightly adjusted to 

take into account the abundances of species in the ecosystem (Coll et al., 2006; Tsagarakis et 

al., 2010; Corrales et al., 2015; Corrales et al., 2017).
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Table 4.2.3.1 Inputs in black (bold: initial, plain: modified) and outputs in blue of the 2015-17 trophic model of the insular shelf of Cyprus. B: biomass (t km-2), P/B: 

production/biomass (yr-1), Q/B: consumption/biomass (yr-1), EE: ecotrophic efficiency, P/Q: production/consumption, L: landings (t km-2 yr-1), D: discards (t km-2 yr-1), F: 

fishing mortality (yr-1), M2: predation mortality (yr- 1), MO: other natural mortality (yr-1), F/Z: exploitation rate, FD: flow to detritus (t km-2 yr-1), OI: omnivory index, R/A: 

respiration/food assimilation, R/B: respiration/biomass (yr-1), P/R: production/respiration, NE: net efficiency of food conversion. 

Functional group B P/B Q/B EE P/Q L D TROPH F M2 MO F/Z FD OI R/A R/B P/R NE 

1. Phytoplankton 2.923 81.91  0.53    1.00  43.32 38.59 0.00 112.78 0.00     

2. Phytobenthos 1.151 4.89  0.70    1.00  3.42 1.47 0.00 1.69 0.00     

3. Micro & mesozooplankton 2.111 24.65 74.70 0.99 0.33   2.00  24.50 0.15 0.00 63.38 0.00 0.45 20.17 1.22 0.55 

4. Macrozooplankton 0.156 20.52 63.13 0.95 0.33   2.42  19.49 1.03 0.00 4.11 0.28 0.46 17.36 1.18 0.54 

5. Gelatinous plankton 0.147 15.84 56.45 0.50 0.28   2.92  7.92 7.92 0.00 4.48 0.10 0.53 18.03 0.88 0.47 

6. Polychaetes 0.795 5.07 18.26 0.81 0.28   2.34  4.10 0.97 0.00 9.48 0.27 0.31 2.24 2.26 0.69 

7. Benthic small crustaceans 0.798 13.95 56.56 0.95 0.25   2.20  13.25 0.70 0.00 14.10 0.18 0.65 25.64 0.54 0.35 

8. Benthic invertebrates 3.490 3.31 10.73 0.80 0.31   2.16  2.65 0.66 0.00 17.29 0.15 0.49 3.13 1.06 0.51 

9. Shrimps 0.133 3.48 10.82 0.95 0.32 0.0005 0.0001 2.94 0.00 3.30 0.17 0.00 0.31 0.34 0.60 5.17 0.67 0.40 

10. Crabs & lobsters 0.155 2.76 9.26 0.95 0.30 0.0010 0.0001 2.96 0.01 2.61 0.14 0.00 0.31 0.32 0.63 4.65 0.59 0.37 

11. Octopuses & cuttlefish 0.065 1.69 6.77 0.97 0.25 0.0448 0.0011 3.33 0.71 0.93 0.06 0.42 0.06 0.38 0.71 4.20 0.40 0.29 

12. Squids 0.041 2.91 26.56 0.95 0.11 0.0126 0.0002 4.03 0.31 2.45 0.15 0.11 0.22 0.09 0.86 18.34 0.16 0.14 

13. Demersal fishes (soft bottom) 0.308 1.06 8.12 0.97 0.13 0.0246 0.0014 3.38 0.08 0.94 0.04 0.08 0.51 0.26 0.84 5.44 0.19 0.16 

14. Native mullids 0.072 1.62 7.17 0.91 0.23 0.0170 0.0006 3.11 0.25 1.23 0.14 0.15 0.11 0.19 0.72 4.11 0.39 0.28 

15. Alien mullids 0.068 1.93 8.83 0.91 0.22 0.0160 0.0006 3.08 0.25 1.50 0.18 0.13 0.13 0.18 0.73 5.14 0.37 0.27 

16. Flatfishes 0.015 1.49 8.34 0.62 0.18 0.0002 0.0003 3.19 0.03 0.88 0.57 0.02 0.03 0.11 0.78 5.19 0.29 0.22 

17. Demersal fishes (mixed bottom) 0.571 2.02 9.75 0.42 0.21 0.0906 0.0032 3.10 0.16 0.68 1.17 0.08 1.78 0.32 0.74 5.78 0.35 0.26 

18. Alien lionfish 0.012 0.86 6.00 0.20 0.14 0.0000 0.0000 4.07 0.00 0.17 0.69 0.00 0.02 0.08 0.82 3.94 0.22 0.18 

19. Alien redcoat 0.056 1.07 7.60 0.97 0.14 0.0090 0.0005 3.28 0.17 0.87 0.03 0.16 0.09 0.06 0.82 5.01 0.21 0.18 

20. Other alien demersal fishes 0.039 1.14 6.68 0.97 0.17 0.0018 0.0000 3.48 0.05 1.06 0.03 0.04 0.05 0.30 0.79 4.21 0.27 0.21 

21. Eels & morays 0.080 0.96 5.70 0.23 0.17 0.0019 0.0002 3.64 0.03 0.20 0.73 0.03 0.15 0.77 0.79 3.60 0.27 0.21 

22. Large demersal fishes 0.165 0.87 5.97 0.67 0.15 0.0668 0.0004 4.01 0.41 0.17 0.29 0.47 0.25 0.12 0.82 3.90 0.22 0.18 

23. Rays & skates 0.532 0.99 5.55 0.04 0.18 0.0032 0.0002 3.30 0.01 0.03 0.95 0.01 1.10 0.10 0.78 3.45 0.29 0.22 

24. Small sharks 0.016 0.46 4.40 0.13 0.11 0.0008 0.0001 4.11 0.05 0.00 0.40 0.12 0.02 0.09 0.87 3.06 0.15 0.13 

25. Small benthopelagic fishes 2.343 1.96 10.13 0.97 0.19 0.1269 0.0193 3.02 0.06 1.84 0.07 0.03 4.90 0.03 0.76 6.14 0.32 0.24 

26. Medium benthopelagic fishes 0.149 1.11 9.90 0.92 0.11 0.0208 0.0008 3.05 0.14 0.88 0.09 0.13 0.31 0.48 0.86 6.81 0.16 0.14 

27. Alien siganids 0.150 1.70 7.48 0.84 0.23 0.0563 0.0015 2.00 0.39 1.05 0.26 0.23 0.26 0.00 0.72 4.29 0.40 0.28 

28. Alien cornetfish 0.088 0.82 6.90 0.75 0.12 0.0052 0.0002 4.01 0.06 0.55 0.21 0.08 0.14 0.06 0.85 4.70 0.17 0.15 

29. Alien barracudas 0.145 0.92 7.10 0.99 0.13 0.0036 0.0001 4.04 0.03 0.88 0.01 0.03 0.21 0.01 0.84 4.76 0.19 0.16 

30. Alien pufferfishes 0.333 0.97 5.40 0.36 0.18 0.0358 0.0018 3.30 0.11 0.23 0.62 0.12 0.57 0.16 0.78 3.35 0.29 0.22 
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31. Small pelagic fishes 0.442 1.96 13.82 0.95 0.14 0.0139 0.0005 3.12 0.03 1.83 0.10 0.02 1.26 0.08 0.82 9.10 0.21 0.18 

32. Alien small pelagic fishes 0.482 1.71 9.50 0.95 0.18 0.0055 0.0002 3.08 0.01 1.61 0.09 0.01 0.96 0.06 0.78 5.89 0.29 0.22 

33. Medium pelagic fishes 0.228 0.73 7.20 0.43 0.10 0.0086 0.0004 4.05 0.04 0.27 0.41 0.05 0.42 0.33 0.87 5.03 0.14 0.13 

34. Large pelagic fishes 0.119 0.69 5.57 0.72 0.12 0.0482 0.0012 4.29 0.41 0.09 0.19 0.60 0.16 1.48 0.84 3.76 0.18 0.16 

35. Turtles 0.360 0.17 2.78 0.05 0.06 0.0000 0.0030 2.50 0.01 0.00 0.16 0.05 0.26 0.52 0.92 2.05 0.08 0.08 

36. Bottlenose dolphin 0.025 0.08 11.01 0.00 0.01   4.29  0.00 0.08 0.00 0.06 0.53 0.99 8.72 0.01 0.01 

37. Monk seal 0.002 0.13 11.66 0.00 0.01   4.29  0.00 0.13 0.00 0.00 0.19 0.99 9.20 0.01 0.01 

38. Seabirds 0.002 5.86 68.65 0.00 0.09   2.83  0.00 5.86 0.00 0.03 0.96 0.89 49.06 0.12 0.11 

39. Detritus 16.590   0.42    1.00     0.00 0.47     

40. Discards 0.038   0.00    1.00     0.00 0.00     
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4.2.5 Pedigree index and quality of the model 

 

To quantify the quality of the input values in the model, we used the pedigree routine described 
by Christensen et al. (2008). In this routine, pedigree index values ranging from 0 (low quality 
data, i.e. estimated from other models) to 1 (high quality data, i.e. well-sampled and high-
precision local data) are set for different sources of basic inputs of the model, creating a data 
quality matrix, also taken into consideration throughout the balancing procedure. The pedigree 
index is also averaged over all parameters and groups in the model to provide an overall model 
quality score. In our model, pedigree index values and confidence intervals were set for 
different sources of five basic inputs, B, P/B, Q/B, diet and catch. Where possible, index values 
and confidence intervals were adopted from the Israeli model of Corrales et al. (2017) to allow 
for post-comparisons. Pedigree index values and confidence intervals used in the model are 
given in Table 4.2.5.1 and Fig. 4.2.5.1 

For additional quality evaluation (diet data), model-estimated TROPHs were compared to 
independent TROPHs of Mediterranean fish obtained from Karachle and Stergiou (2017). For 
multispecific groups, TROPHs for each species were weighted based on biomass proportion of 
these species in each functional group. 
 

Table 4.2.5.1 Pedigree index values and confidence intervals of the 2015-17 trophic model of the insular 

shelf of Cyprus. 

 
Source index value % CI 

B Estimated by Ecopath 0.0 ±80 

 Approximate or indirect method 0.4 ±50 

 Sampling locally (low precision) 0.6 ±40 

 
Sampling locally (high precision) 0.8 ±10 

P/B Guesstimate 0.1 ±70 

 Other model 0.2 ±60 

 Empirical relationship 0.5 ±50 

 Similar species, similar system (low precision) 0.6 ±40 

 
Same species, similar system (high precision) 0.9 ±10 

Q/B Other model 0.2 ±60 

 Empirical relationship 0.5 ±50 

 
Similar species, similar system (low precision) 0.6 ±40 

diet Other model 0.1 ±80 

 General knowledge for same groups/species 0.2 ±60 

 Qualitative diet composition study 0.5 ±50 

 
Quantitavive (but limited) diet composition study 0.6 ±40 

catch Local studies and national statistics 0.6 ±40 
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Figure 4.2.5.1 Radar charts of the pedigree matrix, illustrating the index values of five basic inputs, 
biomass (B), P/B (P), Q/B (Q), diet (D) and catch (C), for each functional group of the 2015-17 trophic 
model of the insular shelf of Cyprus. Axes range from 0 (minimum reliability) to 1 (maximum reliability). 
Numbers represent functional groups as listed in Table 4.2.3.1. 
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4.2.6 Analyses 

 

A series of analyses were conducted and results were compared to those of other 
Mediterranean models (Coll et al., 2006; Coll et al., 2007; Tsagarakis et al., 2010; Moutopoulos 
et al., 2013; Corrales et al., 2015; Piroddi et al., 2015; Corrales et al., 2017) using robust 
indicators following previous studies (Heymans et al., 2014; Corrales et al., 2015, Corrales et 
al., 2017). 

 

4.2 6.1 Ecosystem structure and functioning - Ecological role of functional groups 

 

Around 69% of the production, 65% of the consumption and 77% of the flows to detritus were 
related to planktonic groups (Table 4.2.3.1, consumption matrix not shown). Small 
benthopelagic and small pelagic fishes were the main consumers of zooplanktonic production 
(60%). The flow diagram (Fig. 4.2.7.3.1) illustrates an important bentho-pelagic coupling, as 
many groups from the demersal compartment feed on organisms from the pelagic 
compartment, especially small benthopelagic fishes that appear to function as universal prey 
in the system. 

TROPH 1 (producers and detritus groups) made up around 59% of the total biomass in the 
system, TROPH 2 around 21%, TROPH 3 around 16%, TROPH 4 around 4% and TROPH 5 less 
than 1% (Fig. 5). TROPHs 1 and 2 accounted for 94% of the total flows. They were also the main 
source of detritus in the system (90%). The biggest part of the fisheries catches (83%) 
concerned TROPHs 3 and 4. We also found a high consumption of detritus by TROPH 2 groups, 
mostly benthic invertebrates and micro- and mesozooplankton. Transfer Efficiencies (TEs) 
decreased with increasing TROPHs (Fig. 4.2.7.3.2), while the mean TE was 16.93% (Table 
4.2.7.3.1). 

The TROPH of each functional group was used to analyze the ecological position of the 
functional groups of the model. By convention, primary producers and detritus have TROPH = 
1, while TROPH of consumers are calculated from the TROPH average of their prey, weighted 
by the proportion of each prey in the diet (Lindeman, 1942; Stergiou and Karpouzi, 2001). 

Mixed trophic impact (MTI) analysis (Ulanowicz and Puccia, 1990) was used to quantify direct 
and indirect trophic interactions among functional groups through the estimation of the 
positive or negative impact (translated to biomass changes) that a hypothetical increase in the 
biomass of a functional group would have on the other groups in the ecosystem. Fishing fleets 
were treated as functional groups in this analysis (Christensen et al., 2008). 

The keystoneness index (KS) developed by Valls et al. (2015) was used to identify possible 
keystone species in the system. A keystone species is defined as a predatory species with high 
and wide impact on the food web despite its low biomass (Valls et al., 2015). KS was estimated 
as KSi = log (ICi * BCi), where ICi is the overall impact of group i on other groups except dead 
groups and fleets (Libralato et al., 2006) and BCi is the biomass rank of group i in descending 
order (Valls et al., 2015).3.6. Pedigree index and quality of the model 

To quantify the quality of the input values in the model, we used the pedigree routine described 
by Christensen et al. (2008). In this routine, pedigree index values ranging from 0 (low quality 
data, i.e. estimated from other models) to 1 (high quality TROPH 1 (producers). 
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4.2.6.2 Role of alien species 

 

MTI analysis, KS index, as well as ratios of alien species in biomass, catches and other 

ecosystem indices (consumption, production and flow to detritus) were used to assess the role 

of alien species in the system. 

 

4.2 6.3 Impact of fishing 

 

The impact of fishing on the ecosystem was assessed using (1) the MTI analysis, (2) indicators 

such as the mean TROPH of the catch (mTROPHc) and the primary production required to 

sustain the fishery (%PPR) and (3) fisheries related indices of functional groups such as fishing 

mortality (F) and the exploitation rate (F/Z). 

 

4.2 7 Conclusions 

 

The final input and output parameters of the balanced model for each functional group are 

shown in Tables 4.2.3.1 and 4.2.7.1. PREBAL diagnostics suggested an ecologically sensible 

model as biomass ranged from 0.0016 t km-2 for seabirds to 16.59 t km-2 for detritus, spanning 

5 orders of magnitude which is within the acceptable limits of 5-7 orders of magnitude 

proposed by Link (2010b). The trendline slope of B (on log scale) of all functional groups 

(excluding detritus groups) plotted along the x axis in order of increasing TROPH was minus 

9.1% which is within the acceptable limits of minus 5-10% (Link, 2010b). P/B, Q/B and P/Q 

followed a similar decline with increasing TROPH (Fig. 4.2.7.1) and P/B and Q/B for 

homeotherms at upper TROPHs had lower and higher values than the trendline respectively, 

as also proposed by Link (2010b). 
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Figure 4.2.7.1 B, P/B, Q/B and P/Q (ln scale) of the functional groups of the 2015-17 trophic model of 

the insular shelf of Cyprus in order of increasing TROPH (detritus groups not included). Exponential 

trendlines shown. Empty bars indicate model outputs. 
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Table 4.2.7.1 Diet composition matrix of the 2015-17 trophic model of the insular shelf of Cyprus. First row shows functional groups as consumers and first column as prey. 

Values are rounded to 2 decimals. Grey cells indicate values lower than 0.005. Diets sum to one. 
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4.2.7.1 Ecosystem structure and functioning - Ecological role of functional groups  

 

Around 69% of the production, 65% of the consumption and 77% of the flows to detritus were 

related to planktonic groups (Table 4.2.3.1, consumption matrix not shown). Small 

benthopelagic and small pelagic fishes were the main consumers of zooplanktonic production 

(60%). The flow diagram (Fig. 4.2.7.3.1) illustrates an important bentho-pelagic coupling, as 

many groups from the demersal compartment feed on organisms from the pelagic 

compartment, especially small benthopelagic fishes that appear to function as universal prey 

in the system. 

TROPH 1 (producers and detritus groups) made up around 59% of the total biomass in the 

system, TROPH 2 around 21%, TROPH 3 around 16%, TROPH 4 around 4% and TROPH 5 less 

than 1% (Fig. 4.2.7.3.2). TROPHs 1 and 2 accounted for 94% of the total flows. They were also 

the main source of detritus in the system (90%). The biggest part of the fisheries catches (83%) 

concerned TROPHs 3 and 4. We also found a high consumption of detritus by TROPH 2 groups, 

mostly benthic invertebrates and micro- and mesozooplankton. Transfer Efficiencies (TEs) 

decreased with increasing TROPHs (Fig. 4.2.7.3.2), while the mean TE was 16.93% (Table 

4.2.7.3.1). 

Around 69% of the production, 65% of the consumption and 77% of the flows to detritus were 

related to planktonic Fractional TROPHs in the model ranged from 1 for producers and detritus 

groups to 4.29 for bottlenose dolphin (Table 1 and Fig. 4). TROPHs estimated by the model 

were strongly correlated to independent TROPHs from Karachle and Stergiou (2017) (Fig. 

4.2.7.3.3). 

The MTI analysis revealed several strong direct and indirect effects of hypothetical changes in 

biomasses (Fig. 4.2.7.3.4). As expected, groups of lower TROPHs had positive impact on their 

predators while groups of higher TROPHs had a negative hypothetical impact on their prey. 

Strong negative impacts were also prominent as a result of competition for resources, 

especially within groups (intraspecific competition or interspecific competition between 

species of the same group) and in a lesser extend between different groups, for example 

between alien barracudas (FG 29) and alien cornetfish (FG 28) which do not prey on one 

another but both heavily feed on small benthopelagic fishes. The latter group seemed to have 

significant impact on the food web acting as general prey, with small pelagic fishes (FG 31 and 

32) not being as important. Finally, trophic cascade interactions were also visible in this 

analysis. For example, large pelagic fishes (FG 34) had a strong negative hypothetical impact 

on medium benthopelagic and pelagic fishes (FG 26 and 33) as well as on alien cornetfish (FG 

28) and through a top down trophic cascade mechanism, a positive impact on native and alien 

small pelagic fishes (FG 31 and 32). 

Large pelagic fishes (FG 34), monk seal (FG 37) and bottlenose dolphin (FG 36) seemed to be 

the most important keystone species in the model, followed by squids (FG 12), large demersal 

fishes (FG 22) and medium pelagic fishes (FG 33) (Fig. 4.2.7.3.5). 

The overall structure of the model in terms of biomasses, trophic flows and TROPHs showed 
similarities with other Mediterranean models, especially the geographically closer ones. The 
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total biomass and TST were similar to those of other eastern Mediterranean models (Table 
4.2.7.3.1), but significantly lower than those in the majority of central and western 
Mediterranean models (Corrales et al., 2015; Piroddi et al., 2015), reflecting the difference in 
ecosystem productivity between different areas of the Mediterranean Sea, particularly 
between the eastern and western basins. 

As expected, and in agreement with ecological theory, total flows significantly decreased with 
increasing TROPH (Lalli and Parsons,1993). High TEs indicated good coupling among preys and 
predators whereas the reduced TEs of the upper TROPHs, a common feature in aquatic 
ecosystems, can be attributed to food chain inefficiencies (Lalli and Parsons, 1993). Mean TE 
was higher than the global average of around 10% (Pauly and Christensen, 1995) as well as than 
most coastal Mediterranean models (e.g., Coll et al., 2006; Coll et al., 2007; Tsagarakis et al., 
2010; Moutopoulos et al., 2013; Corrales et al., 2015), highlighting the oligotrophic character 
of the ecosystem (Shannon et al., 2003). 

Individual group TROPHs, as well as the mean TROPH of the community (mTROPHco), whether 
calculated using all groups or excluding detritus and primary producers, were in line with other 
eastern Mediterranean models (Tsagarakis et al., 2010; Corrales et al., 2017). It should be noted 
that seabirds (FG 38) showed a relatively low TROPH (2.83). This is due to the fact that seabirds 
in the area largely feed on discards (~30% when imports are also accounted for) which EwE 
treats as detritus (TROPH 1), even though they mainly consist of small fish with much higher 
TROPHs. To a smaller extent, this was also observed for turtles (FG 35) and eels and morays (FG 
21). This issue has been also mentioned in previous studies (e.g., Coll et al., 2006; Tsagarakis et 
al., 2010; Piroddi et al., 2015) and highlights the limitations of EwE to estimate the TROPH of 
species that highly feed on discards. 

We found that the insular shelf ecosystem of Cyprus shares some common features in structure 
and functioning with other ecosystems, such as the strong relationship between detritus and 
TROPH 2, a key trophic pathway in Mediterranean marine ecosystems, and the dominance of 
the pelagic fraction in terms of flows (Coll et al., 2006; Tsagarakis et al., 2010; Corrales et al., 
2015; Corrales et al., 2017). In addition, some of the most important keystone species in the 
model, for example large pelagic fishes (FG 34), monk seal (FG 37), dolphins (FG 36) and squids 
(FG 12) were also found to be keystone species in other nearby models (Tsagarakis et al., 2010; 
Moutopoulos et al., 2013; Corrales et al., 2017). 

There are also noticeable differences, like the strengthened role of small benthopelagic fishes 
(FG 25), mainly picarels (Spicara spp.), as opposed to small pelagic fishes (sardines and anchovy) 
(FG 31 and 32), in linking demersal and pelagic habitats, a characteristic possibly related to 
preferable environmental conditions for the former group in the area. Vidalis (1994) for 
example, relates the dominance of small benthopelagic over small pelagic fish in the South 
Aegean Sea, not only with high temperature and salinity and reduced plankton abundance, but 
also with habitat type, specifically the existence of seagrass meadows (e.g. Posidonia oceanica), 
which seem to be essential to the life cycle of these species (Froese and Pauly, 2018). Presence 
of Posidonia oceanica depends on a number of physical variables, like temperature, salinity, 
depth and turbidity. While it is absent in most of the Levantine Sea (south-eastern Turkish 
coasts, Syria, Lebanon, Israel and eastern Egyptian coasts) mainly due to temperature 
limitations (Telesca et al., 2015), sub-littoral sandy, muddy and rocky substrates in Cyprus, 
support extensive meadows of this species, at depths ranging from 1 to around 40 m and in 
densities very high compared to other Mediterranean sites. Small benthopelagic fishes are 
among the most common species inhabiting these meadows (DFMR, 2012). 

EwE-estimated ecosystem indicators suggested that the Cypriot shelf ecosystem is at a low to 

intermediate developmental stage (moderately disturbed) sensu Odum’s ecosystem 
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development theory (Odum, 1969, 1971; Christensen,1995). For example, Pp/R was >1, 

indicating that more energy is produced than respired within the system and Pp/B was 

relatively high, indicating a low level of biomass accumulation relative to primary production. 

The low FCI value indicated an immature (disturbed) system, although probably not as 

disturbed as the adjacent ecosystem of the Israeli continental shelf (Corrales et al., 2017). 

Finally, the relatively low values of SOI and PL, which are related to the ecosystem complexity, 

indicated a linear tendency in the food web (Christensen, 1995), a characteristic described in 

several other coastal Mediterranean models (e.g., Coll et al., 2007; Tsagarakis et al., 2010; 

Corrales et al., 2015; Corrales et al., 2017). 

 

4.2 7.2 Role of alien species 

 

Alien fish groups accounted for 7.3% of the total living biomass (Table 4.2.3.1), 18% of fish 

biomass, 29% of fish production, 28% of fish consumption and 15% of fish flows to detritus. 

They also accounted for 19% of the fleets’ fish catches (Fig. 4.2.7.3.6). 

MTI analysis revealed a strong negative impact of: i) alien siganids (FG 27) on phytobenthos 

(FG 2) which is its main food source; ii) other alien demersal fishes (FG 20, mainly Pempheris 

rhomboidea, Pteragogus trispilus and Saurida lessepsianus) on eels & morays (FG 21) possibly 

due to competition for the same food sources and iii) alien cornetfish on alien lionfish through 

predation. Alien cornetfish (FG 28), other alien demersal fishes (FG 20), alien barracudas (FG 

29) and alien siganids (FG 27) were the most important alien keystone species in the model. 

The keystone index showed that alien cornetfish and alien barracudas could become keystone 

groups for the ecosystem in the future, as, despite their recent establishment in the area, they 

have a relatively high KS (Fig. 4.2.7.3.5). 

The biomass share of alien groups in the model is an underestimation of the actual alien 

biomass share in the system, as only fish were split into native and alien groups. Still, the 

percentage of alien fish to total fish biomass (18%) can give an idea of the magnitude of the 

alien biota in the area and indicate the important role of alien species in the ecosystem. 

Overall, alien groups did not rank high as keystone species in the model, however some 

seemed to hold unique positions in the ecosystem. The alien siganids (FG 27) for example, 

were the most important grazers of phytobenthos, with no obvious native equivalents. 

Siganids are among the ten invasive species with the highest impact on Mediterranean 

ecosystems (Katsanevakis et al., 2016). Galil (2007) supported that prior to their arrival, the 

role of native herbivorous fishes was negligible, and therefore, the alien herbivores increased 

the rate of algal recycling and provided more food to potential predators. Alien pufferfishes 

(FG 30), although not classified as top predators in the model, seemed to suffer minimal 

predation, most of which through cannibalism, probably due to their effective defence 

mechanisms. The alien cornetfish (FG 

28) with its unique feeding strategy seemed to be greatly effective in hunting small 

benthopelagic fishes (FG 25) in the area, hence the highest-ranking keystone alien species in 

the model. 
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Although competitive displacement of native species in the Mediterranean has been 

previously assumed (Galil, 2006), all the above seem to suggest that successful alien species, 

at least in Cyprus, are those able to occupy un- or under-exploited niches in ecosystems, 

usually those related to absence of competitors and predators or even pathogens and 

parasites (Williamson and Fitter, 1996; Golani, 1998; Galil, 2008; Rilov and Galil, 2009), as 

already highlighted in other Mediterranean studies (e.g., Azzuro et al., 2014; Ounifi-Ben Amor 

et al., 2015). These available niches are not always natural features of the ecosystem but may 

be the result of different stressors like overfishing of native species (Galil, 2008) or recent 

changes to environmental conditions like temperature and salinity (Golani, 1998; Galil, 2007). 

Comparison of alien biomass, catch, keystoneness and MTI between our model and the 2010s 

model in the Israeli continental shelf (Corrales et al., 2017) indicates that the Cypriot shelf may 

be less affected by the presence of marine alien species than the Israeli one. Actually, the 

number of recorded marine alien species in Israel is significantly higher than in Cyprus (Galil et 

al., 2017; Katsanevakis, 2017). Also, the contribution of alien fish in the catches is much higher 

in Israel, exceeding 70% in recent years (Katsanevakis et al. 2018). This could be attributed to 

the closer proximity of Israel to the Suez Canal, the higher sea temperatures positively affecting 

populations of thermophilic Lessepsian immigrants, as well as to the area’s hydrographical 

conditions. The Levantine counter clockwise circulation along the Libyo-Egyptian and Middle 

East slopes, carries alien biota from Egypt along the coastline through Israel, Lebanon, Syria, 

Turkey and Greece (Por, 1978; Gerin et al., 2009). Cyprus seems to be partly isolated from this 

route due to its relatively large distance from the nearest Levant coasts (70 km), its narrow 

continental shelf, the lack of a strong connecting current with the continent and the cold 

temperature regime around the island (Katsanevakis et al., 2009; Chartosia and Menicou, 

2012). 

 

4.2 7.3 Impact of fishing 

 

Total catch was 0.65 t/km2·year, of which 94% were landings and 6% discards (Table 4.2.7.3.1, 

Fig. 4.2.7.3.6). Groups with the highest exploitation rates (F/Z) were large pelagic fishes (FG 

34), large demersal fishes (FG 22), octopuses and cuttlefish (FG 11), alien siganids (FG 27), alien 

redcoat (FG 19) and native mullids (FG 14) (Table 4.2.3.1). The primary production (including 

detritus) required to sustain the fishery (PPR) was 7.1% of (Table 4.2.7.3.1). 

The MTI analysis revealed a strong negative hypothetical impact of recreational fisheries on 

scuba spearfishing most probably through competitive targeting of the same large demersal 

fishes. MTI also showed a strong negative hypothetical impact of fleets on target or vulnerable 

groups: small-scale fisheries on small sharks (FG 24) and turtles (FG 35) and recreational 

fisheries on large demersal (FG 22) and large pelagic (FG 34) fishes. 
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Figure 4.2.7.3.1 Flow diagram of the 2015-17 trophic model of the insular shelf of Cyprus. Circles 

represent functional groups and lines trophic flows in the system. Numbers represent functional groups 

as listed in Table 4.2.3.1. Circle area and line thickness are proportional to biomass and magnitude of 

trophic flows respectively. Vertical axis represents increasing TROPH and horizontal axis roughly 

indicates the demersal or pelagic nature of functional groups (demersal to pelagic from left to right). 

Exclusively alien groups are drawn red. 

 

Table 4.2.7.3.1 Summary statistics of the 2015-17 trophic model of the insular shelf of Cyprus and other 

Mediterranean models. 
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Figure 4.2.7.3.2 Lindeman spine of the 2015-17 trophic model of the insular shelf of Cyprus. TROPH 1 is 

split into primary producers (P) and detritus (D). Flows are in t km−2 yr−1 and biomasses in t km−2. TE 

is transfer efficiency. TST is total system throughput. 

 

Figure 4.2.7.3.3 Correlation between TROPHs estimated by the 2015-17 trophic model of the insular 

shelf of Cyprus and TROPHs from Karachle and Stergiou (2017) raised to functional group level. 

Numbered points represent functional groups as listed in Table 4.2.3.1. Pearson’s correlation coefficient 

and p values are shown. 
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Figure 4.2.7.3.4 Mixed Trophic Impact (MTI) analysis of the 2015-17 trophic model of the insular shelf 

of Cyprus. Negative (red) and positive (blue) impacts are presented. 

 

Figure 4.2.7.3.5 Functional groups plotted against keystone index and TROPH of the 2015-17 trophic 

model of the insular shelf of Cyprus. Numbered circles represent functional groups as listed in Table 

4.2.3.1. Circle area is proportional to biomass. Exclusively alien groups are drawn red. 
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Figure 4.2.7.3.6 Alien to total fish % ratios of B, P/B, Q/B, FD and catches on the left and actual values 

(t km-2 yr-1) on the right. 

 

Results showed that fishing is an important component of the insular shelf ecosystem of 

Cyprus, taking away significant portion of the exploitable production, as in other 

Mediterranean coastal areas (Corrales et al., 2015; Coll et al., 2006). The mTROPHc was similar 

to other models in the area (Tsagarakis et al., 2010; Corrales et al., 2017). However, individual 

F values were lower than in most Mediterranean models (Tsagarakis et al., 2010; Moutopoulos 

et al., 2013; Corrales et al., 2015; Corrales et al., 2017) and exploitation rates (F/Z) for all 

functional groups, except large pelagic fishes (FG 34), were lower than 0.5, the general 

reference point proposed by Rochet and Trenkel (2003), suggesting that biological resources 

may in fact be sustainably exploited. In addition, PPR was significantly lower than the global 

average of non-tropical shelves estimated at around 24% by Pauly and Christensen (1995). 

The present study suggested a moderate impact of fishing which, considering the above, could 

imply that the ecosystem is currently recovering from a previous overexploited state, possibly 

related to recent management measures like the reduction of the coastal fishing fleet during 

the period 2008-2014 (-16% in number of vessels, -18% in tonnage, -10% in engine power) 

(STECF, 2017) or that the main cause of strong disturbances is not only fisheries but also other 

types of stressors, such as climate change or the increasing pressure by alien species that may 

also act synergistically. 

This is the first food web model developed to describe the insular shelf ecosystem of Cyprus. 

The model did not only shed light on the ecosystem’s structure and functioning, including the 

role of alien species and fisheries, but also, as expected, revealed basic data deficiencies, 

mainly concerning local diet data and biomass estimates, especially of low TROPH organisms 

and pelagic/benthopelagic groups. Stomach content analyses of native and alien fish species, 

population assessments of small pelagic/benthopelagic species, as well as plankton and 

benthos sampling would significantly improve these parameters’ estimates. However, 

available data were of reasonable quality and sufficient to allow for the parametrization of the 

model with a relatively high pedigree index value (Table 4.2.7.3.1) (Morissette, 2007) and with 

indications of good ecological balance, as the PREBAL analysis and the correlation with 
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independent TROPHs suggested, even if the latter were from a different area. For example, 

many biomass estimates were based on fisheries independent trawl and visual census surveys 

and were considered highly reliable. The same was the case for catch data obtained from 

official catch statistics and relevant surveys (recreational catches). During the model years, 

sampling was very systematic on all types of fleets, both onboard (also recording discards) and 

at ports, and catches were cross-checked with first sales before being reported. Nevertheless, 

to improve the applicability of the model for management decisions, it is suggested that it is 

regularly revised whenever new data are available, following an adaptive approach for 

management (Ludwig et al., 1993; Parma, 1998). 

Our model described the current state of the insular shelf ecosystem of Cyprus, its structure 

and functioning, the position and role of different native and alien groups and the impact of 

fisheries. The results indicate that indeed the ecosystem structure and functioning has been 

substantially affected by the establishment of alien species in recent years. Alien species are 

now an essential part of the shelf ecosystem of Cyprus with discrete and well-defined 

ecological roles and positions, some even previously absent from the system. Comparison with 

the Israeli model of Corrales et al. (2017) and in view of the increasing sea temperatures in 

Cyprus, which could reach the current levels in Israel, the impact of alien species in Cyprus will 

probably increase in the near future, but the environmental complexity makes it almost 

impossible to forecast when and how. The results also show that fishing is not currently a very 

strong source of disturbance in the ecosystem, although it had strong impact on several 

functional groups. This could be attributed to the highly artisanal character of the fishery and 

the limited impact of trawlers and purse seiners, due to the implementation of several 

capacity, spatial, temporal and gear restrictions, also resulting in a very low discard ratio. 

Unfortunately, a lack of temporal data did not allow for direct comparison of the 2015-17 

period with previous years, thus the evolution of the ecosystem is not very clear. Therefore, 

we propose that an assessment of change, by comparing the current trophic web with 

historical ones or fitting the model to upcoming time series, should be a goal of future work in 

the area. 
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5. Evaluation of ‘What if’ scenaria of MPA impacts on MSY and Ecopath/Ecospace 

models 
 

5.1 MSY/Bio-economic models 
 

The specific work has been carried out within WP7: Evaluation of modelling results under D-

7.1: MSY/Bio-economic models. This section identifies the effects of MPAs networking 

proposed under the previous WP (WP6) in terms of SSB and landings of the main target 

species fished in the two study areas (namely Aegean Sea (GSA 22) and Cyprus (GSA 25). In 

addition, a short description about the bio- economic outputs is also provided regarding the 

target species of the present project. 

Economics is one of the conditioning factors of fishing activities. The fish as a biological 

resource can naturally exist without the fishery, but the fishery cannot exist without the fish, 

whilst there is an obvious economic interest in exploiting the biological resource (Prellezo et 

al., 2011). Integrated analyses of the economics and biology of the exploitation of natural 

resources applied to fisheries is a relatively recent branch of economics. The field is known 

as bio-economics (Clark, 1976) and it has been developing since the end of the 1950s from 

the work of Gordon and Schaefer (Gordon, 1953; Gordon 1954; Schaefer, 1957). There is 

growing use and interest in bio-economic models (BEM) as tools for policy analysis to 

understand pathways of development and fishery behaviour, in order to assess the impact 

of alternative policies on the natural resources and human welfare. One of the potential 

benefits of these models is that one can get a better and more comprehensive indication of 

the feedback effects between human activity and natural resource dynamics (Prellezo et al., 

2011). 

The need to combine biology and the economics of fisheries comes from the external factors, 

which impact on both (Fig. 5.1.1). Generally, there is a close link between the resource and 

the resource user that can be described – in a simplistic way – as the fishing mortality, which 

results from the extractive activity (even if it is broader than this). Due to this link, the 

external factors, which affect the biological side (e.g., nutrients, hydro- graphical conditions 

and biological interactions such as predators) will also impact the economic side of the whole 

fisheries system. The reverse is also true: external factors, which affect the economic side 

(e.g., management, fuel costs) will also have an impact on the biological system. In other 

words, the necessity of a BEM and integrated approaches comes from the fact that both 

systems (biology and economy) are interrelated. Fundamentally, a BEM is a mathematical 

representation of biological and economic systems, which typically links economic and 

biological components and parameters together. The biological component represents the 

natural resource, whilst the economic component characterizes resource users, e.g. the 

fishermen (Prellezo et al., 2011). 
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Figure 5.1.1: Reasons for a bio-economic model (From Prellezo et al., 2011). 

 

The intertemporal flow of costs and benefits of alternative management strategies should 

be sustained by a robust analysis of the fishery as a whole. For this purpose, static and 

dynamic bio-economic models constitute an important aid to decision-making aiming at a 

sustainable management of fish stocks. The necessary steps for fisheries management 

planning can be summarized as follows (Seijo et al., 1991): 

 Evaluate the fishery in a biological, ecological and economic sense. The size and dynamics 

of the stock, fleet(s) and catches, the temporary flows of costs and benefits, direct and 

indirect employment and generated incomes, as well as critical environmental variables 

that could be used to explain fluctuations in stock distribution and abundance, must be 

carefully analyzed. 

 Identify and quantify the objectives and goals of management. Select the appropriate 

combination of performance variables, both biological and economic, and determine the 

control variables that allow achieving the desired levels in fishery performance criteria. 

 Determine alternative management strategies and their mechanisms of implementation, 

in order to make operative the control variables previously defined. To select an adequate 

management vector, it is useful to explore the dynamic behavior of the fishery by using 

mathematical models that incorporate the main elements of the system. For this purpose, 

we need to: 

(a) carefully specify the fishery system and the context in which the model is intended to 
operate; 

(b) elaborate a causal diagram with the recognized fishery subsystems and the 

corresponding interface variables; 

(c) build a block diagram to quantitatively define model subsystems and interactions 

among them, as well as exogenous and policy variables and their impact upon the 

system. 

 Monitor the fishery to evaluate the impacts of alternative management strategies 

included in the management plan. Determine if the objectives and management goals are 

being achieved, and identify those factors that could preclude their consecution. Some 

hypotheses could be stated upon the simulation model already built in order to estimate 

the impact of alternative regulatory schemes. 

 Reevaluate periodically the fishery, the objectives and established management goals. 
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In order to perform estimations and predictions of the bio-economic impact derived from 

different management strategies, a dynamic modelling approach of the resource and the 

fishery as a whole is needed. 

In the following paragraphs we present the rationale used to estimate the possible economic 

benefit of the protection of the target species in the two study areas, divided by fleet segment: 

the polyvalent coastal vessels (SSF) that use various types of static nets and longlines, the 

bottom trawlers (OTB) and the purse seiners (PS). 

 

5.1.1 Fleet model 
 

Three fleet segments were considered: (a) the polyvalent coastal vessels (SSF) that use 

various types of static nets and longlines, (b) the bottom trawlers (OTB) and the purse seiners 

(PS). 

For each fleet segment: 

Fishing mortality by age and year (Fα,y) were determined by a separable model: 
 
 

(1) 

where Sα denotes the selection at age. This selection at age, for each scenario tested, has been 

estimated trough the same process described in D-5.1. 

The relationship between Fy and fishing effort (fy), expressed in terms of days at sea was 
modelled as: 
 
 

(2) 

where qy is the catchability considered 

constant over time. Hence, eq (1) 

becomes: 

 

 

Annual catches by age and year (Cα,y) were generated using the standard Baranov equation: 
 

 
The annual value of landings (gross revenue, GRy) for the examined species was estimated 
from: 
 

where Pα denotes the price per kilo at age. 
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For trawlers and coastal vessels, based on Tserpes et al. (2016), the catch volume of the other 

species was estimated empirically, as a linear function of either the hake catches (for the 

Aegean Sea) or red mullet (for Cyprus). 

 

5.1.2 Scenaria 
 

Medium term forecasts of SSB and catches for a period of ten years regarding the following 

four scenarios of effort reallocation, were obtained from D-5.3. 

For both demersal and small pelagics we considered 4 different scenarios for the spatial 

simulations in each target protection scenario (low and high): 

in scenario 0, the simplest case, we considered the F distribution in accordance as the status 

quo, with areas already closed for the fishery as described in deliverables D-2.1 and D-2.2 

having a rate of fishing mortality as zero; 

 in scenario 1, we assumed a complete reallocation in Area 3 (for demersal) or 2 (for small 

pelagics) of the fishing effort excluded in Area 1 and 2 in accordance with deliverables D- 

4.3b and D-4.4b;

 in scenario 2, we assumed 50% of reallocation in Area 3 (for demersal) or 2 (for small 

pelagics) of the fishing effort excluded in Area 1 and 2 in accordance with deliverables D- 

4.3b and D-4.4b;

 in scenario 3, we assumed 0% of reallocation in Area 3 (for demersal) or 2 (for small 

pelagics) of the fishing effort excluded in Area 1 and 2 in accordance with deliverables D-

4.3b and D-4.4b.

Total revenue per vessel by year has been projected. Although an increase in the operational 

cost is expected due to higher fuel consumption as the fleet is required to travel longer 

distances due to the Marine Protected Area, no scenarios on the increase of cost were 

tested. Thus four total income scenarios, depending on the different medium term stock 

projections were simulated 200 times. 

 

5.1.3 Demersal species 

 

In figures 5.1.3.1-5.1.3.4 are summarized the different income for each fleet considering 

the population-selectivity curves estimated in Deliverables 5.2 - 5.3 for the demersal target 

species of the Aegean Sea (GSA 22). It has been run under the Low and High target scenario. 

Taking into account that an updated stock assessment is missing for these stocks, we 

considered the data available in Tserpes et al. (2016). 

In figures 5.1.3.5-5.1.3.8, following the same approach, are summarized the results for the 

Cyprus area (GSA 25). The latest stock assessment available for these stocks was considered 

(STECF 17-15). 
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Figure 5.1.3.1 Trawl fishery income per vessel estimated in the low target protection MARXAN 

scenario for each of the 4 fishing effort re-allocation scenarios in GSA 22. 

 

 

Figure 5.1.3.2 Trawl fishery income per vessel estimated in the high target protection MARXAN 

scenario for each of the 4 fishing effort re-allocation scenarios in GSA 22. 
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Figure 5.1.3.3 Small-scale fishery income per vessel estimated in the low target protection MARXAN 
scenario for each of the 4 fishing effort re-allocation scenarios in GSA 22. 

 

 

Figure 5.1.3.4 Small-scale fishery income per vessel estimated in the high target protection MARXAN 

scenario for each of the 4 fishing effort re-allocation scenarios in GSA 22. 
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Figure 5.1.3.5 Trawl fishery income per vessel estimated in the low target protection MARXAN 

scenario each of the 4 fishing effort re-allocation scenarios in GSA 25. 

 

 

Figure 5.1.3.6 Trawl fishery income per vessel estimated in the high target protection MARXAN 

scenario for each of the 4 fishing effort re-allocation scenarios in GSA 25. 
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Figure 5.1.3.7 Trawl fishery income per vessel estimated in the low target protection MARXAN for 

each of the 4 fishing effort re-allocation scenarios in GSA 25. 

 

 

Figure 5.1.3.8 Trawl fishery income per vessel estimated in the high target protection MARXAN 

scenario (bottom) for each of the 4 fishing effort re-allocation scenarios in GSA 25. 
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5.1.4 Small pelagics 
 

In figures 5.1.4.1-5.1.4.1 are summarized the different biological results (recruitment, stock 

spawning biomass- SSB, catch and harvest for anchovy and sardine in Aegean Sea (GSA 22) 

based on Deliverables 5.1-5.3 for the Low target and High target MARXAN scenario along 

with the already mentioned four effort allocation scenaria. The latest validated stock 

assessment for these stocks was considered (STECF 17-15) and the geometric mean of the 

recruitment was considered for medium term projections in accordance to the latest 

approved stock assessments (STECF 17-15). 

A) 

 

 
B) 

 
Figure 5.1.4.1 Anchovy stock forecast in GSA 22 based on A) Top: high target protection MARXAN 
scenario and B) Bottom: low target protection MARXAN scenario and for each of the fishing effort re-
allocation scenarios. 
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A) 

 
 

B) 

 
Figure 5.1.4.2 Sardine stock forecast in GSA 22 based on A) high target protection MARXAN scenario 
and B) low target protection MARXAN scenario and for each of the fishing effort re-allocation scenarios. 

 
Results showed that in the high target protection MARXAN scenario: 
-if fishing effort re-allocation is not accompanied by a reduction in the fishing mortality then 
no effect on anchovy SSB is apparent and 2% increase in sardine SSB is foreseen, 
-in fishing effort re-allocation scenario 2: an increase ~6% in SSB along with 12% reduction in 
catch is foreseen in respect to the status quo situation for anchovy, whereas ~6% increase in 
SSB along with 7% reduction in catch for sardine. 
-in fishing effort re-allocation scenario 3: an increase ~15% in anchovy SSB along with ~30% 
reduction in anchovy catch is foreseen in respect to the status quo situation. Similar values 
were estimated for sardine: ~13.5% increase in SSB along with 30% reduction in catch. 
In the low target protection MARXAN scenario an effect was apparent only in fishing effort re-
allocation scenario 3. Here, an increase of ~5% in anchovy SSB along with ~11% reduction in 
anchovy catch is foreseen in respect to the status quo situation. For sardine an increase of 
~3.7% in SSB along with 13% reduction in catch is foreseen. In addition, we need to note that 
in order to achieve a sustainably exploited sardine stock a reduction in the fishing mortality is 
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required. The F assumed for scenario 2 (50% effort re-allocation) is at the Fmsy level for 
sardine stock (STECF 17-15). 
In figures 5.1.4.3-5.1.4.4 are summarized the different total income for the purse seine fleet 
considering the catch forecast mentioned above for anchovy and sardine in Aegean Sea (GSA 
22). Estimates were made based on the Low and High target MARXAN scenario along with the 
already mentioned four effort allocation scenaria. Prices per kilogram for anchovy and sardine 
are the prices provided by EUMOFA for 2018 (European Market Observatory of Fisheries and 
Aquaculture Products). Although an increase in fuel cost is expected due to the need to move 
further offshore, no cost estimates and related assumptions were made. Thus total income 
per vessel was estimated for each Low and High target MARXAN scenario along with the 
already mentioned four effort allocation scenaria. 
 

 

Figure 5.1.4.3 Purse seine fishery total income per vessel (for anchovy and sardine) estimated in the 

high target protection MARXAN scenario and for each of the fishing effort re-allocation scenarios in 

GSA 22. 

 
Figure 5.1.4.4 Purse seine fishery total income per vessel (for anchovy and sardine) estimated in the 

low target protection MARXAN scenario and for each of the fishing effort re-allocation scenarios in 

GSA 22. 

 

Results showed that independently of the MARXAN scenario used, the three fishing effort 

re-allocation scenarios exhibited very similar behaviour in terms of total income. In the case 

of the high target MARXAN scenario a loss of total income around 6% is expected compared 

to the status quo situation whereas in the case of the low target MARXAN scenario a loss 

of total income around 4.5% is expected compared to the status quo situation. 
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5.2 Ecopath/Ecosim/Ecospace, based on “what if” scenaria 

 

The current work has been carried out within WP7: Evaluation of modelling results under D-

7.2: Ecopath/Ecosim/Ecospace, based on “what-if” scenaria. Ecosystem representations 

(models) have been used in the framework of the Ecosystem-based Fisheries Management 

(EBFM) as a tool for a more holistic integrated approach that does not focus only on single- 

species management but also accounts for the different components of the ecosystem, 

whether target or non-target species, primary producers or top predators, as well as the 

impact of the different fishing activities (Pikitch et al. 2004). As marine ecosystems are 

affected by multiple anthropogenic stressors and natural environmental factors, it is crucial 

to understand how these human activities and environmental fluctuations interact with the 

ecological components and how that influences the end services and products provided to 

humans (Coll & Libralato 2012). Various modelling approaches have been developed in the 

context of the ecosystem approach to fisheries (EAF), including whole ecosystem and 

dynamic system models, minimum realistic models, individual-based models, bioenergetic 

models, all of which have different primary focus and therefore data requirements, 

advantages and shortcomings (Plaganyi 2007). 

The Ecopath with Ecosim (EwE: www.ecopath.org) approach is widely applied worldwide and 

encompasses a whole ecosystem model that is used as a tool to analyze exploited aquatic 

ecosystems while attempting to take into consideration all trophic levels of the studied 

system, from primary producers and lower invertebrates to top predatory species 

(Christensen & Walters 2004). The EwE model structure is well balanced as it is simple but 

also includes a higher level of complexity present in other ecosystem model applications 

(Plaganyi 2007). Ecopath was first started by Polovina (1984) and it has been further 

developed since then (Christensen & Pauly 1992). The base models are descriptive and 

provide a static, mass-balanced snapshot of the food web, depicting the trophic flows and 

interrelationships, energy fluxes and food web structure of marine ecosystems, i.e. the 

species of a studied ecosystem and their trophic interactions (Christensen et al. 2005). 

Ecopath base models were enriched in 1995 with a time dynamic modelling capability called 

Ecosim (Walters et al. 1997; 2000) for the exploration of different management policy 

options, such as the examination of scenarios with less fishing capacity, i.e. fewer fishing 

vessels or the same fleet operating for fewer days. In 1998, the EwE ecosystem modelling 

software suite was completed with a third spatial and temporal dynamic component, 

Ecospace (Walters et al. 1999), in which Ecosim models are replicated over a spatial grid 

defined by the researcher, primarily aiming to explore policies regarding the placement of 

marine protected areas (MPAs). The addition of the Ecosim and Ecospace modules has 

enhanced both the quantitative and qualitative power of the EwE approach, allowing for the 

description of the average state of the ecosystem to be used for the parameterization and 

depiction of changes in biomasses and trophic interactions in time and space (Pauly et al. 

2000). According to Coll & Libralato (2012), in the Mediterranean Sea, the majority of EwE 

applications include the static module of Ecopath base models, with fewer studies exploring 

the ecosystem dynamics using Ecosim and only a few applying spatial analysis with Ecospace 

(e.g. Abdou et al. 2016; Halouani et al. 2016). 
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As a part of the PROTOMEDEA project and particularly WP6 (Deliverable 6.1), two Ecopath 
mass- balance base models were developed for the two study areas in the Aegean Sea, 
namely Thermaikos Gulf and Pagasitikos Gulf. The spatial and temporal dimensions of those 
models will be further extended in the current deliverable as planned in the proposal, with 
the time-dynamic (Ecosim) module of the EwE methodology being developed for Pagasitikos 
Gulf and the spatially resolved (Ecospace) module being developed for Thermaikos Gulf, 
using time-series and species distribution data. 

 

5.2.1 EwE Modelling - ECOSIM 

 

The Thermaikos and Pagasitikos Gulfs ecosystems were described with Ecopath base models 

consisting of 33 and 31 functional groups (FGs) of organisms respectively (see D6.1 for detailed 

description). Ecosim inherits key initial parameters from the Ecopath mass-balance base 

models to provide temporal dynamic simulations of biomass through a differential equation 

that calculates the growth rate of a FG during a specific time interval in terms of biomass based 

on the net growth efficiency, the consumption rate of a prey FG by a predatory FG, the 

immigration and emigration rates and the other natural and fishing mortality rates 

(Christensen et al. 2005). 

Consumption rates are calculated based on the “foraging arena” theory (Walters et al. 1997), 

the basic assumption of which is that aquatic organisms are divided in vulnerable and 

invulnerable to predation risk, as they largely limit predator-prey interactions to spatially 

restricted foraging arenas. The transfer rate between being vulnerable and invulnerable to 

predation determines if the biomass of different groups in the ecosystem is controlled by 

predators (top-down control, i.e. Lotka-Volterra dynamics: prey has no refuge to be protected 

and is always consumed when encountered by a predator), or preys (bottom-up control: prey 

is usually protected, by hiding in crevices for example, and becomes available to predators only 

when it leaves its refuge) or the control is of an intermediate type. The level of vulnerability 

represents the effect that an increase in predator biomass would have on the predation 

mortality of a given prey and it is an important parameter of the model that can be modified 

during calibration so that predictions fit better to observed historical data (Christensen et al. 

2005). 

The Ecosim model developed for the studied ecosystem was fitted to available catch data for 

the period 2008-2017 for 21 FGs in Pagasitikos Gulf. Time series reference data over a specific 

historical period, along with estimates of changes in fishing effort by fishing gear type over 

those years, facilitate producing a reasonable fit of the model to observed data. The goodness 

of fit measure is a sum of squared deviations (SS) of observed values from predicted ones. 

Biomass and catch projections were estimated until 2025 and a forcing function (primary 

producer) was applied to represent a physical or other environmental parameter that 

influences the trophic interactions among the components of the food web. For the model of 

Pagasitikos Gulf, three scenarios of fishing effort reduction by 10 (Scenario 1), 30 (Scenario 2) 

and 50% (Scenario 3) compared to the initial model, were examined and compared to the 

baseline scenario 0 (business as usual). The effort reduction was applied to all fleets. 
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5.2.1.1 Pagasitikos gulf – Ecosim 

 
The results of the basic Ecosim simulation (scenario 0: business as usual) for biomasses and 
catches for 21 FGs of the Pagasitikos Gulf ecosystem are presented in Figures 5.2.1.1.1 and 
5.2.1.1.2. Both the total biomass and total catches were predicted to considerably decrease 
by the end of the simulation period in 2025, by 42 and 31% respectively, while the biomass of 
only a few predators (anglerfish, hake, sharks and rays, other larger pelagics) showed a 
marginal increase that, however, did not result in a subsequent increase of the catches (Table 
5.2.1.1.1). 
On the other hand, the examined scenarios of reduced fishing effort all resulted in higher total 
biomass compared to the basic Ecosim simulation (the higher the reduction in fishing effort, 
the higher the projected biomass), while catches decreased as it was expected as a result of 
less fishing effort (Table 2). The most profound biomass increase with reduced fishing effort 
was observed in anglerfish, hake, sharks and rays, anchovy, mackerels and other larger 
pelagics (Fig. 5.2.1.1.1). 
Addressing the negative effects of overfishing through taking measures on reducing 
exploitation levels has been shown to rebuild stocks and lead to higher catches over time, 
with considerably higher profits for the fishers (Froese et al. 2018). Nevertheless, the urgency 
of modifying the current behavior of overfishing is pointed out by the fact that the reflection 
of rebuilding on catches, and thus income for the fishing sector, takes longer than rebuilding 
itself. Also, the trophic interactions among and within functional groups will not allow biomass 
to be maximized at the same time for all ecosystem components. In any case, effort reduction 
is the very first step towards sustainability once biomass declines as a result of excessive effort 
have been noticed. 
 

 
 

Figure 5.2.1.1.1 Biomass predicted by the Ecosim model for each functional group of Pagasitikos Gulf 

from 2008 to 2025, according to the business as usual scenario (black line) and three scenarios of 

reduced fishing effort by 10% (blue), 30% (green) and 50% (red). 



-403- 
 

Figure 5.2.1.1.2 Catches predicted by the Ecosim model (lines) for each functional group of Pagasitikos 

Gulf from 2008 to 2025, in comparison to reconstructed official catches (points) (Moutopoulos & 

Stergiou 2012). 

 
Table 5.2.1.1.1 Ecosim simulation results for Pagasitikos Gulf for the scenario 0: business as usual. FG: 
functional group. Biomass (Bi) and catch (Ca) values (t/km2) and ratios at the starting year (2008) and 
the end of the simulation period (2025). Green represents an increase of biomass and catch in 2025 
compared to 2008. 

 

  
FG 

 
Bi2008 

 
Bi2025 

Bi 
2025/2008 

 
Ca2008 

 
Ca2025 

Ca 
2025/2008 

1 Phytoplankton 13.15 6.10 0.46    

2 Zooplankton 8.96 4.94 0.55    

3 Benthic small crustaceans 5.81 2.19 0.38    

4 Polychaetes 23.22 14.48 0.62    

5 Shrimps 1.86 1.23 0.66 0.04 0.02 0.57 

6 Crabs 1.42 1.07 0.76 0.01 0.00 0.65 

7 Norway lobster 1.30 0.94 0.73 0.08 0.05 0.63 
8 Benthic invertebrates 37.54 25.37 0.68    

9 Octopuses and cuttlefish 0.51 0.46 0.89 0.18 0.14 0.77 

10 Squids 0.61 0.52 0.85 0.07 0.05 0.73 

11 Red mullets 0.29 0.21 0.73 0.12 0.07 0.63 

12 Anglerfish 0.43 0.47   1.10  0.11 0.11 0.95 
13 Flatfishes 0.33 0.28 0.87 0.04 0.03 0.74 

14 Other gadiforms 0.44 0.42 0.94 0.01 0.01 0.80 
15 Hake 1.19 1.23   1.03  0.18 0.16 0.89 

16 Demersal fishes 1 2.23 1.73 0.78 0.10 0.07 0.67 

17 Demersal fishes 2 3.24 2.87 0.88 0.12 0.09 0.76 

18 Demersal fishes 3 1.10 1.04 0.94 0.06 0.05 0.81 
19 Picarels and bogue 2.90 1.88 0.65 0.13 0.07 0.56 

20 Sharks and rays 0.48 0.49   1.02  0.05 0.04 0.87 

21 Anchovy 4.52 3.59 0.79 1.65 1.10 0.67 

22 Sardine 7.30 5.13 0.70 0.79 0.46 0.58 

23 Horse mackerels 0.43 0.39 0.90 0.17 0.13 0.76 
24 Mackerels 0.37 0.37 0.99 0.12 0.10 0.83 

25 Other small pelagics 1.61 1.10 0.68 0.18 0.11 0.59 
26 Other larger pelagics 0.24 0.26   1.07  0.13 0.12 0.92 

27 Loggerhead turtle 0.02 0.02 0.85 0.00 0.00 0.73 

28 Seabirds 0.00 0.00 0.44    

29 Dolphins 0.02 0.02 0.82 0.00 0.00 0.71 

30 Discards 0.00 0.00 0.93    

31 Detritus 67.91 31.48 0.46    

 TOTAL 189.46 110.27 0.58 4.33 2.97 0.69 
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Table 5.2.1.1.2 Ecosim simulation results for Pagasitikos Gulf for three scenarios of fishing effort 
reduction by 10, 30 and 50% compared to the business as usual scenario. FG: functional group. Biomass 
(Bi) and catch (Ca) ratios at the end of the simulation period (2025). Green represents higher (ratio > 1) 
biomass or catch. 

 

 

5.2.2 EwE Modelling – ECOSPACE 

 

Real ecosystems have far more complicated trophic flows and dynamics than those 

represented with Ecopath and Ecosim. In that context, the spatially explicit time dynamic 

Ecospace module of EwE integrates the trophic and temporal dynamics of Ecopath and Ecosim 

to dynamically allocate biomass spatially, across a two-dimensional space of equally sized and 

initially homogenous cells. 

Defining the spatial grid cells as a baseline map of the studied area is the first step when 

building an Ecospace model. The cells can be either land or water and they are assigned to a 

particular habitat type, depth and relative primary production (Christensen et al. 2005). FGs 

can symmetrically move from a cell to its four adjacent cells according to their ability to move 

or be transported by physical processes from one cell to another (dispersal rate), as well as 

their habitat preference, foraging behavior and predation risk they face in each cell (Walters 

et al. 1999). 

The spatial domain of the Ecospace model covered the outer Thermaikos Gulf (approximately 

2800 km2) as defined by Dimarchopoulou et al. (2018). The baseline map consisted of 71 rows 

  10% 30% 50% 
 FG Bi Ca Bi Ca Bi Ca 

1 Phytoplankton 1.002  1.006  1.010  

2 Zooplankton 0.997 0.991 0.984 
3 Benthic small crustaceans 1.000  1.001  1.002  

4 Polychaetes 1.003  1.008  1.014  

5 Shrimps 1.000 0.92 0.998 0.72 0.998 0.51 

6 Crabs 0.997 0.92 0.987 0.71 0.978 0.50 
7 Norway lobster 0.996 0.92 0.988 0.71 0.981 0.50 
8 Benthic invertebrates 1.001  1.002  1.004  

9 Octopuses and cuttlefish 1.008 0.93 1.029 0.74 1.049 0.54 

10 Squids 1.009 0.93 1.027 0.74 1.054 0.54 

11 Red mullets 1.016 0.94 1.056 0.76 1.091 0.56 

12 Anglerfish 1.044 0.96 1.146 0.82 1.250 0.64 
13 Flatfishes 0.999 0.91 0.997 0.71 0.996 0.51 

14 Other gadiforms 1.018 0.94 1.055 0.75 1.098 0.56 

15 Hake 1.024 0.94 1.079 0.77 1.142 0.58 

16 Demersal fishes 1 0.998 0.92 0.994 0.71 0.990 0.51 
17 Demersal fishes 2 0.998 0.92 0.995 0.71 0.991 0.51 

18 Demersal fishes 3 1.010 0.93 1.030 0.74 1.051 0.54 
19 Picarels and bogue 0.997 0.92 0.992 0.71 0.985 0.50 

20 Sharks and rays 1.035 0.95 1.121 0.80 1.211 0.62 

21 Anchovy 1.056 0.96 1.171 0.83 1.290 0.65 
22 Sardine 0.994 0.89 0.978 0.68 0.962 0.48 

23 Horse mackerels 1.011 0.92 1.031 0.73 1.056 0.53 
24 Mackerels 1.041 0.95 1.122 0.79 1.209 0.61 

25 Other small pelagics 1.001 0.92 1.014 0.72 1.028 0.52 

26 Other larger pelagics 1.197 1.10 1.704 1.22 2.141 1.09 

27 Loggerhead turtle 1.061 0.98 1.234 0.88 1.428 0.73 
28 Seabirds 1.007  1.023  1.040  

29 Dolphins 1.010 0.93 1.037 0.74 1.064 0.54 

30 Discards 1.000 1.000  1.000  

31 Detritus 1.001  1.002  1.004  

 TOTAL 1.004 0.94 1.011 0.79 1.019 0.60 
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and 67 columns, a total of 4757 square cells of about 1.7 km2 each, out of which 1995 cells 

formed the study area, 1856 were land and 906 cells were assigned to water but were excluded 

because they were outside of the designated study area. Each cell was assigned to a total of 

three habitat types as derived from the EUNIS/full-detail habitat classification in EMODnet1: i) 

mud (including fine mud and sandy mud bottoms), ii) sand (including sand and muddy sand 

bottoms) and iii) Posidonia oceanica seagrass meadows (the seagrass meadows layer was also 

enriched by data provided in Sini et al. 2017). The FGs were matched to preferred habitats 

according to the ecology and biology of the included species and expert advice. 

Values of primary production, photosynthetically active radiation, and sea surface 

temperature for the studied area were extracted from the Bio-ORACLE database (Tyberghein 

et al. 2012). The four fishing fleets of trawlers, purse seiners, beach seiners and small-scale 

coastal vessels of the Ecopath base model were included in Ecospace and fishing zones were 

defined according to the habitat. Marine protected areas, where trawling is forbidden based 

on seasonal and permanent regulations (Dimarchopoulou et al. 2018), were added. The 

permanent measure included in the model bans trawling within 3 nautical miles from the coast 

(20% of the study area), while the seasonal one bans trawling within 6 nautical miles from the 

coast (an additional 18% of the study area) during June, July, August and September. 

Distribution of the species across the baseline map was defined by the base dispersal rate of 
each FG expressed as distance travelled per year in km, as well as the relative dispersal and 
feeding rate in non- preferred habitats. The values for the above parameters were set as 
default in Ecospace or were modified according to Fouzai et al. (2012) and Abdou et al. (2016) 
and are shown in Table 5.2.2.A1. The base dispersal rates were set to 3 km/year for non-
dispersing species with low mobility, 30 km/year for demersal species with medium mobility 
and 300 km/year for pelagic species with high mobility. For the relative dispersal rate in 
unsuitable habitats values from 1-5 were used, according to the mobility of the species, that 
represent the number of times a FG would multiply its base dispersal rate in order to return to 
its preferred habitat. The vulnerability of a FG to predation in unsuitable habitats was assumed 
to be twice as high compared to preferred ones, as set by default in the software. Finally, the 
relative feeding rate in non-preferred habitats, which represents the fact that species are less 
likely to find and consume appropriate food when outside of their preferred habitat, was based 
on the trophic level pf the FGs and was set as 0.95 for primary producers, because the feeding 
ability of these organisms is slightly influenced by habitat type; 0.01 for species of 
intermediate trophic levels (TL=2-3.49), 0.3 for medium-high trophic levels (TL=3.5-3.9) and 
0.6 for species of higher trophic levels (TL>4). 

Two spatial management scenarios with the addition of MPAs, i.e. cells that are permanently 
protected from fishing, were examined for Thermaikos Gulf. The first scenario (MPA 1) 
considered a permanent ban of large-scale fisheries (trawlers and purse seiners) within 6 
nautical miles from the coast, i.e. covering 38% of the studied area. The second scenario (MPA 
2) examined permanently protecting the same proportion (38%) of the study area by allocating 
the fishing activities as follows: 26% of the northern part of the study area is not fished by any 
of the four fleets, while 12% of the central and southern coastal part is protected from 
trawling. Another 12% of the studied area is partially protected from trawling, as part of the 
existing seasonal trawling ban within 6 nautical miles from the coast. 
 
 

1 
Information contained here has been derived from data that is made available under the European Marine 

Observation Data Network (EMODnet) Seabed Habitats project (http://www.emodnet-seabedhabitats.eu/), funded 

by the European Commission’s Directorate-General for Maritime Affairs and Fisheries (DG MARE). 

http://www.emodnet-seabedhabitats.eu/)
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Table 5.2.2.A1 Input parameters used in the Thermaikos Ecospace model for each functional group 
(FG). TL: trophic level. 
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1 Phytoplankton 1.0 3 1 2 0.95 

2 Zooplankton 2.3 3 1 2 0.01 

3 Benthic small crustaceans 2.2 3 1 2 0.01 

4 Polychaetes 2.1 3 1 2 0.01 
5 Shrimps 3.1 30 2 2 0.01 

6 Crabs 3.0 3 2 2 0.01 
7 Benthic invertebrates 2.1 3 1 2 0.01 

8 Octopuses and cuttlefish 3.3 30 2 2 0.01 

9 Squids 3.8 30 2 2 0.3 

10 Red mullets 2.8 30 2 2 0.01 
11 Anglerfish 4.2 30 3 2 0.6 

12 Flatfishes 4.0 30 2 2 0.6 

13 Other gadiforms 3.6 30 3 2 0.3 

14 Hake 4.1 30 3 2 0.6 

15 Demersal fishes 1 3.1 30 3 2 0.01 
16 Demersal fishes 2 3.7 30 3 2 0.3 

17 Demersal fishes 3 3.7 30 3 2 0.3 
18 Demersal fishes 4 3.3 30 3 2 0.01 

19 Picarels and bogue 3.2 300 3 2 0.01 

20 Sharks 3.9 30 3 2 0.3 
21 Rays and skates 4.0 30 4 2 0.6 

22 Anchovy 3.3 300 4 2 0.01 
23 Sardine 3.1 300 4 2 0.01 

24 Horse mackerels 3.4 300 4 2 0.01 

25 Mackerels 3.5 300 5 2 0.01 
26 Other small pelagics 3.2 300 4 2 0.01 

27 Medium pelagics 4.2 300 5 2 0.6 
28 Large pelagics 4.2 300 5 2 0.6 

29 Loggerhead turtle 3.1 300 5 2 0.01 

30 Seabirds 2.3 300 5 2 0.01 

31 Dolphins 4.5 300 5 2 0.6 
32 Discards 1.0 10 5 2 1 

33 Detritus 1.0 10 5 2 1 

 

5.2.2.1 Thermaikos gulf – Ecospace 

The Ecospace simulation of the business as usual scenario for Thermaikos Gulf predicts a slight 
decrease in total biomass (3%) and catch (7%) by the end of the simulation period, but with 
12 out of the 33 FGs (36%) showing higher biomass that in 4 FGs (octopuses and cuttlefish, 
squids, red mullets, anchovy) also resulted in slightly (0.3% increase for anchovy) or more 
profoundly (20% increase for octopuses and cuttlefish) higher catches (Table 5.2.2.1.1). Squids 
and other gadiforms have been shown by the Ecopath base model to be FGs of high relative 
impact in the studied ecosystem. While the biomass of squids is predicted to increase by 2%, 
the biomass of other gadiforms seems to be decreasing by 11% in 2025. The spatial 
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distribution of the biomass and catches for each FG of the model in 2025 is given in the form 
of maps in Figures 4 and 7 respectively. 
 
Table 5.2.2.1.1 Ecospace simulation results for Thermaikos Gulf for the business as usual scenario (MPA 
0). FG: functional group. Biomass (Bi) and catch (Ca) values (t/km2) and ratios at the starting year (2000) 
and the end of the simulation period (2025). Green represents an increase of biomass and catch in 2025 
compared to 2000. 
 FG   Bi 

2025/2000 

  Ca 
2025/2000   Bi2000 Bi2025 Ca2000 Ca2025 

1 Phytoplankton 7.49 7.48 1.00    

2 Zooplankton 5.78 5.70 0.99    

3 Benthic small crustaceans 1.07 1.03 0.96    

4 Polychaetes 4.66 4.35 0.93    

        

5 Shrimps 0.31 0.25 0.82 0.11 0.09 0.81 

6 Crabs 0.41 0.37 0.89 0.01 0.01 0.88 

7 Benthic invertebrates 8.52 7.68 0.90 0.01 0.01 0.97 

8 Octopuses and cuttlefish 0.39 0.45 1.16 0.26 0.31 1.20 
9 Squids 0.36 0.37 1.02 0.02 0.02 1.01 

10 Red mullets 0.20 0.21 1.04 0.05 0.05 1.05 

11 Anglerfish 0.20 0.18 0.88 0.03 0.02 0.90 
12 Flatfishes 0.11 0.11   1.03  0.10 0.09 0.84 

13 Other gadiforms 0.56 0.50 0.89 0.06 0.06 0.92 
14 Hake 0.40 0.38 0.97 0.08 0.07 0.88 

15 Demersal fishes 1 0.15 0.13 0.86 0.02 0.01 0.81 
16 Demersal fishes 2 0.25 0.25   1.01  0.11 0.11 0.95 

17 Demersal fishes 3 0.32 0.29 0.90 0.09 0.07 0.80 

18 Demersal fishes 4 0.23 0.23 0.96 0.11 0.09 0.87 
19 Picarels and bogue 0.65 0.61 0.93 0.04 0.03 0.79 

20 Sharks 0.07 0.06 0.89 0.01 0.01 0.86 

21 Rays and skates 0.14 0.13 0.91 0.05 0.04 0.82 

22 Anchovy 2.30 2.46 1.07 0.67 0.67 1.00 
23 Sardine 1.94 1.95 1.00 0.95 0.85 0.90 
24 Horse mackerels 0.73 0.75 1.02 0.19 0.18 0.94 

25 Mackerels 0.29 0.29 1.01 0.06 0.05 0.90 

26 Other small pelagics 1.15 1.10 0.96 0.43 0.37 0.85 
27 Medium pelagics 0.25 0.23 0.93 0.02 0.01 0.84 

28 Large pelagics 0.05 0.06 1.13 0.02 0.01 0.84 

29 Loggerhead turtle 0.02 0.02 1.07 0.00 0.00 0.82 
30 Seabirds 0.00 0.00 1.09  

31 Dolphins 0.02 0.02 0.93 0.00 0.00 0.75 
32 Discards 0.00 0.00 0.95    

33 Detritus 29.99 29.64 0.99    

 TOTAL 69.02 67.27 0.97 3.48 3.23 0.93 

 
The main purpose of the MPA scenarios was to investigate the effect of MPA allocation and 
characteristics, regarding the level of protection enforced, on the biomass and catches of the 
different components of the studied ecosystem. Scenario MPA 1 (Table 5.2.2.1.1) resulted in 
a marginal increase (0.1%) of total biomass compared to the reference scenario with a 
predicted increase in 67% of the FGs, including several ecologically and commercially 
important species, by 0.01 (polychaetes) to 3.3% (mackerels). While scenario MPA 2 (Table 
5.2.2.1.1) resulted in a marginal decrease (0.05%) of total biomass compared to the reference 
scenario, the predicted increase in 55% of the FGs was more profound especially in pelagic 
FGs reaching 18% in other small pelagics, 22% in medium pelagics and 69% in large pelagics. 
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The biomass increase of several predatory FGs such as hake, anglerfish, sharks, rays and skates 
has more likely led to decrease in prey species such as shrimps, crabs, anchovy and sardine, 
hence the slight decrease in total biomass. 
 
Table 5.2.2.1.1 Ecospace simulation results for Thermaikos Gulf for two MPA scenarios compared to 
the business as usual scenario. FG: functional group. Biomass and catch ratios at the end of the 
simulation period (2025). Green represents higher (ratio > 1) biomass or catch. For details on the 
scenarios see Materials and Methods. 
  Biomass Catch 
 FG MPA 1 MPA 2 MPA 1 MPA 2 

1 Phytoplankton 1.000 1.000  

2 Zooplankton 0.999 0.998  

3 Benthic small crustaceans 0.999 0.992  

4 Polychaetes 1.000 0.998  

5 Shrimps 0.999 0.986 0.997 0.94 

6 Crabs 1.000 0.978 0.992 0.91 
7 Benthic invertebrates 1.000 0.953 0.978 0.81 

8 Octopuses and cuttlefish 0.996 1.030 0.990 0.56 

9 Squids 1.020 1.048 0.958 0.81 
10 Red mullets 0.998 0.992 0.982 0.69 

11 Anglerfish 1.007 1.037 0.965 0.79 
12 Flatfishes 1.010 0.994 1.011 0.71 

13 Other gadiforms 1.007 1.008 0.976 0.90 
14 Hake 1.008 1.025 0.995 0.82 

15 Demersal fishes 1 0.995 0.929 0.974 0.83 

16 Demersal fishes 2 1.002 1.026 0.980 0.75 

17 Demersal fishes 3 1.009 1.037 1.008 0.90 
18 Demersal fishes 4 0.998 1.012 0.991 0.79 

19 Picarels and bogue 0.998 0.992 0.936 0.82 

20 Sharks 1.005 1.038 0.993 0.80 

21 Rays and skates 1.008 0.986 0.997 0.82 

22 Anchovy 1.017 0.993 0.822 0.77 
23 Sardine 1.001 0.999 0.939 0.77 

24 Horse mackerels 1.004 1.001 0.937 0.75 
25 Mackerels 1.033 1.025 0.971 0.87 

26 Other small pelagics 1.004 1.180 1.002 0.90 

27 Medium pelagics 1.015 1.219 1.009 0.95 
28 Large pelagics 1.003 1.688 1.002 1.47 

29 Loggerhead turtle 1.001 1.064 0.998 1.02 
30 Seabirds 0.991 0.990  

31 Dolphins 0.997 1.020 0.995 0.97 

32 Discards 0.979 0.786  

33 Detritus 1.000 1.001  

 TOTAL 1.001 1.000 0.940 0.78 

 
Total catches were lower by 6% in scenario MPA 1 and by 22% in MPA 2 (Table 5.2.2.1.1). 
However, in MPA 1 catches for flatfishes, demersal fishes 3, other small pelagics, medium 
pelagics and large pelagics were predicted to increase by 1.1, 0.8, 0.2, 0.9 and 0.2% 
respectively. The spatial distribution of biomass (Fig. 5.2.2.1.2-5.2.2.1.3) clearly showed, 
particularly in scenario MPA 2, the predicted biomass increase of fished groups in the areas 
that were totally or partially protected from fishing activities. Accordingly, in those MPAs 
catches seemed to be decreasing, while there seemed to be a concentration of catches, and 
therefore fishing activity, in areas that were close to the MPAs likely indicating a spillover 
effect (Fig. 5.2.2.1.5-5.2.2.1.6). 
 



-409- 
 

 
Figure 5.2.2.1.1 Ecospace model predictions of the spatial distribution of biomass for each functional 
group in Thermaikos Gulf at the end of the simulation period in 2025 for the reference scenario. Colors 
represent relative densities in t/km2. 
 
 

 
Figure 5.2.2.1.2 Ecospace model predictions of the spatial distribution of biomass for each functional 
group in Thermaikos Gulf at the end of the simulation period in 2025 for the MPA 1 scenario (for details 
see Materials and Methods). Colors represent relative densities in t/km2. 
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Figure 5.2.2.1.3 Ecospace model predictions of the spatial distribution of biomass for each functional 
group in Thermaikos Gulf at the end of the simulation period in 2025 for the MPA 2 scenario (for details 
see Materials and Methods). Colors represent relative densities in t/km2. 

 

 
Figure 5.2.2.1.4 Ecospace model predictions of the spatial distribution of catches for each functional 
group in Thermaikos Gulf at the end of the simulation period in 2025 for the reference scenario (for 
details see Materials and Methods). The darker crossed grid along the coast represents the permanent 
ban for trawlers, while the lighter crossed grid shows the seasonal trawling ban. Colors represent 
relative densities in t/km2. 
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Figure 5.2.2.1.5 Ecospace model predictions of the spatial distribution of catches for each functional 
group in Thermaikos Gulf at the end of the simulation period in 2025 for the MPA 1 scenario (for details 
see Materials and Methods). The crossed grid along the coast represents the permanent ban for large-
scale fishing activities (trawling and purse seining). Colors represent relative densities in t/km2. 

 

 
Figure 5.2.2.1.6 Ecospace model predictions of the spatial distribution of catches for each functional 
group in Thermaikos Gulf at the end of the simulation period in 2025 for the MPA 2 scenario (for details 
see Materials and Methods). The crossed grid in the northern part of the study area represents the no 
fishing area, while the dark and light crossed grids along the coast show the permanent and seasonal 
trawling ban respectively. Colors represent relative densities in t/km2. 
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6. Interaction with a range of stakeholders in order to propose commonly agreed 

and more effective MPAs in the study areas 
 

6.1 Final Stakeholder meetings 

6.1.1 Final Stakeholder Workshop in Cyprus (Limassol) 

 

The current work has been carried out within WP4: Planning a network of MPAs under D-

4.5: Final Stakeholder Meetings. On the 22nd of February 2019 the Final Stakeholder 

Workshop in Cyprus took place at the Crowne Plaza Hotel, Cyprus in Limassol (Cyprus). 

Overall, 21 stakeholders and 12 PROTOMEDEA project representatives participated. 

Stakeholders from different sectors attended the event, such as: Fisheries representatives, 

representatives from Research Centres and NGOs.  

The Chair of the Opening Session was shared by Antonis Petrou (ENALIA) and Dr Chris Smith 

(HCMR). Antonis Petrou opened the workshop, welcomed all stakeholders and thanked 

them for their time and presence in the event. Dr Chris Smith also thanked the stakeholders 

for their interest in the project and their participation, and underlined the importance of the 

interaction between scientists and stakeholders. 

The floor was given to Dr Paraskevi Karachle (HCMR), the coordinator of the project, who 

also welcomed the participants and presented the project. She highlighted PROTOMEDEA’s 

ultimate goal which is to propose a Marine Protected Area (MPA) network in Greece and 

Cyprus, by taking into account the protection of ecological characteristics and Essential Fish 

Habitats (EFH), significant areas for fisheries, as well as their socio-economic impacts through 

a conservation planning approach and a participatory bottom-up process. She proceeded 

with informing the stakeholders on the current situation of the MPAs in Europe’s regional 

seas, and highlighted that among others, a better management of MPAs as well as the 

exchange of knowledge and experience of the response of the marine life to pressures, are 

of vital importance to ensure the delivery of best possible benefits. Finally, she encouraged 

the stakeholders to have an active participation while underlining that through fruitful 

discussions and their feedback the goals of the workshop can be reached. 

The next session followed focusing on PROTOMEDEA main outcomes/tools. The Session 

Chairs were Dr Niki Chartosia (UCY) and Dr Paraskevi Karachle (HCMR). 

The first presentation of this session was given by Nadia Papadopoulou (HCMR) who 

presented the main outcomes from the questionnaires that had been given to the 

stakeholders in the previous Stakeholder Meeting of the project in Nicosia on the 8th of 

September 2017. There were a total of 20 replies to the distributed questionnaires in Cyprus. 

These were grouped into different Stakeholder categories, of which the largest two groups 

were Fisheries, representing a wide range of fishermen (commercial and artisanal) and 

Research represented by research scientists in both Institutes and Universities. Close in 

number to these two groups were the NGOs. In specific, she presented results on selected 

questions on perceptions on MPA type, status, as means of biodiversity protection and 

fisheries management tool, effectiveness, uses allowed or preferred, agreement on zones, 
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willingness to pay to support the establishment of a network of MPAs, comparison of main 

ecosystem service provision between the current and a future MPA scenario and on 

agreement with suggested conservation targets. The outcomes from the questionnaires are 

reported in full in Deliverable D-4.6. 

Dr Vassiliki Markantonatou (UAegean) followed with a presentation of the main updated 

outcomes on Planning a network of MPAs in Cyprus, presenting four different scenarios 

which included Scientists’ High conservation targets, Scientists’ Low conservation targets, 

Stakeholders’ High conservation targets and Stakeholders’ Low conservation targets. The 

presentation included summary tables and map examples (e.g. extent of protection of 

essential fish habitats by each scenario, existing and proposed closures by gear and zone by 

each scenario etc., Figure 6.1.1.1) that helped start the discussions with the stakeholders. 

 

Figure 6.1.1.1 Example maps presented by V. Markantonatou, as input and output to MARXAN (top: 

existing permanent closures for trawlers and coastal fishermen, bottom: essential fish habitats for 2 

species) 
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The next presentation was given by Dr Giuseppe Scarcella (CNR) regarding Marine Protected 

Area (MPA) effects on Maximum Sustainable Yield (MSY). Dr Giuseppe Scarcella described 

how the effect of area closures could be proved beneficial for juveniles in terms of fishing 

mortality and stock productivity (by allowing juveniles to increase their size and allow them 

to spawn at least once in their life). In addition, the advantages of fishing at FMSY were 

displayed in economic terms by highlighting that “fishing at FMSY means putting money in 

the bank and living with the interest”, and focused on the outcomes of the bioeconomic tool 

incorporating and comparing the two scientific scenarios applied in MARXAN. 

The last presentation of this session was given by Nicolas Michaelidis (UCY) on the 

methodology behind the trophic modelling tool “Ecopath with Ecosim” and the main 

outcomes of its implementation in the Cypriot coastal zone, highlighting the significant 

impact of fishing on particular groups, as well as the significant role of alien species which 

are expected to further increase in the near future in Cyprus. 

After a short coffee break, the session on Stakeholders’ perceptions began at 13:30. The Chair 

of the session, Nadia Papadopoulou (HCMR) invited the attendees to participate to the 

interactive part by indicating their best and worst case scenario out of the four presented 

earlier. 

The interactive part consisted of a wall-mounted demonstration of the 4 scenarios with map 

and graphic outputs of main results/differences (e.g. showing extent of existing and 

proposed closures by gear and zone for each scenario, percentage increase of closures by 

gear for each scenario, percentage total protection zone A for each scenario etc., Figure 

6.1.1.2). Participants were encouraged to vote with red (non-acceptable, non-agreeable), 

yellow (neither agree nor disagree), and green (acceptable/agreeable) sticky notes to 

indicate respectively their choices/preferences. (Figure 6.1.1.3) 

 
Figure 6.1.1.2 Example print out detailing the major outputs of each scenario for Cyprus, displayed 

during the meeting to help the participants rank and vote for the scenarios. 
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Figure 6.1.1.3 Stakeholders discussing the voting on the wall for different scenarios. Red: non-

acceptable, non-agreeable, yellow: neither agree nor disagree, green: acceptable/agreeable. 

Having completed this interactive activity Nadia Papadopoulou (HCMR) distributed a printed 

questionnaire featuring five questions complementary to the previous interactive activity, 

for the participants in order to fill it in. The 5 questions, as shown in the printed 

questionnaire, are given in Table 6.1.1.1.  

Table 6.1.1.1 The questionnaire that was circulated amongst the participants of the stakeholder 

workshops 
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Having finalized the questionnaire part of the meeting, Nadia Papadopoulou (HCMR) and Dr 

Vassiliki Markantonatou (UAegean) facilitated the discussion that followed. Following 

statements that the participants enjoyed the interactive part and discussions over voting, the 

first questions and respective statements were about the preferred scenarios and reasons 

behind their choices. 

A stakeholder from the Cypriot artisanal fleet took the floor and stated the existence of a 

conflict between them and with the commercial fleets. He highlighted that they are willing 

to ensure the viability of their stocks and voted in favour of the Scientists’ High scenario while 

rejecting the Stakeholders’ Low scenario. 

A stakeholder from a coastal fleet association reminded the meeting participants that the 

coastal fleet representatives were the first in favour of the establishment of Marine 

Protected Areas, and noted a) the need for consultation with stakeholders that ‘love the sea 

and work in the sea ‘prior to any actions and management decisions and b) the existence of 

corruption and the sub-standard to minimal implementation of the relevant legislation. He 

argued that an effective and efficient implementation of the fisheries measures and 

regulations along with the systematic surveillance, policing and enforcement would be 

beneficial for the situation in Cyprus. This statement was also supported by all the fishermen 

present and the meeting participants. 

Cypriot fishermen stressed that they are in favour of the protection of the stocks, which will 

ensure the viability of their fisheries and will benefit the sustainability of the stocks. They also 

consider of vital importance the need for scientists and policy makers to know and 

understand the local situation when trying to build a scenario, highlighting that they need to 

take into account the fishermen point of view. They blamed the Department of Fisheries & 

Marine Research (DFMR) of the Ministry of Agriculture, Rural Development and Environment 

in Cyprus, for not establishing the Marine Protected Areas that the fishermen propose (e.g. 

closure of an area 25 nautical miles off the Cypriot coast, an area such as the Eratosthenes 

seamount), although fishermen had already accepted the implementation of a management 

plan that had been proposed by the DFMR, imposing a closure of all areas from 1-5m depth. 

The DFMR replied that the suggested area (over the 24 nautical miles off the coast of Cyprus) 

is not in their jurisdiction, thus they cannot apply any closure; the EU needs to be informed 

(no actions were taken on that). 

Specific speculation and reservations relevant to the state's inability to implement the 

appropriate enforcement and policing were also raised. The fishermen indicated that they 

are willing to participate in a proper consultation regarding maritime and fisheries issues; 

after all, their existence is inextricably linked to the sea, and they constitute the population 

group which is more directly connected both economically and emotionally to the sea. 

Cypriot fishermen appeared to be in favour of closures, or bans, however not just for certain 

gears, but for all the gears! They also suggested (they called it scenario 5) the ban of any 

fishing activity for 2 years, provided that compensation will be given to the fishermen for this 

period. They vehemently emphasized the need to foresee compensation actions for the 

fishermen when spatial or temporal closures are to be applied. Another scenario (scenario 6) 

proposed by the Cypriot fishermen was based on a combination of permanent closures of 

some areas and additional ‘mobile’ closures for other areas. 

Trawling is still regarded to be one of the major activities responsible for overfishing in 
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Cyprus, although the trawl fleet has been reduced to only two vessels in the recent years 

(there used to be eight). Recreational fisheries were considered responsible for overfishing 

as well, and the contribution of the foreign fishing fleets to overfishing was also raised and 

discussed at length. In particular, Italian trawls were accused of fishing 25 nautical miles off 

the coast of Cyprus, targeting mainly red shrimps (Aristeus antennatus) and hake (Merluccius 

merluccius), which has also resulted in a noticeable reduction of the latter species. Antonis 

Petrou (ENALIA) supported this statement by adding that Italian fishermen actually fish in 

this area, but they illegally declare catches in Italy, while Egyptian fishermen who are also 

active in this area, sell red shrimp by declaring the fishing area to be in a different GSA. 

Still though, alien species seemed to be the major/main pressure in Cyprus rather than 

fisheries. Lagocephalus sceleratus is one of the alien fish species presenting great adaptation 

capability and unexpectedly high expansion in the area. Moreover, two more alien species 

are found in quite large abundances in the area: Sargocentron rubrum and Pterois miles. The 

fishermen have noted that within the Marine Protected Areas (where no fishing is permitted) 

the biomass and abundance of Lagocephalus sceleratus has steeply increased (e.g. Agia 

Napa), and have suggested that an amendment to the current legislation should be 

attempted, in order to be able to fish the species within protected areas and reserves. The 

State, in an attempt to remedy/control the situation, offers subsidies to the fishermen to fish 

in a targeted way Lagocephalus sceleratus, however the subsidy is quite low, and only given 

at the end of the season, thus making this measure less attractive/not viable for the 

fishermen. To make things even worse, it seems that the targeted overfishing of alien species 

is inadequate to remedy the situation. 

 

Considering the wall-voting results and written replies to the 5 key questions, the main 

findings can be summarized as follows. 

First it is important to note that the results of this exercise cannot be fully quantified, the aim 

of the exercise was to provide content and focus for the discussion and to identify arguments 

and the motivations behind the stakeholder preferences. 

Both exercises were totally anonymous and no personal data were requested, required or 

recorded. Both exercises were also voluntary. 

The main riders on the results and responders are: 

 The votes were anonymous (there is no info on stakeholder type), 

 The total number of people that actually voted is unknown (not everybody in the meeting 

room voted), 

 The number of times that they voted is unknown (some admitted they only voted for best 

and worst scenario although they were asked to vote for all 4 scenarios indicating with 

red-green- yellow the degree they accept these) and 

 It is not known if some form of block voting took place (i.e. if some people voted together 

having reached a consensus following discussions or some people voted in the presence 

of others, or voted to follow the existing votes). 
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The colour voting on the wall indicated the following (Figure 6.1.1.4): 

 

 Stakeholder high targets scenario received the most votes, followed by the scientific high 

targets scenario 

 There were no yellow votes (possibly the result of polarized discussions on best and worst 

scenarios). 

 There were a few cases where the stakeholders did not fill in the field for the best or worst 

scenario. 

 

The paper voting confirmed the above indicating again a preference for the high targets 

scenarios (Figure 6.1.1.4). 

 
Figure 6.1.1.4 Indicative results from voting exercises. Top: wall colour voting on preferences, red: non-

acceptable, non- agreeable; yellow: neither agree nor disagree; green: acceptable/agreeable. Bottom: 

paper voting 5 questions on best and worst scenarios. Red: worst scenario, green: best scenario. Blank: 

number of times the best or worst field was left blank. Any low: any of the 2 low targets scenarios. Any 

high: any of the 2 high targets scenarios. 

The main comments and concerns raised anonymously in the paper voting (5-questions) 

were also repeated openly at the discussion (reported above). 

If we attempt to isolate the main highlights of the Final Stakeholder Workshop in Cyprus, 

these would be the following: 
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 Lack of consultation and lack of trust in the state/authorities has consequences, the most 

important one being the fishermen’s reluctance and reduced buy-in to new 

measures/regulations 

 Effective and efficient surveillance and policing is a prerequisite; albeit it is not properly 

applied 

 Alien species seems to be the major pressure; amendment of the current legislation, by 

implementing measures aiming at the management of alien species within MPAs 

constitutes a high priority 

 Fishermen are in favour of fish stock and biodiversity preserving measures such as 

spatiotemporal closures and permanent bans, provided that they are followed by 

compensation actions and are applied to all. 

 The participants were very positive to the interactive session and discussions at this 

workshop and very much in favour of a similar real-life exercise building scenarios of MPAs 

based on scientific knowledge, local knowledge and stakeholder consultation and 

participation. 

 
The coordinator thanked all participants for the fruitful discussions and closed the workshop 

at 17:30 as foreseen in the agenda. 

 
 

6.1.2 Final Stakeholder Workshop in Greece (Athens) 

 
On the 1st of March 2019, the Stakeholder Workshop in Greece took place at Philippos Hotel 

in Athens. The meeting started at 11:30 with 15 stakeholders and 13 PROTOMEDEA project 

representatives in attendance. Stakeholders from different sectors attended the event, such 

as: NGOs, representatives from Ministries, Fisheries representatives, Management Bodies of 

Protected Areas, port authorities, fisheries Regional Office. 

The Chair of the Opening Session was shared by Paraskevi Karachle (HCMR), the coordinator 

of the project, and Dr Chris Smith (HCMR). Dr Chris Smith thanked the stakeholders for their 

interest in the project and their participation, and underlined the importance of the 

interaction between scientists and stakeholders. Dr Paraskevi Karachle (HCMR), also 

welcomed the participants and presented the project. She highlighted PROTOMEDEA’s 

ultimate goal which is to propose a Marine Protected Area (MPA) network in Greece and 

Cyprus, by taking into account the protection of ecological characteristics and Essential Fish 

Habitats (EFH), significant areas for fisheries, as well as their socio-economic impacts through 

a conservation planning approach and a participatory bottom-up process. She proceeded 

with informing the stakeholders on the current situation of the MPAs in Europe’s regional 

seas, and highlighted that among others a better management of MPAs as well as the 

exchange of knowledge and experience of the response of the marine life to pressures are of 

vital importance to ensure the delivery of best possible benefits. Finally, she encouraged the 

stakeholders to have an active participation while underlining that through fruitful 

discussions and their feedback the goals of the workshop can be reached. 

Nadia Papadopoulou (HCMR) presented the stakeholders' perceptions based on the survey 
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conducted within Task 4.4 through the involvement of stakeholders (86 questionnaires in 

Greece), by showing the main outcomes from the questionnaires that had been given to the 

stakeholders in the previous Stakeholder Meeting of the project in Athens on the 2nd of 

November 2017. In detail, she presented results on selected questions on perceptions on 

MPA type, status, as means of biodiversity protection and fisheries management tool, 

effectiveness, uses allowed or preferred, agreement on zones, willingness to pay to support 

the establishment of a network of MPAs, comparison of main ecosystem service provision 

between the current and a future MPA scenario and on agreement with suggested 

conservation targets. The outcomes from the questionnaires are reported in full in 

Deliverable D-4.6. 

Dr Vassiliki Markantonatou (UAegean) followed with a presentation on the main updated 

outcomes on Planning a network of MPAs in Greece, presenting four different scenarios 

which included Scientists’ High conservation targets, Scientists’ Low conservation targets, 

Stakeholders’ High conservation targets and Stakeholders’ Low conservation targets. Most 

important outcomes of each candidate scenario were also presented that helped start the 

discussions with the stakeholders. This included summary tables and map examples (e.g. of 

extent of protection of essential fish habitats by each scenario, of existing and proposed 

closures by gear and zone by each scenario, etc.). 

Dr Marianna Giannoulaki (HCMR) presented the Essential Fish Habitats (EFH), under the 

context of why it is important to define their presence and location/extent within 

PROTOMEDEA. She briefly explained the general approach, the methodology and data 

collection processes. She also gave examples of the results obtained within the project and 

their use in developing management scenarios. 

Dr Stelios Katsanevakis (UAegean) presented PROTOMEDEA’S main outcomes of the 

underwater visual surveys that took place within PROTOMEDEA. Moreover, Stelios 

underlined the effectiveness of protected areas and described the benefits of the protected 

areas as well as the spill-over effect that had been observed in these cases. Towards this 

direction, Dr Athanassios Tsikliras (AUTH) presented how fishing restrictions/prohibitions 

favour marine populations. He gave a case study example of the research conducted in the 

Gulf of Thermaikos in Northern Greece in the framework of the PROTOMEDEA project. 

After a short coffee break, the session on Stakeholders’ perceptions began at 13:30. The Chair 

of the session, Nadia Papadopoulou (HCMR) invited the attendees to participate in the 

interactive part by indicating their best and worst scenario out of the four presented earlier. 

The interactive part consisted of a wall-mounted demonstration of the 4 scenarios with map 

and graphic outputs of main results/differences (e.g. showing extent of existing and proposed 

closures by gear and zone for each scenario, percentage increase of closures by gear for each 

scenario, percentage total protection zone A for each scenario etc., Figure 6.1.1.5 & 6.1.1.6). 

Participants were encouraged to vote with red (non- acceptable, non-agreeable), yellow 

(neither agree nor disagree), and green (acceptable/agreeable) sticky notes to indicate 

respectively their choices/preferences (Figure 6.1.1.7). 
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Figure 6.1.1.5 Example print out detailing the major outputs for each scenario in Greece, here showing 
existing and proposed bans by gear for one of the scenarios. 

 

 
Figure 6.1.1.6 Example print outs detailing the major outputs of each scenario in Greece, here 

showing the extent of all the zones (colour coded) for all the scenarios 

 

 
Figure 6.1.1.7 Stakeholders discussing the voting on the wall and the 5 questions during the meeting 

in Athens. 
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Having completed this interactive activity Nadia Papadopoulou (HCMR) distributed to the 

participants a questionnaire, featuring five questions (Table 6.1.1.1), identical to those asked 

during the Cyprus meeting. These questions are complementary to the previous interactive 

activity, in order to discuss in open plenary. Nadia Papadopoulou (HCMR) and Dr Vassiliki 

Markantonatou (UAegean) facilitated the discussion that followed. 

 

To begin with, the stakeholders (some of whom had also been invited to the 2018 stakeholder 

meeting) agreed that the stakeholder engagement process that was followed throughout the 

PROTOMEDEA project was very useful and fruitful. The interactive session with the visual aids 

was also well thought out and helpful for understanding and ranking/comparing the 

scenarios. 

The discussion started, asking the stakeholders about the four management scenarios 

presented by Dr Vassilikii Markantonatou (UAegean) which one they prefer more and less 

and why. 

A stakeholder from the Hellenic Coast Guard, voted for the scientists’ high conservation 

targets scenario, as it gives the opportunity to negotiate with the stakeholders during a 

consultation process; one starts with the highest targets and even with ‘watering down’ to 

lower ones, one still achieves a satisfying level of targets/conservation ambitions. 

A stakeholder from the small scale fishers, voted for the stakeholders’ low conservation 

targets scenario, arguing that following a gradual rather than an aggressive approach, is a 

better way to create a good impression to small scale fishers, to show that scientists take into 

consideration their interests and to give them the incentive to participate in a consultation 

process (and not to scare them off). Small scale fishers already have the impression that 

scientists want to limit fishing activity, which will result in the lowering of their catches and 

income, without taking into consideration the fishermen needs. Furthermore, the limitation 

of fishing activity, will limit local fishing products in the Greek market and the consumers’ 

demand will be covered probably by imports, as fish farms will not be able to respond to this 

change. 

A stakeholder concerning underwater antiquities (Ministry of Culture), voted for the 

scientists’ high conservation targets scenario, and suggested the simultaneous granting of 

compensatory benefits to fishermen by the Ministry of Agriculture. The implementation of 

policy and management measures is necessary for both the achievement of high conservation 

targets and the increase in the fishers’ income in the long term. There is evidence from 

existing closures, based on underwater antiquities regulations, that these help and fish 

biomass recovers. As fish stocks have been/are being reduced drastically there is an urgent 

need for the State to act with appropriate measures. 

A conservation scientist favoured the scientists’ high conservation targets scenario as a base 

for discussions. He argued that a decrease in the numbers of the small scale fishers, will lower 

the competition and the remaining active fishers will not see a large change in their income 

while fishing will be sustainable. 

A stakeholder from the trawlers association, voted for the stakeholders’ low conservation 

targets scenario, as there are already multiple closures in place in Greece, very limited fishing 

grounds available for trawling and issues with foreign fleets (fishing illegally/borderline and 

exerting further pressure/exploiting stocks), therefore more competition for marine space 

and further limitation will not be acceptable. The State should also bring in the measure of 
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withdrawal compensating for those willing to stop fishing (to let the remaining fishers have a 

respectable income). The available fishable marine space is limited and the stocks are not 

what they used to be in the past. 

A stakeholder from the Panhellenic Union of Ichthyologists said that the marine space belongs 

to the State and as such marine space suffers from the tragedy of the commons. ‘’We need 

to proceed with maritime spatial planning and in a series of steps that include: mapping of 

the existing situation, to work out a solution for fisheries in cooperation with fisheries bodies 

and stakeholders, promote easily acceptable solutions if possible, map the fishing bans by 

gear (coastal gears, purse seines, trawls), map bans/closures from other activities at sea, map 

critical land activities that have detrimental effects on marine fish stocks, and monitor the 

situation and outcomes on a regular basis, reporting to the relevant competent authorities, 

archiving results in databases and adapting measures, thus slowly building trust”. 

Stakeholders were asked if they would agree and if they would participate in a consultation 

process initiated by the relevant Greek Ministry, in order to discuss Marine Protected Areas 

(MPAs) scenarios based on MARXAN software. 

A fisheries scientist said that the required approach to real-life fisheries management is the 

bottom-up approach and not a top-down approach as in this exercise (where the participants 

only get to hear proposals, without their own proposals being heard or incorporated in the 

proposed plans). Α stakeholder from the small scale fishers stated that the bottom-up process 

in Greece is in a very early stage still (there are however a few early such cases, for example, 

in the Cyclades and N. Aegean), as there is lack of trust between fishers and public 

administration and lack of the relative legal framework that promotes a transparent and 

representative consultation process. The key to the solution is in the management of 

resources and not in prohibition and in the tight/strict control framework (whatever is agreed 

upon must be implemented as agreed). Of course a legal regulatory framework that could 

address advice, support bottom-up needs/plans and provide quick and flexible solutions to 

problems is also needed. 

Stakeholders were also asked what would be their vision for an optimal management 

plan/scenario that would include MPAs and how would they build their own optimal MPA 

network. 

A stakeholder from the small-scale fishers stated that management scenarios should take into 

consideration the seasonality/seasonal patterns (e.g. in fish biomass) and other important 

parameters related to the characteristics of fishing grounds (e.g., there are no data on coastal 

fish in MARXAN and there are no seasonal closures). A stakeholder from an environmental 

NGO stressed the need for the scientists to be closer to the fishers and to make every effort 

to provide feedback relevant to the data the fishers provide (to show to the fishers how and 

where ‘their’ data are being used). Furthermore, a stakeholder from the small-scale fishers 

stated that scientists, NGOs and fishers should be allies and continue to work constructively 

together. He proposed that this work and management scenarios should be presented to the 

policy makers where it matters the most (as these results are not usually reaching the decision 

makers and mostly discussed at project meetings). 

Considering the results of the wall-voting results and the written replies to the 5 key 

questions, the main findings can be summarized as follows. 

First it is important to note that the results of this exercise cannot be considered fully 
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quantitative. The aim of the voting exercises was to provide content and focus for the 

discussion and to clarify the main arguments and the motivations behind the stakeholder 

preferences. 

Both exercises were totally anonymous and no personal data were requested, required or 

recorded. Both exercises were also voluntary. 

The main riders on the results and responders are: 

 The votes were anonymous (there is no info on stakeholder type), 

 The total number of people that actually voted is unknown (but not everybody in the 

meeting room voted), 

 The number of times that they voted is unknown (some admitted they only voted for best 

and worst scenario although they were asked to vote for all 4 scenarios indicating with 

red-green- yellow the degree they accept these) and 

 It is not known if some form of block voting took place (i.e. if some people voted together 

having reached a consensus following discussions, or voted to follow the existing votes)  

 The colour voting on the wall indicated the following (Figure 6.1.1.7): 

 The scientific high targets scenario received the most votes green votes followed by the 

stakeholder high targets scenario 

 There were many yellow votes for the stakeholder high targets scenario and to a lesser 

extent for the remaining scenarios. 

 There was only one case where a stakeholder did not fill in the field for the best and worst 

scenario. 

 

 

The paper voting confirmed the above indicating again a preference for the high targets 

scenarios (Figure 6.1.1.8). 
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Figure 6.1.1.8 Indicative results from voting exercises. Top: wall colour voting on preferences, red: non-

acceptable, non- agreeable; yellow: neither agree nor disagree; green: acceptable/agreeable. Bottom: 

paper voting 5 questions on best and worst scenarios. Red: worst scenario; green: best scenario. Blank: 

number of times the best or worst field was left blank. Any low: any of the 2 low targets scenarios. Any 

high: any of the 2 high targets scenarios. 

The main comments and concerns raised in the paper voting were repeated openly at the 

discussion (reported above). 

If we attempt to isolate and focus to the main highlights of the Final Stakeholder Workshop 

in Athens, these would be the following: 

 Lack of trust in the State leads to the fishers’ reluctance and reduced buy-in/acceptance 

of new measures/regulations 

 Fishers may be in favour of spatiotemporal closures, if their benefits are well documented, 

their impacts (and that of closures) are counter-balanced by compensation actions and if 

jointly agreed measures are well enforced and applied to all 

 Limitation of the fishing activity that will limit fishing products in the Greek market and 

consequently will not be able to satisfy consumers’ demand, should be taken into 

consideration 

 Lack of the relative legal framework that promotes transparent and representative 

consultation and participatory processes. 
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 The participants were very positive to the interactive session and discussions at this 

workshop and very much in favour of developing similar real-life bottom-up and 

consultation approaches 

 Scientists, NGOs and fishers should further collaborate to develop plans for fish stock and 

biodiversity preservation and to present their ideas to policy makers, to initiate 

discussions on MSP issues and changes in fisheries management. 
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7. Discussion  
 
Within the final report of PROTOMEDEA project and under WP2: Current MPA status in the 
Eastern Mediterranean, the mapping of fishing effort in the study areas (D-2.4) included the 
mapping of fishing effort exerted by trawlers, purse-seiners (VMS data) and small-scale 
fisheries, along with the identification of fishing grounds for the target species, and the 
estimation of fishing effort from the recreational fishing fleet. The estimation of fishing effort 
from the coastal (small-scale) fishing fleet was based on Multi-Criteria Decision Analysis 
(MCDA). This methodology produces fisheries footprint by taking into consideration several 
interactions with other anthropogenic or environmental factors. Several methods and 
processes such as the Analytic Hierarchy Process (AHP) and Fuzzy logic were applied in an 
effort to solve the multiple criteria problem. To this end, the most influential components and 
criteria affecting small-scale fishing have been identified. The validation of the MCDA method 
based on information gathered from interviews and questionnaires from small-scale fishers 
has also been assessed. 
Under WPA: Planning a network of MPAs, the overall aim of the planning exercise was to 
contribute towards the development of an efficient Marine Protected Areas (MPAs) network, 
taking into account the protection of the ecological features, cultural characteristics, and 
significant areas for fisheries present in the under study areas, as well as the socio- economic 
impacts of their implementation, through a transparent and robust process.  
To this end, MARXAN with Zones was applied to provide optimal spatial solutions that may 
reach multiple ecological and socio-cultural objectives at the lowest cost for marine users. To 
improve the efficiency of the planning process in the Aegean Sea, an initial management plan 
was constructed based explicitly on EU Recommendations, scientific knowledge and available 
information (D-4.3a: initial MPA network in the Aegean). At a second step, new information, 
scientific feedback and stakeholders’ perspectives have been integrated in the analysis to 
better assess the trade-offs in terms of socio-economic and ecological implications of the 
management actions suggested and improved alternative solutions where (D-4.3b: proposed 
MPA network in the Aegean). Different scenarios have been developed that were based on 
criteria set by the EU recommendations and expert judgment (“Scientific High” and “Scientific 
Low” target scenarios); and on stakeholders’ perceptions (“Stakeholders High” and 
“Stakeholders Low” target scenarios), to assist decision making and provide flexible solutions 
useful for future negotiation with stakeholders. Overall, for 78 of the most important 
biodiversity and fishery ecological features encountered in the Aegean Sea and for one socio-
cultural feature regarding small scale fisheries, explicit numerical conservation targets have 
been set. Furthermore, 13 human activities and 7 management actions such as Fisheries 
Restricted Areas (FRAs), Marine Protected Areas (MPAs), Natura 2000 network, were 
incorporated in the planning exercise. The proposed plans incorporate a five-zoning system in 
which a MPA network is suggested, while the most important activities of the area are spatially 
arranged within these zones (Zone A – full protection of biodiversity and fish stocks: no activity 
allowed; Zone B – partial protection of biodiversity and fish stocks: small scale fishing and 
tourism allowed; Zone C – protection of benthic biodiversity and fish stocks: fishing with purse 
seines, small scale fishing and tourism allowed; Zone D – protection of pelagic biodiversity and 
fish stocks: bottom trawling, small scale fishing and tourism allowed; Zone E – General use: all 
activities allowed). In the ‘full protection’ zone (Zone A) activities compatible with the 
conservation of biodiversity and fish stocks such as ecotourism or diving are allowed. 
The proposed plans recommend additional areas of prohibitions ranging from 3.2 to 39.4% of 
the study area for bottom trawling, 9.3 to 35.1% of the study area for encircling nets (purse 
seines) and 1.5 to 14.7% of the study area for small scale fishing. However, a great proportion 
of these areas are not popular fishing grounds, therefore these closures are expected to have 
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an overall low impact to fisheries sectors. The proposed plans achieve the majority of the 
conservation targets set. The main reason for failure in achieving the set targets in a few cases 
was the spatial overlap of many areas of high ecological value with uses that affect marine 
biodiversity and fish stocks, such as coastal urban centers and industries, big ports and 
aquaculture. In these areas the regulated operation of human uses is recommended in order 
effectively protect the marine environment and its components. The suggested plans are fully 
in line with and complement the existing national and European legal framework currently in 
force. The majority of the areas allocated in the protection zones are characterized by high 
biodiversity value and low socio-economic cost. Areas proposed for prohibition of the various 
fishing practices under study are characterized by low fishing activity, while popular fishing 
grounds for each gear have been excluded from the relevant restrictive zones. 
Overall, there was consistency between all scenarios regarding the identification of areas with 
high ecological value (‘priority areas’) per zone that systematically contribute to the 
protection of marine biodiversity and fishery resources. Because of the ecological significance 
of these areas for efficiently meeting conservation objectives, it is highly recommended that 
these areas are prioritized for management actions and strict measures should be applied. On 
the contrary, if these priority areas are ignored a significant fraction of conservation targets 
proposed by the MSPs is lost. The high consistency between zones was also an indication for 
the robustness of the analysis’ outputs. 
It must be highlighted that this planning exercise was based on information that was currently 
available and the results should be considered as a baseline where extensive consultation and 
negotiation with stakeholders is required. New updated information, particularly for deep 
waters, is expected to improve the prioritization of areas leading towards more effective 
management decisions in the study area, on the basis of an adaptive management approach. 
Outputs aim to boost management actions and guide decisions by providing a baseline plan 
in the wider marine environment of Greece. 
Likewise, to improve the efficiency of the planning process in Cyprus, an initial management 
plan was constructed based explicitly on scientific knowledge and available information (D- 
4.4a: initial MPA network in Cyprus). At a second step, new scientific feedback and 
stakeholders’ perspectives have been integrated in the analysis, along with updated and new 
information and scientific insights, in order to improve the final proposed management plans 
(D-4.4b: proposed MPA network in Cyprus). Different scenarios have been developed that 
were based on EU recommendations and scientific knowledge (“Scientific High” and 
“Scientific Low” target scenarios); and on stakeholders’ perceptions (“Stakeholders High” and 
“Stakeholders Low” target scenarios), to assist decision making and provide flexible solutions 
useful for future negotiation with stakeholders. 
Overall, the distribution of 41 biodiversity and fisheries features for which explicit numerical 
conservation targets were set; 9 human activities; 8 existing and proposed management 
actions such as Fisheries Restricted Areas (FRAs) and Marine Protected Areas (MPAs), were 
integrated in the planning exercise. The proposed plans incorporate a three-zoning system in 
which a MPA network is suggested, while the most important activities of the area are spatially 
arranged within these zones (Zone A – full protection of biodiversity and fish stocks: no activity 
allowed; Zone B – partial protection of biodiversity and fish stocks: small scale fishing allowed; 
Zone C – General use: all activities allowed including bottom trawling and small scale fishing). 
In the ‘full protection’ zone (Zone A) activities compatible with the conservation of biodiversity 
and fish stocks such as ecotourism or diving are encouraged.  
In the various scenarios developed additional prohibitions for bottom trawling range from 6% 
to 9% of the study area, and for small scale fishing from 0.7% to 37% of the study area. 
However, when we excluded the areas that small scale fishing did not actually operate 
(remote areas in depths greater than 1000m) the actual additional area proposed for 
prohibition ranges from 0.7% to 4% of the study area. 
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The proposed plans achieved the majority of the conservation targets set. The main reason of 
target failure was due to the overlap of important biodiversity features and existing uses that 
were incompatible with their conservation. In these areas regulation of human activities was 
recommended in order to protect effectively the marine environment and its components. 
The suggested plans were fully in line with and complement the existing national and 
European legal framework currently in force. The majority of the areas allocated in the 
protection zones were characterized by high biodiversity value and low socio-economic cost. 
Areas proposed for prohibition of trawling and small scale fishing are characterized by low 
fishing activity, while popular fishing grounds for each gear have been excluded from the 
relevant restrictive zones. 
Overall, there was consistency between all scenarios regarding the identification of areas with 
high ecological value (‘priority areas’) per zone that systematically contribute to the 
protection of marine biodiversity and fishery resources. It has been highly recommended that 
prioritization in management actions and strict measures to be applied in these areas, while 
if they are ignored a significant fraction of conservation targets proposed by the MSPs is lost. 
The inclusion of recently designated MPAs in Zone A that were not integrated in the 
management plan initially, is another indication for the success of the proposed management 
plans. However, there were some information gaps particularly for the deep waters, and 
outputs were influenced by these gaps as indicated by the sensitivity analysis. New 
information in the future is expected to improve the planning designs, under the framework 
of adaptive management. 
In the framework of WP5: MPA effect on MSY and based on the input from WP4: Planning a 
network of MPAs, appropriate technical and scientific indicators and criteria were provided, 
in order to evaluate the biological, technical, economic and governance conditions which 
ensure, with high probability, that the establishment of a coherent network of MPAs will have 
beneficial effects on the achievement of the MSY objectives for certain stocks and fisheries 
within D-5.1: Identification of regionally relevant and acceptable technical and scientific 
indicators to evaluate the effect of MPAs network towards MSY objectives. 
With the aim of identifying the effects of MPAs networking proposed under the previous WP 
on the main target species fished in the two study areas, new spatial population-selectivity 
using a simple spatial model have been estimated, following the approach described by 
Sampson and Scott (2011). The model started from a set of survival equations, coupled to 
allow movement between subpopulations, and explored the conditions necessary to produce 
different shaped population-selection curves. Important factors influencing the model were 
the gear-specific selection characteristics of the fleets, their effort levels relative to one 
another, the spatial distribution of fishing mortality, and the movement of fish between 
subpopulations. 
For both demersal and small pelagic species, 4 different scenarios of the effort allocation were 
considered for the spatial simulations in each target protection scenario resulted from the 
WP4 (low and high target). The results were presented divided into two sections, based on 
the study areas of the PROTOMEDEA project: Aegean Sea and Cyprus. The target species are: 
Merluccius merluccius, Mullus barbatus, Parapenaeus longirostris, Engraulis encrasicolus and 
Sardina pilchardus for Aegean Sea; Mullus barbatus and Mullus surmuletus for Cyprus. 
Following the procedure described in deliverable 5.1, in D-5.2: Synthesis table and evaluation 
report of the different MPAs scenario output in terms of the established MSY reference points 
for small pelagic species, we provided the evaluation output of the two: low and high 
protection target MARXAN scenarios along with different scenarios on the re-allocation of the 
fishing effort. The evaluation was based on the established MSY reference points for the target 
small pelagic species in Aegean Sea, using as technical and scientific indicators Spawning Stock 
Biomass (SSB in tons) and Catches (in tons). Stock-Recruit relationships or biomass limit 
reference points and recruitment dynamics were not possible for the stocks of anchovy and 
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sardine in Aegean Sea (GSA 22) due the short time series of data. Thus the STECF-17-09 
suggested MSY catch advice based on the MSY proxy of an exploitation rate of E=0.4, agreeing 
that this provides an effective proxy for FMSY. In accordance to this suggestion we considered 
this as an FMSY proxy as well as the SSB and landings as additional indicators. Overall, the 
projections on the status of the stocks were performed for a 10 years’ time frame. For each 
MARXAN and fishing effort re-allocation scenario two medium term projections were run: a) 
one assuming a respective reduction in the fishing mortality (F) for anchovy and sardine and 
b) no reduction in F. This was considered necessary as especially in the case of small pelagics 
a reduction in fishing effort upon reserve establishment was not necessarily accompanied by 
a reduction in the fishing mortality and harmful consequences of effort displacement toward 
open patches were likely. Results showed that regarding the “Low target” protection scenario 
a slight increase (~5% and ~3.7%, for anchovy and sardine, respectively) was observed in terms 
of SSB in “Scenario 3: No re-allocation of the fishing effort associated with the respective 
reduction in fishing mortality”. Regarding the “High target” protection scenario, a bigger 
increase (~15% and ~13.4% for anchovy and sardine, respectively) was observed in terms of 
SSB in “Scenario 3: No re-allocation of the fishing effort associated with the respective 
reduction in fishing mortality”. In those scenarios that no fishing mortality reduction was 
assumed for anchovy, no increase in the SSB was observed; whereas for sardine, a slight 
increase ~2 % in the SSB was observed in the case of the high target scenario. 
Likewise, following deliverable 5.1, within D-5.3: Synthesis table and evaluation report of the 
different MPAs scenario output in terms of the established MSY reference points for demersal 
species, we provided the output of the different scenarios in terms of established MSY 
reference points for the target demersal species, using as technical and scientific indicators 
Spawning Stock Biomass (SSB in tons) and Catches (in tons). 
Given the short data series available, certain assumptions have been followed to run the 
Medium-Term Forecasts (MTF) that have been performed using The Fisheries Library in R 
(FLR). Again, the same model for the different scenarios explained in D5.1 was run. Overall, 
the projections on the status of the stock, performed for a 10 years’ time frame, with the High 
target, showed a bigger amount in term of SSB, in comparison to those with the Low one. 
Within WP6: Ecosystem modelling – Development of Ecopath models, in D-6.1: Ecopath model 
in the Aegean, we developed two Ecopath mass-balance base models for the two study areas 
in the Aegean Sea, namely Thermaikos Gulf and Pagasitikos Gulf. These models constituted 
important tools in order to set up and run spatial and temporal simulations (under WP7) 
aiming to explore management strategies related to MPA establishment, level of enforcement 
and potential benefits. In specific, the description of the two Gulfs’ ecosystems was based on 
Ecopath with Ecosim (Christensen et al. 2005) by constructing Ecopath mass-balance base 
models. Ecopath assumes mass balance, i.e. that the energy input and output of all living 
groups are balanced, usually over a yearly time period, and bases the parameterization on 
two master equations, one to describe the production and another for the energy balance of 
each component in the ecosystem (Christensen et al. 2005). The two Ecopath base models 
constructed provided the basis for “Ecopath/Ecosim/Ecospace, based on “what-if” scenaria”, 
in which time-dynamic Ecosim scenaria have been generated for Pagasitikos Gulf and both 
Ecosim and spatially resolved Ecospace scenaria have been  developed for Thermaikos Gulf, 
using time-series data and species/environmental parameter distribution data, aiming to 
explore the temporal and spatial effect of different fishing effort scenaria on the biomass and 
fisheries yield of each compartment of the studied ecosystems. 
Within D-6.2: Ecopath model in Cyprus, a trophic mass-balance model was developed to 
describe the structure and functioning of the insular shelf ecosystem of the Republic of Cyprus 
and assess the impact of fishing and alien species during the mid- 2010s. A total of 40 
functional groups were defined, ranging from producers and detritus to top predators and 
when possible, alien species were included in exclusively alien groups. All fishing activities in 
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the area were considered. Input data were obtained from local surveys, fishery statistics, 
published data on stomach content analyses, other scientific and grey literature, as well as 
empirical equations. 
Results showed that the ecosystem shares common structural and functional characteristics 
with other Mediterranean ones, especially those in the eastern basin. Fishing has noticeable 
impacts on the ecosystem and based on the results, 7.1% of the total primary production is 
required to sustain fisheries. The model predicted a strong negative impact of small-scale 
fisheries on small sharks and turtles, and of recreational fisheries on the large demersal and 
pelagic fishes. Our results also highlighted the significant role of alien species within the 
ecosystem. Alien fish accounted for 29% of fish production. Negative impacts of alien fish were 
predicted, in particular by alien siganids on phytobenthos, and some alien demersal fishes on 
eels and morays. This is the first food-web model for Cyprus and results were discussed and 
compared to other Mediterranean models. 
Within the framework of D-7.1: MSY/Bio-economic models, under WP7: Evaluation of 
modelling results, we employed a reasonably simple bio-economical model, in order to test 
the possible effect of the closure scenarios resulting from Marxan (and effort redistribution 
with effect on the gear-selection curves), on the income of these three fleet segments. It 
seemed that, independently from the target of spatial closure (Low/High), the income per 
vessel of the Trawler and Small-scale fishery is going to increase in time after a 5-6 years’ 
period, according to the scenario of effort reallocation. 
The situation in the purse seine fleet is contradictory. A loss of total income around 6% is 
expected compared to the status quo situation in the high target MARXAN scenario and 4.5% 
in the low target MARXAN scenario. This is expected as a reduction in there is a reduction in 
the catch foreseen for both anchovy and sardine. In addition, the catch of these two small 
pelagic species is dominated by ages 1 and 2 and opposed to demersal species there is no 
price differentiation per age group. The bulk of the income in the case of small pelagics is 
mainly due to the big quantities of fish caught. 
Within D-7.2: Ecopath/Ecosim/Ecospace, based on “what-if” scenaria, overall, the Ecosim 
simulation results for Pagasitikos Gulf indicated that modifying the current fishing regime by 
reducing the total fishing pressure, is predicted to end up in rebuilding of commercially 
important stocks. Accordingly, a biomass increase of targeted components of the Thermaikos 
Gulf ecosystem has also been evidenced according to the Ecospace simulation scenarios that 
include spatial modifications in the allocation of fishing restrictions. In any case, in order to 
address the negative effects of overfishing, it is suggested that any spatial measures should 
be combined with reduction in total fishing effort aiming to increase the biomass of organisms 
in the ecosystem, something that could in the future be reflected upon catches and revenues. 
Under WP4-Task 4.4: Stakeholder perceptions, in the framework of D-4.5 four stakeholder 
meetings were organized, two (one in Greece and one in Cyprus) in the beginning of the 
project and two more (one in each country) towards the end of the project. 
The final Stakeholder Workshops were organized in February 2019 in Cyprus and March 2019 
in Athens. In Cyprus, overall, 21 stakeholders and 12 PROTOMEDEA project representatives 
participated. Stakeholders from different sectors attended the event, such as: Fisheries 
representatives, representatives from Research Centres and NGOs (the respective Attendance 
list along with the Agenda of the Workshop are included in D-8.3: Final Stakeholders 
Meetings). Likewise, in Athens 15 stakeholders and 13 PROTOMEDEA project representatives 
were present. Stakeholders from different sectors attended the event, such as: NGOs, 
representatives from Ministries, Fisheries representatives, Management Bodies of Protected 
Areas, port authorities, fisheries Regional Office. 
Both workshops included an interactive part which consisted of a wall-mounted 
demonstration of the 4 scenarios (relevant to each area) with map and graphic outputs of 
main results/differences (e.g. showing extent of existing and proposed closures by gear and 
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zone for each scenario, percentage increase of closures by gear for each scenario, percentage 
total protection zone A for each scenario etc.). Participants were encouraged to vote with red 
(non-acceptable, non-agreeable), yellow (neither agree nor disagree), and green 
(acceptable/agreeable) sticky notes to indicate respectively their choices/preferences. Having 
completed this interactive activity, a printed questionnaire featuring five questions 
complementary to the previous interactive activity, for the participants in order to fill it in, 
had been also distributed. The perceptions of the stakeholders were of vital importance to 
the project and were taken into account in order to propose commonly agreed and more 
effective MPAs in the study areas.  
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1. Introduction 

PROTOMEDEA  stands  for  "PROTecting MEDiterranean EAst" and  is  a project,  in  response  to  the  call  for 

“Marine Protected Areas: network(s)  for  the enhancement of  sustainable  fisheries  in EU Mediterranean 

waters”  (Ref.  MARE/2014/41),  funded  by  the  European  Union  DG  MARE,  which  will  be  running  for  36 

months (December 2015 till November 2018).  

 

The  project  aims  to  contribute  towards  the  establishment  of  fishery  related  Marine  Protected  Area 

networks in the Eastern Mediterranean. The links among the project’s Work Packages (WPs) are displayed 

in Figure 1:  

 

 
Figure 1. Links among Work Packages 

 

Its main scientific objectives include:  

 Mapping of existing Marine Protected Areas  (MPAs) and planning of proposed MPA networks  in 

two areas of the Eastern Mediterranean, the Aegean Sea and Cyprus;  

 Mapping of essential  fish habitats, and  the effect of MPA  in achieving  the Maximum Sustainable 

Yield (MSY) objectives of the Common Fisheries Policy (CFP);  

 Development of ECOPATH models  in  selected MPAs, which will be examined using previous  and 

new data in order to evaluate the current overall contribution of MPAs in fisheries sustainability; 

 Evaluation of “What if” scenaria of MPA impacts on MSY and Ecopath/Ecospace models;  

 Interaction with  a wide  range  of  stakeholders  in  order  to  propose  commonly  agreed  and more 

effective MPAs in the study areas  

 

WP1 (Project Coordination & Management) has the overall responsibility of PROTOMEDEA’s coordination 

and  management,  including  also  all  necessary  actions  concerning  the  planning,  communication, 

implementation  and  evaluation  of  the  project.  Issues  regarding  budgetary  control,  adherence  to  the 

timetable, monitoring of  the project’s  evolvement,  timely delivery of  all deliverables  and writing of  the 

project’s reports constitute further responsibilities foreseen under this WP.  
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One of its main goals, considered of vital importance for the project’s success, is to establish a meaningful 

communication among  the partners as well as  the WPs,  for  the best  integration of  the projects’  results; 

therefore, four (4) meetings are planned to be organized under WP1:  

(1) The kick‐off meeting;  

(2) The 2nd project meeting in 10/2016;  

(3) The 3rd project meeting in 9/2017; and  

(4) The 4th project meeting in 10/2018.  

Within this context, additional meetings will also be held, if deemed necessary, while an intranet platform, 

hosted at the project’s webpage will be available to further enhance the interaction among partners.     

2. 1st Interim Report    

According to the project’s Description of Work (DoW) and based on its respective tables (Table 1.2 & Table 

1.3) of ANNEX I, regarding the duration and summary timetable, the 1st Interim Report (D‐1.5), designed to 

monitor the project’s evolvement and summarize the key outcomes produced during the period: December 

of 2015 till June of 2016, has been scheduled to be delivered within June of 2016 (or by mid‐June 2016). 

 

The main activities of  the project carried out during  this period and compiled within  the present  report; 

involve the following deliverables per WP (Table 1): 

 WP1: Project Coordination & Management 

 D‐1.1a: Kick‐off meeting minutes (allocated and delivered in January 2016) 

 D‐1.1b: Inception Report (allocated and delivered in February 2016) 

 

 WP2: Current MPA status in the Eastern Mediterranean 

 D‐2.1: MPA maps in the Aegean Sea (allocated and delivered in May 2016)  

 D‐2.2: MPA maps in Cyprus (allocated and delivered in May 2016) 

 

 WP8: Communication & Dissemination 

 D‐8.1: Communication & Dissemination plan (allocated and delivered in January 2016)   

 D‐8.2: Logo & Website ‐ Project Flyer (allocated and delivered in February 2016) 

 

Within the overall dissemination activities foreseen for the project (D8.1 – Communication & Dissemination 

Plan, Section 5.6 Scientific Publications), the following have been concluded/scheduled: 

a. Oral  presentation  at  the  Second  Symposium  on  EuroAsian  Biodiversity  (SEAB‐2016)  organized 

by Pamukkale University, Department of Biology and FAGUMER, Denizli/TURKIYE,  Antalya, Turkey 

(23‐27 May 2016) May 23‐27 of 2016 (concluded ‐ ANNEX VI of this report).  

b. Oral  presentation  at  the  16th  Panhellenic  Symposium  of  Ichthyologists,  organized  by  the  Greek 

Ichthyological Society in Kavala, Greece (6‐9 October 2016) (accepted) 
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c. Round table session on MPAs in Greece, co‐chaired by V. Vassilopoulou (PROTOMEDEA WP8 leader) 

and  P.K.  Karachle  (PROTOMEDEA  co‐ordinator),  at  the  8th  Congress  of  the  Hellenic  Ecological 

Society, organized by the Hellenic Ecological Society  in Thessaloniki, Greece (20‐23 October 2016) 

(scheduled) 

 

Table 1: Timetable of deliverables within the 1st Interim Period (12/2015 – 06/2016) based on Table 1.3 of ANNEX I of 

DoW. 

2015

12 1 2 3 4 5 6

Deliverable 1.1a: Kick‐off meeting minutes *
Deliverable 1.1b:Inception Report *
Deliverable 1.5: 1st Interim Report *

Deliverable 2.1: MPA maps in the Aegean Sea *
Deliverable 2.2: MPA maps in Cyprus *

Deliverable 8.1: Execution plan *
Deliverable 8.2: Logo and Website ‐ Project flyer *

WP1: Project Management

WP2: Current MPA status is in the Eastern Mediterranean

WP8: Communication & Dissemination

2016

Allocation in time (year/month)

Deliverables

 

 

2.1 Kick‐off meeting (D‐1.1a) 

The  Kick‐off  meeting  (D‐1.1a)  of  the  project  took  place  at  the  premises  of  HCMR  (Institute  of  Marine 

Biological Resources and  Inland Waters)  in Agios Kosmas  (Athens‐Greece), on  the 7‐8 of  January of 2016 

(relevant  Milestone  achieved)  under  WP1,  and  has  been  attended  by  20  participants,  representing  all 

PROTOMEDEA’s partners. The meeting’s minutes have been recorded and compiled  into Deliverable‐1.1a, 

which  has  been  uploaded  to  the  dedicated  field  in  the  project’s  webpage 

(http://www.protomedea.eu/index.php/en/implementation/deliverables). D‐1.1a is also included in ANNEX 

I of this report.  

The main objectives of the meeting were:  

‐ to further familiarize the participants with the project’s distinct obligations;  

‐ to  strengthen  their  awareness  towards  the  best  possible  integration  and  dissemination  of  the 

outcomes;  

‐ to identify and eliminate potential impediments that might compromise the project's success and 

‐ to  reinforce  the  already  established  channels  of  communication  and  cooperation  among  the 

partners.       

An  overview  of  the  whole  project  and  its  structure  along with  budgetary,  timetable,  dissimination  and 

administrative  issues were presented by  the coordinator and discussed with  the participants. During  the 

meeting the scientific objectives linked to the relevant deliverables of each WP have been developed by the 

respective WP  leaders, along with the pertinent approaches that will be  followed  in order to achieve the 

desired goals. The allocation of work was defined among the partners per WP, based on the DoW and by 

taking also into account the best possible flow of the new knowledge and information produced within the 

project. Moreover,  issues of concern have been  raised,  regarding specific scientific as well as procedural 
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topics, followed by guidance and suggested actions for their resolution. The meeting was complimented by 

plenary discussions while actions concerning the way‐forward were also discussed and assigned. For further 

details please refer to D‐1.1a (ANNEX I of the report).    

 

2.2 Inception Report (D‐1.1b) 

PROTOMEDEA project  is  comprised of  eight WPs which  are  further divided  into  several  Tasks  and  Sub‐

Tasks,  (Table 2)  linked  to  related deliverables  for  the best possible allocation and production of work.  It 

focuses on two case studies of the Eastern Mediterranean Sea: the Aegean Sea and Cyprus  Island.   Based 

on  the  DoW,  its  main  aim  is  to  map  the  already  existing  Marine  Protected  Areas  (MPAs)  and  to  plan 

proposed MPA networks in these two areas. Furthermore, the mapping of essential fish habitats, the effect 

of MPA in achieving the Maximum Sustainable Yield (MSY) objectives of the Common Fisheries Policy (CFP) 

and the development of ECOPATH models  in selected MPAs are foreseen  in order to evaluate the current 

overall  contribution of MPAs  in  fisheries  sustainability.  “What  if”  scenaria of MPA  impacts on MSY  and 

Ecopath/Ecospace models will  be  evaluated  and  different management  schemes will  be  developed  and 

examined in order to support the optimization of fishery management.  

The  Inception Report  (D‐1.1b), carried out within WP1, allocated and delivered  in February 2016,  is also 

available through the project’s webpage and included in ANNEX II of this report. Its main objective/aim is to 

highlight, determine and clarify the fundamental structure of the project according to which the proposed 

actions and deliverables have been settled and scheduled aiming at the overall success of the project. The 

detailed structure, main aims and pertinent deliverables per WP are described according to the DoW.  

More specifically, within the Inception Report the following topics are elaborated and determined aiming at 

the project’s overall success per WP:  

 Data sources that will be utilized;  

 Methodological approaches that will be implemented;  

 Sampling designs that will be followed;  

 Modelling techniques that will be employed;  

 Scientific tools that will be applied for ecosystem, MSY, bio‐economic and spatial planning purposes; 

 Experimental fishing surveys that will be carried out;  

 Measures/Means & activities designed for communication & dissemenation purposes;  

 Stakeholders’ meetings that will be organized;  

 Questionnaires that will be developed; 

 Best practices necessary to be adopted as well as  

 Integration with relevant projects  

A list of actions defining each WP’s deliverables, along with the responsible partner and pertinent deadlines 

is also  included,  in order to safeguard the project’s smooth sequence and uninterrupted flow. For further 

details please refer to D‐1.1b (ANNEX II of the report). 
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Table 2: PROTOMEDEA’s structure according to the Inception Report 

PROTOMEDEA

WP1: Project Management

WP2: Current MPA status is in the Eastern Mediterranean

Task 2.1: Existing MPAs in the study areas

• Sub‐Task 2.1.1: Existing MPAs in the Aegean Sea

• Sub‐Task 2.1.2: Existing MPAs in Cyprus

Task 2.2: Identification of essential habitats

• Sub Task 2.2.1: Mapping of nursery grounds of small pelagic fish

• Sub Task 2.2.2: Mapping of nursery grounds of demersal fish

Task 2.3: Mapping fishing effort in the study areas

• Sub‐task 2.3.1: Estimation of fishing effort from trawlers and purse seines.

• Sub‐task 2.3.2: Estimation of fishing effort from the coastal fishing fleet

• Sub‐task 2.3.3: Identification of fishing grounds for the target species

• Sub‐task 2.3.4: Estimation of fishing effort from the recreational fishing fleet

Task 2.4: Recreational fisheries

WP3: Scientific surveys to test the effects of protected areas

Task 3.1: Selection of sites

Task 3.2: Underwater visual surveys (UVS) in the selected sites

• Sub‐task 3.2.1: UVS in the Aegean

• Sub‐task 3.2.2: UVS in Cyprus

Task 3.3: Experimental fishing trials

WP4: Planning a network of MPAs

Task 4.1: Socio Economic evaluation of marine ecosystems

Task 4.2: Spatial planning in the Aegean

Task 4.3: Spatial planning in Cyprus

Task 4.4: Stakeholder perceptions

WP5: MPA effect on MSY

Task 5.2: Short, medium and long term forecast of MSY

• Sub‐Task 5.2.1: Small pelagic species

• Sub‐Task 5.2.2: Demersal species

WP6: Ecosystem modelling‐Development of Ecopath models

Task 6.1: Setting up of Ecopath models in Aegean Sea

Task 6.2: Setting up of Ecopath models in Cyprus

WP7: Evaluation of modelling results

Task 7.1: MSY/Bio‐economic models

Task 7.2: Ecopath/Ecospace

WP8: Communication & Dissemination

Task 8.1: Communication & Dissemination plan

Task 8.2: Plan execution

Task 5.1: Determining technical and scientific indicators to evaluate the effect of MPAs 

network towards MSY objectives
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2.3 MPA maps in the Aegean Sea (D‐2.1) 

In  line with the  foreseen work defined  in the project’s DoW, under WP2, D‐2.1  includes all the pertinent 

and updated Marine Protected Area  (MPA) maps  in  the Aegean  Sea. The deliverable was  allocated and 

delivered in May 2016, and is also available at the project’s webpage.  

Within this deliverable an effort to map all marine areas under any kind of protection in the Aegean Sea ‐

GSA 22 (e.g. national marine parks, fisheries restricted areas, NATURA sites, military areas, etc.) has been 

attempted  successfully.  Mapping  the  Fisheries  Restricted  Areas  (FRAs)  was  the  most  complicated 

component of this work, as there was no official compilation and mapping of the fisheries legislation.  

 

In order for the national Fisheries Restricted Areas (FRAs) to be determined in the study area, a systematic 

review  of  the  national  fisheries  legal  framework,  concerning  spatio‐temporal  restrictions  to  fishing 

activities, outside the boundaries of Marine Protected Areas (MPAs), was performed. All legislative acts i.e. 

Royal  Decrees  (RD),  Presidential  Decrees  (PD)  and  Ministerial  Decisions  (MD)  for  the  establishment  of 

spatio‐temporal restrictions in the study area were retrieved by the Greek National Printing Office’s official 

webpage (www.et.gr) and were arranged in chronological order, from the oldest to the most recent. It was 

decided that each spatio‐temporal restriction concerning a certain fishing gear constitutes a unique FRA. In 

some FRAs there  is a permanent ban of a specific  fishing gear, while  in some others the ban  is seasonal.  

Finally,  all  FRAs were mapped,  as  polygons  in GIS  shapefiles.  The whole  process was  supported  by  the 

Greek  competent  Authorities,  i.e.  the  Directorate  for  Fisheries  Control  of  the  Hellenic  Coast  Guard  ‐ 

Ministry of Shipping and Island Policy, and the Directorate General for Sustainable Fisheries of the Ministry 

of Rural Development and Food, to obtain common acceptance of the current project’s deliverables.  

 

The national FRAs polygons were organized in five shapefiles. Each of them contained all polygons of FRAs 

established  for each one of  the  following  fishing gear categories:  trawls, purse seines, small scale  fishing 

gears  (dredges,  gillnets  and  entangling  nets,  traps,  hooks  and  lines,  beach  seines),  towed  fishing  gears 

(trawls, purse seines, beach seines, dredges) and all gears. The other FRAs (oFRAs) polygons were organized 

in  two  shapefiles,  one  containing  archaeological  restrictions  and  the  other  containing  ports,  beaches, 

underwater  cables/pipes, waste effluent  sites, navigation  channels, military areas and other  restrictions. 

Another shapefile was created  for  the MPAs as  retrieved  from  the Natura 2000 maps of  the Ministry of 

Environment and Energy. Since the Natura 2000 areas are both terrestrial and marine, the polygons were 

reshaped keeping only the marine part of the protected areas.  

 

The national  fisheries  legal  framework, concerning spatio‐temporal  restrictions  to  fishing activities  in  the 

study  area  (Greek  part  of GSA  22  – Aegean  Sea),  comprises  of  a  set  of  forty  one  (41)  legal  acts,  i.e.  3 

Ministerial Decisions, 14 Royal Degrees and 24 Presidential Degrees. A total of 230 national FRAs, 5 EU and 

GFCM FRAs, 186 oFRAs and 42 MPAs (including all NATURA‐2000 sites with a marine part) were identified 

in the study area. 196 polygons were created by scratch and 32 were kindly granted by the Directorate of 

Fisheries  Control  of  the  Hellenic  Coast  Guard.  Thus,  a  total  of  225  (193+32)  polygons  were  finally 

incorporated in the database. For further details please refer to D‐2.1 (ANNEX III of the report). 

 

 

 

 

 



PROTOMEDEA – PROTecting MEDiterranean EAst      D‐1.5 

1st Interim Report  7 

2.4 MPA maps in Cyprus (D‐2.2) 

Likewise, within WP2, D‐2.2 presents all relevant and updated maps of the Marine Protected Areas (MPAs) 

in  Cyprus.  The  deliverable  was  also  allocated  and  delivered  in  May  2016,  and  is  also  available  at  the 

project’s webpage. 

To  date  there  has been  no official  compilation  and mapping  of  the  fisheries  legislation  in  the  island  of 

Cyprus.  Within  this  deliverable,  the  fisheries  legislation  was  analyzed  to  retrieve  the  relevant  data 

concerning  fisheries  restricted  areas.  A  data  collection  was  initially  undertaken  with  the  pertinent 

information about all areas subjected to regulations regarding the restriction of fishing activities, and on a 

later stage the relevant maps were created based on the information collected.  

The Natura 2000 areas have been created under Ministerial Decree according to the European Union’s legal 

framework transposed  into national  law. Their mapping was already carried out and the  information was 

provided by the Lands and Surveys Department (LSD) of the Ministry of the Interior of Cyprus through their 

geographical  database.  The  Fisheries  Restricted  Areas  (FRAs)  have  been  represented  according  to  the 

period of closure (e.g. permanent or temporal) and the kind of fishing gear targeted by the legislation (e.g. 

bottom trawls, purse seine). Finally, the other Fisheries Restricted Areas (oFRAs) have also been  included 

since  they  limit  the  fisheries  activities  within  their  boundaries,  although  not  directly  targeted  to  the 

protection of the marine environment. 

Each area was represented by a polygon and all the polygons were gathered  in a shapefile, on which, the 

final maps have been based. Once all the information was combined, the pertinent maps were created with 

Esri ArcGIS  10.1  software. Due  to  the  numerous  regulations  it was not  possible  to  superimpose  all  the 

compiled information in one single map.  

Therefore, a total of 7 national fisheries restricted areas (FRAs) including 3 FRAs arising from the European 

legal  framework, 9 others  FRAs  and  17 MPAs  (including  all Natura  2000  sites with  a marine part) were 

identified in the study area. For further details please refer to D‐2.2 (ANNEX IV of the report). 

 

2.5 Communication & Dissemination plan (D‐8.1)  

PROTOMEDEA’s Communication & Dissemination plan (D‐8.1) allocated and delivered in January 2016, has 

been  carried out within WP8, and  it  is available  through  the project’s webpage. WP8 aims  to provide a 

range of measures designed to communicate the project and its results to a wide audience, across a range 

of  stakeholder, policy‐making,  academic  and  community  groups. All project partners  are  foreseen  to be 

involved in networking, communication and dissemination, focusing on the local communities of the study 

areas. 

The plan has been designed in such a way in order to ensure that all relevant knowledge produced by the 

project will be carefully and essentially managed. However, it is underlined that all project partners should 

be involved in dissemination and exploitation in order to foster awareness and transfer results for impact. 

Its main objectives include:  

 The identification of the target groups and key stakeholders of the project 

 The description of the communication channels  

 The definition of the dissemination tools 
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The communication strategy that will be followed along with the relevant material that will be developed 

are included in the plan. Furthermore, the dissemination tools (logo, flyer, website, social media platforms, 

visual  identity  layout  and  project  events  &  stakeholders’  meetings)  which  will  support  the  sound 

communication of the project’s aims and major findings to the key stakeholders’ groups are designated and 

elaborated within it. For further details please refer to D‐8.1 (ANNEX V of the report).   

 

2.6 Logo & Website ‐ Project Flyer (D‐8.2) 

Protomedea  (Protomedeia) was an ancient Greek sea Goddess, one of  the  fifty daughters of Nereus and 

Doris, well known as the Nereids (i.e. the daughters of Nereus). Her name means Guardian and she was the 

one that guards, protects and treats those in need for help. Nowadays, the marine environment itself is in 

need  for  help;  seeking  for  protection.  Therefore  the  acronym  of  the  Project  was  selected  as  the most 

appropriate for the targets set by the call, and PROTOMEDEA project aspires to act as a guardian  for the 

conservation of the marine environment, and the sustainability of its goods and services.  

The relevant deliverable regarding the preparation of the project’s main dissemination tools: logo, website, 

social media platforms, and  flyer  (D‐8.2), allocated and delivered  in February 2016, has been carried out 

within  the  framework of WP8. These  tools were  inspired by  the ancient Greek Sea Goddess’s protective 

nature  which  is  articulated  and  depicted  through  the  project’s  motto  “PROTOMEDEA:  protecting 

Mediterranean east”, attempting to convey this message in a creative and functional way. More details can 

be  found  at  the  website’s  link:  http://www.protomedea.eu,  which  includes  all  relevant  information 

regarding  the project’s  targets,  its objectives,  its structure &  implementation,  the consortium along with 

the project’s events and dissemination. It is regarded to be user friendly and its information is presented in 

a  way  to  be  easily  communicated  to  all  target  groups.  Moreover,  the  information  is  organised  in  a 

meaningful and accessible way. Additionally, an  intranet platform (web‐based collaborative workspace)  is 

also incorporated at the project’s webpage to further enhance the interaction among partners.     

The  website  has  developed  an  ongoing,  parallel  platform  and  strategy  intended  for  social  networking, 

incorporating social networks  in order to raise and maintain the public’s and stakeholders’ awareness on 

issues that will occur during the program. This strategy  involves user‐generated content, content seeding 

and proactive marketing, both on the web and on mainstream scientific media.  Social media platforms are 

easily accessible and  linked to the project’s webpage (e.g. facebook, twitter, pinterest,  linkedin, google +, 

youtube). 

Furthermore, all the project’s Misc files and flyers, aiming to trigger the interest in PROTOMEDEA project to 

a  broad  audience  in  the  best  possible  eloquent  way,  are  also  available  and  can  be  found  in: 

http://www.protomedea.eu/index.php/en/dissemination/misc‐files‐flyers.  For  further details please  refer 

to D‐8.2 (ANNEX VII of the report). 

3. Conclusions   

Taking  into account all the compiled  information presented within the 1st  Interim Report, concerning the 

foreseen activities of  the project during December 2015  till  June 2016, both adherence  to  the  timetable 

along with timely delivery of all the respective deliverables can be confirmed. Therefore no impact on the 

project’s sequence and flow (either within each WP or among them)  is expected. Moreover, according to 

the  key outcomes  achieved  so  far,  the desirable  consistency  to  the project’s  scientific objectives  is  also 

ensured; thus safeguarding the project’s success.  

 



PROTOMEDEA – PROTecting MEDiterranean EAst      D‐1.5 

1st Interim Report  9 

4. ANNEXES 

 

 

 

4.1 ANNEX I: D‐1.1a 
 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
WP 1: Project Coordination & Management 

 
 

D‐ 1.1a – Minutes of the kick‐off meeting 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
European Union 
Directorate‐General for Maritime Affairs and 
Fisheries 
Grant Agreement n. MARE/2014/41 [SI2.721917] 

 
 
 
 
 

 
 
 
 
 
 
 

Call for proposal  
Marine protected areas: network(s) for 

enhancement of sustainable fisheries in EU 
Mediterranean waters   

Ref. MARE/2014/ 



 

Deliverable Title: Minutes of the kick‐off meeting 
 
Deliverable ID:  1.1a 

 
 
 
 

Responsible  Authors  Date Approved 

Paraskevi Karachle, 
HCMR 
 

Mairi Maniopoulou, HCMR 
Paraskevi Karachle, HCMR 
 

29.01.2016  All parners 
  

 
 
 

Document ref.  Contents  Status 

Work package:  1  Pages:  13   

Task / subtask:    Tables:     

Keywords:  Kick‐off meeting, minutes Figures:  

Annexes:   

 
 
 
 
 
 
 
 
 
 
ACKNOWLEDGEMENT  
The work described in this report was supported by the European Commission – DG MARE ‐ through the 
Grant Agreement SI2.721917, corresponding to the Call for proposal MARE/2014/41 Marine protected 
areas: network(s) for enhancement of sustainable fisheries in EU Mediterranean waters   
Ref. MARE/2014/41    
 
 
DISCLAIMER  
This document reflects only the authors’ views and not those of the European Commission. This work may 
rely on data from sources external to the MPA‐EASTMED project Consortium. Members of the Consortium 
do not accept liability for loss or damage suffered by any third party as a result of errors or inaccuracies in 
such data. The user thereof uses the information at its sole risk and neither the European Commission nor 
any member of the MPA‐EASTMED Consortium is liable for any use that may be made of the information. 



 

 

  
 

 
 
 
 
 

Lead Partner 
HELLENIC CENTRE FOR MARINE RESEARCH (HCMR) 

  
Institutional partners 

University of Aegean (UAegean) 
Aristotle University of Thessaloniki (AUTH) 

Management Body of the National Marine Park of Alonissos Northern Sporades (NMPANS) 
National Council of Researchers (CNR) 

Enalia Physis Environmental Research Center (ENALIA ) 
University of Cyprus (UCY)

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
The programme is co ‐financed by the European 
Union – DG MARE    

 
 
 

 
  
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

Call for proposal 
 Marine Protected Areas: network(s) for 

enhancement of sustainable fisheries in EU 
Mediterranean waters   

Ref. MARE/2014/ 41    



MPA‐EASTMED – Towards the establishment of Marine Protected Area networks in the Eastern Mediterranean     D‐1.1.a 

Minutes of the kick‐off meeting  1 

Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean  

(contract number SI2.721917) 

 

Venue: HCMR premises, Agios Kosmas, Athens, Greece 

7‐8 January, 2016 

 

 

Attendants: 

Dimarchopoulou Domna (AUTh) 

Giannoulaki Marianna (HCMR) 

Kallianiotis Argyris (FRI) 

Karachle Paraskevi (Voula) (HCMR) 

Katsanevakis Stelios (UAegean) 

Kavadas Stefanos (HCMR) 

Machias Athanassios (HCMR) 

Maina Irida (HCMR) 

Maniopoulou Mairi (HCMR) 

Papadopoulos Euripides (HCMR) 

Papadopoulou Konstantia (Nadia) (HCMR) 

Petrou Antonis (ENALIA Physis) 

Petza Dimitra (UAegean) 

Scarcella Guiseppe (CNR) 

Smith Chris (HCMR) 

Stergiou Konstantinos (HCMR) 

Tsagarakis Konstantinos (HCMR) 

Tserpes George (HCMR) 

Tsikliras Athanassios (AUTh) 

Vasilopoulou Vasiliki (Celia) (HCMR) 
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Thursday 07 January 2016  

1. The agenda was approved (Annex 1) 

 

2. Overview of the project by Paraskevi Karachle 

The objectives of the project, the Work Plan, its structure in Work Packages, the budget, the timetable, and 

administrative issues were presented and discussed. 

 

3. Overview of the Work Packages by WP leaders  

The objectives of the WPs, their structure, the deliverables, the timetable were presented and discussed. 

Additionally, Antonis Petrou made a presentation regarding the current protection status in Cyprus. 

 

 

Friday 08 January 2016 

 

1. WP1 presentation by Paraskevi Karachle 

Project Management 

Its objectives and deliverables were discussed. There was no specific issue. 

 

2. WP2 presentation by Marianna Giannoulaki 

Current MPA status is in the Eastern Mediterranean 

 
Task 2.1: Existing MPAs in the study areas by Marianna Giannoulaki 
• Sub‐Task 2.1.1: Existing MPAs in the Aegean Sea by Stelios Katsanevakis    
• Sub‐Task 2.1.2: Existing MPAs in Cyprus by Antonis Petrou 

A discussion was developed  for  the definition of  the mapping  areas. Marianna Giannoulaki  and George 

Tserpes proposed  to examine  the  entire  area of  the Aegean  Sea,  to  identify  and  then prioritize marine 

protected  areas.  Stelios  Katsanevakis  and  Celia  Vassilopoulou  agreed  and  added  that  specific  work 

packages as e.g. Stakeholder’s involvement (Task 4.4.) could focus (zoom in) their study in specific areas.  

George Tserpes defined that the focus area will be GSA 22 (Greek Aegean area). 

Antonis Petrou mentioned that Cyprus is a small country and the focus area of Cyprus will be the territorial 

waters (up to 12 nm). 

  

Task 2.2: Identification of essential habitats by Marianna Giannoulaki 

Marianna  Giannoulaki  noted  that  we  need  to  officially  ask  to  DG  MARE  to  approve  official  access  to 

MEDISEH project files. She suggested starting working immediately on the MEDISEH data already available, 

serving as a base, and be evaluated, updated, and refined accordingly, using new data towards the needs of 

the Project. Around April/May 2016 the official reply from EU is expected. 
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Marianna Giannoulaki and George Tserpes (HCMR) agreed to work on the nurseries and adults grounds of 

the small pelagic and demersal target species and provide gridded/scaled data as input for WP4. 

Voula Karachle took responsibility to ask officially the EU for access approval to the MEDISEH files.  

Dimitra Petza will update MEDISEH  files on Fishing Restricted and Marine Protected Areas  in GSA 22 and 

the associated national legislation. 

 

Task 2.3: Mapping fishing effort in the study areas by Stefanos Kavadas 

Stefanos Kavadas agreed to work on the required GIS Maps and VMS database from medium scale fisheries 

for Greece and Guiseppe Scarcella will  follow  the approach of Stefanos Kavadas  for  the  fishing effort  in 

Cyprus. Guiseppe Scarcella needs to define who will undertake the collection of VMS Data in Cyprus. 

Guiseppe Scarcella proposed to use the data form AIS, as they provide additional  information on effort of 

vessels operating in international waters. Voula Karachle will ask on details (cost, resolution, period).  

Stefanos Kavadas stated that he only need  for Greece data  from AIS  for small scale  fisheries or other, as 

medium scale fisheries is already available from VMS. He clarified that data will be collected from the last 6 

years (2009 – 2015). 

Antonis Petrou mentioned that  in Cyprus there are 2 trawlers, 20  long‐liners and 1 purse seiner. There  is 

available  VMS  data  from  small  scale  fisheries  for  at  least  the  last  2  years.  He  will  provide  the  data  to 

Stefanos Kavadas and Voula Karachle. 

It is also stated that official data on VMS should be requested by the corresponding Ministries. This will be 

done  from Stefanos Kavadas  for Greece and Antonis Petrou  for Cyprus, with help  from Voula Karachle  if 

needed. 

  
Task 2.4: Recreational fisheries by Athanasios Tsikliras 
 
Thanassis Tsikliras stated that recreational fisheries licenses are available to port authorities. Based on the 
data  available  for  the  period  2009  –  2013  from  Kavala,  Pagasitikos,  Messologhi,  Samos,  Thermaikos, 
estimation  according  to  the  population  will  be  applied.  More  data/information  will  be  acquired  in  the 
Aegean Sea, based on the needs of the project. 
Data  is  also  expected  from  Cyprus. Antonis  Petrou  in  collaboration with  Thanassis will  use  the  existing 
questionnaires  regarding  recreational  fisheries  and  make  modifications,  based  on  specific  needs  and 
peculiarities in Cyprus. 

 

5. WP3 Presentation by Stelios Katsanevakis 

Scientific surveys to test the effects of protected areas 

The objectives of WP3 and the approach that will be followed were presented and discussed. 

 
Task 3.1: Selection of sites (Stelios Katsanevakis) 
Task 3.2: Underwater visual surveys (UVS) in the selected sites (Stelios Katsanevakis) 
 
Stelios Katsanevakis  stated  that using  the maps of  fishing effort will help us  identify  areas of no  fishing 
effort and subsequently define sites where underwater visual surveys will be held. He agreed  to send  to 
Antonis Petrou the protocol to be followed also in Cyprus.  
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Task 3.3: Experimental fishing trials (Celia Vassilopoulou) 

George Tserpes suggested to use the MEDITS sampling protocol and vessel, both in Greece and  in Cyprus, 

as the MEDITS data are those used in stock assessments. Appropriate licences will be requested for fishing 

in additional sites (extra hauls) and extra days for the project needs. Celia Vassilopoulou, Argyris Kallianiotis 

and Antonis  Petrou,  proposed  that  additional  types  of  fishing  gear will  be  used  based  on  the  project’s 

needs, and this was accepted by all participants. 

6. WP4 Presentation by Stelios Katsanevakis 

Planning a network of MPAs 

The objectives of WP4 and the approach that will be followed were presented and discussed. 

 
Task 4.1: Socio Economic evaluation of marine ecosystems by Euripides Papadopoulos   
 
Euripides Papadopoulos stated that in order to proceed to the socioeconomic evaluation we need 

 to identify the objectives and effects of MPA to MSY   

 to identify Indicators, Measurable and non‐measurable values and spatial distribution of values 

 to choose a methodology to make environmental assessment 

 to define the scope and the positive and negative consequences  
 to prioritize common Ecosystem Services and define the benefits   

Euripides Papadopoulos will send to Antonis Petrou a  list of factors that he will need to be provided from 

Cyprus case study. 

 

Task 4.2: Spatial planning in the Aegean by Stelios Katsanevakis 
Task 4.3: Spatial planning in Cyprus by Antonis Petrou 

Stelios Katsanevakis  stated  that  Layers will depend on  the  scenarios  selected  in W5/W7. WP4 needs 15 

sites with high fishing effort and 15 sites with no or low fishing effort. In Cyprus the pairs of sites should be 

no less than 4. 

Stefanos Kavadas agreed to start working on coastal scale fisheries data – maps, as they demand more time 

to deliver.  

Voula Karachle stated that Guiseppe Scarcella and Antonis Petrou need to define who will do the Marxan 

work in Cyprus. It was clarified that the University of Cyprus will be responsible, with the provision of data 

from Antonis, and Giuseppe will provide with additional help  to  the University of Cyprus, along with  the 

help of Stelios Katsanevakis. 

 
Task 4.4: Stakeholder perceptions by Nadia Papadopoulou, Chris Smith 

Nadia  Papadopoulou mentioned  that  two  stakeholder meetings will  take  place  in October  2017  and  in 

September 2018 accordingly. Questionnaires need to be formulated and scenario to be built. A stakeholder 

list will be created with the help of participants and unofficial meetings will be performed.  It  is better to 

have interviews with the stakeholders face‐to‐face. 

Stelios  Katsanevakis  mentioned  that  artificial  reefs  as  examined/created  by  Kostas  Dounas  in  Crete 

provided contributory benefits to stakeholders, giving it as a good example for scenario proposals. 
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Argyris Kallianiotis suggested proposing the artificial reefs as part of an MPA network. A  licence to dive  is 

required  for  scientific  reasons.  He  has  a  long  time  experience  on  artificial  reefs  and  for  more  info  he 

suggested to visit the website http://www.artificialreefs.gr/ 

 

7. WP5 Presentation by Marianna Giannoulaki ‐ Giuseppe Scarcella 

MPA effect on MSY  

The objectives of WP5 and the approach that will be followed was presented and discussed.   

 
Task 5.1: Determining technical and scientific indicators to evaluate the effect of MPAs network towards 
MSY objectives (Giuseppe Scarcella) 
Task 5.2: Short, medium and long term forecast of MSY (George Tserpes, Christos Maravelias) 

 

Giuseppe  Scarcella  proposed  that  the  approach  described  by  Sampson  and  Scott  (2011)  will  used  to 

estimate  the  population‐selection  curve  of  the  fleets  exploiting  the  target  species  in  GSA  22  and  25. 

Sampson and Scott (2011) implemented a model for population selectivity with 4 main parameters: a set of 

regional  fishing  mortality  coefficients,  the  spatial  distribution  of  recruits,  a  set  of  spatial  movement 

coefficients, and a curve for gear selection. The first 2 sets of parameters were estimated by using grid‐cell 

data  of  high  density  patches  of  recruits  and  fishing  effort.  The  spatial  movement  coefficients  will  be 

extrapolated  from  literature  if  available otherwise  a  sensitivity  analysis will be performed. Both George 

Tserpes  and Marianna Giannoulaki  agreed  to  test  this method.  It  is  also  stated  that data  from  the DCF 

project will  be  required  and Voula  Karachle  took  responsibility  to make  the  request  to  the  responsible 

authorities. 

 

8. WP6 presentation by Athanassios Tsikliras 

Ecosystem modelling‐Development of Ecopath models  

The objectives of WP6 and the approach that will be followed by HCMR was presented and discussed. 

 

Task 6.1: Setting up of Ecopath models in Aegean Sea (Athanassios Tsikliras‐Konstantinos Tsagarakis) 
Task 6.2: Setting up of Ecopath models in Cyprus (Niki Chartosia) 

It  was  decided  that  two  ECOPATH  models  will  be  developed  according  to  the  proposed  plan,  one  in 

Thermaikos and one in Pagasitikos Gulf. Based on data availability and time constrains the development of 

a model in the entire Aegean will also be considered. 

 

8. WP7 Presentation by George Tserpes  

Evaluation of modelling results  

The objectives of WP7 and the approach that will be followed were presented and discussed. The WP7 is in 

connection with WP5. 

  

Task 7.1: MSY/Bio‐economic models (George Tserpes‐Giuseppe Scarcella) 
Task 7.2: Ecopath/Ecospace (Athanassios Tsikliras‐Konstantinos Tsagarakis) 
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Voula Karachle mentioned that  it was specifically asked by the evaluators,  if possible to use other models 
not quoted in the proposal (e.g. BIRDMOD, etc). 
George Tserpes stated that this could be examined as an option, based on data availability.  

 

9. WP8 Presentation by Mairi Maniopoulou & Celia Vassilopoulou 

Communication & Dissemination  

The objectives of WP8 and the approach that will be followed were presented and discussed.  

 

An issue was raised with respect to the project acronym with respect to FAO‐EastMED. Giussepe Scarcella 

and Argyris Kallianiotis said that the project acronym should be reconsidered and changed. Voula Karachle 

said that this may be a problem with DG MARE, yet it will be discussed in private with Mr Biagi at the joint 

kick‐off in Brussels (January 21st). 

 

Task 8.1: Communication & Dissemination Plan 
Task 8.2: Plan execution 
  

Discussions in plenary – Summing up – the way forward 

 

The participants to the meeting discussed on the up‐coming joint kick‐off in Brussels. Those participating in 

the meeting will be Voula Karachle  (HCMR), Stelios Katsanevakis  (UAegean), Athanassios Tsikliras  (AUTh), 

Giuseppe Scarcella  (CNR) and Antonis Petrou  (ENALIA). A presentation of the project will be prepared by 

Voula Karachle, based on the individual presentations of the kick‐off meeting, in order to give and overview 

of the project. Voula Karachle will distribute the presentation to those participating in the Brussels meeting 

for further comments, and she will be the one presenting in Brussels on behalf of the Consortium. 
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ANNEX I 

 

 

Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean (MPA‐EASTMED) 

KICK OFF MEETING 

 

Venue: HCMR premises, Agios Kosmas, Athens, Greece 

7‐8 January, 2016 

 

Agenda 

 

Thursday 07 January  

10:30 Registration – Coffee  

11:00 Welcome – Logistics – Presentation and approval of the Agenda (P. Karachle) 

WP Presentations (by coordinators) 

11:15  Overview of the project (Paraskevi Karachle) 

  WP1 Project Management (Paraskevi Karachle) 

11:30 WP2 Current MPA status is in the Eastern Mediterranean (Marianna Giannoulaki) 

 Task 2.1: Existing MPAs in the study areas 
• Sub‐Task 2.1.1: Existing MPAs in the Aegean Sea (Stelios Katsanevakis ‐ Athanassios 

Tsikliras) 
• Sub‐Task 2.1.2: Existing MPAs in Cyprus (Antonis Petrou) 

 Task 2.2: Identification of essential habitats (Marianna Giannoulaki) 

 Task 2.3: Mapping fishing effort in the study areas (Stefanos Kavadas) 

 Task 2.4: Recreational fisheries (Athanasios Tsikliras) 

12:00 WP3 Scientific surveys to test the effects of protected areas (Stelios Katsanevakis) 

 Task 3.1: Selection of sites (Stelios Katsanevakis) 

 Task 3.2: Underwater visual surveys (UVS) in the selected sites (Stelios Katsanevakis) 

 Task 3.3: Experimental fishing trials (Celia Vassilopoulou) 

12:30 WP4 Planning a network of MPAs (Stelios Katsanevakis) 

 Task 4.1: Socio Economic evaluation of marine ecosystems (Euripides Papadopoulos, Celia 
Vassilopoulou) 

 Task 4.2: Spatial planning in the Aegean (Stelios Katsanevakis) 

 Task 4.3: Spatial planning in Cyprus (Antonis Petrou) 

 Task 4.4: Stakeholder perceptions (Nadia Papadopoulou, Chris Smith) 

13:00 Lunch break 
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14:00 WP5 MPA effect on MSY (Marianna Giannoulaki ‐Giuseppe Scarcella) 

 Task 5.1: Determining technical and scientific indicators to evaluate the effect of MPAs network 
towards MSY objectives (Giuseppe Scarcella) 

 Task 5.2: Short, medium and long term forecast of MSY (George Tserpes, Christos Maravelias) 

14:30 WP6 Ecosystem modelling‐Development of Ecopath models (Paraskevi Karachle ‐Athanassios 

Tsikliras) 

 Task 6.1: Setting up of Ecopath models in Aegean Sea (Athanassios Tsikliras‐Konstantinos 
Tsagarakis) 

 Task 6.2: Setting up of Ecopath models in Cyprus (Niki Chartosia) 

15:00 WP7 Evaluation of modelling results (George Tserpes, Christos Maravelias) 

 Task 7.1: MSY/Bio‐economic models (George Tserpes‐Giuseppe Scarcella) 

 Task 7.2: Ecopath/Ecospace (Athanassios Tsikliras‐Konstantinos Tsagarakis) 

15:30 Coffee break 

16:00 WP8 Communication & Dissemination (Celia Vassilopoulou) 

 Task 8.1: Communication & Dissemination Plan 

 Task 8.2: Plan execution 

16:30 Discussion ‐ Refinement of the Day 2 Agenda 

17:30 End of day 1 

 

 

Friday 08 January  

9:00 WP2 Definition of main layers – availability of data – external collaborations – allocation of tasks (who‐

what‐when) – identification of gaps – solutions 

9:45 WP3 Planning of sampling (what kind of sampling – where – who – why – expected outcomes – added 

value for the project) 

10:30 Coffee break 

11:00 WP4 Planning of networks (which ecosystems will be valuated – data needs – flow of work). Initial 

and final planning/Connection with WP7 

11:45 WP5 MSY modelling needs  

12:30 WP6 Ecopath modelling needs 

13:15 Lunch break 

14:00 WP7 Evaluation of modelling/Connection with WP4 

14:45 WP8 Preliminary dissemination and communication plan – ideas – who is doing what 

15:30 Coffee break 

16:00 Discussions in plenary – Summing up – the way forward 

17:00 End of the meeting 
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4.2 ANNEX II: D‐1.1b 
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PROTOMEDEA: Towards the establishment of Marine Protected Area Networks in 

the Eastern Mediterranean (contract number SI2.721917) 

 

WP1 Project Coordination & Management (Co‐ordinator: HCMR‐ Paraskevi Karachle). 

The Project Coordinator (Paraskevi Karachle, HCMR) will have the overall responsibility of coordination and 

project  management.  This  includes  all  necessary  actions  of  coordination,  planning,  communication, 

implementation and evaluation of the project. In addition, each work package (WP) has a WP‐coordinator 

that  along with  the project  coordinator  and  the  task  leaders will bear  responsibility  for  the proper  and 

timely  execution  of  all  planned work  within  each  WP  tasks  and  sub‐tasks.  The  overall  list  of  actions  is 

presented in Annex 1. Moreover, the Project Coordinator and WP coordinators will ensure data flow within 

and between WPs and tasks, as required by the project. The Project Coordinator will also be responsible for 

budgetary control, adherence to the timetable, monitoring the development of the project, timely delivery 

of all deliverables and writing the  interim and final reports. All partners will contribute to the  interim and 

final reports; collection and compilation of all necessary information, as well as the final editing of the text 

will be the responsibility of the Project Coordinator.  

In  this  framework,  four  (4)  meetings  will  be  organized:  (1)  kick‐off  meeting  (within  two  weeks  from 

signature of the grant agreement); (2) the 2nd project meeting at 10/2016; (3) the 3rd project meeting  in 

9/2017;  and  (4)  the  4th  project  meeting  in  10/2018.  Additional  meetings  of  the  WP  groups  will  be 

organized based on the needs of the project. Apart from the meetings, communication among partners will 

also be achieved through an intranet platform, hosted at the project’s webpage. 

 

 

WP2 Current MPA status in the Eastern Mediterranean (Co‐ordinator: HCMR‐ Marianna Giannoulaki) 

Task 2.1: Existing MPAs in the study areas 

• Sub‐Task  2.1.1:  Existing  MPAs  in  the  Aegean  Sea  (responsible:  UAegean‐  Stelios  Katsanevakis;  AUTh‐ 

Athanassios Tsikliras) 

• Sub‐Task 2.1.2: Existing MPAs in Cyprus (responsible: ENALIA‐ Antonis Petrou) 

 

All MPAs  in  the  territorial waters of Greece  in  the Aegean Sea  (GSA 22; Greek Aegean area) and Cyprus 

(GSA 25; Republic of Cyprus, territorial waters (up to 12 nm)) will be mapped, as polygons in a GIS shapefile. 

For  each  MPA,  information  on  the  type  of  protection  and  year  of  establishment  will  be  provided  in  a 

database  format. Mapping will  include the Natura 2000 areas, all  legally established MPAs, military areas 

with restricted access to fishing, and areas with spatiotemporal restrictions  in fishing gears/activities. The 

necessary  information  will  be  retrieved  from  the  related  ministries  and  by  reviewing  the  relevant 

legislation.  The  MEDISEH  files  on  Fishing  Restricted  and  Marine  Protected  Areas  in  GSA  22  and  the 

associated national legislation will be used as basis and updated whenever necessary. 

 

Task 2.2: Identification of essential habitats (responsible: HCMR‐ Dr Marianna Giannoulaki) 

Compile and update existing  information on  the  identification and  location of nursery areas  (juveniles  in 

their  first and,  if appropriate,  second  year of  life)  for  the most  important,  in  terms of  fisheries  catches, 

demersal  and  small  pelagic  species  in  the  Eastern  Mediterranean  included  in  Appendix  VU  of  Council 

Regulation (EC) No 199/2008 as well as for the species subject to minimum size (Council Regulation (EC) No 

1967/2006‐Annex III). Existing published information, as well as information produced within past projects 
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like MEDISEH, will be used, updated  for  recent  years  and  additional  species  if needed.  The  information 

produced  in  the  framework of  this project will subsequently provide  input  to WP4  (MARXAN application 

and MPAs network determination). 

Within  the  framework  of  this  WP,  records  available  in  literature  (grey  and  peer  review),  as  well  as 

distribution maps of nurseries and spawning grounds resulting from national or  international projects  like 

MEDISEH will  be  collected  and  standardized  into  a  common  geodatabase. Available  information will  be 

updated based on recent surveys the MEDITS and MEDIAS surveys, depending on the GSA (i.e. MEDITS and 

MEDIAS in GSA 22, MEDITS in GSA 25). 

Based  on  this  information  the  stability  of  areas  presenting  either  higher  probability  of  being  nursery 

grounds or density hot‐spot areas of  fish  juveniles will be examined and presented  into a GIS compatible 

format. Similarly, high density and temporal persistence will be used as prerequisites for the identification 

of areas where mature fish concentrate for reproduction. The temporal persistence of the characteristics of 

an area  is a fundamental prerequisite  for  its  inclusion  in a conservation network. For this purpose spatial 

modelling approaches will be used to identify nursery grounds based on the spatial abundance of fish and 

the  persistence  over  time  of  density  hot  spots.  This  modelled  relationship  will  be  used  to  construct 

probability maps upon suitable environmental data availability for the study areas as a measure of habitat 

adequacy. 

 

• Sub  Task  2.2.1:  Mapping  of  nursery  grounds  of  small  pelagic  fish  (Responsible:  HCMR‐  Marianna 

Giannoulaki) 

Within  this  Sub‐task  the  nursery  grounds  of  the  most  important  commercial  small  pelagic  species  i.e. 

Engraulis encrasicolus, Sardina pilchardus, Trachurus trachurus, will be defined in the GSA 22 depending on 

the occurrence of adequate survey data. Specifically, the nursery grounds of Engraulis encrasicolus, Sardina 

pilchardus, Trachurus trachurus small pelagic fish species  identified and mapped within the framework of 

the SARDONE and MEDISEH projects (Tsagarakis et al., 2008; Giannoulaki et al., 2011, 2013a, 2013b) will be 

evaluated, updated with recent survey data and adjusted to a suitable spatial scale for the study areas. The 

same  methodology  applied  in  MEDISEH  will  be  followed.  Available  maps  and  information  about  the 

distribution of juveniles of the target species will be collected, revised, during the first 6 months of project 

activities. In addition, data from ichthyoplankton and acoustic surveys that are carried out during summer 

in GSA 22, will be used to model the spawning habitat of Sardinella aurita. This warm water small pelagic 

species presents special interest as it shows increased  landings during the  last decade and  information on 

its spatial distribution in the Eastern Mediterranean is generally lacking. Summer is a period that coincides 

with  the  species  spawning  season  in  the  Mediterranean  (Schismenou  et  al.,  2008)  thus  the  spawning 

grounds of this species will also be modelled. A modelled relationship with environmental parameters will 

be used to construct explicative distribution maps for the study areas and probability of occurrence maps at 

a wider spatial scale upon the availability of environmental data. 

Finally, habitat suitability maps and the associated GIS files will be produced, indicating areas where higher 

probability  of  suitable  environmental  conditions  exist  for  nurseries  (Engraulis  encrasicolus,  Sardina 

pilchardus, Trachurus  trachurus) or spawning grounds  (Sardinella aurita). These gridded/scaled maps will 

provide the necessary input to WP4 for the MARXAN application. 

 

• Sub Task 2.2.2: Mapping of nursery grounds of demersal fish (Responsible: HCMR‐ George Tserpes) 

Within this Sub Task the nursery grounds of demersal species that are  included  in the DCF Group  I of the 

Data  Collection  Framework  for  the  Mediterranean  or  are  subjected  to minimum  landing  size  based  on 

Council Regulation No 1967/2006‐Annex II (or “minimum conservation reference size” as stipulated by the 

new  CFP  (Regulation  (EU)  1380/2013))  (i.e.  GSA  22:  Merluccius  merluccius,  Mullus  barbatus,  Mullus 
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surmuletus, Nephrops norvegicus, Parapenaeus longirostris, Illex coindetti, Eledone cirrosa; GSA 25: Mullus 

barbatus, Mullus  surmuletus, Pagellus erythrinus, Upeneus  spp.) will be  revised and defined  in  the  study 

areas  depending  on  the  availability  of  adequate  survey  data.  Nursery  grounds  of  certain  demersal  fish 

species  identified and mapped within the framework of the MEDISEH project (Colloca et al., 2015) will be 

evaluated, updated with  recent  survey data and adjusted  to a  suitable  spatial  scale  for  the  study areas. 

Available maps and  information about the distribution of  juveniles of the target species will be collected, 

revised, during the first 6 months of project activities. For the species not included in the MEDISEH report, 

the methodology applied in MEDISEH will be followed depending on data availability. Data for mapping can 

be insufficient for many different reasons such as lack of temporal overlapping between survey period and 

recruitment periods; survey selectivity pattern; species availability and vulnerability, low abundance of the 

species; etc. 

The methodology, the routines and the scripts developed within the framework of the MEDISEH project to 

standardize the analysis of the MEDITS bottom trawl survey data and the identification of the juveniles will 

be used in this Task for standardization purposes. 

 

Task 2.3: Mapping fishing effort in the study areas (responsible: HCMR‐ Stefanos Kavadas) 

Mapping of fishing effort will be performed both in the Aegean Sea, as well as in Cyprus, and will include all 

fisheries activities by trawlers and purse‐seiners (VMS data), small‐scale fisheries (Kavadas & Maina 2012, 

Kavadas et al., 2015) and  recreational  fisheries  (model  to be developed). The target of the Task 2.4  is to 

estimate  the  fishing  effort  and  map  the  foot  print  from  the  commercial  and  recreational  fishing  fleet 

operating in the open sea and coastal zone of the selected study areas. 

The methodological procedures applied in Task will be articulated in the following sub‐tasks: 

 

• Sub‐task 2.3.1: Estimation of fishing effort from trawlers and purse seines. 

Primary VMS data for the period 2009‐2014 for Greece and Cyprus will be analyzed. The analysis  is based 

on the following methodological steps: a) primary analysis which  includes the quality control of data and 

the filtering out of some common errors such as duplicated records, vessel positions on  land,  implausibly 

high speeds and headings outside compass range; b) data enrichment which  includes the  interpolation of 

the  data  (if  needed)  and  the  integration  of  legislation  and  bathymetry;  c)  métier  identification  which 

includes the combination of VMS data and  logbooks (if there are available); d) estimation of fishing effort 

indicators (Days at sea, Days*GT, Days*KW, fishing hours) and e) visualization of fishing effort (spatial cell 

size, geographical coordinate system, etc.) (Kavadas & Maina, 2012; Kavadas et al., 2014). 

 

• Sub‐task 2.3.2: Estimation of fishing effort from the coastal fishing fleet 

Due  to  the  increasing development of  the  fishing  fleet  that operates  in  the coastal zone and  the  limited 

information about spatial distribution of coastal  fisheries, a combination of geographical data and Multi‐

criteria  Decision  Analysis  methodology  will  be  applied  to  estimate  the  fishing  pressure  from  coastal 

fisheries  (Kavadas et al., 2015). To  this end, will be  identified  the most  influential  components affecting 

coastal fishing  in terms of  its distribution and  intensity: fishing capacity, bathymetry, distance from coast, 

Sea  Surface  Chlorophyll  (Chl‐a)  concentration,  legislation,  maritime  traffic  activity,  trawlers  and  purse 

seiners  fishing effort and no‐take  zones. By means of Multi‐Criteria Decision Analysis  (MCDA) conducted 

through a stepwise procedure, the potential fishing  footprint with the corresponding  fishing  intensity will 
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be derived. The method provides an  innovative and cost‐effective way to assess the  impact of the coastal 

fleet  and provides  the background needed  to plan  future marine  activities  in  the  framework of Marine 

Spatial Planning (MSP) and form the basis for a more realistic management approach.  

A combination of geographical data and Multi‐criteria Decision Analysis methodology will be used in order 

to estimate a fishing pressure index from coastal fisheries (FPc). FPc estimated by fuzzy product process of 

the coastal fishery suitability index (Sc) and the spatial coastal vessels activity index of registered vessels in 

the  study  area’s  fishing  ports  (Ac).  Estimation  of  Sc  based  on  certain  evaluation  criteria  (bathymetry, 

distance from coastline, environmental conditions, fishing effort from trawlers and purse seiners etc.) and a 

simulation process of pairwise comparisons of importance of pressures, which is based on the minimization 

of  the  consistency  ratio,  as  a  measurement  method  of  the  Analytic  Hierarchy  Process  (AHP).  Also  an 

indicator was developed in order to estimate the Ac combining two parameters: vessels length and vessels 

GT. Spatial interpolation techniques and a Fuzzy membership function have been used for the estimation of 

the Ac. A  sensitivity  analysis on  the weights of  the decision  criteria  and  the performance  values of  the 

alternatives were estimated according  to  the AHP. Finally a  spatial  clustering process was performed  to 

reveal the areas of high FPc in the study area (Kavadas et al., 2015). 

The model will be enhanced with information collected by questionnaires, whereas in the case of Cyprus a 

two‐year data from VMS data will also be taken into consideration. 

 

• Sub‐task 2.3.3: Identification of fishing grounds for the target species 

The  potential  habitats  of  the  most  important  commercial  species  (i.e.  GSA  22:  Merluccius  merluccius, 

Mullus barbatus, Mullus surmuletus, Nephrops norvegicus, Parapenaeus longirostris, Illex coindetti, Eledone 

cirrosa;  GSA  25:  Mullus  barbatus,  Mullus  surmuletus,  Pagellus  erythrinus,  Upeneus  spp.)  and  vessel 

monitoring system data (VMS) from trawlers will be modelled in order to identify fishing grounds. The data 

for the analysis were collected during research activities conducted by the  Institutes  in the  last 30 years. 

The methodology  is based on: a) the assessment of the probability of species presence using generalized 

additive  models,  b)  the  estimation  of  a  presence  threshold  for  the  binary  classification  of 

presence/absence, c) the spatial overlay between the probability of species presence and fishing effort to 

identify fishing grounds and d) the analysis of spatial patterns to identify hot (clusters of high fishing effort 

and high probability of presence) and cold (clusters of  low  fishing effort and  low probability of presence) 

spots (Maina et al., 2014). 

 

• Sub‐task 2.3.4: Estimation of fishing effort from the recreational fishing fleet 

Data  from  the  coast  guards  related  to  the  number  of  recreational  licenses  by  fishing  port  as  well  as 

information collected from questionnaires (ANNEX 2) in selected areas of the Aegean waters (Pagassitikos, 

Thermaikos and Kavala gulfs, eastern Aegean  islands, and Sporades  islands) will be used  to estimate  the 

fishing  effort  from  the  recreational  fishing  fleet.  For  fishing  from  shore,  the  method  outlined  in 

Moutopoulos et al. (2013) that has been used for reconstructing the Greek fisheries catches will be used. 

The number of recreational vessels will be determined based on satellite data and visits to  local ports.  In 

the area of the NMPANS, additional data since 2007 are available from the park’s inventories, with respect 

to pole and line and spearfishing activities within the park area, including illegal fishing. Additional data will 

be retrieved by Task 2.4. A similar method, as it was abovementioned in the Sub‐task 2.3.2, will be applied 

in order to estimate fishing pressure from recreational fishing fleet. 

 



PROTOMEDEA – Towards the establishment of Marine Protected Area networks in the Eastern Mediterranean     D‐1.1.b 

Inception Report    5 

Task 2.4: Recreational fisheries (responsible: AUTh‐ Athanasios Tsikliras) 

The hot‐spots of recreational fishing activities and the marinas of the study areas will be surveyed based on 

personal interviews from recreational fishers (ANNEX 2). The surveys will be conducted on a weekend basis 

during the year and on a daily basis during the spring/summer months. Recreational fishers will be asked to 

declare, among other aspects,  the  frequency of  fishing per  year, daily  fishing hours,  species  caught and 

daily,  monthly  or  annual  catch  in  weight.  This  methodology  has  already  been  used  for  estimating  the 

proportion  of  recreational  fishing  to  the  total  fisheries  catches  in  Greece  within  the  framework  of  the 

reconstruction of Greek fisheries catches (Moutopoulos et al., 2013, 2015).  

 

 

WP3  Scientific  surveys  to  test  the  effects  of  protected  areas  (Co‐ordinator:  UAegean‐  Stelios 

Katsanevakis) 

Task 3.1: Selection of sites (Responsible: UAegean‐ Stelios Katsanevakis) 

A natural experimental design (i.e. controls and impacted areas are selected by nature and human activities 

and may not be manipulated) will allow the investigation of the effect of MPAs on fish stocks. Based on the 

output of Task 2.3, and according to the fishing effort identified in the study areas, two sets of sites will be 

selected, focusing mainly in fisheries related MPAs. The first set will include sites of high fishing effort (15 in 

the Aegean Sea and 4 in Cyprus). The second set will include sites (15 in the Aegean Sea and 4 in Cyprus) of 

no (e.g. no‐take zones of already existing MPAs; areas with limited access for fishing purposes), low or very 

low fishing effort. These sites will be distributed as much as possible in the study area, and will be defined 

in pairs  (a pair of one site of high  fishing effort  together with a site of no/low  fishing effort  in  the same 

geographical area, i.e. in the same island or within a 50‐km range of the coastline of the mainland).  

 

Task  3.2:  Underwater  visual  surveys  (UVS)  in  the  selected  sites  (Responsible:  UAegean‐  Stelios 

Katsanevakis) 

UVS will be  carried out  in order  to estimate  the  abundance  and biomass of  fish  in  shallow  rocky  reefs. 

Standard UVS  techniques will  be  applied  by  a  team  of  divers/researchers,  including  strip  transects  and 

distance sampling methods. The same methods will be applied both in the Aegean and Cyprus. 

• Sub‐task 3.2.1: UVS in the Aegean (Responsible: UAegean‐ Stelios Katsanevakis). 

• Sub‐task 3.2.2: UVS in Cyprus (Responsible: ENALIA‐ Antonis Petrou) 

 

To estimate abundance and biomass of  fish species  in the surveyed sites, strip  transect and  line transect 

(distance sampling) methods will be applied. These are non‐destructive methods  that are widely used  to 

monitor  coastal  fish populations  especially  in protected  areas  and  in  sensitive habitats  (Harmelin  et  al., 

1995;  Katsanevakis  et  al.,  2012).  All  surveys  will  be  conducted  via  SCUBA  diving  by  experienced 

divers/researchers. The advantages of distance sampling methods in UVS of fish populations (by accounting 

for detectability, providing evidence  for  responsive movement of  fish due  to  the presence of  the divers, 

applying  abundance  estimators  with  higher  statistical  power  than  plot  sampling  estimators)  have  been 

demonstrated  in  several  comparative  studies  (e.g.  Ensign  et  al.,  1995;  Kulbicki  &  Sarramégna,  1999). 

However, the mobility of fish can be a source of substantial bias in the estimation of abundance, especially 

movement  in  response  to observer  (Buckland et  al., 2001;  Fewster  et  al., 2008).  For  such  species,  strip 

transects could be less biased, which is the reason for applying both methods. Strip transect sampling is still 
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by  far  the  most  commonly  used  UVS  approach  for  density  and  abundance  estimations  of  marine  fish 

populations (Katsanevakis et al., 2012). 

 

Strip transects: 

At each sampling site, three replicate 25x5 m strip transects will be conducted at two depth zones, 10‐15 m 

and 0‐5 m. The divers will identify, count and estimate the size of all individuals within 2.5 m on either side 

of  the  transect  line. Fish  taxa will be assigned  to  functional groups based on published data on diet and 

trophic  level  (http://www.fishbase.org):  zooplanktivores,  herbivores,  carnivores  and  apex  predators 

(Guidetti and Sala 2007). Length estimates of fish will be converted to wet weight by using the allometric 

length‐weight  conversion:  W  =  aLb,  where  W  is  the  weight  in  grams  and  L  is  the  total  length  in  cm. 

Parameters  a  and  b  of  the  length‐weight  relationships will  be  obtained  from  Fishbase  (Froese &  Pauly, 

2015) and Moutopoulos & Stergiou (2002).  

 

Line transects (Distance sampling): 

Distance  sampling  is  a  widely  used  group  of  methods  that  properly  accounts  for  imperfect  detection 

(Buckland et al., 2001, 2004). Line transects, belonging to this group of methods, may be considered as an 

extension of plot sampling  (Katsanevakis et al., 2012). The main task of the analysis of distance sampling 

data  is to estimate the detection probability Pa, which  is the probability that any particular  individual that 

was  in  the  covered  region was detected. Having estimated  the detection probability, population density 

estimates can be corrected to account for  imperfect detection by the use of the formula  )/(ˆ
aC PAnD  , 

where n are the counts of individuals of a specific fish species and Ac is the covered area. Line transects will 

be  conducted  simultaneously with  strip  transects  (see above) at  the  same 25‐m  transects by a different 

observer. For each individual fish or cluster of fish detected, the distance yi from the line will be recorded. 

The  sets of distances  are utilized  to estimate  the detection  function g(y), which gives  the probability of 

detecting an  individual  that  is at distance y  from  the  line. The detection probability  is  then given by  the 

formula  wdyygP
w

a /))((ˆ
0
 ,  where  w  is  the  half‐width  of  the  line  transects.  The  standard  software 

DISTANCE will be used to model the detection function (see Buckland et al. (2001) for a full description of 

the method, and Katsanevakis et al. (2012) for its application in the marine environment). 

 

Task 3.3: Experimental fishing trials (Responsible: HCMR, Vassiliki Vassilopoulou) 

Apart from the UVS, experimental fishing surveys will be carried out in selected sites of the study areas in 

order to fill data gaps following the requirements of WPs 4‐6. Indeed, emphasis will be given to areas with 

no  or  little  existing  information. These  fishing  trials  mainly  refer  to  trawling  surveys,  which  will  be 

conducted as complementary to the MEDITS ones, conducted  in early summer each year using the same 

sampling  protocol  and  vessel  in  Greece  and  in  Cyprus,  as  the  MEDITS  data  are  those  used  for  stock 

assessments in the two countries. Moreover, other types of fishing gears will be used to gather additional 

data on specific habitats and species of interest according to the needs of WPs 4‐6. 
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WP4 Planning a network of MPAs (Co‐ordinator: UAegean‐ Stelios Katsanevakis) 

 

Task 4.1: Socio Economic evaluation of marine ecosystems (responsible: HCMR‐ Euripides Papadopoulos, 

Vassiliki Vassilopoulou) 

The assessment of  the value of goods and  services derived  from  specific ecosystem  components will be 

made by applying the method of Benefit Transfer (BT). The BT method is used to estimate economic values 

for  ecosystem  services  (ES)  by  transferring  existing  values  from  studies  already  completed  in  another 

similar  location  and/or  context  in  cases when  it  is  costly  and/or  time  is  limited  to  collect primary  data 

through  an  original  valuation  study.  Benefit  transfers  accuracy  depends  on  the  initial  study,  while 

challenges arise due to complex nature of ecosystems, ES provision, context and differing socio‐economic 

factors.  In  the  frame  of  the  project  the  economic  valuation  will  focus  on  services  provided  by  specific 

ecosystem components (i.e. nursery grounds) in the Aegean to support planning options of MPA networks 

in Task 4.2. 

 

Task 4.2: Spatial planning in the Aegean (responsible: UAegean, Stelios Katsanevakis) 

Spatial planning will be performed by means of  a  systematic  conservation planning  approach  (MARXAN 

with  zones).  Such  a  planning  will  take  into  consideration  the  protection  of  ecological  features  of 

conservation  importance  and  essential  fish  habitats,  important  areas  for  fisheries,  as  well  as  the 

impact/cost  of  additional  fisheries  restrictions.  Planning  will  focus  on  defining  permanent  as  well  as 

dynamic MPAs. For  the needs of systematic conservation planning with MARXAN,  the study area will be 

divided  in a number of planning units  (PUs). During the kick‐off meeting,  it was decided to use the same 

grid as the one used in the MARISCA project (i.e. 2x2 km PUs within the territorial waters of Greece in the 

GSA‐22  and  10x10  km  in  the  international  waters  of  GSA‐22).  In  that  way,  all  information  on  the 

distribution  of  protected  species  and  habitats  as  well  as  selected  human  activities,  collected  in  the 

framework of MARISCA, will be easily transferred and used for the needs of Task 4.2. 

Spatial planning for the design of a network of MPAs will be based on conservation planning principles, i.e. 

on  complementarity,  comprehensiveness,  representativeness,  irreplaceability,  cost  efficiency,  threat 

management, adequacy and vulnerability (Margules & Pressey, 2000). Towards this end, the most applied 

conservation planning software will be used, i.e. MARXAN with Zones (Ball et al., 2009; Watts et al., 2009). 

After setting  the  targets  for ecological  features  (i.e. protected species and habitats) and  fisheries  related 

features (i.e. essential fish habitats and other fisheries  important areas), MARXAN will select the planning 

units that achieve the targets with the less total cost, emphasizing on the spatial grouping of the selected 

planning units.  

Specifically, the following methodology will be applied: 

1. Processing of the GIS layers of the distribution of ecological and fisheries features. The spatial data will 

be formatted according to the needs of the MARXAN software. 

2. Similar to 1, processing of the GIS layers of fishing effort. 

3. Setting  operational  targets  for  all  ecological  and  fisheries  features,  based  on  current  legislation  and 

international best practice. 

4. Application of MARXAN with Zones  for the proposal of a network of MPAs based on the expansion of 

the already existing MPAs as  identified  in WP2.  In MARXAN with Zones  the user may define  specific 

zones  within  the  network  of  MPAs  in  which  different  fishing  gears  and  other  human  activities  are 
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regulated. The  type of  regulations  to be proposed will be  largely based on  the outcomes of Task 4.4 

(Stakeholder involvement). 

Two sets of planning options will be provided, one initial assessment of a network of MPAs (10/2017) and a 

final proposed network in the end of the project that will take into consideration the outcomes of WPs 5, 6 

and 7. 

 

Task 4.3: Spatial planning in Cyprus (responsible: UCY‐ Niki Chartosia; ENALIA, Antonis Petrou) 

The same approach as in the Aegean Sea will be followed (see above WP4, Task 4.2). 

 

Task 4.4: Stakeholder perceptions (responsible: HCMR‐ Nadia Papadopoulou, Chris Smith) 

Questionnaires will be used as the basis for the perceptions analysis. This will be aimed at a wide range of 

stakeholders  including particularly  fisheries  (both professional and  recreational  fishers) but also  tourism, 

transportation,  coast  guard,  local  administration,  diving,  public,  environmental  NGOs,  research  and 

educational/recreation. The primary focus of the task will be on the stakeholder views on, and acceptability 

of,  different  levels  of  MPAs  (complete  closure,  no  take,  limitations/restrictions,  existing  practices).  Key 

regional  and  local  stakeholders will be  contacted early  in  the project  and  later on, when new data  and 

information on the  location of the proposed MPAs  is available  (task 4.2), and the stakeholder  list will be 

enhanced/expanded  via  the  snowballing  technique. Perceptions work will be undertaken  in  a  step‐wise 

approach through identification of representative stakeholders followed by semi‐structured interviews and 

questionnaires  and  analyses.  Analysis  will  also  look  at  peoples  choices  about  sea  use  e.g.  fishing, 

aquaculture, resorts or paying  for the privilege to protect/conserve/restore as well as  involvement  in the 

process, staying  informed and ways  to  increase awareness, communication and engagement. Finally  this 

task will establish close links with WP8 and involvement in the 2 dedicated stakeholder workshops. 

 

 

WP5 MPA effect on MSY (Co‐ordinator: HCMR‐ Marianna Giannoulaki; CNR‐Giuseppe Scarcella) 

 

Task 5.1: Determining technical and scientific indicators to evaluate the effect of MPAs network towards 

MSY objectives (responsible: CNR‐Giuseppe Scarcella) 

The approach described by Sampson & Scott (2011) will used to estimate the population‐selection curve of 

the fleets exploiting the target species in GSA 22 (i.e. Engraulis encrasicolus, Sardina pilchardus, Merluccius 

merluccius, Mullus barbatus, Parapenaeus longirostris, Neprhops norvegicus) and GSA 25 (i.e. Boops boops, 

Mullus  barbatus,  Pagellus  erythrinus).  Sampson  &  Scott  (2011)  implemented  a  model  for  population 

selectivity with 4 main parameters: a set of regional fishing mortality coefficients, the spatial distribution of 

recruits,  a  set  of  spatial  movement  coefficients,  and  a  curve  for  gear  selection.  The  first  2  sets  of 

parameters were estimated by using grid‐cell data of high density patches of recruits and fishing effort. The 

spatial  movement  coefficients  will  be  extrapolated  from  literature  if  available  otherwise  a  sensitivity 

analysis will be performed. 

To explore the role of the population‐selection curve in fish population dynamics, Sampson & Scott (2011) 

considered the population to be partitioned into distinct subpopulations occupying discrete spatial regions 

and assumed  limited exchange of  fish between  regions. The  fish within each  region  is assumed  to suffer 

from  the  same  instantaneous  rate  of  age  specific  natural  mortality,  but  they  potentially  experience 
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different instantaneous rates of age‐specific fishing mortality. In this formulation, the gear‐selection curve 

is  the  same  across  all  regions,  but  fish  in  each  region  may  suffer  different  absolute  levels  of  fishing 

mortality.  Using  equation  4  from  Sampson  &  Scott  (2011)  the  possible  shapes  of  population‐selection 

curves  will  be  derived  based  and  a  logistic/dome‐shaped  gear‐selection  curve.  Three  regions  will  be 

selected within each GSA. In each region, the nursery and spawning/adult grounds will be partitioned based 

on the estimates of the deliverable 2.3 and the deliverables of WP4. These values and the proportions of 

fishing effort estimated from VMS/model data in each region (deliverable 2.4 – maps of fishing effort) will 

be used as input data to calculate the population selection curve for each fleet. 

The resulting population selection curve will be used to modify the F at age matrix and will be used to run 

short and medium term forecasts using appropriate FLR packages. 

The output indicators will be the fishing mortality (F), the stock spawning biomass (SSB) and the catch (C ). 

Moreover for demersal species a new estimation of the Y/R models will be carried out in order to take into 

account the change in selectivity due to the spatial closures. 

 

Task 5.2: Short, medium and  long  term  forecast of MSY  (responsible: HCMR‐ George Tserpes, Christos 

Maravelias) 

For the purposes of this Task we will be based on the available stock assessment models for the major fish 

stocks  as  developed  and  applied  in  the  study  areas  within  the  framework  of  stock  assessment  bodies 

operating  in  the Mediterranean  (i.e. GFCM  SAC,  STECF  stock  assessment  group  for  the Mediterranean). 

Existing  information and knowledge on  the status of  the stocks and on  levels of exploitation by  fisheries 

where necessary will be  taken  into account whereas evaluations  for  the not yet assessed  stocks will be 

carried out especially in GSA 25 (Process 1.3). 

 

• Sub‐Task 5.2.1: Small pelagic species (responsible: HCMR‐ Marianna Giannoulaki, Athanassios Machias) 

Concerning  small  pelagic  species  available  stock  assessment  models  in  GSA  22  carried  out  within  the 

framework  of  stock  assessment  bodies  operating  in  the  Mediterranean  (i.e.  GFCM  SAC,  STECF  stock 

assessment group for the Mediterranean) involve only anchovy, Engraulis encrasicolus and sardine, Sardina 

pilchardus. 

Specifically, five different steps will be followed to carry out this sub‐Task. 

1) Based on the output of WP4 a series of different scenarios of spatial fishing bans (i.e. suggested MPAs) 

for anchovy and sardine will be evaluated.  In each of the proposed scenarios we will assume that the 

fishing mortality  is redistributed to the rest of the regions, proportionally with the information derived 

from the VMS data. 

2) The effect of the different scenarios on the population selectivity based on the approach of Sampson & 

Scott  (2011) and Scarcella et al.  (2014)  for the target species  (anchovy and sardine  in GSA 22) will be 

estimated and evaluated. 

3) In each of the different scenarios the catch, the fishing mortality and the stock spawning biomass will be 

estimated  on  short  term, medium  and  long  term  basis  along with  accuracy  estimates  based  on  the 

available and the most recent stock assessment models in GSA 22. Suitable FLR libraries will be used for 

this purpose. 

4) The effect of the different scenarios  (i.e. suggested MPAs) on the MSY objectives will be evaluated  in 

terms of the established/appropriate MSY reference points (e.g. exploitation rate and/or biomass). 
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5) Finally,  a  synthesis  table  will  be  built  to  evaluate  the  different  scenario  output  in  terms  of  the 

established MSY reference points. 

 

• Sub‐Task 5.2.2: Demersal species (responsible: HCMR‐ George Tserpes) 

Concerning demersal species accomplishment of the sub‐task will include: 

o Identification of MSY and fishing mortality reference points 

o Short  and  medium  term  landings  estimates  per  fleet  segment  under  different  management 

objectives related to the MPA implementation 

o Synthesis of the results and construction of relevant tables  (Decision Support Tables) to  facilitate 

the identification of optimum management schemes, in terms of MSY production levels. 

Projections will  be  accomplished  through model  simulations  assuming  different management  scenarios. 

Given  the available  information on  the biology, ecology and  fisheries, models able  to deal with  technical 

interactions will be selected. Such models allow coping with the multispecies nature of the Mediterranean 

and  offer  great  flexibility.  Among  different  candidates,  the  FLR  framework,  having  also  the  additional 

advantages  of  easy  parameterization  and  transparency,  is  considered  to  be  the  most  appropriate.  The 

different FLR modules will be properly adapted to meet the needs of each case study area. 

 

 

WP6  Ecosystem modelling‐Development  of  Ecopath models  (Co‐ordinator: HCMR‐  Paraskevi  Karachle; 

AUTh‐ Athanassios Tsikliras) 

 

Task 6.1: Setting up of Ecopath models in Aegean Sea (responsible: AUTh – Athanassios Tsikliras; HCMR‐ 

Konstantinos Tsagarakis) 

An Ecopath model is a snapshot of the food web. Trophic interactions among functional groups (composed 

of single species, group of species sharing similar ecological features or different developmental stages of 

species) are described by a set of  linear equations which ensure  that what  is consumed within a system 

cannot exceed what is produced (mass balance). The parameters for each group needed to feed the model 

are (i) the biomass (ii) the production per unit of biomass, (iii) the consumption per unit of biomass, (iv) the 

unassimilated food, (v) diet composition, (vi) landings and discards per fleet.  

Ecopath models will be  constructed  for Thermaikos and Pagasitikos Gulfs, where  the home‐ports of  the 

majority  of  the  trawling  and  purse‐seine  fleet  are  located.  In  total,  40  functional  groups  have  been 

previously used  to model  the Thracian Sea  in NE Aegean  (Tsagarakis et al., 2010). These groups  included 

both  low and high trophic  level components. Specifically, 5 planktonic groups were considered, 2 detritus 

groups (detritus and discards), 5 commercial and 3 non‐ commercial invertebrate groups, fish (22 groups), 

as well as dolphins, turtles and seabirds. The same groups will form the basis for modelling Thermaikos and 

Pagasitikos Gulfs but slight modifications might apply. 

Biomasses will be  estimated based on  trawl  and  acoustic  surveys  in  the  area,  stock  assessments, other 

samplings  as well  as on published  information. Annual  landings per  species  and  fleet  (small‐scale  costal 

fisheries, trawlers, purse‐seiners) will be based on two alternative  fisheries datasets  (official  landings and 

reconstructed catches, which includes discarded, recreational and subsistence catches: Moutopoulos et al., 

2015). The data of the DCF program will be used that contain detailed catches and discards per species and 

gear. The detailed composition of the  invertebrate part of the discarded catch per segment of the small‐
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scale  coastal  fisheries,  trawling  and  purse‐seining  fleet  has  been  recently  published  for  the  area 

(Voultsiadou  et  al., 2011). A  large  amount of  information on diets  and biology of  species  in  the  area  is 

available  in  the  literature  and  will  be  used  to  parameterize  the  model  (diet  matrix,  consumption, 

productions etc). 

 

Task 6.2: Setting up of Ecopath models in Cyprus (responsible: UCY‐ Niki Chartosia) 

In Cyprus no previous  attempts were made  to  set  up  Ecopath models.  Thus,  the  goal of  this  task  is  to 

gather,  digitize  and  group  all  existing  information  concerning:  a)  biomass  data  (for  some  species  the 

Department of Fisheries & Marine Research – DFMR‐ keep records for biomass data from 1960); b) existing 

data on the diet composition of species in the area and c) fisheries related data. Moreover, during this task 

field surveys will be conducted and stomach content analysis of selected species will take place, in order to 

acquire important information so as to be able to represent for the first time steady‐state situations of the 

food  webs  in  Cyprus.  In  the  case  of  Cyprus,  the  impact  of  non‐indigenous  species  introduction  and 

establishment (with special attention on Lessepsian immigrants) will also be taken into consideration. This 

task will be materialised in close collaboration with AUTh. 

 

 

WP7 Evaluation of modelling results (Co‐ordinator: HCRM‐ George Tserpes, Christos Maravelias) 

Task 7.1: MSY/Bio‐economic models (responsible: HCMR‐ George Tserpes; CNR‐Giuseppe Scarcella) 

The magnitude of the biological, ecological and economic impacts of the management measures adopted in 

fisheries  is very essential for policy makers in order to ensure the sustainability of the activity (Maravelias 

et al., 2010). Bioeconomic analysis is an important tool in their task to trade‐off maximization of production 

and maintenance of employment  in  the present, with avoidance of  fishery depletion and  likely  resulting 

industry collapse  in the future (Guillén et al., 2013). Different bioeconomic models will be explored  in the 

present work  in order  to  identify  those better satisfying  the needs of  the current  study, considering  the 

available data. Such models include MEFISTO (Mediterranean Fisheries Management Tools, Lleonart et al., 

2003),  BEMTOOL  and  R‐based  bioeconomic  models  that  have  been  developed  specifically  for 

Mediterranean  Sea  fisheries. The above are multispecific, multigear,  and multifleet bioeconomic models 

that  can  accommodate  at  the  same  time  the  dynamic  nature  of  living  resources,  and  the  economic 

relationships  that govern Mediterranean  fisheries.  In  line with  the  fact  that  input  control  is  the primary 

means of managing the fishing activity in the Mediterranean, these models adopt effort as the main input 

control measure, contrary to most bioeconomic models developed for N. Atlantic fisheries, which are based 

on output control management policies. 

 

Task 7.2: Ecopath/Ecospace (responsible: AUTh‐ Athanassios Tsikliras; HCMR‐ Konstantinos Tsagarakis) 

The  time‐dynamic  (Ecosim)  and  spatially  resolved  (Ecospace)  modules  of  the  EwE  methodology  will  be 

developed. As concerns Ecosim, this is done through a series of coupled differential equations derived from 

the  Ecopath  equations.  Each  predator/prey  relationship  in  the  model  is  based  on  the  ‘foraging  arena’ 

concept, where biomasses are divided into vulnerable and invulnerable components (Walters et al., 1997), 

and it is the transfer rate (vulnerability, v) between these two components that determines if control is top‐

down (i.e., Lotka‐Volterra), bottom‐up (i.e., donor‐driven), or of an intermediate type. An important step in 

the  calibration of  the model  is  to  fit  to  time  series. This procedure  contributes  to  the estimation of  the 

vulnerabilities parameters, in other words to the tuning of the trophic relationships according to observed 
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data. Time series of biomasses,  fishing effort and catches will be estimated and will be used  to  feed  the 

models.  Then,  the  calibrated  models  will  be  used  to  perform  simulations  and  explore  management 

scenarios and policy options. 

However, biomass and fishing effort is not equally distributed along the model area. Ecospace dynamically 

allocates  biomass  across  a  grid  map.  In  addition,  movements  from  a  cell  to  its  four  adjacent  cells  are 

described, predation  risk and  feeding  rate can be modified and  the  level of  fishing effort can be defined 

(Christensen & Walters, 2004). Input from WP2 (species distribution and spatial allocation of fishing effort) 

will be used to develop the Ecospace models. These models will be used to explore ecosystem effects inside 

and outside the MPAs as well as potential benefits to the fisheries. 

 

 

WP8 Communication & Dissemination (Co‐ordinator: HCMR‐ Vassiliki Vassilopoulou) 

This  WP  includes  a  range  of  measures  designed  to  communicate  the  project  and  its  results  to  a  wide 

audience, across a range of stakeholder, policy‐making, academic and community groups. As MPAs are of 

great  interest  to a wide  range of stakeholders,  influencing  the  livelihoods of people  in  the areas of  their 

establishment, particular efforts will be made to bring together  the wide public  (including  fishers, tourist 

enterprises,  etc)  with  management  bodies  and  the  scientific  community,  by  networking  activities. 

Stakeholders will be  invited to participate in the project via the organized events and to participate  in the 

planning procedures, both through informal discussions and formal consultation. 

Additionally,  in  this WP  Stakeholder meetings will  be  organised,  near  the  end  of  the  project, were  the 

results of WP4 and WP7 will be presented, and  stakeholders will discuss along with  the partners of  the 

project the different scenaria, in order to commonly agree on those that will be used for future evaluation 

and implementation. 

 

Task  8.1:  Communication  &  Dissemination  Plan  (responsible:  HCMR‐  Vassiliki  Vassilopoulou,  Nadia 

Papadopoulou) 

The  communication  &  dissemination  plan  will  consist  in  a  strategic  document  containing  the  detailed 

targets,  contents,  timing  and  tools  for  communication  (project  website,  kick‐off  event,  workshops  and 

organized events, final conference, periodical articles, publications). All project partners will be involved in 

networking, communication and dissemination, focusing on the local communities of the study areas. The 

Communication & Dissemination plan, has already been delivered (Deliverable 8.1, 29/01/2016) 

 

Task 8.2: Plan execution (responsible: HCMR‐ Vassiliki Vassilopoulou) 
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ANNEX 1 

List of Actions 

What  Who  When 

WP1: Project Management 

Deliverable 1.1a: Kick‐off meeting minutes  Paraskevi Karachle, Mairi Maniopoulou  January 2015 

Deliverable 1.1b:Inception Report  ALL  February 2015 

Deliverable 1.2: Minutes of the 2
nd
 meeting  Paraskevi Karachle, Mairi Maniopoulou  December 2016 

Deliverable 1.3: Minutes of the 3nd meeting  Paraskevi Karachle, Mairi Maniopoulou  November 2017 

Deliverable 1.4: Minutes of the 4th meeting  Paraskevi Karachle, Mairi Maniopoulou  November 2018 

Deliverable 1.5: 1st Interim Report  ALL  June 2016 

Deliverable 1.6: 2nd Interim Report  ALL  December 2016 

Deliverable 1.7: 3rd Interim Report  ALL  November 2017 

Deliverable 1.8: Draft Final Report  ALL  November 2018 

WP2: Current MPA status is in the Eastern Mediterranean 

Deliverable 2.1: MPA maps in the Aegean Sea  Stelios Katsanevakis, Thanassis Tsikliras  May 2016 

Deliverable 2.2: MPA maps in Cyprus  Antonis Petrou, Niki Chartosia  May 2016 

Deliverable  2.3:  Maps  of  essential  fish  habitats 

(selected species from Annex) 

Marianna  Giannoulaki  (Giuseppe  Scarcella, 

Antonis Petrou) 
February 2017 

Deliverable 2.4: Maps of fishing effort  Stefanos Kavadas, Irida Maina  July 2016 

2.4.1:  Map:  fishing  effort  from  trawlers  and 

purse seines 
Stefanos Kavadas, Irida Maina, Antonis Petrou  July 2016 

2.4.2:  Map:  fishing  effort  from  the  small  scale 

coastal fisheries sector 

Stefanos  Kavadas,  Irida  Maina,  Antonis 

Petrou, Spyros Iosifidis 
July 2016 

2.4.3:  Identification  and  mapping  of  fishing 

grounds 
Stefanos Kavadas, Irida Maina  October 2016 

2.4.4:  Estimation  and  mapping  of  fishing  effort 

from the recreational fisheries 

Stefanos  Kavadas,  Irida  Maina,  Thanassis 

Tsikliras 
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2.4.5: Estimation and mapping of fishing effort in 

the NMPANS 
Stefanos Kavadas, Irida Maina, Spyros Iosifidis  July 2016 

Deliverable 2.4: Recreational  fisheries & human 

activities 
Thanassis Tsikliras, Antonis Petrou  Septemebr 2016 
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Aegean 
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Aegean 
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October 2017 

 

Nadia  Papadopoulou,  Chris  Smith,  Vassiliki 
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Giuseppe  Scarcella  (George  Tserpes, 

Marianna Giannoulaki) 
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Deliverable  5.2:  Synthesis  table  and  evaluation 

report of  the different MPAs  scenario output  in 

terms  of  the  established  MSY  reference  points 
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Marianna Giannoulaki, Thanassis Machias  July 2018 
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WP6: Ecosystem modelling‐Development of Ecopath models 
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Deliverable 6.2: Ecopath model in Cyprus  Niki Chartosia  May 2018 

WP7: Evaluation of modelling results 

Deliverable 7.1: MSY/Bio‐economic models  
George Tserpes, Giuseppe  Scarcella, Christos 

Maravelias 
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Deliverable  7.2:  Ecopath/Ecosim/Ecospace, 
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WP8: Communication & Dissemination 

Deliverable 8.1: Execution plan  Vassiliki Vassilopoulou, Mairi Maniopoulou  January 2016 
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Nadia  Papadopoulou,  Chris  Smith,  Vassiliki 
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Iosifidis) 

September‐

October 2018 

Deliverable 8.4: Scientific publications  in related 

journals 
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ANNEX 2 

Recreational Fisheries Questionnaire 

 



 1 

Ε ρ ω τ η µ α τ ο λ ό γ ι ο  ε ρ α σ ι τ ε χ ν ι κ ή ς  α λ ι ε ί α ς   
 

Η παρούσα έρευνα πραγµατοποιείται µε σκοπό την καταγραφή της αλιευτικής δραστηριότητας στην 

περιοχή. Το ερωτηµατολόγιο είναι ΑΝΩΝΥΜΟ και δεν περιέχεται κανένα στοιχείο που να οδηγεί στην 

ταυτοποίηση του ερωτώµενου. Οι απαντήσεις σας θα αξιοποιηθούν για την εξυπηρέτηση του σκοπού 

που προαναφέρθηκε. 

 

• Ηµεροµηνία  συνέντευξης ........................ 

• Αριθµός ερωτηµατολογίου ........................ 

• Περιοχή συνέντευξης          ........................ 

 

Α. Ενασχόληση 
 
Α1. Από πότε ασχολείστε ερασιτεχνικά µε την αλιεία (έτος); 
 
………………………………………………………………………………………… 
 
Α2. Πόσες ηµέρες κάθε εποχή ασχολείστε µε την ερασιτεχνική αλιεία µε καλάµι από την ακτή; 
Εποχή Ηµέρες Εποχή Ηµέρες Εποχή Ηµέρες Εποχή Ηµέρες 
Καλοκαίρι  Φθινόπωρο  Χειµώνας  Άνοιξη  

 
Α3. Πόσες ώρες κατά µέσο όρο ψαρεύετε σε µια ηµέρα ανά εποχή; 
Εποχή Ώρες Εποχή Ώρες Εποχή Ώρες Εποχή Ώρες 
Καλοκαίρι  Φθινόπωρο  Χειµώνας  Άνοιξη  

 
Α4. Ποια ώρα την ηµέρα πηγαίνετε συνήθως για ψάρεµα; 

Πρωι                 q Μεσηµέρι         q Απόγευµα        q Βράδυ         q 
 
Α5. Τι ποσοστό από τα παρακάτω δολώµατα χρησιµοποιείτε σε κάθε ψάρεµά σας; 
Δόλωµα Ποσοστό Δόλωµα Ποσοστό Δόλωµα Ποσοστό 
Σκουλίκι  Τσουτσούνι  Ψαροτροφή  
Φαραώ  Ψωµοτύρι  Φιλέτο 

ψαριού 

 
Κατσιµάµαλο  Ακροβάτης  Ζωντανό 

δόλωµα  

 
Μπεκατίνη  Ζύµη  Άλλο  

 
Α6. Πόσα κιλά ανά ηµέρα πιάνετε κάθε εποχή; 
Εποχή Κιλά Εποχή Κιλά Εποχή Κιλά Εποχή Κιλά 
Καλοκαίρι  Φθινόπωρο  Χειµώνας  Άνοιξη  

 
Α7. Τι ποσοστό των αλιευµάτων κατευθύνεται για προσωπική κατανάλωση; 

0%-25%    q 25%-50%  q 50%-75%  q > 75%  q 
 



 2 

 
Β. Τάσεις 

 
Β1. Ποιο ποσοστό των κατοίκων της περιοχής πιστεύεται ότι ασχολείται ψαρεύοντας µε καλάµι από 
την ακτή; 

0%-25%    q 25%-50%  q 50%-75%  q > 75%  q 
 
Β2. Ποιό πιστεύεται ότι ήταν το ποσοστό των κατοίκων που ψάρευαν µε καλάµι από την ακτή πριν 30 
και πριν 50 χρόνια; 
Πριν 30 χρόνια 0%-25%    q 25%-50%  q 50%-75%  q > 75%  q 
Πριν 50 χρόνια 0%-25%    q 25%-50%  q 50%-75%  q > 75%  q 

 
Β3. Είναι σωστός ο νέος νόµος για την κατάργηση της άδειας αλιείας για τους ερασιτέχνες; 

ΝΑΙ    [1]     q ΟΧΙ   [2]     q 
 
Β4. Πιστεύετε ότι η υπαρχουσα νοµοθεσία της ερασιτεχνικής αλιείας είναι σωστή; 

ΝΑΙ     [1]        q ΟΧΙ  [2]       q 
 
Β5. Αν ΟΧΙ, εξηγείστε γιατί: 
 
………………………………………………………………………………………… 
 
Β6. Παρατηρήσατε ότι υπάρχει υπεραλίευση των αποθεµάτων; 

ΝΑΙ    [1]     q ΟΧΙ   [2]     q 
 
Β7. Αν ΝΑΙ σε ποια είδη; 
 
…………………………………………………………………………………………………………………
………………………………………………………………………………………………………………… 
 
Β8. Κατατάξτε µε σειρά προτεραιότητας (ως 1 κατατάξτε το πιο σηµαντικό κ.τ.λ.) ποιος ευθύνεται για 
την υπεραλίευση των αποθεµάτων: 

Δηλώσεις  
Αλιεία µε µη επιτρεπόµενα µέσα   
Κλιµατικές αλλαγές  
Ρύπανση νερών   
Οικιστική ανάπτυξη  
Αστυνόµευση  
Ελλιπή νοµοθεσία  

 
 
 
 
 
 



 3 

Γ. Τυπολογία 
Από ποια ποσοστά (%) από κάθε είδος ή κατηγορία ειδών αποτελείται το αλίευµά σας σε κάθε εποχή; 
Γ1 Άνοιξη  

Κύριο είδος 
 

Κιλά Άλλα είδη Κιλά 

    

    

    
Γ2 Καλοκαίρι 

Κύριο είδος 
 

Κιλά  Άλλα είδη Κιλά 

    

    

    
Γ3 Φθινόπωρο 

Κύριο είδος 
 

Κιλά  Άλλα είδη Κιλά 

    

    

    
Γ4 Χειµώνας 

Κύριο είδος 
 

Κιλά  Άλλα είδη Κιλά 

    

    

    
 

Σας ευχαριστούµε θερµά για τη συµµετοχή σας στην έρευνα 
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1. Introduction 

In the framework of PROTOMEDEA, the term “Marine Protected Areas”  is used  in a wide sense,  including 

not only  legally established and properly managed marine parks but also a wide variety of areas that are 

under  some  form of  “protection”. Hence, we put  an  effort  to map  all marine areas under  any  kind of 

protection in the Aegean Sea1 (e.g. national marine parks, fisheries restricted areas, NATURA sites, military 

areas, etc.). 

We  took  advantage of previous mapping  efforts  as well  as official maps whenever  they were  available. 

Therefore, we used the official mapping of national marine parks and Natura 2000 areas in the Aegean Sea 

(http://www.ypeka.gr/LinkClick.aspx?fileticket=dr3UX5Zt%2fcM%3d&tabid=432&language=el‐GR). 

Mapping the Fisheries Restricted Areas2 (FRAs) was the most complicated component of the present work, 

as  there was no official  compilation and mapping of  the  fisheries  legislation. The national  fisheries  legal 

framework  is  remarkably  intricate,  as  it  is  characterized  by  extensive  overregulation.  Thus,  the 

identification  and  mapping  of  FRAs  is  an  extremely  demanding  procedure.  The  lack  of  an  official 

codification3  of  the  Greek  fisheries  legislation  by  the  competent  authorities  (i.e.  the  National  Printing 

Office4 and the Ministry of Rural Development & Food), makes the procedures even more complicated.  

Argyrakopoulos (2006) has attempted an unofficial codification of the Greek fisheries legislation, aiming to 

provide a useful guidebook/tool (rather than a scientific document) to the fisheries sector stakeholders (i.e. 

professional and recreational  fishermen, port authorities and administrative officers, etc). This guidebook 

also includes descriptive maps (as images) of most of FRAs established till 2006.  

The  Directorate  of  Fisheries  Control  of  the  Hellenic  Coast  Guard  at  its  official  web‐site 

(www.hcg.gr/alieia/main.php)  is  providing  considerable  data  on  fisheries  legislation.  As  far  as  FRAs  are 

concerned,  a  detailed  record  of  all  spatio‐temporal  restrictions  of  fishing  activities  is  provided  in  an 

informative  non‐interfered  table.  This  record  includes  information  about  the  characteristics  of  the 

restrictions (e.g. the competent coast guard authority, the type of gear, the  legal reference, the period of 

the restriction etc.), but no mapping data is provided, except for bottom trawlers.     

The first scientific attempt to review,  identify and map existing FRAs  in the study area was performed by 

the  MAREA  PROJECT‐MEDISEH  (Mediterranean  Sensitive  Habitats,  2013).  The  revision  of  the  existing 

information was based on reports, grey  literature and maps, with or without georeferenced  information. 

Some of the major difficulties encountered by MEDISEH, concerning the FRAs  identification and mapping, 

were (among others) the lack of knowledge on locations, gears and of some regionally adopted measures, 

mainly due  to  the  fact  that many national measures  are described  in  laws without  accompanied maps, 

                                           

1 The Greek part and international waters of GSA 22 

2 The term “Fisheries Restricted Areas, FRAs” is defined as geographically‐defined areas in which all or certain fishing 

activities are temporally or permanently banned or restricted, in order to improve the exploitation and conservation 

of harvested living aquatic resources or the protection of marine ecosystems according to the GFCM e‐Fisheries 

Glossary (www.fao.org/gfcm/activieties/fisheries/glossary/net). 

3 The term “Codification” is defined as the process of bringing together a legislative act and all its amendments in a 

single new act, according to the European Commission’s Legal Service 

(ec.europa.eu/dgs/legal_service/codifica_en.htm) 

4 The National Printing Office (Εθνικό Τυπογραφείο) is the competent authority for the publication of legal acts and 

their corrections, amendments or repeals. 
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proper geographical or geospatial information. Thus, in the FRAs database created within the framework of 

that project, although almost all FRAs entries included some form of spatial information, there were some 

cases  where  it  was  not  possible  for  them  to  be  mapped.  According  to  the  experts’  team  of  MEDISEH 

Project,  after  the  completion  of  the  project  a  large  number  of  fisheries  measures  were  still  largely 

unrecorded, and it was proposed that it is worthwhile for the FRAs database to be updated and enriched in 

the future (Papadopoulou et al., 2013). 

In the context of the PROTOMEDEA Project, an up‐to‐date systematic review and unofficial codification of 

the national fisheries legislation, concerning all spatio‐temporal restrictions of fishing activities in the study 

area  (GSA 22, Aegean Sea), was performed  from  scratch. Also a  record of  the FRAs  identified was built, 

accompanied by a database, containing detailed information for each FRA. In addition, the FRAs established 

by  the European Union and  the General Fisheries Commission  for  the Mediterranean  (GFCM), as well as 

other restrictions (e.g. due to ports, beaches, archaeological sites, underwater cables/pipes, waste effluent 

sites, navigation channels, military areas, etc) were identified, recorded and mapped. Finally, all FRAs were 

mapped,  as  polygons  in  GIS  shapefiles.  The  whole  process  was  supported  by  the  Greek  competent 

Authorities,  i.e.  the Directorate  for Fisheries Control of  the Hellenic Coast Guard  ‐ Ministry of Shipping 

and  Island  Policy,  and  the  Directorate  General  for  Sustainable  Fisheries  of  the  Ministry  of  Rural 

Development and Food, to obtain common acceptance of the current project’s deliverables.  

2. Materials and Methods 

In order for the national Fisheries Restricted Areas (FRAs) to be determined in the study area, a systematic 

review  of  the  national  fisheries  legal  framework,  concerning  spatio‐temporal  restrictions  to  fishing 

activities, outside the boundaries of Marine Protected Areas (MPAs), was performed. All  legislative acts 

i.e. Royal Decrees (RD), Presidential Decrees (PD) and Ministerial Decisions (MD)  for the establishment of 

spatio‐temporal restrictions in the study area were retrieved by the Greek National Printing Office’s official 

webpage (www.et.gr) and were arranged in chronological order, from the oldest to the most recent.  

Then,  unofficial  codification was  performed  at  all  legislative  acts  and  a  consolidated  text was  obtained 

where required.  In that way, the provisions which are  in force, are corrected, amended or repealed were 

identified. Consequently, all spatio‐temporal  restrictions  to  fishing activities which are  in  force were also 

identified.   

It was decided that each spatio‐temporal restriction concerning a certain fishing gear constitutes a unique 

FRA.  In  some FRAs  there  is a permanent ban of a  specific  fishing gear, while  in  some others  the ban  is 

seasonal. A database of all FRAs was then build containing detailed information for each FRA, organized in 

separate fields. The name and description of each database  field  is given  in Table 1. Codes FRAGRC0001‐ 

FRAGRC0359 refer to FRAs based on fisheries legislation, whereas codes FRAGRC0360‐FRAGRC0545 refer to 

other FRAs. 

In each FRA a unique FRA code was attributed. In the occasion of having spatio‐temporal restrictions in the 

same  area  for different  fishing  gears,  a  FRA was established  for each  gear  and  a distinct  FRA  code was 

attributed to each one of them. A duplicate code was also attributed to them, to identify the resemblance 

of these areas.  

The spatial  information for each FRA was  implemented  in a unified Geographic  Information System  (GIS), 

using  the  ESRI  ArcGIS  10.1  software.  The  Lambert  Azimuthal  equal‐area  projection  was  used  as  map 

projection. Polygons  in  shapefile  format  for each  FRA were  created  from  scratch, using  the  information 

given at the relevant  legislative acts.  In cases where the available  information  for the delimitation of the 

FRAs  was  insufficient  (e.g.  unknown  locations,  capes,  beacons)  the  contribution  of  the  competent 
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authorities  (mostly  the Coast Guard Services) was  requested. The use of grey  literature  (Argyrakopoulos, 

2006)  and of  supplementary material  (e.g. navigation maps,  travel maps  etc.) was  also helpful  in  some 

cases. In the occasion of having spatio‐temporal restriction in the same area for different fishing gears (i.e. 

FRAs with the same duplicate code), a single polygon was created and it was copied as many times as the 

number  of  the  duplicated  areas.  In  the  cases  where,  according  to  the  legislative  act,  bathymetry  was 

necessary for the delimitation of the FRAs, bathymetry contours were used to create the relevant polygons 

(the bathymetry contours of 20 and 30 meters were used). 

 

Table 1. Description of the database fields. 

No   FIELD NAME  FIELD NAME   FIELD DESCRIPTION 

  at the excel database  at  the shapefile 

attribute table 

1.  FRA CODE  FRA_CD The  unique  code  attributed  to  each  spatio‐temporal  restriction 

imposed for a specific fishing gear. It is the identity code of each FRA 

2.  DUPLICATE CODE  DBL_CD The common code attributed to all FRAs concerning spatio‐temporal 

restrictions for different fishing gears in the same area 

3.  GEOGRAPHICAL SUB AREA  GSA  The  General  Fisheries  Commission  for  the  Mediterranean  (GFCM) 

geographical sub‐area code 

4.  PORT AUTHORITY  PORT_A  The name of the competent port authority 

5.  PORT AUTHORITY CODE  PORT_A_CD The code of the competent port authority 

6.  GEOGRAPHIC REGION  G_REG  The name of the geographic region where the FRA is found 

7.  GEOGRAPHIC REGION CODE  G_REG_CD  The Nomenclature of Territorial Units (NUTS) code of the geographic 

region where the FRA is found 

8.  GEOGRAPHIC SUB‐REGION  SUB_REG  The name of the geographic sub‐region where the FRA is found 

9.  AREA DESCRIPTION  AREA_DES The description of the area where the spatio‐temporal restriction is 

imposed, according to the relevant legislative act 

10.  AREA SURFACE  SURF  The  description  of  the  surface  of  the  area  where  the  spatio‐

temporal restriction is imposed, according to the relevant legislative 

act 

11.  REFERENCE  REF  The  reference  document  (e.g.  descriptive  maps,  coordinates  etc.) 

used for the mapping of the FRA 

12.  PURPOSE  PURP  The purpose for the establishment of the FRA (e.g. stock protection, 

artificial reef, Posidonia oceanica seabed) 

13.  CLOSURE TYPE  CLOS_TYPE  The type of closure i.e permanent or seasonal 

14.  START DAY  DAY_ST The closure period start day

15.  START MONTH  MONTH_ST  The closure period start month 

16.  END DAY  DAY_END The closure period end day

17.  END MONTH  MONTH_END  The closure period end month 

18.  RESTRICTED GEAR  GEAR  The restricted fishing gear type for the specific FRA  

19.  RESTRICTED GEAR DETAILS 1  GEAR_D1 The  restricted  fishing gear  type  for  the  specific FRA more detailed 

(i.e the specific gear/s prohibited) 

20.  RESTRICTED GEAR DETAILS 2  GEAR_D2 The  restricted  fishing  gear  type  for  the  specific  FRA  even  more 

detailed (i.e. the specific gear/s sub‐category or species prohibited) 
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21.  LEGAL FRAMEWORK 

 

LG_FRWRK The number and year of issue of the legislative act by which the  FRA 

was established   (and the number  and year of government gazette 

issue) 

22.  LEGAL FRAMEWORK DETAILS  LG_FRWRKD  The  number  of  article  and/  or  paragraph  of  the  legislative  act  by 

which the FRA was established 

23.  AMENDMENT  LEGAL 

FRAMEWORK 

AMEND_LF The number and year of  issue of the amendment of the  legislative 

act by which the   FRA was established and the number and year of 

government gazette issue 

24.  AMENDMENT  LEGAL 

FRAMEWORK DETAILS 

AMEND_LFD  The number of article and/ or paragraph of the amendment of the 

legislative act by which the FRA was established 

 

The national FRAs polygons were organized in five shapefiles. Each of them contained all polygons of FRAs 

established for each one of the following fishing gear categories (Table 2), i.e. trawls5, purse seines, small 

scale  fishing  gears  (dredges,  gillnets  and  entangling nets,  traps, hooks  and  lines, beach  seines),  towed6 

fishing gears (trawls, purse seines, beach seines, dredges) and all gears. The other FRAs (oFRAs) polygons 

were organized  in  two  shapefiles, one  containing  archaeological  restrictions and  the other  containing 

ports, beaches, underwater  cables/pipes, waste effluent  sites, navigation  channels, military areas and 

other restrictions. Another shapefile was created for the MPAs as retrieved from the Natura 2000 maps 

of the Ministry of Environment and Energy. Since the Natura 2000 areas are both terrestrial and marine, 

the polygons were reshaped keeping only the marine part of the protected areas.  

Initially the categorization was based on the main group of fishing gears used, i.e. trawls, purse seines and 

small scale fishing gears. All small scale fishing gears were grouped in one category, for practical reasons (as 

there are  too many  types of small scale  fishing gears used  in  the Greek  fisheries). Thus,  in  the database 

built, two more levels of detail are given (when available), in order to obtain full description of the gear in 

which the restriction is imposed.  

The use of “towed gears” category was based on the provisions of 2  legal acts,  i.e. MD No 167378/ 2007 

(Government  Gazette  Issue  (GGI)  D,  241)  and  MD  No  2442/51879/2016  (GGI  D,  118),  concerning  the 

determination of areas with Posidonia oceanica sea beds, where fishing restrictions with the use of towed 

gears are established.  

The use of “all gears” category was based on the provisions of 5 legal acts i.e. PD 987/1980 (GGI A, 247), PD 

144/1986  (GGI A, 53), PD 228/2006 (GGI A, 229), PD 68/2009 (GGI A, 90) and PD 115/2007  (GGI A, 146), 

concerning the establishment of fishing restrictions for all fishing gears.   

The polygons in shape file format, which correspond to the FRAs for the trawls, were kindly granted by the 

Directorate of Fisheries Control of  the Hellenic Coast Guard. These  files were checked, corrected  (where 

needed) and the relative data was incorporated to the excel database.  

 

                                           

5 In this document, ‘trawls’ refers to ‘otter bottom trawls’ 

6 This category was created in order to enclose all FRAs established for the protection of Posidonia oceanica beds, 

under the provisions of the Council Regulation (EC) 1967/2006, which prohibits the use of trawl nets, dredges, purse 

seines, boat seines, shore seines or similar nets above seagrass beds of, in particular, Posidonia oceanica or other 

marine phanerogams. Due to the fact that all the above gears are towed (except for PS which is mobile), we chose to 

use the name “towed” for this category. 
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Table  2.  Presentation  of  fishing  gear  categories,  used  to  classify  national  FRAs  and  the 

respective  polygons,  organized  in  five  shapefiles  (TRAWLS,  PURSE  SEINES,  SMALL  SCALE 

GEARS,  TOWED  GEARS,  ALL  GEARS).  The  codification  is  according  to  the  provisions  of 

Commission Regulation (EC) No1799/2006. 

GEAR 

CATEGORY 
GEAR  CODE 

STATIC  (S), 

TOWED  (T) 

OR  MOBILE 

(M) GEAR 

TRAWLS  Otter Bottom Trawls  OTB  T 

PURSE SEINES  Purse seines  PS  M 

SMALL SCALE 

GEARS 

Beach seines  SB  T 

DREDGES 

Boat dredges  DRB  T 

Hand dredges used on board a vessel  DRH  T 

GILLNETS  AND 

ENTANGLING 

NETS 

Set (anchored)gill nets  GNS  S 

Encircling gill nets  GNC  S 

Trammel nets  GTR  S 

Combined trammel nets  GTN  S 

TRAPS  Pots (traps)  FPO  S 

HOOKS  AND 

LINES 

Hand lines and pole lines (hand operated)  LHP  S 

Hand lines and pole lines (mechanized)  LHM  S 

Set longlines  LLS  S 

Longlines (drifting)  LLD  S 

Troll lines  LTL  M 

 

After the completion of the mapping procedure of all existing FRAs, the excel database table was joined to 

the  shapefiles  attribute  table, using  as  common  field  the  “FRA CODE”. The  area  (in  square meters)  and 

perimeter (in meters) for each FRA was calculated and displayed in the shape files’ attribute tables.   

Additionally to the national FRAs, the FRAs established by the European Union and the General Fisheries 

Commission for the Mediterranean (GFCM)  in the study area, were also  identified, recorded and mapped 

from scratch, based on the relative legal acts (e.g. Regulations, Recommendations etc).  

Argyrakopoulos (2006) and the official web‐site of the Directorate of Fisheries Control of the Hellenic Coast 

Guard  were  also  used  for  the  mapping  of  protected  areas  that  are  not  related  to  fisheries  legislation 

(oFRAs),  namely  ports,  beaches,  archaeological  sites,  underwater  cables/pipes,  waste  effluent  sites, 

navigation  channels,  military  areas  and  other  restrictions.  Information  on  archaeological  sites  was 

extracted from the ministerial decisions of the General Directorate of Antiquities (Ministry of Culture and 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean   D‐2.1 

MPA maps in the Aegean Sea  6 

Sports)  as well  as  the  List  of  Archaeological  Sites  and  Monuments  of Greece  of  the Directorate  of  the 

National Archive of Monuments, whereas  information on ports, beaches, underwater cables/pipes, waste 

effluent sites, navigation channels, military areas and other restrictions was extracted from the General and 

Specific Port Regulations (Ministry of Shipping and Island Policy).  

The oFRAs polygons were organized  in  two shapefiles, one containing archaeological restrictions and  the 

other  containing  ports,  beaches,  archaeological  sites,  underwater  cables/pipes,  waste  effluent  sites, 

navigation channels, military areas and other restrictions. Another shapefile was created for the MPAs as 

retrieved  from  the  Natura  2000  (reshaped  to  maintain  the  marine  part)  maps  of  the  Ministry  of 

Environment and Energy.  

 

3. Results‐Discussion 

The national fisheries legal framework, concerning spatio‐temporal restrictions to fishing activities in the 

study area  (Greek part of GSA 22 – Aegean Sea),  comprises of a  set of  forty one  (41)  legal acts,  i.e. 3 

Ministerial Decisions, 14 Royal Decrees and 24 Presidential Decrees.  

By the unofficial codification, it was revealed that 5 legal acts were repealed (1 Ministerial Decision, 2 Royal 

Decrees  and  2  Presidential  Decrees),  4  were  amended  (all  Royal  Decrees)  and  2  were  corrected  (1 

Ministerial Decision and 1 Presidential Decree). The main output of the unofficial codification process was 

six (6) consolidated texts.    

A total of 230 national FRAs, 5 EU and GFCM FRAs, 186 oFRAs and 42 MPAs (including all NATURA‐2000 

sites with a marine part) were identified in the study area. The classification of the FRAs according to the 

geographic  region,  the gear  type,  the establishment purpose and  the closure  type  is presented  in Fig. 1, 

whereas  the  classification of  the oFRAs according  to  the  restriction  type, geographic  region and  type of 

closure is presented in Figs 2, 3, and 4 respectively.  

All  the available  information  concerning  the 230 national FRAs and 5 EU and GFCM FRAs  identified was 

organized in an Excel table consisted of 230 lines and 24 columns, i.e. approximately 5.000 cells were filled 

in. The oFRAs and MPAs table consisted of 225 lines and 24 columns.  

A total of 225 polygons in shapefile format was the final component inserted in the national FRAs database. 

Given that, according to the initial study design, for every FRA identified, one polygon would be created, it 

was  expected  that  the  database  would  end  up  with  230  polygons.  Though,  polygons  for  5  FRAs  were 

impossible to be created, due to lack of the “super” shallow contour of 2 meters (in 4 cases) or due to the 

lack of  information for fish farms  location (in 1 case). 196 polygons were created by scratch and 32 were 

kindly granted by the Directorate of Fisheries Control of  the Hellenic Coast Guard. Thus, a total of 225 

(193+32) polygons were finally incorporated in the database. 
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THESSALY (EL61) ALL GEARS ARTIFICIAL REEF SEASONAL

ATTICA (EL30) PURSE SEINES STOCK PROTECTION PERMANENT

PELOPONNESE (EL65) TRAWLS POSIDONIA BEDS

EAST MACEDONIA & THRACE (EL51) SMALL SCALE  FISHING GEARS

CENTRAL GREECE (EL64) TOWED GEARS

NORTH AEGEAN (EL41)

CENTRAL MACEDONIA (EL52)

SOUTH AEGEAN (EL42)

REGION GEAR TYPE ESTABLISHMENT PURPOSE CLOSURE TYPE

 

Fig.1 Classification of the total of 230 FRAs identified, according to geographic region, gear type 

category, establishment purpose and closure type.  

 

 

 

Fig.2 Classification of the total of 186 oFRAs identified, according to restriction type.  

 

0 50 100 150 200 250

TYPE OF CLOSURE

ESTABLISHMENT PURPOSE

GEAR TYPE

REGION

FRAs



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean   D‐2.1 

MPA maps in the Aegean Sea  8 

 

Fig.3 Classification of the total of 186 oFRAs identified, according to geographic region.  

 

 

Fig.4 Classification of the total of 186 oFRAs identified, according to closure type.  

 

 

In 14 cases duplicate FRAs were  identified and thus 32 duplicate polygons were created, as copies of the 

initially created polygon for each case (i.e. out of the 225 polygons  inserted on the FRAs database, 32 are 

duplicate polygons).  

Finally, polygons concerning  the same gear  type were merged  in one shapefile, and  thus  the geographic 

information for all FRAs is available in 5 different shapefiles, one file for each of the following gear types: 32 

polygons for trawls (OTB), 27 for purse seines (PS), 47 for small scale fishing gears (SS), 113 for towed gears 

(OTB, PS, SB, DRB, DRH) and 6 for all gears (see Figs 5 to 9 respectively).  

According to article 13 of the Council Regulation (EC) 1967/2006, concerning management measures for the 

sustainable exploitation of fishery resources in the Mediterranean Sea, three FRAs were identified, one for 

each of the gear categories trawls (OTB), purse seines (PS) and small scale gears (SS). Moreover, according 

to  paragraph  1  of  Recommendation  CM‐GFCM/29/2005/1,  for  the  management  of  certain  fisheries 

exploiting demersal and deep water species, two additional FRAs were identified, one for each of the gear 

categories  trawls  (OTB)  and  small  scale  fishing  gears  (SS).  Information  concerning  these  FRAs  was  also 

inserted  in the FRAs database. Finally, five polygons  in five distinct shapefiles were created by scratch for 

each of these FRAs (Figs 10–14). 

The  total perimeter  (in kilometers) and  the  total area  (in  square kilometers) of FRAs  (based on national 

legislation) per gear category are shown  in Table 3. The total perimeter (in meters) and the total area (in 

square meters) of the EU and GFCM fisheries legislation FRAs per gear category are shown in Table 4. 
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Marine Natura 2000 sites and National Parks (i.e. 42 marine protected areas) are depicted in Figs 15 and 16, 

while oFRAs  (186 polygons)  in Figs 17 and 18. The  total perimeter  (in kilometers) and  the  total area  (in 

square kilometers) of oFRAs (per restriction type) and MPAs are shown  in Table 5. Fig. 19 depicts all FRAs 

and MPAs in the Aegean Sea (Greek and international waters). 

 

Table  3.  Number  of  FRAs,  total  perimeter  and  total  area  of  national  fisheries 

legislation FRAs per gear category.  

GEAR CATEGORY 
NATIONAL FRAs 

(No) 

PERIMETER 

(km) 

AREA 

(km2) 

OTB  32 5 523 12 483 

PS  27 3 114 8 570 

SS  47 4 562 23 551 

TOWED  113 3 257 2 009 

ALL GEARS  6 478 1 445 

TOTAL  225  16 934  48 057 

 

 

Table 4. Number of  FRAs,  total perimeter and  total  area of  the EU  and 

GFCM fisheries legislation FRAs per gear category.  

GEAR CATEGORY 
EU & GFCM  FRAs 

(No) 

PERIMETER 

(km) 

AREA 

(km2) 

OTB  2 27 229 76 975 

PS  1 23 172 3 263 

SS  2 27 184 60 596 

TOTAL  5  77 585  140 833 

 

Table 5. Number of oFRAs and MPAs, total perimeter and total area.  

RESTRICTION TYPE 
Areas 

(No) 

PERIMETER 

(km) 

AREA 

(km2) 

Ports 

Beaches 

Archaeological 

43

39 

50 

175

1 319 

462 

53

267 

71 

Other  24 712 264 

Cables/pipes  15 146 59

Waste effluent  8 48 26

Channels 

Military 

MPAs 

4

3 

42 

33

17 

2 851 

13

2 

5 902 

TOTAL  228  5 763  6 657 

 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean   D‐2.1 

MPA maps in the Aegean Sea  10 

Fig.5 Map of the 32 FRAs for the fishing gear category “Trawls‐OTB” in the Aegean Sea (GSA22), according 

to the national fisheries legal framework. 
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Fig.6  Map  of  the  27  FRAs  for  the  fishing  gear  category  “Purse  seines‐PS”  in  the  Aegean  Sea  (GSA22), 

according to the national fisheries legal framework.   
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Fig.7 Map of  the 47 FRAs  for  the  fishing gear category “Small Scale Gears‐SS”  in  the Aegean Sea  (GSA22), 

according to the national fisheries legal framework. It has to be noted that the restrictions in each FRA do not 

necessarily refer to all the gears included in the category SS. Hence, the FRAs depicted in this map should not 

be seen as closed areas for all small‐scale fisheries.  
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Fig.8  Map  of  the  113  FRAs  for  the  fishing  gear  category  “Towed  Gears‐OTB,  PS,  SB, DRH,  DRB”  in  the 

Aegean Sea  (GSA22), according  to  the national  fisheries  legal  framework,  for  the protection of Posidonia 

oceanica sea‐beds. All these FRAs refer to permanent restrictions. 
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Fig.9 Map of the 6 FRAs for the fishing gear category “All Gears”  in the Aegean Sea (GSA22), according to 

the national fisheries legal framework.   
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Fig. 10 Map of the FRA for the fishing gear category “Trawls‐OTB” in the Aegean Sea (GSA22), according to 

the European Union’s legal framework i.e. Council Regulation (EC) 1967/2006, concerning the prohibition of 

the use of  trawl nets within 3 nautical miles of  the coast or within  the 50 m  isobath where  that depth  is 

reached at a shorter distance from the coast and the prohibition of the use of trawl nets within 1.5 nautical 

miles of the coast. 
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Fig. 11 Map of the FRA for the fishing gear category “Trawls‐OTB” in the Aegean Sea (GSA22), according to 

the GFCM  legal  framework  i.e. Recommendation CM‐GFCM/29/2005/1, concerning the prohibition of the 

use of trawl nets fisheries at depths beyond 1 000 m. 
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Fig. 12 Map of the FRA for the fishing gear category “Purse Seines‐PS” in the Aegean Sea (GSA22), according 

to  the  European  Union’s  legal  framework  i.e.  Council  Regulation  (EC)  1967/2006,  concerning  the 

prohibition of the use of purse seines within 300m of the coast or within the 50 meters isobath, where that 

depth is reached at a shorter distance from the coast.  
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Fig. 13 Map of  the FRA  for  the  fishing gear  category  “SS‐Small Scale Gears”  in  the Aegean Sea  (GSA22), 

according to the European Union’s legal framework i.e. Council Regulation (EC) 1967/2006, concerning the 

prohibition of the use of dredges within 3 nautical miles of the coast or within the 50 m isobath where that 

depth is reached at a shorter distance from the coast and the prohibition of the use of dredges within 0.3 

nautical miles of the coast.    
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Fig. 14 Map of  the FRA  for  the  fishing gear  category  “Small Scale Gears‐SS”  in  the Aegean Sea  (GSA22), 

according  to  the  GFCM  legal  framework  i.e.  Recommendation  CM‐GFCM/29/2005/1,  concerning  the 

prohibition of the use of dredges fisheries at depths beyond 1 000 m. 
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Fig.15 The marine part of the Natura‐2000 network in the Aegean Sea (GSA22) 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean   D‐2.1 

MPA maps in the Aegean Sea  21 

 

Fig.16 National parks with a marine area in the Aegean Sea (GSA22) 
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Fig.17a oFRAs: archaeological sites in the Aegean Sea (GSA22) 
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Fig.17b Zoom in oFRAs: archaeological sites in the Aegean Sea (GSA22) 
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Fig.17c Zoom in oFRAs: archaeological sites in the Aegean Sea (GSA22) 
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Fig.18a oFRAs: other restrictions (ports, beaches, underwater cables/pipes, waste effluent sites, navigation 

channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig.18b Zoom  in oFRAs: other  restrictions  (ports, beaches, underwater cables/pipes, waste effluent sites, 

navigation channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig.18c Zoom  in oFRAs: other  restrictions  (ports, beaches, underwater cables/pipes, waste effluent  sites, 

navigation channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig.18d Zoom  in oFRAs: other  restrictions  (ports, beaches, underwater cables/pipes, waste effluent sites, 

navigation channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig.18e Zoom  in oFRAs: other  restrictions  (ports, beaches, underwater cables/pipes, waste effluent sites, 

navigation channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig. 19 Map of all FRAs and MPAs in the Aegean Sea (GSA 22). The FRAs depicted in the map should not be 

seen as areas closed for fishing but as areas in which there is a permanent or seasonal restriction to at least 

one fishing gear. 
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Abbreviations 

DRB  Boat dredge 

DRH  Hand dredge used on board a vessel

FPO  Pots (traps) 

FRA  Fisheries Restricted Area 

oFRA  other Fisheries Restricted Area 

GFCM  General Fisheries Commission for the Mediterranean

GGI  Government Gazette Issue 

GNS  Set (anchored) gill nets 

GNC  Encircling gill nets 

GSA  GFCM Geographical Sub‐Area

GTN  Combined trammel and gill nets

GTR  Trammel nets 

LHM  Hand lines and pole lines (merchandised) 

LHP  Hand lines and pole lines (hand operated) 

LLD  Longlines (drifting) 

LLS  Set longlines 

LTL  Troll lines 

M  Mobile gear 

MD  Ministerial Decision 

MPA  Marine Protected Area

OTB  Otter Bottom Trawl 

PR  Presidential Decree 

PS  Purse Seine 

PSd  Purse Seine (operated during day‐time)

PSd    Purse Seine (operated during night‐time) 

RD  Royal Decree 

S  Static gear 

SB  Beach Seine 

SS  Small Scale fisheries 

T  Towed gear 
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1. Introduction 

The aim of PROTOMEDEA project – Towards the establishment of Marine Protected Area Networks  in the 

Eastern Mediterranean –  is  to create a Marine Protected Areas  (MPAs) network  for  the enhancement of 

sustainable fisheries in EU Mediterranean waters. Cyprus (through the NGO Enalia Physis and the University 

of Cyprus)  is participating providing  information and assessments that will  improve our understanding of 

the marine environment in this part of the Mediterranean Sea.  

The mapping of  existing marine protected  areas  in Cyprus  is  a  sub‐task of  PROTOMEDEA’s objective  of 

improving our knowledge on the MPAs status in the EU Eastern Mediterranean. To date there has been no 

official compilation and mapping of the fisheries  legislation. The fisheries  legislation was thus analyzed to 

retrieve the relevant data concerning fisheries restricted areas.    

This report  is supplementary to the main deliverable that  is a map describing the MPAs  in Cyprus.  In this 

document,  the map  is  described,  and  the methodology  followed  to  gather  the  information,  provide  an 

overview and translate it through a GIS system in detail. 

2. Materials and Methods 

To be able to present the existing situation regarding MPAs in Cyprus, the work was done in two stages. A 

data  collection  was  initially  undertaken  with  the  relevant  information  about  all  areas  that  include 

regulations restricting fishing activities. This second stage was to create maps of the information collected.   

 

For  each  area  under  any  of  the  previous  denominations,  information  was  compiled  in  an  Excel  file  in 

columns corresponding to relevant features to describe the areas. These columns are described in Table 1. 

 

Table 1. Description of the database fields. 

FIELD NAME   FIELD DESCRIPTION 

at the shapefile attribute table 

CODE  if the area has a reference code

DENOMINATION  given name to the area

GEOGR_REGION  refers to the main region of Cyprus 

SUB_REGION  refers to the main municipality of the area 

AREA_DESCRIPTION  give the land endpoints of the area

LAYER_SOURCE  source of the layer

PURPOSE  the purpose of the area 

CLOSURE‐TYPE  if the area is closed to fishing activities on a temporal or permanent way 

CLOSURE_PERIOD  refers to the closing period of the year

RESTRICTED_GEAR  refers to the gears targeted by the legislation

DESIGNATION  legal designation of the area 

LEGAL_FRAMEWORK  refers to the legislation that enforce the closure 

MANAGEMENT_PLAN  if the area has an active management plan

AREA  surface in km2

PERIMETER  Perimeter in km 
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Each area was represented by a polygon and all the polygons were gathered  in a shapefile, on which, the 

final maps are based. Some polygons corresponding to one specific area were merged to obtain only one 

polygon representing this area. This  is the example  for an artificial reef composed of 2 polygons and  the 

Larnaca  anchorage  area  composed  of  3  polygons.  Concerning  Lara  Toxeftra,  2  polygons  were  created 

corresponding to the two different designations: marine reserve and SPAMI.  

When all the polygons were created, the Excel database was joined to the attribute table of the shapefile. 

Two fields were added to the attribute table to calculate the area (in km2) and the perimeter (in km) of the 

polygons. 

Once  all  the  information was  combined,  the  second  step was  to  create maps with  a GIS  software  (Esri 

ArcGIS 10.1). Because of the numerous regulations  it was not possible to superimpose them  in one single 

map. Several maps were thus created representing the MPAs and the different FRAs. 

 

3. Results‐Discussion 

A  total  of  7  national  fisheries  restricted  areas  (FRAs)  including  3  FRAs  arising  from  European  legal 

framework, 9 others FRAs and 17 MPAs (including all Natura 2000 sites with a marine part) were identified 

in the study area.  

All  the  available  information  concerning  the  above  mentioned  areas  was  organized  in  an  Excel  table 

consisted of 34 lines and 13 columns, i.e. approximatively 440 cells were filled in. The 34 lines correspond 

to the 33 polygons created a line for the title of the columns. 16 polygons were provided by the LSD, 1 by 

the DFMR and the others were created. 

The total perimeter (in kilometers) and the total area (in square kilometers) of FRAs per category are shown 

in Table 2. 

Table  2.  Number  of  FRAs,  total  perimeter  and  total  area  of  national  fisheries 

legislation FRAs per gear category.  

GEAR CATEGORY 
POLYGON

(No) 

AREA

(km2) 

PERIMETER 

(km)  

Temporal closures for all gears  1 107,3 709,05 

Permanent bottom trawls FRAs   3 1 216,73 1 487 

Purse‐seines  2 175,39 773,29 

Temporal bottom trawls FRAs  2 879,48 248,35 

Army firing range area  3 200,32 101,35 

Anchorage areas  3 27,64 47,76 

Aquaculture sea cages  1 0,63 11,44 

MPAs  17 177,19 330,17 

TOTAL    2 784,68  3 708,41 
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Fig.1  Classification  of  the  total  of  the  32  areas  according  to  geographic  region,  gear  type  category, 

establishment purpose and closure  type.  (The not closed Natura 2000 areas  to  fisheries are  the  reasons 

why “Gear Type” and “Closure Type” bars are not complete in this graphic.) 

 

Marine Protected Areas (MPAs) (Fig 2) 

The  Natura  2000  areas  are  created  under  Ministerial  Decree  according  to  the  European  Union’s  legal 

framework transposed into national law. Their mapping was already carried out and the information were 

provided by the Lands and Surveys Department (LSD) of the Ministry of the Interior of Cyprus through their 

geographical database. A new layer was created to keep only the marine part of the Natura 2000 areas. 

A recent initiative has been undertaken by the Department of Fisheries and Marine Research (DFMR) of the 

Ministry of Agriculture, Rural Development and Environment focuses on creating small scale MPAs with the 

addition of  artificial  structures  such  as wrecks  (called  “wrecks  as MPA’s  initiative). These  artificial  reefs, 

were fishing activity is banned, are created by Ministerial Decree. The GIS data presented relative to this, 

were part of the geographical database of the LSD.  

Lara Toxefta  is the only marine reserve existing  in Cyprus.  It was created  in 1989 as a natural marine and 

coastal reserve through the Fisheries Law and Regulations in order to protect the turtles in Cyprus. All gears 

are prohibited in this area from June to September to protect the turtles nesting. The Lara reserve has also 

been registered in the Specially Protected Areas of Mediterranean Importance (SPAMI) list since 2013.  The 

layer concerning the area was provided by the DFMR according to the legislation defining the boundaries of 

the area. 

Three  proposed  MPAs  are  also  included  to  this  work  as  future  areas  of  conservation  of  habitats  and 
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biodiversity. They will be included in the Fisheries Law as a Ministerial Decree and restrictions concerning 

fisheries will be implemented in these areas, when they are created. Moulia MPA and Cavo Gkreko MPA 

were designed according to the maps  included  in the draft management plans of these areas provided by 

the DFMR. Kakoskali MPA boundaries had been changed in May and the new coordinates were provided by 

the DFMR.  

Zenobia shipwreck is enclosed within an area prohibited to fishing gears and included to the Fisheries Law 

as a ministerial Decree. This area was designed according to its GPS coordinates listed in the legislation. 

Fisheries Restricted Areas (FRAs) 

For these areas a difference  is made according to the period of closure (e.g. permanent or temporal) and 

the kind of fishing gear targeted by the legislation (e.g. bottom trawls, purse seine ). (Fig 3 to 6) 

The national  legislation has  implemented areas banning  fishing activity  in order  to protect  fish  stocks or 

habitats trough Ministerial Decrees included in the Fisheries Law. These areas were designed according to 

their GPS coordinates  listed  in  the  legislation. Trawlers are concerned by  two  temporary FRAs and one 

permanent. Purse  seiners are  concerned by a permanent  FRA. A  temporary  FRA which  surrounds  the 

Cypriot coastline below 5 meters depth, targets all kinds of gears.  

The European Union’s legal framework (i.e. Council Regulation (EC) 1967/2006) sets out restrictions of the 

use of towed gear within 3 nautical miles of the coast or within the 50 meters isobaths where that depth is 

reached  at  a  shorter distance  from  the  coast  for  the protection of Posidonia meadows.  Trawls  shall  be 

prohibited within 1,5 nautical miles of the coast but trawling has been authorized by derogation beyond 

0,7 nautical miles as written in the Management plan of 2011 for bottom trawling in the territorial waters 

of  Cyprus.  Another  regulation  for  bottom  trawlers  arises  under  the  European  Council  Regulation 

authorizing  fishing beyond  the 50 meters  isobaths,  transposed  from  the European  legal  framework  into 

National Law. Purse seine are prohibited within 300 meters of the coast or within the 50 meters isobaths 

where that depth is reached at a shorter distance from the coast. These areas were designed according to 

their GPS coordinates listed in the legislation. 

Others Fisheries Restricted Areas (oFRAs) 

These areas are not destined to protect the marine environment but they limit the fisheries activities within 

their boundaries. (Fig 7 to 11) 

A  Cypriot  Army  firing  range  area  works  as  a  permanent  FRA  for  all  gears  trough  Ministerial  Decrees 

included in the Fisheries Law. The GIS data were part of the geographical database of the LSD. Two others 

Army firing range areas are under the control of the Sovereign Base Areas Administration (SBAA) and work 

as temporary FRA which closure periods are published  in a weekly notice by the SBAA. These areas were 

designed according to their GPS coordinates listed in the legislation. 

Fishing is prohibited in three areas due to their assignment as anchorage areas in Limassol port, Vassiliko 

port and  Larnaca port, described  in  the  chart of  the Cyprus Ports Authority. These areas were designed 

according to their GPS coordinates listed in the legislation. 

Fishing  is prohibited at a distance of 200 m  from aquaculture  sea cages.   This  restriction  is part of  the 

national Aquaculture Law. Desalination disposal areas and pipelines are  incompatible with fishing activity. 

This limitation is included in the Fisheries Law. The GIS data were part of the geographical database of the 

LSD. 

NB: Archeological sites position are not known and there is no existing regulation at this time. 

The Department of Lands and Surveys (DLS) of the Ministry of the Interior of Cyprus provided some of the 
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layers already created by its Service after the approval of ENALIA’s request letter, giving the authorization 

to make public  the  information  (see  in Annex 1  the  terms of use). The  layers were  checked,  corrected 

(where needed)  and  transposed  from  the original Geographic Coordinate  System  (GCS_Cyprus_1993)  to 

used one for this project (GCS_WGS_1984). The Department of Fisheries and Marine Research (DFMR) of 

the Ministry of Agriculture, Rural Development and Environment also provided  the  layer concerning Lara 

Toxeftra marine  reserve and coordinates  for proposed MPAs. All the other  layers were created by Enalia 

Physis according to Legislation documents and texts using the geographical indications contained therein. 

The final maps that present all areas closed to fishing activities make it possible to have an overview of the 

existing situation about marine environment protection in the Cyprus’ territorial waters. 

All  areas  are  categorized  and  designed  with  a  different  symbology  according  to  their  designation.  The 

legend of the map refers to this designation. The source of the data and all the necessary items (scale, title, 

logos of relevant organisms) are also included. 
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Fig.2 Map combining all types of Marine Protected Areas in Cyprus (GSA 25) 
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Fig.3 Map of the fisheries restricted areas for all gears in Cyprus (GSA 25) 
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Fig.4 Map of the fisheries restricted areas for bottom trawls in Cyprus (GSA 25) 
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Fig.5 Map of the fisheries restricted areas for purse seines in Cyprus (GSA 25) 
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Fig.6 Map combining all fisheries regulations in Cyprus (GSA 25) 
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Fig.7 Map of the fisheries restricted areas of Larnaca district in Cyprus (GSA 25) 
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Fig.8 Map of the fisheries restricted areas of Limassol district in Cyprus (GSA 25) 
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Fig.9 Map of the fisheries restricted areas of Limassol and Paphos district in Cyprus (GSA 25) 
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Fig.10 Map of the fisheries restricted areas due to army firing range area in Cyprus (GSA 25) 
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Fig.11 Map of the fisheries restricted areas due to their assignment as anchorage areas in Cyprus (GSA 25) 
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Abbreviations 

DFRM  Department of Fisheries and Marine Research 

FRA  Fisheries Restricted Area

oFRA  Other Fisheries Restricted Area 

LSD  Lands and Surveys Department 

MPA  Marine Protected Area  

SPAMI  Specially Protected Area of Mediterranean Importance 
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ANNEX 1 

Terms of the use of data from the Lands and Surveys Department (LSD) 

 

1. The digital data supplied result from work made by the Department of Land and Surveys (LSD),  including surveys, 

calculations, design and processing, and for this reason the Department of Lands and Surveys has full ownership and 

property. 

2. The operator may use the data provided only within the «PROTOMEDEA» Program, and under no circumstances can 

use part or all of the data for any other interested organizations and other partners who have no connection with the 

Program. 

3. In any case the operator can use part or all of the data for its own purposes, which do not fall within this license. 

4. The LSD undertakes to provide technical advice and guidance on the accuracy of the data. 

5. The LSD and the responsible officers will not be involved in any way in the conversion work and data processing and 

is limited to technical advice. 

6. The LSD is not obliged to grant the relevant updates made to the data in subsequent steps. 

7.  The  LSD  can  provide  the  necessary  information  to  the  operator  in  relation  with  the  process  of  data  creation: 

specifications, accuracy and other relevant information. 

 

Special conditions 

8. The data is not used for navigation. 
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4.5 ANNEX V: D‐8.1 
 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
WP 8: Communication and Dissemination 

 
 

D‐ 8.1 – Communication and Dissemination plan 
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1. Introduction 
 
What is MPA‐EASTMED? 
MPA‐EASTMED stands for “Towards the establishment of Marine Protected Area networks in the 
EASTern MEDiterranEAn”. 
MPA‐EASTMED  is  a  project,  in  response  to  the  call  Marine  Protected  Areas:  network(s)  for 
enhancement of sustainable fisheries  in EU Mediterranean waters (Ref. MARE/2014/41) that has 
received funding from the European Union DG MARE, reaching the 90% of the total budget. The 
project’s consortium consists of 7 partners (HCMR, UAegean, AUTH, NMPANS, CNR, ENALIA, UCY) 
from 3 countries (Greece, Cyprus and Italy) coordinated by the Hellenic Centre of Marine Research 
(HCMR) based in Athens, Greece.  
MPA‐EASTMED will be running for 36 months and aims to contribute towards the establishment 
of fishery related Marine Protected Area networks  in two sub regions of Eastern Mediterranean, 
the Aegean Sea and Cyprus.  
 
2. Objectives of Communication and Dissemination Plan    
 
The  MPA‐EASTMED  Communication  and  Dissemination  Plan  describes  the  activities  to  be 
performed  and  the  communication  and  dissemination  means  to  be  used  in  order  to  promote 
MPA‐EASTMED concepts, and to communicate and disseminate the project results. 
The plan  

 identifies the target groups and key stakeholders of the project (link to task 4.4.) 

 describes the communication  channels  

 defines the  dissemination tools 
The Communication and Dissemination Plan shall ensure that all relevant knowledge coming out 
of the project  is carefully managed.     However,  it should be pointed out that all project partners 
should be  involved  in dissemination and exploitation  in order  to  foster awareness and  transfer 
results for impact. 
 
3. Identification of Stakeholders ‘Target Groups   
 
The key messages and results of the project will be communicated to the following general target 
groups that will be identified by the Task 4.4.  
Target groups:  
Central Administration (Policy and Decision Makers)  
Regional administration   
Local Authorities   
Scientific Community (Universities, Research Institutes) 
Marine related bodies 
End users     
Environmental NGOs   
Wider public 
 
4. Communication strategy 
 
Communication  and  Dissemination  strategy  will  be  designed  to  maximize  the  involvement  of 
government authorities, user groups and other interested parties who will be important channels 
for transferring the outcomes of the project to key players.    
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Communication  material  will  be  delivered  along  the  different  project  phases,  tailored  made 
according to different target groups of stakeholders involved.   
 
4.1 Information 
 
The  project’s  output  will  be  communicated  to  the  general  public  in  order  to  raise  awareness, 
inform  about  the  benefits  that  can  be  generated  through  areas  under  study,  bridge  the 
communication  gap  between  scientists  and  involved  groups  and  enhance  consultation  and 
feedback from citizens: Regular information regarding project developments, will be uploaded on 
the  website  and  on  social  media  platforms,  and  information  material  will  also  include  press 
releases, press articles, flyers, photos etc. 
 
4.2 Participation 
 
Participatory approaches in knowledge production are perceived as new ways to foster the social 
robustness of  knowledge,  as  it  increases understanding of how  the  results  can be exploited by 
stakeholders. 
Targeted groups will be involved in dialogue though interviews and stakeholder events, which will 
be organized in cooperation with, task 4.4. Successful participation requires an open attitude and 
our will within MPA‐EASTMED is to make real use of stakeholders’ contributions. 
 
5. Dissemination tools 
 
Dissemination  tools  support  in  communicating  the  project’s  aims  and  major  findings  to  key 
stakeholders’ groups. 
 
5.1 Logo 
 
A  specific  project  logo  will  be  included  in  all  project  promotional  material.  Communication 
materials will clearly reference that: 
 “the programme  is  co‐  financed by  the   European Union  (DG Mare)” and  include  the European 
Union flag logo. 
For  audio‐visual  material,  the  credits  at  the  beginning  or  at  the  end  shall  include  an  explicit 
statement  of  the  above  and  include  all  related  logos.  During  dissemination  events  the 
abovementioned will  also  appear  in  all  communication material. The  EU  logo  can be  found  at: 
http://europa.eu/about‐eu/basic‐information/symbols/flag/index_en.htm 
The  logo will be downloaded  from  the project’s  internal website, as soon as  it will be  ready, or 
provided  by  contacting  WP8  Communication  facilitator  Mairi  Maniopoulou 
(maniopoulou@hcmr.gr) 
Logo Promotion  /  Links Exchange: As part of ensuring  the maximum ways of  visiting  the MPA‐
EASTMED website,  the  logo will be provided  to  the Consortium Partners  to be placed on  their 
institutes’ website homepages and social media to promote the MPA‐EASTMED project.   
 
5.2 Flyer 
 
A  promotional  Flyer  (brochure)  will  be  prepared  in  electronic  and  printable  format  aiming  to 
generate interest in the MPA‐EASTMED project among the broadest possible audience. 
The format of the Flyer will be A4‐sized document (210 x 297 mm or slightly larger depending on 
final content), tri‐folded to  form six panels (three  front and back). Paper and electronic versions 
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should  be  produced  and  distributed  widely.  The  flyers  will  be  produced  in  English  and  Greek 
languages. The Flyers will be electronically available on the website. 
The Flyer will  lead  the  reader  to  the MPA‐EASTMED website, once  it will be  ready,  to get more 
information related the project. 
All partners will be provided with a copy of the Flyer for distribution (print and electronic) to their 
personal and  institutional network of  contacts.  In  case partners would  like  to distribute a  large 
amount  of  flyers,  for  example  at  a major  event,  they will  have  to  notify WP8  Communication 
facilitator  Mairi  Maniopoulou  (maniopoulou@hcmr.gr)  on  time,  who  will  ship  the  requested   
printed copies to the venue.   
 
5.3 Website 
  
The  dedicated  MPA‐EASTMED  website  will  be  set  up  at  an  early  stage  to  make  the  project 
immediately visible and provide an easily‐accessible information exchange platform. It will be user 
friendly and its information will be communicated to all targeted groups. The  information will be 
organised in a meaningful and accessible way. The visibility will be supported by the SEO (Search 
Engine  Optimization).  It  will  include  specific  WebPages  in  order  to  support  stakeholder 
involvement, such as: Questionnaires, Social Network in cooperation with Task 4.4.  
 The  website  plays  multiple  roles;  it  is  a  communication  resource  to  promote  the  project,  its 
objectives, methodology,  implementation  and  partnership  and  to  update  interested  parties  on 
progress, results and outcomes, comprising also a repository a repository for key deliverables.  
The public project website will be visually attractive and  informative and designed  following the 
EU Project Websites – Best Practice Guidelines (March 2010).  
It  will  also  include  the  web‐based  collaborative  workspace  (intranet)  to  facilitate  continuous 
project  partner  communication.  The  intranet  will  be  structured  as  an  archive,  so  as  to  allow 
partners to easily find all documents. Each member will be provided with its unique user name and 
password and a user manual guide on how to use the intranet. 
The About Section will contain brief information of the project. 
The Implementation Section will explicitly describe the Work Packages and the Deliverables of the 
project. 
The Consortium Section will provide information on the Partners involved in the project and short 
biographies of the scientific team as well as a user‐friendly search to users for contacting people 
involved to the project (Contact details, role, cv, photo) in a dedicated People and Contacts area. 
The  Events  Section  will  include  the  Final  conference  event  organized  by  MPA‐EASTMED 
consortium  as  well  as  other  events  where  MPA‐EASTMED  partners  will  participate  and 
communicate the project’s findings.  
The  Stakeholder  Section  will  enhance  the  dissemination  and  communication  strategy,  which 
enacts stakeholder consultation and participation presenting the stakeholders’ events. 
The News Section will be  regularly updated with  the progress of  the project as well as external 
news that will be relevant to MPA‐EASTMED.  
The Dissemination/Media  section will house  all dissemination products  and  activities  including 
scientific  papers,  other  publications,  press  releases,  press  reviews  and  articles  and  the  project 
Flyer. 
The Links Section will present the projects related to MPA‐EASTMED and related WebPages. 
The Contact us Section and a site map will be available for users’ facilitation. 
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5.4 Social Media Platforms 
 
The  website  will  develop  an  ongoing,  parallel  platform  and  strategy  intended  for  social 
networking.  This  strategy  will  incorporate  the  existing  social  networks  in  order  to  raise  and 
maintain  the public’s awareness on  issues  that will occur during  the program. This  strategy will 
also  involve user‐generated content, content seeding and proactive marketing, both on the web 
and on mainstream scientific media.   
 
5.5 Visual identity 
 
In order to make MPA‐EASTMED project  immediately recognizable a visual identity  layout will be 
produced. Based on the logo, the design of the website, the cover of the project deliverables to be 
disseminated, the information materials and a format for power point and poster presentations as 
well as a roll – up banner for the final conference will be developed and circulated to all partners.   
 
5.6 Scientific Publications 
 
As  soon as,  research outcomes become available, MPA‐EASTMED partners will do  their best  to 
publish them  in scientific (peer reviewed) publications and present them at international, as well 
as, national conferences.  
 
5.7 Other Publications 
 
News  of  the  project will  be  disseminated  regularly, making  use  of  a  range  of  publications  and 
services. Press releases will be  issued, to ensure that  industry, civil society organizations, policy‐
making authorities, and the wider community will be aware of the project,  its objectives and  its 
outcomes.   
 
5.8 Project events/Stakeholder meetings 
 
Two Stakeholder meetings will be organized, possible one in October 2017 and another at the end 
of the project (e.g. October 2018), were the input from stakeholders and results of WP4 and WP7 
will be presented. 
A  final event  is also planned  to  take place,  in Brussels, at  the end of  the project  (month 36)  to 
present its scientific outcomes to scientists, stakeholders and interest groups.     
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The study area of the project includes the Greek territorial 
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Packages (WPs) will analyse data and provide outputs 
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PROTOMEDEA stands for «Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean» 
and is a research project, in response to the call “Marine Protected Areas: network(s) for enhancement of sustainable 
fisheries in EU Mediterranean waters” (Ref. MARE/2014/41), that has received funding from the European Union 
DG MARE, reaching the 90% of the total budget being 600.000€. The project will be running for 36 months from 
December 2015  to November 2018. 

What
The ultimate goal is to design a Marine Protected Area (MPA) network in the study areas, taking into 
account the protection of ecological characteristics and Essential Fish Habitats (EFH), significant areas 
for fisheries, as well as their socio-economic impacts  through a participatory bottom - up process.

How
The PROTOMEDEA project focuses on proposing a Marine Protected Area (MPA) network 
aiming to achieve the Maximum Sustainable Yield (MSY) objectives of the Common 
Fisheries Policy (CFP). Towards that direction, mapping of existing MPAs and EFHs, will 
be done, and the effect of MPAs on MSY and the development of ECOPATH models in 
selected MPAs, will be examined using previous and new data in order to evaluate 
the current overall contribution of MPAs in fisheries sustainability. In addition, 
what-if scenarios of MPAs’ impacts on MSY and ECOPATH/ECOSPACE models 
will be evaluated. These scenarios will be discussed with a wide range of 
stakeholders in order to propose commonly agreed and more effective 
MPAs in the study areas. Finally, different management schemes will 
be developed and examined in order to support the optimization of 
fisheries management.

ABOUT PROTOMEDEA
In a nutshell

WORK PACKAGES

 d WP1: Project Coordination & Management
 d WP2: Current Marine Protected Area (MPA) status in the Eastern 

         Mediterranean
 d WP3: Scientific surveys to test the effects of protected areas
 d WP4: Planning a network of Marine Protected Areas (MPAs)
 d WP5: Marine Protected Areas (MPAs) effect on Maximum Sustainable 

Yield (MSY)
 d WP6: Ecosystem modelling-Development of Ecopath models
 d WP7: Evaluation of modelling results
 d WP8: Communication & Dissemination

WHY
PROTOMEDEA AS 

AN ACRONYMUM?
Protomedea (Protomedeia) was an ancient Greek  

Goddess of the sea, one of the fifty daughters of 

Nereus (i.e. the Nereids). Her name means Guardian 

and she was the one that guards, protects and 

treats those in need for help. The acronym of the 

Project was selected as the most appropriate for 

the targets set by the call.
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1. Introduction 

PROTOMEDEA project is comprised of eight WPs which are further divided into several Tasks and Sub-

Tasks, (Table 1) linked to related deliverables for the best possible allocation and production of work. It 

focuses on two case studies of the Eastern Mediterranean Sea: the Aegean Sea and Cyprus Island.  Based 

on the DoW, its main aim is to map the already existing Marine Protected Areas (MPAs) and to plan 

proposed MPA networks in these two areas. Furthermore, the mapping of essential fish habitats, the effect 

of MPA in achieving the Maximum Sustainable Yield (MSY) objectives of the Common Fisheries Policy (CFP) 

and the development of ECOPATH models in selected MPAs are foreseen in order to evaluate the current 

overall contribution of MPAs in fisheries sustainability. “What if” scenaria of MPA impacts on MSY and 

Ecopath/Ecospace models will be evaluated and different management schemes will be developed and 

examined in order to support the optimization of fishery management.  
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Table 1: PROTOMEDEA’s structure  

PROTOMEDEA

WP1: Project Management

WP2: Current MPA status is in the Eastern Mediterranean

Task 2.1: Existing MPAs in the study areas

• Sub-Task 2.1.1: Existing MPAs in the Aegean Sea

• Sub-Task 2.1.2: Existing MPAs in Cyprus

Task 2.2: Identification of essential habitats

• Sub Task 2.2.1: Mapping of nursery grounds of small pelagic fish

• Sub Task 2.2.2: Mapping of nursery grounds of demersal fish

Task 2.3: Mapping fishing effort in the study areas

• Sub-task 2.3.1: Estimation of fishing effort from trawlers and purse seines.

• Sub-task 2.3.2: Estimation of fishing effort from the coastal fishing fleet

• Sub-task 2.3.3: Identification of fishing grounds for the target species

• Sub-task 2.3.4: Estimation of fishing effort from the recreational fishing fleet

Task 2.4: Recreational fisheries

WP3: Scientific surveys to test the effects of protected areas

Task 3.1: Selection of sites

Task 3.2: Underwater visual surveys (UVS) in the selected sites

• Sub-task 3.2.1: UVS in the Aegean

• Sub-task 3.2.2: UVS in Cyprus

Task 3.3: Experimental fishing trials

WP4: Planning a network of MPAs

Task 4.1: Socio Economic evaluation of marine ecosystems

Task 4.2: Spatial planning in the Aegean

Task 4.3: Spatial planning in Cyprus

Task 4.4: Stakeholder perceptions

WP5: MPA effect on MSY

Task 5.2: Short, medium and long term forecast of MSY

• Sub-Task 5.2.1: Small pelagic species

• Sub-Task 5.2.2: Demersal species

WP6: Ecosystem modelling-Development of Ecopath models

Task 6.1: Setting up of Ecopath models in Aegean Sea

Task 6.2: Setting up of Ecopath models in Cyprus

WP7: Evaluation of modelling results

Task 7.1: MSY/Bio-economic models

Task 7.2: Ecopath/Ecospace

WP8: Communication & Dissemination

Task 8.1: Communication & Dissemination plan

Task 8.2: Plan execution

Task 5.1: Determining technical and scientific indicators to evaluate the effect of MPAs 

network towards MSY objectives

 
 

According to the 1st Interim Report, concerning the foreseen activities of the project during December 2015 

till June 2016, adherence to the timetable along with timely delivery of all the respective deliverables was 

confirmed. Following the 1st Interim Report, the 2nd Interim Report includes all the main project activities 

carried out within July 2016 till December 2016.  

 

2. 2nd Interim Report    

According to the project’s Description of Work (DoW) and based on its respective tables (Table 1.2 & Table 

1.3) of ANNEX I, regarding the duration and summary timetable, the 2nd Interim Report (D-1.6), designed to 

monitor the project’s evolvement and summarize the key outcomes produced during the period: July of 

2016 till December of 2016, has been scheduled to be delivered within December of 2016. 
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The main activities of the project carried out during this period and compiled within the present report; 

include the following deliverables per WP (Table 1): 

 WP1: Project Coordination & Management 

 Deliverable 1.2: Minutes of the 2nd meeting (allocated and delivered in December 2016) 

 Deliverable 1.6: 2nd Interim Report (allocated and delivered in December 2016) 

 

 WP2: Current MPA status in the Eastern Mediterranean 

 Deliverable 2.4: Maps of fishing effort (allocated and delivered in July 2016)  

 Deliverable 2.5: Recreational fisheries & human activities (allocated and delivered in September 

2016) 

 

Table 1: Timetable of deliverables within the 2
nd

 Interim Period (07/2016 – 12/2016) based on Table 1.3 of ANNEX I of DoW. 

7 8 9 10 11 12

Deliverable 1.2: Minutes of the 2nd meeting *
Deliverable 1.6: 2nd Interim Report *

Deliverable 2.4: Maps of fishing effort *
Deliverable 2.5: Recreational fisheries & human activities *

Allocation in time (year/month)

WP1: Project Management

WP2: Current MPA status is in the Eastern Mediterranean

Deliverables 2016

 

 

Moreover, all related dissemination activities conducted within this period have also been taken into 

account and are presented within this Report.  

 

 

 

 

2.1 2nd project meeting (D-1.2) 

The 2nd project meeting (D-1.2) of the project took place at the premises of Lucy Hotel in Kavala, on the 6th 

of October 2016 (relevant Milestone achieved) under WP1, back to back with the 16th Pan-Hellenic 

Symposium of Ichthyologists: Aquatic ecosystems: Sustainable Management – Economic Growth. It has 

been attended by 13 participants, representing all PROTOMEDEA’s partners. The meeting’s minutes have 

been recorded and compiled into Deliverable-1.2, which has been uploaded to the dedicated field in the 

project’s webpage (http://www.protomedea.eu/index.php/en/implementation/deliverables). D-1.2 is also 

included in ANNEX I of this report.  

The main objectives of the meeting were:  

- the progress of each WP & the state of the deliverables;  

http://www.protomedea.eu/index.php/en/implementation/deliverables
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- issues of concern & possible solutions/ remedial actions;  

- the way forward; 

During the meeting, the project’s progress was presented while the high level of collaboration among the 

members of the consortium was highlighted. Deliverables of the project were reported to be due in time, 

thus allowing further fine-tuning of the results. Within the meeting it was decided that Deliverable 2.1: 

MPA maps in the Aegean Sea, foreseen and already delivered under WP2, will be resubmitted after 

reviewing Other FRAs. Issues of concern per WP have been discussed among partners, and relevant actions 

have been suggested and allocated for their proper settlement.  

The meeting was also attended by a member of the Scientific Advisory Board, Dr R. Froese, and his 

presence was of utmost importance. Being a FishBase co-founder, he kindly offered to provide any data 

(available in FishBase) needed for the project, while was also kind enough to suggest the integration of 

PROTOMEDEA with his own current project. Moreover, he proposed that the results of the project’s field 

sampling could be used for the production of more detailed AquaMaps presented in FishBase with respect 

to Greece’s biodiversity. 

The meeting was complimented by plenary discussions concerning ideas for better dissemination of the 

project’s results and arrangement of future events and meetings, while actions concerning the way-forward 

were also discussed and assigned.  

For further details please refer to D-1.2 (ANNEX I of the report). 

 

2.2 MPA maps in the Aegean Sea (D-2.1-updated)  

In line with the foreseen work defined in the project’s DoW, under WP2, D-2.1 was allocated and delivered 

in May 2016, including all the pertinent and updated Marine Protected Area (MPA) maps in the Aegean 

Sea. However, within the 2nd project meeting it was decided that it would be resubmitted, after reviewing 

Other FRAs. Indeed, the updated version includes 196 other FRAs (10 more Archaeological Restricted 

Areas), along with 70 MPAs, whereas in the previous version there were 186 other FRAs and 42 MPAs. 

More specifically, the following changes are displayed within the updated version of D-2.1:  

 Figure 2. Classification of the total of 196 oFRAs identified, according to restriction type. 

 Figure 3. Classification of the total of 196 oFRAs identified, according to geographic region. 

 Figure 4. Classification of the total of 196 oFRAs identified, according to closure type. 

 Table 5. Number of oFRAs and MPAs, total perimeter and total area. 

 Figure 5. Map of the 32 FRAs for the fishing gear category “Trawls-OTB” in the Aegean Sea 

(GSA22), according to the national fisheries legal framework. 

 Figure 17a. oFRAs: archaeological sites in the Aegean Sea (GSA22) 

 Figure 17b. Zoom in oFRAs: archaeological sites in the Aegean Sea (GSA22) 

 Figure 17c. Zoom in oFRAs: archaeological sites in the Aegean Sea (GSA22) 

 Figure 18d. Zoom in oFRAs: other restrictions (ports, beaches, underwater cables/pipes, waste 

effluent sites, navigation channels, military areas and other restrictions) in the Aegean Sea 

(GSA22) 

 Figure 19. Map of all FRAs and MPAs in the Aegean Sea (GSA 22).  
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For further details please refer to the updated D-2.1 (ANNEX II of the report). 

 

2.3 Maps of fishing effort (D-2.4) 

According to the project’s DoW, under WP2-Task 2.3: Mapping fishing effort in the study areas, D-2.4 

includes the mapping of fishing effort exerted by trawlers, purse-seiners (VMS data) and small-scale 

fisheries, along with the identification of fishing grounds for the target species for the Aegean Sea, and the 

estimation of fishing effort from the recreational fishing fleet. The deliverable was allocated in July 2016; it 

has been delivered in two volumes and is also available at the project’s webpage.  

 
Its main aim was to estimate the fishing effort and map the foot print from the commercial and 

recreational fishing fleet operating in the open sea and coastal zone of the selected study areas. Concerning 

the estimation and mapping of the fishing effort, the methodological steps followed for the analysis of VMS 

dataset included the quality control (elimination of errors in the raw VMS data), the data enhancing by 

integration of legislation bathymetry etc., the characterization of fishing activity by a speed rule for the 

estimation of fishing effort indicators (Days at sea, Days×GT, Days×KW, fishing hours) and finally the 

visualization by producing high detailed maps of fishing effort with respect to spatial and temporal grids. In 

particular, two approaches were implemented in order to estimate fishing effort based on VMS data, by 

using signals characterized as “fishing”. The first approach was developed to the IMBRIW-HCMR and was 

used in order to estimate the fishing effort expressed in three types of indicators: days at sea, days×GT and 

days×KW. The other approach was based on VMSbase, an R package which is devised to manage, process 

and visualize information about fishing vessels activity. Moreover, VMSbase provides functions for 

estimating the intermediate points of the two hour regular intervals-VMS dataset and subsequently the 

fishing effort expressed in fishing hours using interpolation techniques.  

Furthermore, regarding the identification of fishing grounds for the target species, the implemented 

approach provided a visualization of the spatial pattern of species richness in important fishing grounds, 

covering the Aegean Sea. In particular, aggregated hot spots showed that the most important fishing 

grounds, in terms of total number of species presence and fishing effort were in the north Aegean and 

some locations in the central Aegean. In addition to the above, at first sight, cold spots have been 

considered unimportant fishing grounds for bottom trawlers, since these areas are characterized by low 

fishing effort and species richness.  

This information is also essential and should be included as an input in a management process in several 

ways. As far as cold spots (aggregated or by species) are concerned, they provide crucial information about 

limitations, non-preferences and target species, while they could allow a better understanding of fisheries 

dynamics, and therefore could enhance our knowledge on benefits and impacts of conservation policies 

before the implementation of a Marine Protected Area. The results of the current subtask can be useful to 

ecosystem-based marine spatial management, an approach that recognizes the full array of interactions 

within an ecosystem, including human uses, rather than considering single issues, species, or ecosystem 

services in isolation.  

The estimation of fishing effort from the recreational fishing fleet was based on Multi-Criteria Decision 

Analysis (MCDA). This methodology produces fisheries footprint by taking into consideration several 

interactions with other anthropogenic or environmental factors. Several methods and processes such as 

the Analytic Hierarchy Process (AHP) and Fuzzy logic were applied in an effort to solve the multiple criteria 

problem. To this end, the most influential components and criteria affecting recreational fishing have been 

identified. Ongoing work is related to the finalization of the calculation of weights for each criterion based 
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on AHP and expert judgment, along with the finalization of the mapping of the recreational fishing pressure 

index. 

For further details please refer to D-2.4 (ANNEX III of the report). 

 

2.4 Recreational fisheries & human activities (D-2.5) 

In line with the foreseen work defined in the project’s DoW, under WP2-Task 2.4: Recreational Fisheries, D-

2.5 was allocated and delivered in September 2016, and is also available at the project’s webpage.  

In Greece, the number of recreational fishers and fishing vessels has been recorded until 2014 when this 

was abolished by the relevant law (Law 4256/2014: Government gazette A’92/14-04-2014). However, the 

composition of recreational catches, the abundance and biomass of the species removed from the sea is 

not recorded officially, thus constituting one of the most important problems in the country’s fisheries 

management because a proportion of the biomass removed from the sea remains unknown. 

Within the framework of PROTOMEDEA, the recreational catches in Greece (Aegean Sea, GSA 22) and 

Cyprus have been estimated by: conducting personal interviews with recreational fishers in the study areas; 

collecting data on recreational fishing from the respective port authorities; and by expanding the estimated 

or collected information to the coastal areas of the Aegean Sea. Data from previous relevant studies were 

also taken into consideration, whenever available. The method followed, has been a questionnaire-based 

survey, and it has been complimented by the collection of the number of recreational fishing licenses 

(individual and boat) from the respective Port Authorities.  

Regarding the questionnaire-based method, two coastal areas from different parts of Greece (Thermaikos 

Gulf in the northern Aegean Sea and Alonissos in the central Aegean Sea) were surveyed based on personal 

interviews from 52 recreational fishers. In Cyprus, 58 interviews were made in total but only 52 

questionnaires were properly filled out. Based on a structured questionnaire, fishers were asked to declare, 

among other aspects: a) the frequency of fishing per year, b) daily fishing hours, c) species caught and d) 

daily, monthly or annual catch in weight. The same data, published within 2013, for two other areas of 

Greece (Kavala Gulf in the northern Aegean Sea and Pagasitikos Gulf in the central Aegean Sea) were also 

used. 

Concerning the collection of the number of recreational fishing licenses from the respective Port 

Authorities, for Cyprus the licenses were recorded from five regions/authorities. For the Aegean Sea, 

pertinent information was collected through personal communication with the port authorities whose 

jurisdiction lies within the boundaries of the Aegean Sea. Forty-two (42) Central Port Authorities located in 

the Aegean Sea as in the Presidential Decree 81 (Government Gazette A125/29-05-2014) and 70 Port 

Authorities and Port Stations were included. The information collected corresponds to what has been 

recorded by each service until 2014. Finally, data were provided by 37 Central Port Authorities and 60 Port 

Authorities and Port Stations. 

For the Aegean Sea, main results concern the species composition (%) of recreational catches based on 

interviews, the yearly recreational catch per coastal prefecture, the number of recreational fishing licenses 

as stated by the Greek Port Authorities and the number of individual recreational fishing licenses (fishers) 

per prefecture as stated by the Greek Port Authorities.  

For Cyprus respectively, main results regard to the species composition of recreational catches from 

interviews, the number of recreational fishing licences per region and category and the mean annual 
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number of fishing days and kg per fisher per day, from interviews 

For further details please refer to D-2.5 (ANNEX IV of the report). 

 

2.5 Dissemination activities  

Within the overall dissemination activities foreseen for the project, the following have been conducted 

within the under study period: 

a. Oral presentation at the 16th Pan-Hellenic Symposium of Ichthyologists, organized by the Greek 

Ichthyological Society in Kavala, Greece (6-9 October 2016) 

b. Round table session on MPAs in Greece, co-chaired by V. Vassilopoulou (PROTOMEDEA WP8 leader) 

and P.K. Karachle (PROTOMEDEA coordinator), at the 8th Congress of the Hellenic Ecological 

Society, organized by the Hellenic Ecological Society in Thessaloniki, Greece (20-23 October 2016) 

For further details please refer to ANNEX V of the report. 

3. Conclusions   

According to the compiled information presented within the 2nd Interim Report, concerning the foreseen 

activities of the project during July 2016 till December 2016, all the respective deliverables have been 

carried out timely; thus confirming consistency to the timetable. Furthermore, the key outcomes are in line 

with the project’s scientific objectives, which is fundamental for its progress. Diverse dissemination 

activities have also been arranged and employed enabling the best communication of the project’s targets 

and results, along with integration with other projects.  

During the following period the consortium’s efforts are expected to be intensified, targeting mostly 

towards best practices necessary to be adopted and scientific tools that need to be implemented, along 

with the achievement of an interactive and effective stakeholders’ involvement.   
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Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean  

(contract number SI2.721917) 

 

Venue: Lucy Hotel, Kavala, Greece 

6 October, 2016 

 

 

Attendants: 

Chartosia Niki (UCY) 

Dimarchopoulou Domna (AUTh) 

Dogrammatzi Aikaterini (HCMR) 

Froese Rainer (member of the Scientific Advisory Board) 

Iosifidis Spyridon (NMPANS) 

Karachle Paraskevi (Voula) (HCMR) 

Kavadas Stefanos (HCMR) 

Koukourouvli Nikoletta (UAegean) 

Michailidis Nikolas (UCY) 

Petrou Antonis (ENALIA Physis) 

Scarcella Guiseppe (CNR) 

Tsagarakis Konstantinos (HCMR) 

Tsikliras Athanassios (AUTh) 
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1. Welcome - Logistics  

The project co-ordinator welcomed the attendants. The agenda was approved (Annex 1). A short round of 

introductions was made, and Dr R. Froese was given the floor. He commented on the fact that with his key-

position in FishBase, he would be happy to provide access or data needed for the project that is included in 

the database. In addition, he mentioned that the results of the project’s field sampling could be used for 

the production of more detailed AquaMaps presented in FishBase with respect to Greece’s biodiversity. He 

also kindly suggested that PROTOMEDEA could be connected with his own project. Concerning the EU-time 

sheets, it was highlighted that the official ones should be downloaded from the EU portal. Regarding the 

National Park in Alonnisos, it was mentioned that data from professional small scale fishing, when 

available, would be helpful for the project.     

2. WP1 presentation by Paraskevi Karachle 

Project Management 

The general progress of the project’s management was presented. The co-ordinator updated the 

Consortium members on the progress of the WP deliverables. So far, within this WP three deliverables have 

been prepared and submitted (D1.1a: Kick-off meeting minutes (January 2016); D1.1b: Inception Report 

(February 2016); and D.1.5: 1st Interim Report (June 2016)). 

3. WP2 presentations by Marianna Giannoulaki, Domna Dimarchopoulou, Stefanos Kavadas and 

Nikoletta Koukourouvli 

Current MPA status is in the Eastern Mediterranean 

As Marianna Giannoulaki was unable to attend the meeting, her presentation was given by Paraskevi 

Karachle. 

With respect to D2.1, a problem was noticed regarding archaeological sites and MPAs, which will be 

resolved by communicating with the Department of Underwater Antiquities. Hence, it has been decided 

that it will be resubmitted after reviewing Other FRAs. 

Regarding to “WP2 Task 2.3: Mapping fishing effort in the study areas”, (initial results presented in the 

meeting for discussion), it seemed that some inputs were incomprehensible (e.g. in the case of trawling in 

Cyprus, and small-scale fishing effort in the area of NMPANS). Focusing on data of special passes given to 

the professionals by NMPANS, it was not clear whether the timeframe given correlated to the actual fishing 

time. Maybe this could be seen from the weather conditions prevailing during the period of fishing. In 

addition, it was underlined that in Alonnissos Park, Piperi Island should be mapped as white (i.e. no-take 

zone), while also there were some problems with the SS maps of Cyprus. Those will be refined by Stefanos 

Kavadas and Irida Maina, and will be corrected. 

Regarding “WP2 task D2.5 – Recreational fisheries in the study areas”, the difficulty in collecting data on 

the quantity of catches from recreational fishermen was raised. Unfortunately there is no data from the 

past and all given data are from anonymous and confidential interviews. Because of the illegal fishing, a 

large annual amount per person occurs from the interview data. But this is misleading because the catches 

are not evenly distributed. It is estimated that less than 10% of amateurs (probably illegal) catch more than 

the 50% of the total annual catches. It was acknowledged by participants that it was well structured and 
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the work done was really important, as recreational fisheries constitute a “black box” in assessments. Effort 

will continue, provided that there will be time available for that. In the case of Greece, it was noted that 

spear fishing and rod fishing were not included in the analyses, as there is no available data (no licenses 

were issued for these activities). In addition, Thanasis Tsikliras noted that there were no data made 

available from Piraeus port authorities. AUTh in collaboration with HCMR will make a second round of 

efforts in order to obtain them. We have to continue with questionnaires data gathering for more reliable 

results.   

4. WP3 Presentations by Paraskevi Karachle, Nikoletta Koukourouvli and Antonis Petrou 

Scientific surveys to test the effects of protected areas 

Concerning the “scientific surveys to test the effects of protected areas (UVS)”, everything is already 

arranged, partners are awaiting the permission from the Department of Underwater Antiquities, in order to 

proceed. It is estimated that by the end of October, the group of the divers of the Department of Marine 

Sciences of the University of Aegean will have visited the NMPANS. 

UVS have been done in Lesvos, Chios, Pagasitikos, Chalkidiki, while they are also planned for Cyclades, 

Dodecanese and Sporades. UVS inside Thermaikos will not take place, as there are no locations fitting the 

profile required by the protocol used. Nevertheless, areas in Chalikidiki Peninsula that are close to the 

opening of the Gulf will be sampled.  

UVS were completed in Cyprus in July in Paralimni, Cape Greko, Cape Pyla, Larnaka Bay, Limassol Bay Cape 

Akrotiri, Moulia Rocks, Geronissos Island and Agios Georgios / Kakoskali islet. The protocol provided in the 

Project Proposal was followed. 

With respect to the trawling surveys in Greece, they have been concluded in July 2016. Overall, three areas 

were sampled (Pagasitikos Gulf, Thermaikos Gulf and Alonissos) and 12 hauls were conducted yielding 

more than 90 species.  

Regarding the trawling surveys in Cyprus, these were carried out in June 2016 in Cape Greko, Moulia Rocks, 

Yeronisos Island and Chrysohou Bay. All planned hauls were undertaken as planned.  

As far as the analysis of UVS data is concerned, it has been agreed that a common one should be followed 

for both Greece and Cyprus. (Stelios Katsanevakis will update Enalia-Antonis Petrou on how to continue 

with the analysis of UVS data).   

Regarding trawling data, they will be analyzed by Paraskevi Karachle and Thanasis Tsikliras for both Greece 

and Cyprus.  

5. WP4 Presentations by Paraskevi Karachle (on behalf of Celia Vassilopoulou), Nikoletta 

Koukourouvli and Antonis Petrou 

Planning a network of MPAs  

The current Work Package hasn’t started yet, according to the project’s DoW. However, it needs to be 

clarified who will be coordinating the analysis for Cyprus. After discussion it was set that Giuseppe Scarcella 

and Antonis Petrou will lead the Cyprus team, and will collaborate with Niki Chartosia to complete this task. 

Additional assistance will be provided by the team lead by Stelios Katsanevakis and the UoA. 
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6. WP5 Presentation by Giuseppe Scarcella 

MPA effect on MSY 

Maybe different species can be used for the analyses of potential fishing closure and the relative impact on 

stock sustainability. However it will depend from data availability regarding the nursery grounds and 

assessment. For the time being the most suitable species for the analyses will be red mullet and picarel in 

Cyprus. 

6. WP6 Presentations by Domna Dimarchopoulou and Nikolas Michailidis 

Ecosystem modelling – Development of Ecopath Models  

PROTOMEDEA’s goal is to design and propose MPA networks aiming to achieve the MSY objectives of CFP. 

Towards this goal and among others, Ecopath models will be developed to describe the food-webs in the 

study areas. These models are snapshots of the state of the ecosystem, the trophic interactions and 

exploitation and are based on mass balance, i.e. what is consumed within a system cannot exceed what is 

produced. Under Task 6.1 and 6.2 of the project, Ecopath models will be developed for the study areas in 

Greece and Cyprus respectively. 

People working on Ecopath modeling in Greece (Thanasis Tsikliras & Domna Dimarchopoulou) met with 

HCMR collaborator and Ecopath expert Konstantinos Tsagarakis for a two-day course (25-26/02/2016) in 

the premises of HCMR in Agios Kosmas, Athens. During the course, the following issues on Ecopath and 

Ecosim were discussed: a) data requirements, b) functional groups, c) parameterization, d) balancing, e) 

output. Also, the attendants were provided with valuable material (presentations, draft models, existing 

data). 

What is more, the Greece group (Thanasis Tsikliras & Domna Dimarchopoulou) together with Nikolas 

Michailidis who works on Ecopath modeling in Cuprus, attended a 30-hour course named “Modelling 

aquatic ecosystems with Ecopath, Ecosim and Ecospace” held in the Institut de Ciències del Mar in 

Barcelona from 30/5 to 3/6 2016. The course introduced basic concepts and modelling procedures of 

aquatic ecosystems, principles behind Ecopath with Ecosim (EwE) and techniques in designing, 

parameterizing and analyzing ecological models with Ecopath. Introductory concepts of the temporal 

module Ecosim and the spatial-temporal module Ecospace were also presented. 

Regarding Greek waters, two Ecopath models will be developed that will examine various management 

scenarios in space and time. One Ecopath model will concern Thermaikos Gulf, which will include an 

Ecospace model and one in Pagasitikos Gulf, which will include an Ecosim model. The functional groups of 

both models are formulated and the base models will be ready for calibration by mid 2017. 

For Cyprus one Ecopath model will be developed, which will concern the insular shelf under governmental 

control. This is the first attempt to set up an Ecopath model in Cyprus, thus the most demanding task is to 

gather, digitize and group all existing information concerning biomass, diet, fisheries related data, etc. 

Missing diet information for the most significant lessepsian species will be obtained through stomach 

content analyses. The produced Ecopath model will be ready by late 2017 and will be used under WP7 to 

run spatial and temporal simulations, to explore different MPA establishment scenarios. 

Paraskevi Karachle is compiling a review paper on the feeding habits of Mediterranean fishes, as an update 

of the work done by Stergiou & Karpouzi (2002). The manuscript will be submitted in October, and once 

accepted all the relevant bibliography that has been collected will be made available to the teams working 
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on ECOPATH modeling.  

7. WP8 Presentation by Vasiliki Vassilopoulou and Mairi Maniopoulou 

Communication and Dissemination 

With respect to WP8, the dissemination plan has been completed; the web page is functional in two 

languages (English and Greek) at the following link: www.protomedea.eu.  

Discussion on compiling the stakeholders’ list followed. It was clear that fishers should be included in this 

list, along with administration, NGOs, etc. This list should be used in order to organize the meetings prior to 

mid 2017. Niki Chartosia and Nikolas Michailidis, with the assistance of Antonis Petrou will compile the list 

for Cyprus, and will forward it to Nadia Papadopoulou and Chris Smith, that are responsible for the 

corresponding list in Greece, under Task 4.4 Stakeholders’ perceptions (link with WP4). 

The attendees agreed with the option to include both an on-line questionnaire for recreational fishing and 

one for stakeholders at the webpage. 

Discussions in plenary – Summing up – the way forward 

The attendees discussed on the general progress of the project. Deliverables of the project are due in time, 

a fact allowing further fine-tuning of the results. It was agreed by the attendees that more effort should be 

put in drafting scientific papers on the results of the project. In addition, other dissemination actions should 

be taken (e.g. local events, local journals, Symposia/Conferences/Meetings). All dissemination actions 

should be forwarded to Paraskevi Karachle and Mairi Maniopoulou in order to be uploaded in the webpage. 

Guiseppe Scarcella mentioned a GFCM fish-forum, where PROTOMEDEA could participate and he will co-

ordinate. 

The next Project meeting can be organized in Cyprus, and this option will be explored within the next 

months. 

http://www.protomedea.eu/
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1. Introduction 

In the framework of PROTOMEDEA, the term “Marine Protected Areas” is used in a wide sense, including 

not only legally established and properly managed marine parks but also a wide variety of areas that are 

under some form of “protection”. Hence, we put an effort to map all marine areas under any kind of 

protection in the Aegean Sea1 (e.g. national marine parks, fisheries restricted areas, NATURA sites, military 

areas, etc.). 

We took advantage of previous mapping efforts as well as official maps whenever they were available. 

Therefore, we used the official mapping of national marine parks and Natura 2000 areas in the Aegean Sea 

(http://www.ypeka.gr/LinkClick.aspx?fileticket=dr3UX5Zt%2fcM%3d&tabid=432&language=el-GR). 

Mapping the Fisheries Restricted Areas2 (FRAs) was the most complicated component of the present work, 

as there was no official compilation and mapping of the fisheries legislation. The national fisheries legal 

framework is remarkably intricate, as it is characterized by extensive overregulation. Thus, the 

identification and mapping of FRAs is an extremely demanding procedure. The lack of an official 

codification3 of the Greek fisheries legislation by the competent authorities (i.e. the National Printing 

Office4 and the Ministry of Rural Development & Food), makes the procedures even more complicated.  

Argyrakopoulos (2006) has attempted an unofficial codification of the Greek fisheries legislation, aiming to 

provide a useful guidebook/tool (rather than a scientific document) to the fisheries sector stakeholders (i.e. 

professional and recreational fishermen, port authorities and administrative officers, etc). This guidebook 

also includes descriptive maps (as images) of most of FRAs established till 2006.  

The Directorate of Fisheries Control of the Hellenic Coast Guard at its official web-site 

(www.hcg.gr/alieia/main.php) is providing considerable data on fisheries legislation. As far as FRAs are 

concerned, a detailed record of all spatio-temporal restrictions of fishing activities is provided in an 

informative non-interfered table. This record includes information about the characteristics of the 

restrictions (e.g. the competent coast guard authority, the type of gear, the legal reference, the period of 

the restriction etc.), but no mapping data is provided, except for bottom trawlers.     

The first scientific attempt to review, identify and map existing FRAs in the study area was performed by 

the MAREA PROJECT-MEDISEH (Mediterranean Sensitive Habitats, 2013). The revision of the existing 

information was based on reports, grey literature and maps, with or without georeferenced information. 

Some of the major difficulties encountered by MEDISEH, concerning the FRAs identification and mapping, 

were (among others) the lack of knowledge on locations, gears and of some regionally adopted measures, 

mainly due to the fact that many national measures are described in laws without accompanied maps, 

                                           

1 The Greek part and international waters of GSA 22 

2
 The term “Fisheries Restricted Areas, FRAs” is defined as geographically-defined areas in which all or certain fishing 

activities are temporally or permanently banned or restricted, in order to improve the exploitation and conservation 

of harvested living aquatic resources or the protection of marine ecosystems according to the GFCM e-Fisheries 

Glossary (www.fao.org/gfcm/activieties/fisheries/glossary/net). 

3 The term “Codification” is defined as the process of bringing together a legislative act and all its amendments in a 

single new act, according to the European Commission’s Legal Service 

(ec.europa.eu/dgs/legal_service/codifica_en.htm) 

4 The National Printing Office (Εθνικό Τυπογραφείο) is the competent authority for the publication of legal acts and 

their corrections, amendments or repeals. 

http://www.ypeka.gr/LinkClick.aspx?fileticket=dr3UX5Zt%2fcM%3d&tabid=432&language=el-GR
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proper geographical or geospatial information. Thus, in the FRAs database created within the framework of 

that project, although almost all FRAs entries included some form of spatial information, there were some 

cases where it was not possible for them to be mapped. According to the experts’ team of MEDISEH 

Project, after the completion of the project a large number of fisheries measures were still largely 

unrecorded, and it was proposed that it is worthwhile for the FRAs database to be updated and enriched in 

the future (Papadopoulou et al., 2013). 

In the context of the PROTOMEDEA Project, an up-to-date systematic review and unofficial codification of 

the national fisheries legislation, concerning all spatio-temporal restrictions of fishing activities in the study 

area (GSA 22, Aegean Sea), was performed from scratch. Also a record of the FRAs identified was built, 

accompanied by a database, containing detailed information for each FRA. In addition, the FRAs established 

by the European Union and the General Fisheries Commission for the Mediterranean (GFCM), as well as 

other restrictions (e.g. due to ports, beaches, archaeological sites, underwater cables/pipes, waste effluent 

sites, navigation channels, military areas, etc) were identified, recorded and mapped. Finally, all FRAs were 

mapped, as polygons in GIS shapefiles. The whole process was supported by the Greek competent 

Authorities, i.e. the Directorate for Fisheries Control of the Hellenic Coast Guard - Ministry of Shipping 

and Island Policy, and the Directorate General for Sustainable Fisheries of the Ministry of Rural 

Development and Food, to obtain common acceptance of the current project’s deliverables.  

2. Materials and Methods 

In order for the national Fisheries Restricted Areas (FRAs) to be determined in the study area, a systematic 

review of the national fisheries legal framework, concerning spatio-temporal restrictions to fishing 

activities, outside the boundaries of Marine Protected Areas (MPAs), was performed. All legislative acts 

i.e. Royal Decrees (RD), Presidential Decrees (PD) and Ministerial Decisions (MD) for the establishment of 

spatio-temporal restrictions in the study area were retrieved by the Greek National Printing Office’s official 

webpage (www.et.gr) and were arranged in chronological order, from the oldest to the most recent.  

Then, unofficial codification was performed at all legislative acts and a consolidated text was obtained 

where required. In that way, the provisions which are in force, are corrected, amended or repealed were 

identified. Consequently, all spatio-temporal restrictions to fishing activities which are in force were also 

identified.   

It was decided that each spatio-temporal restriction concerning a certain fishing gear constitutes a unique 

FRA. In some FRAs there is a permanent ban of a specific fishing gear, while in some others the ban is 

seasonal. A database of all FRAs was then build containing detailed information for each FRA, organized in 

separate fields. The name and description of each database field is given in Table 1. Codes FRAGRC0001- 

FRAGRC0359 refer to FRAs based on fisheries legislation, whereas codes FRAGRC0360-FRAGRC0555 refer to 

other FRAs. 

In each FRA a unique FRA code was attributed. In the occasion of having spatio-temporal restrictions in the 

same area for different fishing gears, a FRA was established for each gear and a distinct FRA code was 

attributed to each one of them. A duplicate code was also attributed to them, to identify the resemblance 

of these areas.  

The spatial information for each FRA was implemented in a unified Geographic Information System (GIS), 

using the ESRI ArcGIS 10.1 software. The Lambert Azimuthal equal-area projection was used as map 

projection. Polygons in shapefile format for each FRA were created from scratch, using the information 

given at the relevant legislative acts. In cases where the available information for the delimitation of the 

FRAs was insufficient (e.g. unknown locations, capes, beacons) the contribution of the competent 

http://www.et.gr/


PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean  D-2.1 

MPA maps in the Aegean Sea  3 

authorities (mostly the Coast Guard Services) was requested. The use of grey literature (Argyrakopoulos, 

2006) and of supplementary material (e.g. navigation maps, travel maps etc.) was also helpful in some 

cases. In the occasion of having spatio-temporal restriction in the same area for different fishing gears (i.e. 

FRAs with the same duplicate code), a single polygon was created and it was copied as many times as the 

number of the duplicated areas. In the cases where, according to the legislative act, bathymetry was 

necessary for the delimitation of the FRAs, bathymetry contours were used to create the relevant polygons 

(the bathymetry contours of 20 and 30 meters were used). 

 

Table 1. Description of the database fields. 

No  FIELD NAME FIELD NAME  FIELD DESCRIPTION 

 at the excel database at the shapefile 

attribute table 

1. FRA CODE FRA_CD The unique code attributed to each spatio-temporal restriction 

imposed for a specific fishing gear. It is the identity code of each FRA 

2. DUPLICATE CODE DBL_CD The common code attributed to all FRAs concerning spatio-temporal 

restrictions for different fishing gears in the same area 

3. GEOGRAPHICAL SUB AREA GSA The General Fisheries Commission for the Mediterranean (GFCM) 

geographical sub-area code 

4. PORT AUTHORITY PORT_A The name of the competent port authority 

5. PORT AUTHORITY CODE PORT_A_CD The code of the competent port authority 

6. GEOGRAPHIC REGION G_REG The name of the geographic region where the FRA is found 

7. GEOGRAPHIC REGION CODE G_REG_CD The Nomenclature of Territorial Units (NUTS) code of the geographic 

region where the FRA is found 

8. GEOGRAPHIC SUB-REGION SUB_REG The name of the geographic sub-region where the FRA is found 

9. AREA DESCRIPTION AREA_DES The description of the area where the spatio-temporal restriction is 

imposed, according to the relevant legislative act 

10. AREA SURFACE SURF The description of the surface of the area where the spatio-

temporal restriction is imposed, according to the relevant legislative 

act 

11. REFERENCE REF The reference document (e.g. descriptive maps, coordinates etc.) 

used for the mapping of the FRA 

12. PURPOSE PURP The purpose for the establishment of the FRA (e.g. stock protection, 

artificial reef, Posidonia oceanica seabed) 

13. CLOSURE TYPE CLOS_TYPE The type of closure i.e permanent or seasonal 

14. START DAY DAY_ST The closure period start day 

15. START MONTH MONTH_ST The closure period start month 

16. END DAY DAY_END The closure period end day 

17. END MONTH MONTH_END The closure period end month 

18. RESTRICTED GEAR GEAR The restricted fishing gear type for the specific FRA  

19. RESTRICTED GEAR DETAILS 1 GEAR_D1 The restricted fishing gear type for the specific FRA more detailed 

(i.e the specific gear/s prohibited) 

20. RESTRICTED GEAR DETAILS 2 GEAR_D2 The restricted fishing gear type for the specific FRA even more 

detailed (i.e. the specific gear/s sub-category or species prohibited) 
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21. LEGAL FRAMEWORK 

 

LG_FRWRK The number and year of issue of the legislative act by which the  FRA 

was established  (and the number  and year of government gazette 

issue) 

22. LEGAL FRAMEWORK DETAILS LG_FRWRKD The number of article and/ or paragraph of the legislative act by 

which the FRA was established 

23. AMENDMENT LEGAL 

FRAMEWORK 

AMEND_LF The number and year of issue of the amendment of the legislative 

act by which the  FRA was established and the number and year of 

government gazette issue 

24. AMENDMENT LEGAL 

FRAMEWORK DETAILS 

AMEND_LFD The number of article and/ or paragraph of the amendment of the 

legislative act by which the FRA was established 

 

The national FRAs polygons were organized in five shapefiles. Each of them contained all polygons of FRAs 

established for each one of the following fishing gear categories (Table 2), i.e. trawls5, purse seines, small 

scale fishing gears (dredges, gillnets and entangling nets, traps, hooks and lines, beach seines), towed6 

fishing gears (trawls, purse seines, beach seines, dredges) and all gears. The other FRAs (oFRAs) polygons 

were organized in two shapefiles, one containing archaeological restrictions and the other containing 

ports, beaches, underwater cables/pipes, waste effluent sites, navigation channels, military areas and 

other restrictions. Another shapefile was created for the MPAs as retrieved from the Natura 2000 maps 

of the Ministry of Environment and Energy. Since the Natura 2000 areas are both terrestrial and marine, 

the polygons were reshaped keeping only the marine part of the protected areas.  

Initially the categorization was based on the main group of fishing gears used, i.e. trawls, purse seines and 

small scale fishing gears. All small scale fishing gears were grouped in one category, for practical reasons (as 

there are too many types of small scale fishing gears used in the Greek fisheries). Thus, in the database 

built, two more levels of detail are given (when available), in order to obtain full description of the gear in 

which the restriction is imposed.  

The use of “towed gears” category was based on the provisions of 2 legal acts, i.e. MD No 167378/ 2007 

(Government Gazette Issue (GGI) D, 241) and MD No 2442/51879/2016 (GGI D, 118), concerning the 

determination of areas with Posidonia oceanica sea beds, where fishing restrictions with the use of towed 

gears are established.  

The use of “all gears” category was based on the provisions of 5 legal acts i.e. PD 987/1980 (GGI A, 247), PD 

144/1986 (GGI A, 53), PD 228/2006 (GGI A, 229), PD 68/2009 (GGI A, 90) and PD 115/2007 (GGI A, 146), 

concerning the establishment of fishing restrictions for all fishing gears.   

The polygons in shape file format, which correspond to the FRAs for the trawls, were kindly granted by the 

Directorate of Fisheries Control of the Hellenic Coast Guard. These files were checked, corrected (where 

needed) and the relative data was incorporated to the excel database.  

 

                                           

5 In this document, ‘trawls’ refers to ‘otter bottom trawls’ 

6 This category was created in order to enclose all FRAs established for the protection of Posidonia oceanica beds, 

under the provisions of the Council Regulation (EC) 1967/2006, which prohibits the use of trawl nets, dredges, purse 

seines, boat seines, shore seines or similar nets above seagrass beds of, in particular, Posidonia oceanica or other 

marine phanerogams. Due to the fact that all the above gears are towed (except for PS which is mobile), we chose to 

use the name “towed” for this category. 
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Table 2. Presentation of fishing gear categories, used to classify national FRAs and the 

respective polygons, organized in five shapefiles (TRAWLS, PURSE SEINES, SMALL SCALE 

GEARS, TOWED GEARS, ALL GEARS). The codification is according to the provisions of 

Commission Regulation (EC) No1799/2006. 

GEAR 

CATEGORY 
GEAR CODE 

STATIC (S), 

TOWED (T) 

OR MOBILE 

(M) GEAR 

TRAWLS Otter Bottom Trawls OTB T 

PURSE SEINES Purse seines PS M 

SMALL SCALE 

GEARS 

Beach seines SB T 

DREDGES 

Boat dredges DRB T 

Hand dredges used on board a vessel DRH T 

GILLNETS AND 

ENTANGLING 

NETS 

Set (anchored)gill nets GNS S 

Encircling gill nets GNC S 

Trammel nets GTR S 

Combined trammel nets GTN S 

TRAPS Pots (traps) FPO S 

HOOKS AND 

LINES 

Hand lines and pole lines (hand operated) LHP S 

Hand lines and pole lines (mechanized) LHM S 

Set longlines LLS S 

Longlines (drifting) LLD S 

Troll lines LTL M 

 

After the completion of the mapping procedure of all existing FRAs, the excel database table was joined to 

the shapefiles attribute table, using as common field the “FRA CODE”. The area (in square meters) and 

perimeter (in meters) for each FRA was calculated and displayed in the shape files’ attribute tables.   

Additionally to the national FRAs, the FRAs established by the European Union and the General Fisheries 

Commission for the Mediterranean (GFCM) in the study area, were also identified, recorded and mapped 

from scratch, based on the relative legal acts (e.g. Regulations, Recommendations etc).  

Argyrakopoulos (2006) and the official web-site of the Directorate of Fisheries Control of the Hellenic Coast 

Guard were also used for the mapping of protected areas that are not related to fisheries legislation 

(oFRAs), namely ports, beaches, archaeological sites, underwater cables/pipes, waste effluent sites, 

navigation channels, military areas and other restrictions. Information on archaeological sites was 

extracted from the ministerial decisions of the General Directorate of Antiquities (Ministry of Culture and 
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Sports) as well as the List of Archaeological Sites and Monuments of Greece of the Directorate of the 

National Archive of Monuments, whereas information on ports, beaches, underwater cables/pipes, waste 

effluent sites, navigation channels, military areas and other restrictions was extracted from the General and 

Specific Port Regulations (Ministry of Shipping and Island Policy).  

The oFRAs polygons were organized in two shapefiles, one containing archaeological restrictions and the 

other containing ports, beaches, archaeological sites, underwater cables/pipes, waste effluent sites, 

navigation channels, military areas and other restrictions. Another shapefile was created for the MPAs as 

retrieved from the Natura 2000 (reshaped to maintain the marine part) maps of the Ministry of 

Environment and Energy.  

 

3. Results-Discussion 

The national fisheries legal framework, concerning spatio-temporal restrictions to fishing activities in the 

study area (Greek part of GSA 22 – Aegean Sea), comprises of a set of forty one (41) legal acts, i.e. 3 

Ministerial Decisions, 14 Royal Decrees and 24 Presidential Decrees.  

By the unofficial codification, it was revealed that 5 legal acts were repealed (1 Ministerial Decision, 2 Royal 

Decrees and 2 Presidential Decrees), 4 were amended (all Royal Decrees) and 2 were corrected (1 

Ministerial Decision and 1 Presidential Decree). The main output of the unofficial codification process was 

six (6) consolidated texts.    

A total of 230 national FRAs, 5 EU and GFCM FRAs, 196 oFRAs and 70 MPAs (including all NATURA-2000 

sites with a marine part) were identified in the study area. The classification of the FRAs according to the 

geographic region, the gear type, the establishment purpose and the closure type is presented in Fig. 1, 

whereas the classification of the oFRAs according to the restriction type, geographic region and type of 

closure is presented in Figs 2, 3, and 4 respectively.  

All the available information concerning the 230 national FRAs and 5 EU and GFCM FRAs identified was 

organized in an Excel table consisted of 230 lines and 24 columns, i.e. approximately 5.000 cells were filled 

in. The oFRAs and MPAs table consisted of 266 lines and 24 columns.  

A total of 225 polygons in shapefile format was the final component inserted in the national FRAs database. 

Given that, according to the initial study design, for every FRA identified, one polygon would be created, it 

was expected that the database would end up with 230 polygons. Though, polygons for 5 FRAs were 

impossible to be created, due to lack of the “super” shallow contour of 2 meters (in 4 cases) or due to the 

lack of information for fish farms location (in 1 case). 196 polygons were created by scratch and 32 were 

kindly granted by the Directorate of Fisheries Control of the Hellenic Coast Guard. Thus, a total of 225 

(193+32) polygons were finally incorporated in the database. 
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Fig.1 Classification of the total of 230 FRAs identified, according to geographic region, gear type 

category, establishment purpose and closure type.  

 

 

 

Fig.2 Classification of the total of 196 oFRAs identified, according to restriction type.  
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Fig.3 Classification of the total of 196 oFRAs identified, according to geographic region.  

 

 

Fig.4 Classification of the total of 196 oFRAs identified, according to closure type.  

 

In 14 cases duplicate FRAs were identified and thus 32 duplicate polygons were created, as copies of the 

initially created polygon for each case (i.e. out of the 225 polygons inserted on the FRAs database, 32 are 

duplicate polygons).  

Finally, polygons concerning the same gear type were merged in one shapefile, and thus the geographic 

information for all FRAs is available in 5 different shapefiles, one file for each of the following gear types: 32 

polygons for trawls (OTB), 27 for purse seines (PS), 47 for small scale fishing gears (SS), 113 for towed gears 

(OTB, PS, SB, DRB, DRH) and 6 for all gears (see Figs 5 to 9 respectively).  

According to article 13 of the Council Regulation (EC) 1967/2006, concerning management measures for the 

sustainable exploitation of fishery resources in the Mediterranean Sea, three FRAs were identified, one for 

each of the gear categories trawls (OTB), purse seines (PS) and small scale gears (SS). Moreover, according 

to paragraph 1 of Recommendation CM-GFCM/29/2005/1, for the management of certain fisheries 

exploiting demersal and deep water species, two additional FRAs were identified, one for each of the gear 

categories trawls (OTB) and small scale fishing gears (SS). Information concerning these FRAs was also 

inserted in the FRAs database. Finally, five polygons in five distinct shapefiles were created by scratch for 

each of these FRAs (Figs 10–14). 

The total perimeter (in kilometers) and the total area (in square kilometers) of FRAs (based on national 

legislation) per gear category are shown in Table 3. The total perimeter (in meters) and the total area (in 
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square meters) of the EU and GFCM fisheries legislation FRAs per gear category are shown in Table 4. 

Marine Natura 2000 sites and National Parks (i.e. 70 marine protected areas) are depicted in Figs 15 and 16, 

while oFRAs (196 polygons) in Figs 17 and 18. The total perimeter (in kilometers) and the total area (in 

square kilometers) of oFRAs (per restriction type) and MPAs are shown in Table 5. Fig. 19 depicts all FRAs 

and MPAs in the Aegean Sea (Greek and international waters). 

 

Table 3. Number of FRAs, total perimeter and total area of national fisheries 

legislation FRAs per gear category.  

GEAR CATEGORY 
NATIONAL FRAs 

(No) 

PERIMETER 

(km) 

AREA 

(km2) 

OTB 32 5 523 12 483 

PS 27 3 114 8 570 

SS 47 4 562 23 551 

TOWED 113 3 257 2 009 

ALL GEARS 6 478 1 445 

TOTAL 225 16 934 48 057 

 

 

Table 4. Number of FRAs, total perimeter and total area of the EU and 

GFCM fisheries legislation FRAs per gear category.  

GEAR CATEGORY 
EU & GFCM  FRAs 

(No) 

PERIMETER 

(km) 

AREA 

(km2) 

OTB 2 27 229 76 975 

PS 1 23 172 3 263 

SS 2 27 184 60 596 

TOTAL 5 77 585 140 833 

 

Table 5. Number of oFRAs and MPAs, total perimeter and total area.  

RESTRICTION TYPE 
Areas 

(No) 

PERIMETER 

(km) 

AREA 

(km2) 

Ports 

Beaches 

Archaeological 

43 

39 

60 

184 

1458 

1007 

54 

283 

2308 

Other 24 840 245 

Cables/pipes 15 148 60 

Waste effluent 8 50 26 

Channels 

Military 

MPAs 

4 

3 

70 

33 

17 

5 570 

13 

2 

4 574 

TOTAL 266 9 307 7 565 
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Fig.5 Map of the 32 FRAs for the fishing gear category “Trawls-OTB” in the Aegean Sea (GSA22), according 

to the national fisheries legal framework. 
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Fig.6 Map of the 27 FRAs for the fishing gear category “Purse seines-PS” in the Aegean Sea (GSA22), 

according to the national fisheries legal framework.   
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Fig.7 Map of the 47 FRAs for the fishing gear category “Small Scale Gears-SS” in the Aegean Sea (GSA22), 

according to the national fisheries legal framework. It has to be noted that the restrictions in each FRA do not 

necessarily refer to all the gears included in the category SS. Hence, the FRAs depicted in this map should not 

be seen as closed areas for all small-scale fisheries.  
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Fig.8 Map of the 113 FRAs for the fishing gear category “Towed Gears-OTB, PS, SB, DRH, DRB” in the 

Aegean Sea (GSA22), according to the national fisheries legal framework, for the protection of Posidonia 

oceanica sea-beds. All these FRAs refer to permanent restrictions. 
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Fig.9 Map of the 6 FRAs for the fishing gear category “All Gears” in the Aegean Sea (GSA22), according to 

the national fisheries legal framework.   
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Fig. 10 Map of the FRA for the fishing gear category “Trawls-OTB” in the Aegean Sea (GSA22), according to 

the European Union’s legal framework i.e. Council Regulation (EC) 1967/2006, concerning the prohibition of 

the use of trawl nets within 3 nautical miles of the coast or within the 50 m isobath where that depth is 

reached at a shorter distance from the coast and the prohibition of the use of trawl nets within 1.5 nautical 

miles of the coast. 
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Fig. 11 Map of the FRA for the fishing gear category “Trawls-OTB” in the Aegean Sea (GSA22), according to 

the GFCM legal framework i.e. Recommendation CM-GFCM/29/2005/1, concerning the prohibition of the 

use of trawl nets fisheries at depths beyond 1 000 m. 
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Fig. 12 Map of the FRA for the fishing gear category “Purse Seines-PS” in the Aegean Sea (GSA22), according 

to the European Union’s legal framework i.e. Council Regulation (EC) 1967/2006, concerning the 

prohibition of the use of purse seines within 300m of the coast or within the 50 meters isobath, where that 

depth is reached at a shorter distance from the coast.  
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Fig. 13 Map of the FRA for the fishing gear category “SS-Small Scale Gears” in the Aegean Sea (GSA22), 

according to the European Union’s legal framework i.e. Council Regulation (EC) 1967/2006, concerning the 

prohibition of the use of dredges within 3 nautical miles of the coast or within the 50 m isobath where that 

depth is reached at a shorter distance from the coast and the prohibition of the use of dredges within 0.3 

nautical miles of the coast.    
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Fig. 14 Map of the FRA for the fishing gear category “Small Scale Gears-SS” in the Aegean Sea (GSA22), 

according to the GFCM legal framework i.e. Recommendation CM-GFCM/29/2005/1, concerning the 

prohibition of the use of dredges fisheries at depths beyond 1 000 m. 
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Fig.15 The marine part of the Natura-2000 network in the Aegean Sea (GSA22) 
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Fig.16 National parks with a marine area in the Aegean Sea (GSA22) 
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Fig.17a oFRAs: archaeological sites in the Aegean Sea (GSA22) 
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Fig.17b Zoom in oFRAs: archaeological sites in the Aegean Sea (GSA22) 

 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean  D-2.1 

MPA maps in the Aegean Sea  24 

 

Fig.17c Zoom in oFRAs: archaeological sites in the Aegean Sea (GSA22) 
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Fig.18a oFRAs: other restrictions (ports, beaches, underwater cables/pipes, waste effluent sites, navigation 

channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig.18b Zoom in oFRAs: other restrictions (ports, beaches, underwater cables/pipes, waste effluent sites, 

navigation channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig.18c Zoom in oFRAs: other restrictions (ports, beaches, underwater cables/pipes, waste effluent sites, 

navigation channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig.18d Zoom in oFRAs: other restrictions (ports, beaches, underwater cables/pipes, waste effluent sites, 

navigation channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig.18e Zoom in oFRAs: other restrictions (ports, beaches, underwater cables/pipes, waste effluent sites, 

navigation channels, military areas and other restrictions) in the Aegean Sea (GSA22) 
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Fig. 19 Map of all FRAs and MPAs in the Aegean Sea (GSA 22). The FRAs depicted in the map should not be 

seen as areas closed for fishing but as areas in which there is a permanent or seasonal restriction to at least 

one fishing gear. 
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Abbreviations 

DRB Boat dredge 

DRH Hand dredge used on board a vessel 

FPO Pots (traps) 

FRA Fisheries Restricted Area 

oFRA other Fisheries Restricted Area 

GFCM General Fisheries Commission for the Mediterranean 

GGI Government Gazette Issue 

GNS Set (anchored) gill nets 

GNC Encircling gill nets 

GSA GFCM Geographical Sub-Area 

GTN Combined trammel and gill nets 

GTR Trammel nets 

LHM Hand lines and pole lines (merchandised) 

LHP Hand lines and pole lines (hand operated) 

LLD Longlines (drifting) 

LLS Set longlines 

LTL Troll lines 

M Mobile gear 

MD Ministerial Decision 

MPA Marine Protected Area 

OTB Otter Bottom Trawl 

PR Presidential Decree 

PS Purse Seine 

PSd Purse Seine (operated during day-time) 

PSd  Purse Seine (operated during night-time) 

RD Royal Decree 

S Static gear 

SB Beach Seine 

SS Small Scale fisheries 

T Towed gear 
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1. Introduction 

In recent years, the application of a Vessel Monitoring System (VMS) in Europe allowed an analysis of the 

spatio-temporal distribution of fishing effort in high resolution (Lee et al., 2010), for vessels with total 

length >12 m (EC, 2003). VMS is a satellite-based monitoring system which at regular intervals provides 

data to the fisheries authorities on the location, course and speed of fishing vessels (Fig 1). VMS is 

nowadays a standard tool of fisheries monitoring and control worldwide. The EU legislation requires that all 

coastal EU countries should set up systems that are compatible with each other, so that countries can share 

data and the Commission can monitor that the rules are respected. Another case is, when VMS data are 

requested in the context of a specific investigation and provided by the Member State as a file containing 

VMS positions. At the Commission, the data are processed under the responsibility of the Head of Unit 

MARE/D4 (Directorate-General for Maritime Affairs and Fisheries, Directorate D: Mediterranean and Black 

Sea), acting as the Controller. 

http://ec.europa.eu/dgs/maritimeaffairs_fisheries/index_en.htm 

 

 

Fig 1: VMS technology (FAO, 2005-2014) 

 

The essential components of VMS function are: tracking vessel locations, identifying possible fishing activity 

and providing a means of communication. Examples of management rules where VMS could be effective 

will probably include restrictions related to geographic areas (Murawski et al., 2005). The analysis of VMS 

data can also be a significant input for several modelling approaches combining VMS data with bathymetry, 

environmental and oceanographic data, fisheries data (catches, landings, discards), sea bottom types and 

habitats (Kavadas et al., 2014, Maina et al., 2016). 

 

http://ec.europa.eu/dgs/maritimeaffairs_fisheries/index_en.htm
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In addition, despite the high significance of small-scale fisheries in the Mediterranean Sea, the vast majority 

of the small scale vessels do not meet the criteria of currying the VMS. Therefore, there is no actual 

estimate of their fishing footprint on a spatial scale. With the intention of contributing to the 

implementation of a future maritime spatial plan, it was decided to analyze data from the small scale 

fisheries sector of Greece. The potential fishing footprint/intensity was derived by means of Multi Criteria 

Decision Analysis (MCDA) with the aspiration to serve as a valuable source of information for efficient 

spatial planning (Kavadas et al., 2015).  

 

2. Materials and methods    

2.2 Estimation of fishing effort from trawlers, purse seiners and small scale fisheries based on VMS data 

2.2.1  VMS data availability and use 

According to Commission Regulation (EU) No 2244/2003, fishing vessels higher than 12 meters in total 

length, are obliged to be equipped with VMS, which at regular time intervals (every two hours) provides 

data to the fisheries authorities related to the location, heading and speed of vessels. VMS data are 

characterized as “confidential” and are provided after relevant application document by the responsible 

authority and there is a commitment that the data will be used only for research purposes and never the 

activity of a specific vessel will be reported. This means that the identification number of the vessel is 

protected and does not become visible anywhere.  

 

The specification and actual measurement of fishing effort have long posed problems for fishery 

researchers and managers (Caddy & Griffiths, 1995). Several methods have been developed and applied to 

VMS data to obtain estimates of fishing effort (Lee et al., 2010). In the current work, primary VMS data for 

the years 2009-2015 were analyzed in the study areas (Greece and Cyprus). 

 

2.2.2   VMS data and fishing fleet characteristics for each case study 

 

For Greece VMS data were provided by the Hellenic Ministry of Maritime Affairs, Islands and Fisheries 

(following a requesting procedure). VMS data are characterized as confidential, and only the results 

obtained from the analysis of data may be published. The available datasets cover the period from January 

2009 until December 2015. The Fisheries Data Center of the Institute of Marine Biological Resources and 

Inland Waters is responsible to host the data, to evaluate, analyze and distribute the results of the analysis 

in maps or in statistical tabulated matrices. 

In Greece, all trawlers (282 vessels) are equipped with VMS, while 225 purse seiners and 70 coastal vessels 

have total length greater than 15 meters and therefore are equipped with VMS (fleet register in 2015; 

Kavadas eta al., 2013). The majority of coastal fishing vessels are not obligated to have VMS due to small 

length size.  

For Cyprus VMS data were provided by the Department of Fisheries and Marine Research upon a request. 

The VMS system has been in use since 2004 on the polyvalent vessels > 12 m, trawlers and the single purse 

seine vessel. The coastal vessels were equipped with VMS system for the period 2007 - 2011. Currently the 
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system works on the two remaining trawlers in the fleet and some 26 polyvalent vessels which mainly 

target large pelagic.  

2.2.3 Primary analysis of VMS data 

The primary analysis of VMS data was based on VMSbase an R package which is devised to manage, process 

and visualize information about fishing vessels activity (provided by VMS) and catches/landings (as 

reported in the logbooks) (R Development Core Team, 2014; Russo et al., 2014). Methodologies include 

data cleaning, that is removal of redundant or evidently erroneous records, and data enhancing, that is 

interpolation and merging with external data sources. On that basis, common errors and outliers in VMS 

dataset were filtered out and removed. Some common errors in VMS dataset are: 

 vessel positions on land 

 implausibly high speeds (> 20 knots)  

 headings outside a compass range (0-359 degrees)  

 duplicate records. 

In addition, the interpolation refers to the artificial increase in VMS ping temporal frequency obtained by 

applying a mathematical algorithm that estimates position, speed and course at times that are not 

recorded (Russo et al., 2011). In general, this step is needed in order to ensure fisheries data from VMS 

have proper temporal detail, as the standard frequency of native data is generally low (i.e. around 2 hours). 

To this end, VMS dataset were enhanced using interpolation techniques. Moreover, sea bottom depth for 

each ping was further assigned.  

Classification of fishing activity as “fishing”, “steaming” or “mooring” consist one of the most important 

processes in VMS data analysis. Speed thresholds for trawlers, purse seiners and small scale fishing vessels 

depending on depth stratum, experimental sampling and onboard observations, were used in order to 

define the “fishing” activity. It was considered that for bottom trawlers VMS readings of speed < 4 knots 

correspond to “fishing” otherwise the signals were characterized as “steaming”. In the same way, VMS 

readings of speed < 2 knots for purse seines and small scale fishing vessels were characterized as “fishing”. 

VMS pings falling within a circular buffer around each harbor classified as ‘‘mooring’’. The distance 

threshold characterizing ‘‘mooring’’ was 3 km for trawlers, 300 m for purse seiners and 100 m for small 

scale fisheries. Since the information derived by the electronic logbooks was not available for both case 

studies, analysis of logbook data was not performed. 

 

2.2.4 Estimation of  fishing effort 

The final step of the analysis comprises the estimation of fishing effort which is typically computed as the 

amount of fishing effort deployed in each element (i.e. 2×2 grid cell size) of a given space partitioning. For 

modeling purposes, fishing effort was finally expressed in fishing hours, in days at sea, days×GT and 

days×KW. The estimation of fishing effort expressed in fishing hours was based on the VMS data 

enhancement procedure using interpolation techniques (Russo et al., 2011). Since the standard frequency 

of the native dataset was around 2 hours and the frequency of the interpolated dataset was increased at 10 

minutes, estimation of fishing hours by grid cell calculated as the total number of fishing signals with 10 

minutes frequency divided by 6. The estimation of fishing effort in days at sea, days×GT and days×KW, was 

based on a multi-step procedure assuming that each vessel can visit a fishing rectangle (i.e. grid cell 2×2 

km) more than once a day; therefore, a weighted value was attributed to each rectangle depending on the 

number of visits it received within 24 h (Table 1) (Kavadas & Maina, 2012; Kavadas et al., 2014; Maina et al., 
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2016). 

 

 

Table 1: Methodology to estimate the fishing effort by grid cell expressed in days at sea, days×GT and 

days×KW  

(a) Each group of signals spatially joined to the related grid cell (2×2 km) 

(b) Calculate the number of signals (p) per vessel (v) and day (d) Τv,d=count(pv,d) 

(c) Calculate the number of signals per grid cell (c), vessel and 

day 
Τc,v,d=count(pc,v,d) 

(d) Allocate weight in each grid cell per vessel and day. The 

resulting value is multiplied by gross tonnage (GT) and power 

engine (KW) 

Ec,v,d= Τv,d,c / Τv,d (≤1) 

Σ Ec,v,d=1 (one “fishing day”) 

Gc,v,d= Ec,v,d×GTv 

Wc,v,d= Ec,v,d×KWv 

(e) Estimation of fishing effort by 2×2 grid cell 

DSc= ΣvΣd Ec,v,d 

GTDc=ΣvΣd Gc,v,d 

KWDc=ΣvΣd Wc,v,d 

 

2.3 Estimation of fishing effort from small scale fisheries based on MCDA 

Since primary data on fishing vessels locations were not available for small scale vessels, a methodological 

approach based on MCDA has been employed to estimate a fishing pressure index for the small-scale 

fishery (FPc) in the Greek study area. This methodology produces fisheries footprint by taking into 

consideration several interactions with other anthropogenic or environmental factors. The methodology is 

further described on Kavadas et al., 2015, and it is considered as a modified work based on data from 2009 

to 2015 for the case study area.  

Several methods and processes such as the Analytic Hierarchy Process (AHP) and Fuzzy logic were applied 

in an effort to solve the multiple criteria problem. FPc was perceived as the fuzzy product of two indices: 

the coastal fishery suitability index (Sc) and the activity index (Ac) based on the spatial distribution of 

registered small scale fishing vessels in the Greek study area: 

FPc = Sc×Ac 

To this end, we identified the most influential components and criteria affecting small-scale coastal fishing. 

Each criterion was assigned a grading value by expert judgment; a rank of order of importance. The final 

rankings used for all criteria under study (Table 2). The criteria were the following:  

 bathymetry  (source: University of the Aegean, HCMR) 

 distance from coastline (ESRI, 2011) 

 Chl-a annual concentration (period: 2009- 2015, source: http://oceancolor.gsfc. nasa.gov/cms/) 
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 fisheries restricted areas for small scale fisheries (legislation, source: Petza et al., 2016) 

 marine traffic activity based on ferries and cargos (source: http://www.marinetraffic.com) 

 bottom trawlers and purse seiners annual fishing effort (period: 2009- 2015) 

 no-take zones: aquaculture farms, depth >500 m.  

 

Table 2: Ranking* of the criteria taken into account in MCDA 

Bathymetry (meters) Grade 
 

Marine traffic activity  
(cargos & ferries) 

Grade 

0 - 50 m 4 
 

Absence of Marine traffic 4 

50 m - 100 m 3 
 

High coast distance from marine 
traffic (3 nm – 6 nm) 

3 

100 m - 200 m 2 
 

Medium coast distance from marine 
traffic (1.5 nm - 3 nm) 

2 

200 m - 500 m 1 
 

Low coast distance from marine 
traffic (≤ 1.5 nm) 

1 

>500 m 0 
   

Distance from coast (nautical miles) Grade 
 

Bottom trawl fleet effort Grade 

≤ 1.5 nm 4 
 

Absence of effort 4 

1.5 nm - 3 nm 3 
 

Low 3 

3 nm - 6 nm 2 
 

Medium 2 

> 6 nm 1 
 

High 1 

Sea Surface Chlorophyll (Chl-a) (mg/m3) Grade 
 

Purse seine fleet effort Grade 

Eutrophic waters:  > 0.793mg/m3 4 
 

Absence of effort 4 

Upper mesotrophic waters : 0.46 mg/m3 - 
0.793mg/m3 

3 
 

Low 3 

Medium mesotrophic waters: 0.23 mg/m3 - 
0.46mg/m3 

2 
 

Medium 2 

Lower mesotrophic waters: 0.1 mg/m3 - 
0.23 mg/m3 

1 
 

High 1 

Legislation Grade 
 

No-take Zones 
(Boolean value 0=yes; 1=no) Grade 

available areas 4 
 

Aquaculture farms 0 

ban from 1 to 3 months 3 
 depth >500m 0 

ban from 3 to 5 months 2 
 

ban for 12 months 0 
 

available areas 1 

*The higher the grade, the most likely this area is for coastal fishing activities  

Sc estimation from the investigated criteria proceeded in the following steps: (i) creation of spatial 

information and calibration of each criterion according to a scale of evaluation and formation of the 

hierarchical structure of the multiple criteria problem; (ii) implementation of the AHP to estimate the 

relative importance of the evaluation criteria; (iii) application of the Weighted Linear Combination method 
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(WLC) using the weights (priority vectors) to estimate the suitability index (Table 3); (iv) standardization on 

a scale from 0 to 1 with linear Fuzzy Membership (FM) 

Table 3: The weights (priority vectors) for each criterion based on AHP and expert judgement 

Criterion Weights 

Bathymetry 0.315 

Distance from coast 0.296 

Legislation 0.069 

Trawl effort 0.095 

Purse seine 0.059 

Marine traffic 0.058 

Chl-a 0.109 

 

The Ac for the coastal fishing fleet by registration port (VAIp) was based on vessels’ length and Gross 

tonnage (GT) for the years 2009- 2015. The methodology used to estimate Ac consisted of the following 

steps: (i) implementation of the optimal interpolation method on VAIp to estimate values at a spatial cell 

level (VAIc); (ii) implementation of the optimal FM in VAIc, to represent numerically the degree to which a 

given measure of criteria within a grid cell belongs to a fuzzy set. The study area was gridded with a spatial 

resolution of 2×2 km. Each of these cells was assigned the corresponding values for each of the MCDA 

modelled criteria. 
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3. Results 

3.1 Spatial distribution of fishing effort based on VMS data 

After the quality control and the characterization of vessels activity as “fishing”, approaches of estimation 

of fishing effort expressed in fishing hours, days at sea, days×GT and days×KW were applied. Fishing effort 

from bottom trawlers (for both case studies), purse seines (for Greece) and small scale fisheries (for Cyprus) 

were estimated at an annual scale. VMS data for bottom trawlers and purse seiners were analyzed annually 

for the fishing periods from 2009 up to 2015. VMS data for small scale fisheries were available for the case 

study of Cyprus until April 2011, thus the data were analyzed annually for the fishing periods from 2009 up 

to 20/4/2011.  The following maps (figures 2 – 25) indicate the spatial distribution of fishing effort for each 

case study (Greece: figures 2 - 15 and Cyprus: figures 16 - 25). The estimated values expressed in fishing 

hours, days at sea, days×GT and days×KW will be used for modelling purposes in order to support other 

WPs of the project. 

3.3.1 Maps of fishing effort from bottom trawlers in the Greek case study 

 

Fig. 2. Fishing effort of bottom trawlers estimated by VMS data for the period 2009. 
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Fig. 3. Fishing effort of bottom trawlers estimated by VMS data for the period 2010. 

 

 

 
Fig. 4. Fishing effort of bottom trawlers estimated by VMS data for the period 2011. 
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Fig. 5. Fishing effort of bottom trawlers estimated by VMS data for the period 2012. 

 

 

 
Fig. 6. Fishing effort of bottom trawlers estimated by VMS data for the period 2013. 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-2.3     

Mapping fishing effort in the study areas  10 

 
Fig. 7. Fishing effort of bottom trawlers estimated by VMS data for the period 2014. 

 

 

 
Fig. 8. Fishing effort of bottom trawlers estimated by VMS data for the period 2015. 
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3.3.2 Maps of fishing effort from purse seiners in the Greek case study 

 
Fig. 9. Fishing effort of purse seiners estimated by VMS data for the period 2009. 

 

 

 
Fig. 10. Fishing effort of purse seiners estimated by VMS data for the period 2010. 
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Fig. 11. Fishing effort of purse seiners estimated by VMS data for the period 2011. 

 

 

 
Fig. 12. Fishing effort of purse seiners estimated by VMS data for the period 2012. 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-2.3     

Mapping fishing effort in the study areas  13 

 
Fig. 13. Fishing effort of purse seiners estimated by VMS data for the period 2013. 

 

 

 
Fig. 14. Fishing effort of purse seiners estimated by VMS data for the period 2014. 
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Fig. 15. Fishing effort of purse seiners estimated by VMS data for the period 2015. 

 

3.3.3 Maps of fishing effort from bottom trawlers in the case study of Cyprus 

 
Fig. 16. Fishing effort of bottom trawlers estimated by VMS data for the period 2009. 
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Fig. 17. Fishing effort of bottom trawlers estimated by VMS data for the period 2010. 

 

 

 

 
Fig. 18. Fishing effort of bottom trawlers estimated by VMS data for the period 2011. 
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Fig. 19. Fishing effort of bottom trawlers estimated by VMS data for the period 2012. 

 

 

 

 
Fig. 20. Fishing effort of bottom trawlers estimated by VMS data for the period 2013. 
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Fig. 21. Fishing effort of bottom trawlers estimated by VMS data for the period 2014. 

 

 

 

 
Fig. 22. Fishing effort of bottom trawlers estimated by VMS data for the period 2015. 

 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-2.3     

Mapping fishing effort in the study areas  18 

3.3.4 Maps of fishing effort from small scale fisheries in the case study of Cyprus 

 
Fig. 23. Fishing effort of small scale fisheries estimated by VMS data for the period 2009. 

 

 

 

 
Fig. 24. Fishing effort of small scale fisheries estimated by VMS data for the period 2010. 
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Fig. 25. Fishing effort of small scale fisheries estimated by VMS data for the period 2011. 

 

3.2 Spatial distribution of fishing effort based on MCDA methodology 

FPc was derived as the fuzzy product of the two previously calculated indices Sc and Ac. Values close to 1 

indicate areas with an elevated likelihood of intense small scale coastal fishing pressure. Figures 26 to 32 

indicated that small scale fishing fleet was operating mostly along the coastline usually up to 3 nm. Also 

coastal vessels activity was limited in areas where bottom trawlers and purse seiners were operating. 
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Fig. 26. Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2009. 

 

 

 

 
Fig. 27. Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2010. 
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Fig. 28. Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2011. 

 

 

 

 
Fig. 29. Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2012. 
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Fig. 30. Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2013. 

 

 

 
Fig. 31. Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2014. 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-2.3     

Mapping fishing effort in the study areas  23 

 
Fig. 32. Fishing effort of small scale fisheries estimated by an MCDA approach for the period 2015. 

4. Discussion 

During the implementation period of this task, the methods proposed to analyze VMS data in order to 

estimate fishing effort are satisfying scientific and management purposes by giving the basic information 

needed for further analysis and modeling. The basic objective of fisheries management, as highlighted in 

the CFP, is to create sustainable fisheries in sustainable ecosystems, including proper response to 

important environmental and biodiversity concerns (EC, 2011). The output of these methods satisfies some 

basic requirements of  the ongoing framework of CFP not only in the manner to collect data but also to 

analyze them and give concrete and reliable results about the behavior of the fishing fleet controlled by the 

VMS. Moreover, improvements and new approaches such as the estimation of a fishing pressure index 

from small scale fisheries using MCDA approach is extremely useful and can be applied in any case that 

vessels positions are not available. 

 

Methodological steps for the analysis of VMS dataset includes the quality control (elimination of errors in 

the raw VMS data), the data enhancing by integration of legislation bathymetry etc., the characterization of 

fishing activity by a speed rule for the estimation of fishing effort indicators (Days at sea, Days×GT, 

Days×KW, fishing hours) and finally the visualization by producing high detailed maps of fishing effort with 

respect to spatial and temporal grids. It is important to highlight that adjustment and customization on the 

basis of the available data were achieved by the review of methods and the exchange of ideas by each 

partner. 

 

In particular, two approaches were implemented in order to estimate fishing effort based on VMS data, by 

using signals that characterized as “fishing”. The first approach was developed to the IMBRW-HCMR and 

was used in order to estimate the fishing effort expressed in three types of indicators: days at sea, days×GT 

and days×KW (Kavadas & Maina, 2012; Kavadas et al., 2014; Maina et al., 2016). The other approach, was 
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based on VMSbase (Russo et al., 2014), an R package which is devised to manage, process and visualize 

information about fishing vessels activity. Moreover, VMSbase provides functions for estimating the 

intermediate points of the two hour regular intervals-VMS dataset and subsequently the fishing effort 

expressed in fishing hours using interpolation techniques (Russo et al., 2011). 

 

Furthermore, the methodological approach based on MCDA (Kavadas et al., 2015), producing fisheries 

footprints and corresponding fishing effort which may be used for future incorporation in the process of 

Marine Spatial Planning, especially when primary data of vessels locations are not available. As a word of 

criticism, due to the obvious lack of information on small scale fisheries, surrogate approximations were 

used mainly based on expert judgment. 
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6. Glossary 

Abbreviation full name 

Ac coastal fishery activity index  

AHP Analytic Hierarhy Prossess 

CFP Common Fisheries Policy 

Chl-a Sea Surface Chlorophyl  

EU European Union 

FM Fuzzy Membership 

FPc Fishing Pressure index for small scale (coastal) fishery 

GT Gross Tonage 

IMBRW-HCMR  
Institute of Marine Biological Resourses and Inland Waters-Hellenic Center of 

Marine Research 

MCDA Multi-Criteria Decision Analysis 

Sc coastal fishery suitability index  

VAIc coastal fishing fleet by registration port  

VMS Vessel Monitoring System 

VMSbase 

R package which is devised to manage, process and visualize information about 

fishing vessels activity (provided by VMS) and catches/landings (as reported in 

the logbooks)  

WLC Weighted Linear Combination  
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1. Introduction 

In this subtask, a methodological framework proposed by Maina et al., (2016a), based on spatial analytical 

techniques for exploring the patchy distribution of fishing effort and species presence, was used as a 

baseline for the investigation and mapping of fishing grounds in the Aegean Sea. 

According to Maina et al., (2016a) and Russo et al., (2013) the term “fishing ground” is used extensively in 

the literature but there is no explicit and commonly accepted definition. The term appears in FAO’s (1997) 

definition of fishing effort (“the amount of fishing gear of a specific type used on the fishing grounds over a 

given unit of time”), which implies that fishing grounds should be defined as “the areas in which fishing 

effort is deployed”. However, this definition is “intuitively vague” (Russo et al., 2013) and does not take into 

account fisher tactics, the dynamics of fishing activities, and the actual distribution of the target species. 

The latter authors have defined fishing grounds as “areas in which fishing activity is routinely carried out as 

a result of a strategy aimed to maximize economic gains”. In this subtask we used a definition based on 

Maina et al. (2016a) to incorporate actual species occurrence, and we define the fishing grounds of a 

species or a group of species as “crucial areas characterised by both fishing activity and species presence as 

a result of a strategy to maximize catches and economic gains”.   

New insights for investigating spatial patterns are essential for a better understanding of fisheries dynamics 

and for proposing more effective management measures. In this context, fishing grounds and investigating 

the spatial patterns of exploitation was applied in Aegean Sea. The approach is based on combining the 

potential habitat use of the target species (Merluccius merluccius, Mullus barbatus, Mullus surmuletus, 

Nephrops norvegicus, Parapenaeus longirostris, Pagellus erythrinus, Illex coindetii, Eledone cirrhosa) 

considered as the most important commercial species for the Greek bottom trawl sector, and the spatial 

distribution of fishing effort based on the most recent data in the study area (Aegean Sea). 
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2. Materials and methods    

The steps for identifying and analysing fishing grounds are summarized in the flowchart of Fig. 1 and are 

hereafter described in detail. 

 

Fig. 1. Flowchart of the methodological steps applied to identify and describe fishing grounds based on 

Maina et al. (2016a) 

2.1 Estimation of fishing pressure index from recreational fisheries based on MCDA 

Since primary data on recreational fishing vessels locations were not available, a methodological approach 

based on MCDA has been employed to estimate a fishing pressure index for this type of fishery (RFPc) in the 

Greek study area. This methodology produces fisheries footprint by taking into consideration several 

interactions with other anthropogenic or environmental factors. Several methods and processes such as 

the Analytic Hierarchy Process (AHP) and Fuzzy logic were applied in an effort to solve the multiple criteria 

problem. RFPc was perceived as the fuzzy product of two indices: the recreational fishery suitability index 

(RSc) and the activity index (Ac) based on the spatial distribution of registered recreational fishing vessels in 

the Greek study area: 

RFPc = RSc×Ac 

To this end, we identified the most influential components and criteria affecting recreational fishing. Each 

criterion was assigned a grading value by expert judgment; a rank of order of importance. The final rankings 

used for all criteria under study (Table 1). The criteria were the following:  

 bathymetry  (source: University of the Aegean, HCMR) 

 distance from coastline (ESRI, 2011) 

 Chl-a annual concentration (period: 2009- 2015, source: http://oceancolor.gsfc. nasa.gov/cms/) 

 fisheries restricted areas for recreational fisheries 

 marine traffic activity based on ferries and cargos (source: http://www.marinetraffic.com) 
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 bottom trawlers and purse seiners annual fishing effort (period: 2009- 2015) 

 no-take zones: aquaculture farms, depth >200 m.  

 

Table 1: Ranking* of the criteria taken into account in MCDA 

Bathymetry (meters) Grade 
 

Marine traffic activity  
(cargos & ferries) 

Grade 

0 - 25 m 4 
 

Absence of Marine traffic 4 

25 m - 50 m 3 
 

High coast distance from marine 
traffic (3 nm – 6 nm) 

3 

50 m - 100 m 2 
 

Medium coast distance from marine 
traffic (1.5 nm - 3 nm) 

2 

100 m - 200 m 1 
 

Low coast distance from marine 
traffic (≤ 1.5 nm) 

1 

>200 m 0 
   

Distance from coast (nautical miles) Grade 
 

Bottom trawl fleet effort Grade 

≤ 0.5 nm 4 
 

Absence of effort 4 

0.5 nm – 1.5 nm 3 
 

Low 3 

1.5 nm - 3 nm 2 
 

Medium 2 

> 3 nm 1 
 

High 1 

Sea Surface Chlorophyll (Chl-a) (mg/m3) Grade 
 

Purse seine fleet effort Grade 

Eutrophic waters:  > 0.793mg/m3 4 
 

Absence of effort 4 

Upper mesotrophic waters : 0.46 mg/m3 - 
0.793mg/m3 

3 
 

Low 3 

Medium mesotrophic waters: 0.23 mg/m3 - 
0.46mg/m3 

2 
 

Medium 2 

Lower mesotrophic waters: 0.1 mg/m3 - 
0.23 mg/m3 

1 
 

High 1 

Legislation Grade 
 

No-take Zones 
(Boolean value 0=yes; 1=no) Grade 

available areas 4 
 

Aquaculture farms 0 

ban from 1 to 3 months 3 
 depth >200m 0 

ban from 3 to 5 months 2 
 

ban for 12 months 0 
 

available areas 1 

*The higher the grade, the most likely this area is for coastal fishing activities  

2.2 Estimation of fishing effort from bottom trawlers based on VMS data 

The analysis of VMS data was based on methods developed at the Institute of Biological Recourses and 

Inland Waters (IMBRW) of the Hellenic Centre of Marine Research (HCMR) (Kavadas et al., 2014; Maina et 

al., 2016a; Maina et al., 2016b). On that basis, common errors and outliers in the VMS dataset were filtered 

out and removed. Subsequently, VMS readings of speed < 4 knots were considered to correspond to 

‘fishing’, otherwise the signals were characterized as ‘steaming’. Vessel positions in or close to harbours 
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and within the shallow coastal zone were excluded from the dataset on the basis of EU legislation for 

bottom trawling (EU, 2006). For the purposes of modelling, fishing effort was expressed in number of 

fishing days multiplied by gross tonnage (days at sea * GT). The estimation of fishing effort was based on a 

multi-step procedure assuming that each vessel can visit a fishing rectangle (i.e. grid cell 2x2 km) more than 

once a day; therefore, a weighted value was attributed to each rectangle depending on the number of visits 

it received within 24 hours. An average distribution map of fishing effort for the period 2009 - 2015 was 

estimated. 

2.3 Habitat use modelling 

The following analysis was further described in Maina et al., (2016a) and was applied in the study area. In 

habitat use modelling the following commercial target species was included: Merluccius merluccius, Mullus 

barbatus, Mullus surmuletus, Nephrops norvegicus, Parapenaeus longirostris, Pagellus erythrinus, Illex 

coindetii, Eledone cirrhosa. Habitat use modelling for these species was based on Generalized Additive 

Models (GAMs), which employ non-linear and non-parametric techniques for regression modelling (Hastie 

and Tibshirani, 1990). The selection of the GAM smoothing predictors was made using the MGCV library in 

R statistical software (R Development Core Team, 2014). The data set, which includes the explanatory and 

the response variables, was divided randomly into a training (2/3 of the initial data set) and a validation 

subset (the remaining 1/3). Final model selection was made by applying a stepwise forward approach 

allowing us to avoid collinearity in the environmental variables. Akaike Information Criterion (AIC) and level 

of Deviance Explained (DE) were used as criteria for model selection. Original values for several 

independent variables were transformed in terms of square root or natural logarithm to obtain uniform 

distributions for GAM application (Hastie and Tibshirani, 1990).  

The species presence/absence data were modelled using a Binomial error distribution and a logit link 

function, based on the inspection of the residual fit and the lack of trend in the residual plots (i.e. residuals 

vs fitted values, QQ-plots, residual vs original explanatory variables). To avoid over-fitting and to simplify 

the interpretation of the results, the degree of smoothing for each predictor was chosen based on the 

restricted maximum likelihood (REML), since the maximum likelihood methods are less prone to local 

minima than other smoothness selection criteria (i.e. Generalized Cross Validation, Un-Biased Risk 

Estimator etc.), and are therefore preferable. The thin plate regression spline smoother was applied to the 

models while maximum degrees of freedom of smoothing functions were limited to k = 5 for the main 

effects and k = 15 for the first-order interaction effects. Only significant predictor variables at significance 

level < 0.05 were kept in the final models.  

Model validation 

To evaluate the predictive performance of the final presence/absence model for each species, the receiver 

operating characteristic ROC curves (Guisan and Zimmerman, 2000) and the area under the ROC curve 

(AUC) were estimated. The evaluation of model performance was carried out on the validation data set 

(1/3 of the initial data set). AUC assesses a model’s ability to discriminate between predicted presence and 

absence (Fielding and Bell, 1997). In particular, values of AUC equal to or lower than 0.5 imply models with 

no predictive ability; on the other hand, AUC values close to 1.0 imply models making perfect predictions 

(Araujo et al., 2005). 

Analyzing spatial patterns - Mapping clusters  

The potential fishing grounds of a species were determined by the spatial overlap between two types of 

layers: the probability of each species being present and the distribution of the fishing effort of bottom 

trawlers. This spatial overlap is actually the product of the two layers and demonstrates the possibility for a 
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fisher to harvest a particular species in a specific area. In the case of a high product, i.e. high probability of 

species presence and high fishing effort, and also high values in all neighbouring cells, the specific site was 

considered as a hot spot. On the contrary, in the case of a low (but positive) product, i.e. low probability of 

species presence and low fishing effort, and also low values of all neighbouring cells, the specific site was 

considered a cold spot.  

Based on methods used for analyzing spatial patterns and mapping clusters (Maina et al., 2016a), 

statistically significant hot and cold spots of the potential fishing grounds, for each species, were estimated. 

Additionally, hot and cold spots for the assemblages of all species under investigation were identified by 

aggregating hot and cold spots for each species. 
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3. Results    

3.1 Recreational fishing pressure index 

A preliminary analysis of the available data related to the number of fishing vessels along the Greek 

coastline was performed. The mapping is portrayed in Figure 2. 

 

Fig. 2. Fishing pressure index for recreational fisheries (based on preliminary analysis) 

 

3.2 Spatial distribution of fishing effort based on VMS data 

After the quality control and the characterization of vessels activity as “fishing”, approaches of estimation 

of fishing effort expressed in Days×GT were applied (Maina et al., 2016b). Fishing effort from bottom 

trawlers were estimated at an annual scale for the fishing periods from 2009 up to 2015 and an average 

distribution map of fishing effort for the period 2009 – 2015 was used for this deliverable purpose.  
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Fig. 3. Average fishing effort of bottom trawlers estimated by VMS data for the period 2009-2015. 

3.3 Habitat use modelling and model validation 

Results based on habitat use modelling, i.e statistics of final GAM models, gam plots and maps, for the 

species Merluccius merluccius, Mullus barbatus, Mullus surmuletus, Nephrops norvegicus, Parapenaeus 

longirostris, Pagellus erythrinus, Illex coindetii, Eledone cirrhosa were based and extensively described to 

Maina et al., (2016a). Moreover validation results indicating ‘very good’ discrimination ability for all final 

models with AUC values ranging from 82% (Eledone cirrhosa) to 89% (Mullus barbatus).  

3.4 Spatial overlap  

The results of the spatial overlap which is actually the product of the two layers i.e. the probability of each 

species being present and the distribution of the fishing effort of bottom trawlers, demonstrates the 

possibility for a fisher to harvest a particular species in a specific area (Fig 4- 11). 
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Fig. 4. Spatial overlap between the probability of Merluccius Merluccius presence and the distribution of the fishing 

effort of bottom trawlers 

 

Fig. 5. Spatial overlap between the probability of Mullus Barbatus presence and the distribution of the fishing effort of 

bottom trawlers 
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Fig. 6. Spatial overlap between the probability of Mullus Surmuletus presence and the distribution of the fishing effort 

of bottom trawlers 

 

 

Fig. 7. Spatial overlap between the probability of Eledone Cirrhosa presence and the distribution of the fishing effort of 

bottom trawlers 
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Fig. 8. Spatial overlap between the probability of Illex coindetii  presence and the distribution of the fishing effort of 

bottom trawlers 

 

 

Fig. 9. Spatial overlap between the probability of Nephrops norvegicus presence and the distribution of the fishing 

effort of bottom trawlers 
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Fig. 10. Spatial overlap between the probability of Pagellus erythrinus presence and the distribution of the fishing 

effort of bottom trawlers 

 

 

Fig. 11. Spatial overlap between the probability of Parapenaeus longirostris presence and the distribution of the 

fishing effort of bottom trawlers 

 

3.5 Mapping clusters 

Spatial clustering was based on the potential fishing grounds of each species that were determined by the 

spatial overlap between the probability of each species’ presence and the distribution of fishing effort for 

bottom trawlers (Maina et al., 2016a). Maps of hot and cold spots for the spatial overlap between the 

probability of species presence and fishing effort for each species were based on the Getis-Ord Gi* statistic. 

Such hot spots represent the most important fishing grounds for each species and are shown from Figure 
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12 to 19.  

Aggregated hot spots showed that the highest number of commercial species, in terms of presence and 

high fishing effort values, were found in the in the northern and north-western Aegean Sea and close to the 

islands located in the central-eastern and central-western part of the Aegean Sea (Fig 4). On the other 

hand, aggregated cold spots showed that the lowest number of commercial species, in terms of presence 

combined with low fishing effort values, was found in at various locations of the Aegean Sea, particularly 

between 25o and 26.5o degrees longitude (Figs 20, 21). 

 

Fig. 12. Potential fishing grounds and estimated hot and cold spots for Merluccius merluccius 

 

Fig. 13. Potential fishing grounds and estimated hot and cold spots for Mullus barbatus 
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Fig. 14. Potential fishing grounds and estimated hot and cold spots for Mullus surmuletus 

 

Fig. 15. Potential fishing grounds and estimated hot and cold spots for Eledone cirrhosa 
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Fig. 16. Potential fishing grounds and estimated hot and cold spots for Illex coindetii 

 

Fig. 17. Potential fishing grounds and estimated hot and cold spots for Nephrops norvegicus 
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Fig. 18. Potential fishing grounds and estimated hot and cold spots for Pagellus erythrinus 

 

Fig. 19. Potential fishing grounds and estimated hot and cold spots for Parapenaeus longirostris 
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Fig. 20. Bottom trawlers fishing grounds-aggregated hot spots for the target species. The map indicates the 

number of species for which a specific cell found to be a hot spot. 

 

 

Fig. 21. Bottom trawlers fishing grounds-aggregated cold spots for the target species. The map indicates the 

number of species for which a specific cell found to be a cold spot. 

4. Discussion 

A merit of this approach is visualization of the spatial pattern of species richness in important fishing 

grounds, covering the Aegean Sea. In particular, aggregated hot spots showed that the most important 

fishing grounds, in terms of total number of species presence and fishing effort, were in the north Aegean 

and some locations in the central Aegean. Furthermore, at first sight, cold spots are considered 

unimportant fishing grounds for bottom trawlers, since these areas are characterized by low fishing effort 
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and species richness. However, this information is also essential and should be included as an input in a 

management process in several ways. For as much as cold spots (aggregated or by species) provide crucial 

information about limitations, non-preferences and target species, may allow for a better understanding of 

fisheries dynamics (Murawski et al., 2005), and therefore can increase the knowledge for benefits and 

impacts of conservation policies before the implementation of a Marine Protected Area (Stelzenmüller et 

al., 2008; Horta e Costa et al., 2013).  

 The results of the current subtask can be useful to ecosystem-based marine spatial management, an 

approach that recognizes the full array of interactions within an ecosystem, including human uses, rather 

than considering single issues, species, or ecosystem services in isolation (Katsanevakis et al., 2011). In that 

context, the mapping of fishing activities and the identification of fishing grounds is of utmost importance. 

It is vital to define areas that are important for fisheries in marine spatial plans, and to estimate the cost of 

restricting fishing activities in specific areas. Estimating such costs is an essential component of systematic 

marine conservation planning, which aims to achieve conservation objectives at least cost (Ban and Klein 

2009; Mazor et al., 2014). Spatial conservation prioritization tools, taking into account conservation 

objectives while minimizing the associated costs (like MARXAN), have alternatively been used as fisheries 

management tools in order to define spatiotemporal closures (Grantham et al. 2008; Dunn et al., 2016). It 

might be useful to apply such alternatives of spatial conservation prioritization tools, before the 

establishment of management plans for fisheries practices, (by taking into account fishing grounds i.e. 

outcomes of this deliverable) in order to investigate the likely impact of closing areas on the bottom trawl 

fishery. 

 

 

5. Ongoing work 

 

 Finalize the calculation of weights for each criterion based on AHP and expert judgment 

 Finalize the mapping of the recreational fishing pressure index 
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1. Introduction 

Catch data, as in “the number or weight of fish caught by a fishery, either the total amount caught or only 

the amount landed” (Froese & Pauly 2016), are indicative of the abundance of fish in the oceans and 

therefore the health of fisheries (Pauly et al. 2013). The FAO global capture production database’s 

shortcoming is that, in most cases, it does not include recreational catches and discards (Garibaldi 2012). 

The term “recreational fishing” is defined as “fishing for personal use, entertainment, sport and challenge” 

(Froese & Pauly 2016) and includes subsistence fisheries i.e. “the fishery conducted to supplement the diet” 

(Moutopoulos et al. 2013). 

In Greece, the number of recreational fishers and fishing vessels has been recorded until 2014 when this 

was abolished by the relevant law (Law 4256/2014: Government gazette A’92/14-04-2014). However, the 

composition of recreational catches, the abundance and biomass of the species removed from the sea is 

not recorded officially (Moutopoulos et al. 2013), thus forming one of the most important problems in the 

country’s fisheries management because a proportion of the biomass removed from the sea remains 

unknown. 

This data deficiency caused by the unreported, unregulated and illegal fishing activities is very much 

responsible for the current status of fish and invertebrate stocks which are overfished in Greek (Tsikliras et 

al. 2013) as well as Mediterranean waters (for officially assessed stocks see Colloca et al. 2013; for all stocks 

see Tsikliras et al. 2015). Any record enriching our knowledge of the biomass removed from the marine 

ecosystems per species, that would otherwise have been included in non-reported catches, is valuable. 

Such information is needed for the reconstruction of Greek and other Mediterranean countries’ fisheries 

catches (Pauly et al. 2014; Moutopoulos et al. 2015). 

In the framework of the PROTOMEDEA project, we estimated the recreational catches in Greece (Aegean 

Sea, GSA 22) and Cyprus by: conducting personal interviews with recreational fishers in the study areas; 

collecting data on recreational fishing from the respective port authorities; and by expanding the estimated 

or collected information to the coastal areas of the Aegean Sea. We also used data from previous relevant 

studies whenever such data were available.  

2. Materials and Methods 

For the estimation of the recreational catches in the two study areas, namely the Greek Aegean Sea and 

Cyprus, we followed the method used by Moutopoulos et al. (2013), which is a questionnaire-based survey. 

Two coastal areas from different parts of Greece (Thermaikos Gulf in the northern Aegean Sea and 

Alonissos in the central Aegean Sea; Fig. 1) were surveyed based on personal interviews from 52 

recreational fishers. In Cyprus, 58 interviews were made in total but only 52 questionnaires were properly 

filled. In the structured questionnaire, which is shown in the Appendix, fishers were asked to declare, 

among other aspects: a) the frequency of fishing per year, b) daily fishing hours, c) species caught and d) 

daily, monthly or annual catch in weight. The same data for two other areas of Greece (Kavala Gulf in the 

northern Aegean Sea and Pagasitikos Gulf in the central Aegean Sea) collected by Moutopoulos et al. (2013) 

were also used. 

To estimate the recreational catches for the whole Aegean Sea, we firstly estimated the number of 

recreational fishers by deriving the resident population from the last census (2011) of the Hellenic 
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Statistical Authority (HELSTAT; www.statistics.gr) conducted in each coastal prefecture of the Aegean Sea 

and multiplying by the ratio of recreational fisher to resident coastal population. For this ratio we followed 

the conservative assumption of 1.5% of the coastal population made by Moutopoulos et al. (2013), a 

number that lies within the values estimated by other studies conducted for recreational fisheries in the 

Eastern Mediterranean Seas (ranging between 1% and 3.3% in Turkish waters: Ünal & Franquesca 2010; 

Ünal et al. 2010). For two prefectures (Serres, Imathia) with only a small coastline we used the ratio 1%. 

The calculated number of fishers was then multiplied by the yearly catch per fisher. The yearly catch per 

fisher was estimated by multiplying the average number of fishing days with the daily catch per fisher that 

was extracted from the interviews and averaged for the four study areas. 

Another method we used to estimate the recreational catches in the study areas was to collect the number 

of recreational fishing licenses (individual and boat) from the respective Port Authorities. For Cyprus, the 

licenses were recorded from five regions/authorities. For the Aegean Sea, we got in touch (over the phone, 

or by written requests) with the port authorities whose jurisdiction lies within the boundaries of the 

Aegean Sea. We included the 42 Central Port Authorities located in the Aegean Sea as in the Presidential 

Decree 81 (Government Gazette A125/29-05-2014) and 70 Port Authorities and Port Stations. The 

information collected was the number of recreational licenses (individual fishers and vessels for 

recreational fishing) that has been recorded by each service until 2014. Data were provided by 37 Central 

Port Authorities and 60 Port Authorities and Port Stations. Following discussions with the Port Authorities 

staff on active and inactive licenses, we assumed that 80% of the stated numbers constitute the active 

recreational licenses. 

 

Figure 1. Location of the surveyed areas in the Aegean Sea. 

http://www.statistics.gr/
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3. Results and Discussion 

AEGEAN SEA 

The mean number of fishing days per year was 81.4 and 104 days per year and the average daily catch was 

0.955 and 2.817 kg per fisher per day, in Thermaikos Gulf and Alonissos respectively (Table 1). According to 

Moutopoulos et al. (2013), the mean number of fishing days per year for Pagasitikos and Kavala Gulf was 

191 and 180 days per year and the average daily catch was 0.804 and 0.711 kg per fisher per day 

respectively (Table 1). 

Overall (for all surveyed areas combined), 54 species participated in the total catches, four of which (plus a 

family) made up about 50% of the total recreational catches (i.e. gilthead seabream Sparus aurata, 

european seabass Dicentrarchus labrax, Mugilidae, annular seabream Diplodus annularis and white 

seabream D. sargus sargus) (Table 1, Fig. 2). 

The species dominating the catches varied with studied area. In Thermaikos Gulf, two fish species (D. labrax 

and S. aurata) made up more than half of the total catches and in Alonissos three fish species (D. sargus, 

the bogue Boops and Brown meagre Sciaena umbra) contributed 45% of the total recreational catches 

(Table 1, Fig. 2). According to Moutopoulos et al. (2013), in Pagasitikos Gulf, six fish species contributed 

64.8% of the total catches, with S. aurata, grey mullets (Mugilidae) and D. annularis being the most 

dominant taxa. In Kavala Gulf, eight species contributed more than 90% of the total catches, with Mugilidae 

and D. annularis representing 37.8% of the total catches (Table 1, Fig. 2). 

As far as the data on recreational fishing collected from the Port Authorities of the Aegean Sea are 

concerned, we created a map showing pie charts with the number of recreational fishers and vessels for 

each Central Port Authority of the Aegean Sea (Fig. 3), as well as a table showing that piece of information 

in detail (Table 2). The studied Port Authorities have issued in total 583,314 individual recreational fishing 

licenses and 262,570 recreational fishing vessel licenses, from the year of their foundation until 2014. These 

numbers may be underestimated in some regions, such as Pireas, because data from some Port Authorities 

could not be obtained. The Central Port Authorities of Thessaloniki (134,305), Pireas (78,284; this number is 

underestimated as the data were only from the Port Authority of Keratsini), Rafina (45,047), Kavala 

(31,630) and Volos (28,833) have issued the highest number of individual recreational fishing licenses, 

whereas the Central Port Authorities of Thessaloniki (57,018), Volos (14,800), Rafina (14,748), Elefsina 

(14,199), Pireas (13,804; this number is underestimated as the data were only from the Port Authority of 

Keratsini) and Chalkida (12,803) have issued the highest number of recreational fishing vessel licenses 

(Table 2, Fig. 3). 

Table 1. Species composition (%) of recreational catches in Greek waters based on interviews in four coastal areas (for 
more details, see Materials and Methods section). *The data for Pagasitikos and Kavala Gulfs are from Moutopoulos 
et al. 2013. 

Species Pagasitikos Gulf Kavala Gulf Thermaikos Gulf Alonissos 

Auxis thazard 0.60    

Belone 0.62    

Boops 0.64   13.37 

Caranx sp. 0.71  1.29  

Coryphaena spp. 0.47  0.45 1.44 

Dentex dentex 0.44 1.56   

Dentex gibbosus 0.10 0.78   
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Species Pagasitikos Gulf Kavala Gulf Thermaikos Gulf Alonissos 

Dicentrarchus labrax 7.78 11.15 29.95  

Diplodus annularis 11.26 18.25 8.04 2.09 

Diplodus sargus sargus 4.46 3.51  18.68 

Diplodus vulgaris 1.53 7.80   

Epinephelus aeneus 0.10    

Epinephelus alexandrinus 0.10 0.78   

Epinephelus marginatus 0.10    

Euthynus alletteratus 0.63    

Gobius spp. 0.32    

Labridae 0.07    

Lichia amia 0.34    

Lithognathus mormyrus 2.24 4.68 16.11  

Merluccius merluccius 0.13    

Mugilidae 18.32 19.50 2.08 0.29 

Mullus barbatus 0.14    

Mullus surmuletus 0.10  0.05  

Oblada melanura 2.03   4.17 

Osteichthyes 6.38 8.58   

Pagellus acarne 1.06   1.44 

Pagellus bogaraveo 1.89  0.04 2.53 

Pagellus erythrinus 3.08  0.08  

Pagrus pagrus    9.88 

Polyprion americanus  0.39   

Pomatomus saltatrix 10.28  8.79  

Sarda sarda 0.42    

Sarpa salpa 0.77  0.11  

Sciaena umbra 0.20  6.39 13.00 

Scomber colias   0.09  

Scomber japonicus 2.45 8.97   

Seriola dumerili  0.78  5.96 

Serranus spp. 0.07   0.11 

Serranus cabrilla    0.90 

Sparus aurata 15.30 12.87 22.94  

Sphyraena sphyraena 0.21   2.00 

Spicara flexuosa 2.91  0.68  

Spicara maena 1.06    

Spicara smaris 0.07    

Spondyliosoma cantharus 0.17 1.17  7.58 
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Species Pagasitikos Gulf Kavala Gulf Thermaikos Gulf Alonissos 

Thunnus spp. 0.14    

Trachinus spp. 0.21    

Trachurus mediterraneus 2.09 7.80   

Trachurus spp.   1.05 0.67 

Umbrina cirrosa 0.07    

Cephalopods     

Loliginidae, Ommastrepidae 1.08    

Loligo vulgaris 1.06  0.59 12.64 

Octopus vulgaris 1.83  0.06 3.25 

Sepia officinalis 0.35  1.22  

Mean annual number of 
fishing days 

191.0 180.0 81.4 104.0 

kg/fisher/day 0.804 0.711 0.955 2.817 

Yearly catch/fisher 154 128 78 293 

    

 

Figure 2. Pie charts showing the main species (%) that constitute the recreational catches in Greek waters based on 
interviews in four coastal areas (for more details, see Materials and Methods section). *The data for Pagasitikos and 
Kavala Gulfs are from Moutopoulos et al. 2013. 
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Figure 3. The jurisdiction areas of the Central Port Authorities of the Aegean Sea and the number of recreational 
fishers (blue in the pie charts) and vessels (red in the pie charts) for each (for the detailed information, see Table 2). 
*Base map created with Ocean Data View software. 
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Table 2. Number of recreational fishing licenses as stated by the Greek Port Authorities of the Aegean Sea. 

Port authorities Fishers Vessels 

Port authority of Aigina - - 

Central port authority of Alexandroupoli 19,565 9,548 

Alexandroupoli 9,450 4,642 

Porto Lagos 9,467 4,600 

Samothraki 648 306 

Port authority of Andros 2,273 1,450 

Andros 2,273 1,450 

Gavrio - - 

Central port authority of Chalkida 9,115 12,803 

Aliveri 3,286 1,589 

Chalkida - 9,900 

Eretria 3,750 394 

Larymna 2,079 920 

Mantoudi - - 

Central port authority of Chios 1,089 4,008 

Chios - 3,353 

Kardamyla 385 248 

Mesta Chiou 269 194 

Oinousses 408 208 

Psara 27 5 

Port authority of Edipsos 12,049 5,576 

Edipsos 9,940 2,549 

Oreoi - 1,966 

Pefki 2,109 1,061 

Central port authority of Elefsina 24,674 14,199 

Port authority of Ierissos 12,462 7,023 

Ierissos - 3,227 

N. Marmaras 3,686 - 

Ouranoupoli 99 632 

Stavros 8,677 3,164 

Port authority of Ios 1,008 403 

Folegandros 198 77 

Ios 810 326 

Port authority of Kalymnos 8,166 7,916 

Astypalaia 597 347 

Kalymnos 7,569 7,569 

Port authority of Karpathos 3,795 1,555 
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Port authorities Fishers Vessels 

Karpathos 2,891 1,308 

Kassos 904 247 

Port authority of Karystos 2,700 1,829 

Karystos 1,442 686 

Nea Styra 1,258 1,143 

Central port authority of Kavala 31,630 10,716 

Eleftheres 3,360 1,702 

Kavala 24,352 5,929 

Keramoti 1,899 957 

Prinos 2,019 1,162 

Thassos - 966 

Port authority of Korinthos 9,091 5,251 

Isthmia 7,989 4,395 

Palaia Epidavros 1,102 856 

Port authority of Kos 5,906 1,991 

Kos 5,906 1,991 

Nisyros - - 

Port authority of Kymi 1,432 1,216 

Kymi 1,432 1,216 

Skyros - - 

Central port authority of Lavrio 17,385 4,008 

Kea 300 465 

Lavrio 11,917 3,543 

Palaia Fokaia 5,168 - 

Port authority of Leros 301 63 

Leipsoi 301 63 

Leros - - 

Port authority of Milos 6,583 4,244 

Kimolos 194 131 

Milos 5,844 3,334 

Sifnos 545 779 

Port authority of Mykonos 3,058 1,828 

Port authority of Myrina 6,655 2,959 

Agios Efstratios - - 

Moudros - - 

Myrina 6,655 2,959 

Central port authority of Mytilini 4,580 7,628 

Mithymna 1,216 629 
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Port authorities Fishers Vessels 

Mytilini - 5,454 

Perama Kolpou Geras 2,213 807 

Plomari 1,151 738 

Port authority of Nafplio 18,751 8,386 

Ermioni 2,125 1,096 

Leonidio 4,500 1,500 

Nafplio 9,454 4,278 

Paralia Astrous - - 

Porto Cheli 2,672 1,512 

Port authority of Naxos 3,225 1,753 

Katapola 476 310 

Naxos 2,749 1,443 

Port authority of Neapoli Voion 497 621 

Agia Pelagia Kithiron 497 621 

Kithira - - 

Neapoli Voion - - 

Port authority of Paros 3,613 2,065 

Port authority of Patmos 1,406 937 

Central port authority of Pireas 78,284 13,804 

Keratsini 78,284 13,804 

Port authority of Poros 900 380 

Methana 900 380 

Poros - - 

Central port authority of Rafina 45,047 14,748 

Markopoulo Mesogaias 10,080 7,500 

Rafina 34,967 7,248 

Central port authority of Rodos 4,000 2,000 

Port authority of Samos 11,926 7,322 

Evdilos Ikarias 417 762 

Fournoi - - 

Karlovasi 1,704 1,122 

Pythagoreio 928 654 

Samos 8,877 4,784 

Port authority of Saronikos 12,721 6,987 

Port authority of Skiathos 6,616 2,763 

Alonissos 1,171 432 

Skiathos 3,240 1,410 

Skopelos 2,205 921 
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Port authorities Fishers Vessels 

Port authority of Spetses 2,555 1,186 

Port authority of Stylida 26,361 12,093 

Agios Konstantinos 5,746 3,225 

Glyfa 1,646 832 

Skala Atalantis 3,119 1,145 

Stylida 15,850 6,891 

Port authority of Symi 1,019 1,727 

Port authority of Syros 13,188 4,027 

Kythnos - - 

Serifos 611 243 

Syros 12,577 3,784 

Central port authority of Thessaloniki 134,305 57,018 

N. Moudania 4,000 4,000 

Platamonas 8,022 3,303 

Skala Katerinis 14,158 5,850 

Thessaloniki 108,125 43,865 

Port authority of Thira 1,470 1,761 

Port authority of Tinos 2,054 782 

Central port authority of Volos 28833 14800 

Agia Kiriaki Trikeron 426 116 

Agiokampos 2,000 500 

Volos 26,407 14,184 

Port authority of Ydra 3,026 1,196 

TOTAL 583,314 262,570 

 

For the area of Alonissos in particular, the management body of the National Marine Park of Alonissos 

Northern Sporades (NMPANS) and the Port Authority of Alonissos have recorded the recreational vessels 

entering the park area or mooring at the central port of the island, the cases of recreational fishing activity 

(including illegal ones) and its different types (Fig. 4). In 2014, 1,438 recreational vessels moored at the 

main port of Alonissos and 179 were recorded during the 117 NMPANS boat patrols (Fig. 4a). Of the 117 

NMPANS boat patrols, 15 cases of sport fishing activity were recorded, 7 of which were illegal (Fig. 4b). The 

highest proportion of the recreational fishing activity in the area of Alonissos was angling (39.52%), 

followed by spearfishing (34.68%) (Fig. 4c). 
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Figure 4. (a) Recreational vessels (mooring at the main Port of Alonissos, Patitiri) (Source: Alonissos Port Authority), 
recreational vessels in the field (Source: NMPANS) and annual NMPANS boat patrols; (b) Legal vs illegal sport fishing; 
(c) Recreational fishing activity in NMPANS per fishing gear.   

 

As calculated from the proportion of resident population (1.5% and 1% for Imathia and Serres), the highest 

yearly recreational catch was encountered in the two largest prefectures in Greece, namely Attiki (9,375 

tn/year) and Thessaloniki (4,609 tn/year), whereas the lowest in Agio Oros (4 tn/year) (Table 3). The total 

biomass of fish and invertebrates removed from the Aegean Sea was calculated to be 20,876 tonnes per 

year (Table 3). 

 

Table 3. Yearly recreational catch per Greek coastal prefecture of the Aegean Sea (for details see Materials and 
Methods). **Exception: No. of fishers calculated as 1% of 2011’s resident population, instead of 1.5%. 

Prefecture Resident population Fishers tn/year 

Agio Oros 1,811 27 4 

Argolida 97,044 1,456 238 

Arkadia 86,685 1,300 212 

Attiki 3,828,434 57,427 9,375 

Voiotia 117,920 1,769 289 

Dodekanisos 186,272 2,794 456 

Evros 147,947 2,219 362 

Evia 210,815 3,162 516 
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Prefecture Resident population Fishers tn/year 

Imathia** 140,611 1,406 230 

Thessaloniki 1,882,108 28,232 4,609 

Kavala 124,917 1,874 306 

Korinthia 145,082 2,176 355 

Kyklades 121,335 1,820 297 

Lakonia 89,138 1,337 218 

Larisa 284,325 4,265 696 

Lesvos 86,436 1,297 212 

Magnisia 190,011 2,850 465 

Xanthi 111,222 1,668 272 

Pieria 126,698 1,900 310 

Rodopi 126,692 1,900 310 

Samos 32,977 495 81 

Serres** 176,430 1,764 288 

Fthiotida 158,231 2,373 387 

Chalkidiki 105,908 1,589 259 

Chios 52,674 790 129 

TOTAL 8,631,723 
 

127,891 
 

20,876 

 

As calculated from the recreational licenses issued by the Greek Port Authorities, the most active fishers 

were encountered in the two largest Greek prefectures, namely Attiki (147,831) and Thessaloniki (93,442), 

with the highest recreational yearly catch (22,372 and 14,141 tn/year, respectively) (Table 4). In Chios, 

there were the fewer active fishers (871) and therefore the lowest catch (132 tn/year) (Table 4). 

Table 4. Number of individual recreational fishing licenses (fishers) per prefecture as stated by the Greek Port 
Authorities of the Aegean Sea; number of active fishers (80% of the stated numbers); catch per year in tonnes 
(described in Materials and Methods). 

Prefecture Fishers Active fishers tn/year 

Argolida 15,353 12,282 1,859 

Arkadia  4,500 3,600 545 

Attiki  184,789 147,831 22,372 

Dodekanissos 24,593 19,674 2,977 

Evros  10,098 8,078 1,223 

Evia  23,217 18,574 2,811 

Thessaloniki  116,802 93,442 14,141 

Kavala  31,630 25,304 3,829 

Korinthia  7,989 6,391 967 

Kyklades  36,772 29,418 4,452 

Larissa  2,000 1,600 242 
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Prefecture Fishers Active fishers tn/year 

Lesvos  11,235 8,988 1,360 

Magnissia  33,449 26,759 4,050 

Xanthi  9,467 7,574 1,146 

Pieria  22,180 17,744 2,685 

Samos  11,926 9,541 1,444 

Fthiotida  28,440 22,752 3,443 

Chalkidiki  7,785 6,228 943 

Chios  1,089 871 132 

TOTAL 583,314 466,651 70,621 

 

The relation between the number of recreational fishers calculated with different methods is shown in Fig. 

5. It is clear that, in the majority of the prefectures, the number of recreational fishers as stated by the 

Greek Port Authorities was way higher than the one calculated as a proportion of the resident population 

(Fig. 5). The only exceptions were Larissa and Chios where the “1.5% census” fishers were more than the 

“active” ones (Fig. 5). 

 

Figure 5. Number of: recreational fishers as stated by the Greek Port Authorities (Fishers PAs); active recreational 
fishers; recreational fishers calculated as a proportion of the resident population (1.5% census) (for more details see 
Materials and Methods). 

 

CYPRUS 

I Total recreational catches in Cyprus 

There is no information on the total recreational catches in Cypriot waters. 

 

II Distribution in Cyprus of Port Authorities 

The distribution of port authorities is given in two maps, where there is a presence of Department of 

Fisheries and Marine Research offices (Fig. 6) and Marine Police stations (Fig. 7). 
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Figure 6. Distribution of the Department of Fisheries and Marine Research (DFMR) offices in Cyprus.  

 

 

Figure 7. Distribution of the Marine Police stations in Cyprus 
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III Recreational fishing licenses 

The number of recreational fishing licenses (individual and boat) per authority and per category is given in 

Table 5. 

The largest number of licences correspond to “net with boat” (2340) and the majority are given in the port 

city of Limassol (835) whilst the second recreational category has the most licences in Nicosia (699). 

Table 5. Number of recreational fishing licences per region and category. 

Region (ΕΘ) Net with boat  (ΕΘΨ) Spearfishing  

Ammochostos 184 92 

Larnaca 415 257 

Limassol 835 561 

Nicosia 677 699 

Pafos 137 175 

No Info 92 81 

Total 2,340 1,865 

Grand TOTAL   4,205 

 

IV Recreational catches in Cyprus 

The species composition (%) of recreational catches in Cypriot waters (e.g. based on interviews with 

recreational fishers as indicated on the proposal) is given in Table 6 as well as the weight by species. 

The species with the highest percentage in the total catch is Thunnus spp. (ca. 25%) and Siganus spp. (ca. 

13%). 

Four species (comber Serranus cabrilla, saddled seabream Oblada melanura, surmulet Mullus surmuletus, 

flathead grey mullet Mugil cephalus) showed the lowest (ca. 0.3%) contribution to the total catch. 

 

Table 6. Species composition of recreational catches in Cyprus, from 52 interviews with recreational fishers. 

Species Kilograms Percentage 

Thunnus spp. 168 24.96 

Siganus spp. 90 13.37 

Fistularia commersonii 67 9.95 

Umbrina cirrosa 40 5.94 

Seriola dumerilii 40 5.94 

Lithognathus mormyrus 38.4 5.70 

Dicentrachus labrax 37 5.50 

Epinephelus marginatus 29 4.31 

Pagrus pagrus 27 4.01 

Lichia amma 25 3.71 

Dentex dentex 25 3.71 
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Species Kilograms Percentage 

Sphyraena sphyraena 23 3.42 

Loligo vulgaris 22.5 3.34 

Diplodus spp. 10.8 1.60 

Octopus vulgaris 9.4 1.40 

Sparisoma cretensis 8 1.19 

Caranx crysos 5 0.74 

Serranus cabrilla 2 0.30 

Oblada melanura 2 0.30 

Mullus surmuletus 2 0.30 

Mugil cephalus 2 0.30 

Total 673.1 100 

 

The mean annual number of fishing days and kg per fisher per day are given in Table 7. 

On average, the interviewees fished around 58 days per year with a total yearly catch of about 216 kg. 

 

Table 7. Mean annual number of fishing days and kg per fisher per day, from 52 interviews of recreational fishers. 

Descriptors Fishing days per year Kg fish/day Total kg/year 

Mean 58.16 3.6 215.9 

Max 200 18.75 1650 

Min 5 0.5 10 

Median 44.5 2 106.9 
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5. Appendix 

Ε ρ ω τ η μ α τ ο λ ό γ ι ο  ε ρ α σ ι τ ε χ ν ι κ ή ς  α λ ι ε ί α ς   
 
Η παρούσα έρευνα πραγματοποιείται με σκοπό την καταγραφή της αλιευτικής δραστηριότητας στην 

περιοχή. Το ερωτηματολόγιο είναι ΑΝΩΝΥΜΟ και δεν περιέχεται κανένα στοιχείο που να οδηγεί στην 

ταυτοποίηση του ερωτώμενου. Οι απαντήσεις σας θα αξιοποιηθούν για την εξυπηρέτηση του σκοπού 

που προαναφέρθηκε. 

 
 Ημερομηνία συνέντευξης ........................ 

 Αριθμός ερωτηματολογίου ........................ 

 Περιοχή συνέντευξης          ........................ 

 
Α. Ενασχόληση 

 
Α1. Από πότε ασχολείστε ερασιτεχνικά με την αλιεία (έτος); 
 
………………………………………………………………………………………… 
 
Α2. Πόσες ημέρες κάθε εποχή ασχολείστε με την ερασιτεχνική αλιεία με καλάμι από την 

ακτή; 
Εποχή Ημέρες Εποχή Ημέρες Εποχή Ημέρες Εποχή Ημέρες 
Καλοκαίρι  Φθινόπωρο  Χειμώνας  Άνοιξη  

 
Α3. Πόσες ώρες κατά μέσο όρο ψαρεύετε σε μια ημέρα ανά εποχή; 
Εποχή Ώρες Εποχή Ώρες Εποχή Ώρες Εποχή Ώρες 
Καλοκαίρι  Φθινόπωρο  Χειμώνας  Άνοιξη  

 
Α4. Ποια ώρα την ημέρα πηγαίνετε συνήθως για ψάρεμα; 

Πρωι                  Μεσημέρι          Απόγευμα         Βράδυ          
 
Α5. Τι ποσοστό από τα παρακάτω δολώματα χρησιμοποιείτε σε κάθε ψάρεμά σας; 
Δόλωμα Ποσοστό Δόλωμα Ποσοστό Δόλωμα Ποσοστό 
Σκουλίκι  Τσουτσούνι  Ψαροτροφή  
Φαραώ  Ψωμοτύρι  Φιλέτο 

ψαριού 

 
Κατσιμάμαλο  Ακροβάτης  Ζωντανό 

δόλωμα  

 
Μπεκατίνη  Ζύμη  Άλλο  

 
Α6. Πόσα κιλά ανά ημέρα πιάνετε κάθε εποχή; 
Εποχή Κιλά Εποχή Κιλά Εποχή Κιλά Εποχή Κιλά 
Καλοκαίρι  Φθινόπωρο  Χειμώνας  Άνοιξη  

 
Α7. Τι ποσοστό των αλιευμάτων κατευθύνεται για προσωπική κατανάλωση; 

0%-25%     25%-50%   50%-75%   > 75%   
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Β. Τάσεις 

 
Β1. Ποιο ποσοστό των κατοίκων της περιοχής πιστεύετε ότι ασχολείται ψαρεύοντας με 

καλάμι από την ακτή; 

0%-25%     25%-50%   50%-75%   > 75%   
 
Β2. Ποιο πιστεύετε ότι ήταν το ποσοστό των κατοίκων που ψάρευαν με καλάμι από την ακτή 

πριν 30 και πριν 50 χρόνια; 
Πριν 30 χρόνια 0%-25%     25%-50%   50%-75%   > 75%   
Πριν 50 χρόνια 0%-25%     25%-50%   50%-75%   > 75%   

 
Β3. Είναι σωστός ο νέος νόμος για την κατάργηση της άδειας αλιείας για τους ερασιτέχνες; 

ΝΑΙ    [1]      ΟΧΙ   [2]      
 
Β4. Πιστεύετε ότι η υπάρχουσα νομοθεσία της ερασιτεχνικής αλιείας είναι σωστή; 

ΝΑΙ     [1]         ΟΧΙ  [2]        
 
Β5. Αν ΟΧΙ, εξηγείστε γιατί: 
 
………………………………………………………………………………………… 
 
Β6. Παρατηρήσατε ότι υπάρχει υπεραλίευση των αποθεμάτων; 

ΝΑΙ    [1]      ΟΧΙ   [2]      
 
Β7. Αν ΝΑΙ, σε ποια είδη; 
 
…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

……………… 
 
Β8. Κατατάξτε με σειρά προτεραιότητας (ως 1 κατατάξτε το πιο σημαντικό κ.τ.λ.) ποιος 

ευθύνεται για την υπεραλίευση των αποθεμάτων: 
Δηλώσεις  

Αλιεία με μη επιτρεπόμενα μέσα   
Κλιματικές αλλαγές  
Ρύπανση νερών   
Οικιστική ανάπτυξη  
Αστυνόμευση  
Ελλιπή νομοθεσία  
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Γ. Τυπολογία 
Από ποια ποσοστά (%) από κάθε είδος ή κατηγορία ειδών αποτελείται το αλίευμά σας σε κάθε 

εποχή; 
Γ1 Άνοιξη  

Κύριο είδος 
 

Κιλά Άλλα είδη Κιλά 

    

    

    
Γ2 Καλοκαίρι 

Κύριο είδος 
 

Κιλά  Άλλα είδη Κιλά 

    

    

    
Γ3 Φθινόπωρο 

Κύριο είδος 
 

Κιλά  Άλλα είδη Κιλά 

    

    

    
Γ4 Χειμώνας 

Κύριο είδος 
 

Κιλά  Άλλα είδη Κιλά 

    

    

    
 

Σας ευχαριστούμε θερμά για τη συμμετοχή σας στην έρευνα 
 



PROTOMEDEA – PROTecting MEDiterranean EAst      D-1.6 

2nd Interim Report 

4.5 ANNEX V: Dissemination Activities  
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Παρουσίαση του προγράμματος “Towards the establishment of Marine Protected 
Area Networks in the Eastern Mediterranean” (PROTOMEDEA) 

 

Παρασκευή Κ. Καραχλέ1, Βασιλική Βασιλοπούλου1, Μαριάννα Γιαννουλάκη2, Δόμνα 
Δημαρχοπούλου3, Ζωή Θανοπούλου4, Σπυρίδων Ιωσηφίδης5, Στέφανος Καββαδάς1, 
Αργύρης Καλλιανιώτης6, Στέλιος Κατσανεβάκης4, Νικολέττα Κουκουρουβλή4, Carlos 

Jimenez7, Ίριδα Μάινα1,4, Μαρία Μανιοπούλου1, Χρίστος Δ. Μαραβέλιας1, Αθανάσιος 
Μαχιάς1, Νικόλας Μιχαηλίδης8, Μαρία Πανταζή1,Ευρυπίδης Παπαδόπουλος1, Κωνσταντία 

Παπαδοπούλου2, Στέφανος Παρασκευόπουλος5, Δήμητρα Πέτζα6,9, Αντώνης Πέτρου7, 
Giuseppe Scarcella10, Μαρία Σίνη4, Chris Smith2, Κωνσταντίνος Ι. Στεργίου1,3, Κωνσταντίνος 

Τσαγκαράκης1, Γεώργιος Τσερπές2, Αθανάσιος Τσίκληρας3, Νίκη Χαρτόσια11, Λούης 
Χατζηιωάννου7 

1 Ινστιτούτο Θαλάσσιων Βιολογικών Πόρων και Εσωτερικών Υδάτων, Ελληνικό Κέντρο Θαλάσσιων Ερευνών, Αττική- 
pkarachle@hcmr.gr  

2 Ινστιτούτο Θαλάσσιων Βιολογικών Πόρων και Εσωτερικών Υδάτων, Ελληνικό Κέντρο Θαλάσσιων Ερευνών, Ηράκλειο, Κρήτη  
3 Εργαστήριο Ιχθυολογίας, Τμήμα Βιολογίας, Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη  

4 Τμήμα Επιστημών της Θάλασσας, Πανεπιστήμιο Αιγαίου, Μυτιλήνη, Λέσβος  
5 Εθνικό Θαλάσσιο Πάρκο Αλοννήσου Βορείων Σποράδων, Αλόνησσος  

6 Ινστιτούτο Αλιευτικής Έρευνας, ΕΛΓΟ-ΔΗΜΗΤΡΑ, Νέα Πέραμος, Καβάλα 
7 Enalia Physis Environmental Research Center Ακροπόλεως 2, Αγλαντζιά 2101, Λευκωσία, Κύπρος 

8 Τμήμα Αλιείας & Θαλασσίων Ερευνών, Στρόβολος,, Λευκωσία, Κύπρος  
9 Διεύθυνση Αλιευτικής Πολιτικής & Αλιευτικών Πόρων, Γενική Διεύθυνση Βιώσιμης Αλιείας, Υπουργείο Αγροτικής Ανάπτυξης & 

Τροφίμων, Αθήνα  

10 National Research Council – Institute of Marine Sciences (CNR-ISMAR), 60125 Ancona, Italy  
11 Τμήμα Βιολογικών Επιστημών & Ωκεανογραφικό Κέντρο, Πανεπιστήμιο Κύπρου Λευκωσία, Κύπρος  

 
ABSTRACT 
Paraskevi K. Karachle, Vassiliki Vassilopoulou, Marianna Gianoulaki, Donna Dimarchopoulou, 
Zoi Thanopoulou, Spyridon Iosifidis, Stefanos Kavadas, Argyris Kallianiotis, Stelios 
Katsanevakis, Carlos Jimenez, Irida Maina, Maria Maniopoulou, Christos D. Maravelias, 
Athanasios Machias, Nickolas Michailidis, Maria Pantazi, Euripides Papadopoulos, Konstantia 
Papadopoulou, Stefanos Paraskevopoulos, Dimitra Petza, Antonis Petrou, Giuseppe 
Scarcella, Maria Sini, Chris Smith, Konstantinos I. Stergiou, Konstantinos Tsagarakis, George 
Tserpes, Athanasios Tsikliras, Niki Chartosia, Louis Hadjioannou: Introducing PROTOMEDEA 
project: Towards the establishment of Marine Protected Area Networks in the Eastern 
Mediterranean 
The PROTOMEDEA project focuses on proposing Marine Protected Areas (MPA) networks aiming to 
achieve the Maximum Sustainable Yield (MSY) objectives of the Common Fisheries Policy (CFP) in two 
areas of the Eastern Mediterranean, the Aegean Sea and Cyprus. Towards that direction, existing MPAs 
and essential fish habitats will be mapped, the effect of MPAs on MSY in selected MPAs will be 
examined using previous and new data, and the development of ECOPATH models in order to evaluate 
the current overall contribution of MPAs in fisheries sustainability. In addition, what-if scenarios of MPA 
impacts on MSY and ECOPATH/ECOSPACE models will be evaluated. These scenarios will be discussed 
with a wide range of stakeholders in order to propose commonly agreed and more effective MPAs in the 
study areas. Finally, different management schemes will be developed and examined in order to support 
the optimization of fishery management. 
Keywords: Marine Protected Area networks, Maximum sustainable yield, fisheries, conservation, 
Aegean Sea, Cyprus. 

 
Η αλιεία στην Μεσόγειο είναι πολυ-εργαλειακή και πολυ-ειδική και χαρακτηρίζεται από μεγάλη 

ποικιλομορφία λόγω διαφορετικών περιβαλλοντικών, ωκεανογραφικών, πολιτισμικών και κοινωνικο-
οικονομικών συνθηκών που απαντούν στη λεκάνη της Μεσογείου (π.χ. Stergiou et al. 1997, 
Papaconstantinou & Farugio 2000, Tsikliras et al. 2015). Πρόσφατες έρευνες έχουν δείξει ότι το 
μεγαλύτερο ποσοστό των ιχθυαποθεμάτων της Μεσογείου είναι υπερεκμεταλλευμένο, ενώ η αλιευτική 
εκμετάλλευση έχει ανοδική πορεία (π.χ. Colloca et al. 2013, Vasilakopoulos et al. 2014, Tsikliras et al. 
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2015). Επομένως, η ανάγκη επιβολής αποτελεσματικών μέτρων διαχείρισης είναι επιτακτική. 
Παραδοσιακά, η διαχείριση της αλιείας έχει επικεντρωθεί στη Μέγιστη Βιώσιμη Απόδοση (ΜΒΑ) για 
είδη-στόχους, υπολογισμένη με δυναμικά πληθυσμιακά μοντέλα (Agardy 2006), τα οποία 
χρησιμοποιούνται για τον καθορισμό τεχνικών διαχειριστικών μέτρων (π.χ. ελάχιστο μέγεθος/ηλικία 
αλίευσης, ποσοστώσεις, περιορισμοί στον αριθμό σκαφών, χωρο-χρονικοί περιορισμοί), ενώ σπάνια 
λαμβάνονται υπόψη στην αλιευτική διαχείριση οι διεργασίες των οικοσυστημάτων (Skern-Mauritzen et 
al. 2016). Οι Θαλάσσιες Προστατευόμενες Περιοχές (ΘΠΠ) είναι ένα ελπιδοφόρο εργαλείο για τη 
διατήρηση/διαχείριση των θαλάσσιων οικοσυστημάτων μέσα από την προστασία της βιοποικιλότητας 
και την ενίσχυση της αλιείας (Agardy & Staub 2006, και οι εκεί αναφορές), συνδυάζοντας τα μέτρα 
διαχείρισης με τις οικοσυστημικές διεργασίες. Παρόλα αυτά, η αποτελεσματικότητά τους και η 
συνεισφορά τους χρειάζεται να αξιολογηθεί. 

Στο παραπάνω πλαίσιο σχεδιάστηκε και έχει αρχίσει η υλοποίηση ενός ερευνητικού 
προγράμματος με τίτλο: «Towards the establishment of Marine Protected Area Networks in the Eastern 
Mediterranean (PROTOMEDEA)» (www.protomedea.eu). Στο πρόγραμμα συμμετέχουν συνολικά επτά 
εταίροι από την Ελλάδα και την Κύπρο, με στόχο την πρόταση ενός δικτύου ΘΠΠ που θα ικανοποιεί 
τους στόχους επίτευξης της ΜΒΑ, όπως αυτοί ορίζονται από την Κοινή Αλιευτική Πολιτική. Το 
πρόγραμμα είναι δομημένο σε οκτώ πακέτα εργασίας (Πίνακας 1, Εικ. 1), ενώ οι κύριοι στόχοι του 
συνοψίζονται ως εξής: 

 χαρτογράφηση και επικαιροποίηση πληροφοριών σχετικά με τις ήδη υπάρχουσες ΘΠΠ και τις 
Περιοχές Περιορισμού Αλιείας στις περιοχές μελέτης 

 εντοπισμός και χαρτογράφηση των στοιχειωδών ενδιαιτημάτων ψαριών (essential fish habitats) στις 
περιοχές έρευνας, όπως πεδία συγκέντρωσης νεαρών ατόμων (nursery grounds) πελαγικών και 
βενθικών ψαριών 

 χαρτογράφηση της αλιευτικής προσπάθειας των σημαντικότερων τύπων αλιείας (τράτα βυθού, γρι-
γρι, παράκτια αλιεία και αλιεία αναψυχής)  

 εκτίμηση της αποτελεσματικότητας των μέτρων προστασίας στους ιχθυοπληθυσμούς, με 
εκτεταμένες εργασίες πεδίου με αλιευτικές και μη αλιευτικές τεχνικές 

 εκτίμηση κατάλληλων τεχνικών και επιστημονικών ενδεικτών και κριτηρίων για την αξιολόγηση των 
βιολογικών, τεχνικών, οικονομικών και διαχειριστικών όρων που θα εξασφαλίζουν με υψηλή 
βεβαιότητα ότι η δημιουργία ενός συνεκτικού δικτύου ΘΠΠ θα έχει θετικές επιπτώσεις για την 
επίτευξη των στόχων της ΜΒΑ για συγκεκριμένα αποθέματα 

 ανάπτυξη οικοσυστημικών μοντέλων σε επιλεγμένες περιοχές, με στόχο τη διερεύνηση 
στρατηγικών διαχείρισης, μέσα από χωρο-χρονικές προσομοιώσεις 

 αποτίμηση των πιθανών επιπτώσεων των ανθρώπινων δραστηριοτήτων (εξαιρουμένων της 
επαγγελματικής και ερασιτεχνικής αλιείας) στην απόδοση ενός δικτύου ΘΠΠ σε σχέση με την 
επίτευξη των στόχων της ΜΒΑ 

 διερεύνηση της αποτελεσματικότητας συνεκτικών δικτύων ΘΠΠ στα αποθέματα των κυριότερων 
αλιευτικών ειδών-στόχων και στην επίτευξη των στόχων της ΜΒΑ 

 παραγωγή και βαθμονόμηση μοντέλων που θα απαντούν σε συγκεκριμένες ερωτήσεις και σενάρια 
διαχείρισης με βάση τους στόχους της ΜΒΑ 

 κατανόηση του βαθμού και του τρόπου που ένα δίκτυο ΘΠΠ θα μπορούσε να συμβάλει στον 
περιορισμό της αλιευτικής πίες στα αποθέματα συγκεκριμένων ειδών. 

http://www.protomedea.eu/


16ο Πανελλήνιο Συνέδριο Ιχθυολόγων  Παρουσίαση Ερευνητικών Προγραμμάτων 

   499 

 
Εικόνα 1: Σύνδεση των πακέτων εργασίας του προγράμματος PROTOMEDEA. 

Figure 1: Links between the work packages of the PROTOMEDEA project. 

 
Τελικός στόχος του προγράμματος είναι ο σχεδιασμός ενός δικτύου ΘΠΠ στο Αιγαίο Πέλαγος και 

την Κύπρο, που θα λαμβάνει υπόψη την προστασία και διαχείριση οικολογικών χαρακτηριστικών και 
στοιχειωδών ενδιαιτημάτων ψαριών, τις σημαντικές περιοχές από πλευράς αλιείας, καθώς και τις 
κοινωνικο-οικονομικές επιπτώσεις αλιευτικών περιορισμών, μέσα από μια συμμετοχική διαδικασία 
από κάτω-προς-τα-πάνω (bottom-up). 
 

ΕΥΧΑΡΙΣΤΙΕΣ 
Το πρόγραμμα PROTOMEDEA χρηματοδοτείται από την Ευρωπαϊκή Επιτροπή (European 

Commission, DG-MARE) (Call for tenders MARE/2014/41 [SI2.721917]). 
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Πίνακας 1. Πακέτα (ΠΕ) και υποπακέτα (ΥΠΕ) εργασίας που θα πραγματοποιηθούν στο πλαίσιο του προγράμματος 
PROTOMEDEA. ΘΠΠ=Θαλάσσιες Προστατευόμενες Περιοχές, ΜΒΑ=Μέγιστη Βιώσιμη Απόδοση. 
Table 1. List of actions (work packages and tasks/sub-tasks) in the framework of the PROTOMEDEA project. 

 

ΠΕ 1: Διαχείριση Προγράμματος 

ΠΕ 2: Υφιστάμενη κατάσταση ΘΠΠ στην Ανατολική Μεσόγειο 

ΥΠΕ 2.1: Υφιστάμενες ΘΠΠ στις περιοχές έρευνας 

• 2.1.1: Υπάρχουσες ΘΠΠ στο Αιγαίο 

• 2.1.2: Υπάρχουσες ΘΠΠ στην Κύπρο 

ΥΠΕ 2.2: Εντοπισμός των στοιχειωδών ενδιαιτημάτων ψαριών 

• 2.2.1: Χαρτογράφηση των πεδίων συγκέντρωσης νεαρών ατόμων μικρών πελαγικών ψαριών 

• 2.2.2: Χαρτογράφηση των πεδίων συγκέντρωσης νεαρών ατόμων βενθικών ψαριών 

ΥΠΕ 2.3: Χαρτογράφηση αλιευτικής προσπάθειας στις περιοχές έρευνας 

• 2.3.1: Εκτίμηση αλιευτικής προσπάθειας από τράτες βυθού και γρι-γρι 

• 2.3.2: Εκτίμηση αλιευτικής προσπάθειας από τον παράκτιο αλιευτικό στόλο 

• 2.3.3: Εντοπισμός των αλιευτικών πεδίων για επιλεγμένα είδη 

• 2.3.4: Εκτίμηση αλιευτικής προσπάθειας από την αλιεία αναψυχής 

ΥΠΕ 2.4: Αλιεία αναψυχής 

ΠΕ 3: Έρευνες ελέγχου των επιπτώσεων των ΘΠΠ 

ΥΠΕ 3.1: Επιλογή περιοχών δειγματοληψίας  
ΥΠΕ 3.2: Υποβρύχιες έρευνες οπτικής καταγραφής (Underwater visual surveys-UVS) σε επιλεγμένες 
περιοχές 

• 3.2.1: UVS στο Αιγαίο 

• 3.2.2: UVS στην Κύπρο  

ΥΠΕ 3.3: Πειραματική αλιεία 

ΠΕ 4: Σχεδιασμός δικτύου ΘΠΠ 

ΥΠΕ 4.1: Κοινωνικο-οικονομική αποτίμηση των θαλάσσιων οικοσυστημάτων 

ΥΠΕ 4.2: Χωρικός σχεδιασμός στο Αιγαίο  

ΥΠΕ 4.3: Χωρικός σχεδιασμός στην Κύπρο 

ΥΠΕ 4.4: Αντιλήψεις των ενδιαφερόμενων μερών (Stakeholders) 

ΠΕ 5: Επίδραση των ΘΠΠ στην ΜΒΑ 

ΥΠΕ 5.1: Καθορισμός τεχνικών και επιστημονικών δεικτών για την εκτίμηση της επίδρασης των 
δικτύων ΘΠΠ στην επίτευξη των στόχων ΜΒΑ  

ΥΠΕ 5.2: Βραχυπρόθεσμες, μεσοπρόθεσμες και μακροπρόθεσμες εκτιμήσεις ΜΒΑ  

• 5.2.1: Μικρά πελαγικά είδη 

• 5.2.2: Βενθικά είδη  

ΠΕ 6: Οικοσυστημική Μοντελοποίηση- Ανάπτυξη μοντέλων ECOPATH 

ΥΠΕ 6.1: Ανάπτυξη μοντέλων ECOPATH στο Αιγαίο  

ΥΠΕ 6.2: Ανάπτυξη μοντέλων ECOPATH στην Κύπρο 

ΠΕ 7: Αξιολόγηση των αποτελεσμάτων μοντελοποίησης 

ΥΠΕ 7.1: ΜΒΑ/Βιο-οικονομικά μοντέλα 

ΥΠΕ 7.2: ECOPATH/ECOSPACE  

ΠΕ 8: Επικοινωνία & Διάχυση Πληροφορίας 

ΥΠΕ 8.1: Σχέδιο Επικοινωνίας & Διάχυσης Πληροφορίας 

ΥΠΕ 8.2: Εκτέλεση του Σχεδίου 
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K, Κιβρακίδου Ε, Μιχαλόπουλος Γ, Κουμπούρης Γ  

16.06-16.21 ΟΙ ΚΥΑΝΟΤΟΞΙΝΕΣ ΩΣ ΠΙΘΑΝΗ ΑΙΤΙΑ ΤΩΝ ΑΙΦΝΙΔΙΩΝ ΘΑΝΑΤΩΝ 

ΑΡΓΥΡΟΠΕΛΕΚΑΝΩΝ (Pelecanus crispus) ΣΤΟΝ ΤΑΜΙΕΥΤΗΡΑ ΤΗΣ ΚΑΡΛΑΣ 

ΚΑΤΑ ΤΟΥΣ ΘΕΡΙΝΟΥΣ ΜΗΝΕΣ 2016. Παπαδημητρίου Θ, Κατσιάπη Μ, 
Βλαχόπουλος Κ, Χριστόπουλος Α, Αλεξάνδρου Ο, Κατσαδωράκης Γ, Λασπίδου 

Χ, Μουστάκα-Γούνη Μ, Κορμάς Κ  σελ.88 
16.21-16.36 ΕΠΙΠΤΩΣΕΙΣ ΤΗΣ ΚΛΙΜΑΤΙΚΗΣ ΑΛΛΑΓΗΣ ΣΤΗ ΒΙΟΠΟΙΚΙΛΟΤΗΤΑ ΤΟΥ 

ΦΥΤΟΠΛΑΓΚΤΟΥ ΤΟΥ ΘΕΡΜΑΪΚΟΥ ΚΟΛΠΟΥ ΣΕ ΠΕΙΡΑΜΑΤΑ ΜΕΣΟΚOΣΜΟΥ.  

Στεφανίδου Ν, Lopez-Bautista J, Sommer U, Μουστάκα-Γούνη Μ  σελ.103 
16.36-16.51 ΚΛΙΜΑΤΙΚΗ ΚΑΤΑΛΛΗΛΟΤΗΤΑ ΠΕΡΙΟΧΩΝ ΩΟΤΟΚΙΑΣ ΘΑΛΑΣΣΙΩΝ ΧΕΛΩΝΩΝ: 

ΘΕΤΙΚΕΣ ΠΡΟΟΠΤΙΚΕΣ ΓΙΑ ΤΗ ΜΕΣΟΓΕΙΟ. Αλμπανίδου Β, Schofield G, 
Καλλιμάνης ΑΣ, Hays GC, Μαζάρης ΑΔ  σελ.16 

16.51-17.06 ΜΕΤΑΤΟΠΙΣΗ ΤΩΝ ΔΑΣΟΟΡΙΩΝ ΣΤΟΝ ΕΘΝΙΚΟ ΔΡΥΜΟ ΟΛΥΜΠΟΥ ΚΑΙ 
ΚΛΙΜΑΤΙΚΗ ΑΛΛΑΓΗ. Ζήντρος Α, Ραδόγλου Κ, Μήλιος Η, Κιτικίδου Κ  σελ.35 

17.15-17.40 Διάλειμμα - Break 
 

17.40-17.55 Η ΕΠΙΔΡΑΣΗ ΤΩΝ ΒΙΟΛΟΓΙΚΩΝ ΚΑΙ ΣΥΜΒΑΤΙΚΩΝ ΚΑΛΛΙΕΡΓΗΤΙΚΩΝ 
ΤΕΧΝΙΚΩΝ ΣΤΗΝ ΕΚΠΟΜΠΗ ΑΕΡΙΩΝ ΘΕΡΜΟΚΗΠΙΟΥ ΔΙΑΦΟΡΕΤΙΚΩΝ 

ΠΟΙΚΙΛΙΩΝ ΑΡΑΚΑ ΥΠΟ ΕΛΛΗΝΙΚΕΣ ΣΥΝΘΗΚΕΣ. Βουγελέκα Β, Ντάτση Γ, 
Παππά ΒΑ, Μπεμπέλη ΙΠ, Αράπης Γ, Σαϊτάνης Κ, Σάββας Δ  σελ.27 

17.55-18.10 ΤΟ ΚΛΙΜΑ ΔΗΜΙΟΥΡΓΕΙ ΠΕΡΙΟΡΙΣΜΟΥΣ, Η ΔΙΑΤΑΡΑΧΗ ΕΔΑΦΩΝ ΕΥΝΟΕΙ ΚΑΙ 

ΤΑ ΟΔΙΚΑ ΔΙΚΤΥΑ ΑΝΟΙΓΟΥΝ ΤΟ ΔΡΟΜΟ ΓΙΑ ΤΗΝ ΕΞΑΠΛΩΣΗ ΤΟΥ 
ΕΙΣΒΟΛΙΚΟΥ ΦΥΤΟΥ Solanum elaeagnifolium Cav. (SOLANACEAE), ΑΚΟΜΑ 

ΚΑΙ ΣΕ ΠΡΟΣΤΑΤΕΥΟΜΕΝΕΣ ΠΕΡΙΟΧΕΣ. Κρίγκας Ν, Βότση ΝΕ, Κατσούλης Γ, 
Τσιαφούλη Μ  σελ.53 

18.10-18.25 ΞΕΝΙΚΑ ΚΑΙ ΕΙΔΗ ΜΕ ΕΠΕΚΤΑΣΗ ΚΑΤΑΝΟΜΗΣ ΣΤΟ ΘΑΛΑΣΣΙΟ ΣΤΕΝΟ 
ΘΕΣΠΡΩΤΙΑΣ-ΚΕΡΚΥΡΑΣ (Β.Δ. ΕΛΛΑΔΑ). Κωνσταντινίδης Ε, Περδικάρης Κ, 

Γκάνιας Κ, Πάσχος Ι  σελ.56 

 
18.30-20.30 Ειδική Συνεδρία 4: Special Session 4 

Σύγκλιση δράσεων για γαλάζια ανάπτυξη και καλή περιβαλλοντική 
κατάσταση: θαλάσσιες προστατευόμενες περιοχές και χωροταξικός 

σχεδιασμός 

Οργανωτές-Συντονιστές 
Ελληνικό Κέντρο Θαλασσίων Ερευνών (ΕΛ.ΚΕ.Θ.Ε.) - Βασιλοπούλου Β, 
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1. Introduction 

PROTOMEDEA project is comprised of eight WPs which are further divided into several Tasks and Sub-Tasks 

(Table 1) linked to related deliverables for the best possible allocation and production of work. It focuses on 

two case studies of the Eastern Mediterranean Sea: the Aegean Sea (GSA 22) and Cyprus (GSA 25). Based 

on the DoW, its main aim is to map the already existing Marine Protected Areas (MPAs) and to plan 

proposed MPA networks in these two areas. Furthermore, the mapping of essential fish habitats, the effect 

of MPA in achieving the Maximum Sustainable Yield (MSY) objectives of the Common Fisheries Policy (CFP) 

and the development of ECOPATH models in selected areas are foreseen in order to evaluate the current 

overall contribution of MPAs in fisheries sustainability. “What if” scenaria of MPA impacts on MSY and 

Ecopath/Ecospace models will be evaluated and different management schemes will be developed and 

examined in order to support the optimization of fishery management.  

According to the 2nd Interim Report, concerning the foreseen activities of the project during July 2016 till 

December 2016, adherence to the timetable along with timely delivery of all the respective deliverables 

was confirmed. Following the 2nd Interim Report, the 3rd Interim Report includes all the main project 

activities carried out within January - November 2017.  

 

2. 3rd Interim Report    

According to the project’s Description of Work (DoW) and based on its respective tables of ANNEX I (Table 

1.2 & Table 1.3), regarding the duration and summary timetable, the 3rd Interim Report (D-1.7), designed 

to monitor the project’s evolvement and summarize the key outcomes produced during the period January 

2017 till November 2017, has been scheduled to be delivered within November of 2017. 

The main activities of the project carried out during this period and compiled within the present report; 

include the following deliverables per WP (Table 2): 

 

 WP1: Project Coordination & Management 

 Deliverable 1.3: Minutes of the 3rd meeting (allocated and delivered in November 2017) 

 Deliverable 1.7: 3rd Interim Report (allocated and delivered in November 2017) 

 

 WP2: Current MPA status in the Eastern Mediterranean 

 Deliverable 2.3: Maps of essential fish habitats (allocated and delivered in February 2017) 

 

 WP3: Scientific surveys to test the effects of protected areas 

 Deliverable 3.1: UVS results (allocated in April 2017 and delivered in mid-October 2017)  

 Deliverable 3.2: Fishing trial results (allocated in April 2017 and delivered in mid-October 2017) 
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Table 1: PROTOMEDEA’s structure  

PROTOMEDEA

WP1: Project Management

WP2: Current MPA status is in the Eastern Mediterranean

Task 2.1: Existing MPAs in the study areas

• Sub-Task 2.1.1: Existing MPAs in the Aegean Sea

• Sub-Task 2.1.2: Existing MPAs in Cyprus

Task 2.2: Identification of essential habitats

• Sub Task 2.2.1: Mapping of nursery grounds of small pelagic fish

• Sub Task 2.2.2: Mapping of nursery grounds of demersal fish

Task 2.3: Mapping fishing effort in the study areas

• Sub-task 2.3.1: Estimation of fishing effort from trawlers and purse seines.

• Sub-task 2.3.2: Estimation of fishing effort from the coastal fishing fleet

• Sub-task 2.3.3: Identification of fishing grounds for the target species

• Sub-task 2.3.4: Estimation of fishing effort from the recreational fishing fleet

Task 2.4: Recreational fisheries

WP3: Scientific surveys to test the effects of protected areas

Task 3.1: Selection of sites

Task 3.2: Underwater visual surveys (UVS) in the selected sites

• Sub-task 3.2.1: UVS in the Aegean

• Sub-task 3.2.2: UVS in Cyprus

Task 3.3: Experimental fishing trials

WP4: Planning a network of MPAs

Task 4.1: Socio Economic evaluation of marine ecosystems

Task 4.2: Spatial planning in the Aegean

Task 4.3: Spatial planning in Cyprus

Task 4.4: Stakeholder perceptions

WP5: MPA effect on MSY

Task 5.2: Short, medium and long term forecast of MSY

• Sub-Task 5.2.1: Small pelagic species

• Sub-Task 5.2.2: Demersal species

WP6: Ecosystem modelling-Development of Ecopath models

Task 6.1: Setting up of Ecopath models in Aegean Sea

Task 6.2: Setting up of Ecopath models in Cyprus

WP7: Evaluation of modelling results

Task 7.1: MSY/Bio-economic models

Task 7.2: Ecopath/Ecospace

WP8: Communication & Dissemination

Task 8.1: Communication & Dissemination plan

Task 8.2: Plan execution

Task 5.1: Determining technical and scientific indicators to evaluate the effect of MPAs 

network towards MSY objectives

 
 

 WP4: Planning a network of MPAs 

 Deliverable 4.1: Assessment of the total value of essential goods and important ecosystem services 

(allocated in August 2017 and delivered in mid-October 2017)  

 Deliverable 4.2: Assessment of the cost of their loss, resulting from the benefit reduction scenarios in key 

economic sectors and social welfare by human (allocated in August 2017 and delivered in mid-October 

2017) 

 Deliverable 4.3a: Initial MPA network in the Aegean (allocated and delivered in October 2017) 

 Deliverable 4.4a: Initial MPA network in Cyprus (allocated and delivered in October 2017) 

 Deliverable 4.5: Stakeholder meetings (allocated in October 2017 and delivered in November 2017) 
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 Deliverable 4.6: Results from questionnaires (allocated in October 2017). A three-month -till the end of 

January 2018-, extension has been requested by the relevant Task-Leaders, justified in the relevant Letter 

of Extension (ANNEX I)  

 

 WP8: Communication & Dissemination 

 Deliverable 8.3: Stakeholder meetings (allocated in October 2017 and delivered in November 2017)  

 

Table 2: Timetable of deliverables within the 3rd Interim Period (01/2017 – 11/2017) based on Table 1.3 of ANNEX I of DoW. 

1 2 3 4 5 6 7 8 9 10 11

Deliverable 1.3: Minutes of the 3rd meeting *

Deliverable 1.7: 3rd Interim Report *

Deliverable 2.3: Maps of essential fish habitats (selected species from Annex) *

Deliverable 3.1: UVS results
*

Deliverable 3.2: Fishing trial results *

Deliverable 4.1: Assessment of the total value of essential goods and important

ecosystem services
*

Deliverable 4.2: Assessment of the cost of their loss, resulting from the benefit

reduction scenarios in key economic sectors and social welfare by human
*

Deliverable 4.3a: Initial MPA network in the Aegean *

Deliverable 4.4a: Initial MPA network in Cyprus *

Deliverable 4.5: Stakeholder meetings *

Deliverable 4.6: Results from questionnaires *

Deliverable 8.3: Stakeholder meetings *

WP8: Communication & Dissemination

Allocation in time (year/month)

3rd Interim Period

2017

WP1: Project Management

WP2: Current MPA status is in the Eastern Mediterranean

WP3: Scientific surveys to test the effects of protected areas

WP4: Planning a network of MPAs

Deliverables

 

 

In addition to the above, within this Interim Report an update of D-2.4-volume II: Mapping fishing effort in 

the study area is also included. Moreover, all related dissemination activities conducted within this period 

have also been taken into account and are presented hereto.  

Regarding D-4.6: Results from questionnaires, the Task 4.4 leaders have requested a three-month 
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extension (till the end of January 2018) through the coordinator, in order to be able to incorporate within 

the analysis the feeback expected by the relevant stakeholders (who participated in the Stakeholder 

Workshop on the 2nd of November 2017); the related deadline for the additional feedback is set for the 

end of November. The requested extension is not regarded to impact the project’s flow since there is no 

interdependency with other deliverables. For further details please refer to (Letter of extension: ANNEX I of 

the report).   

 

2.1 3rd project meeting (D-1.3) 

The 3rd project meeting (D-1.3) of the project took place at the premises of University of Cyprus in Nicosia, 

Cyprus, on the 7th and 8th of September 2017 (relevant Milestone achieved) under WP1, back to back with 

the Stakeholder Workshop in Cyprus on the 8th of September 2017 (relevant Milestone achieved). It has 

been attended in person by 13 participants, while 6 more participants were connected through Skype with 

the meeting. The meeting’s minutes have been recorded and compiled into D-1.3, following the dedicated 

template that had been prepared, and have been uploaded to the dedicated field in the project’s webpage.  

The main objectives of the meeting were:  

- the progress of each WP & the state of the deliverables;  

- issues of concern & possible solutions/ remedial actions;  

- the way forward; 

- timeline of feedback on DG MARE’s comments 

An overview of the whole project and its structure along with budgetary, timetable, dissimination and 

administrative issues were presented by the coordinator. Relevant presentations of each WP were given by 

the WP-leader / key people invloved. During the meeting, the project’s progress was presented along with 

the state of the deliverables. Quite few of the deliverables of the project were reported to be pending, 

however in all cases this issue regarded mainly their finalization and further fine-tuning of the outcomes, 

rather than their underlying or fundamental preparation (field work, samplings, applied methodologies 

etc.), which has been completed within the foreseen timeline. There was a consensus that the integration 

of the WPs is on the right track, and all partners agreed to put even more effort in maintaining it. The high 

level of cooperation among the partners was also highlighted.  

The meeting was complimented by plenary discussions concerning ideas for better dissemination of the 

project’s results and arrangement of future events and meetings. Concerning the publication of peer-

reviewed scientific papers, an allocation within each WP has been presented by the coordinator, in order to 

ensure that all partners should remain focus on them. Moreover, partners were encouraged to proceed to 

as many as possible dissemination actions (e.g. local events, local journals, Symposia / Conferences / 

Meetings). Among these discussions, the organization of the next Stakeholder Workshop in Athens was 

discussed extensively, pointing out that it will take place within the end of October – beginning of 

November (at the latest), while next actions needed were discussed and assigned.  

For further details please refer to D-1.3 (ANNEX II of the report). 
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2.2 Maps of essential fish habitats (selected species from Annex) (D-2.3)  

In line with the foreseen work outlined in the project’s DoW, under WP2-Task 2.2: Identification of 

essential habitats, D-2.3 was allocated and timely delivered in February 2017. Specifically within Task 2.2, 

two sub Tasks were carried out: 

 Sub Task 2.2.1: Mapping of nursery grounds of small pelagic fish 

 Sub Task 2.2.2: Mapping of nursery grounds of demersal fish 

Within D-2.3 a compilation and update of the existing information on the identification and location of 

nursery areas (juveniles in their first and, if appropriate, second year of life) for the most important 

demersal and small pelagic species in the Eastern Mediterranean included in Appendix VU of Council 

Regulation (EC) No 199/2008 as well as for the species subject to minimum size (Council Regulation (EC) No 

1967/2006-Annex III), has taken place.   

Concerning the mapping of the nursery grounds of small-pelagic fish, the nursery grounds of the most 

important commercial small pelagic species i.e. Engraulis encrasicolus (anchovy), Sardina pilchardus 

(sardine), Trachurus trachurus (horse-mackerel) were taken into account, using available information 

collected within the framework of past projects (Tsagarakis et al. 2008; Giannoulaki et al. 2011; Giannoulaki 

et al. 2013a; Giannoulaki et al 2013b) which was evaluated, updated with recent survey (MEDIAS, MEDITS) 

data and adjusted to a suitable spatial scale for the study areas. Methods and results obtained in MEDISEH 

project were used, because they were considered consistent with the objective of the present deliverable. 

Specifically, habitat suitability modeling was applied to all cases based on Generalized Additive Models 

(GAMs) using satellite environmental data as explanatory variables.  

Accordingly, the nursery grounds of certain demersal species included in the DCF Group I of the Data 

Collection Framework for the Mediterranean or are subjected to minimum landing size based on Council 

Regulation No 1967/2006-Annex II (or “minimum conservation reference size” as stipulated by the new CFP 

(Regulation (EU) 1380/2013)) were revised and defined in the study area. Specifically, the following species 

were considered: Merluccius merluccius, Mullus barbatus, Mullus surmuletus, Nephrops norvegicus, 

Parapenaeus longirostris, Illex coindetti, Eledone cirrhosa. The analysis was based on abundance data, 

expressed in terms of numbers/km2, collected during the MEDITS surveys carried out in the period 2001-

2014 in the Aegean Sea (seven surveys in total). Data were modeled by means of GAM techniques in line 

with the approach followed during the MEDISEH project (Colloca et al. 2015). 

Model grid cell predictions were used for creating density maps by means of the “raster” and “maptools” 

packages under the R language environment. To facilitate interpretation and given that the model 

estimates an average distribution pattern by species, for all studied years, model predictions Pi were 

previously rescaled to the range 0-1 according to the formula: Pi - Pmin/Pmax-Pmin. In that sense, 1 

represented the maximum abundance and 0 the minimum one. 

According to the results, preferential nursery areas for anchovy, sardine and horse mackerel were 

identified along the coastal waters of Thracian Sea, around the island of Limnos, the inner part of 

Thermaikos Gulf as well as areas in the North and South Evoikos Gulfs. Habitat areas over the Cyclades 

plateau were also identified, presenting different extent depending on the species. For the demersal 

species considered, the area of Saronikos gulf seemed to favor the concentration of juveniles and could be 

considered as an important nursery ground. For the rest species, with the exception of I. coindetti, few 

additional important nurseries were identified, mostly in the northern part of the Aegean Sea. On the 

contrary, nursery grounds for I. coindetti seem to exist in several parts of the Aegean Sea. However, results 
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for all species should be always faced with caution, since they provide a snapshot of the situation in the 

summer season and things may be different in the rest months of the year. 

The respective shape files have been available for use in WP4 (Marxan). D-2.3 is also available at the 

project’s webpage (intranet).  For further details please refer to D-2.3 (ANNEX III of the report). 

 

2.3 Mapping fishing effort in the study area (D-2.4-volume II-updated) 

Under WP2-Task 2.3: Mapping fishing effort in the study areas, D-2.4-volume II was timely delivered within 

the previous reporting period. However, due to the fact that ongoing work was still under way regarding:  

 Sub-task 2.3.3: Identification of fishing grounds for the target species 

 Sub-task 2.3.4: Estimation of fishing effort from the recreational fishing fleet 

an updated version is being submitted within this report. The updated D-2.4-volume II is also available at 

the project’s webpage (intranet).  

Pertinent to subtask 2.3.3 (identification of fishing grounds for the target species), the implemented 

approach has also been applied to Cyprus. The approach provides a visualization of the spatial pattern of 

species richness in important fishing grounds, and is based on the combination of the potential habitat use 

of some commercial species for Cyprus bottom trawl fishery and the spatial distribution of fishing effort. 

Key results revealed that important fishing grounds were found mainly in the in the southern part of Cyprus 

(marine area close to Limassol). 

Regarding subtask 2.3.4 (estimation of fishing effort from the recreational fishing fleet), the analysis was 

based on Multi-Criteria Decision Analysis (MCDA). This methodology produces fisheries footprint by taking 

into consideration several interactions with other anthropogenic or environmental factors. Several 

methods and processes such as the Analytic Hierarchy Process (AHP) and Fuzzy logic were applied in an 

effort to solve the multiple criteria problem. To this end, the most influential components and criteria 

affecting recreational fishing have been identified. The number of recreational licenses of D-2.5 was 

incorporated within the model of D-2.4 for the estimation of the recreational fishing pressure index.  

2.4 UVS results (D-3.1) 

Based on the foreseen work defined in the project’s DoW under WP3-Task 3.2: Underwater visual surveys 

(UVS) in the selected sites, D-3.1 was foreseen and allocated in April 2017 but delivered in mid-October 

2017.  Specifically within Task 3.2, sub Tasks were carried out: 

 Sub-task 3.2.1: UVS in the Aegean 

 Sub-task 3.2.2: UVS in Cyprus  

The primary aim of WP3 was to assess the effects of different levels of fishing pressure on fish assemblages 

of shallow rocky reefs. D-3.1 focused on rocky habitats of the upper sublittoral zone as a) this zone is under 

the direct pressure of cumulative human impacts and natural stressors, and hence management measures 

are urgently required (Marbà et al. 2015, Parravicini et al. 2013), and b) the acquisition of quantitative data 

from shallow coastal waters were needed to complement information obtained through other sampling 

techniques during the PROTOMEDEA project.  

Moreover, within D-3.1 Task3.1: Selection of sites was tackled. The aim was to cover most parts of the two 
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study areas in a representative way, but final decision of the sampling stations was dictated by the 

objectives of the project (i.e. finding suitable sites of high and low fishing pressure), logistic constrains, 

weather conditions, and the availability of extensive hard substrate habitats. Pairs of high and low fishing 

pressure (FP) sites were selected based on the map produced using the fishing pressure index for small-

scale fisheries (FPc) developed in WP2 – Deliverable 2.4. Due to the rejection of the request by the 

Department of Underwater Antiquities, no sampling was performed in the considered no-take zone (Piperi 

– NMPANS) in the Aegean Sea, as has been foreseen.  

Underwater visual surveys were conducted in 30 sites of the Aegean Sea (15 pairs of high and low fishing 

pressure sites) and 8 sites around Cyprus (4 pairs of high and low fishing pressure sites). Two different UVS 

techniques (Strip transects –plot sampling and Line transects - distance sampling) were performed by 

SCUBA diving at two different depth zones (5 and 15 m). The aim of the plot sampling was to assess the 

community structure of rocky reef fish assemblages found in the Aegean Sea and Cyprus, as well as to 

compare fish community parameters between areas of high and low fishing pressure. The aim of the 

distance sampling was to examine the performance of different UVS techniques (specifically plot versus 

distance sampling methods) for the assessment and monitoring of fish.  

Data analyses included the ex situ estimation of fish biomass using the allometric length-weight 

relationship: W= aLb, while fish species were assigned to distinct groups according to functional trophic 

status: large carnivores, carnivores, omnivores, grazers. Bootstrap (with 1000 resamples) was applied to the 

considered metrics in order to investigate differences in mean density and biomass between high and low 

fishing pressure sites. Moreover, two-way permutational multivariate analysis of variance (PERMANOVA) 

was applied to investigate community changes in density and biomass between different geographic areas 

and between high and low fishing pressure sites.  

According to the main results observed, a total of 56 fish species were recorded through visual surveys in 

30 sites of the Aegean Sea and 8 sites of Cyprus. Although a similar number of species was observed in both 

sub-areas (43 for the Aegean Sea and 41 for Cyprus), Cyprus had a higher number of allochthonous fish (N = 

9 species) and a slightly larger number of families (N = 18), compared to the Aegean Sea (2 allochthonous 

species, 15 families in total). On the other hand, density and biomass values were overall higher in the 

Aegean Sea than in Cyprus. 

In both sub-areas community composition followed similar trends with regards to the number of species, 

and the relative density and biomass of the different trophic groups and commercial status groups. Both in 

the Aegean Sea and Cyprus the most abundant species that made up the greatest proportion of the 

recorded biomass (i.e. C. chromis, B. boops, T. pavo, S. smaris, C. julis, D. vulgaris, S. salpa, S, cretense, and 

S. luridus in the Aegean Sea, and C. chromis, S. luridus, Atherina spp., S. cretense, C. julis, T. pavo, S. 

cretense, D. vulgaris in Cyprus) were either omnivores or grazers and of low or no commercial value. On the 

contrary, density and biomass of carnivores, especially the large carnivores, and commercially important 

species (e.g. Epinephelus spp., D. dentex, D. sargus) were particular low in both sub-areas.   

Within each sub-area, species richness, density and biomass of fish species, trophic groups, and commercial 

status groups were generally higher at the low fishing pressure sites, although differences were not always 

significant. Also, all the aforementioned community parameters were overall higher at the 15 m depth 

zone. 

In the Aegean Sea, community analyses showed that both geographic location as well as FP have a 

significant effect on density and biomass values, and hence to the overall community structure. Moreover, 
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several omnivorous fish were more strongly correlated with sites located at the northern Aegean basin, 

whereas herbivorous fish were more strongly associated to sites located at the southern basin. On the 

other hand, several omnivorous, as well as two carnivorous fish of commercial value, namely D. vulgaris 

and S. dumerili, were more strongly correlated to sites of low FP, whereas, the allochthonous siganid 

species were more strongly associated with sites of high FP. On the contrary, in Cyprus community analyses 

indicated no particular effect of geographic location or fishing pressure on community parameters, possibly 

due to the low number of stations examined.  

D-3.1 is also available at the project’s webpage (intranet). For further details please refer to D-3.1 (ANNEX V 

of the report). 

 

2.5 Fishing trial results (D-3.2) 

Accordingly, under WP3-Task 3.3: Experimental fishing trials has been foreseen to be carried out within this 

reporting period, with D-3.2 allocated in April 2017 but delivered in mid-October 2017.     

Based on D-3.2, sampling in the Aegean Sea was focused in the Gulfs of Thermaikos and Pagasitikos, on 

selected sites characterized by both low and high fishing effort, as well as in the area of Sporades Islands. 

The maximum depth of Thermaikos Gulf (defined as inner and outer Thermaikos, the latter being the main 

fishing ground) reaches 100m. As trawling is banned in the Greek waters during summer, appropriate 

licenses were requested by the competent authorities. Yet, despite the original programming, and due to 

the rejection of the request by the Department of Underwater Antiquities (as mentioned also above), no 

sampling was conducted within the area of the National Marine Protected Area of Sporades. In Cyprus four 

pairs of locations were selected and sampled (from east to west): Cape Greko (2 Hauls – Proposed MPA), 

Yeroskipou (Near Moulia Rocks MPA), Geronisos and one additional haul near Kakoskali (proposed MPA).  

For the acquisition of new/additional fisheries data, the MEDITS sampling protocol was used (i.e. hauls of 

30 minutes for depths <200m, and one hour hauls for depths >200m, as it was decided during the kick-off 

meeting of the project (D 1.1a). The selection of the protocol was based on the concept that all further 

analyses and modelling (i.e. MSY, Bio-economic modeling and ECOPATH with ECOSIM) would be using the 

data of MEDITS surveys. For each haul all fish and the most important cephalopod and crustacean species 

were recorded, and their total weight was recorded. A sub-sample of 50 individuals per fish species and of 

100 individuals for the target species when feasible (i.e. Mullus barbatus, Mullus surmuletus, Merluccius 

merluccius, Nephrops norvegicus, Pagelluls erythrinus, Parapenaeus longirostris, Spicara smaris) was 

weighed and the total length was measured. Results were focused on the abundance and biomass per taxa 

and target species at each station for each of the considered areas in both case studies (Aegean Sea and 

Cyprus), as well as mean length per haul for Pagassitikos Gulf and mean length per fishing pressure area for 

Thermaikos Gulf. 

In Greece, overall 6 Elasmobranchia, 68 Actinopteri, 10 Cephalopoda and 7 Crustacea species were 

identified, with a total biomass of 2137.3 kg. Length-frequency distributions and box-plots (were 

constructed for the most abundant species and comparisons between hauls were made. Accordingly, in 

Cyprus, 1 Elasmobranchia, 47 Actinopteri, 8 Cephalopoda, 15 Crustacea and 2 Reptilia species were 

identified, with a total biomass of 158.4 kg. Due to the low abundances and biomass, only length-frequency 

distributions were constructed for the most abundant species. 
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D-3.2 is also available at the project’s webpage (intranet). For further details please refer to D-3.2 (ANNEX 

VI of the report). 

 

2.6 Assessment of the total value of essential goods and important ecosystem services (D-4.1) 

Based on the foreseen work defined in the project’s DoW under WP4-Task 4.1: Socio Economic evaluation 

of marine ecosystems, D-4.1 was foreseen and allocated in August 2017 but delivered in October 2017.   

According to D-4.1, the coastal and marine environment generates a large number of ecosystem services 

(e.g., provisioning, regulating, cultural). Sites providing suitable reproductive habitat and nursery grounds 

contribute to the provision of food and maintenance of fisheries, which might have a small contribution to 

the gross domestic product but are of socio-economic importance. Hence, the focus of this deliverable is 

mainly on services related to food provision, recreational fishing and other cultural services that often 

occur together with seafood provisioning such as cultural heritage, identity, social resilience etc. It is also 

noted that the aim of D-4.1 is to present preliminary results at high level in order to improve our 

knowledge and raise awareness about the importance of fish habitats, nursery grounds and species, while 

highlighting the need for further research. As a result, this deliverable presents an overview of fisheries in 

the case study areas, values and catches of commercial species whose potential habitats have been 

identified in previous deliverable and which contribute to the viability of different segments of the fleet. 

Furthermore, evidence regarding recreational fishing, attempts to approximate its importance that is 

regarded considerable in terms of pressure and benefits (although consistent data is lacking), while cultural 

significant areas are also highlighted in the Aegean Sea considering different criteria. With regards to 

cultural significant areas, it is important to realize that cultural heritage and identity linked to marine 

habitats and fisheries that they support is non-renewable, while lack of data poses a risk for services with 

non-tangible benefits to get less attention in marine management.  

D-4.1 is also available at the project’s webpage (intranet). For further details please refer to D-4.1 (ANNEX 

VII of the report). 

 

2.7 Assessment of the cost of their loss, resulting from the benefit reduction scenarios in key economic 

sectors and social welfare by human (D-4.2) 

With regard to WP4- Task 4.1: Socio Economic evaluation of marine ecosystems, also D-4.2 has been 

foreseen to be carried out within this reporting period, which was allocated in August 2017 but delivered in 

October 2017.  

According to the Marine Strategy Framework Directive (MSFD), Member States have been called upon to 

prepare initial assessments of their marine waters, including the socio-economic analysis of the use of 

these waters and their cost of degradation (Article 8) that is linked to potentials pressures and impacts on 

the marine and coastal habitats. In this deliverable the focus is on the ecosystem services outlined in D 4.1, 

based on stakeholders’ input and other available information. Through the high-level analysis followed, it 

seems that trends in marine sectors are expected to impact on the specific ecosystem services however 

there is uncertainty and challenges in data availability to be overcomed by further research. For example, 

the exploratory analysis followed here showed spawning and nursery grounds of selected commercial 

species that are potentially exposed to abrasion pressure and which could benefit from enhanced benthic 

conditions. However, further research on the ecological functions of nursery and spawning grounds that 
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may vary across the case study areas considering also the contribution of various pressures and the 

envelope of habitats, would enable a more informative assessment of the potential degradation and hence 

economic valuation of the involved cost. The uncertainty about the status of the ecosystem services under 

the “business as usual” scenario is also evident in the stakeholder engagement that shows mixed results, 

although consensus is reached about the improvement of specific ecosystem services (e.g., provisioning) 

when faced with the scenario of establishing a network of marine protected areas. Hence, development 

and assessment of future scenarios coupled with integrated socio-ecological analysis could shed more light 

on marine planning and management.  

D-4.2 is also available at the project’s webpage (intranet). For further details please refer to D-4.2 (ANNEX 

VIII of the report). 

 

2.8 Initial MPA network in the Aegean (D-4.3a) 

Regarding WP4-Task 4.2: Spatial planning in the Aegean, D-4.3a was allocated and delivered in October 

2017.  

Based on D-4.3a, the overall aim of the present planning exercise is to contribute towards the development 

of an efficient MPA network, taking into account the protection of the ecological characteristics and 

significant areas for fisheries, as well as the socio-economic impacts of their implementation, through a 

transparent and robust process. To this end, the most widely applied conservation planning software was 

used, i.e. MARXAN with Zones, to provide optimal spatial solutions that may reach multiple ecological and 

social objectives at the lowest cost for marine users. 

The proposed initial plan incorporates a five-zoning system in which a marine protected area (MPA) 

network is suggested, while the most important activities of the area are spatially arranged within these 

zones. Overall, 76 of the most important biodiversity and fishery ecological features encountered in Aegean 

(part of which were produced by Task 2.2); 13 human activities (part of which were produced by Tasks 2.3.1 

and 2.3.2); (iii) 7 established spatial management tools such as FRAs, MPAs, Natura 2000 network (Task 

2.1.2), were incorporated in the initial plan. 

The widest zone is Zone E (“General use zone”) occupying about half of the study area (82727.1 km2). In 

Zone E all activities are allowed with respect to existing regulations. In Zone A (“Full protection of 

biodiversity and stocks”) all uses that pose a threat to marine biodiversity and fish stocks are prohibited, 

while activities that are compatible with conservation objectives such as ecotourism and diving are 

encouraged. Zone A occupies 18 % of the study area (31697.8 km2) and is almost equally shared between 

the Greek territory and the international waters. More than 54 % of Zone A is already spatially managed up 

to a certain degree, under the national and/or European legislation. In Zone B (“Partial protection of 

biodiversity and stocks”) bottom trawling and purse seines are prohibited. Zone B covers 24 % of the study 

area (42627.1 km2) and almost 60% of the zone is currently under certain fishing restrictions. Zone C, where 

bottom trawling is restricted, occupies 10 % of the study area (18584 km2) of which the majority is 

allocated at the international waters. Finally, Zone D, in which fishing with purse seines is restricted, covers 

2008 km2 that corresponds to 1% of the study area. 

The proposed initial design succeeds the majority of the overall targets set (for 97 % of the targeted 

features). The main reason for not reaching all targets was the spatial overlap of areas with significant 

ecological value and human activities that may seriously affect the marine biodiversity and fish stocks, such 

as big cities and ports. In these areas the regulated operation of human uses is recommended in order for 
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the marine environment and its components not to be jeopardized. Areas of high ecological importance 

(‘priority areas’) in the Aegean Sea that systematically contribute to the protection of biodiversity and 

fishery resources were also identified. Because of their ecological importance they are considered 

irreplaceable for reaching conservation targets, therefore it is highly recommended these areas to be listed 

as priority in management actions.  

This integrated approach takes into account a wide spectrum of ecological and socio-economic information. 

Complex scenarios incorporating future planned activities and emerging threats for East Mediterranean 

such as biological invasions were developed towards long-term sustainable solutions. Outputs aim to boost 

management action and guide decisions by providing a baseline plan in the wider marine environment of 

the Aegean Sea. The strategy followed here may serve as an example in cases where marine spatial plans 

that balance economic considerations, while protecting marine biodiversity and resources, need to be 

developed. In addition, such approaches may help in mitigating the impacts of further development and 

resource exploitation. 

However, it must be highlighted that the initial plan examined is based on available spatial information and 

criteria set by the EU legislation, and the results should be considered as preliminary as extensive 

consultation with stakeholders is needed. At a second step, updated information and stakeholders’ 

perceptions with feedback coming from the other WPs of the project will be integrated in the planning. This 

will allow the better configuration of the trade-offs in terms of socio-economic and ecological implications 

of the management actions suggested, leading towards more effective management decisions in the area. 

D-4.3a is also available at the project’s webpage (intranet). For further details please refer to D-4.3a 

(ANNEX IX of the report). 

 

2.9 Initial MPA network in Cyprus (D-4.4a) 

Accordingly, within WP4-Task 4.3: Spatial planning in Cyprus, D-4.4a was allocated and delivered in October 

2017.  

Based on D-4.4a, the overall aim of the present initial planning is to contribute towards the development of 

an efficient MPA network, taking into account the protection of the ecological characteristics and 

significant areas for fisheries, as well as the socio-economic impacts of their implementation, through a 

transparent and robust process. To this end, the most applied conservation planning software was used, 

i.e. MARXAN with Zones, to provide optimal spatial solutions that may reach multiple ecological and social 

objectives at the lowest cost for marine users. 

The proposed initial plan incorporates a three-zoning system in which a marine protected area (MPA) 

network is suggested, while the most important activities of the area are spatially arranged within these 

zones. Overall, 38 of the most important biodiversity and fishery ecological features encountered in Cyprus 

(part of which were produced by Task 2.2); 9 human activities (part of which were produced by Tasks 2.3.1 

and 2.3.2); (iii) 7 management actions such as FRAs, MPAs, Natura 2000 network (Task 2.1.2), were 

incorporated in the planning exercise. 

The widest zone is Zone C (“General use zone”), occupying 49.8% of the study area (4028.9 km2). In Zone C 

all activities are allowed with respect to existing regulations, while 3.8% of Zone C is currently under a 

fisheries regulation for at least one fishing gear.  In Zone B (“Partial protection of biodiversity and stocks”) 

only small scale fishing is allowed, while bottom trawling is prohibited.  Zone B covers 3689.9 km2 (45.6% of 
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the study area), while 85.5% of the zone is currently under some fishing restriction. Finally, Zone A (“Full 

protection of biodiversity and stocks”) occupies 4.6% of the study area (371.2 km2). In Zone A all activities 

that pose a threat to marine biodiversity and stocks are prohibited, while activities that are compatible with 

conservation objectives set such as ecotourism, are encouraged. More than 62% of Zone A is already 

managed somehow, under the national and/or European legislation. 

The proposed initial plan succeeds the majority of the overall targets set (92%). The main reason for not 

reaching all targets was the spatial overlap of many areas of high ecological value with uses that threat 

marine biodiversity and fish stocks, such as big cities and ports. In these areas the regulated operation of 

human uses is recommended in order for the marine environment and its components not to be 

jeopardized. Areas of high ecological importance (‘priority areas’) in Cyprus that systematically contribute 

to the protection of biodiversity and fishery resources were also identified. Because of their ecological 

importance they are considered irreplaceable for reaching conservation targets, therefore it is highly 

recommended these areas to be listed as priority in management actions.  

This is the first time that such an integrated approach is implemented in Cyprus, taking into account a wide 

spectrum of ecological and socio-economic information. Complex scenarios incorporating future planned 

activities and emerging threats for East Mediterranean such as biological invasions were developed 

towards long-term sustainable solutions. Outputs aim to boost management action and guide decisions by 

providing a baseline plan in the wider marine environment of Cyprus. The strategy followed here may serve 

as an example in cases where marine spatial plans that balance economic considerations, while protecting 

marine biodiversity and resources, need to be developed. In addition, such approaches may help in 

mitigating the impacts of further development and resource exploitation. 

However, it must be highlighted that this initial plan is based on available spatial information and criteria 

set by the EU legislation, and the results should be considered as preliminary as extensive consultation with 

stakeholders is needed. At a second step, updated information and stakeholders’ perceptions with 

feedback coming from the other WPs of the project will be integrated in the planning exercise. This will 

allow the better configuration of the trade-offs in terms of socio-economic and ecological implications of 

the management actions suggested, leading towards more effective management decisions in the area. 

D-4.4a is also available at the project’s webpage (intranet). For further details please refer to D-4.4a 

(ANNEX X of the report). 

 

2.10 Stakeholder meetings (D-4.5) 

Moreover, under WP4-Task 4.4: Stakeholder perceptions, D-4.5 was allocated in October 2017 and has 

been delivered in November 2017, since the Stakeholder Workshop in Athens took place on the 2nd of 

November.  

On the 8th of September 2017 the Stakeholder Workshop in Cyprus took place at the University of Cyprus in 

Nicosia (Faculty of Economics and Management, Building 01 – Level 02, Amphitheater B224). Overall, 12 

stakeholders and 11 PROTOMEDEA representatives participated. Stakeholders from different sectors 

attended the event, such as: Fisheries representatives, representatives from Universities, representatives 

from Ministries, Research Centers and NGOs. Within this workshop the questionnaires developed under 

Task 4.4: Stakeholder perceptions were briefly presented and then distributed to the participants in order 

to be filled in. Main questions/clarifications were related to uses allowed in MPAs, the comparison of 

scenaria in ecosystem service provision, and the conservation targets. During the discussion part of the 
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workshop the representatives of the fisheries sector were in favour of the protection of the stocks, which 

will ensure the viability of their fisheries and will benefit the sustainability of the stocks, while also 

underlined the main problems that they face which reinforce their hesitation and caution to any 

management plans and new measures. Finally, they suggested potential measures that could be applied in 

order to remedy the situation in Cyprus, highlighting: the appropriate and efficient control and policing, the 

banning of trawls and purse-seines and the prohibition of recreational fishing. 

On the 2nd of November 2017, the Stakeholder Workshop in Greece took place at Philippos Hotel in Athens. 

The meeting started at 11:30 with 22 stakeholders and 13 PROTOMEDEA representatives. Stakeholders 

from different sectors attended the event, such as: environmental NGOs, representatives from Ministries, 

Fisheries representatives, Management Bodies of Protected Areas, Port authorities, Fisheries Regional 

Office. Within this workshop further axes/questions were presented that required the feedback of the 

stakeholders, and it was agreed that these questions would be sent through an e-mail to all the 

participants, along with the relevant presentations (ppts/slides) in order to allow them to reply with the 

appropriate reflection and preparation from their side by the end of November. During the discussion part 

of the workshop the attendees presented their perceptions which have been synthesized and presented 

within D4.5. Main issues underlined regarded the multi-parametric nature of the current status, according 

to which the factors of failure or success are different depending on the area; the involvement of the end 

users in deciding what should be protected and how; the dependency of MPAs’ contribution to the 

protection of the environment, on the targets and the level of protection set for its designation, as well as 

on the adequate monitoring and the actual enforcement of the relevant management tools. 

D-4.5 is also available at the project’s webpage (intranet). For further details please refer to D-4.5 (ANNEX 

XI of the report). 

 

2.11 Stakeholder meetings (D-8.3) 

In line with the foreseen work outlined in the project’s DoW under WP8, D-8.3 was allocated in October 

2017 and delivered in November 2017. 

In line with the foreseen work outlined in the project’s DoW under WP8, D-8.3 was allocated in October 

2017 and delivered in November 2017. The Hellenic Centre for Marine Research organized two stakeholder 

meetings that took place in Nicosia Cyprus and in Athens Greece, on September 8th and November 2nd, 

2017, respectively. For both meetings a) stakeholders' lists were compiled; b) at the dedicated section for 

stakeholders of the PROTOMEDEA website, a registration form was created and all related material and 

information was uploaded for the participants; c) invitations, along with relevant communication material, 

were sent via e-mail to stakeholders; d) all invited stakeholders were contacted, either for the confirmation 

of their participation and or/ their travel arrangements; and e) the events were organized at conveniently 

selected venues. After the completion of each meeting, stakeholders were contacted and individually 

thanked for their contribution and to distribute the relevant meeting materials. Finally, the events were 

communicated to the media, through a press release for both meetings jointly. 

D-8.3 is also available at the project’s webpage (intranet). For further details please refer to D-8.3 (ANNEX 

XII of the report). 
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2.12 Dissemination activities  

Within the overall dissemination activities foreseen for the project, the following have been conducted 

within the under study period: 

a. A peer-reviewed paper has been published in Mediterranean Marine Science concerning fisheries restricted 

areas in the Aegean Sea (Petza, Maina, Koukourouvli, Dimarchopoulou, Akrivos, Kavadas, Tsikliras, Karachle 

& Katsanevakis (2017). Where not to fish – reviewing and mapping fisheries restricted areas in the Aegean 

Sea. Mediterranean Marine Science, 18, 310-323.) 

b. An oral presentation regarding the catch composition and fishing effort of recreational fisheries in the 

Aegean Sea has been presented at the 39th Conference of Hellenic Society for Biological Sciences in Lamia, 

Greece (25-27 May 2017) 

Dissemination activities are also available at the project’s webpage (intranet). For further details please 

refer to ANNEX XIII of the report. 

3. Conclusions   

According to the compiled information presented within the 3rd Interim Report, concerning the foreseen 

activities of the project during the period January 2017 till November 2017, all the respective deliverables 

have been carried out and delivered, with the exception of D-4.6, for which a three-month extension (till 

January 2018) has kindly been requested. However, there is no dependency of this deliverable with the 

others and therefore no impact on the project’s sequence and flow (either within each WP or among them) 

is expected.  

Moreover, according to the key outcomes achieved, the desirable consistency to the project’s scientific 

objectives is also ensured, while also integration and cohesion among the project’s WPs –main point of DG 

MARE’s comments- has been assured and documented; thus safeguarding the project’s success.  

The successful organization of two Stakeholder meetings (Nicosia, Cyprus and Athens, Greece), along with 

the project’s extensive survey which aimed at recording the views of a range of stakeholder on preferences 

of different types of MPAs, the importance of the goods and services provided by the marine environment 

and the acceptability of specific protection targets, had as a consequence the achievement of an interactive 

and effective stakeholders’ involvement within PROTOMEDEA, which constituted one of the key goals of 

the project.  

In terms of the dissemination activities, the consortium’s efforts are expected to be intensified during the 

following period. Nevertheless, the regular update of the project’s Website and Social Media constitutes 

the main tool of the project’s dissemination, by enabling the best and widest possible communication of 

the project’s targets and results; therefore it has been underlined that it should follow ceaselessly all 

partners’ actions within PROTOMEDEA. 

During the following period PROTOMEDEA is expected to focus and target mostly at strengthening the 

partners’ awareness towards the best possible integration and dissemination of the outcomes, identifying 

and eliminating potential impediments that might compromise the project's success while also reinforcing 

the already established channels of communication and cooperation among the partners.       
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4.1 Annex I: Letter of extension for D-4.6 

  



            
Letter of extension for D-4.6: Results from questionnaires 

Letter of extension 

 
15th November 2017 

To: PROTOMEDEA Coordinator 
 
The PROTOMEDEA questionnaire on Task 4.4: “Stakeholder perceptions” was broadened 
significantly in its scope to address issues related to ecosystem services and specific 
conservation planning targets. This was done to link better the work tasks of PROTOMEDEA, 
and to add further value to this work, following remarks by DG MARE on the need for better 
linkages between work threads.  
The finalised questionnaire is a comprehensive study of the perceptions of the stakeholders 
on numerous issues comprising 81 questions. In the 3rd project meeting on 7th September in 
Cyprus the first results of the Greek responders to the questionnaire were presented. Seeing 
then, the stakeholder participation by type, it was decided to specifically target additional 
missing groups. In Cyprus the first questionnaires were completed during the stakeholder 
Workshop (8th September) with additional targeted questionnaires obtained by the end of 
September. At the end of September/beginning of October 86 questionnaires were 
completed in Greece and 20 in Cyprus. Part of the results of the Greek questionnaires was 
presented in the Stakeholder Workshop in Athens (2nd November), where additional 
feedback was requested from the 20+ invited stakeholders.  
Their feedback will be provided in a structured way, around 3 main thematic areas (with 
several questions). The deadline they agreed to do this is by the end of November. Actual 
time between data collection and time left for all the analyses was very short. Since there is 
a huge amount of data collected (>8500 individual responses, 300+ graphs) and time is 
needed to integrate all the feedback and report on the results in a meaningful way it was 
decided to request a three-month extension for Deliverable D-4.6: Results from 
questionnaires (till the end of January 2018).  
There is no dependency on this work and so no one is waiting for the outcomes to start or 
complete other tasks. We do not believe a two-month delay will have any financial or 
contractual impact on the project. 
 

Thanking you for your consideration, 
 

Nadia Papadopoulou & Chris Smith  
HCMR, Task 4.4 leaders 
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Thursday 7th of September 2017 

(Conference Room 023, Faculty of Pure and Applied Sciences) 

All partners were gathered and registered in time and the meeting started at 10:00.  

1. Welcome - Logistics  

The project co-ordinator welcomed the attendants, and procceeded with the adoption of the agenda 

(Annex 1). A rearrangement of the agenda’s flow took place, due to communication purposes with 

colleagues following the meeting through skype, which was approved by the participants. A short round of 

introductions was made and the meeting started with the coordinator highlighting that all pending 

deliverables need to be provided by mid October at the latest, while also additional meetings can be 

organised based on the needs of the project.  

2. WP1: Project Coordination & Management - Paraskevi Karachle (HCMR) 

The general progress of the project’s management was presented, in terms of planning, communication, 

implementation and evaluation of the project, while budgetary control issues, adherence to the timetable, 

and contribution from all partners to the interim and final reports were underlined. The communication of 

the partners through the intranet was once more encouraged, while also the delivery of the 2nd Financial 

Reporting along with the 3rd Interim Report (November 2017) was highlighted.  

The co-ordinator and WP–leader updated the consortium members on the progress of the WP deliverables 

and milestones. So far, within this WP six deliverables have been prepared and submitted (D1.1a: Kick-off 

meeting minutes (January 2016); D1.1b: Inception Report (February 2016); and D1.5: 1st Interim Report 

(June 2016); D1.2: Minutes of the 2nd meeting (December 2016); D1.6: 2nd Interim Report (December 2016) 

and 1st Interim Financial Report (February 2017). Moreover, all foreseen milestones within this WP have 

been achieved so far, namely: Kick-off meeting (January 2016); 2nd meeting (October 2016); 3nd meeting 

(September 2017).  

Within this period some issues of concern showed up and fortunately were taken care of with the 

consortium’s best possible cooperation, such as:  

- There has been a delay of dispatch of the 1st Interim Financial Statement of PROTOMEDEA, due to a 

misunderstanding with the financial department of HCMR, resulting in the delivery of the 1st Financial 

Statement within February 2017. Due to work overload, the evaluation of the 2nd Interim Report came 

with a delay, accompanied also by DG MARE’s comments, for which the consortium reported on the way 

they will be tackled. Finally, the 2nd Interim Report has been approved on the 26th of June 2017. This issue 

had as a consequence the delay of the 2nd payment.  

- There have been two withdrawls from the project, due to work overload and professional reasons (Dr 

Goerge Tserpes and Dr Christos Maravelias), which have been kindly replaced by Guiseppe Scarcella. 

- Regarding the use of the available resources, HCMR overriden the budget (+4.023,00 €) for the 

development of the website, while also UAegean  overridden the budget (+1.530,00 €) of boat costs, which 

was remedied by a revision of the budget and transfer of the corresponding amount from another budget 
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line. What is more, NMPANS exhibited a low use of its budget, but this was due to the fact that NMPANS 

has the responsibility of covering travelling expenses for the stakeholders, during the stakeholder meetings 

that will be organized in the end of 2017 and 2018.  

Concerning DG MARE’s relevant comments (1&5), these have been overall addressed within the “Feedback 

on DG MARE’s comments of ANNEX I of the 2nd Interim Report’s Evaluation” Report. In specific, for WP1 

(Comments 1 & 5) the meeting’s presentations have been uploaded to PROTOMEDEA’s website (intranet), 

in order to facilitate the partners’ constant and detailed updating. Towards this direction, a username and 

password could also be provided to DG MARE in order to have access, upon request. Nevertheless, a 

dedicated template (ANNEX III) has been developed in order to assist a more detailed register of the 

minutes, which has been followed for the 3rd project’s meeting. 

The WP’s way forward has been outlined by the delivery of D1.3: Minutes of the 3nd meeting (November 

2017); D1.7: 3rd Interim Report and 2nd Financial Statement (November 2017). Finally, there has been a 

suggestion for the 4th foreseen project’s meeting to take place back to back with the final Stakeholder 

meeting in Athens.    

Once more the importance of the cohesion and integration among the WPs was underlined and 

highlighted to all partners, since it consists one of the key objectives of the project, as well as the fact that 

more effort should be put on dissemination and peer-reviewed publications.  

3. WP2: Current MPA status in the Eastern Mediterranean – Marianna Giannoulaki (HCMR)  

WP2 leader, Marianna Giannoulaki was connected through Skype, attended the meeting and joined the 

discussions. As far as the progress of the WP was concerned, all deliverables have been timely submitted 

and uploaded to the project’s site (intranet) during the previous year (2016) in accordance to the DoW: 

D2.1: MPA maps in the Aegean Sea (June 2016), D2.2: MPA maps in Cyprus (June 2016), D2.4_I: Maps of 

fishing effort (July 2016), D2.4_II: Maps of fishing effort July 2016) and D2.4: Recreational fisheries & 

human activities (September 2016). During this year (in March 2017) the last deliverable of WP2 has also 

been submitted: D2.3: Maps of essential fish habitats for the target species. Within this deliverable a 

compilation and update of the existing information on the identification and location of nursery areas 

(juveniles in their first and, if appropriate, second year of life) for the most important demersal and small 

pelagic species in the Eastern Mediterranean included in Appendix VU of Council Regulation (EC) No 

199/2008 as well as for the species subject to minimum size (Council Regulation (EC) No 1967/2006-Annex 

III), has taken place. Moreover, the output of this deliverable has already been incorporated within Marxan. 

With the submission of the relevant deliverable (and others update) and the acceptance by DG MARE, the 

work foreseen within WP2 will be considered completed. 

In the 3rd project’s meeting, two presentations were given regarding Task 2.3: Mapping fishing effort in the 

study areas by Irida Maina & Stefanos Kavadas, and Task 2.5: Recreational fisheries prepared by Athanasios 

Tsikliras, Donna Dimarchopoulou, Antonis Petrou & Spyridon Iosifidis, and presented by Paraskevi Karachle.  

With respect to Task 2.3: Mapping fishing effort in the study areas, its related objectives as well as the 

methodology applied for their achievement were presented by Irida Maina and Stefanos Kavadas (both 

connected through Skype with the meeting). More specifically, for Subtask 2.3.1: Mapping fishing effort 

from trawlers and purse seiners, the primary analysis of VMS data was based on VMSbase R package. The 

analysis included data cleaning, data enhancing and classification of fishing activity as “fishing”, “steaming” 
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or “mooring”. The distribution of fishing effort was expressed in days at sea, in days multiplied by Gross 

tonnage (GT) and in fishing hours. Finally, annual distribution maps of fishing effort for the years 2009-2015 

were estimated for both case studies (Aegean Sea and Cyprus). Regarding Subtask 2.3.2: Estimation of 

fishing effort from the coastal fishing fleet, a methodological approach based on MCDA has been employed 

to estimate a fishing pressure index for the small-scale fishery (FPc) in the Greek study area, since primary 

data on fishing vessels locations were not available for small scale vessels. This methodology produces 

fisheries footprint by taking into consideration several interactions with other anthropogenic or 

environmental factors. For Subtask 2.3.3: Identification of fishing grounds for the target species, habitat 

modelling for eight commercial species has been applied, followed by the identification of potential fishing 

grounds which through a hot spot analysis resulted in the aggregated hot and cold spots of the considered 

species in the Aegean Sea. Finally, concerning Subtask 2.3.4: Estimation of fishing effort from the 

recreational fishing fleet, a methodological approach based on MCDA has been employed to estimate a 

fishing pressure index for this type of fishery (RFPc) in the Greek study area, since primary data on 

recreational fishing vessels locations were not available. This methodology produces fisheries footprint by 

taking into consideration several interactions with other anthropogenic or environmental factors. Several 

methods and processes such as the Analytic Hierarchy Process (AHP) and Fuzzy logic were applied in an 

effort to solve the multiple criteria problem. RFPc was perceived as the fuzzy product of two indices: the 

recreational fishery suitability index (RSc) and the activity index (Ac) based on the spatial distribution of 

registered recreational fishing vessels in the Greek study area.  

Regarding DG MARE’s relevant comments (3 & 7) on the validation of fishing effort from the coastal fishing 

fleet, the collection of a complete dataset from historical data, surveys & questionnaires is ongoing. The 

process will be completed in the next months and the outcomes will be included in the final report.  

In relation to issues of concern as well as the way forward, for Subtask 2.3.3: Identification of fishing 

grounds for the target species, input has been requested and is expected by Cyprus regarding the 

estimation of habitat maps of presence/absence of the main target species. Moreover, for Subtask 2.3.4, 

input on the registered recreational fishing vessels (e.g. number) are expected to be provided for both case 

studies in order to finalize the estimation of fishing effort from the recreational fishing fleet. Fishing effort 

maps (for trawlers, purse seines and artisanal vessels) were incorporated within Marxan application under 

WP4. It has been agreed that Vassiliki and Antonis will need to resolve the issues that fishing effort in 

Cyprus seem to be in conflict with the existing law.  

Concerning Task 2.5: Recreational fisheries, the relevant deliverable D2.4: Recreational fisheries & human 

activities has been submitted in December 2016 as foreseen according to the DoW. The results will be used 

in Task 2.4 for the estimation and mapping of the fishing effort of the recreational fishing fleet operating in 

the selected study areas as well as in Tasks 6.1, 6.2 for the incorporation of the biomass removed by 

recreational fishing into the ecosystem models; thus enhancing the desired cohesion and integration 

among the WPs.  

Regarding DG MARE’s relevant comments (8a & 8b), it has been clarified that the main purpose of 

interviewing recreational fishers in situ was to collect information on effort (frequency of fishing, 

seasonality etc.) as well as information on the species composition and the quantity of their catch. More 

specifically, the principal aim of collecting the related information was to incorporate the recreational 

fishing effort into total fishing effort that can then be used in stock assessments and the MSY approach. 

Three case study areas (Thermaikos, Pagassitikos and Alonissos) have been selected that can be used as 
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anchor points for extrapolating to the entire Aegean Sea. In the cases where the target species of the 

commercial and recreational fisheries coincide, the catches will be considered in ecosystem models and 

stock assessments. This actually constitutes a secondary aim, which was to incorporate the biomass 

removed by recreational fishing (and so far not being officially recorded) into the ecosystem models. The 

percentage of recreational fishing is already known for the Greek waters following the reconstruction of the 

catches by Moutopoulos et al. 2016. Therefore, by knowing the percentage contribution of each species to 

the total recreational catch of an area (e.g. Thermaikos gulf), one will be able to calculate the unreported 

recreational fishing catch on a species basis and then add it to the official catch statistics. 

A discussion followed in which Giuseppe said that recreational fisheries in Cyprus do not target the species 

considered within PROTOMEDEA, whereas Paraskevi added that for Greece this is not the case. Stelios 

suggested that recreational fisheries could be banned in MPAs completely.  

4. WP3: Scientific surveys to test the effects of protected areas – Stelios Katsanevakis (UAegean)  

WP3 leader, Stelios Katsanevakis, attended the meeting in person and joined the discussions. As far as the 

progress of WP3 is concerned, it has been underlined that this WP has been scheduled to take place/run 

within 2017, consisting of two deliverables under Task 3.2 and Task 3.3, foreseen to be delivered until April 

2017. Therefore, with the submission of the relevant deliverables and their acceptance by DG MARE, the 

work foreseen within WP3 will be considered completed. 

During the 3rd project’s meeting both Tasks/Deliverables were presented.  

Stelios gave a presentation on Task 3.2: Testing the effectiveness of “protected” areas – underwater visual 

surveys. Based on the presentation, the primary aim was to assess the effects of different levels of fishing 

pressure (high and low) on fish communities on rocky reefs of the Aegean Sea and Cyprus by means of 

Underwater Visual Census. Underwater visual surveys were conducted in 30 sites of the Aegean Sea (15 

pairs of high and low fishing pressure sites) and 8 sites around Cyprus (4 pairs of high and low fishing 

pressure sites). Regarding the cohesion and integration among the WPs, the maps of WP2 were consulted 

for the identification of the above mentioned areas. Two different UVS techniques (Strip transects –plot 

sampling and Line transects - distance sampling) were performed by SCUBA diving at two different depth 

zones (5 and 15 m). The aim of the plot sampling was to assess the recorded communities whereas the aim 

of the distance sampling was to compare the sampling methods. Data analyses included the ex situ 

estimation of fish biomass using the allometric length-weight relationship: W= aLb, while fish species were 

assigned to distinct groups according to functional trophic status: large carnivores, carnivores, omnivores, 

grazers. Bootstrap (with 1000 resamples) was applied to the considered metrics in order to investigate 

differences in mean density and biomass between high and low fishing pressure sites. Moreover, two-way 

permutational multivariate analysis of variance (PERMANOVA) was applied to investigate community 

changes in density and biomass between different geographic areas and between high and low fishing 

pressure sites. According to the results of the strip transects –plot sampling the following main concluding 

remarks were highlighted for both the Aegean Sea and Cyprus: density & biomass was overall higher in 15 

m zone, density & biomass was overall higher in low fishing pressure sites. More results and concluding 

remarks were also presented. An issue of concern that emerged, was that the Department of Underwater 

Antiquities did not give the permission to perform sampling in the considered no-take zone (Piperi – 

NMPANS), thus resulting in an inevitable deviation from the DoW. The field work is completed, however in 

relation to the way forward, the corresponding deliverable (D3.1) is pending but it has been confirmed that 
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it will be submitted by mid-October. Through the discussion that followed, Antonis and Luis underlined that 

in Cyprus in 5m depth a lot of illegal fishing takes place, due to which the fishing effort in Cyprus will be 

found to be higher than that in the Aegean, while Paraskevi suggested that (a) the distinction of functional 

trophic status could follow the grouping of previous publications for the Mediterranean (e.g. Stergiou & 

Karpouzi, 2002; Karachle & Stergiou, 2017) and (b) it would be of interest to distinguish between 

commercial/non-commercial fishes. She agreed with Stelios to go through the list and help on the above 

mentioned.  

Paraskevi gave a presentation on Task 3.3: Experimental fishing trials. According to the presentation, in the 

Aegean Sea sampling was focused on areas characterized by both low and high fishing effort (Gulfs 

Thermaikos and Pagasitikos) as well as a no-take zone in the island Piperi, within the boundaries of the 

National Marine Park of Alonissos North Sporades. However, in terms of issues of concern, due to the 

rejection of the request by the Department of Underwater Antiquities (as mentioned also above), no 

sampling was conducted within the area of the National Marine Protected Area of Sporades. In Cyprus four 

pairs of locations were selected and sampled (from east to west): Cape Greko (2 Hauls – Proposed MPA), 

Yeroskipou (Near Moulia Rocks MPA), Geronisos and one additional haul near Kakoskali (proposed MPA). 

For the acquisition of new/additional fisheries data, the MEDITS sampling protocol was used (i.e. hauls of 

30 minutes for depths <200m, and one hour hauls for depths >200m, as it was decided during the kick-off 

meeting of the project (D 1.1a). For cohesion and integration purposes among the WPs, the selection of 

the protocol was based on the concept that all further analyses and modelling (i.e. MSY, Bio-economic 

modeling and ECOPATH with ECOSIM) would be using the data of MEDITS surveys. For each haul all fish and 

the most important cephalopod and crustacean species were recorded, and their total weight was 

recorded. A sub-sample of 50 individuals per fish species and of 100 individuals for the target species when 

feasible was weighed and the total length was measured. Results were focused on the abundance and 

biomass per taxa and target species at each station for each of the considered areas in both case studies. In 

relation to the way forward, the corresponding deliverable (D3.2) is pending but it has been confirmed that 

it will be submitted by mid October, as soon as all further analysis of the data (length frequency 

distributions, biomass, comparisons) are completed. During the discussion that followed it was suggested 

that for Task 3.3. Antonis will need to have a second look on Cyprus data, while also Paraskevi, Marianna 

and Thanassis should also need to go through the anchovy data for the Aegean Sea.  

Concerning DG MARE’s relevant comments (2 & 11) and the related feedback that has been provided by 

Stelios, it has been highlighted that the classification of MPAs/FRAs was based on the degree of marine 

protection. This work is nearly completed and is expected to be delivered by the end of 2017. Moreover, it 

is in the team’s plans to conduct post-hoc analyses of the overlap between the existing Natura-2000 marine 

sites and the areas proposed by the project through the application of MARXAN.  

5. WP4: Planning a network of MPAs – Stelios Katsanevakis (UAegean) 

During the previous (2nd) project meeting it had been decided that within WP4 Giuseppe Scarcella and 

Antonis Petrou would lead the Cyprus team, and would collaborate with Niki Chartosia to complete this 

task. Additional assistance would be provided by the team led by Stelios Katsanevakis and the UAegean. 

Regarding the progress of WP4, within the current reporting period six (6) deliverables are foreseen to be 

delivered under Task 4.1 (Deliverable 4.1: Assessment of the total value of essential goods and important 

ecosystem services & Deliverable 4.2: Assessment of the cost of their loss, resulting from the benefit 
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reduction scenarios in key economic sectors and social welfare by human), Task 4.2 (Deliverable 4.3a: Inital 

MPA network in the Aegean), Task 4.3 (Deliverable 4.4a: Initial MPA network in Cyprus) and Task 4.4 

(Deliverable 4.5: Stakeholder meetings & Deliverable 4.6: Results from questionnaires).  

Mavra Stithou (HCMR), was connected through Skype, attended the meeting and joined the relevant 

discussions. Moreover, she gave a presentation on Task 4.1: Socio-economic evaluation of marine 

ecosystems. The aim of this Task is to assess the value of particularly representative goods and services 

rendered by the important habitats / species in the Aegean, and the cost of their degradation. In terms of 

cohesion and integration among the WPs, this information is expected to provide input for tasks 4.2 and 

4.3 (marine spatial planning). The structure of D4.1 was presented, focusing mostly on the conceptual 

framework of ecosystem services, the classification of ecosystem services related to specific habitats of 

importance, the ecosystem services through the Total Economic Value (TEV) framework and approaches for 

valuation, along with specific services of relevance to the project, such as: food provision, recreational 

fishing and other cultural services related to cultural significance. More specifically, it has been highlighted 

that in terms of food provision, the approach that will be followed, will be based on relevant information 

resulting from D2.3, which allowed identification of areas for example in Aegean where higher probability 

of suitable environmental conditions exists for nurseries (Engraulis encrasicolus, Sardina pilchardus, 

Trachurus trachurus) or spawning grounds (Sardinella aurita) and Merluccius merluccius, Parapenaeus 

longirostris, Illex coindetti, and Eledone cirrhosa, and Mullus barbatus. Additionally, the output of Task 4.4 

on stakeholder perceptions will also be taken into consideration. Concerning recreational fishing, an update 

of the benefit transfer with information from D2.5 regarding number of trips and fishers will be considered, 

in order to relate willingness to pay for recreation to species and habitats. Furthermore, the percentage of 

respondents considering this service important (Task 4.4.) will also be analyzed. Likewise, for D4.2, the 

identification of drivers of change/pressures will be based on literature review, stakeholder engagement 

(Task 4.4) and expert judgement. A qualitative assessment of Ecosystem Services of interest under two 

scenarios (BAU, MPA network) will be followed. In relation to issues of concern, these were outlined and 

discussed among the participants as follows:  

- Mavra proposed to focus on identifying areas of cultural significance related to small scale traditional 

fishing that contributes to (i) social resilience, (ii) cultural heritage/degree of tradition (ICES 2013). Nadia 

asked for a definition of social resilience and cultural degree of tradition which was provided. The overall 

concept was that small scale traditional fishing activities are related to non-monetary benefits such as 

protection of local livelihoods (where alternative options are scarce), cultular practices and seascape that 

characterise the cultural heritage of the area. A discussion followed among all partners whether small-scale 

vessels can be considered traditional or not and Nadia suggested to Mavra to get input on traditional 

vessels from Kapantagakis (HCMR) who had a project concering vessels withdrawn from the coastal 

fisheries in Greece (for scrap/compensation). 

- Mavra suggested to (i) use Tzanatos et al. (2005)/EC (2016) info showing employment dependency as an 

index to capture cultural significance (maybe focus on <12m fleet as a proxy to presence and intensity of 

artisanal/tradional fishing) (ii) ask stakeholders to draw polygons on a map indicating spatial areas of 

importance to them in terms of cultural significance. Partners agreed with the first option whereas they did 

not accept the second one.  

-Compare scenarios, targeting biodiversity and targeting both biodiversity and cultural significance (Chan et 

al 2006; Giakoumi et al. 2011). A discussion with Vassiliki and Mavra took place, in order to identify if the 
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above would be considered as a target or a cost within Marxan. It has been agreed that there will be more 

interaction between Mavra and Vassiliki on the issue.   

Vasiliki Markantonatou (UAegean) gave two presentations back to back concerning Task 4.2: Spatial 

planning in the Aegean and Task 4.3: Spatial planning in Cyprus. In both case studies MARXAN with Zones, 

the most applied conservation planning software, was used.  

In the case of Cyprus, a three-zoning system has been incorporated with the most important activities of 

the area being spatially arranged within these zones. Overall, 38 of the most important biodiversity and 

fishery ecological features encountered in Cyprus (part of which were produced by Task 2.2); 10 human 

activities (part of which were produced by Tasks 2.3.1 and 2.3.2); (iii) 7 management actions such as FRAs, 

MPAs, Natura 2000 network (Task 2.1.2), were included in the planning exercise, thus enhancing the 

cohesion and integration among the WPs. In the case of the Aegean, a five-zoning system has been 

incorporated with the most important activities of the area being spatially arranged within these zones. 

Overall, 76 of the most important biodiversity and fishery ecological features encountered in the Aegean 

(part of which were produced by Task 2.2); 13 human activities (part of which were produced by Tasks 2.3.1 

and 2.3.2); (iii) 9 management actions such as FRAs, MPAs, Natura 2000 network (Task 2.1.2), were 

included in the planning exercise. However, for the Aegean Sea no results were ready yet, and only for the 

case study of Cyprus preliminary results were presented, in order to receive feedback from partners, 

validate the input data and run the final scenario for the first round. It has been clarified that for Cyprus 

data on cetaceans will hopefully be incorporated within the second run of Marxan, since they were not 

available for the first run as expected. Furthermore, it has also been agreed that ENALIA should provide 

information on deep corals for the second round of Marxan. However, the vulnerability of habitats to 

invasion has been integrated by including CIMPAL index within Marxan. In both case studies, the ecological 

features were grouped based on the IUCN Threat Status, the Habitats Directive and the Birds Directive, 

while operational targets were set upon EU Recommendation (EU Habitats Directive 92/43/EEC) and expert 

judgment. It has been highlighted that these two planning exercises are based on explicitly scientific 

information and criteria set by the EU legislation, and thus results should be considered as preliminary. In 

terms of the way forward, these planning exercises for the Aegean and Cyprus will be repeated and results 

will be updated in terms of updated scientific information and stakeholders’ perceptions with feedback 

coming from the other WPs of the project. 

A discussion took place between Nadia and Vassiliki regarding how the protection of the distribution area 

of monk seals, sea turtles, cetaceans and sea birds, has been incorporated in Marxan due to its great 

extent, and Vassiliki clarified that in the original data these were pre-defined priority areas by experts (e.g. 

nesting sites) and within Marxan these species have been included due to their conflict with fisheries. It has 

been agreed that a list of ecological features (Aegean & Cyprus) will be sent to Ecopath partners, who will 

evaluate the data and select possible layers that will provide feedback for their models within WP6, along 

with the bathymetry for both case studies that was used by Task 2.3 for mapping fishing activity (K. 

Tsagarakis, A. Tsikliras, D. Dimarchopoulou, N. Mihailidis, N. Chartosia). A verification and selection of FRAs 

(with attention to SSF regulations and gears) is suggested to be done by V. Markantonatou and D. Petza. 

Maps with FRAs (Cyprus, Aegean and a zoom in Thermaikos) will be sent to partners for validation (K. 

Tsagarakis, D. Dimarchopoulou, N. Mihailidis, N. Chartosia, S. Kavadas, A. Petrou, P. Karachle, V. 

Vassilopoulou, D. Petza). Moreover, Giuseppe suggested that a forecast of the output of Marxan through 

simulations for specific species (i.e. M. barbatus) could take place, and a scenario on the deviation from Fmsy 

could be examined. At this point, Marianna pointed out that it is of vital importance to have updated 

information on stock assessments. Moreover, she suggested that a percentage of the already protected 
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essential fish habitats should be taken into account within Marxan. Furthermore, it has been agreed that 

due to the poor quality of spatial data available for tourism sector in Cyprus (number of arrivals at the scale 

of regions) and the lack of massive tourism information/thresholds as in the Aegean case study, this 

information will not be included in the analysis as it may bring bias in the selection of priority areas. For the 

Aegean it was decided that massive tourism will be prohibited only in the ‘Full protection zone’.  

Finally, it was decided among Cypriot partners that (a) Moulia was proposed as an MPA in the past and was 

rejected by the fishermen, therefore it was excluded from the analysis; (b) firing areas in original data are 

all seasonal (changed); (c) based on Antoni’s experience firing areas are considered areas in good 

environmental status and therefore should be suggested for Zones A or B.   

The presentation of Task 4.4: Stakeholder Perceptions by Nadia Papadopoulou. Based on the idea that the 

creation of an MPA should be based on consultations and a participatory process, the stakeholders’ views 

and involvement is considered important. Within this task the views of the stakeholders are elicited 

through a structured questionnaire. The themes of the questionnaire included regarded: Personal 

experience with MPAs, MPAs as conservation tools, MPAs as fisheries management tools, MPAs as 

attractions, MPAs and education and research, MPAs and cultural identity, What status and type should 

MPAs be, MPAs and allowed activities and MPA management/governance type. Moreover, link with D4.1 

through the addition of Goods and Services (Two Scenarios and Willingness to pay) theme a link with D4.1, 

and the addition of Conservation Targets (Target percentages of types of habitats/species to protect) 

theme a link with D4.2 and D4.3 was accomplished and the foreseen cohesion and integration among the 

WPs achieved. By the end of August, 55 questionnaires have been filled in and some indicative results were 

analyzed and presented. In relation to the way forward for the case study of the Aegean, there is a need to 

fill in gaps on least represented groups (diving centers, NGOs/MPAs, businesses), whereas for the case 

study of Cyprus the full questionnaire process has not started yet but will be followed soon with a targeted 

session within the upcoming stakeholder workshop.       

Overall for this WP in relation to the way forward, all the above mentioned deliverables are pending, but it 

has been confirmed that they will be submitted by mid October – end of October. Questions were raised 

however whether the stakeholder inputs (enough questionnaires and additional feedback from the 

stakeholder workshops in both countries) will be acquired/ gathered on time to allow for timely analyses 

and delivery of the report. 

6. WP5: MPA effect on MSY – Marianna Giannoulaki (HCMR) & Giuseppe Scarcella (CNR)  

As far as WP5 is concerned, according to the DoW related work within it is foreseen for the next reporting 

period. Giuseppe Scarcella gave a presentation on both Task 5.1: Determining technical and scientific 

indicators to evaluate the effect of MPAs network towards MSY objectives and Task 5.2: Short, medium and 

long term forecast of MSY. The deadline for the corresponding deliverables is set in May 2018. For the time 

being, the nursery grounds for the target species are being spotted, and the importance of the 

identification and protection of nursery areas was explained. Moreover, it was described how the effect of 

area closures could be proved beneficial for juveniles in terms of fishing mortality and stock productivity 

(by allowing juveniles to increase their size and  let them to spawn at least once in their life).  

Issues of concern were raised, regarding the need to know from WP4 the percentage of (a) nursery 

protection for each scenario to be tested and (b) the amount of fishing effort that is going to be moved 

from the protected area.  This kind of information will be used to run the Scott-Sampson model in order to 
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estimate how the selectivity of the fleet will change. An interaction with S. Kavadas and V. Markantonatou 

was suggested in order to clarify this. What is more, a need to access input data from stock assessments 

was raised. The most updated assessment available for demersal and small pelagics (November 2017) was 

proposed to be the most appropriate. This kind of information will be used to run short and medium 

forecast (deterministic approach). For the case of Cyprus this can be solved by collaborating with DFMR in 

Cyprus and other expert running the assessment for the target species in the framework of STECF and 

GFCM, however it would be more difficult for the case of the Aegean. In relation to the way forward, it has 

been decided that an effective approach for assessing the better management that a specific configuration 

of area closures could create in terms of technical and scientific indicators (F and SSB) toward MSY will be 

demonstrated. Moreover, a concerted effort would be needed to operationalize the approach at the 

correct spatial scale (Aegean, Cyprus) using the output of MARXAN. This would require compiled data from 

the fisheries to parameterize the effort redistribution and the knowledge of rates of mortality imposed by 

all gears.  

 

The meeting stopped at 14:00 for the lunch break and all partners returned at 15:30 in order to proceed 

with the rest of the presentations and discussions.  

7. WP6: Ecosystem modelling – Development of Ecopath Models - Paraskevi Karachle (HCMR) & 

Athanassios Tsikliras (AUTh) 

Concerning WP6 and based on the DoW, the related work within it is foreseen for the next reporting 

period. Konstantinos Tsagarakis (HCMR) gave a presentation on Task 6.1: Setting up of Ecopath models in 

Aegean Sea (Athanassios Tsikliras - Konstantinos Tsagarakis) & Task 7.2: Ecopath/Ecosim/Ecospace, based 

on “what if” scenaria, while Nikolas Michailidis (UCY) gave a presentation on Task 6.2: Setting up of Ecopath 

models in Cyprus (Niki Chartosia - Nikolas Michailidis). The deadline for the corresponding deliverables is 

set in May 2018. 

According to the presentation given by Konstantinos, the ECOPATH model is at the stage of data collection 

(35 functional groups based on Tsagarakis et al. 2010, 3 groups of low trophic level components, 20 groups 

of fish, invertebrates, Dolphins, Turtles and Seabirds will be included. The demersal and benthopelagic fish 

species with no specific importance in terms of fishing were assigned to functional groups according to 

quantitative feeding criteria using a cluster analysis and available stomach content information. Ecopath 

will be applied to Thermaikos Gulf (High Effort Area) and to Pagassitikos Gulf (Low Effort Area).  

Furthermore, it has been presented that Ecospace models for determining spatial scenarios of protected 

and non-protected areas will run for the case study of Thermaikos Gulf whereas temporal scenarios of 

varying fishing pressure (Ecosim models) will be examined for the case study of Pagassitikos.  

Regarding DG MARE’s relevant comments (4, 6 & 14), in terms of cohesion and integration among the 

WPs, it has been highlighted that the results of the sampling trials which were performed within WP3, will 

be used to parameterize the Ecopath models and to complement time series which are essential to 

calibrate the model and to examine future scenarios under varying temporal or spatial fisheries restrictions. 

Furthermore, the mapping of professional and recreational fishing effort (WP2) will be used for 

constructing the Ecopath and Ecospace models in Thermaikos Gulf and in particular for determining spatial 

scenarios of protected and non-protected areas, as well as in Pagasitikos Gulf where temporal scenarios of 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-1.3 

 

Minutes of the 3rd project meeting  11 

 

varying fishing pressure will be examined (Ecosim). Regarding the fishing effort of the professional fleet 

(WP2), it will be used to examine the effect of MPAs on the biomass and length structure of the exploited 

populations. Finally, the results of the work already performed in other WPs (e.g. WP4: MARXAN) will be 

used for determining the effect of designing MPAs of different size. In terms of ecosystems modeling, it has 

been underlined that WPs 6 and 7 are complementary. WP6 sets the scientific basis for WP7 to explore 

management scenarios. Therefore, WP7 will use the results of WP5 and WP6 and take them further. 

Specifically, in WP5 a model will be used to estimate the changes in population selection curves of the 

fisheries assuming implementation of FRAs. Such changes will be forecasted in the future and the results 

will be analyses in terms of F/FMSY ratios as well as in economic terms (in WP7). Moreover, in WP6, 

Ecopath models will developed in the Aegean Sea (one for Thermaikos and one for Pagasitikos areas) and 

Cyprus waters (one model), while in WP7, the time-dynamic (Ecosim) and spatially resolved (Ecospace) 

modules of these models will be developed to:  

1. Explore the effect of MPAs of different size and design,  

2. Explore the level of fishing effort allowed to take place in the MPAs,  

3. Examine various scenarios on spatial and temporal closures for trawler and purse-seine fleets,  

4. Examine scenarios with less fishing capacity 

Nikolas took the floor and presented Task 6.2: Setting up of Ecopath models in Cyprus. Based on it, the 

ECOPATH model for Cyprus is at the stage of defining the functional groups. The model area includes the 

insular shelf under governmental control, from coast (important) to ~200m, which is about 1500 km2, and 

contains the distribution areas of most of the model’s species and groups along with most of the fleet’s 

activity. The model period is 2005-2016. Data on biomass (t/km2), functional groups, diet along with annual 

landings, discards & IUU will be incorporated to the model. The way forward regards the calculation of P/B 

(year-1) & Q/B (year-1), the balance of the procedure (first choose based on criteria i.e. abundance, 

importance to fisheries or the ecosystem, data availability, minimum model requirements etc., and then 

group further based on phylogenetic and ecological similarities) & its inherent uncertainty and finally its 

evaluation (within WP7). Issues of concern were underlined regarding data availability, data accessibility 

and data quality (i.e. for annual landings, discards & IUU no standard sampling protocol has been followed, 

different gears and depths in one trip were used, discarded part of the catch not known, sampling level 

especially for lessepsians not known). It has also been highlighted that the functional groups that will be 

included in the model cannot be similar to those included in the Aegean case study. Nikolas argued that the 

model will be ready by the end of 2017.  

It has been clarified that Ecospace cannot be applied for Cyprus since the whole case study in represented 

in only one zone, however it was confirmed that Ecosim models could run without a problem.  

8. WP7:  Evaluation of modelling results - Giuseppe Scarcella (CNR) 

Likewise, the related work within WP7 is foreseen for the next reporting period. The WP-Leader Giuseppe 

Scarcella gave a presentation on Task 7.1: MSY/Bio-economic models. Based on it, the theoretic 

background was presented. The Management Strategy Evaluation (MSE) suggests the following pillars in 

order to assess the modelling results: decision of the MPA network, identification of the target species, 

identification of the objective, running the MSE and finally assessing its economic performance. The steps 

that need to be followed towards applying the MSE are to:  
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1. Identify management objectives 
2. Identify a broad range of uncertainties 
3. Develop and parameterise alternative Operating Models 
4. Identify alternative Management Strategies 
5. Conduct future simulations under feedback control 
6. Summarise results through performance measures 

Within this consept, the components of the MSE require the identification of the management objectives 

such as: Key components of MSE, Difficult steps in the process, Lack of clear objectives argued as major 

cause of failure in fisheries management. Therefore, under the interplay between the Operating model and 

the Management Strategy two types of errors should be taken into account:  

 Data must be of same type and error structure as would be available in practice (observation error) 

 Realised catch may differ from intended TAC (implementation error) 

The effect of the area closures on the change in selectivity was also presented and how this could be 

incorporated in the perceived system was presented. The presentation closed with an example of a 

bioeconomic model already published in PLOS One by Tserpes et. al., 2016 which could be applied within 

PROTOMEDEA, so that the perceptions of the previous co-leaders of the Task (Christos Maravelias and 

George Tserpes) could also be followed.  

As already mentioned above, Task 7.2: Ecopath/Ecosim/Ecospace, based on “what if” scenaria, had already 

been tackled by Konstantinos within WP6. The deadline for the corresponding deliverables is set in 

September 2018. 

In order to set the way forward towards finalizing approaches for integrating Marxan with Zones and 

Ecopath models, as well as understanding input/output from every task and how can these be integrated & 

used in the best possible way, a discussion among Vassiliki (WP4: MARXAN), Konstantinos (WP6 & WP7: 

Ecopath/ Ecospace/ Ecosim), Nikolas (WP6: Ecopath/Ecosim) and Paraskevi (coordinator) took place, and 

the following steps and clarifications were discussed:  

For the whole Aegean/Cyprus (Ecopath/Ecosim models), Task 7.2 will need: 

 How much surface is already managed (“closed areas”)? 

 How much surface is suggested for closure (Marxan with Zones output) 

 How much fishing effort currently exists? 

How much fishing effort per fishing gear will be reduced based on Marxan with Zones output? 

For Thermaikos gulf (Ecospace model), Task 7.2 will need in addition to all the above: 

 All habitat types distribution (characterization of habitat); probably distribution of species could 

also assist (to evaluate in the future) 

 Bathymetry 

Paraskevi pointed out that Marxan with Zones scenarios have included the CIMPAL index (Katsanevakis et 

al., 2016) that indicates the habitats’ vulnerability to invasion. This could provide feedback to Ecopath 

models that include invasive species. Nikolas suggested exploring this opportunity since in Cyprus they will 

consider in the model invasive species. Konstantinos outlined that for Ecospace they will have to build the 

Marxan output in a new grid; Tasks 4.2/4.3 (Vassiliki) may assist for delivering information to the new grid. 
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All participants in the discussion agreed that the current zoning of Marxan (3 zones for Cyprus, 5 zones for 

Aegean) can be integrated in models well, and there is no need for change. 

Finally, it has been decided that:  

 As priority in Marxan runs, Vassiliki will accept and “lock” national fishing regulations (FRAs) within 

the management plans. This will be the final deliverable of Tasks 4.2/4.3 for October (Interim 

Report). At a second step, Vassiliki will run a scenario without considering the national legislation 

(FRAs) in order to test how efficient the current national legislation is regarding the protection of 

biodiversity (see example Giakoumi et al. 2016 with Natura sites locked or unlocked in 

management plans).  

 Data needs can be provided by Tasks 4.2/4.3 (Vassiliki – Ecological features, Marxan output) and 

Task 2.3 (Stefanos/Irida - Fishing effort). If ecological features are selected, Task 4.2/4.3 will assist 

in providing the best possible information suitable for the Ecospace models (habitat surfaces within 

cell etc.) 

 Zoning system is something that is not going to change throughout the whole PROTOMEDEA 

project.  

9. WP8:  Communication and Dissemination – Vassiliki Vassilopoulou (HCMR) 

Concerning WP8 and its progress, up to this point two deliverables have been prepared and delivered 

timely (D8.1: Execution plan & D8.2: Logo and Website - Project flyer foreseen in January and February 

2016). Within this reporting period D8.3: Stakeholder meetings is expected to be submitted in October 

2017. With respect to Task 8.1: Communication & Dissemination Plan and Task 8.2: Plan execution a 

presentation was given by Mairi Maniopoulou (HCMR) who was connected through Skype with the 

meeting. Mairi presented the status of the WP in terms of the related deliverables (D8.1, D8.2, D8.3 and 

D8.4). Regarding DG MARE’s relevant comment 9 on dissemination, it was presented that The “News” 

Section has been activated and updated, while the sections “Field Work” & “Stakeholders” have been 

added. Finally, the section “Events, Other Events, Dissemination” has also been updated. The total visits 

(3.331 unique visitors) of the website and the relevant social media were showed, and an issue of concern 

has been raised regarding the facts that no videos are uploaded on YouTube and no photos to Google+. 

Therefore, it has been agreed that all partners should provide relevant material (photos and videos) to 

WP8. PROTOMEDEA’s publications and past events were displayed, and the way forward was outlined 

concerning the next stakeholder workshop by allocating the actions that need to be done through the close 

cooperation of Task4.4 and WP8. As soon as the presentation finalized, Mairi highlighted that Visual 

Material is of high importance for communication purposes and encouraged the partners’ contribution to 

the dissemination of the project, since this is considered vital.  

 The meeting ended at 18:00, and Niki informed the partners that tomorrow’s meeting will take place at 

the Faculty of Economics and Management, Building 01 – Level 02, Amphitheater B224.  
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Friday 8th of September 2017 

(Faculty of Economics and Management, Building 01 – Level 02, Amphitheater B224) 

All partners were gathered in time and the meeting started at 9:30 as foreseen in the agenda.   

Overall Discussions on progress, Integration and cohesion among WPs (DG MARE’s comments) – 

Arrangement of future events.  

The second day started with the recap of the previous-day’s meeting and this day’s follow-up by Paraskevi. 

The focus was on key issues of the previous-day’s meeting, along with the delivery of pending deliverables. 

It has been once more clarified that mid-October would be the last deadline for submission. The 3rd Interim 

and 2nd Financial Reports that are foreseen to be delivered jointly (November 2017) were once more 

mentioned and the partners’ in-time preparation was kindly requested. As soon as the presentation 

finished, all the attendees discussed on the general progress of the project. There was a consensus that the 

integration of the WPs is on the right track, and all partners agreed to put even more effort in maintaining 

it. Concerning scientific papers, an allocation within each WP has been presented by the coordinator, in 

order to ensure that all partners should remain focus on them. Moreover, partners were encouraged to 

proceed to as many as possible dissemination actions (e.g. local events, local journals, 

Symposia/Conferences/Meetings), and were kindly reminded to directly forward them to WP8. Finally, the 

organization of the next Stakeholder Workshop in Athens was discussed extensively, pointing out that it will 

take place within the end of October – beginning of November (at the latest). The finalization of the date 

will take place through a Doodle, in order to identify the best possible date for the participation of all key 

partners of the project. The actions needed were already allocated between Task 4.4 and WP8 regarding: 

Venue/ No of persons, Stakeholders / Invitees/ Matrix, Budget / Covering expenses of stakeholders, Save 

the Date, E- registration form, Invitation, Practical information, Agenda and Press Releases.  

The coordinator thanked all attendees for their vivid participation along with their vital interaction and 

contribution to the meeting and the meeting was ended.  
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1. Introduction 

The aim of PROTOMEDEA project – Towards the establishment of Marine Protected Area Networks in the 

Eastern Mediterranean – is to support the establishment of Marine Protected Areas (MPAs) network 

properly designed not only for the conservation of ecological features but also for supporting the 

sustainable exploitation of biological resources and the enhancement of sustainable fisheries in EU 

Mediterranean waters.  

Among the main objectives of PROTOMEDEA is to identify and map essential fish habitats in the two study 

areas, such as nursery grounds of pelagic and demersal fish. Specifically, Task 2.2 aims to compile and 

update existing information on the identification and location of nursery areas (juveniles in their first and, if 

appropriate, second year of life) for the most important demersal and small pelagic species in the Eastern 

Mediterranean included in Appendix VU of Council Regulation (EC) No 199/2008 as well as for the species 

subject to minimum size (Council Regulation (EC) No 1967/2006-Annex III). 

Within the framework of this Task two sub Tasks were carried out.  

• Sub Task 2.2.1: Mapping of nursery grounds of small pelagic fish (Responsible: HCMR- Marianna 

Giannoulaki). Within this Sub-task the nursery grounds of the most important commercial small pelagic 

species i.e. Engraulis encrasicolus, Sardina pilchardus, Trachurus trachurus, were defined in the GSA 22.  In 

addition, data from ichthyoplankton and acoustic surveys that are carried out during summer in GSA 22, 

were used to model the spawning habitat of Sardinella aurita. Modelled relationships based on 

environmental parameters were used to construct explicative distribution maps for the study areas as well 

as probability of occurrence maps at a wider spatial scale upon the availability of environmental data. 

Habitat suitability maps and the associated GIS files were produced, indicating areas where higher 

probability of suitable environmental conditions exists for nurseries (Engraulis encrasicolus, Sardina 

pilchardus, Trachurus trachurus) or spawning grounds (Sardinella aurita). These gridded/scaled maps will 

provide the necessary input to WP4 for the MARXAN application. 

• Sub Task 2.2.2: Mapping of nursery grounds of demersal fish (Responsible: HCMR- George Tserpes. 

Within this Sub Task the nursery grounds of certain demersal species that are included in the DCF Group I 

of the Data Collection Framework for the Mediterranean or are subjected to minimum landing size based 

on Council Regulation No 1967/2006-Annex II (or “minimum conservation reference size” as stipulated by 

the new CFP (Regulation (EU) 1380/2013)) were revised and defined in the study areas. Specifically, for GSA 

22: Merluccius merluccius, Mullus barbatus, Mullus surmuletus, Nephrops norvegicus, Parapenaeus 

longirostris, Illex coindetti, Eledone cirrosa; and for GSA 25: Mullus barbatus, Mullus surmuletus, Pagellus 

erythrinus, Upeneus spp.)  

These resulted gridded/scaled maps will provide the necessary input to WP4 for the MARXAN application. 

This report is supplementary to the main deliverables that is GIS compatible maps describing the essential 

fish habitat for the main small pelagic and demersal species in Aegean Sea and Cyprus. In the document, 

data used and the methodology followed for analysis and mapping is explained in detail. 
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2. Materials and Methods 

2.1 Sub Task 2.2.1: Mapping of nursery grounds of small pelagic fish (Responsible: HCMR – Marianna 

Giannoulaki) 

Within this Sub-task the nursery grounds of the most important commercial small pelagic species i.e. 

Engraulis encrasicolus, Sardina pilchardus, Trachurus trachurus using available information collected within 

the framework of past projects (Tsagarakis et al. 2008; Giannoulaki et al. 2011; Giannoulaki et al. 2013a; 

Giannoulaki et al 2013b) which was evaluated, updated with recent survey (MEDIAS, MEDITS) data and 

adjusted to a suitable spatial scale for the study areas. Data from this case study were elaborated directly 

by HCMR. Methods and results obtained in MEDISEH project were used, because they were considered 

consistent with the objective of the present deliverable. Specifically, habitat suitability modeling was 

applied to all cases based on Generalized Additive Models (GAMs) using satellite environmental data as 

explanatory variables. 

 

Satellite environmental data 

Satellite environmental data as well as bottom depth were used as explanatory variables. Specifically, sea 

surface temperature (SST in oC), sea surface salinity, sea surface chlorophyll concentration (CHLA in mg m-

3), photosynthetically active radiation [PAR in Einstein m-2 day-1], and sea level anomaly (SLA in cm) were 

downloaded from respective online databases and used (see Giannoulaki et al., 2013a for details). These 

environmental variables are considered important either as a direct influence on the distribution of 

anchovy (e.g., SST, CHLA) or as proxies for causal factors. For example, SLA varies with ocean processes 

such as gyres, meanders and eddies (Pujol and Larnicol, 2005), which enhance productivity and often 

function as physical barriers affecting the distribution of species or their life stages. All monthly averaged 

satellite images from daily measurements were processed as regular grids in a GIS (geographic information 

system) environment using ARCINFO GRID software. Satellite variables were mostly used at their best 

available resolution provided by the online satellite data distribution archives to obtain environmental 

characteristics for each sampling point. This results in an average spatial resolution of 1.5 km adequately 

defining environmental spatial heterogeneity in relation to both the applied EDSU (1.852 km) of acoustic 

data and the best available resolution of the explanatory environmental variables. 

 

Juveniles’ habitat 

Acoustic data for modelling the habitat of anchovy and sardine juveniles were collected within the 

framework of regular monitoring acoustic surveys (Mediterranean Acoustic Survey - MEDIAS). For anchovy, 

Engraulis encrasicolus, acoustic surveys data carried out during early autumn (September 2013, 2014, 2015, 

2016) in North Aegean were used for the identification and the modeling of nursery grounds. Anchovy 

juveniles’ echoes discrimination was based on the characteristic echogram shape of the schools and the 

catch composition of concurrent pelagic trawls (Simmonds and MacLennan, 2005). Anchovy smaller than 

105 mm were considered as juveniles, based on the estimated approximate length at first maturity 

(Somarakis et al., 2006). 

For sardine, Sardina pilchardus, acoustic surveys data (Mediterranean Acoustic Survey - MEDIAS) carried 

out during summer (June-July 2004-2006, 2008, 2014, 2016) in North Aegean were used for the 

identification and the modeling of sardine nursery grounds. Sardine juveniles’ echoes discrimination was 

based on the characteristic echogram shape of the schools and the catch composition of concurrent pelagic 
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trawls (Simmonds and MacLennan, 2005). Sardine smaller than 120 mm were considered as juveniles, 

based on the estimated approximate length at first maturity for the European sardine in the 

Mediterranean. In the Central Aegean and Ionian Sea, studies based on macroscopic examination of the 

gonads and gonads histology indicated size at first maturity approximate at 11.8 cm for females (Ganias et 

al., 2007). Recent studies on sardine juveniles in North Aegean Sea indicated that size at first maturity is 

smaller, approximating 100 mm based on the macroscopic examination of the gonads (Nikolioudakis et al., 

2011). 

For semi-pelagic species like Trachurus trachurus that spawn during the winter-early spring thus summer 

period corresponds to high juveniles’ abundance. Thus MEDITS trawl survey data from the period 2003-

2006, 2008 were used as more suitable for the identification and the modeling of nursery grounds of 

Trachurus trachurus. The selection of juveniles for Trachurus trachurus was based on the established MCRS. 

Based on the inspection of annual density maps we defined a density level where Trachurus trachurus 

juveniles were considered as present. Thus at each haul location x, an indicator of Trachurus trachurus 

juveniles presence I(x) was defined as I(x) = 1 if the Trachurus trachurus juveniles catch was 100 ind/km2 (in 

high abundance areas) or 50 ind/km2 (in low abundance areas like GSA 22), and I(x) = 0 otherwise. Then, 

trawls with sufficient Trachurus trachurus juveniles measurements were considered as positive. 

Subsequently, habitat suitability modeling techniques and environmental data were used in order to define 

the species’ potential juvenile grounds. The approach was based on available publications for other small 

pelagic species by e.g. Giannoulaki et al., 2011; Giannoulaki et al., 2013a. Generalized Additive Models 

(GAMs, Hastie and Tibshirani, 1990) were applied to define the set of environmental factors that describe 

Trachurus trachurus juveniles’ distribution.  

 

Modelling 

Generalized additive models (GAMs; Hastie and Tibshirani, 1990) were applied to define the set of 

environmental factors that describe species distribution in the study area. The selection of the GAM 

smoothing predictors was done using the MGCV library in the R statistical software (R Development Core 

Team, 2012). In each model fit, a double penalty was applied to the penalized regression solved by MGCV, 

which allows variables to be solved out of the model entirely (Marra and Wood, 2011), being more robust 

to identify important features. The degree of smoothing was chosen based on the observed data and the 

restricted maximum likelihood (REML) estimation that outperforms the generalized cross validation (GCV) 

smoothing parameter selection, as suggested by Marra and Wood (2011). 

The binomial error distribution with the logit link function was used and the natural cubic spline smoother 

(Hastie and Tibshirani, 1990) was applied for smoothing the independent variables and GAM fitting. 

Following the selection of the main effects of the model, all first order interactions of the main effects were 

tested. In order to avoid over-fitting and simplify the interpretation of the results, the REML method was 

applied and the maximum degrees of freedom (measured as number of knots k) allowed to the smoothing 

functions were limited to the main effects at k=4 and for the first-order interaction effects at k=20. 

The final model was built by testing all variables that were considered biologically meaningful, starting from 

a simple initial model with one explanatory variable. The best model was selected based on the 

minimization of the Akaike’s Information Criterion (AIC) and the level of deviance explained (0–100%; the 

higher the percentage, the more deviance explained) taking also into account the model’s predictive ability. 

Validation graphs (e.g. residuals versus fitted values, QQ-plots and residuals versus the original explanatory 

variables) were plotted in order to detect the existence of any pattern and possible model misspecification. 

Residuals were also checked for autocorrelation. The output of the final selected GAMs is presented as 
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plots of the best-fitting smooths. Interaction effects are shown as a perspective plot without error bounds. 

In each case the following models were constructed. 

 

Spawning habitat of Sardinella aurita 

Sardinella aurita is a warm water small pelagic species presents special interest as it shows increased 

landings during the last decade and information on its spatial distribution in the Eastern Mediterranean is 

generally lacking. Summer is a period that coincides with the species spawning season in the 

Mediterranean (Schismenou et al., 2008). Data from ichthyoplankton surveys carried out during summer in 

GSA 22 (2003-2006), was used to model the spawning habitat of Sardinella aurita (Schismenou et al., 2008). 

This dataset and presence/absence GAM were used to obtain annual probability maps for the period 2003-

2008 and subsequently the respective mean and persistency maps (see below for details). 

 

Mapping: Mean and Persistency maps 

For each species annual probability maps were obtained based on the final selected GAM model. Mean 

probability maps were estimated based on the annual probability maps and up to 400 m depth. Finally, 

habitat allocation maps (Bellier et al 2007) with persistent (high mean, low std), occasional (high mean, high 

std) and rare habitat (low mean, low std) were defined at a spatial resolution of 1 km*1km. The associated 

GIS files were produced, indicating areas where higher probability of suitable environmental conditions 

exists for nurseries (Engraulis encrasicolus, Sardina pilchardus, Trachurus trachurus) or spawning grounds 

(Sardinella aurita) adjusted to the resolution requested by WP4 for the MARXAN application. 

 

2.2 Sub Task 2.2.1: Mapping of nursery grounds of demersal fish  

2.2.1 Mapping of nursery grounds of demersal fish in GSA 22 (Responsible: HCMR – George Tserpes)  

Within this Sub Task the nursery grounds of certain demersal species that are included in the DCF Group I 

of the Data Collection Framework for the Mediterranean or are subjected to minimum landing size based 

on Council Regulation No 1967/2006-Annex II (or “minimum conservation reference size” as stipulated by 

the new CFP (Regulation (EU) 1380/2013)) were revised and defined in the study area. Specifically, the 

following species were considered: Merluccius merluccius, Mullus barbatus, Mullus surmuletus, Nephrops 

norvegicus, Parapenaeus longirostris, Illex coindetti, Eledone cirrhosa. The analysis was based on 

abundance data, expressed in terms of numbers/km2, collected during the MEDITS surveys carried out in 

the period 2001-2014 in the Aegean Sea (seven surveys in total). Data were modeled by means of GAM 

techniques in line with the approach followed during the MEDISEH project (Colloca et al, 2015). 

 

Modelling 

The predictor variables considered in the GAM models were: Year (as factor variable), Position (expressed 

as the Latitude-Longitude interaction) and Depth. Due to the relatively high frequency of zero values in the 

data set, a Delta-lognormal error-model was employed, which makes possible to treat separately the 

question of whether an abundance rate is zero or not, and the size of a rate given that it is non-zero 

(Vignaux 1996). For the purposes of this analysis, the Bernoulli-type 0/1 measurements for each abundance 
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index were recorded by assigning the value 0 in stations not having juveniles/spawners and the value 1 to 

the positive ones. The obtained measurements were assumed to follow a binomial distribution, where the 

estimated probability is a linear function of the predictor variables. The logit function was used as a link 

between the linear factor component and the binomial error. In this way the probability of having 

juveniles/spawners was estimated for the different combinations of predictor variables. A lognormal model 

was adopted for the analysis of the non-zero abundance rates and the residual plots showed that such a 

model was adequate in this case.  

The smooth function for the Position and Depth variables was represented using thin plate regression 

splines, estimated through penalized iterative least squares, and the general GAM model used was of the 

form: 

Abundance/Presence = c+Year + s(Latitude,Longitude)+s(Depth)+e,  

 

Where: c is a constant, s is the smoother function and e is a random error term.  

 

Model fitting was accomplished under the R language environment using the “zigam” function of the 

“COZIGAM” package (Liu and Chan 2010). After obtaining model predicted values for a 2x2 km spatial grid 

for: (a) the probability, p, of non-zero rate and (b) for the expected rate, , conditional on it being positive, 

the unconditional abundance of each cell was given by  (Ye et al. 2001). Modeling was performed for 

recruits of Merluccius merluccius, Parapenaeus longirostris, Illex coindetti, and Eledone cirrhosa, as well as, 

for undersized individuals of Mullus barbatus given that recruits of the species were not captured due to 

the timing of the survey. Juvenile or undersized catches of the rest species was negligible during the 

MEDITS surveys.  

 

Mapping  

Model grid cell predictions were used for creating density maps by means of the “raster” and “maptools” 

packages under the R language environment. To facilitate interpretation and given that the model 

estimates an average distribution pattern by species, for all studied years, model predictions Pi were 

previously rescaled to the range 0-1 according to the formula: Pi - Pmin/Pmax-Pmin. In that sense, 1 

represented the maximum abundance and 0 the minimum one. 

   

2.2.2 Mapping of nursery grounds of demersal fish in GSA 25 (Responsible: CNR – Giuseppe Scarcella)  

The dataset used for the analysis was the MEDITS (MEDIterranean Trawl Survey) time series for the period 

2005-2013. Species analyzed were Mullus barbatus (MUT), Mullus surmuletus (MUR), Pagellus erythrinus 

(PAC) and Upeneus mollucensis (UPH). The Upeneus porii is quite uncommon in Medits data, so was not 

included in the analyses. 

Identification of the recruit component inside the populations of target species was carried out according 

to the following table (Table 1): 
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Table 1. Target species and the corresponding L50 (mm)  

Species Limit (mm) ≈ L50 Source 

MUT 100 DCF data call 2015 (Cyprus) 

MUR 150 DCF data call 2015 (Cyprus) 

PAC 150 DCF data call 2015 (Cyprus) 

UPH 100 Ismen, 2005 

A spatial interpolation was carried out inside the bathymetric stratum of 200 m using a CoKriging approach 

with depth as covariates (Wackernagel, 1994; Helterbrand and Cressie, 1994) 

Following, the nursery grounds for each species have been selected according to the approach of Colloca et 

al., 2009  

 

3. Results-Discussion 

3.1 Sub Task 2.2.1: Mapping of nursery grounds of small pelagic fish (Responsible: HCMR – Marianna 

Giannoulaki) 

The selected GAM models per species are described in Table 2. 
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Table 2. Final GAM models per species determining potential nurseries  

Species  Period Model Res. 
Df 

Res. 
Deviance 

Devianc
e 

explaine
d % 

AIC P‐value Commen
ts 

Engraulis 
encrasicolus 

Septemb
er-
October 
2013-
2016 

te(sal, 
CHLlog)+s(DEPcr) 

1689.5 1481.64 36.6% 1507.47 <<0.000 Shp file 
available 
for WP4 

Sardina 
pilchardus 

July 
2004-
2008 

te(Depth, 
SST)+s(SLA)+s(CHLA) 

1297.8 1007.63 45.1% 1081.92 <<0.000 Shp file 
available 
for WP4 

        

Sardina 
pilchardus 

July 
2004-
2008, 
2014, 
2016 

te(sal,chllog)+s(sst)+
s(DEPcr) 

4167.2 3630.36 26.9% 3683.36 <<0.000 Output 
indicated 
very 
limited 
nursery 
areas thus 
precautio
nary the 
persistent 
grounds 
indicated 
for the 
period 
2003-
2008 
were 
provided 
for WP4  

Trachurus 
trachurus 

Summer       Shp file 
available 
for WP4 

 te(CHLA, 
Depth)+s(SST)) 

6785.0 5970.44 35.5  <<0.000  

Sardinella 
aurita 

June s(SLA) + s(Depth, 
CHLA) 

509.1 500.41 20.10 546.2 <<0.000 
Shp file 
available 
for WP4 

 

Figs 1 to 4 present the potential nurseries for the target small pelagic species (i.e. habitat allocation map for 

the study period). 
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Fig.1 Habitat allocation map of anchovy potential nursery grounds in Aegean Sea (GSA 22) during early autumn. 

(Respective shp files have been available for use in WP4). 

 

Project funded by the  
European Union (DG MARE) 

Protecting Mediterranean East 
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Fig.2 Habitat allocation map of sardine potential nursery grounds in Aegean Sea (GSA 22) during summer. (Respective 

shp files have been available for use in WP4). 
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Fig.3 Habitat allocation map of horse mackerel potential nursery grounds in Aegean Sea (GSA 22) during summer. 

(Respective shp files have been available for use in WP4). 
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Fig.4 Habitat allocation map of round sardinella potential spawning grounds in Aegean Sea (GSA 22) during early 

summer. (Respective shp files have been available for use in WP4). 
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Preferential nursery areas for anchovy, sardine and horse mackerel were identified along the coastal waters 

of Thracian Sea, around the island of Limnos, the inner part of Thermaikos Gulf as well as areas in the North 

and South Evoikos Gulfs. Habitat areas over the Cyclades plateau were also identified, presenting different 

extent depending on the species. 

3.2 Sub Task 2.2.1: Mapping of nursery grounds of demersal fish  

3.2.1 Mapping of nursery grounds of demersal fish in GSA 22 (Responsible: HCMR – George Tserpes)  

The analyses of deviance for the applied binary and lognormal GAM models are shown in Table 3.  

Table 3. Analysis of deviance for the applied binary (left column) and lognormal (right column) GAM models by 

species. 

 

Figures 5 to 9 present the identified potential nurseries for the target demersal species. Given that the 

available data are coming from the MEDITS survey, which is accomplished during summer, the habitat 

allocation maps provide a snapshot of the situation in that period.  
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Fig. 5. Potential nursery grounds (probability > 50%) of M. merluccius in the Aegean Sea (GSA 22). (Respective shp files 

have been available for use in WP4). 
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Fig. 6. Potential nursery grounds (probability > 50%) of E. cirrhosa in the Aegean Sea (GSA 22). (Respective shp files 

have been available for use in WP4). 
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Fig. 7. Potential nursery grounds (probability > 50%) of I. coindetti in the Aegean Sea (GSA 22). (Respective shp files 

have been available for use in WP4) 
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Fig. 8. Potential nursery grounds (probability >50%) of P. longirostris in the Aegean Sea (GSA 22). (Respective shp files 

have been available for use in WP4) 
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Fig. 9. Potential nursery grounds (probability > 50%) of M. barbatus in the Aegean Sea (GSA 22). (Respective shp files 

have been available for use in WP4) 

For all examined species, the area of Saronikos gulf seems to favor the concentration of juveniles and can 

be considered as an important nursery ground. For the rest species, with the exception of I. coindetti, few 
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additional important nurseries were identified, mostly in the northern part of the Aegean Sea. On the 

contrary, nurseries grounds for I. coindetti seem to exist in several parts of the Aegean Sea. However, 

results for all species should be always faced with caution, since they provide a snapshot of the situation in 

the summer season and things may be different in the rest months of the year.    

 

3.2.2 Mapping of nursery grounds of demersal fish in GSA 25 (Responsible: CNR – Giuseppe Scarcella)  

The selected models per species are showed in the following maps. 

 

Fig.10 Mullus surmuletus potential nursery grounds in Cyprus waters (GSA 25). (Respective shp files have been 

available for use in WP4) 
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Fig. 11 Mullus barbatus potential nursery grounds in Cyprus waters (GSA 25). (Respective shp files have been available 

for use in WP4) 
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Fig. 12 Pagellus erythrinus potential nursery grounds in Cyprus waters (GSA 25). 

 

 

Fig. 13 Upeneus mollucensis potential nursery grounds in Cyprus waters (GSA 25). (Respective shp files have been 

available for use in WP4) 
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ANNEX 1: Abbreviations 

AIC: Akaike’s Information Criterion 

CFP: Common Fisheries Policy 

CHLA: Chlorophyll a 

CNR: Consiglio Nazionale delle Ricerche 

COZIGAM: Zero‐Inflated Generalized Additive Models 

DCF: Data Collection Framework 

EDSU: Elementary Distance Sampling Unit 

GAM: Generalized Additive Model 

GCV: Generalized Cross Validation 

GIS: Geographic Information Systems 

GSA: Geographical Sub-Area 

HCMR: Hellenic Centre for Marine Research 

MARXAN: MARine and SPEXAN (SPatially EXplicit Annealing) 

MCRS: Minimum Conservation Reference Size 

MEDIAS: MEDIterranean Acoustic Survey 

MEDISEH: MEDIterranean SEnsitive Habitats 

MEDITS: Mediterranean Trawl Survey 

MGCV: Mixed GAM Computation Vehicle 

MPA: Marine Protected Area 

PAR: Photosynthetically Active Radiation 

REML: REstricted Maximum Likelihood 

SLA: Sea Level Anomaly 

SST: Sea Surface Temperature 

WP: Work Package 
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1. Introduction 

1.1  Subtask 2.3.3 

In the subtask 2.3.3, a methodological framework proposed by Maina et al., (2016), based on spatial 

analytical techniques, for exploring the patchy distribution of fishing effort and target species, was used as 

a baseline for the investigation and mapping of fishing grounds in the Aegean Sea and Cyprus. 

According to Russo et al., (2013) and Maina et al., (2016) the term “fishing ground” is used extensively in 

the literature but there is no explicit and commonly accepted definition. The term appears in FAO’s (1997) 

definition of fishing effort (“the amount of fishing gear of a specific type used on the fishing grounds over a 

given unit of time”), which implies that fishing grounds should be defined as “the areas in which fishing 

effort is deployed”. However, this definition is “intuitively vague” (Russo et al., 2013) and does not take into 

account fisher tactics, the dynamics of fishing activities, and the actual distribution of the target species. 

The latter authors have defined fishing grounds as “areas in which fishing activity is routinely carried out as 

a result of a strategy aimed to maximize economic gains”. In this subtask a definition based on Maina et al. 

(2016) was used to incorporate actual species occurrence and the fishing grounds of a species or a group of 

species was defined as “crucial areas characterised by both fishing activity and species presence as a result 

of a strategy to maximize catches and economic gains”.   

New insights for investigating spatial patterns are essential for a better understanding of fisheries dynamics 

and for proposing more effective management measures. In this context, fishing grounds and the spatial 

patterns of exploitation was applied in Aegean Sea and Cyprus. The approach is based on combining the 

potential habitat use of the following target species:  

i) Merluccius merluccius, Mullus barbatus, Mullus surmuletus, Nephrops norvegicus, Parapenaeus 

longirostris, Pagellus erythrinus, Illex coindetii, Eledone cirrhosa considered as the most important 

commercial species for the Greek bottom trawl fishery 

ii) Mullus barbatus, Mullus surmuletus, Pagellus erythrinus, Upeneus spp. considered as commercial 

species for Cyprus bottom trawl fishery.  

The spatial distribution of fishing effort of bottom trawlers in the study areas (Aegean Sea and Cyprus) was 

also considered. 

1.2  Subtask 2.3.4 

In Mediterranean, marine recreational fishery (RF) is a long-standing tradition, but there is a low degree of 

knowledge on this activity (Kapiris & Kavadas, 2016). Due to the increase of the number of recreational 

fishers (RF) particularly in Greece, the intensive conflicts with the coastal professional fishermen (in terms 

of sharing fishing grounds and species) are of utmost importance. There is a great uncertainty about the 

estimation of RF’s catches and spatial distribution of RF’s pressure, since the studies are sporadic and 

scarce. In the subtask 2.3.4 data from guards related to the number of recreational licences by fishing port 

were used in order to estimate a fishing pressure index from recreational fisheries in Greece and Cyprus 

Case Studies (CS) based on a Multi-Criteria decision analysis methodology (MCDA). 
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2. Materials and methods    

The steps for identifying and analysing fishing grounds (subtask 2.3.3) are summarized in the flowchart (Fig. 

2.1) and are hereafter described in detail. 

 

Fig. 2.1. Flowchart of the methodological steps applied to identify and describe fishing grounds 

2.2 Estimation of fishing effort from bottom trawlers based on VMS data 

The fishing effort distribution for bottom trawlers was estimated by Vessel Monitoring System (VMS) data, 

a satellite based monitoring system, which at regular time intervals provides data to the fisheries 

authorities related to the location, heading and speed of vessels (EC, 2003). Common errors and outliers in 

the VMS dataset were filtered out and removed by applying the approaches suggested by Bastardie et al. 

(2010), Kavadas et al. (2014) and Russo et al. (2014). Moreover, fishing activity was classified as “fishing”, 

“steaming” or “mooring” on the basis of speed thresholds. It was considered that speeds <4 knots for 

bottom trawlers corresponded to “fishing”, otherwise the signals were classified as “steaming” (Kavadas & 

Maina 2012; Kavadas et al., 2014; Maina et al., 2016). VMS pings falling within circular buffers of 3 km 

around each harbor were classified as ‘‘mooring’’. The study areas were partitioned in grids of 2x2 km 

squares (cells) and fishing effort was estimated as the “fishing” time spent in each of these cells in one year 

and was expressed in fishing hours (h). For the purposes of the current analysis, average distribution maps 

of fishing effort for the period 2009 - 2015 was estimated for the Greek CS (Aegean Sea) and Cyprus CS. 

Permanent restricted areas for fishing based on national and European legislation (Petza et al., 2017) were 

excluded from the fishing effort. 

2.3 Habitat use modelling and validation 

2.3.1 Aegean Sea 

In the habitat use modelling, the following commercial target species were included: Merluccius merluccius, 

Mullus barbatus, Mullus surmuletus, Nephrops norvegicus, Parapenaeus longirostris, Pagellus erythrinus, 

Illex coindetii, Eledone cirrhosa. The applied methodology is described in detail to Maina et al., (2016). 
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Habitat use modelling for these species was based on Generalized Additive Models (GAMs), which employ 

non-linear and non-parametric techniques for regression modelling (Hastie and Tibshirani, 1990). The 

selection of the GAM smoothing predictors was made using the MGCV library in R statistical software (R 

Development Core Team, 2014). The data set, which includes the explanatory and the response variables, 

was divided randomly into a training (2/3 of the initial data set) and a validation subset (the remaining 1/3). 

Final model selection was made by applying a stepwise forward approach allowing us to avoid collinearity 

in the environmental variables. Akaike Information Criterion (AIC) and level of Deviance Explained (DE) 

were used as criteria for model selection. Original values for several independent variables were 

transformed in terms of square root or natural logarithm to obtain uniform distributions for GAM 

application (Hastie and Tibshirani, 1990).  

The species presence/absence data were modelled using a Binomial error distribution and a logit link 

function, based on the inspection of the residual fit and the lack of trend in the residual plots (i.e. residuals 

vs fitted values, QQ-plots, residual vs original explanatory variables). To avoid over-fitting and to simplify 

the interpretation of the results, the degree of smoothing for each predictor was chosen based on the 

restricted maximum likelihood (REML), since the maximum likelihood methods are less prone to local 

minima than other smoothness selection criteria (i.e. Generalized Cross Validation, Un-Biased Risk 

Estimator etc.), and are therefore preferable. The thin plate regression spline smoother was applied to the 

models while maximum degrees of freedom of smoothing functions were limited to k = 5 for the main 

effects and k = 15 for the first-order interaction effects. Only significant predictor variables at significance 

level < 0.05 were kept in the final models.  

To evaluate the predictive performance of the final presence/absence model for each species, the receiver 

operating characteristic ROC curves (Guisan and Zimmerman, 2000) and the area under the ROC curve 

(AUC) were estimated. The evaluation of model performance was carried out on the validation data set 

(1/3 of the initial data set). AUC assesses a model’s ability to discriminate between predicted presence and 

absence (Fielding and Bell, 1997). In particular, values of AUC equal to or lower than 0.5 imply models with 

no predictive ability; on the other hand, AUC values close to 1.0 imply models making perfect predictions 

(Araujo et al., 2005). 

Results based on habitat use modelling, i.e statistics of final GAM models, gam plots and maps, for the 

species under investigation were extensively described to Maina et al., (2016). Moreover validation results 

indicating ‘very good’ discrimination ability for all final models with AUC values ranging from 82% (Eledone 

cirrhosa) to 89% (Mullus barbatus). 

2.3.2 Cyprus 

Habitat use modelling for the species Mullus barbatus, Mullus surmuletus, Pagellus erythrinus and Upeneus 

spp. was based on abundance data expressed in N/ km2 from MEDITS survey. Inverse Distance Weighted 

(IDW: an interpolation technique which explicitly implements the assumption that things that are close to 

one another are more alike than those that are farther apart (ESRI, 2011)), was used to estimate the spatial 

distribution of species abundance. The power parameter (i.e. the exponent of distance that controls the 

significance of surrounding points on the interpolated value) was set at 3 and the smoothing factor was set 

at 0.2. Results based on this analysis are shown in the figures 2.3.2.1- 2.3.2.4. 
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Figure 2.3.2.1: Spatial distribution of abundance for Mullus barbatus in Cyprus. 

 

Figure 2.3.2.2: Spatial distribution of abundance for Mullus surmuletus in Cyprus. 
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Figure 2.3.2.3: Spatial distribution of abundance for Pagellus erythrinus in Cyprus. 

’ 

Figure 2.3.2.4: Spatial distribution of abundance for Upeneus spp. in Cyprus. 

2.5 Analyzing spatial patterns - Mapping clusters  

The potential fishing grounds of a species were determined by the spatial overlap of two types of layers:  

i) the probability of each species being present and the distribution of the fishing effort of 

Greek bottom trawlers.  

ii) the spatial distribution of each species abundance (N / km2) and the distribution of the 

fishing effort of Cyprus bottom trawlers 
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This spatial overlap is actually the product of the two layers and demonstrates the possibility for a fisher to 

harvest a particular species in a specific area. In the case of a high product, i.e. high probability of species 

presence (or abundance) and high fishing effort, and also high values in all neighbouring cells, the specific 

site was considered as a hot spot. On the contrary, in the case of a low (but positive) product, i.e. low 

probability of species presence (or abundance) and low fishing effort, and also low values of all 

neighbouring cells, the specific site was considered as a cold spot.  

Based on methods used for analyzing spatial patterns and mapping clusters (Maina et al., 2016), statistically 

significant hot and cold spots of the potential fishing grounds, for each species, were estimated. 

Additionally, hot and cold spots for the assemblages of all species under investigation were identified by 

aggregating hot and cold spots for each species. 

2.6 Estimation of fishing pressure index from recreational fisheries based on MCDA 

Since primary data on recreational fishing vessels locations were not available, a methodological approach 

based on MCDA has been employed to estimate a fishing pressure index for this type of fishery (RFPc) in the 

Greek and Cyprus study area (Kavadas et al., 2015). This methodology produces fisheries footprint by taking 

into consideration several interactions with other anthropogenic or environmental factors. Several 

methods and processes such as the Analytic Hierarchy Process (AHP) and Fuzzy logic were applied in an 

effort to solve the multiple criteria problem. RFPc was perceived as the fuzzy product of two indices: the 

recreational fishery suitability index (RSc) and the activity index (Ac) based on the spatial distribution of 

registered recreational fishing vessels in the Greek and Cyprus study areas: 

RFPc = RSc×Ac 

To this end, we identified the most influential components and criteria affecting recreational fishing. Each 

criterion was assigned a grading value by expert judgment; a rank of order of importance. The final rankings 

used for all criteria under study (Table 1). The criteria were the following:  

 bathymetry  (source for Greek CS: University of the Aegean, HCMR, source for Cyprus CS: 

http://www.emodnet.eu/ ) 

 distance from coastline (ESRI, 2011) 

 Chl-a annual concentration (period: 2009- 2015, source: http://oceancolor.gsfc. nasa.gov/cms/) 

 marine traffic activity based on ferries and cargos (source: http://www.marinetraffic.com) 

 bottom trawlers and purse seiners annual fishing effort (period: 2009- 2015) 
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Table 1: Ranking* of the criteria taken into account in MCDA 

Bathymetry (meters) Grade 
 

Marine traffic activity  
(cargos & ferries) 

Grade 

0 - 25 m 4 
 

Absence of Marine traffic 4 

25 m - 50 m 3 
 

High coast distance from marine 
traffic (3 nm – 6 nm) 

3 

50 m - 100 m 2 
 

Medium coast distance from marine 
traffic (1.5 nm - 3 nm) 

2 

100 m - 200 m 1 
 

Low coast distance from marine 
traffic (≤ 1.5 nm) 

1 

>200 m 0 
   

Distance from coast (nautical miles) Grade 
 

Bottom trawl fleet effort Grade 

≤ 0.5 nm 4 
 

Absence of effort 4 

0.5 nm – 1.5 nm 3 
 

Low 3 

1.5 nm - 3 nm 2 
 

Medium 2 

> 3 nm 1 
 

High 1 

Sea Surface Chlorophyll (Chl-a) (mg/m3) Grade 
 

Purse seine fleet effort (in Greece 
only) 

Grade 

Eutrophic waters:  > 0.793mg/m3 4 
 

Absence of effort 4 

Upper mesotrophic waters : 0.46 mg/m3 - 
0.793mg/m3 

3 
 

Low 3 

Medium mesotrophic waters: 0.23 mg/m3 - 
0.46mg/m3 

2 
 

Medium 2 

Lower mesotrophic waters: 0.1 mg/m3 - 
0.23 mg/m3 

1 
 

High 1 

*The higher the grade, the most likely this area is for recreational fishing activities  
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3. Results 

3.1 Spatial distribution of fishing effort based on VMS data 

Fishing effort from bottom trawlers was estimated at an annual scale (expressed as accumulated fishing 

hours per year) for the fishing periods from 2009 up to 2015. An average distribution map for the period 

2009 – 2015 was used for the Greek and Cyprus case study (Fig. 3.1.1, 3.1.2).  

 

 
Fig. 3.1.1. Average fishing effort of Greek bottom trawlers estimated by VMS data for the period 2009-2015. 

 

Fig. 3.1.2. Average fishing effort of Cyprus bottom trawlers estimated by VMS data for the period 2009-2015. 

3.2 Spatial overlap  

The results of the spatial overlap which demonstrates the possibility for a fisher to harvest a particular 

species in a specific area are shown in figures 3.2.1 – 3.2.8, Greek CS and figures 3.2.9 – 3.2.12 for the 
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Cyprus CS. 

 

Fig. 3.2.1. Spatial overlap between the probability of Merluccius merluccius presence and the distribution of the 

fishing effort of bottom trawlers in the Aegean Sea (GSA 22). 

 

Fig. 3.2.2. Spatial overlap between the probability of Mullus barbatus presence and the distribution of the fishing 

effort of bottom trawlers in the Aegean Sea (GSA 22). 
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Fig. 3.2.3. Spatial overlap between the probability of Mullus surmuletus presence and the distribution of the fishing 

effort of bottom trawlers in the Aegean Sea (GSA 22). 

 

 

Fig. 3.2.4. Spatial overlap between the probability of Eledone cirrhosa presence and the distribution of the fishing 

effort of bottom trawlers in the Aegean Sea (GSA 22). 
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Fig. 3.2.5. Spatial overlap between the probability of Illex coindetii presence and the distribution of the fishing effort 

of bottom trawlers in the Aegean Sea (GSA 22). 

 

 

Fig. 3.2.6. Spatial overlap between the probability of Nephrops norvegicus presence and the distribution of the fishing 

effort of bottom trawlers in the Aegean Sea (GSA 22). 
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Fig. 3.2.7. Spatial overlap between the probability of Pagellus erythrinus presence and the distribution of the fishing 

effort of bottom trawlers in the Aegean Sea (GSA 22). 

 

Fig. 3.2.8. Spatial overlap between the probability of Parapenaeus longirostris presence and the distribution of the 

fishing effort of bottom trawlers in the Aegean Sea (GSA 22). 
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Fig. 3.2.9. Spatial overlap between the spatial distribution of Mullus barbatus abundance and the distribution of the 

fishing effort of bottom trawlers in Cyprus. 

 

 

Fig. 3.2.10. Spatial overlap between the spatial distribution of Mullus surmuletus abundance and the distribution of 

the fishing effort of bottom trawlers in Cyprus. 
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Fig. 3.2.11. Spatial overlap between the spatial distribution of Pagellus erythrinus abundance and the distribution of 

the fishing effort of bottom trawlers in Cyprus. 

 

Fig. 3.2.12. Spatial overlap between the spatial distribution of Upeneus spp. abundance and the distribution of the 

fishing effort of bottom trawlers in Cyprus. 

 

3.3. Mapping clusters 

Spatial clustering was based on the potential fishing grounds of each species that were determined by the 

spatial overlap between the probability of each species’ presence (or the spatial distribution of each species 

abundance) and the distribution of fishing effort for bottom trawlers (Maina et al., 2016). Maps of hot and 

cold spots for each species were based on the Getis-Ord Gi* statistic. Such hot spots represent the most 

important fishing grounds for each species and are shown from figure 3.3.1 to 3.3.8 for the Greek CS and 

from figure 3.3.9 to 3.3.12 for the Cyprus CS.  

Aggregated hot spots showed that the highest number of commercial species, in terms of presence and 

high fishing effort values, were found in the in the northern and north-western Aegean Sea and close to the 
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islands located in the central-eastern and central-western part of the Aegean Sea (Fig. 3.3.13) . On the 

other hand, aggregated cold spots showed that the lowest number of commercial species, in terms of 

presence combined with low fishing effort values, was found in at various locations of the Aegean Sea, 

particularly between 25o and 26.5o degrees longitude (Fig 3.3.14). For Cyprus CS aggregated hot spots were 

found mainly in the in the southern part of Cyprus (marine area close to Limassol) (Fig. 3.3.15). Statistically 

significant cold spot areas were not indicated for the Cyprus CS. 

 

Fig. 3.3.1. Potential fishing grounds and estimated hot and cold spots for Merluccius merluccius 

 

Fig. 3.3.2. Potential fishing grounds and estimated hot and cold spots for Mullus barbatus 
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Fig. 3.3.3. Potential fishing grounds and estimated hot and cold spots for Mullus surmuletus 

 

Fig. 3.3.4. Potential fishing grounds and estimated hot and cold spots for Eledone cirrhosa 
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Fig. 3.3.5. Potential fishing grounds and estimated hot and cold spots for Illex coindetii 

 

Fig. 3.3.6. Potential fishing grounds and estimated hot and cold spots for Nephrops norvegicus 
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Fig. 3.3.7. Potential fishing grounds and estimated hot and cold spots for Pagellus erythrinus 

 

Fig. 3.3.8. Potential fishing grounds and estimated hot and cold spots for Parapenaeus longirostris 
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Fig. 3.3.9. Potential fishing grounds and estimated hot spots for Mullus barbatus 

 

 

Fig. 3.3.10. Potential fishing grounds and estimated hot spots for Mullus surmuletus 

 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-2.3     

Mapping fishing effort in the study areas  20 

 

Fig. 3.3.11. Potential fishing grounds and estimated hot spots for Pagellus erythrinus 

 

 

Fig. 3.3.12. Potential fishing grounds and estimated hot spots for Upeneus spp. 
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Fig. 3.3.13. Bottom trawlers fishing grounds-aggregated hot spots for the target species. The map indicates the 

number of species for which a specific cell found to be a hot spot. 

 

 

Fig. 3.3.14. Bottom trawlers fishing grounds-aggregated cold spots for the target species. The map indicates the 

number of species for which a specific cell found to be a cold spot. 
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Fig. 3.3.15. Bottom trawlers fishing grounds-aggregated hot spots for the target species. The map indicates the 

number of species for which a specific cell found to be a hot spot. 

3.4 Recreational fishing pressure index 

Based on the abovementioned methodological approach, analysis of the available data related to the 

number of fishing vessels along the Greek and Cyprus coastlines was performed. The mapping is portrayed 

in Figs 3.4.1, 3.4.2. 

 

 

Fig. 3.4.1. Fishing pressure index of recreational fisheries for the Greek CS. 
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Fig. 3.4.2. Fishing pressure index of recreational fisheries for the Cyprus CS. 

 

4. Discussion 

A merit of the approach followed in the subtask 2.3.3, is the visualization of the spatial pattern of species 

richness in important fishing grounds, covering the Aegean Sea and Cyprus. In particular, aggregated hot 

spots showed that the most important fishing grounds, in terms of species and fishing effort were found in 

the north Aegean some locations in the central Aegean and the southern part of Cyprus. Furthermore, at 

first sight, cold spots are considered unimportant fishing grounds for bottom trawlers, since these areas are 

characterized by low fishing effort and species richness. However, this information is also essential and 

should be included as an input in a management process in several ways. For as much as cold spots 

(aggregated or by species) provide crucial information about limitations, non-preferences and target 

species, may allow for a better understanding of fisheries dynamics (Murawski et al., 2005), and therefore 

can increase the knowledge for benefits and impacts of conservation policies before the implementation of 

a Marine Protected Area (Stelzenmüller et al., 2008; Horta e Costa et al., 2013).  

The results of the current subtasks can be useful to ecosystem-based marine spatial management, an 

approach that recognizes the full array of interactions within an ecosystem, including human uses, rather 

than considering single issues, species, or ecosystem services in isolation (Katsanevakis et al., 2011). In that 

context, the mapping of fishing activities and the identification of fishing grounds is of utmost importance. 

It is vital to define areas that are important for fisheries in marine spatial plans, and to estimate the cost of 

restricting fishing activities in specific areas. Estimating such costs is an essential component of systematic 

marine conservation planning, which aims to achieve conservation objectives at least cost (Ban and Klein 

2009; Mazor et al., 2014). Spatial conservation prioritization tools, taking into account conservation 

objectives while minimizing the associated costs (like MARXAN), have alternatively been used as fisheries 

management tools in order to define spatiotemporal closures (Grantham et al. 2008; Dunn et al., 2016). It 

might be useful to apply such alternatives of spatial conservation prioritization tools, before the 

establishment of management plans for fisheries practices, (by taking into account fishing grounds i.e. 

outcomes of the subtask 2.3.3) in order to investigate the likely impact of closing areas on fisheries. 
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1. Scope of WP3: Underwater visual surveys 

Underwater visual surveys (UVS) for the assessment and monitoring of fish communities are commonly 

preferred over fishing surveys, especially when sampling is undertaken over vulnerable or protected 

habitats (e.g. rocky reefs and seagrass beds) as well as within protected areas. The acquisition of 

quantitative data on fish assemblages with a minimum impact on the marine environment, along with the 

direct inspection of the surrounding environment and the associated pressures or threats, are some of the 

advantages offered by UVS techniques.  

The primary aim of the WP3 was to assess the effects of different levels of fishing pressure on fish 

assemblages of shallow rocky reefs. We specifically focused on rocky habitats of the upper sublittoral zone 

as a) this zone is under the direct pressure of cumulative human impacts and natural stressors, and hence 

management measures are urgently required (Marbà et al. 2015, Parravicini et al. 2013), and b) the 

acquisition of quantitative data from shallow coastal waters were needed to complement information 

obtained through other sampling techniques during the PROTOMEDEA project. 

WP3 was organized into two distinct but interlinked studies, which fulfilled the following project objectives: 

Primary study objectives (1st study – Plot sampling): 

 Assess community structure of rocky reef fish assemblages found in the Aegean Sea and Cyprus. 

 Compare fish community parameters between areas of high and low fishing pressure. 

Secondary study objectives (2nd study – Plot and distance sampling): 

 Examine the performance of different UVS techniques (specifically plot versus distance sampling 

methods) for the assessment and monitoring of fish. 

2. Study areas and choice of sampling stations 

Sampling was conducted at different coastal areas of the Aegean Sea and Cyprus during September – October 2016. 

The aim was to cover most parts of the two study areas in a representative way, but final decision of the sampling 

stations was dictated by the objectives of the project (i.e. finding suitable sites of high and low fishing pressure), 

logistic constrains, weather conditions, and the availability of extensive hard substrate habitats. Pairs of high and low 

fishing pressure (FP) sites were selected based on the map produced using the fishing pressure index for small-scale 

fisheries (FPc) developed in WP2 – Deliverable 2.3 (Figure 1). Underwater visual surveys were conducted in 30 sites of 

the Aegean Sea (15 pairs of high and low FP sites; Figure 2, Table 1) and 8 sites around Cyprus (4 pairs of high and low 

FP sites; Figure 3, Table 2). Each pair constituted of sites that were as close as possible (i.e. geographical proximity) 

and had similar habitats and environmental conditions (e.g. slope, rugosity, hydrodynamics). 
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Figure 1. Map of the Aegean Sea depicting the hot and cold spots for small scale fisheries. Blue polygons indicate cold 

spots (areas of low fishing pressure), red areas depict hot spots (areas of high fishing pressure), while yellow polygons 

represent areas of intermediate fishing pressure. The map was produced based on the fishing pressure index for small 

scale fisheries (for more details see WP2 - Deliverable 2.3). 
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Figure 2. Map of the Aegean Sea depicting pairs of sampling sites. Numbers indicate pairs of sampling sites; L and blue 

points indicate low FP sites; H and red marks denote high FP sites. 

 

Table 1. Station code and geographic coordinates of the sites sampled in the Aegean Sea. Station code numbers 

indicate pairs of sampling sites; L stands for low FP sites; H stands for high FP sites.  

a/a Station code y x 

1 1-L 39.005 26.168 

2 1-H 38.998 26.543 

3 2-L 39.294 25.910 

4 2-H 39.391 26.342 

5 3-L 38.215 25.887 

6 3-H 38.444 26.146 

7 4-L 38.248 25.863 

8 4-H 38.320 25.940 
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9 5-L 39.962 23.900 

10 5-H 40.308 23.944 

11 6-L 40.176 23.714 

12 6-H 40.307 23.960 

13 7-L 39.139 23.837 

14 7-H 39.087 23.116 

15 8-L 39.104 23.979 

16 8-H 39.129 23.068 

17 9-L 39.152 23.830 

18 9-H 39.098 23.051 

19 10-L 37.582 24.752 

20 10-H 37.508 24.894 

21 11-L 36.841 25.686 

22 11-H 36.925 26.986 

23 12-L 36.835 25.841 

24 12-H 36.973 27.036 

25 13-L 36.838 25.480 

26 13-H 37.142 25.295 

27 14-L 36.832 25.523 

28 14-H 37.149 25.296 

29 15-L 37.593 24.708 

30 15-H 37.415 24.965 

 



PROTOMEDEA – PROTecting MEDiterranean EAst      D- 3.1 

Underwater Visual Surveys results  5 

 

Figure 3. Map of Cyprus depicting pairs of sampling sites. Numbers indicate pairs of sampling sites; L and blue points 

indicate low FP sites; H and red marks denote high FP sites. 

 

Table 2. Station code and geographic coordinates of the sites sampled in Cyprus. Station code numbers indicate pairs 

of sampling sites; L stands for low FP sites; H stands for high FP sites.  

a/a Station code y x 

1 C1-L 34.034 35.044 

2 C1-H 34.079 34.972 

3 C2-L 33.677 34.964 

4 C2-H 33.857 34.941 

5 C3-L 33.147 34.703 

6 C3-H 33.001 34.569 

7 C4-L 32.334 35.076 

8 C4-H 32.311 34.901 
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3. Field protocols 

Two different UVS techniques (plot and distance sampling) were performed by SCUBA diving at two 

different depth zones (5 and 15 m). At each depth station, both plot and distance sampling were conducted 

along three successive transects positioned several meters apart in a straight line, covering a total distance 

of 75 m length per sampling technique and depth zone. All surveys were carried out on rocky reefs and 

selection of the exact location of the transects was random. The fish observers who conducted the surveys 

were the same for each UVS technique throughout the study.  

As the two different UVS techniques were used to fulfill different study objectives, the equivalent methods, 

analyses and results are presented separately as two distinct studies.  

 

4. Assessing community structure of rocky reef fish assemblages in the Aegean Sea and Cyprus 

using plot sampling: comparisons between areas of high and low fishing pressure 

4.1 Methodology 

 

Plot sampling 

Plot sampling was used to a) investigate the community structure of rocky reef fish assemblages in the 

Aegean Sea and Cyprus, and b) assess potential differences in fish community parameters between high 

and low FP sites. During plot sampling, fish surveys were conducted to obtain data on species diversity, 

density and size. Moving one-way along the transects at a constant speed, the fish observer counted and 

estimated the size of all fish species observed within 2.5 m on either side of the transect line (strip-

transects). All species were recorded, except from small cryptic ones (e.g. Blennidae and Gobiidae). The 

actual number of individual fish was recorded for abundances up to 20 individuals, while larger schools 

were assigned to predefined abundance classes (i.e. 21–30, 31–50, 51–100, 101–200, 201–500, >500 

individuals), following Harmelin et al. (1995) and Harmelin-Vivien et al. (2008). Fish size was estimated 

based on total fish length (TL). In order to minimize disturbance of fish, fish recording and transect 

deployment were done simultaneously by the same observer.  

 

Data analyses 

Species diversity (number of species), density (individuals per 1000 m2) and biomass (kg per  1000 m2) were 

the three fish community parameters considered.  

Fish density was estimated by the formula: 

   =  / 2   =  /    

where n: number of individuals; 2w: total width of the transect; L: length of the transect; Ac: total (sampled) 

area. 

Fish biomass was initially estimated using the allometric length-weight relationship:  

W= aLb  
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where W: weight in grams; L: total fish length in cm; a and b: species-specific parameters obtained from the 

literature (Moutopoulos & Stergiou, 2002; Giakoumi et al., 2012; Froese & Pauly, 2016). The resulting 

biomass values were then converted to kilograms.  

 

Fish species where also assigned to distinct groups according to functional trophic status: large carnivores, 

carnivores, omnivores, grazers; as well as to groups of different commercial status: commercial (C), 

commercial pelagic (Csp), non-commercial (NC), non-commercial or only sold at low value (NC/Clow), based 

on information obtained from scientific literature and expert judgment (Stergiou & Karpouzi, 2002; Froese 

& Pauly, 2016; Karachle and Stergiou, 2017; Table 3).   

Data obtained from the Aegean Sea and Cyprus were treated separately. Bootstrap (with 1000 resamples) 

was applied to all three metrics (species richness, density and biomass) in order to estimate the 

unconditional standard error (Efron and Tidshirani 1993), as well as the 95% bootstrap-based unconditional 

confidence intervals per species, trophic group and commercial status group.  

Two-way permutational multivariate anlyses of variance (PERMANOVA) were applied using the Bray-Curtis 

similarity matrix on square root transformed data (Anderson, 2001) in order to assess the effects of 

geographic location (based on latitude), fishing pressure, and their interaction on fish community structure. 

“Geographic location” was used as a fixed factor with two levels for the Aegean Sea (North and South) and 

three levels for Cyprus (East, West, South), and Fishing pressure was used as a fixed factor with two levels 

(High and Low) for both study areas. For the graphical representation of the multivariate analyses, principal 

coordinate analysis plots (PCOA) were produced, and Spearman rank order correlations were used to 

investigate the monotonic relationship of species abundance and biomass with the resulting multivariate 

patterns. Species that exhibited correlation values greater than 0.4 were overlaid onto the PCOA ordination 

plots as vectors.  Multivariate analyses were performed with the PRIMER-E v6 (Clarke & Gorley, 2006) and 

PERMANOVA+ software packages (Anderson et al., 2008). 

4.2 Results 

A total of 56 species were recorded in the two sub-areas (Aegean Sea and Cyprus). A summary of the fish 

species found is presented in Table 3, along with  information on their depth of occurrence, their functional 

trophic group, and their commercial status. The results of each sub-area (Aegean Sea and Cyprus) is 

presented separately in the following paragraphs. 

 

Table 3. Fish species recorded in the Aegean Sea (AS) and Cyprus (CY) at 5 and 15 m depth zones respectively, along 

with their functional trophic group (FTG) and their commercial status. 
A
 Allochthonous species; O: Omnivore, LC: Large 

carnivore, SC: Small carnivore, G: Grazer,  C: Commercial, Csp: Commercial small pelagic, NC: Non-commercial, 

NC/Clow: Non-commercial or sold in some areas but at low value; *only commercial in some areas. 

Family Scientific name 
Species 

code 

AS 

5 

AS 

15 

CY 

5 

CY 

15 
FTG 

Commercial 

status 

Serranidae Anthias anthias (Linnaeus, 1758)  Anth anth  +   O NC 

Apogonidae Apogon imberbis (Linnaeus, 1758) Apo imb + + + + SC NC 

Atherinidae Atherina spp. Linnaeus, 1758 Ath spp. +  +  O Csp 
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Sparidae Boops boops (Linnaeus, 1758) Boo boo + +   O Csp 

Carangidae Caranx crysos (Mitchill, 1815) Car cry   +  LC C 

Mugilidae Chelon labrosus (Risso, 1827) Chel lab +    O C 

Pomacentridae Chromis chromis (Linnaeus, 1758) Chr chr + + + + O NC 

Labridae Coris julis (Linnaeus, 1758) Cor jul + + + + O NC 

Sparidae Dentex dentex (Linnaeus, 1758) Den den  +   LC C 

Sparidae Diplodus annularis (Linnaeus, 1758) Dip ann + +   O NC/Clow 

Sparidae Diplodus puntazzo (Walbaum, 1792) Dip punt + +   O C 

Sparidae Diplodus sargus (Linnaeus, 1758) Dip sarg + + + + O C 

Sparidae Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817) Dip vulg + + + + O C 

Serranidae Epinephelus aeneus (Geoffroy Saint-Hilaire, 1817) Epin aen    + LC C 

Serranidae Epinephelus costae (Steindachner, 1878) Epin cost + + + + LC C 

Serranidae Epinephelus marginatus (Lowe, 1834) Epin marg + + +  LC C 

Fistulariidae Fistularia commersonii Rüppell, 1838 Fist com   +  SC NC 

Labridae Labrus merula Linnaeus, 1758 Lab mer  +   O NC/Clow 

Labridae Labrus mixtus Linnaeus, 1758 Lab mix  +   SC NC/Clow 

Labridae Labrus viridis Linnaeus, 1758 Lab vir  +  + O NC/Clow 

Sparidae Lithognathus mormyrus (Linnaeus, 1758) Lith morm   +  O C 

Mullidae Mullus surmuletus Linnaeus, 1758 Mul surm + + +  O C 

Muraenidae Muraena helena Linnaeus, 1758 Mur hel +    LC NC 

Serranidae Mycteroperca rubra (Bloch, 1793)  Myct rub    + LC C 

Sparidae Oblada melanura (Linnaeus, 1758) Obl mel + + + + O Csp 

Pempheridae 
A
Pempheris vanicolensis Cuvier, 1831 Pemp vani   +  O NC 

Gobiidae Pomatoschistus minutus (Pallas, 1770) Pom min   + + O NC 

Labridae 
A
Pteragogus trispilus Randall, 2013 Ptera tris   + + O NC 

Scorpaenidae 
A
 Pterois miles (Bennett, 1828) Ptero mil   + + SC NC 

Holocentridae 
A
 Sargocentron rubrum (Forsskål, 1775) Sargo rub   + + O NC 

Scombridae Sarda sarda (Bloch, 1793) Sar sar  +   LC C 

Sparidae Sarpa salpa (Linnaeus, 1758) Sar sal + + + + G C 

Scorpaenidae Scorpaena notata Rafinesque, 1810 Scor not + + +  O NC/Clow 

Scorpaenidae Scorpaena scrofa Linnaeus, 1758 Scor scrof +    LC C 

Carangidae Seriola dumerili (Risso, 1810) Ser dum + +  + LC C 
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Serranidae Serranus cabrilla (Linnaeus, 1758) Ser cab + + + + SC NC/Clow 

Serranidae Serranus scriba (Linnaeus, 1758) Ser scri + + + + SC NC/Clow 

Siganidae Siganus luridus (Rüppell, 1829) Sig lur + + + + G NC/Clow 

Siganidae 
A
 Siganus rivulatus Forsskål & Niebuhr, 1775 Sig riv + + + + G NC/Clow 

Scaridae 
A
 Sparisoma cretense (Linnaeus, 1758) Spar cret + + + + G C* 

Sparidae Sparus aurata Linnaeus, 1758 Spar aur  +   O C 

Centracanthidae Spicara maena (Linnaeus, 1758) Spic mae + +   O NC/Clow 

Centracanthidae Spicara smaris (Linnaeus, 1758) Spic smar + +  + O Csp 

Sparidae Spondyliosoma cantharus (Linnaeus, 1758) Spond canth + +   O C 

Labridae Symphodus cinereus (Bonnaterre, 1788) Sym cin + +  + O NC/Clow 

Labridae Symphodus doderleini Jordan, 1890 Sim dod + +   O NC 

Labridae Symphodus mediterraneus (Linnaeus, 1758) Sym med + + + + O NC/Clow 

Labridae Centrolabrus melanocercus (Risso, 1810) Cent mel + +   O NC 

Labridae Symphodus ocellatus (Linnaeus, 1758) Sym oce + +  + O NC 

Labridae Symphodus roissali (Risso, 1810) Sym roi  + + + O NC/Clow 

Labridae Symphodus rostratus (Bloch, 1791) Sym ros + + + + O NC 

Labridae Symphodus tinca (Linnaeus, 1758) Sym tin + + + + O NC/Clow 

Labridae Thalassoma pavo (Linnaeus, 1758) Thal pav + + + + O NC/Clow 

Tetraodontidae * Torquigener flavimaculosus Hardy & Randall, 1983 Torq flav   +  O NC 

Mullidae * Upeneus moluccensis (Bleeker, 1855) Upe mol   + + O C 

Mullidae * Upeneus pori Ben-Tuvia & Golani, 1989 Upe por    + O C 

 

Aegean Sea 

In the Aegean Sea a total of 43 species were recorded (including 2 allochthonous), belonging to 15 families. 

Of these species, 35 were observed at the 5 m depth zone and 39 at 15 m.  The families of Labridae (13 

species), Sparidae (10), and Serranidae (5) presented the highest species richness.   

At the level of the Aegean Sea sub-area (all sites and depths pooled) the species that predominated in 

terms of density (individuals per 1000 m2) were (mean ± standard deviation): C. chromis (1257 ± 919), B. 

boops (192 ± 397), T. pavo (155 ± 122), S. smaris (124 ± 273), C. julis (124 ± 77) and D. vulgaris (111 ± 84). 

The species with the highest biomass (kg per 1000 m2) were C. chromis (7.0 ± 5.8), B. boops (4.5 ± 10.9), D. 

vulgaris (2.7 ±  2.5), S. salpa (2.4 ± 2.2), S. cretense (2.4 ± 3), T. pavo (2.3 ± 1.9), and S. luridus (2.3 ± 3.1). 

With regards to trophic groups, omnivores were the most diverse group (N: 28 species), followed by 

carnivores (11) and finally grazers (4). Omnivores were also the most dominant group in terms of both 

density (2283 ± 1341) and biomass (26.8 ± 17.1). Grazers followed (mean density: 188 ± 119, mean 

biomass: 3.4 ± 2.6), while small and large carnivorous fish had the lowest overall density (68 ± 51 and 7 ±14, 
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respectively) and biomass (1 ± 3.8 and 1.7 ± 6.4). Finally in terms of commercial status groups, highly-

valued fish  included 14 benthic or large pelagic species (C), as well as 4 small pelagic species (Csp). On the 

other hand, 16 species were of low or no-commercial value (NC/Clow), depending on fishing area, and 9 

species were of no commercial value (NC). Overall, NC (1419  ± 973; 10.1 ± 7.0) and NC/Clow (458 ± 283; 

4.6 ± 5.7) presented a higher mean density and biomass respectively, compared to C (234 ± 134; 10.1 ± 7.7) 

and Csp groups (434 ± 542; 8.2 ± 10.9). Tabulations of mean density and biomass values per depth zone and 

FP level for each species, trophic and commercial status group are presented in Tables 4 and 5 along with 

the bootstrapped confidence intervals.  

In terms of species richness, overall sites of low FP (19.3 ± 4.4) had a slightly higher mean number of 

species as opposed to sites of high FP (17.7 ± 3.9), but their difference was non-significant (mean: 1.7, 95% 

Confidence interval [CI]: -1.2, 5).  Total fish density was also higher in sites of low FP rather than sites of 

high FP (Figure 4a,b; Table 4), but were only significant at the 15 m depth zone (mean difference: 1178.7, 

CI: 535.1, 1935; Table 4). Similarly, density of the different trophic (Figure 4a, b; Table 4) and commercial 

status groups (Figure 4c,d; Table 4) was generally higher at the low FP sites, but significant differences were 

more pronounced at the 15 m depth zone.  
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Figure 4. Mean density of fish according to trophic group and commercial status at the 5 (a, c) and 15 m (b, d) depth 

zones of the Aegean Sea. FP: Fishing pressure, L carnivores: large carnivores, S carnivores: small carnivores, C: 

Commercial, Csp: Commercial small pelagic, NC: Non-commercial, NC/Clow: Non-commercial or sold in some areas 

but at low value. 

 

Table 4. Mean species richness and density values along with their 95% confidence intervals (CI) for low and high 

fishing pressure sites of the Aegean Sea, as well as their difference (Low-High). Density values are provided per 

species, trophic group and commercial status group, and are tabulated separately for the 5 and 15 m depth zones. C: 

Commercial, Csp: Commercial small pelagic, NC: Non-commercial, NC/Clow: Non-commercial or sold in some areas 

but at low value. Highlighted values indicate significant differences. 

Aegean sea 

 Low fishing pressure High fishing pressure Difference (Low-High) 

 Mean 95% CI Mean 95% CI Mean 95% CI 

Species richness (N species) 

N species 19.3 17.1 21.5 17.7 15.6 19.6 1.7 -1.2 5.0 

Total density (indiv. 1000m
-2

) 

Total density (5 m) 1002.5 789.5 1268.7 781.7 563.6 1036.2 220.8 -115.4 551.2 

Total density (15 m) 2361.0 1788.2 3046.8 1182.3 894.3 1540.6 1178.7 535.1 1935.0 

Species density (5 m) 

A. imberbis 5.5 0.7 13.2 0.5 0.0 1.4 5.0 0.2 12.8 

Atherina spp. 35.6 0.0 106.7 53.3 0.0 160.0 -17.8 -141.8 106.7 

B. boops 9.8 0.0 29.3 11.7 0.0 29.8 -2.0 -24.5 24.0 

C. labrosus 3.0 0.0 6.8 0.7 0.0 1.6 2.3 -0.7 6.0 

C. chromis 504.9 321.9 720.0 329.2 192.9 506.3 175.6 -77.3 439.4 

C. julis 41.8 19.2 70.4 47.3 29.9 66.7 -5.5 -35.6 27.4 

D. annularis 10.5 1.6 22.9 11.6 3.7 20.1 -1.1 -13.9 14.2 

D. puntazzo 3.4 1.4 5.7 2.1 0.5 4.1 1.2 -1.4 4.1 

D. sargus 9.4 5.5 13.9 4.6 1.8 8.0 4.8 -0.5 10.3 
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D. vulgaris 51.4 30.4 72.7 47.1 26.3 74.7 4.3 -29.5 35.4 

E. costae 2.0 0.2 4.6 0.5 0.0 1.4 1.4 -0.5 4.1 

E. marginatus 0.4 0.0 0.9 0.2 0.0 0.5 0.2 -0.4 0.7 

M. surmuletus 1.8 0.5 3.0 3.6 1.2 6.4 -1.8 -4.8 0.7 

O. melanura 17.2 6.0 30.0 48.9 13.5 91.2 -31.6 -77.9 7.1 

S. salpa 59.7 35.0 83.4 55.5 30.8 84.8 4.3 -31.8 37.3 

S. notata 0.2 0.0 0.5 0.5 0.0 1.6 -0.4 -1.6 0.5 

S. scrofa 0.0 0.0 0.0 0.2 0.0 0.5 -0.2 -0.5 0.0 

S. dumerili 0.5 0.0 1.4 0.0 0.0 0.0 0.5 0.0 1.4 

S. cabrilla 5.7 2.8 9.1 1.2 0.4 2.5 4.4 1.6 8.2 

S. scriba 13.2 5.5 24.4 20.3 10.0 31.1 -7.1 -20.8 8.0 

S. luridus 25.1 10.7 39.8 29.0 9.6 51.2 -3.9 -28.8 20.6 

S. rivulatus 0.7 0.0 1.6 5.5 0.0 12.4 -4.8 -11.7 0.5 

S. cretense 35.2 18.1 54.4 11.9 4.6 19.4 23.3 4.8 45.0 

S. smaris 0.0 0.0 0.0 7.1 0.0 21.3 -7.1 -21.3 0.0 

S. cantharus 0.4 0.0 0.9 0.2 0.0 0.5 0.2 -0.4 0.7 

S. cinereus 0.5 0.0 1.4 2.0 0.4 4.4 -1.4 -4.1 0.4 

S. doderleini 0.5 0.0 1.4 2.0 0.4 4.3 -1.4 -3.9 0.4 

S. mediterraneus 3.7 0.9 7.6 4.4 2.1 6.9 -0.7 -4.6 3.7 

C. melanocercus 0.2 0.0 0.5 0.4 0.0 0.9 -0.2 -0.7 0.4 

S. ocellatus 3.7 0.0 9.2 0.9 0.0 2.1 2.8 -1.4 8.5 

S. rostratus 1.1 0.0 2.7 0.5 0.0 1.6 0.5 -1.1 2.3 

S. tinca 16.4 7.1 26.0 25.2 14.4 38.4 -8.9 -24.4 5.0 

T. pavo 123.4 96.4 150.2 51.9 27.6 83.6 71.5 30.8 112.2 

Species density (15 m) 

A. anthias 4.4 0.0 12.2 0.0 0.0 0.0 4.4 0.0 12.2 

A. imberbis 24.0 12.6 36.2 18.3 9.9 27.6 5.7 -9.3 20.6 

Atherina spp. 0.0 0.0 0.0 28.6 0.0 85.7 -28.6 -85.7 0.0 

B. boops 293.7 76.2 601.1 94.1 0.0 202.3 199.6 -43.4 515.7 

C. chromis 1180.0 797.2 1670.5 620.0 443.8 813.3 560.0 128.6 1088.5 

C. julis 84.6 54.1 114.9 84.6 64.6 108.8 0.0 -39.2 42.3 

D. dentex 0.6 0.0 1.3 0.0 0.0 0.0 0.6 0.0 1.3 
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D. annularis 8.6 0.4 19.4 6.1 2.7 10.3 2.5 -6.7 13.7 

D. puntazzo 2.9 1.1 5.0 2.9 1.1 4.8 0.0 -2.7 2.7 

D. sargus 11.2 6.9 16.8 5.5 2.5 9.3 5.7 -0.2 12.6 

D. vulgaris 91.6 58.7 124.2 41.1 28.8 57.1 50.5 13.1 85.5 

E. costae 3.8 0.2 7.6 1.0 0.0 2.1 2.9 -0.8 6.7 

E. marginatus 1.7 0.2 4.2 0.0 0.0 0.0 1.7 0.2 4.2 

L. merula 0.6 0.0 1.5 0.2 0.0 0.6 0.4 -0.4 1.3 

L. mixtus 0.4 0.0 1.0 0.0 0.0 0.0 0.4 0.0 1.0 

L. viridis 0.2 0.0 0.6 0.0 0.0 0.0 0.2 0.0 0.6 

M. surmuletus 5.0 1.7 9.0 8.0 3.2 13.9 -3.0 -10.3 3.0 

M. helena 0.4 0.0 1.1 0.0 0.0 0.0 0.4 0.0 1.1 

O. melanura 51.0 9.0 103.8 8.4 1.0 18.8 42.7 1.2 95.0 

S. sarda 0.2 0.0 0.6 0.0 0.0 0.0 0.2 0.0 0.6 

S. salpa 21.1 0.6 44.4 21.0 6.7 36.6 0.2 -24.9 27.8 

S. notata 0.8 0.0 2.1 0.2 0.0 0.6 0.6 -0.4 1.9 

S. dumerili 2.5 0.2 6.1 0.8 0.0 2.3 1.7 -1.3 5.7 

S. cabrilla 15.8 7.8 24.8 3.8 1.7 5.9 12.0 3.8 21.1 

S. scriba 20.6 10.5 33.7 13.5 9.3 17.7 7.0 -4.0 20.4 

S. luridus 44.2 14.3 81.3 14.7 3.8 30.5 29.5 -6.1 67.8 

L. rivulatus 6.3 0.0 18.9 4.6 0.0 10.5 1.7 -8.6 16.8 

S. cretense 41.0 21.5 60.2 11.0 4.8 17.7 29.9 10.7 50.9 

S. aurata 0.2 0.0 0.6 0.0 0.0 0.0 0.2 0.0 0.6 

S. maena 61.0 15.3 123.0 85.9 11.2 220.7 -25.0 -176.9 82.6 

S. smaris 229.0 57.7 438.3 28.8 0.0 76.2 200.2 29.0 409.7 

S. cantharus 9.7 0.0 27.2 6.5 0.8 15.6 3.2 -12.0 23.2 

S. cinereus 1.7 0.0 4.8 0.0 0.0 0.0 1.7 0.0 4.8 

S. doderleini 2.5 0.4 5.5 5.9 1.7 10.5 -3.4 -8.9 1.9 

S. mediterraneus 6.3 1.5 12.8 13.0 8.0 18.3 -6.7 -14.1 1.5 

C. melanocercus 3.8 1.0 7.4 1.3 0.2 2.9 2.5 -0.8 6.3 

S. ocellatus 0.4 0.0 1.1 1.7 0.0 4.4 -1.3 -4.2 0.6 

S. roissali 0.0 0.0 0.0 0.4 0.0 1.1 -0.4 -1.1 0.0 

S. rostratus 1.9 0.0 4.0 1.9 0.4 3.8 0.0 -2.7 2.7 
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S. tinca 19.0 8.2 34.3 12.8 7.4 18.9 6.3 -6.1 22.8 

T. pavo 108.6 76.0 144.6 36.0 13.3 60.0 72.6 32.2 115.8 

Trophic groups density (5 m) 

Large carnivores 2.8 0.5 6.6 1.1 0.2 2.1 1.8 -0.9 5.5 

Small Carnivores 27.2 13.9 49.1 23.1 13.5 34.1 4.1 -14.0 27.0 

Omnivores 854.6 661.4 1078.3 656.7 429.3 896.9 197.9 -115.7 520.5 

Herbivores 120.7 84.3 161.2 101.9 66.1 141.0 18.8 -35.9 73.4 

Trophic groups density (15 m) 

Large carnivores 9.1 2.7 18.3 1.7 0.2 3.4 7.4 0.4 16.4 

Small Carnivores 69.9 48.4 93.9 37.3 29.3 46.3 32.6 8.8 59.6 

Omnivores 2178.5 1612.3 2915.8 1093.7 815.3 1437.5 1084.8 414.2 1871.1 

Grazers 112.6 72.8 158.1 51.2 30.3 72.0 61.3 14.3 108.0 

Commercial groups density (5 m) 

C 131.9 90.8 175.1 114.7 76.1 153.4 17.2 -38.8 74.1 

Csp 62.6 8.9 147.5 121.1 33.6 249.0 -58.5 -189.7 64.2 

NC 557.7 362.5 763.5 381.0 249.3 549.8 176.7 -90.6 428.5 

NC/Clow 250.3 207.1 299.4 165.0 129.1 207.6 85.3 26.9 146.1 

Commercial groups density (15 m) 

C 150.5 109.0 190.3 86.7 56.4 120.0 63.8 12.4 111.8 

Csp 573.7 237.2 961.5 159.8 56.0 278.6 413.9 35.4 812.2 

NC 724.2 387.3 1158.8 246.5 145.4 364.7 477.7 122.0 930.4 

NC/Clow 1301.9 888.6 1809.2 733.7 560.0 938.1 568.2 112.6 1066.6 

 

With regards to biomass, total values were significantly higher in low FP sites both at the 5 m and at the 15 

m depth zones (Table 5, Figure 5a,b), but in the 15 m depth zone values were generally higher, and 

differences in biomass between low and high FP sites were more pronounced (mean: 24.3, CI: 11.4, 41.6).  

Moreover, at the 5 m depth zone, none of the differences in the trophic groups between high and low FP 

sites was found significant, whereas at the 15 m depth zone, all trophic groups presented significant higher 

values in low FP sites (Figure 5a, b; Table 5). With regards to the commercial status groups, significantly 

higher values at low FP sites were recorded for NC/Clow group at the 5 m depth zone, as well as for the C, 

Csp, and NC/Clow groups at the 15 m depth zone (Figure 5c,d; Table 5).  
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Figure 5. Biomass of fish according to trophic group and commercial status at the 5 (a, c) and 15 m (b, d) depth zones 

of the Aegean Sea. FP: Fishing pressure, L carnivores: large carnivores, S carnivores: small carnivores, C: Commercial, 

Csp: Commercial small pelagic, NC: Non-commercial, NC/Clow: Non-commercial or sold in some areas but at low 

value. 
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Table 5. Biomass values along with their 95% confidence intervals (CI) for low and high fishing pressure sites in the 

Aegean Sea, as well as their difference (Low-High). Biomass values are provided per species, trophic group and 

commercial status group, and are tabulated separately for the 5 and 15 m depth zones. 95% confidence intervals have 

been estimated using boostrapping. C: Commercial, Csp: Commercial small pelagic, NC: Non-commercial, NC/Clow: 

Non-commercial or sold in some areas but at low value. Highlighted values indicate significant differences. 

Aegean Sea 

 Low fishing pressure High fishing pressure Difference (Low-High) 

 Mean 95% CI Mean 95% CI Mean 95% CI 

Total biomass (kg 1000 m
-2

) 

Total biomass (5 m) 14.386 11.538 17.426 9.879 7.665 12.698 4.507 0.386 8.560 

Total biomass (15 m) 37.758 25.212 55.540 13.412 9.953 17.600 24.346 11.375 41.595 

Species biomass (5 m) 

A. imberbis 0.036 0.003 0.094 0.003 0.000 0.009 0.033 -0.001 0.091 

Atherina spp. 0.062 0.000 0.187 0.319 0.000 0.957 -0.257 -0.957 0.125 

B. boops 0.193 0.000 0.579 0.257 0.000 0.722 -0.064 -0.623 0.480 

C. labrosus 0.104 0.000 0.270 0.044 0.000 0.096 0.060 -0.056 0.231 

C. chromis 2.914 1.616 4.168 1.802 0.925 2.883 1.112 -0.578 2.664 

C. julis 0.550 0.278 0.865 0.702 0.454 0.947 -0.152 -0.521 0.248 

D. annularis 0.188 0.018 0.422 0.156 0.054 0.306 0.032 -0.201 0.298 

D. puntazzo 0.019 0.007 0.037 0.004 0.002 0.008 0.015 0.002 0.032 

D. sargus 0.389 0.201 0.647 0.116 0.035 0.215 0.273 0.060 0.544 

D. vulgaris 1.228 0.614 1.874 0.764 0.313 1.421 0.464 -0.417 1.256 

E. costae 0.027 0.005 0.054 0.017 0.000 0.043 0.010 -0.025 0.045 

E. marginatus 0.012 0.000 0.032 0.006 0.000 0.019 0.006 -0.012 0.029 

M. surmuletus 0.023 0.007 0.046 0.066 0.022 0.130 -0.043 -0.106 0.007 

O. melanura 0.400 0.065 0.994 0.544 0.131 1.123 -0.144 -0.838 0.564 

S. salpa 2.089 1.255 2.998 1.438 0.793 2.222 0.650 -0.550 1.808 

S. notata 0.001 0.000 0.003 0.010 0.000 0.030 -0.009 -0.030 0.003 

S. scrofa 0.000 0.000 0.000 0.024 0.000 0.072 -0.024 -0.072 0.000 

S. dumerili 0.065 0.000 0.196 0.000 0.000 0.000 0.065 0.000 0.196 

S. cabrilla 0.157 0.077 0.235 0.020 0.006 0.036 0.137 0.054 0.216 

S. scriba 0.280 0.115 0.477 0.330 0.147 0.513 -0.050 -0.305 0.205 

S. luridus 1.120 0.524 1.853 1.162 0.393 2.085 -0.042 -1.180 1.077 
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L. rivulatus 0.026 0.000 0.062 0.185 0.000 0.426 -0.158 -0.405 0.014 

S. cretense 1.760 0.899 2.661 0.414 0.158 0.717 1.346 0.464 2.318 

S. smaris 0.000 0.000 0.000 0.017 0.000 0.050 -0.017 -0.050 0.000 

S. cantharus 0.044 0.000 0.106 0.001 0.000 0.002 0.044 -0.001 0.106 

S. cinereus 0.002 0.000 0.004 0.002 0.000 0.004 0.000 -0.003 0.003 

S. doderleini 0.005 0.000 0.015 0.010 0.002 0.021 -0.004 -0.017 0.009 

S. mediterraneus 0.055 0.011 0.112 0.050 0.024 0.077 0.004 -0.045 0.064 

S. melanocercus 0.001 0.000 0.003 0.005 0.000 0.013 -0.004 -0.012 0.002 

S. ocellatus 0.029 0.000 0.069 0.006 0.000 0.015 0.023 -0.009 0.066 

S. rostratus 0.010 0.000 0.027 0.001 0.000 0.004 0.009 -0.002 0.026 

S. tinca 0.364 0.182 0.549 0.519 0.293 0.783 -0.155 -0.466 0.149 

T. pavo 1.842 1.343 2.303 0.833 0.452 1.276 1.009 0.364 1.640 

Species biomass (15 m) 

A. anthias 0.016 0.000 0.043 0.000 0.000 0.000 0.016 0.000 0.043 

A. imberbis 0.124 0.051 0.210 0.091 0.049 0.133 0.034 -0.048 0.135 

Atherina spp. 0.000 0.000 0.000 0.120 0.000 0.359 -0.120 -0.359 0.000 

B. boops 7.426 1.254 15.481 1.685 0.000 4.032 5.741 -1.018 14.120 

C. chromis 6.243 3.668 9.391 3.865 2.631 5.246 2.378 -0.476 5.793 

C. julis 1.227 0.787 1.752 1.128 0.884 1.433 0.099 -0.405 0.645 

D. dentex 0.079 0.000 0.214 0.000 0.000 0.000 0.079 0.000 0.214 

D. annularis 0.202 0.006 0.457 0.135 0.045 0.255 0.067 -0.187 0.334 

D. puntazzo 0.018 0.005 0.035 0.012 0.004 0.020 0.006 -0.009 0.024 

D. sargus 0.651 0.318 1.096 0.223 0.082 0.397 0.428 0.071 0.913 

D. vulgaris 2.955 1.875 4.045 0.845 0.523 1.230 2.111 0.975 3.289 

E. costae 0.975 0.027 2.213 0.036 0.000 0.079 0.939 -0.005 2.154 

E. marginatus 2.419 0.064 6.175 0.000 0.000 0.000 2.419 0.064 6.175 

L. merula 0.072 0.000 0.177 0.017 0.000 0.052 0.055 -0.029 0.160 

L. mixtus 0.004 0.000 0.012 0.000 0.000 0.000 0.004 0.000 0.012 

L. viridis 0.060 0.000 0.180 0.000 0.000 0.000 0.060 0.000 0.180 

M. surmuletus 0.070 0.025 0.124 0.120 0.054 0.194 -0.050 -0.134 0.034 

M. helena 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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O. melanura 1.163 0.270 2.482 0.178 0.013 0.407 0.985 0.066 2.324 

S. sarda 0.057 0.000 0.170 0.000 0.000 0.000 0.057 0.000 0.170 

S. salpa 0.777 0.043 1.933 0.615 0.167 1.252 0.163 -0.827 1.423 

S. notata 0.007 0.000 0.019 0.002 0.000 0.005 0.005 -0.004 0.017 

S. dumerili 1.665 0.028 4.744 0.129 0.000 0.387 1.536 -0.193 4.616 

S. cabrilla 0.370 0.161 0.602 0.066 0.028 0.108 0.304 0.091 0.534 

S. scriba 0.494 0.240 0.807 0.259 0.197 0.322 0.235 -0.024 0.537 

S. luridus 1.930 0.540 3.764 0.607 0.169 1.141 1.323 -0.118 3.237 

L. rivulatus 0.245 0.000 0.736 0.175 0.000 0.422 0.071 -0.337 0.670 

S. cretense 2.454 1.294 3.724 0.370 0.155 0.611 2.083 0.928 3.367 

S. aurata 0.028 0.000 0.083 0.000 0.000 0.000 0.028 0.000 0.083 

S. maena 1.596 0.388 3.358 1.226 0.236 2.953 0.370 -1.969 2.535 

S. smaris 2.044 0.515 4.102 0.253 0.003 0.580 1.791 0.241 3.819 

S. cantharus 0.282 0.000 0.795 0.090 0.006 0.195 0.191 -0.137 0.748 

S. cinereus 0.002 0.000 0.006 0.000 0.000 0.000 0.002 0.000 0.006 

S. doderleini 0.011 0.002 0.025 0.024 0.009 0.040 -0.012 -0.033 0.009 

S. mediterraneus 0.065 0.019 0.123 0.166 0.089 0.248 -0.101 -0.202 -0.009 

S. melanocercus 0.026 0.007 0.052 0.013 0.002 0.028 0.014 -0.010 0.040 

S. ocellatus 0.006 0.000 0.017 0.017 0.000 0.040 -0.011 -0.035 0.010 

S. roissali 0.000 0.000 0.000 0.002 0.000 0.007 -0.002 -0.007 0.000 

S. rostratus 0.012 0.000 0.026 0.018 0.003 0.041 -0.006 -0.032 0.016 

S. tinca 0.389 0.228 0.555 0.348 0.197 0.525 0.041 -0.208 0.268 

T. pavo 1.594 1.029 2.214 0.579 0.240 0.991 1.015 0.346 1.710 

Trophic groups biomass (5 m) 

Large carnivores 0.105 0.015 0.232 0.047 0.004 0.101 0.058 -0.051 0.193 

Small carnivores 0.578 0.339 0.960 0.401 0.238 0.579 0.177 -0.142 0.593 

Omnivores 8.813 6.918 10.796 6.279 4.422 8.514 2.534 -0.287 5.224 

Grazers 4.995 3.228 6.773 3.199 1.880 4.833 1.796 -0.521 4.043 

Trophic groups biomass (15m) 

Large carnivores 5.195 0.459 13.473 0.165 0.008 0.432 5.030 0.292 13.239 

Small carnivores 6.188 1.448 14.141 0.581 0.382 0.871 5.606 0.863 13.539 

Omnivores 26.164 18.049 36.474 11.064 7.799 15.624 15.100 5.910 26.266 
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Grazers 5.406 3.068 7.910 1.767 0.974 2.727 3.639 1.282 6.234 

Commercial groups biomass (5m) 

C 4.002 2.682 5.476 2.481 1.609 3.499 1.521 -0.253 3.278 

Csp 0.655 0.152 1.270 1.137 0.219 2.146 -0.482 -1.614 0.583 

NC 3.546 2.287 4.919 2.529 1.582 3.567 1.017 -0.641 2.702 

NC/Clow 6.183 4.499 7.955 3.733 2.532 5.120 2.451 0.065 4.647 

Commercial groups biomass (15 m) 

C 8.310 4.582 14.056 1.940 1.168 2.887 6.370 2.508 12.100 

Csp 10.633 4.422 19.737 2.235 0.596 4.642 8.398 1.774 17.859 

NC 7.666 4.712 11.425 5.155 3.852 6.547 2.511 -0.824 6.359 

NC/Clow 11.149 8.077 14.658 4.082 2.455 6.325 7.067 3.064 11.088 

 

The PERMANOVA analyses of fish community structure (all depths pooled per site) based on density and 

biomass values indicated a significant effect of both the geographic location and FP level, but not of their 

interaction (Table 6). The greatest source of variability (Table 7) was at the level of transects (i.e. residuals; 

sum of square for density: 26.6 and biomass: 29.3),  followed by the level of geographic location (21.5 and 

21.9), and the level of FP (0.9 and 0.9). The effect of geographic location and FP on fish communities are 

depicted on the PCOA ordination plots (Figure 6,7). Specifically, in Figures 6a and 7a, the formation of two 

distinct clusters between North and South along PCO1, illustrate the differences in community structure 

between sites found in the two distinct sub-basins of the Aegean Sea. On the other hand, PCO2 more 

clearly depicts the clustering of sites with different level of FP.  

 

Table 6. PERMANOVA summary for density and biomass of fish assemblages in relation to geographic location and 

fishing pressure in the Aegean Sea. Numbers in bold indicate significant differences (p < 0.05). 

 Density Biomass 

Source df MS Pseudo-F p df MS Pseudo-F p 

Gegoraphic location (GL) 1 7387.6 10.43 0.0001 1 7737.7 9.0382 0.0001 

Fishing pressure (FP) 1 2301.0 3.25 0.0026 1 3773.4 4.4076 0.0001 

GLxFP 1 357.6 0.51 0.8716 1 323.6 0.37801 0.9522 

Residuals 26 18409   26 856.1   

Total 29 28564   29    
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Table 7. Estimated pseudo-variance components for each term used in the PERMANOVA model for fish assemblage 

density and biomass in the Aegean Sea. Numbers in bold indicate the highest sources of variations.  

 Density Biomass 

Source Variance components Variance components 

Geographic location (GL) 21.54 21.9 

Fishing pressure (FP) 10.52 14.2 

GLxPr 7.0 8.6 

Residuals 26.6 29.3 

΄  

Figure 6. Principal coordinates analysis (PCoA) plot of fish assemblage density vs geographic location and fishing 

pressure in the Aegean Sea. Only the first two axes of the analysis are shown, accounting for 52.7% of total variation. 

Species with a Spearman rank order correlation higher than 0.4 are shown as overlying vectors. 

 

 

Figure 7. Principal coordinates analysis (PCoA) plot of fish assemblage biomass vs geographic location and fishing 

pressure in the Aegean Sea. Only the first two axes of the analysis are shown, accounting for 49.9% of total variation. 

Species with a Spearman rank order correlation higher than 0.4 are shown as overlying vectors. 
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According to the Spearman rank order correlation of biomass and density values with sites found in 

different geographic areas, S. scriba, S. tinca, S. mediterraneous, S. rostratus, D. annularis, S. doderleini, and 

C. julis and D. annularis, exhibit a strong positive relationship with PCO1, suggesting an association with 

sites located in the North, while S. luridus, S. cretense, T. pavo, S. cabrilla, and S. rivulatus, display a strong 

negative correlation with PCO1 indicating a strong association with sites located in the south. On the other 

hand, a strong negative correlation of the density values (Figure 6b), as well as a strong positive correlation 

of the biomass values (Figure 7b), of B. boops, C. chromis, D. vulgaris, S. dumerili with PCO2, suggest a 

higher association of these species with areas that are subject to low FP, while S. rivulatus, S. luridus, S. 

doderleini, and S. cinereous show some correlation with high FP.  

 

Cyprus 

A total of 41 species (including 9 allochthonous) were recorded in Cyprus belonging to 18 families. A similar 

number of species were observed at both depth zones (i.e. 31 species at 5 m and 32 species at 15 m). The 

families Labridae (10 species), Serranidae (6), and Sparidae (5) had the highest species richness.   

Within the Cyprus sub-area (all sites and depths pooled) the species that predominated in terms of density 

(individuals per 1000 m2) were C. chromis (mean 681 ± 623 standard deviation), S. luridus (300 ± 510), 

Atherina spp. (170 ± 470), S. cretense (163 ± 128), C. julis (148. ± 88) and T. pavo (130 ± 67). The species 

with the highest biomass (kg per 1000 m2) were C. chromis (3.6 ± 2.8), S. luridus (3.1 ± 3.5), S. dumerili (2.9 

±  6.3), S. cretense (2.5 ± 3.5), T. pavo (1.2 ± 1.1), and D. vulgaris (1.1 ± 2.0), while the remaining species had 

a mean biomass of less than 1 kg per 1000 m2. With regards to trophic groups, omnivores were the most 

diverse group (N: 25 species), followed by carnivores (12), and grazers (4). Omnivores were also the most 

dominant group in terms of both density and biomass (mean density: 1225 ± 1004; mean biomass 7.9 ± 

4.9). Grazers followed (489 ± 592, 6.6 ± 6.8), while small and large carnivorous fish had the lowest overall 

density (44.0 ± 63.1 and 6.0 ± 9.5, respectively) and biomass (0.6 ± 0.6 and 3.7 ± 6.8). Finally in terms of 

commercial status groups, highly-valued fish  included 13 benthic or large pelagic species (C), as well as 3 

small pelagic species (Csp). On the other hand, 12 species were of low or no-commercial value (NC/Clow), 

depending on fishing area, and 13 species were of no commercial value (NC). Overall, NC (879  ± 620; 4.9 ± 

3.0) and NC/Clow (640 ± 642; 7.6 ± 6.9) presented a higher mean density and biomass, compared to C (52 ± 

67; 5.9 ± 10.5) and Csp groups (193 ± 462; 0.4 ± 0.6).  Tabulations of mean density and biomass values per 

depth zone and FP level for each species, trophic and commercial status group are presented in Tables 8 

and 9 along with the bootstrapped confidence intervals.  

In terms of species richness, sites of low FP (19.8 ± 5.5) had a higher mean number of species as opposed to 

sites of high FP (12.8 ± 3.1), and this difference was significant (7, CI: 1, 12; Table 8).  Total fish density was 

also higher in sites of low FP rather than sites of high FP at both depth zones, but those differences were 

not significant (Figure 8a,b; Table 8). With regards to trophic structure, in the 5 m depth zone only grazers 

were found to differ significantly in density between low and high FP sites (374.7, CI: 40.7, 832.7), whereas 

in the 15 depth zone both small (54.0, CI: 3.3, 140) and large carnivores (8.0, CI: 3.3, 140.0) were found to 

be significantly higher in the low FP sites. Finally, in terms of commercial status, the only significant 

difference detected between high and low FP sites was at the 15 m depth zone, where density of 

commercial species was more pronounced at low FP sites although their density was overall relatively low.  
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Figure 8. Density of fish according to trophic group and commercial status at the 5 (a, c) and 15 m (b, d) depth zones 

of the Cyprus. FP: Fishing pressure, L carnivores: large carnivores, S carnivores: small carnivores, C: Commercial, Csp: 

Commercial small pelagic, NC: Non-commercial, NC/Clow: Non-commercial or sold in some areas but at low value. 
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Table 8. Mean species richness and density values along with their 95% confidence intervals (CI) for low and high 

fishing pressure sites of Cyprus, as well as their difference (Low-High). Density values are provided per species, trophic 

group and commercial status group, and are tabulated separately for the 5 and 15 m depth zones. 95% confidence 

intervals have been estimated using boostrapping. C: Commercial, Csp: Commercial small pelagic, NC: Non-

commercial, NC/Clow: Non-commercial or sold in some areas but at low value. Highlighted values indicate significant 

differences. 

Cyprus 

 Low fishing pressure High fishing pressure Difference (Low-High) 

 Mean 95% CI Mean 95% CI Mean 95% CI 

Species richness 

N species  19.8 14.3 24.0 12.8 10.5 16.0 7.0 1.0 12.0 

Total density (indiv. 1000m
-2

) 

Total density (5 m) 809.3 408.7 1209.3 764.0 160.0 1768.0 45.3 -1078.7 874.0 

Total density (15 m) 1089.3 662.7 1516.0 864.7 432.0 1198.7 224.7 -326.7 912.1 

Species density (5 m) 

A. imberbis 0.7 0.0 2.0 0.0 0.0 0.0 0.7 0.0 2.0 

Atherina spp. 6.7 0.0 20.0 333.3 0.0 1000.0 -326.7 -993.3 13.3 

C. crysos 0.7 0.0 2.0 0.7 0.0 2.0 0.0 -1.3 1.3 

C. chromis 150.7 24.0 326.7 206.0 2.7 565.3 -55.3 -414.7 234.0 

C. julis 35.3 12.7 60.0 29.3 4.0 70.0 6.0 -39.3 44.0 

D. sargus 4.0 0.0 8.0 1.3 0.0 4.0 2.7 -1.3 8.0 

D. vulgaris 0.0 0.0 0.0 0.7 0.0 2.0 -0.7 -2.0 0.0 

E. costae 0.7 0.0 2.0 0.0 0.0 0.0 0.7 0.0 2.0 

E. marginatus 0.7 0.0 2.0 0.0 0.0 0.0 0.7 0.0 2.0 

F. commersonii 1.3 0.0 2.7 0.7 0.0 2.0 0.7 -1.3 2.7 

L. mormyrus 2.0 0.0 6.0 0.0 0.0 0.0 2.0 0.0 6.0 

M. surmuletus 3.3 0.0 10.0 0.0 0.0 0.0 3.3 0.0 10.0 

O. melanura 19.3 0.0 50.0 6.0 0.0 18.0 13.3 -12.0 44.0 

P. vanicolensis 2.0 0.0 6.0 0.0 0.0 0.0 2.0 0.0 6.0 

P. minutus 0.7 0.0 2.0 0.0 0.0 0.0 0.7 0.0 2.0 

P. trispilus  2.7 0.0 5.3 2.0 0.0 6.0 0.7 -4.0 4.0 

P. miles 0.0 0.0 0.0 0.7 0.0 2.0 -0.7 -2.0 0.0 

S. rubrum 0.7 0.0 2.0 1.3 0.0 4.0 -0.7 -3.3 1.3 
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S. salpa 35.3 0.0 94.0 0.0 0.0 0.0 35.3 0.0 94.0 

S. notata 0.7 0.0 2.0 0.7 0.0 2.0 0.0 -1.3 1.3 

S. cabrilla 1.3 0.0 4.0 11.3 0.0 34.0 -10.0 -32.7 2.7 

S. scriba 4.0 0.7 8.7 2.0 0.0 6.0 2.0 -2.7 6.7 

S. luridus 359.3 66.7 847.3 25.3 2.7 48.0 334.0 43.3 818.7 

L. rivulatus 2.0 0.0 4.0 10.7 0.0 32.0 -8.7 -29.3 3.3 

S. cretense 61.3 6.7 125.3 47.3 14.0 105.3 14.0 -58.7 93.3 

S. mediterraneus 10.0 0.0 30.0 0.0 0.0 0.0 10.0 0.0 30.0 

S. roissali 0.0 0.0 0.0 5.3 0.0 14.0 -5.3 -14.0 0.0 

S. rostratus 0.7 0.0 2.0 0.0 0.0 0.0 0.7 0.0 2.0 

S. tinca 5.3 0.0 10.7 0.7 0.0 2.0 4.7 -0.7 10.0 

T. pavo 92.0 54.7 133.3 77.3 34.7 114.7 14.7 -38.6 72.0 

T. flavimaculosus 5.3 0.0 16.0 1.3 0.0 4.0 4.0 -2.7 14.7 

U. moluccensis 0.7 0.0 2.0 0.0 0.0 0.0 0.7 0.0 2.0 

Species density (15 m) 

A. imberbis 43.3 0.0 124.0 1.3 0.0 4.0 42.0 -1.3 123.3 

C. chromis 498.0 240.0 833.3 508.0 168.0 913.3 -10.0 -482.0 461.9 

C. julis 84.0 49.3 118.7 146.7 69.3 264.0 -62.7 -180.0 30.0 

D. sargus 1.3 0.0 2.7 2.0 0.0 6.0 -0.7 -4.0 2.0 

D. vulgaris 31.3 16.0 51.3 1.3 0.0 2.7 30.0 14.7 49.3 

E. aenaus 2.0 0.0 4.0 0.0 0.0 0.0 2.0 0.0 4.0 

E. costae 1.3 0.0 4.0 0.0 0.0 0.0 1.3 0.0 4.0 

L. viridis 0.0 0.0 0.0 0.7 0.0 2.0 -0.7 -2.0 0.0 

M. rubra 0.7 0.0 2.0 0.0 0.0 0.0 0.7 0.0 2.0 

O. melanura 12.7 1.3 30.7 4.0 0.0 12.0 8.7 -6.7 30.0 

P. minutus 0.0 0.0 0.0 0.7 0.0 2.0 -0.7 -2.0 0.0 

P. trispilus  0.0 0.0 0.0 4.0 0.0 12.0 -4.0 -12.0 0.0 

P. miles 0.7 0.0 2.0 0.0 0.0 0.0 0.7 0.0 2.0 

S. rubrum 26.0 0.0 72.0 2.0 0.0 4.0 24.0 -2.0 71.3 

S. dumerili 4.7 0.0 10.0 0.0 0.0 0.0 4.7 0.0 10.0 

S. cabrilla 6.0 2.7 9.3 3.3 1.3 5.3 2.7 -1.3 7.3 
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S. scriba 10.0 2.7 18.0 1.3 0.0 4.0 8.7 0.7 17.3 

S. luridus 163.3 38.7 365.3 52.0 2.7 132.0 111.3 -49.3 322.0 

L. rivulatus 0.0 0.0 0.0 3.3 0.0 10.0 -3.3 -10.0 0.0 

S. cretense 114.0 20.0 266.7 103.3 33.3 173.3 10.7 -125.3 170.7 

S. smaris 4.0 0.0 12.0 0.0 0.0 0.0 4.0 0.0 12.0 

S. cinereus 2.7 0.0 8.0 1.3 0.0 4.0 1.3 -2.7 6.7 

S. mediterraneus 5.3 0.0 13.3 0.7 0.0 2.0 4.7 -0.7 12.0 

S. ocellatus 0.0 0.0 0.0 0.7 0.0 2.0 -0.7 -2.0 0.0 

S. roissali 0.7 0.0 2.0 0.7 0.0 2.0 0.0 -1.3 1.3 

S. rostratus 0.0 0.0 0.0 0.7 0.0 2.0 -0.7 -2.0 0.0 

S. tinca 2.0 0.0 4.0 0.7 0.0 2.0 1.3 -0.7 4.0 

T. pavo 66.0 33.3 98.7 25.3 6.7 47.3 40.7 2.7 78.0 

U. moluccensis 8.7 0.0 22.0 0.0 0.0 0.0 8.7 0.0 22.0 

U. pori 0.7 0.0 2.0 0.0 0.0 0.0 0.7 0.0 2.0 

Trophic groups density (5 m) 

Large carnivores 2.0 0.0 6.0 0.7 0.0 2.0 1.3 -1.3 5.3 

Small carnivores 9.3 1.3 22.7 15.3 0.0 38.0 -6.0 -30.0 15.3 

Omnivores 342.0 150.0 608.0 665.3 105.3 1695.3 -323.3 -1392.4 357.8 

Grazers 458.0 112.7 908.7 83.3 38.0 146.7 374.7 40.7 832.7 

Trophic groups density (15 m) 

Large carnivores 8.7 1.3 16.0 0.7 0.0 2.0 8.0 0.7 15.3 

Small carnivores 60.0 9.3 145.3 6.0 1.3 12.7 54.0 3.3 140.0 

Omnivores 743.3 476.0 1044.7 699.3 319.3 1056.0 44.0 -420.5 528.7 

Grazers 277.3 61.3 645.3 158.7 52.7 291.3 118.7 -182.6 504.0 

Commercial groups density (5 m) 

C 47.3 0.0 114.0 2.7 0.7 4.7 44.7 -2.7 112.0 

Csp 26.0 5.3 52.7 339.3 0.0 1000.0 -313.3 -977.3 38.7 

NC 200.0 52.0 403.3 241.3 20.0 646.0 -41.3 -456.7 289.3 

NC/Clow 536.0 182.0 1016.7 180.7 117.3 267.3 355.3 -17.2 836.0 

Commercial groups density (15 m) 

C 50.7 42.0 58.7 3.3 0.0 8.0 47.3 37.3 56.7 
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Csp 16.7 1.3 32.0 4.0 0.0 12.0 12.7 -2.7 30.7 

NC 652.0 358.0 952.7 664.0 282.7 1024.0 -12.0 -466.0 441.9 

NC/Clow 370.0 166.7 706.7 193.3 68.0 331.3 176.7 -92.7 544.0 

 

Total biomass values were generally higher in low FP sites and at the 15 m depth zone (Table 9, Figure 

9a,b). However, a significant difference between different FP sites was only significant at the 15 m depth 

zone (14.4, CI: 5.4, 23.2).  In terms of trophic structure, no differences were detected between different 

trophic groups at the 5 m zone, whereas at the 15 m depth zone biomass of large carnivores (6.8, CI: 0.5, 

13.6), small carnivores (0.6, CI: 0.04, 1.1) and omnivores (3.5, CI: 2.1, 4.9) were found to be significantly 

higher in low FP sites. Similarly, no significant differences were detected at the 5 m zone between the 

various commercial status groups. However, C species (8.9, CI: 1.7, 19.7) and NC/Clow species (5.1, CI: 0.01, 

12.4) had significantly different biomasses between FP sites at the 15 m zone. 
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Figure 9. Biomass of fish according to trophic group and commercial status at the 5 (a, c) and 15 m (b, d) depth zones 

of the Cyprus. FP: Fishing pressure, L carnivores: large carnivores, S carnivores: small carnivores, C: Commercial, Csp: 

Commercial small pelagic, NC: Non-commercial, NC/Clow: Non-commercial or sold in some areas but at low value. 
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Table 9. Mean species biomass values along with the 95% confidence intervals (CI) for low and high fishing pressure 

sites of Cyprus, as well as their difference (Low-High). Density values are provided per species, trophic group and 

commercial status group, and are tabulated separately for the 5 and 15 m depth zones. 95% confidence intervals have 

been estimated using boostrapping. C: Commercial, Csp: Commercial small pelagic, NC: Non-commercial, NC/Clow: 

Non-commercial or sold in some areas but at low value. Highlighted values indicate significant differences. 

Cyprus 

 Low fishing pressure High fishing pressure Difference (Low-High) 

 Mean 95% CI Mean 95% CI Mean 95% CI 

Total biomass (kg 1000 m
-2

) 

Total biomass (5 m) 8.217 3.003 13.431 2.677 0.647 5.644 5.540 -0.301 11.118 

Total biomass (15 m) 20.568 12.188 27.660 6.146 2.413 9.768 14.422 5.406 23.218 

 Species biomass (5 m) 

A. imberbis 0.004 0.000 0.013 0.000 0.000 0.000 0.004 0.000 0.013 

A. boyeri 0.001 0.000 0.002 0.027 0.000 0.080 -0.026 -0.079 0.001 

C. crysos 0.512 0.000 1.535 0.036 0.000 0.107 0.476 -0.072 1.500 

C. chromis 1.147 0.150 2.643 0.434 0.013 0.855 0.713 -0.389 2.318 

C. julis 0.261 0.137 0.385 0.083 0.025 0.130 0.178 0.042 0.315 

D. sargus 0.151 0.000 0.374 0.121 0.000 0.362 0.030 -0.241 0.275 

D. vulgaris 0.000 0.000 0.000 0.001 0.000 0.004 -0.001 -0.004 0.000 

E. costae 0.030 0.000 0.091 0.000 0.000 0.000 0.030 0.000 0.091 

E. marginatus 0.058 0.000 0.174 0.000 0.000 0.000 0.058 0.000 0.174 

F. commersonii 0.111 0.000 0.222 0.071 0.000 0.212 0.040 -0.141 0.166 

L. mormyrus 0.014 0.000 0.041 0.000 0.000 0.000 0.014 0.000 0.041 

M. surmuletus 0.069 0.000 0.206 0.000 0.000 0.000 0.069 0.000 0.206 

O. melanura 0.178 0.000 0.524 0.068 0.000 0.204 0.110 -0.136 0.456 

P. vanicolensis 0.050 0.000 0.149 0.000 0.000 0.000 0.050 0.000 0.149 

P. minutus 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 

P. trispilus  0.009 0.000 0.026 0.001 0.000 0.002 0.009 -0.001 0.026 

P. miles 0.000 0.000 0.000 0.019 0.000 0.056 -0.019 -0.056 0.000 

S. rubrum 0.024 0.000 0.073 0.010 0.000 0.031 0.014 -0.021 0.063 

S. salpa 1.471 0.000 4.413 0.169 0.000 0.506 1.302 -0.338 4.245 

S. notata 0.000 0.000 0.000 0.004 0.000 0.011 -0.004 -0.011 0.000 

S. cabrilla 0.023 0.000 0.068 0.072 0.000 0.216 -0.049 -0.193 0.045 
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S. scriba 0.074 0.017 0.138 0.037 0.000 0.111 0.037 -0.057 0.115 

S. luridus 2.344 0.769 3.600 0.226 0.005 0.652 2.118 0.541 3.285 

L. rivulatus 0.031 0.000 0.091 0.171 0.000 0.512 -0.140 -0.482 0.091 

S. cretense 0.633 0.001 1.307 0.402 0.035 0.902 0.230 -0.623 1.124 

S. mediterraneus 0.138 0.000 0.414 0.000 0.000 0.000 0.138 0.000 0.414 

S. roissali 0.000 0.000 0.000 0.036 0.000 0.106 -0.036 -0.106 0.000 

S. rostratus 0.002 0.000 0.007 0.000 0.000 0.000 0.002 0.000 0.007 

S. tinca 0.064 0.000 0.138 0.000 0.000 0.001 0.064 0.000 0.137 

T. pavo 0.743 0.418 1.135 0.673 0.061 1.850 0.070 -1.134 0.921 

T. flavimaculosus 0.074 0.000 0.223 0.019 0.000 0.056 0.056 -0.037 0.205 

U. moluccensis 0.002 0.000 0.007 0.000 0.000 0.000 0.002 0.000 0.007 

Biomass (15 m) 

A. imberbis 0.269 0.000 0.781 0.000 0.000 0.001 0.269 0.000 0.781 

C. chromis 2.352 1.283 3.102 3.195 0.616 5.775 -0.843 -3.536 1.727 

C. julis 0.438 0.143 1.002 0.456 0.210 0.702 -0.019 -0.476 0.622 

D. sargus 0.009 0.000 0.018 0.064 0.000 0.193 -0.055 -0.184 0.013 

D. vulgaris 2.128 0.408 4.576 0.039 0.000 0.078 2.089 0.350 4.518 

E. aenaus 0.918 0.000 1.965 0.000 0.000 0.000 0.918 0.000 1.965 

E. costae 0.060 0.000 0.181 0.000 0.000 0.000 0.060 0.000 0.181 

L. viridis 0.000 0.000 0.000 0.020 0.000 0.061 -0.020 -0.061 0.000 

M. rubra 0.138 0.000 0.413 0.000 0.000 0.000 0.138 0.000 0.413 

O. melanura 0.441 0.000 1.282 0.112 0.000 0.335 0.329 -0.223 1.282 

P. minutus 0.000 0.000 0.000 0.000 0.000 0.001 0.000 -0.001 0.000 

P. trispilus  0.000 0.000 0.000 0.022 0.000 0.065 -0.022 -0.065 0.000 

P. miles 0.053 0.000 0.159 0.000 0.000 0.000 0.053 0.000 0.159 

S. rubrum 0.644 0.000 1.884 0.025 0.000 0.073 0.619 -0.048 1.875 

S. dumerili 5.716 0.000 13.358 0.000 0.000 0.000 5.716 0.000 13.358 

S. cabrilla 0.054 0.018 0.090 0.060 0.009 0.144 -0.006 -0.090 0.063 

S. scriba 0.279 0.021 0.562 0.018 0.000 0.053 0.262 0.000 0.544 

S. luridus 3.234 1.764 5.488 0.404 0.070 0.914 2.830 1.224 5.094 

L. rivulatus 0.160 0.000 0.481 0.000 0.000 0.000 0.160 0.000 0.481 
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S. cretense 2.882 0.032 8.178 1.152 0.153 2.150 1.731 -1.548 7.058 

S. smaris 0.019 0.000 0.058 0.000 0.000 0.000 0.019 0.000 0.058 

S. cinereus 0.002 0.000 0.006 0.002 0.000 0.006 0.000 -0.004 0.004 

S. mediterraneus 0.158 0.000 0.448 0.004 0.000 0.012 0.154 -0.004 0.448 

S. ocellatus 0.000 0.000 0.000 0.019 0.000 0.057 -0.019 -0.057 0.000 

S. roissali 0.005 0.000 0.015 0.005 0.000 0.015 0.000 -0.010 0.010 

S. rostratus 0.000 0.000 0.000 0.001 0.000 0.002 -0.001 -0.002 0.000 

S. tinca 0.083 0.000 0.166 0.005 0.000 0.014 0.079 -0.005 0.162 

T. pavo 0.656 0.412 1.050 0.382 0.076 0.746 0.274 -0.151 0.744 

U. moluccensis 0.030 0.000 0.076 0.000 0.000 0.000 0.030 0.000 0.076 

U. pori 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Trophic group biomass (5 m) 

Large carnivores 0.600 0.000 1.800 0.036 0.000 0.107 0.564 -0.107 1.764 

Small carnivores 0.881 0.123 2.237 0.234 0.000 0.468 0.647 -0.204 1.987 

Omnivores 2.858 0.719 5.797 1.475 0.156 3.581 1.383 -1.665 4.605 

Grazers 4.478 1.235 8.065 0.968 0.058 1.922 3.511 -0.062 6.834 

Trophic group biomass (15 m) 

Large carnivores 6.832 0.525 13.620 0.000 0.000 0.000 6.832 0.525 13.620 

Small carnivores 0.655 0.090 1.167 0.078 0.009 0.144 0.577 0.042 1.131 

Omnivores 5.576 4.615 7.006 2.121 1.408 2.971 3.455 2.125 4.971 

Grazers 6.116 1.895 13.643 1.715 0.293 3.137 4.401 -0.304 11.764 

Commercial groups density (5 m) 

C 2.306 0.000 4.738 0.326 0.002 0.869 1.980 -0.361 4.575 

Csp 0.179 0.001 0.520 0.095 0.000 0.204 0.084 -0.157 0.452 

NC 1.683 0.436 3.485 0.636 0.186 1.047 1.047 -0.371 2.890 

NC/Clow 4.050 1.674 6.023 1.621 0.277 3.446 2.429 -0.436 4.891 

Commercial groups density (15 m) 

C 8.999 1.791 19.921 0.104 0.000 0.252 8.896 1.680 19.738 

Csp 0.460 0.000 1.282 0.112 0.000 0.335 0.348 -0.223 1.203 

NC 2.367 1.388 3.477 1.488 1.201 1.753 0.879 -0.082 1.973 

NC/Clow 7.354 2.928 14.247 2.211 0.726 3.696 5.142 0.015 12.404 



PROTOMEDEA – PROTecting MEDiterranean EAst      D- 3.1 

Underwater Visual Surveys results  31 

 

According to the PERMANOVA analyses based on density and biomass values (all depths pooled per site), 

no significant effect was detected  on fish community structure by either geographic location, FP level, or 

by their interaction (Table 10, 11). The absence of a particular effect by geographic location or FP on fish 

communities is depicted on the PCOA ordination plots (Figure 10,11).  

 

Table 10. PERMANOVA summary for density and biomass of fish assemblages in relation to geographic location and 

fishing pressure in Cyprus. Numbers in bold indicate significant differences (p < 0.05). 

 

 Density Biomass 

Source df MS Pseudo-F p df MS Pseudo-F p 

Geographic location (GL) 2 1093.8 0.869 0.577 2 1891.7 1.453 0.320 

Fishing pressure (FP) 1 920.2 0.731 0.557 1 2576.5 1.979 0.231 

GLxPr 2 872.5 0.693 0.668 2 1122.7 0.862 0.577 

Residuals 2 1258.3   2 1302.2   

Total 7    7    

 

 

Table 11. Estimated pseudo-variance components for each term used in the PERMANOVA model for fish assemblage 

density and biomass in Cyprus. Numbers in bold indicate the highest sources of variations.  

 Density Biomass 

Source Variance components Variance components 

Gegoraphic location (GL) 8.11 15.36 

Fishing pressure (FP) 9.69 18.81 

GLxPr 17.57 11.98 

Residuals 35.47 36.08 
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Figure 10. Principal coordinates analysis (PCoA) plot of fish assemblage density vs geographic location and fishing 

pressure in Cyprus. Only the first two axes of the analysis are shown, accounting for 54.2% of total variation. Species 

with a Spearman rank order correlation higher than 0.4 are shown as overlying vectors. 

 

 

 

Figure 11. Principal coordinates analysis (PCoA) plot of fish assemblage biomass vs geographic location and fishing 

pressure in Cyprus. Only the first two axes of the analysis are shown, accounting for 53.3% of total variation. Species 

with a Spearman rank order correlation higher than 0.4 are shown as overlying vectors. 

 

4.3 Main conclusions 

 A total of 56 fish species were recorded through visual surveys in 30 sites of the Aegean Sea and 8 sites 

of Cyprus.  

 Although a similar number of species was observed in both sub-areas (43 for the Aegean Sea and 41 for 

Cyprus), Cyprus island had a higher number of allochthonous fish (N = 9 species) and a slightly larger 

number of families (N = 18), compared to the Aegean Sea (2 allochthonous species, 15 families in total). On 

the other hand, density and biomass values were overall higher in the Aegean Sea than in Cyprus. 

 In both sub-areas community composition followed similar trends with regards to the number of 

species, and the relative density and biomass of the different trophic groups and commercial status groups. 

 Both in the Aegean Sea and Cyprus the most abundant species that made up the greatest proportion of 

the recorded biomass (i.e. C. chromis, B. boops, T. pavo, S. smaris, C. julis, D. vulgaris, S. salpa, S, cretense, 

and S. luridus in the Aegean Sea, and C. chromis, S. luridus, Atherina spp., S. cretense, C. julis, T. pavo, S. 

cretense, D. vulgaris in Cyprus) were either omnivores or grazers and of low or no commercial value. On the 
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contrary, density and biomass of carnivores, especially the large carnivores, and commercially important 

species (e.g. Epinephelus spp., D. dentex, D. sargus) were particular low in both sub-areas.   

 Within each sub-area, species richness, density and biomass of fish species, trophic groups, and commercial 

status groups were generally higher at the low fishing pressure sites, although differences were not always 

significant. 

 Also, all the aforementioned community parameters were overall higher at the 15 m depth zone. 

 In the Aegean Sea, community analyses showed that both geographic location as well as FP have a 

significant effect on density and biomass values, and hence to the overall community structure. Moreover, 

several omnivorous fish were more strongly correlated with sites located at the northern Aegean basin, 

whereas herbivorous fish were more strongly associated to sites located at the southern basin. On the 

other hand, several omnivorous, as well as two carnivorous fish of commercial value, namely D. vulgaris 

and S. dumerili, were more strongly correlated to sites of low FP, whereas, the allochthonous siganid 

species were more strongly associated with sites of high FP. 

 On the contrary, in Cyprus community analyses indicated no particular effect of geographic location or 

fishing pressure on community parameters, possibly due to the low number of stations examined.  
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5. Comparison of plot and distance sampling for underwater visual surveys of fish. 

5.1 Methodology 

 

Study area 

The study area of the survey included the Greek territorial waters of the Aegean Sea. The study was 

conducted from July to October 2016 and included 31 rocky reef sites (Figure 12). At each site but one (due 

to lack of appropriate substratum) two depth stations were surveyed at 5 and 15 m.    

 

Figure 12. Map of the sampling area depicting the different sites and the number of sampling stations. 
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Sampling methods & target species 

At each station, both strip (plot sampling) and line transects (distance sampling) were applied each covering 

a total distance of 75 m length. As described in the Section 4, plot sampling involved the deployment of 

strip transects with a standard width of 5 m (2.5 m from each side of the transect line), and the recording of 

all fish observed within these strips. In distance sampling, the perpendicular distance of each fish (or cluster 

of fish) from the line was measured using a measuring tape, for fish detected up to 8 m on either side of 

the central line. When individuals were observed in schools (clusters), the distance of the center of the 

school was estimated as well as the number of individuals in the school. Distance sampling surveys targeted 

twenty fish taxa, that were later combined with the corresponding data obtained through plot sampling 

(Table 12).  

 

Table 12. Fish taxa surveyed (according to Horton et al. 2017). 

Species Family Authority 

Diplodus annularis Sparidae (Linnaeus, 1758) 

Diplodus puntazzo Sparidae (Walbaum, 1792) 

Diplodus sargus Sparidae (Linnaeus, 1758) 

Diplodus vulgaris Sparidae (Geoffroy Saint- Hilaire,1817) 

Dentex dentex Sparidae (Linnaeus, 1758) 

Dicentrachus labrax Moronidae (Linnaeus, 1758) 

Epinephelus costae Serranidae (Steindachner, 1878) 

Epinephelus marginatus Serranidae (Lowe, 1834) 

Mullus surmuletus Mullidae Linnaeus, 1758 

Muraena helena Muraeninae Linnaeus, 1758 

Sparisoma cretense Scaridae (Linnaeus, 1758) 

Scorpaena spp. Scorpaenidae Linnaeus, 1758 

Oblada melanura Sparidae (Linnaeus, 1758) 

Sarpa salpa Sparidae (Linnaeus, 1758) 

Sciaena umbra Scianidae Linnaeus, 1758 

Serranus cabrilla Serranidae (Linnaeus, 1758) 

Serranus scriba Serranidae (Linnaeus, 1758) 

Siganus luridus Siganidae (Rüppell, 1829) 

Siganus rivulatus Siganidae Forsskål & Niebuhr, 1775 

Spondyliosoma cantharus Sparidae (Linnaeus, 1758) 
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Estimating population densities  

In strip transects, the population mean density was estimated by the formula: 

     =  / 2   =  /        

n: number of individuals 

2w: total width of the transect 

L: length of the transect 

Ac: total covered (sampled) area 

Bootstrap (bias-corrected and accelerated with 1000 permutations) was applied to estimate, for each 

species, the unconditional standard error (Efron and Tidshirani 1993), as well as the 95% bootstrap-based 

unconditional confidence interval of the mean density, using R version 3.2.3 (R Development Core Team 

2015). 

For line transect data, the mean density is given by  

             

 

Where Pa is the detection probability, given by Pa = 
       

 

 

 
, 

where w is the half-width of the line transects and g(y) is the detection function, representing the 

probability of detecting an individual that is at a distance y from the transect line (Buckland et al. 2001). 

The function g(y) was estimated from the distance data (grouped data, right truncated at width that varied 

(from 1.2 m to 8 m) depending on the dataset of each species to exclude outliers) with a semi-parametric 

approach, according to Buckland et al. (2001), using the software DISTANCE 6.2 (Thomas et al. 2010). 

Specifically, the detection function was modeled in the general form: 

     
                   

                   
 

where the key(y) is the key function and series(y) is a series expansion used to adjust the key function. The 

uniform function key(y) = 1/w (0 parameters), the one parameter half normal function  









 2

2

2
exp)(


y

ykey  and the two –parameter hazard-rate function  















b

y
ykey


exp1)(  

were considered as key functions; three series expansions were considered: the cosine series 



PROTOMEDEA – PROTecting MEDiterranean EAst      D- 3.1 

Underwater Visual Surveys results  37 

 


m

j

j Wyja
1

/cos  , simple polynomials of the form 
jm

j

j W
y

a

2

1











  and hermite polynomials of the form 




m

j

jj yHa
2

2 )/(  , where σ and aj are the best-fit parameters (Buckland et al. 2001). 

Six models were considered for g(y): uniform key with cosine or simple polynomial series expansions, the 

half normal key with cosine or hermite polynomial series expansions and hazard- rate key with cosine or 

simple polynomial series expansions, as proposed by Buckland et al. (2001). Model selection was based on 

the Akaike’s Information Criterion (AIC) (Akaike 1973). The number j of parameters in each series expansion 

was also defined using AIC between models of increasing order. The model with the smallest AIC value 

(AICmin) was selected as the ‘best’ among the models tested.  

 

Comparing occupancy, species richness and density estimates between strip and line transects 

The occupancy of each species (percentage of stations in which the species were recorded), species 

richness and population density estimates, based on the two different sampling methods were compared. 

Occupancy was first estimated for each of the 20 species and for each method separately. This resulted into 

two distinct datasets, each consisting of 20 occupancy values; one for the line transect method and one for 

the strip transects method. The set of differences between line and strip transects (i.e. line transects minus 

strip transects) was then subjected to bootstrapping. Similarly, the comparison of species richness values 

obtained by the two different methods was attained with the bootstrapping technique. Initially, species 

richness was estimated for each station and each method separately. Consequently, two datasets of 61 

species richness values each were obtained for the two methods. The set of differences when subtracting 

the second dataset from the first, was the actual dataset that was bootstrapped. A similar procedure was 

followed for the comparison of the density estimates between the two methods. For the comparison of the 

‘overall densities’, the mean density of each species over all stations was estimated by each method. The 

differences between the two datasets (comprising of the 20 mean densities of all species) were 

bootstrapped, while stations in which the species was not found were excluded, as the aim was to test for 

differences in the estimates of densities between the two methods when the species was actually present. 

Additionally, the density for each species at each station was also estimated. Therefore, two datasets (one 

for each method) with 61 values, corresponding to the number of stations, were created. The differences 

by subtracting the dataset of strip transects from the dataset of line transects were bootstrapped to 

estimate the confidence interval of the differences and test if it differed from zero. Again, stations in which 

a species was not recorded were excluded from the analysis of the specific species.  

 

Species composition 

To investigate potential differences in species composition between the two sampling methods, a Bray-

Curtis similarity matrix was generated based on a square-root transformation of fish density data, which 

was then used to carry out cluster analysis and construct a non-metric multidimensional scaling (nMDS) 

plot. In this case, fish density data (by both methods) derived only from one of the two stations of each site 

(31 stations in total) were used, in order to improve clarity. Moreover, in the respective plots different 

colors were used for the visual depiction of the stations’ geographical position; stations marked with cold 

colors (shades of blue) refer to areas of the northern Aegean, stations marked with warm colors 
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(yellow/orange/red) are located in the southern Aegean, while green colors denote stations found in the 

central Aegean Sea. The species composition analysis was carried out with PRIMER 6 software (Clarke 

1993). 

5.2 Results 

 

Distance sampling analysis 

For each species, the best model, based on AIC, was used for inference (Table 13). An empirical minimum of 

observations to model the detection function is 30 observations (Buckland et al. 1993). However, a number 

of species did not fulfill this requirement. These species were Dentex dentex, Epinephelus marginatus, 

Muraena helena, Sciaena umbra and Sponduliosoma cantharus. The highest detectability values (excluding 

species with very low number of observations <30) were recorded for Epinephelus costae (0.84) followed 

by Siganus luridus (0.73). The lowest detectability values were recorded for Scorpaena spp. (0.32) and 

Serranus cabrilla (0.41) followed by Mullus surmuletus (0.49). The estimated detection probability curves 

corresponded to different fish behaviours (Figure 13) according to Kulbicki (1998). Species that presented 

shy behaviour (i.e. avoiding the observer) were Diplodus annularis, D. puntazzo, D. sargus, D. vulgaris, 

Oblada melanura, Sparisoma cretense, S. luridus and Siganus rivulatus. Species that presented neutral 

behaviour were the M. surmuletus, E. costae, Serranus scriba, S. cabrilla and Sarpa salpa while species with 

cryptic behaviour were the Scorpaena spp. for which a rapid decrease in detectability was obvious within 

the first 0.4 m. 
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Table 13. Best fit model, maximum width of line transect after truncation (w) and value of detectability (Pa) of the 

DISTANCE analysis for each species. For species marked with ‘*’, reasonable results were not obtained due to lack of 

sufficient observations. 

Species model w (max) Pa 

Diplodus annularis Hazard rate, simple polynomial of order 2 6.9 0.57 

Diplodus puntazzo 
Uniform, cosine of order 1 6.9 0.60 

Diplodus sargus 
Hazard rate, cosine of order 2 6.8 0.64 

Diplodus vulgaris 
Uniform, cosine of order 2 7.0 0.66 

Dentex dentex * 
Uniform 7.3 1.00 

Disentrachus labrax 
- - - 

Epinephelus costae 
Hazard rate, hermite of order 2 6.5 0.84 

Epinephelus marginatus * 
Uniform, cosine of order 1 7.0 0.58 

Mullus surmuletus 
Hazard rate, simple polynomial of order 2 8.0 0.49 

Muraena helena * 
Half normal, cosine of order 1 4.2 0.99 

Oblada melanura 
Hazard rate, simple polynomial of order 2 7.6 0.66 

Sparisoma cretense 
Hazard rate, simple polynomial of order 2 6.0 0.78 

Sciaena umbra * 
Half normal, cosine of order 1 1.4 0.99 

Sarpa salpa 
Hazard rate, simple polynomial of order 2 6.0 0.68 

Scorpaena spp. 
Half normal, cosine of order 2 1.2 0.32 

Serranus cabrilla 
Hazard rate, simple polynomial of order 3 5.0 0.41 

Serranus scriba 
Half normal, hermite of order 1 6.0 0.54 

Siganus luridus 
Hazard rate, simple polynomial of order 2 6.0 0.73 

Siganus rivulatus 
Uniform, cosine of order 1 6.3 0.56 

Spondyliosoma cantharus * 
Uniform 6.7 1.00 
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Figure 13. Typical distance distributions of three different fish behaviours. a) cryptic behaviour, b) shy behaviour and 

c) neutral behaviour (Kulbicki, 1998). The estimated detection probability function is shown with the red line (forced 

to be monotonically decreasing). 

 

Species Occupancy 

Across all sites, D. vulgaris was the most commonly occurring species, as it was recorded in 58 stations by 

both methods, while Dichentrahus labrax was never recorded (Figure 14). Occupancy estimates for the 

target species varied between the two methods; line transects gave higher estimates in 12 cases, strip 

transects gave higher estimates in 4 cases, while for three species they gave the same estimates (Figure 

14). The highest observed differences were for Scorpaena spp., with an estimated occupancy of 0.64 by line 

transect sampling and 0.10 by strip transect sampling. The bootstrap method conducted to compare 

occupancy estimates (expressed in percentages) between the two methods showed significant differences, 

as the 95% Confidence Interval (CI) of the mean occupancy difference across the target species was [1.3, 

11.3], with a point estimate of the mean difference of 5.7.  

Scorpaena spp 
(a) 
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Figure 14. Total number of stations where different species were observed through the line and strip transects 

methods. 

 

Species Richness 

Species richness (i.e. the number of species per station) was estimated significantly higher in 36 stations by 

line transects and in 11 stations by strip transects, while in 14 stations no significant differences were 

detected between the two methods (Figure  15). According to the bootstrap method, the mean difference 

of species richness was 0.98 with a 95% confidence interval (CI) of [0.57, 1.40] and thus indicating overall 

significantly higher species richness estimates with line transects than with strip transects. 

 

 

Figure 15. Histogram of the differences in estimated species richness by the line and strip transects methods. 
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Density estimates 

Fish density per station (i.e. number of individuals per 75 m) was highly variable both among species and 

between methods. The most abundant species was D. vulgaris, which presented the highest density with a 

mean value of 702.9 individuals per hectare for the line transects and 567.8 individuals per hectare for the 

strip transects. Species that also presented high-density values were S. salpa, O.melanura and S. luridus 

(Table 14, Figure 16). The least abundant species was S. umbra which presented a mean density of 1.56 

individuals per hectare in the line transects, while no individuals were recorded in the strip transects. Other 

species that presented low-density values were the M. helena, D. dentex and E. marginatus (Table 14, 

Figure 16). 

Table 14. Mean population densities and 95% confidence intervals for all species per sampling method (line or strip 

transects).  

                                                   Method 

Species Line Strip 

  Mean CI Mean CI 

Diplodus annularis 100.7 72.5 132.7 87.8 55.9 124.6 

Diplodus puntazzo 39 26.7 53.1 33.5 23.6 44.1 

Diplodus sargus 158.5 121.8 196.7 72.5 56.8 89.1 

Diplodus vulgaris 703.5 606.9 803 568.6 472.5 672.3 

Dentex dentex 8.5 1.8 17 1.2 0 3 

Disentrachus labrax 0 0 0 0 0 0 

Epinephelus costae 13.1 6.1 20.8 21.3 10 33.6 

Epineph. Marginatus 4.8 2.5 7.6 5.2 1.7 10.4 

Mullus surmuletus 48.5 35.3 62.5 44.9 31 61.2 

Muraena helena 2.3 1 4.1 0.8 0 1.7 

Oblada melanura 312.8 241.5 382.2 319.7 197.5 456.4 

Sparisoma cretense 252.3 192.5 317 243 177.4 312.6 

Sciaena umbra 1.6 0 3.9 0 0 0 

Sarpa salpa 421.1 321.4 525.3 381.7 290.2 478.7 

Scorpaena spp. 178 127.4 234.1 4.3 1.3 7.8 

Serranus cabrilla 85.2 60.7 110.3 63.4 44.1 85.6 

Serranus scriba 232.1 184.2 282.5 167.1 129.3 208.9 

Siganus luridus 529.9 380.5 662.3 281.4 198 372.5 

Siganus rivulatus 189.1 102.3 281.3 40.7 15.7 69.5 

Spondyliosoma cantharus 3.5 1.6 5.8 40 11.8 79.1 
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Figure 16. Mean density, and standard error of mean, per fish species obtained through line and strip transects. 

 

The mean difference of the overall fish density was significantly higher for line transects than  for strip 

transects (50.5 individuals per hectare; CI [18.0, 85.7]). However, when examining density estimates for 

each species separately results varied (Table 15). For D. sargus, D. vulgaris, D. dentex, Scorpaena spp., S. 

cabrilla, S. scriba, S. luridus and S. rivulatus the line transects estimates were significantly higher than strip 

transects estimates, while the opposite was found for E. costae and S. cantharus. No statistically significant 

differences between the two methods were found for D. annularis, D. puntazzo, E. marginatus, M. 

surmuletus, M. helena, O. melanura, S. cretense and S. salpa. No comparison could be made for the species 

D. labrax and S. umbra due to lack of data.  

 

Table 15. Mean differences (line transects - strip transects) of overall density estimates per species.  95% confidence 

intervals have been estimated by bootstrapping. 

Species Mean 
95% Confidence interval 

 

Overall 50.5 18.0 85.7 

Diplodus annularis 18.9 -32.0 74.2 

Diplodus puntazzo 7.9 -17.6 31.0 

Diplodus sargus 92.7 45.9 140.1 

Diplodus vulgaris 138.6 3.3 269.6 

Epinephelus 

costae 
-25.6 -55.4 -1.5 

Epinephelus 

marginatus 
-1.9 -20.0 13.2 
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Dentex dentex 73.7 29.6 145.3 

Disentrachus 

labrax 
0.0 0.0 0.0 

Mullus surmuletus 6.2 -21.8 32.3 

Muraena helena 10.0 -4.2 22.9 

Oblada melanura -11.4 -205.4 166.8 

Sciaena umbra 1.54 0.0 3.12 

Sparisoma 

cretense 
9.4 -63.6 79.4 

Sarpa salpa 50.6 -85.6 181.5 

Scorpaena spp. 347.0 263.6 444.0 

Serranus cabrilla 35.1 5.3 66.5 

Serranus scriba 71.9 24.3 116.9 

Siganus luridus 506.3 304.2 697.9 

Siganus rivulatus 609.7 339.7 884.9 

Spondyliosoma 

cantharus 
-137.5 -300.1 -24.6 
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Comparing species composition between sampling methods 

To investigate the similarity of species composition among stations and between the methods, the analysis 

was restricted to one station from each site to improve clarity; otherwise, the resulting MDS plot and 

dendrogram were too crowded (with 122 points-61 stations x 2 methods). The same analysis with the other 

half stations gave quite similar results (not shown here). In the majority of cases, the two methods 

presented similar species composition within the stations. In particular, stations 13, 27 and 19 presented 

the highest resemblance, showing a similarity of 84%, 82% and 80% respectively (Figure 17, 18). However, 

in some stations the resulting similarity in the species composition between the two methods was low 

(Figure 17, 18). Specifically, stations 48, 50 and 9 demonstrated the lowest similarity in species composition 

between the two methods (i.e. 22%, 30%, and 45% respectively). A clear separation between the 

geographical regions (North and South Aegean Sea) was obvious with both methods.    

 

Figure 17. Two dimensional non metric multidimensional scaling ordination (MDS) for 31 paired-by-method stations, 

based on square root-transformation density data and a Bray-Curtis similarity matrix. Legend numbers correspond to 

the stations presented in Fig. 1. Paired-by-method stations with the highest similarities between the two methods are 

indicated by a circle, while those stations with the lowest similarities are joined with a straight line. 

 

 

Figure 18. Cluster analysis of the paired–by-method stations’ similarity, based on square root-transformation density 

data and a Bray-Curtis similarity matrix.  Numbers correspond to the stations presented in Fig.1. Paired-by-method 
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stations with the highest similarities are indicated by a circle, while those with the lowest similarities are by arrows of 

different color. 

 

5.3 Discussion  

 

Statistically significant differences were detected between line transects and strip transects in the 

estimates of occupancy and species richness. The higher overall estimates of occupancy and species 

richness by the line transect method are mainly attributed to the narrower strip transect width, and thus, 

the lower surveyed surfaces when using the latter method. The use of narrow strips is dictated by the need 

to satisfy the assumption of perfect detectability, which is the main assumption of strip transects 

(Katsanevakis et al. 2012).  On the contrary, in line transects perfect detection is required only “on the 

line”; this allows to expand the width of the transects in order to survey larger surfaces, and increases the 

probability to record infrequent species. Furthermore, the reaction of fish to the presence of the observer 

can be crucial for the detection of a species. Many ‘shy’ species may react to the divers’ presence by fleeing 

away at distances greater than the fixed width of the strip transect, and hence remain undetected. Bozec et 

al. (2011) indicated that ‘shy’ species display a clear avoidance behaviour towards the diver, while the 

distance that fish may flee from the observer increases with fish size. The appropriate width of the strip 

transect to ensure species detection may differ even for closely related species (Kulbicki and Sarramégna 

1999), or even when considering the same species but in a different habitat (Smith and Nydegger 1985; 

Einsing et al. 1995; Cheal and Thompson 1997). By extending the surveyed width through the use of line 

transects, these sources of error can be reduced.  

With regards to overall fish density, line transects again led to a higher estimate than strip transects. This 

difference is partly related to fish behaviour (Bozec et al. 2011; Pais and Cabral 2017). Kulbicki (1998) 

pointed out that fish are not motionless items and in most cases, they will be either scared or attracted by 

the observer, while these reactions may change from site to site. ‘Shy’ species records peak at distances >0 

as they tend to keep a distance from the observer. The frequency distribution of distances for the majority 

of the species in the present study followed the pattern of ‘shy’ species. In these cases, the peak of the 

distance frequency distribution of fish observations was at distances between 0.7 – 2.2 m from the line. 

Fish behaviour is therefore, a possible reason why line transects, which utilized a wider surface area (i.e. 8 

m on either side of the transect), yielded higher overall density estimates compared to strip transects (i.e. 

2.5 m on either side of the transect), as some ‘shy’ fish could have moved beyond the limit of the transects 

and thus were not recorded. Nevertheless, many species seemed to flee at distances <2.5 m and thus were 

not missed in the strip transects.  

Furthermore, another important factor which may lead to a potential underestimation of abundance in 

strip transects, especially for cryptic species, is imperfect detectability (Franzreb 1981; Kulbicki 1998). A 

transect with a narrow width may yield poor population estimates both for the more mobile species 

(Samoilys and Carlos 2000), such as Siganus spp., but also for the small cryptic species (Bozec et al. 2011), 

such as Scorpaena spp. Τhe results from DISTANCE analysis showed that a sharp decline in detectability is 

obvious at distances >2.5 m from the transect line for the majority of the surveyed species. Bozec (2011) 

also stated that a progressive rise in diver’s avoidance up to 3 m from the transect line was apparent with 

increased fish size. Moreover, numerous studies have also shown that an obvious decline in detectability is 

observed at approximately 3 m distance from the transect (Harmelin-Vivien et al. 1985; Smith and 
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Nydegger 1985; Fowler 1987; McCormick and Choat 1987; Cheal and Thompson 1997; Kulbicki and 

Sarramégna 1999). According to the above, the 2.5 m width on each side of the strip transects used in the 

present study should be sufficient for the detection of the majority of the target species. However, there 

were several exceptions, such, Scorpaena spp (Figure 13), S. cabrilla, and S. scriba, which presented a 

substantial decline in detectability at distances <2.5 m. For these latter species the density estimates by line 

transects were substantially higher than by strip transects.  

Αlthough, in most cases  line transects yielded higher estimates, some sources of bias are yet to be 

mentioned. An important assumption in distance methodology is that fish should be recorded prior to any 

movement as a response to the observer’s presence.  A potential violation of this basic assumption is 

known to lead to a negative bias in abundance estimates of ‘shy’ species (Buckland et al. 1993). Moreover, 

the additional time needed to carry out the distance measurements and the actual deployment of a tape-

measure, may further augment the fleeing response of more mobile fish, and hence to an underestimation 

of their numbers during line transects. Yet, this source of bias is considered to be more intense in areas of 

high fish densities (Watson et al. 1995).  

The multivariate analysis of the species composition indicated an overall high resemblance between the 

two methods. In most stations the majority of the species recorded by one method were also recorded by 

the second method, and at similar densities. These results suggest that the choice of a specific method 

(either plot sampling or distance sampling) should not significantly affect the overall outcome regarding the 

spatial patterns of species composition, especially in large scale studies. 

Unfortunately, as is the case in most field studies, the real density values of the fish species in the areas 

under study were not known. Therefore, it is not easy to determine which is the ‘best’ method by providing 

precise estimates of the biases related to each method per species. According to several studies, distance 

sampling appears to be advantageous in several cases. Kulbicki and Sarramégna (1999) have proposed that 

the use of distance sampling method in UVC surveys could potentially improve estimates by yielding values 

closer to the true values. Similarly, Einsing et al. (1995) showed that distance sampling, compared to 

quadrat sampling and strip transects, produced density estimates that were closer to true densities, while 

Thresher and Gunn (1986) proposed that distance sampling should be preferred for the assessment of 

cryptic species.  

5.4 Conclusions  

 Both methods have several specific advantages and limitations, and both are prone to biases.  

 Strip transects suffer from imperfect detectability and the related necessity of narrow transect widths, 

which may cause underestimation of densities, occupancy, and species richness.  

 In line transect sampling, detection probability is properly taken into account, but still the assumption 

that all individuals are detected at their initial position is difficult to be satisfied especially for fish of high 

mobility. 

 Line transect sampling is expected to provide much more accurate estimates than strip transect 

sampling in the case of cryptic species of low mobility.  

 An additional advantage of the line transect method is that it provides a way to assess fish behaviour 

through the analysis of distance frequency graphs.  
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 On the contrary, in the case of mobile species with neutral or close to neutral behaviour, and especially 

at high fish densities, strip transects would probably be more efficient, as line transects are time-consuming 

and the disturbance of fish would be higher due to the distance measurements.  

 The choice of the best method to apply needs careful consideration and depends on the aims of each 

study, the target species, and the peculiarities of the study area.  

 One benefit of line transect sampling is that it provides a way to assess fish behaviour through the 

analysis of distance frequency graphs.  

 Joint application of both methods could be considered, with line transects applied by one observer for 

cryptic and large fish, and strip transects by another observer for the bulk of medium-sized mobile fish.  

 Further research is needed to improve the performance of both methods and reduce their biases.   
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1. Introduction 

The study area of the project includes the territorial waters of Greece in the Aegean Sea and the territorial 

waters of the southern coasts of Cyprus. In the frame of PROTOMEDEA project samplings have been 

planned, in order to supplement and update existing fisheries data. 

In Greece, some WPs will focus in specific case studies, located in the North-Northwest Aegean Sea Greece, 

areas characterized by high productivity and increased landings. The N-NW Aegean Sea is characterized by 

areas of both low and high fishing effort [Gulfs Thermaikos and Pagasitikos], as well as a no-take zone in the 

island Piperi, within the boundaries of the National Marine Park of Alonissos North Sporades. Therefore, 

sampling focused on those particular areas. 

More specifically, Thermaikos Gulf, is a shallow water area having a maximum depth of 50 m, and two parts 

with varying fishery characteristics and protection status could be distinguished, the inner Thermaikos or 

Gulf of Thessaloniki, and the outer Thermaikos. Outer Thermaikos Gulf is the main fishing ground, which is 

considered one of the most productive fishing grounds in the Greek Seas (HIGH EFFORT area), while 

Thessaloniki Gulf is semi protected as it is closed to some fishing gears (LOW EFFORT area). The current 

fisheries management regulations differ between the two parts of Thermaikos Gulf, with the gulf of 

Thessaloniki being protected from trawling and purse-seining throughout the year; thus creating a marine 

semi-protected area. Following Thracian Sea, Thermaikos Gulf concentrates the second highest fishing 

effort of trawlers in the Aegean Sea (GSA 22), whereas there exists a small-scale coastal vessels fleet using a 

variety of fishing gears. Pagasitikos Gulf is an enclosed gulf in the western coast of central Aegean Sea with 

a mean depth of 70 m and a maximum depth of 108 m. Pagasitikos is a semi protected area as trawling and 

boat-seining are prohibited since 1966 (LOW EFFORT area). Purse-seines (targeting sardine and anchovy), 

nets (targeting hake, surmulet, anglerfish and Norway lobster), longlines and traps (targeting Norway 

lobster) are the main fishing gears used in the area. Recreational fishing is rather extensive and recreational 

fishers mainly target sparids and seabass. The ecological importance of Pagasitikos Gulf for numerous 

species and its multi-gear exploitation indicate the need for further protection and ecosystem based 

fisheries management. The area of the Sporades islands is unique, due to the National Marine Park of 

Alonissos Northern Sporades (NMPANS) was the first Marine Protected Area established in Greece in 1992. 

The sea environment of the Park is very diverse as more than 300 species of fish and sea mammals inhabit 

the area. The Park is a rare sanctuary for the Mediterranean monk seal, Monachus monachus, considered 

as one of the most important in the whole Mediterranean Basin. The island of Piperi, on the northeast of 

the surrounded area, is a key-breeding site for the animal and is protected by the Barcelona Convention 

(NO EFFORT area).  

Cyprus is part of the Levantine Basin, having an ultra- oligotrophic character. According to Hannides et al. 

(2015) and references therein, there is an open Sea influence in Cyprus coastal waters. Together with the 

fact that Cyprus coastal regions have no significant fluvial inputs and are generally narrow with an open 

shoreline, underlie the oligotrophic nature of Cyprus waters, a fact also reflected in the relatively low 

productivity and abundances of species. Thus, the fauna of Cyprus is considered to be impoverished, with 

high biodiversity and low biomass. To this statement though, one must add the scarcity of existing data due 

to limited sampling efforts in the area. The areas selected for fishing trials are were selected to cover the 

whole coastal area of the island with different levels of protection and fishing pressures. The fishing trials 

took place in close proximity to MPAs. Experimental fishing within the MPA is not permitted since the MPAs 

are located in shallow areas (<50m) which are for the most part occupied by Posidonia oceanica meadows  
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and they in general are of a relative small area. Four pairs of locations were selected and sampled (from 

east to west): Cape Greko (2 Hauls – Proposed MPA) , Yeroskipou (Near Moulia Rocks MPA), Geronisos and 

one additional haul near Kakoskali (proposed MPA). Cape Greko is currently a Nature 2000 site and is 

intended to become a MPA within 2017. It is an area of high fishing effort mainly from artisanal and 

recreational fisheries. In this area there are temporal trawl ban. Yeroskipou area is near the Moulia Natura 

2000 site and the MPA with artificial reefs adjacent to it. It is an area with high fishing pressure and no 

temporal restrictions. It is an area of low – medium  fishing effort in the from trawl, artisanal and 

recreational fisheries. Yeronisos area was selected due to its similarity to the Moulia and Kakoskali areas 

due to the presence of islets in all three areas. This is an area with high artisanal and recreational effort due 

to its proximity to a fishing shelter / harbor. Kakoskali is an area which has been proposed to become an 

MPA in 2017. It is an are subject to temporal trawl ban and has a high recreational and low commercial 

exploitation. 

2. Materials and Methods 

For the acquisition of new/additional fisheries data, the MEDITS sampling protocol was used (i.e. hauls of 

30 minutes for depths <200m, and one hour hauls for depths >200m; e.g. Anonymous 1998, Bertrand et al. 

2002), as it was decided during the kick-off meeting of the project (D 1.1a). The selection of the protocol 

was based on the concept that all further analyses and modelling (i.e. MSY, Bio-economic modeling and 

ECOPATH with ECOSIM) would be using the data of MEDITS surveys. Hence, complementary data of areas 

were MEDITS sampling does not occur would be of added value.  

Towards that direction, a network of complementary sampling stations was selected (ANNEX 1). As trawling 

is banned in the Greek waters during summer, appropriate licenses were requested by the competent 

authorities. Yet, despite the original programming, and due to the rejection of the request by the Greek 

Ephorate of Underwater Antiquities, no sampling was conducted within the area of the National Marine 

Protected Area of Sporades. Details regarding the hauls conducted in the Greek and Cypriot waters are 

given in Table 1 and figures 1-2. 

 

Table 1. Sampling details of the hauls conducted in Greek waters (GR-1 to GR-12) and Cyprus (CY-1 to CY-5). 

Code Date Duration 
(in min) 

Depth (in m)  Start  End 

  Start End  N E  N E 

GR-1 20/7/2016 30 62.6 62.6  39.1942 22.9257  39.2195 22.9138 
GR-2 21/7/2016 30 89.5 95.1  39.2833 23.0525  39.2723 23.0817 
GR-3 21/7/2016 30 88.4 84.4  39.2032 23.0468  39.2003 23.0148 
GR-4 21/7/2016 30 82.2 79.7  39.1482 23.0212  39.1342 22.9932 
GR-5 21/7/2016 30 67.5 73.7  39.0642 23.0512  39.0628 23.0838 
GR-6 22/7/2016 64 305.7 317  39.3003 24.4905  39.3530 24.4965 
GR-7 23/7/2016 30 90.8 87.5  39.9855 23.1578  40.0008 23.1835 
GR-8 23/7/2016 30 73.5 70.1  40.1575 22.9080  40.1825 22.8995 
GR-9 23/7/2016 30 62.3 46.1  40.2633 23.0983  40.2765 23.0737 
GR-10 24/7/2016 30 39.8 41.1  40.3728 22.7508  40.3740 22.7845 
GR-11 24/7/2016 30 25.7 27.2  40.4580 22.7133  40.4758 22.7375 
GR-12 24/7/2016 29 22.96 24.6  40.5625 22.9037  40.5497 22.8750 

CY-1 11/6/2016 30 66.20 67.84  34.9683 34.0918  34.9450 34.0997 
CY-2 12/6/2016 30 61.44 61.63  34.9450 34.0890  34.9535 34.0628 
CY-3 25/6/2016 30 51.39 56.51  35.0655 32.3898  35.0665 32.3598 
CY-4 25/6/2016 30 73.70 86.86  34.6972 32.4160  34.7110 32.3920 
CY-5 25/6/2016 30 57.24 60.53  34.8180 32.3692  34.8378 32.3510 
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Figure 1. Location of the areas in the Aegean Sea, were samplings were conducted. Details on the characteristics of 
each haul are given in Table 1. 
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Figure 2. Location of the areas in Cyprus, were samplings were conducted. Details on the characteristics of each haul 
are given in Table 1. 

 

 

Trials were conducted concurrently with the MEDITS-2016 survey. For the sampling purposes, the 

professional fishing vessel “MEGALOCHARI” was used (Fig. 3). The same vessel is also used to conduct the 

MEDITS surveys, both in Cyprus and in the North Aegean Sea.  

For each haul all fish and the most important cephalopod and crustacean species were recorded, and their 

total weight was recorded. A sub-sample of 50 individuals per fish species and of 100 individuals for the 

target species when feasible (i.e. Mullus barbatus, Mullus surmuletus, Merluccius merluccius, Nephrops 

norvegicus, Pagelluls erythrinus, Parapenaeus longirostris, Spicara smaris) was weighed and the total length 

was measured. 
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Figure 3. The fishing vessel “MEGALOCHARI” used for the sampling purposes. 

 

3. Results and Discussion 

 

AEGEAN SEA 

Pagassitikos Gulf 

Biomass and Abundance 

Haul GR-1 

Overall, 30 species were caught in Haul GR-1, of which 24 were fishes (23 actinopterygians and 1 

elasmobranch, thornback ray Raja clavata), 4 were cephalopods and 2 crustaceans. A total of 22,304 

individuals of fishes, cephalopods and crustaceans were caught, with a total biomass of 254.8 kg. The vast 

majority of them, accounting for over 99% in abundance and biomass, were fishes (Tables 2 and 3, 

respectively), with the families Engraulidae and Sparidae dominating the catches. In terms of biomass, the 

most abundant species were European anchovy (Engraulis encrasicolus) with 90.9 kg, large-eye dentex 

(Dentex macrophthalmus) with 37 kg, common pandora (Pagellus erythrinus) with 26.5 kg, and red mullet 

(Mullus barbatus) with 17.8 kg (Table 3). In terms of number of individuals, the most abundant species 

were European anchovy, European pilchard (Sardina pilchardus), Atlantic horse mackerel (Trachurus 

trachurus), spiny gurnard (Lepidotrigla dieuzeidei) and large-eye dentex (Table 2). 
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Table 2. Species composition in terms of abundance (No), caught during the fishing trials in the North Aegean Sea. 

Family Species Common name GR-1 GR-2 GR-3 GR-4 GR-5 GR-6 GR-7 GR-8 GR-9 GR-10 GR-11 GR-12 
ELASMOBRANCHII               

Rajidae Dipturus oxyrinchus Longnosed skate      1       

Rajidae Raja clavata Thornback ray 1 6 2 5 3 1 6 2     

Rajidae Raja montagui Spotted ray           1 1 

Scyliorhinidae Scyliophinus canicula Lesser spotted dogfish     10 39 14  1    

Squalidae Squalus acanthias Picked dogfish      7       

Torpedinidae Torpedo marmorata Marbled electric ray          2 11 10 

ACTINOPTERYGII               

Clupeidae Alosa fallax Twaite shad    1         
Argentinidae Argentina sphyraena Argentine      202       
Bothidae Arnoglossus laterna Mediterranean scaldfish  6 2       40 175 130 
Triglidae Aspitrigla cuculus Red gurnard   4 1  2 22      
Bleniidae Blennius ocellaris Butterfly blenny  1     1  5 4   
Sparidae Boops boops Bogue 39      1      
Caproidae Capros aper Boarfish      101       
Carapidae Carapus acus Pearl fish     1        
Sparidae Centracanthus cirrus Curled picarel      1       
Cepolidae Cepola macrophthalma Red bandfish 48 16 58 1   7 9 20 13 9 36 
Triglidae Chelidonichthys lastoviza Streaked gurnard    1 2  4   49 53 26 
Chlorophthalmidae Chlorophthalmus agassizi Shortnose greeneye      1551       
Citharidae Citharus linguatula Spotted flounder 112 128 100 37 8  56 57 300 118 120  
Congridae Conger conger European conger  1 2          
Sparidae Dentex macrophthalmus Large-eye dentex 719 12  8 415  54    20  
Sparidae Dentex maroccanus Morocco dentex 65   2 353        
Sparidae Diplodus annularis Annular seabream 105        60 24 195 416 
Ophichthidae Echelus myrus Painted eel 1    1        
Engraulidae Engraulis encrasicolus European anchovy 16844 800 1386 37314 35100  4370 8383  7533 11273 4316 
Triglidae Eutrigla gurnardus Grey gurnard         1    
Gadidae Gadiculus argenteus Silvery pout      3048       
Gobiidae Gobius niger Black goby         1 6 11 78 
Gobiidae Gobius sp. Gobies            52 
Sebastidae Helicolenus dactylopterus Blackbelly rosefish      26       
Macrouridae Hymenocephalus italicus Glasshead grenadier      1       
Trichiuridae Lepidopus caudatus Silver scabbardfish  1    732       
Scophthalmidae Lepidorhombus boscii Four-spot megrim      43       
Scophthalmidae Lepidorhombus 

whiffiagonis 
Megrim      2       

Triglidae Lepidotrigla dieuzeidei Spiny gurnard 778 92 92 200 122 1 82  52    
Gobiidae Lesueurigobius suerii Lesueur's goby  1     40 2 80 4   
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Lophiidae Lophius budegassa Blackbellied angler 8 30 22 25 7 1  12 6    
Lophiidae Lophius piscatorius Angler         1    
Centriscidae Macrorhamphosus 

scolopax 
Longspine snipefish  8 2          

Merlucciidae Merluccius merluccius European hake  5 17 42  18 9 7 11 24 10  
Soleidae Microchirus variegatus Thickback sole     1        
Gadidae Micromesistius poutassou Blue whiting  2    9       
Mullidae Mullus barbatus Red mullet 312 35 52 43 117  253 1 221 37 168 131 
Mullidae Mullus surmuletus Surmullet      4 3   2 2  
Sparidae Pagellus acarne Axillary seabream 32      1  8 2025 1000 3260 
Sparidae Pagellus bogaraveo Blackspot seabream      32       
Sparidae Pagellus erythrinus Common pandora 261 69 57 143 311  2  210 3 189 14 
Phycidae Phycis blennoides Greater forkbeard      1       
Pleuronectidae Platyichthys flesus European flounder          1 3  
Pomatomidae Pomatomus saltatrix Bluefish           3 1 
Clupeidae Sardina pilchardus European pilchard 1267 44 6 1179 1447  2 6 694 1371 3297 7583 
Clupeidae Sardinella aurita Round sardinella       2   1  26 
Scombridae Scomber colias Atlantic chub mackerel     14  3 3 1  2  
Scombridae Scomber scombrus Atlantic mackerel          2   
Scophthalmidae Scophthalmus rhombus Brill          2   
Scorpaenidae Scorpaena notata Small red scorpionfish         1  55  
Scorpaenidae Scorpaena porcus Black scorpionfish 12   2 3    1 39 15  
Serranidae Serranus cabrilla Comber     8        
Serranidae Serranus hepatus Brown comber 312 300 54 56 86  234 15 192 184 338 1040 
Soleidae Solea solea Common sole 1      1   1 6 1 
Sparidae Spicara maena Blotched picarel 140 137 200 25 39  376 73 1167 493 25 1560 
Sparidae Spicara smaris Picarel  2     30  4    
Labridae Symphodus tinca East Atlantic peacock 

wrasse 
          1  

Cynoglossidae Symphurus nigrescens Tonguesole       2  12  1  
Callionymidae Synchiropus phaeton Phaeton dragonet      2       
Trachinidae Trachinus draco Greater weever  1   1   2  8   
Carangidae Trachurus mediterraneus Mediterranean horse 

mackerel 
44        455 24 339 156 

Carangidae Trachurus picturatus Blue jack mackerel      1       
Carangidae Trachurus trachurus Atlantic horse mackerel 1056 1196 338 2062 1996 24 367 57 2511 36 30 78 
Macrouridae Trachyrincus scabrus Roughsnout grenadier      1038       
Triglidae Trigla lyra Piper gurnard     1        
Gadidae Trisopterus capelanus Poor cod 68 48 64 8 2  6 5  21   
Uranoscopidae Uranoscopus scaber Stargazer 8 12 8 14 1    4 13 1  
Zeidae Zeus faber John dory 5 8  6 4 5 2 1 2 1   

Number of species   24 26 19 22 26 27 28 16 27 30 29 20 
Total Abundance   22238 2961 2466 41175 40053 6893 5950 8635 6021 12081 17353 18915 
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CEPHALOPODA               
Loliginidae Alloteuthis media Midsize squid 24 16 24 3   56 13 32 44   
Octopodidae Eledone cirrhosa Horned octopus     2  2    1  
Octopodidae Eledone moschata Musky octopus 4  10 3 1 1   3    
Ommastrephidae Illex coindetii Shortfin squid 12 133 80 34 50 153 66 61 28 12   
Loliginidae Loligo vulgaris European squid 24 5   1 10 4 2 116 232 225 936 
Octopodidae Octopus vulgaris Common octopus       1  2  1  
Sepiolidae Rondeletiola minor Lentil bobtail squid      1       
Sepiidae Sepia elegans Elegant cuttlefish      7 34 14 8 4 10  
Sepiidae Sepia officinalis Common cuttlefish  1           
Sepiidae Sepia orbignyana Pink cuttlefish  2 6 2 3 4       
Sepiolidae unidentified       12  2     

Number of species   4 5 4 4 5 7 6 5 6 4 4 1 
Total Abundance   64 157 120 42 57 188 163 92 189 292 237 936 

MALACOSTRACA               
Goneplacidae Goneplax rhomboides Angular crab          4   
Portunidae Liocarcinus depurator Blue-leg swimcrab   8    12 116  616 86  
Dorippidae Medorippe lanata             25  
Nephropidae Nephrops norvegicus Norway lobster  5 138 74  1  1     
Penaeidae Parapenaeus longirostris Deep-water rose shrimp 1 68 30 9  214  225  23   
Sergestidae Sergestidae Sergestid shrimps      74       
Squillidae Squilla mantis Spottail mantis shrimp 1 8 10 1    1  24 22 104 

Number of species   2 3 4 3 0 3 1 4 0 4 3 1 
Total Abundance   2 81 186 84 0 289 12 343 0 667 133 104 

 Other invertebrates              
 Benthos  * * * 1 * * *  *  * * 

Overall number of species 30 34 27 29 31 37 35 25 33 38 36 22 
Overall Abundance   22304 3199 2772 41301 40110 7370 6125 9070 6210 13040 17723 19955 
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Table 3. Species composition in terms of biomass (gr), caught during the fishing trials in the North Aegean Sea. 

Family Species Common name GR-1 GR-2 GR-3 GR-4 GR-5 GR-6 GR-7 GR-8 GR-9 GR-10 GR-11 GR-12 

ELASMOBRANCHII               

Rajidae Dipturus oxyrinchus Longnosed skate      650       
Rajidae Raja clavata Thornback ray 1200 1480 1100 2900 2240 1700 4000 400     
Rajidae Raja montagui Spotted ray           500 300 

Scyliorhinidae Scyliophinus canicula 
Lesser spotted 
dogfish     

1850 2450 2250 
 

100 
   

Squalidae Squalus acanthias Picked dogfish      2700       
Torpedinidae Torpedo marmorata Marbled electric ray          90 1800 3670 

ACTINOPTERYGII               

Clupeidae Alosa fallax Twaite shad    820         
Argentinidae Argentina sphyraena Argentine      16940       

Bothidae Arnoglossus laterna 
Mediterranean 
scaldfish  

30 30 
      

400 2500 650 

Triglidae Aspitrigla cuculus Red gurnard   60 10  100 640      
Bleniidae Blennius ocellaris Butterfly blenny  15     5  150 180   
Sparidae Boops boops Bogue 2200      80      
Caproidae Capros aper Boarfish      450       
Carapidae Carapus acus Pearl fish     20        
Sparidae Centracanthus cirrus Curled picarel      20       
Cepolidae Cepola macrophthalma Red bandfish 540 200 730 30   115 110 400 300 140 910 

Triglidae 
Chelidonichthys 
lastoviza 

Streaked gurnard 
   

10 50 
 

840 
  

2600 2950 3120 

Chlorophthalmidae 
Chlorophthalmus 
agassizi 

Shortnose greeneye 
     

26215 
      

Citharidae Citharus linguatula Spotted flounder 2400 3600 1820 640 200  840 550 3600 3890 4000  
Congridae Conger conger European conger  160 410          

Sparidae 
Dentex 
macrophthalmus 

Large-eye dentex 37000 420 
 

300 21600 
 

1000 
   

1900 
 

Sparidae Dentex maroccanus Morocco dentex 5000   100 23300        
Sparidae Diplodus annularis Annular seabream 1850        1600 640 9500 16120 
Ophichthidae Echelus myrus Painted eel 90    80        
Engraulidae Engraulis encrasicolus European anchovy 90960 4800 9700 264000 238680  41960 80480  45200 49600 21580 
Triglidae Eutrigla gurnardus Grey gurnard         320    
Gadidae Gadiculus argenteus Silvery pout      14630       
Gobiidae Gobius niger Black goby         30 130 280 2080 
Gobiidae Gobius sp. Gobies            390 

Sebastidae 
Helicolenus 
dactylopterus 

Blackbelly rosefish 
     

480 
      

Macrouridae 
Hymenocephalus 
italicus 

Glasshead 
grenadier      

5 
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Trichiuridae Lepidopus caudatus Silver scabbardfish  60    40250       
Scophthalmidae Lepidorhombus boscii Four-spot megrim      2080       

Scophthalmidae 
Lepidorhombus 
whiffiagonis 

Megrim 
     

380 
      

Triglidae Lepidotrigla dieuzeidei Spiny gurnard 14000 2180 2200 5200 2200 20 1200  760    
Gobiidae Lesueurigobius suerii Lesueur's goby  5     200 15 400 60   
Lophiidae Lophius budegassa Blackbellied angler 11300 8050 5900 8600 4950 30  4450 2700    
Lophiidae Lophius piscatorius Angler         700    

Centriscidae 
Macrorhamphosus 
scolopax 

Longspine snipefish 
 

100 60 
         

Merlucciidae Merluccius merluccius European hake  500 2030 5660  3700 540 390 210 960 240  
Soleidae Microchirus variegatus Thickback sole     15        

Gadidae 
Micromesistius 
poutassou 

Blue whiting 
 

60 
   

160 
      

Mullidae Mullus barbatus Red mullet 17750 750 2310 2600 620  10500 30 7500 3100 8400 6500 
Mullidae Mullus surmuletus Surmullet      480 200   40 25  
Sparidae Pagellus acarne Axillary seabream 2960      40  280 16200 10000 42380 
Sparidae Pagellus bogaraveo Blackspot seabream      2050       
Sparidae Pagellus erythrinus Common pandora 26500 5050 3700 11300 17700  120  10500 140 1210 1160 
Phycidae Phycis blennoides Greater forkbeard      100       
Pleuronectidae Platyichthys flesus European flounder          300 1140  
Pomatomidae Pomatomus saltatrix Bluefish           480 250 
Clupeidae Sardina pilchardus European pilchard 11400 400 100 16500 21420  4 100 11800 20560 21100 91000 
Clupeidae Sardinella aurita Round sardinella       30   5  1040 

Scombridae Scomber colias 
Atlantic chub 
mackerel     

900 
 

40 40 15 
 

20 
 

Scombridae Scomber scombrus Atlantic mackerel          150   
Scophthalmidae Scophthalmus rhombus Brill          1000   

Scorpaenidae Scorpaena notata 
Small red 
scorpionfish         

100 
 

450 
 

Scorpaenidae Scorpaena porcus Black scorpionfish 280   50 60    80 2100 580  
Serranidae Serranus cabrilla Comber     380        
Serranidae Serranus hepatus Brown comber 2840 3600 680 800 1200  3040 220 2200 2320 5750 19240 
Soleidae Solea solea Common sole 320      150   110 800 265 
Sparidae Spicara maena Blotched picarel 2440 2220 4000 600 850  7500 1320 14000 14800 750 31200 
Sparidae Spicara smaris Picarel  20     700  60    

Labridae Symphodus tinca 
East Atlantic 
peacock wrasse           

70 
 

Cynoglossidae Symphurus nigrescens Tonguesole       30  520  5  
Callionymidae Synchiropus phaeton Phaeton dragonet      35       
Trachinidae Trachinus draco Greater weever  180   40   80  620   

Carangidae 
Trachurus 
mediterraneus 

Mediterranean 
horse mackerel 

1680 
       

5000 400 16250 5200 
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Carangidae Trachurus picturatus Blue jack mackerel      120       

Carangidae Trachurus trachurus 
Atlantic horse 
mackerel 

12880 24160 5960 49500 45900 2450 4400 500 22600 320 400 1040 

Macrouridae Trachyrincus scabrus 
Roughsnout 
grenadier      

17430 
      

Triglidae Trigla lyra Piper gurnard     4600        
Gadidae Trisopterus capelanus Poor cod 2280 720 1000 200 50  160 70  500   
Uranoscopidae Uranoscopus scaber Stargazer 520 1480 700 1100 50    400 2410 100  
Zeidae Zeus faber John dory 5600 7160  5500 2200 3330 80 1100 120 200   
Number of species   24 26 19 22 26 27 28 16 27 30 29 20 
Total Biomass   253990 67400 42490 376420 391155 138955 80664 89855 86145 119725 140940 248095 

CEPHALOPODA               
Loliginidae Alloteuthis media Midsize squid 240 120 40 12   240 40 140 200   
Octopodidae Eledone cirrhosa Horned octopus     150  800    100  
Octopodidae Eledone moschata Musky octopus 120  1700 820 200 180   235    
Ommastrephidae Illex coindetii Shortfin squid 200 8000 5200 2400 1600 9070 2880 2580 1200 400   
Loliginidae Loligo vulgaris European squid 200 10   220 1240 280 25 3280 2560 1900 23140 
Octopodidae Octopus vulgaris Common octopus       210  1820  360  
Sepiolidae Rondeletiola minor Lentil bobtail squid      80       
Sepiidae Sepia elegans Elegant cuttlefish      40 300 90 80 40 150  
Sepiidae Sepia officinalis Common cuttlefish  300           
Sepiidae Sepia orbignyana Pink cuttlefish  4 160 25 15 12       
Sepiolidae unidentified       530  10     
Number of species   4 5 4 4 5 7 6 5 6 4 4 1 
Total Biomass   760 8434 7100 3257 2185 11152 4710 2745 6755 3200 2510 23140 

MALACOSTRACA               
Dorippidae Medorippe lanata             500  
Goneplacidae Goneplax rhomboides Angular crab          60   
Portunidae Liocarcinus depurator Blue-leg swimcrab   160    140 1970  7200 1000  
Nephropidae Nephrops norvegicus Norway lobster  200 4400 2900  20  110     

Penaeidae 
Parapenaeus 
longirostris 

Deep-water rose 
shrimp 

7 690 200 110 
 

1090 
 

900 
 

130 
  

Sergestidae Sergestidae Sergestid shrimps      120       

Squillidae Squilla mantis 
Spottail mantis 
shrimp 

40 200 220 10 
   

20 
 

610 460 2080 

Number of species   2 3 4 3 0 3 1 4 0 4 3 1 
Total Biomass   47 1090 4980 3020 0 1230 140 3000 0 8000 1960 2080 

 Other invertebrates              
 Benthos  6190 5300 1900 400 2600 600 300  20000  11500 193700 

Overall number of species 30 34 27 29 31 37 35 25 33 38 36 22 
Overall Biomass    254797 76924 54570 382697 393340 151337 85514 95600 92900 130925 145410 273315 
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Haul GR-2  

Overall, 34 species were caught in Haul GR-2, of which 26 were fishes (25 actinopterygians and 1 

elasmobranch, thornback ray Raja clavata), 5 were cephalopods and 3 were crustaceans. A total of 3,199 

individuals of fishes, cephalopods and crustaceans were caught, with a total biomass of 76.9 kg. The 

majority of them, accounting for over 92% in abundance and over 87% in biomass, were fishes (Tables 2 

and 3, respectively), with the families Carangidae, Lophiidae and Sparidae dominating the catches. In terms 

of biomass, the most abundant species were Atlantic horse mackerel with 24.2 kg, blackbellied angler 

(Lophius budegassa) with 8.1 kg, shortfin squid (Illex coindetii) with 8 kg, and John dory (Zeus faber) with 

7.2 kg (Table 3). In terms of number of individuals, the most abundant species were Atlantic horse 

mackerel, European anchovy, brown comber (Serranus hepatus), blotched picarel (Spicara maena) and 

shortfin squid (Table 2). 

 

Haul GR-3  

Overall, 27 species were caught in Haul GR-3, of which 19 were fishes (18 actinopterygians and 1 

elasmobranch, thornback ray Raja clavata), 4 were cephalopods and 4 were crustaceans. A total of 2,772 

individuals of fishes, cephalopods and crustaceans were caught, with a total biomass of 54.6 kg. The 

majority of them, accounting for 89% in abundance and for over 77% in biomass, were fishes (Tables 2 and 

3, respectively), with the families Engraulidae, Sparidae, Carangidae and Lophiidae dominating the catches. 

In terms of biomass, the most abundant species were European anchovy with 9.7 kg, Atlantic horse 

mackerel with 5.96 kg, blackbellied angler with 5.9 kg, shortfin squid with 5.2 kg, and Norway lobster 

(Nephrops norvegicus) with 4.4 kg (Table 3). In terms of number of individuals, the most abundant species 

were European anchovy, Atlantic horse mackerel, blotched picarel and Norway lobster (Table 2). 

 

Haul GR-4 (inside the mouth of Pagassitikos Gulf) 

Overall, 29 species were caught in Haul GR-4, of which 22 were fishes (21 actinopterygians and 1 

elasmobranch, thornback ray Raja clavata), 4 were cephalopods and 3 were crustaceans. A total of 41,301 

individuals of fishes, cephalopods and crustaceans were caught, with a total biomass of 382.7 kg. The vast 

majority of them, accounting for over 98% in abundance and biomass, were fishes (Tables 2 and 3, 

respectively), with the families Engraulidae and Carangidae dominating the catches. In terms of biomass, 

the most abundant species were European anchovy with 264 kg, Atlantic horse mackerel with 49.5 kg, 

European pilchard with 16.5 kg, common pandora with 11.3 kg, and blackbellied angler with 8.6 kg (Table 

3). In terms of number of individuals, the most abundant species were European anchovy, Atlantic horse 

mackerel, European pilchard and spiny gurnard (Table 2). 

 

Haul GR-5 (outside the mouth of Pagassitikos Gulf) 

Overall, 31 species were caught in Haul GR-5, of which 26 were fishes (24 actinopterygians and 2 

elasmobranchs, thornback ray Raja clavata and lesser spotted dogfish Scyliorhinus canicula), and 5 were 

cephalopods; no crustaceans were caught. A total of 40,110 individuals of fishes and cephalopods were 

caught, with a total biomass of 393.3 kg. The vast majority of them, accounting for over 99% in abundance 

and biomass, were fishes (Tables 2 and 3, respectively), with the families Engraulidae, Sparidae and 

Carangidae dominating the catches. In terms of biomass, the most abundant species were European 
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anchovy with 239 kg, Atlantic horse mackerel with 45.9 kg, Morocco dentex (Dentex maroccanus) with 23.3 

kg, large eye dentex with 21.6 kg, and European pilchard with 21.4 kg (Table 3). In terms of number of 

individuals, the most abundant species were European anchovy, Atlantic horse mackerel, European 

pilchard, large eye dentex, and Morocco dentex (Table 2). 

 

Mean length per haul 

The mean lengths of commercial fish and invertebrate species in Pagassitikos Gulf showed distinct patterns. 

Red mullet and common pandora showed a rather stable length pattern across hauls (Figure 4). The mean 

length of spotted flounder was lowest in Haul GR-1 and highest in Haul GR-5, while in Hauls GR-2, 3, 4 it 

had the same intermediate value. The longest blackbellied anglers were caught in Haul GR-1, while for 

Hauls GR-2-5 the mean length of the individuals was increasing. A similar pattern was followed by large-eye 

dentex. Finally, the mean lengths of southern shortfin squid showed fluctuations among hauls. The lowest 

lengths of the southern shortfin squid were recorded in Haul GR-1 and 5, whereas the highest in Haul GR-2 

and 4 (Figure 4). 

In Pagassitikos Gulf, the mean length of non-commercial demersal fishes increased from Haul GR-1 to Haul 

GR-4 with a slight, in the case of brown comber and blotched picarel, or a more pronounced, in the case of 

spiny gurnard, decrease in Haul GR-5 (Figure 5). 

From the pelagic fishes in Pagassitikos Gulf, Atlantic horse mackerel and anchovy exhibited the same 

pattern as did the non-commercial species, while European pilchard showed a clear increasing trend in its 

mean length from Haul GR-1 to Haul GR-5 (Figure 6). 

 

 

Figure 4. Box plots of commercially important demersal fishes (red mullet Mullus barbatus, common pandora Pagellus 

erythrinus, spotted flounder Citharus linguatula, blackbellied angler Lophius budegassa, large-eye dentex Dentex 

macrophthalmus) and invertebrates (southern shortfin squid Illex coindetii) in Pagassitikos Gulf. 
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Figure 5. Box plots of non-commercial demersal fishes (brown comber Serranus hepatus, blotched picarel Spicara 

flexuosa, spiny gurnard Lepidotrigla dieuzeidei) in Pagassitikos Gulf. 

 

 

 

Figure 6. Box plots of commercial pelagic fishes (Atlantic horse mackerel Trachurus trachurus, European anchovy 

Engraulis encrasicolus, European pilchard Sardina pilchardus) in Pagassitikos Gulf. 

 

 

Northern Sporades 

Biomass and abundance 

Haul GR-6 

Overall, 37 species were caught in Haul GR-6, of which 27 were fishes (23 actinopterygians and 4 

elasmobranchs, two rays and two sharks), 7 were cephalopods and 3 crustaceans. A total of 7,370 

individuals of fishes, cephalopods and crustaceans were caught, with a total biomass of 151.3 kg. The vast 

majority of them, accounting for over 93% in abundance and over 91% in biomass, were fishes (Tables 2 

and 3, respectively), with the families Trichiuridae and Chlorophthalmidae dominating the catches. In terms 

of biomass, the most abundant species were silver scabbardfish (Lepidopus caudatus) with 40.2 kg, 

shortnose greeneye (Chlorophthalmus agassizi) with 26.2 kg, roughsnout grenadier (Trachyrincus scabrus) 

with 17.4 kg, argentine (Argentina sphyraena) with 16.9 kg and silvery pout (Gadiculus argenteus) with 14.6 

kg (Table 3). In terms of number of individuals, the most abundant species were silvery pout, shortnose 

greeneye, roughsnout grenadier, silver scabbardfish, and argentine (Table 2). 
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Thermaikos Gulf 

Biomass and abundance 

Haul GR-7 

Overall, 35 species were caught in Haul GR-7, of which 28 were fishes (26 actinopterygians and 2 

elasmobranchs, thornback ray Raja clavata and lesser spotted dogfish Scyliorhinus canicula), 6 were 

cephalopods and 1 crustacean, the blue-leg swimcrab Liocarcinus depurator. A total of 6,125 individuals of 

fishes, cephalopods and crustaceans were caught, with a total biomass of 85.5 kg. The majority of them, 

accounting for over 97% in abundance and over 94% in biomass, were fishes (Tables 2 and 3, respectively), 

with the families Engraulidae, Mullidae and Sparidae dominating the catches. In terms of biomass, the most 

abundant species were European anchovy with 41.9 kg, red mullet with 10.5 kg, blotched picarel with 7.5 

kg, Atlantic horse mackerel with 4.4 kg, and thornback ray with 4 kg (Table 3). In terms of number of 

individuals, the most abundant species were European anchovy, blotched picarel, Atlantic horse mackerel, 

red mullet and brown comber (Table 2). 

 

Haul GR-8 

Overall, 25 species were caught in Haul GR-8, of which 16 were fishes (26 actinopterygians and 1 

elasmobranch, thornback ray Raja clavata), 5 were cephalopods and 4 were crustaceans. A total of 9,070 

individuals of fishes, cephalopods and crustaceans were caught, with a total biomass of 95.6 kg. The 

majority of them, accounting for over 95% in abundance and over 93% in biomass, were fishes (Tables 2 

and 3, respectively), with the families Engraulidae, Lophiidae and Ommastrephidae dominating the catches. 

In terms of biomass, the most abundant species were European anchovy with 80.5 kg, blackbellied angler 

with 4.5 kg, shortfin squid with 2.6 kg, blue-leg swimcrab with 1.9 kg, and blotched picarel with 1.3 kg 

(Table 3). In terms of number of individuals, the most abundant species were European anchovy, deep-

water rose shrimp (Parapenaeus longirostris), blue-leg swimcrab and blotched picarel (Table 2). 

 

Haul GR-9 

Overall, 33 species were caught in Haul GR-9, of which 27 were fishes (26 actinopterygians and 1 

elasmobranch, lesser spotted dogfish Scyliorhinus canicula) and 6 were cephalopods; no crustaceans were 

caught. A total of 6,210 individuals of fishes and cephalopods were caught, with a total biomass of 92.9 kg. 

Benthos accounted for an additional 20 kg. The majority of the organisms, accounting for over 96% in 

abundance and over 92% in biomass, were fishes (Tables 2 and 3, respectively), with the families 

Carangidae and Sparidae dominating the catches. In terms of biomass, the most abundant species were 

Atlantic horse mackerel with 22.6 kg, blotched picarel with 14 kg, European pilchard with 11.8 kg, common 

pandora with 10.5 kg, and red mullet with 7.5 kg (Table 3). In terms of number of individuals, the most 

abundant species were Atlantic horse mackerel, blotched picarel, European pilchard, and Mediterranean 

horse mackerel (Trachurus mediterraneus) (Table 2). 

 

Haul GR-10 

Overall, 38 species were caught in Haul GR-10, of which 30 were fishes (29 actinopterygians and 1 

elasmobranch, marbled electric ray Torpedo marmorata), 4 were cephalopods and 4 were crustaceans. A 
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total of 13,040 individuals of fishes, cephalopods and crustaceans were caught, with a total biomass of 

130.9 kg. The majority of them, accounting for over 92% in abundance and over 91% in biomass, were 

fishes (Tables 2 and 3, respectively), with the families Engraulidae, Sparidae and Clupeidae dominating the 

catches. In terms of biomass, the most abundant species were European anchovy with 45.2 kg, European 

pilchard with 20.5 kg, axillary seabream (Pagellus acarne) with 16.2 kg, and blotched picarel with 14.8 kg 

(Table 3). Similarly, in terms of number of individuals, the most abundant species were European anchovy, 

axillary seabream, European pilchard and blotched picarel (Table 2). 

 

Haul GR-11 

Overall, 36 species were caught in Haul GR-11, of which 29 were fishes (27 actinopterygians and 2 

elasmobranchs, the marbled electric ray Torpedo marmorata and the spotted ray Raja montagui), 4 were 

cephalopods and 3 were crustaceans. A total of 17,723 individuals of fishes, cephalopods and crustaceans 

were caught, with a total biomass of 145.4 kg. The majority of them, accounting for over 97% in abundance 

and biomass, were fishes (Tables 2 and 3, respectively), with the families Engraulidae, Sparidae and 

Clupeidae dominating the catches. In terms of biomass, the most abundant species were European anchovy 

with 49.6 kg, European pilchard with 21.1 kg, Mediterranean horse mackerel with 16.2 kg and axillary 

seabream with 10 kg (Table 3). In terms of number of individuals, the most abundant species were 

European anchovy, European pilchard, axillary seabream, and Mediterranean horse mackerel (Table 2). 

 

Haul GR-12 

Overall, 22 species were caught in Haul GR-12, of which 20 were fishes (18 actinopterygians and 2 

elasmobranchs, the marbled electric ray Torpedo marmorata and the spotted ray Raja montagui), 1 was 

cephalopod (the European squid Loligo vulgaris) and 1 was crustacean (spottail mantis shrimp Squilla 

mantis). A total of 19,955 individuals of fishes, cephalopods and crustaceans were caught, with a total 

biomass of 273.3 kg. Benthos, including litter, accounted for an additional 193.7 kg. The majority of the 

organisms, accounting for over 94% in abundance and over 90% in biomass, were fishes (Tables 2 and 3, 

respectively), with the families Clupeidae and Sparidae dominating the catches. In terms of biomass, the 

most abundant species were European pilchard with 91 kg, axillary seabream with 42.4 kg, blotched picarel 

with 31.2, European squid with 23.1 kg and European anchovy with 21.6 kg (Table 3). In terms of number of 

individuals, the most abundant species were European pilchard, European anchovy, axillary seabream, and 

blotched picarel (Table 2). 

 

Mean length per fishing pressure area 

In Thermaikos Gulf, the mean lengths of commercial fishes and invertebrates exhibited a general decline 

from the low to the high fishing pressure area. The mean length of red mullet was highest in the low 

pressure area and lowest in the medium pressure area. Very few or no individuals of common pandora, 

axillary seabream and annular seabream were caught in the high pressure area while the mean length of 

these three species was higher in the low pressure area compared to the medium pressure one (Figure 7). 

The mean length of the spotted flounder was higher in the low pressure area, compared to the medium 

and high pressure ones and, finally, the mean length of the deep water rose shrimp was higher in the 

medium compared to the high pressure area (Figure 7). 
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Concerning non-commercial fish species in Thermaikos Gulf, the mean length of brown comber was higher 

in the low fishing pressure area compared to the other two areas (Figure 8), while the mean length of 

blotched picarel and streaked gurnard did not differ among areas (Figure 8). 

Pelagic fish species showed different patterns in Thermaikos Gulf. The mean length of Atlantic horse 

mackerel did not differ among areas (Figure 9), whereas the mean length of anchovy was highest in the 

high pressure data in comparison to the medium and low pressure areas (Figure 9). The mean length of 

sardine was higher in the medium pressure area compared to the low pressure area, while only a few 

sardine individuals were caught in the high pressure area (Figure 9). 

 

 

Figure 7. Box plots of commercially important demersal fishes (red mullet Mullus barbatus, common pandora Pagellus 

erythrinus, axillary seabream Pagellus acarne, annular seabream Diplodus annularis, spotted flounder Citharus 

linguatula) and invertebrates (deep water rose shrimp Parapenaeus longirostris) in three areas of varying fishing 

pressure in Thermaikos Gulf [High_3: high fishing pressure area (Hauls GR-7, 8); Med_2: medium fishing pressure area 

(Hauls GR-9, 10); Low_1: low fishing pressure area (Hauls GR-11, 12). 

 

 

Figure 8. Box plots of non-commercial demersal fishes (brown comber Serranus hepatus, blotched picarel Spicara 

flexuosa, streaked gurnard Chelidonichthys lastoviza) in three areas of varying fishing pressure in Thermaikos Gulf 

[High_3: high fishing pressure area (Hauls GR-7, 8); Med_2: medium fishing pressure area (Hauls GR-9, 10); Low_1: 

low fishing pressure area (Hauls GR-11, 12). 
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Figure 9. Box plots of commercial pelagic fishes (Atlantic horse mackerel Trachurus trachurus, European anchovy 

Engraulis encrasicolus, European pilchard Sardina pilchardus) in three areas of varying fishing pressure in Thermaikos 

Gulf [High_3: high fishing pressure area (Hauls GR-7, 8); Med_2: medium fishing pressure area (Hauls GR-9, 10); 

Low_1: low fishing pressure area (Hauls GR-11, 12). 

 

 

CYPRUS 

Haul CY-1 

Overall 28 species were caught in Haul CY-1, of which 22 were fishes, 2 were cephalopods and 4 were 

crustaceans. A total of 333 individuals of fishes, cephalopods and crustaceans were caught, with a total 

biomass of 20.8kg (Tables 4 and 5) Fishes account for 79% of the species caught with the Bleniidae and 

Serranidae dominating in numbers. 99% of the biomass was made up of fish with the Serranidae and 

Dasyatidae families dominating the catches in terms of weight. The species with the largest biomass was a 

single Dasyatis pastinaca individual,  weighing 13.7 kg followed by 1.66 kg of 30 individuals of Pagellus 

erythrinus. In terms of abundance Blennius ocellaris had  the most individuals at 60 followed by 57 Serranus 

hepatus. Of particular interest is the presence of a single individual of the invasive Pterois miles, the first 

individual to be caught by a trawler in Cyprus. 

 

Haul CY-2 

Overall 27 species were caught in Haul CY-2, of which 17 were fishes, 2 were cephalopods and 8 were 

crustaceans. A total of 125 individuals of fishes, cephalopods and crustaceans were caught, with a total 

biomass of 2.5kg (Tables 4 and 5) Fishes account for 63% of the species caught with the Serranidae and 

Sygnathidae dominating in numbers. 95% of the biomass was made up of fish with the Serranidae and 

Synodontidae families dominating the catches in terms of weight. The species with the largest biomass was, 

Synodus saurus  weighing 0.380 kg followed by 0.3 kg of Pagellus erythrinus and 0.3 kg of Serranus cabrilla. 

In terms of abundance Serranus hepatus had the most individuals at 20 followed by 11 individuals of  

Serranus cabrilla. Of significant interest is the fact that 11 green turtles, Chelonia mydas1 were caught in 

this haul. 

 

 

                                           

1
 Not included in biomass statistics analysis. 
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Haul CY-3 

Overall 26 species were caught in Haul CY-3, of which 17 were fishes, 3 were cephalopods and 6 were 

crustaceans. A total of 616 individuals of fishes, cephalopods and crustaceans were caught, with a total 

biomass of 5.3 kg (Tables 4 and 5) Fishes account for 65% of the species caught with the Serranidae and 

Synodontidae dominating in numbers. 84% of the biomass was made up of fish with the Serranidae and 

Sepiidae families dominating the catches in terms of weight. The species with the largest biomass was, 

Serranus hepatus  weighing 2.65 kg  followed by 0.68 kg of Sepia officinalis. In terms of abundance Serranus 

hepatus had  the most individuals at 442 followed by 42 individuals of  Gobius niger. 

 

Haul CY-4 

Overall 28 species were caught in Haul CY-4, of which 19 were fishes, 4 were cephalopods and 5 were 

crustaceans. A total of 104 individuals of fishes, cephalopods and crustaceans were caught, with a total 

biomass of 15.8kg (Tables 4 and 5) Fishes account for 68% of the species caught with the Serranidae and 

Loliginidae dominating in numbers. 95% of the biomass was made up of fish with the Serranidae and 

Sparidae families dominating the catches in terms of weight. The species with the largest biomass was a 

single individual, Epinephelus aeneus weighing 7 kg followed by 2.35 kg of Pagellus erythrinus. In terms of 

abundance Serranus hepatus had the most individuals at 124 followed by 175 individuals of Loligo vulgaris. 

 

Haul CY-5 

Overall 34 species were caught in Haul CY-5, of which 26 were fishes, 3 were cephalopods and 5 were 

crustaceans. A total of 1100 individuals of fishes, cephalopods and crustaceans were caught, with a total 

biomass of kg (Tables 4 and 5) Fishes account for 76% of the species caught with the Serranidae and 

Centriscidae dominating in numbers. 76% of the biomass was made up of fish with the Octopodidae and 

Serranidae families dominating the catches in terms of weight. The species with the largest biomass was 

Octopus vulgaris weighing 6.2 kg followed by 5.9 kg of Serranus hepatus. In terms of abundance Serranus 

hepatus had  the most individuals at 569 followed by 193 individuals of  Macroramphosus scolopax. 
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Table 4. Species composition in terms of abundance (No), caught during the fishing trials in Cyprus. 

Family Species Common name CY-1 CY-2 CY-3 CY-4 CY-5 
ELASMOBRANCHII        

Dasyatidae Dasyatis pastinaca Common stingray 9 1  1 3 

ACTINOPTERYGII        

Bothidae Arnoglossus laterna Mediterranean scaldfish 1  12 4  
Bothidae Arnoglossus thori Thor's scaldfish 2 4  22  
Triglidae Aspitrigla cuculus Red gurnard      
Bleniidae Blennius ocellaris Butterfly blenny 60 2  2 1 
Sparidae Boops boops Bogue    1  
Bothidae Bothus podas Wide-eyed flounder 20 6   1 
Dussumieriidae Dussumieria elopsoides Slender rainbow sardine 1     
Serranidae Epinephelus aeneus White grouper    1 1 
Fistulariidae Fistularia commersonii Bluespotted cornetfish 1     
Gobiidae Gobini cruentatus Red-mouthed goby   1   
Gobiidae Gobius niger Black goby   38 3 1 
Syngnathidae Hippocampus 

hippocampus 
Seahorse  1  1  

Triglidae Lepidotrigla cavillone     74 1 
Gobiidae Lesueurigobius friesii Fries's goby   13   
Gobiidae Lesueurigobius suerii Lesueur's goby   1   
Centriscidae Macroramphosus 

scolopax 
Longspine snipefish   2  193 

Merlucciidae Merluccius merluccius European hake      
Monacanthidae Stephanolepis diaspros  6 3   1 
Syngnathidae Syngnathus acus Greater pipefish 22 10   10 
Soleidae Microchirus variegatus Thickback sole 9 2    
Mullidae Mullus barbatus Red mullet   5 57  
Mullidae Mullus surmuletus Surmullet 3   6 14 
Muraenidae Muranea helena Mediterranean moray 4     
Sparidae Pagellus acarne Axillary seabream   12 1  
Sparidae Pagellus bogaraveo Blackspot seabream      
Sparidae Pagellus erythrinus Common pandora 30 9  65 44 
Sparidae Pagrus pagrus Common seabream     8 
Blenniidae Parablennius tentacularis Tentacled blenny   1   
Polyprionidae Polyprion americanus Stonefish     1 
Pomatomidae Pomatomus saltatrix Bluefish      
Scorpaenidae Pterois miles Devil firefish  1     
Scaridae Sparisoma cretense European parrotfish     9 
        
Scorpaenidae Scorpaena notata Small red scorpionfish 14 9   12 
Scorpaenidae Scorpaena porcus Black scorpionfish   5  4 
Scorpaenidae Scorpaena scrofa Red scorpionfish 7 4   7 
Serranidae Serranus cabrilla Comber 53 11 3 1 56 
Serranidae Serranus hepatus Brown comber 57 20 442 124 569 
Centracanthidae Spicara maena Blotched picarel     4 
Sparidae Spicara smaris Picarel   16 1 101 
Labridae Symphodus cinereus      1 
Labridae Symphodus 

mediterraneus 
     2 

Labridae Symphodus rostratus      2 
Synodontidae Synodus saurus bluestripe lizardfish

  
9 8 12 12 10 

Tetraodontidae Torquigener 
flavimaculosus 

 11 9    

Triglidae Trigloporus lastoviza Streaked gurnard 3 3 3 10 1 
Carangidae Trachurus mediterraneus Mediterranean horse    2   
Zeidae Zeus faber John dory 7 2 2 1  

Number of species   22 17 17 19 26 
Total Abundance   330 104 570 387 1057 

CEPHALOPODA        
Loliginidae Alloteuthis media Midsize squid    5  
Octopodidae Eledone moschata Musky octopus 1     
Loliginidae Loligo vulgaris European squid   11 175 6 
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Octopodidae Octopus vulgaris Common octopus 1 1   2 
Sepiolidae Sapietta spp.   1    
Octopodidae Scaergus unicirrhus Unicorn octopus    1  
Sepiidae Sepia elegans Elegant cuttlefish   1   
Sepiidae Sepia officinalis Common cuttlefish   6 1 3 

Number of species   2 2 3 4 3 
Total Abundance   2 2 18 182 11 

MALACOSTRACA        
Calappidae Calappa granulata     1  
Crangonidae Crangon crangon Brown shrimp 2  3   
Epialtidae   1 4 4 4 8 
Eriphiidae Eriphia verrucosa Yellow crab  2    
Homolidae Homola barbata  1 2 6   
Inachidae Inachinae  7 4 15 6 21 
Polybiidae Liocarcinus navigator Arch-fronted crab     1 
Polypiidae Liocarcinus depurator Blue-leg swimcrab   3  1 
Majidae Maja crispata Small spider crab    1 1 
Dorippidae Medorippe lanata        
Pagouridae undefined   2  4  
Phronimidae Phronima sedentaria   2    
Carcinidae Portumnus latipes Pennant's swimming 

crab 
 2    

Scyllaridae Scyllarides latus Mediterranean slipper 
lobster 

 1    

Portunidae Thalamita poissonii    1   

Number of species   4 8 6 5 5 
Total Abundance   10 19 27 16 32 

ASTEROIDEA        
Undefined   9 25 6 20 6 
Number of species   1 1 1 1 1 
Total Abundance   9 25 6 20 6 

ECHINOIDEA        
Undefined   70 40 1 240 5 

Number of species   1 1 1 1 1 
Total Abundance   70 40 1 240 5 

REPTILIA        
Cheloniidae Chelonia mydas    Green sea turtle  11   1 
Cheloniidae Caretta caretta logerhead sea turtle     1 

Number of species    1   1 
Total Abundance    11   1 

Overall number of species 30 30 28 30     37 
Overall Abundance   421 190 622 845  1111 
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Table 5. Species composition in terms of biomass (gr), caught during the fishing trials in Cyprus. 

Family Species Common name CY-1 CY-2 CY-3 CY-4 CY-5 
ELASMOBRANCHII        

Dasyatidae Dasyatis pastinaca Common stingray 13700 180  150 900 

ACTINOPTERYGII        

Bothidae Arnoglossus laterna Mediterranean 
scaldfish 

3  150 8  

Bothidae Arnoglossus thori Thor's scaldfish 10 20  150  
Triglidae Aspitrigla cuculus Red gurnard      
Bleniidae Blennius ocellaris Butterfly blenny 3 40  20 15 
Sparidae Boops boops Bogue    30  
Bothidae Bothus podas Wide-eyed 

flounder 
790 210   10 

Dussumieriidae Dussumieria elopsoides Slender rainbow 
sardine 

3     

Serranidae Epinephelus aeneus White grouper    7000 4000 
Fistulariidae Fistularia commersonii Bluespotted 

cornetfish 
15     

Gobiidae Gobini cruentatus Red-mouthed 
goby 

  7   

Gobiidae Gobius niger Black goby   210 20 5 
Syngnathidae Hippocampus 

hippocampus 
Seahorse  5  5  

Triglidae Lepidotrigla cavillone     1460 10 
Gobiidae Lesueurigobius friesii Fries's goby   25   
Gobiidae Lesueurigobius suerii Lesueur's goby   2   
Centriscidae Macroramphosus 

scolopax 
Longspine 
snipefish 

  7  1620 

Merlucciidae Merluccius merluccius European hake      
Monacanthidae Stephanolepis diaspros  180 120   15 
Syngnathidae Syngnathus acus Greater pipefish 110 60   40 
Soleidae Microchirus variegatus Thickback sole 50 8    
Mullidae Mullus barbatus Red mullet   15 1150  
Mullidae Mullus surmuletus Surmullet 160   500 200 
Muraenidae Muranea helena Mediterranean 

moray 
200     

Sparidae Pagellus acarne Axillary seabream   180 10  
Sparidae Pagellus bogaraveo Blackspot 

seabream 
     

Sparidae Pagellus erythrinus Common pandora 1660 300  2350 1350 
Sparidae Pagrus pagrus Common 

seabream 
    800 

Blenniidae Parablennius tentacularis Tentacled blenny   4   
Polyprionidae Polyprion americanus Stonefish     110 
Scorpaenidae Pterois miles Devil firefish

  
7     

Scaridae Sparisoma cretense European 
parrotfish 

    440 

        
Scorpaenidae Scorpaena notata Small red 

scorpionfish 
320 30   200 

Scorpaenidae Scorpaena porcus Black scorpionfish   120  35 
Scorpaenidae Scorpaena scrofa Red scorpionfish 320 175   600 
Serranidae Serranus cabrilla Comber 1650 300 60 25 2000 
Serranidae Serranus hepatus Brown comber 260 110 2650 1040 5920 
Centracanthidae Spicara maena Blotched picarel     80 
Sparidae Spicara smaris Picarel   190 20 2020 
Labridae Symphodus cinereus      5 
Labridae Symphodus 

mediterraneus 
     8 

Labridae Symphodus rostratus      8 
Synodontidae Synodus saurus bluestripe 

lizardfish  
390 380 640 580 400 

Tetraodontidae Torquigener  380 220    
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flavimaculosus 
Triglidae Trigloporus lastoviza Streaked gurnard 100 100 100 480 40 

Carangidae Trachurus mediterraneus 
Mediterranean 
horse  

  10   

Zeidae Zeus faber John dory 440 80 120 5  

Number of species   22 17 17 19 26 
Total Biomass   20751 2338 4490 15003 20831 

CEPHALOPODA        
Loliginidae Alloteuthis media Midsize squid    15  
Octopodidae Eledone moschata Musky octopus 30     
Loliginidae Loligo vulgaris European squid   25 350 15 
Octopodidae Octopus vulgaris Common octopus 8 10   6200 
Sepiolidae Sapietta spp.   3    
Octopodidae Scaergus unicirrhus Unicorn octopus    10  
Sepiidae Sepia elegans Elegant cuttlefish   5   
Sepiidae Sepia officinalis Common 

cuttlefish 
  660 140 220 

Number of species   2 2 3 4 3 
Total Biomass   38 13 690 515 6435 

MALACOSTRACA        
Calappidae Calappa granulata     15  
Crangonidae Crangon crangon Brown shrimp 6  8   
Epialtidae Undefined  3 10 12 40 40 
Eriphiidae Eriphia verrucosa Yellow crab  5    
Homolidae Homola barbata  8 5 12   
Inachidae Inachinae  12 4 70 20 110 
Polybiidae Liocarcinus navigator Arch-fronted crab     3 
Polypiidae Liocarcinus depurator Blue-leg swimcrab   15  5 
Majidae Maja crispata Small spider crab    15 10 
Dorippidae Medorippe lanata        
Pagouridae Undefined   80  200  
Phronimidae Phronima sedentaria    4   
Carcinidae Portumnus latipes Pennant's 

swimming crab 
 4    

Scyllaridae Scyllarides latus Mediterranean 
slipper lobster 

 1    

Portunidae Thalamita poissonii    2   

Number of species   4 8 6 5 5 
Total Biomass   29 109 123 290 168 

ASTEROIDEA        
Undefined   120 2500 200 1000 180 

Number of species   1 1 1 1 1 
Total Biomass   120 2500 200 1000 180 

 
 

     

ECHINOIDEA        
Undefined   1500 1400 15 6000 120 

Number of species   1 1 1 1 1 
Total Biomass   1500 1400 15 6000 120 

REPTILIA        
Cheloniidae Chelonia mydas    Green sea turtle  22000   31000 
Cheloniidae Caretta caretta logerhead sea 

turtle 
    20500 

Number of species    1   2 
Total Abundance    22000   51500 

Overall number of species 30 30 28 30 30 
Overall Biomass   159129 153581 231986 22808 79234 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-3.2  

Fishing trial results 24 

4. References 

Anonymous, 1998. Campagne internationale de chalutage démersal en Méditerranée (MEDITS) : manuel 

des protocoles. Biologia marina Mediterranea, 5: 515-572. 

Bertrand, J.A., Gil de Sola, L., Papaconstantinou, C., Relini ,G. & Souplet, A., 2002. The general specifications 

of the MEDITS surveys. Scientia Marina, 66 (Suppl. 2): 9-17. 

Hannides C.C.S., Siokou, I., Zervoudaki, S., Frangoulis, C. & Lange, M.A., 2015. Mesozooplankton biomass 

and abundance in Cyprus coastal waters and comparison with the Aegean Sea (Eastern 

Mediterranean). Mediterranean Marine Science, 16 (2): 373-384. 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-3.2  

Fishing trial results 25 

5. Appendix 

 

ANNEX 1 

Areas for which permission was requested from the competent Greek authorities for sampling. 

A. Thermaikos Gulf 

Περιοχή Σημείο Φ Βόρεια λ Ανατολικά Βάθος (m) 

Νο.1 Α 40.5791 22.8971 30 

Β 40.5573 22.9328 30 

Γ 40.5432 22.8592 30 

Δ 40.5213 22.8949 30 

Νο.2 Ε 40.5034 22.7336 25 

ΣΤ 40.4770 22.7613 25 

Η 40.4383 22.6980 25 

Ζ 40.4647 22.6704 25 

Νο.3 Θ 40.3565 22.7403 50 

Ι 40.3887 22.7735 50 

Κ 40.2809 22.8654 50 

Λ 40.3131 22.8986 50 

Νο.4 Μ 40.2886 23.0637 50 

Ν 40.2879 23.1088 50 

Ξ 40.2135 23.0616 70 

Ο 40.2128 23.1067 70 

Νο.5 Π 40.2142 22.8774 70 

Ρ 40.2164 22.9143 70 

Σ 40.1571 22.8830 75 

Τ 40.1592 22.9199 75 

Νο.6 Υ 40.0194 23.1557 85 

Χ 40.0196 23.1945 85 

Ψ 39.9622 23.1564 100 

Ω 39.9624 23.1952 100 
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B. Pagasitikos Gulf 

Περιοχή Σημείο Φ Βόρεια λ Ανατολικά Βάθος (m) 

Νο.1 Α 39.3224 22.9780 40 

Β 39.3423 22.9941 40 

Γ 39.2567 23.1123 90 

Δ 39.2765 23.1283 65 

Νο.2 Ε 39.2912 22.9137 30 

ΣΤ 39.2623 22.9616 80 

Ζ 39.2264 22.8491 25 

Η 39.1976 22.8970 50 

Νο.3 Θ 39.1365 22.9831 75 

Ι 39.1526 23.0228 75 

Κ 39.0510 23.0402 75 

Λ 39.0671 23.0799 75 

Νο.4 Μ 39.2328 23.0145 90 

Ν 39.2544 23.1437 90 

Ξ 39.1999 23.0237 90 

Ο 39.2215 23.1528 90 
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C. Sporades Islands 

Περιοχή Σημείο Φ Βόρεια λ Ανατολικά Βάθος (m) 

Νο.1 Α 39.4545 23.9028 1000 

Β 39.4554 23.9507 1000 

Δ 39.3772 23.9532 1000 

Γ 39.3763 23.9054 1000 

Νο.2 Θ 39.4190 24.2483 300 

Ι 39.3898 24.3084 300 

Λ 39.2060 24.1605 400 

Κ 39.2352 24.1005 300 

Νο.3 Ε 39.4434 24.1312 200 

ΣΤ 39.4345 24.1606 100 

Η 39.3654 24.1257 100 

Ζ 39.3744 24.0964 125 

Νο.4 Μ 39.3322 24.3403 100 

Ν 39.3603 24.3626 250 

Ο 39.3085 24.4707 300 

Ξ 39.2804 24.4484 200 
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ANNEX II 

Length Frequency Distributions 

Pagassitikos Gulf 

Length-frequency distributions for the target as well as the most abundant fish and invertebrate species 

that were caught during trawl sampling in Pagassitikos Gulf. 
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Sporades 

Length-frequency distributions for the target as well as the most abundant fish and invertebrate species 

that were caught during trawl sampling in Sporades. 
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Thermaikos Gulf 

Length-frequency distributions for the target as well as the most abundant fish and invertebrate species 

that were caught during trawl sampling in Thermaikos Gulf. 
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Cyprus 

Length-frequency distributions for the target as well as the most abundant fish and invertebrate species 

that were caught during trawl sampling in Cyprus. 

 

 

 

0

5

10

15

20

25

30

65 75 85 95 105

P
er

ce
n

ta
ge

TL_mm

Lepidotrigla cavillone

CY-4

 

 

 

0

5

10

15

20

25

30

35

80 90 100 110

P
er

ce
n

ta
ge

TL_mm

Macroramphosus scolopax

CY-5

 

 

 

 

 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-3.2  

Fishing trial results 45 

 

 

 

 

 



PROTOMEDEA – PROTecting MEDiterranean EAst      D-1.7 

3
rd

 Interim Report   

4.7 Annex VII: D-4.1 



  
 
 
 
 
 
 

 
 
 

 
 

WP 4: Planning a network of MPAs 

 

 

D – 4.1: Assessment of the total value of essential goods and important ecosystem 

services 

 
 
 

 
 

 
European Union 
Directorate-General for Maritime Affairs and 
Fisheries 
Grant Agreement n. MARE/2014/41 [SI2.721917] 
 
 

 
 
 
 

 
Call for proposal  

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

Mediterranean waters   
Ref. MARE/2014/ 



                

                                                       

 
 
Deliverable Title: Assessment of the total value of essential goods and important ecosystem 
services 
 
Deliverable ID:  4.1 

 
 
 

Responsible Authors Date Approved 
Vassiliki Vassilopoulou, 
HCMR 
 

Mavra Stithou (HCMR) 
Vassiliki Vassilopoulou (HCMR)  
Eleni Gadolou (HCMR) 
Euripides Papadopoulos (HCMR) 
 
 

 15/10/2017 V. Vassilopoulou 
 

 
 
 

Document ref. Contents Status 

Work package:  4 Pages: 35 Approved 

Task / subtask: 4.1 Tables: 10 

Keywords: Food provision, recreation, cultural 
services  

Figures: 8 

Annexes:  

 
 
 
 
 
 
 
 
 
 
ACKNOWLEDGEMENT  
The work described in this report was supported by the European Commission – DG MARE - through the 
Grant Agreement SI2.721917, corresponding to the Call for proposal MARE/2014/41 Marine protected 
areas: network(s) for enhancement of sustainable fisheries in EU Mediterranean waters   
Ref. MARE/2014/41    
 
 
DISCLAIMER  
This document reflects only the authors’ views and not those of the European Commission. This work may 
rely on data from sources external to the PROTOMEDEA project Consortium. Members of the Consortium do 
not accept liability for loss or damage suffered by any third party as a result of errors or inaccuracies in such 
data. The user thereof uses the information at its sole risk and neither the European Commission nor any 
member of the PROTOMEDEA Consortium is liable for any use that may be made of the information. 



 

 

  
 

 
 
 
 
 

Lead Partner 
HELLENIC CENTRE FOR MARINE RESEARCH (HCMR) 

  
Institutional partners 

University of Aegean (UAegean) 
Aristotle University of Thessaloniki (AUTH) 

Management Body of the National Marine Park of Alonissos Northern Sporades (NMPANS) 
National Council of Researchers (CNR) 

Enalia Physis Environmental Research Center (ENALIA) 
University of Cyprus (UCY)

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
The programme is co -financed by the European 
Union – DG MARE.  

 
 
 
 

  
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 
 

Call for proposal 
 Marine Protected Areas: network(s) for 

enhancement of sustainable fisheries in EU 
Mediterranean waters   

Ref. MARE/2014/ 41    



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean  D-4.1 

 

 

Contents 

1. Introduction ..................................................................................................................................... 1 

2. Conceptual frameworks and marine management ......................................................................... 1 

3. Overview of ecosystem services rendered by important habitats / species ................................... 7 

3.1 Food provision ......................................................................................................................................... 7 

3.2. Recreational fishing .............................................................................................................................. 19 

3.3 Socio-cultural issues .............................................................................................................................. 24 

4. Conclusions .................................................................................................................................... 30 

5. References ...................................................................................................................................... 31 

 

 

  



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean   D- 4.1 

Assessment of the total value of essential goods and important ecosystem services  1 

1. Introduction 

The coastal environment generates a large number of ecosystem services (ES) (e.g., provisioning, 

regulating, cultural) and major marine and coastal habitat types and their links with ES are documented in 

the literature. For example, food provision which is a special focus of this deliverable is linked to seagrass 

meadow, coral reef, macroalgal bed, unconsolidated sediments, open ocean/pelagic, coastal wetland, 

beach and dunes, mangrove, oyster reef (Drakou et al. 2017). In particular, the seagrasses Posidonia 

oceanica and Cymodocea nodosa and forests of the macroalgae Cystoseira are critical habitats and 

important nursery grounds for many fish and invertebrate species (Giakoumi et al. 2011). Hence, sites 

providing suitable reproductive habitat and nursery grounds contribute to the provision of food and 

maintenance of fisheries, which although might have a small contribution to the gross domestic product 

(GDP) might be of socio-economic importance particularly in coastal, traditionally fisheries-dependent 

areas (e.g., Aegean region). 

Destructive anthropogenic pressures on important Mediterranean habitats such as fishing practices 

(Boudouresque et al. 2006; Vlachopoulou et al. 2013), coastal eutrophication, invasive species such as 

Caulerpa racemosa and C. taxifolia that colonize P. oceanica  facilitated by transferring from fishing boats 

and other vessels (M.E.E.C.C. 2012), and also rising sea temperature (Theocharis 2008), contribute to the 

ecological decline of important benthic habitats and hence to the loss of associated benefits in the Eastern 

Mediterranean. In the Mediterranean, trawl fishing is prohibited on sensitive habitats (coralligenous, 

Posidonia oceanica meadows, maerl beds) and in areas closer than 1.5 nm from the coast and shallower 

than 50 m depth (European Commission 2006), as these are considered valuable ecosystems and possible 

nursery grounds of coastal species.  It also noted that the maintenance (‘no significant change’) of the area 

occupied by seagrass (Posidonia oceanica) meadows has been chosen as a criterion for the maintenance or 

achievement of good environmental status (GES) in the Greek initial characterization report (M.E.E.C.C. 

2012) following MSFD (Marine Strategy Framework Directive) requirements (EC 2008).  

Although, habitats in the Mediterranean are also related to other ES apart from being important nursery 

grounds for fish, the focus of deliverables within Task 4.1 is mainly on services related to food provision, 

opportunities for recreational fishing and other cultural services that often occur together with seafood 

provisioning such as cultural heritage, identity and creation of social relations (Fletcher et al. 2014). 

Possibilities for integrating such information into MARXAN will be explored at a second stage. It is also 

noted that the aim of Task 4.1 is to present preliminary results at high level in order to improve our 

knowledge and raise awareness about the importance of essential fish habitats, nursery grounds and 

species, while highlighting the need for further primary research, by identifying related gaps and 

challenges, that will enable effective decision-making. Finally, working jointly with Task 4.4, an attempt was 

made to explore further the benefits of these ecosystem services by eliciting stakeholders’ perceptions with 

regards to the role of marine protected areas as enablers of these ES. It is noted that stakeholders’ 

perception has been previously used as an indicator of benefit (Liquete et al. 2013). Results are presented 

in Deliverable 4.6 and are omitted here to avoid repetition. 

2. Conceptual frameworks and marine management     

In Europe, marine management in the context of MSP (maritime spatial planning) and MSFD calls for the 

adoption of the ecosystem approach and several efforts have been made to create theoretical frameworks 

of integrating it at national, regional and international scales. In this context, ES seem to offer a suitable 

framework for analysis and a useful analytical and communications tool for marine planning and 
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management by connecting science on ecosystem processes and functions to changes in human welfare 

(Bohnke-Henrichs et al. 2013).  

The link between social and ecological components is demonstrated thought the “pressure–state–impacts–

response” framework of analysis (Turner 2000). In Figure 1 it is presented through drivers of change, 

including management measures/options, environmental, demographic, economic, socio-political, 

technological and behavioral factors impacting upon ES, which is translated to impacts on good(s) and 

therefore, changes in human well-being (Mace et al. 2011).  The latter includes a spectrum of values 

economic, health and shared. 

 

 

Figure 1. Conceptual framework of ecosystem services (Mace et al. 2011) 

 

However, understanding and assessing the impact of human activities on the environment requires prior 

knowledge of the system that is the relationship between human activities and natural processes, habitats 

and their ES. Building a ‘conceptual’ diagram, like in Figure 2 provides managers and stakeholders with an 

overall vision of the system, while the participation of the latter in constructing the diagram can help to 

build and share a common understanding of the ecosystem (Herry et al. 2014). In addition, this framework 

helps identifying the cost of degradation defined as ‘the reduction in the provision of ecosystem services 

compared to another state’ of the marine ecosystem (WGES 2010). 

 

 

Figure 2. Conceptual diagram of the links between the environment and the human activities. Example of 

information categories that can be included in the diagram (Herry et al. 2014) 
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Marine ES range from the provision of fish and aggregates, through regulation of the planet’s climate and 

protection of our coastlines, offering a setting for recreation, cultural and spiritual experiences. 

In particular, Posidonia meadows a seagrass species endemic to the Mediterranean Sea provide several ES 

which are translated to goods and benefits contributing to human welfare. For instance, Posidonia provide 

an essential habitat contributing to food provision and opportunities for recreational fishing, leaves are 

used as material, it contributes to wastewater treatment, protection from coastal erosion, carbon 

sequestration etc (Duarte 2000; Campagne et al. 2015; Jackson et al. 2015; Lamb et al. 2017). In addition, 

meadows contributes indirectly through fish production to local traditional fisheries communities by 

sustaining livelihoods through the creation of revenue, employment, food security especially were 

alternative employment and income resources are limited. In addition, these traditional fisheries 

communities contribute to cultural heritage, seascape, sense of place and identity. Overall, although ES 

related to benthic habitats have been identified at some degree,  attempts to quantify these ES are still 

needed in order to estimate their full economic value. 

Focusing on the demand side of ES, values of goods and services (e.g., fish) have been considered in the 

total economic value framework (TEV) that takes into account both the use and non-use values individuals 

and society gain or lose from marginal changes in ES (Defra 2007).  Hence, following the TEV framework use 

values may include direct value (e.g., food), indirect (e.g., climate regulation) and option value related to 

potential future use (Table 1, Figure 3). Non-use values include the value of conserving a habitat for future 

generations ('bequest value') and due to the satisfaction that it exists, without the intention of using it 

('existence value'). Table 1 presents examples of ES (without being exhaustive) related to Posidonia through 

the TEV framework, including three broad categories of services, that is provisioning, regulating and 

maintenance and cultural services. Nevertheless, it is noted that the interdependence of the individual 

categories and the overall value of the environment should not be underestimated (Beaumont et al. 2006). 

Table 1. Classification of examples of ecosystem services of Posidonia oceanica through the total 

economic value (TEV) framework  

Ecosystem services  TEV/Anthropocentric (instrumental) values 

   Use values Non-use values 

 Indicative goods/ 

benefits 

Direct 

value 

Indirect 

value  

Option 

value 

Bequest 

value 

Existence 

value 

Provisioning 

services 

      

Migratory and 

nursery habitat  

Food provision  

(commercial, subsistence) 

 

     

     

Biotic materials and 

biofuels / Raw 

materials 

 

Mainly compost, while 

potential uses include 

roof insulation, bedding, 

ecotourist/ornamental 

use etc 

     

Human & physical 

capital 
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Regulating & 

maintenance 

services 

      

Coastal protection 

against erosion 

-Avoided loss of property 

(households, businesses), 

terrestrial ecosystems 

(e.g., sand dunes) 

-Reduced cost of coastal 

protection measures 

against erosion (cost of 

hard vs soft defense, 

maintenance costs of 

e.g., beach profile) 

     

Climate regulation 

through carbon 

sequestration 

Reduced damages from 

climate change  

     

Waste treatment 

  

Water clarity for 

recreational use, reduce 

exposure to bacterial 

pathogens 

     

Biological regulation  Lifecycle maintenance 

(support bathypelagic 

fisheries&other 

organisms through 

biomass exportation to 

aphotic zone), reduced 

cost to eradicate 

infestations  

     

Cultural services       

Recreation  Recreational fishing, 

spearfishing, scuba-diving 

     

Education & 

research 

Knowledge & research 

contribution 
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Sustain local fishing 

traditional 

communities  

Create a sense of place 

and identity, social 

cohesion. Traditional 

fishing communities 

contribute to cultural 

heritage, seascape 

     

       

Symbolic & 

inspiration effect 

Endemic, symbolic 

habitats representative of 

the Mediterranean 

(contribution to natural 

heritage), inspiration for 

arts (e.g., underwater 

wildlife photography) 

     

Notes:  Intensity of color suggests the strength of association between the types of value and 

ecosystems services. Blank suggests no association. 

Sources: Elaborated mainly based on Duarte (2000); Barbier et al. (2011); Liquete et al. (2013); Turner 

et al. (2014); Hattam et al. (2015); Dr. Panagiotidis (HCMR) (expert judgement, personal 

communication); Lamb et al. (2017) 

 

 

Following the concept of the TEV framework, values can be estimated using economic methods, including 

benefit transfer (Figure 3).  However, in a broader context it is noted that monetary valuation may not be 

always appropriate for specific ES and benefits e.g.,  subtler shared/social senses of value (e.g., cultural 

identity) (Kenter et al. 2015). Moving on from monetary valuation, socio-cultural valuation can reveal 

additional aspects of importance that are not captured in markets, which may occur when a provisioning 

service is strongly linked to one or more of the cultural ES (Value of Nature to Canadians Study Taskforce 

2017). Especially in the case of the Aegean Sea, fish provision could be seen as an intermediate service that 

contributes to cultural services such as aesthetic experience, sense of place, community identity.  
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Figure 3. Marine ecosystem services through the Total Economic Value (TEV) framework and approaches 

for valuation. Source: Stithou (2017) 

 

Figure 4 organizes many common ‘non-monetary valuation’ (NMV) techniques in a structure conceptually 

similar to TEV and demonstrates the range of approaches in relation to the type of data and process 

involved in generating it. Finally, it is noted that apart from anthropocentric values the notion of non-

anthropocentric values exists, according to which the marine environment has value in itself irrespective of 

the valuation of valuers (Figure 3). Regarding methods and tools used to obtain metrics for assessing ES, 

Pendleton et al. (2015, p. 186) note that: “The method chosen will depend on the aim of the assessment, 

the stage of the management process it is intended to support, and the degree to which stakeholders and 

decision-makers trust the results of different methodologies.” Finally, Liquete et al. (2013) offer a 

classification of marine and coastal ES as well as a summary of existing scientific literature related to these 

ES with the aim of extracting and classifying indicators used to assess and map them, while differentiating 

across capacity, flow and benefit. 
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Figure 4. Socio-cultural (non-economic) valuation techniques according to methodological similarities in 

data collection. Source: Value of Nature to Canadians Study Taskforce (2017) 

 

3. Overview of ecosystem services rendered by important habitats / species 

3.1 Food provision 

Important sites providing suitable reproductive habitat and nursery grounds contribute to food provision 

that is fish which is a significant part of the human diet. Furthermore, important marine habitats contribute 

indirectly through fish production to the maintenance of local traditional coastal communities related to 

socio-cultural values (see sub-section 3.3). 

Fishing sector in both countries Greece and Cyprus is mainly characterised by  small scale fleet, 94% and 

96%  respectively (STECF 2016). In 2014, the Greek fishing fleet comprised 15 693 vessels and total 

employment in the sector was estimated at 23 232 jobs corresponding to 20 780 FTEs in 2014, while the 

small-scale fleet (mainly family-owned) employed a total of 15 782 FTEs, thus contributing 76% of the total 

national employment in the sector (STECF 2016). On the other hand, the bottom trawl segment includes 

around 2% of the Greek fishing fleet and employs 7.8% of the total, national, FTEs, while the purse seiner 

segment equals to 2% of the Greek fishing fleet and employs 12.5% of the total national FTEs (STECF 2016). 

Table 2 offers an overview of the sector in the country demonstrating also the high value associated with 

the catch of the small scale fisheries segment  (EL.STAT 2015). 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean   D- 4.1 

Assessment of the total value of essential goods and important ecosystem services  8 

 

Table 2. Average annual employment, quantity and value of catch by type of fishing gear, 2015 

(ELSTAT 2015) 

Type of fishing gear Employees 
 Quantity of catch 

(tons) 

Value of catch 

(thousand €) 

Total 10,819 64,235.6 207,534.2 

Overseas fishery / Trawlers  74 725.6 2,578.2 

Open sea fishery / Trawlers 939 16,385.3 61,580.4 

Open sea fishery / Purse seiners 1,424 26,309.8 47,714.0 

Inshore fishery / Seiners 281 907.6 2,904.6 

Inshore fishery / Other fishing gears 8,101 19,907.3 92,757.0 

Percentile total    100.0 100.0 100.0 

Overseas fishery / Trawlers  0.7 1.1 1.2 

Open sea fishery / Trawlers 8.7 25.5 29.7 

Open sea fishery / Purse seiners   13.1 41.0 23.0 

Inshore fishery / Seiners 2.6 1.4 1.4 

Inshore fishery / Other fishing gears 74.9 31.0 44.7 

 

Although the above table presents results at national scale, the share of all catches in the case study area of 

Aegean to the total quantity of catch was about 86.55% (ELSTAT 2015) demonstrating its relative 

importance. Furthermore, following country’s technical report submitted for the implementation of MSFD 

(M.E.E.C.C. 2012), in 2012 the Greek fleet was composed by 16,332 professional vessels including different 

fishing gears of which 13,336 were located in the Aegean Sea showing the significant contribution of the 

area. During 2008, in accordance to the National Fisheries Data Collection Program, the produced amounts, 

the value of production as well as the added value regarding Aegean were 94,270,758.74 kg, 

486,576,744.48€ and 21,833,348.27€ respectively, while the employment of the sector (directly employed) 

were 30,376 staff (Aegean) (M.E.E.C.C. 2012).   

Regarding the Cypriot fishing fleet the three main activities include (i) the passive polyvalent gears fishing 

demersal species (basically exercised by the inshore small scale fleet) (ii) the drifting longlines targeting 

large pelagic fish, and (iii) the bottom otter trawl targeting demersal species (Cyprus National Data 

Collection Programme 2015). The capacity of the Cypriot national fleet, which operates solely in the 

Mediterranean Sea, numbered 854 vessels (of which 827 belonged to small scale fisheries) in 2014 (STECF 

2016). Regarding fishing areas,  it is noted that during 2015, from the 7 trawlers that received a fishing 

license, 2 had license for fishing both in territorial and international waters, and the remaining 5 for fishing 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean   D- 4.1 

Assessment of the total value of essential goods and important ecosystem services  9 

only in international waters (Cyprus National Data Collection Programme 2015). Regarding the vessels using 

Polyvalent ‘passive’ gears, these range actually from 12-26m and are engaged in two fisheries; mainly in the 

large pelagic fishery using drifting longlines and operating around Cyprus waters and the eastern 

Mediterranean (targeting swordfish, bluefin tuna and albacore), but also in the inshore demersal fishery 

using mostly set nets and set longlines (Cyprus National Data Collection Programme 2015). According to the 

same source, during 2015 25 vessels of this segment received license; In addition, 3 non-exclusive trawlers 

and also the purse seiner received license for operating in the large pelagic fishery with drifting longlines. 

Inshore fisheries value was estimated at €4,352,000 (566 tons) and trawl fishery at €3,127,000 (682 tons) in 

2014 (Republic of Cyprus 2014). Employment was estimated at 1 219 jobs in 2014, corresponding to 729 

FTEs (615.7 small scale, 113 large scale) (STECF 2016). Table 3 presents the most recent values of catch by 

fishing year. 

Table 3. Value of catch (€) by type of fishing gear, 2015 (Cyprus official DCF 2015) 

Total 7,556,807 

Inshore fishery less than 6m (Categories Α/Β) 274,628 

Inshore fishery 6-12m (Categories Α/Β) 3,884,096 

Inshore fishery less than 6m Category C 326,526 

Inshore fishery 6-12m Category C 67,829 

Vessels using polyvalent passive gears only, 12 - 18m 1,521,231 

Trawl fishery 1,482,497 

 

Food provision, in particular fisheries, is the most extensively analyzed marine and coastal ES (Liquete et al. 

2013). In the context of ecosystem service valuation, a variety of methods are applied to estimate the 

economic value of the nursery function. These include direct market pricing, factor income/production 

function, avoided cost, replacement cost, contingent valuation, value transfer of willingness to pay, 

integrated approaches linking biologic with economic models (as reviewed in de Groot et al. 2012, Liquete 

et al. 2013 and Liquete et al. 2016). In the following paragraphs only a few cases are presented.  

de Groot et al. (2012) give an overview of the value of ecosystem services of 10 main biomes expressed in 

monetary units. In total, over 320 publications were screened covering over 300 case study locations. The 

authors present averages of the values found for a particular service and biome. Regarding nursery service 

of coastal ecosystems, a value of 194 Int.$/ha/year in 2007 price levels is estimated  (based on 3 estimates), 

where nursery serivce is categorised as a habitat service. In addition, a mean value of 2.384 Int.$/ha/year in 

2007 price levels (based on 12 estimates) is estimated for food provision by the same biotope. Coastal 

systems include estuaries, continental shelf area and seagrass, but exclude wetlands like tidal marsh, 

mangroves and salt water wetlands. 

Campagne et al. (2015) in France based their analysis by identifying species associated to Posidonia at least 

once in their life, using the quantities fished in the study area, the area of P. oceanica meadows which is 

included in the fishing area and the selling price per quantities (which depends on species) in 2010 at the 

Auction of Sète (France). This approach estimated a value of 32.85 €/ha in 2010 (3,285 €/km2) to the 
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contribution of P. oceanica meadows in the production of fishery resources. Jackson et al. (2015) argue that 

this approch overestimates the contribution of a habitiat to the provision of the service. The authors in 

their analysis estimate that seagrass meadows are worth about €78 M every year to commercial fishing in 

the Mediterranean using a seagrass residency index per species based  on the time spent at different stages 

in their life cyrcle (compared to other habitats) to apportion landings. Average annual landings values for 

the years 2006–2008 were calculated for each species. 

Tuya et al. 2014 aimed to determine the economic value of C. nodosa seagrass meadows for local fisheries 

at the oceanic island of Gran Canaria. Two approaches were adopted. Firstly, they estimated the biomass 

(per area and year) of large-sized (mainly adult and sub-adult) fish populations inhabiting seagrass 

meadows, particularly that accounted by commercially-targeted species. Secondly, they estimated the 

annual production of juvenile fishes of commercial species. The authors provided a monetary value by 

transforming biomasses and production rates into their corresponding financial value per area (ha) and 

year. The first approach estimated that the monetary value of this biomass averaged 866 € per ha; at the 

island-scale, this value added up to 606, 239 €, when considering the area covered by C. nodosa. Estimates 

of secondary production revealed that this fish production monetarily averaged 95.75 € per ha per year 

when considering standard market prices; this value added up to 67, 030.30 € per year at the island-scale, 

when considering the area covered by C. nodosa. 

Within Protomedea, the scientific modelling in D 2.3 allowed identification of areas in Aegean case study, 

where higher probability of suitable environmental conditions exist for nurseries (Engraulis encrasicolus, 

Sardina pilchardus, Trachurus trachurus) or spawning grounds (Sardinella aurita) (small pelagic fish) and 

Merluccius merluccius, Parapenaeus longirostris, Illex coindetti, and Eledone cirrhosa, and Mullus barbatus 

(demersal fish). Regarding Cyprus nursery grounds of demersal fish Mullus barbatus, Mullus surmuletus, 

Pagellus erythrinus, Upeneus spp., were also defined. Table 4 presents data provided by countries’ 

statistical authorities (personal communication) on quantity and value of catch for the above species that 

could be used as an indicator of flow (Liquete et al. 2013) and benefit (Liquete et al. 2013; Hattam et al. 

2015) respectively related to the provisioning service of wild capture sea food.  

Table 4. Food provision – wild capture sea food: quantity and value of catch by species in the case study 

areas, 2015 

Aegean case study*  Quantity 

(tons) 

Value of catch 

(€)  

Small pelagic fish     

Engraulis 

encrasicolus 

European anchovy Γαύρος  12,962.3 19,443,480.3 

Sardina pilchardus European pilchard 

(=Sardine) 

Σαρδέλα  7,059.0 14,118,035.6 

Trachurus 

trachurus 

Atlantic horse mackerel Σαφρίδι 

 

1,151.7 

 

1,727,513.5 

 

Sardinella aurita Round sardinella  Φρίσσα 1,016.3 1,016,265.4 

Demersal fish     

http://www.fishbase.org/ComNames/CommonNameSummary.php?autoctr=249338
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Merluccius 

merluccius 

European hake Μπακαλιάρος  2,738.0 19,394,001.7 

Mullus surmuletus Striped red mullet  Μπαρμπούνι 927.7 11,132,079.6 

Nephrops 

norvegicus 

Norway lobster Καραβίδα 254.5 2,757,202.6 

Parapenaeus 

longirostris 

Deep-water rose shrimp Γαρίδες κοινές ροζ 

(μικρές) 

745.5 3,541,000.0 

Illex coindetti Broadtail shortfin squid Θράψαλo 1,329.4 2,769,595.4 

Eledone cirrosa Horned octopus Μοσχιός  319.1 771,124.9 

Mullus barbatus (Red) Mullet Κουτσομούρα 1,359.3 10,307,859.8 

   29,862.7 86,978,159.2 

Cyprus case study**     

Mullus barbatus Red Mullet Στρίλια   35.9 535,355.8 

Mullus surmuletus Surmullet  Μπαρμπούνι 53.8 948,680.9 

Pagellus erythrinus Common pandora Λυθρίνι 15.5 137,921.4 

Upeneus spp Goatfishes Είδος 

τουρκομπάρμπουνου 

NA NA 

   105.2 1,621,958.16 

* (i) Data from country’s statistical survey on sea fishing (ELSTAT, 2015-personal communication). Data is 

only for motorized fishing vessels with a horsepower of 20 HP or more (ii) For the calculation of the unit 

value (average price per ton) of catches no distinction is made between the Aegean and the Ionian 

** Data from country’s Data Collection Framework on sea fishing (Cyprus official DCF 2015-personal 

communication) 

Table 4 highlights the relative economic importance of species such as European anchovy, sardine, mullets 

and especially hake, their contribution to the country’s total value of catch for all species reported (about 

42% and 21% regarding Aegean and Cyprus respectively) and hence the potential economic value of 

habitats that support these species. Therefore, it is likely that any decline in habitats’ quality or extent will 

affect the above values. 

Furthermore, data provided by the Hellenic Statistical Authority allowed to explore catches and values by 

fishing area (Table 5), regarding the above species revealing for example the overall importance of North 

and Central Aegean region compared to the South. It is also noted that in D2.3  preferential nursery areas 

for anchovy, sardine and horse mackerel were identified along the coastal waters of Thracian Sea, around 

the island of Limnos, the inner part of Thermaikos Gulf as well as areas in the North and South Evoikos 

Gulfs. Habitat areas over the Cyclades plateau were also identified, presenting different extent depending 

http://www.fishbase.org/ComNames/CommonNameSummary.php?autoctr=248984
http://www.fishbase.org/ComNames/CommonNameSummary.php?autoctr=249019
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on the species. Furthermore, D 2.4 aggregated hot spots showed that the highest number of commercial 

species, in terms of presence and high fishing effort values, were found in the northern and north-western 

Aegean Sea and close to the islands located in the central-eastern and central-western part of the Aegean 

Sea. 
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Table 5. Quantity (tons) and value (€) of catch per species and fishing area, 2015, (ELSTAT 2015-personal communication) 

Aegean case 
study* 

Argolid& 
Saronic 
Gulfs 

 

Gulfs of 
South& 
North 
Euboikos 

Pagasetic 
Gulf 

East coast 
of Euboea 
& 
Sporades 
Islands  

Gulf of 
Thermaikos
&Halkidiki 

Gulfs of 

Strymonikos
&Kavala, 
coasts of 
Thassos & 
Thracian Sea 

Lesvos, 
Chios, 
Samos 
&Ikaria 
islands 

Dodecanese 
islands 

Cyclades 
islands 

 

Total 

Small pelagic 
fish 

          

Engraulis 
encrasicolus/ 

Γαύρος 

383.9 

 

 

1,664.0 

 

145.7 

 

449.3 

 

2,344.8 

 

7,725.9 169.2 53.4 26.2 12,962.3 

 

 €575,871.3 €2,495,980 €218,490 €673,932.6 €3,517,173 €11,588,851 €253,838.6 €80,055 €39,288.75 €19,443,480.3 

Sardina 
pilchardus/ 
Σαρδέλλα 

849.6 788.6 62.6 99.0 1,252.6 3,780.9 99.9 71.4 54.4 7,059.0 

 €1,699,268 €1,577,128 €125,216 €197,930.8 €2,505,287 €7,561,732 €199,851.4 €142,872.4 €108,750 €14,118,035.6 

Trachurus 
trachurus/ 
Σαφρίδι 

267.6 222.3 11.5 33.5 201.1 287.3 50.3 11.1 66.9 1,151.7 

 

 €401,369.6 €333,478.5 €17,277 €50,291.4 €301,698.5 €430,927.1 €75,383.25 €16,669.2 €100,419.2 €1,727,513.5 

Sardinella 
aurita/Φρίσσα 

376.8 92.3 4.6 10.1 297.4 183.5 8.9 26.7 15.9 1,016.3 

 €376,815.3 €92,274.6 €4,615 €10,125.6 €297,434 €183,497.6 €8,871.1 €26,740.5 €15,891.7 €1,016,265.4 

Demersal fish           

http://www.fishbase.org/ComNames/CommonNameSummary.php?autoctr=249338
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Merluccius 
merluccius/ 

Μπακαλιάρος 

281.3 209.8 26.9 67.3 407.4 1,389.1 183.2 32.7 140.4 2,738.0 

 €1,992,811 €1,486,066 €190,344.6 €476,801 €2,885,663 €9,839,117 €1,297,418 €231,326.4 €994,454.9 €19,394,001.7 

Mullus 
surmuletus/ 
Μπαρμπούνι 

112.6 116.4 2.4 18.1 93.5 251.5 102.3 102.4 128.5 927.7 

 €1,351,504 €1,396,466 €28,323.6 €217,390.8 €1,121,850 €3,018,198 €1,227,724 €1,229,075 €1,541,549 €11,132,079.6 

Nephrops 
norvegicus/ 
Καραβίδα 

21.4 75.6 7.8 10.7 83.6 43.4 4.8 1.3 6.0 254.5 

 €231,354.9 €819,075.5 €84,143.32 €115,567.5 €905,412.5 €470,391.6 €52,102.76 €14,523.12 €64,631.47 €2,757,202.6 

Parapenaeus 
longirostris/ 
Γαρίδες κοινές 
ροζ (μικρές) 

177.2 82.7 6.5 37.1 79.1 240.5 71.8 26.9 23.7 745.5 

 €841,767.9 €392,637.9 €30,875 €176,242.1 €375,778.2 €1,142,459 €341,245.7 €127,588.8 €112,405.4 €3,541,000.0 

Illex coindetti/ 

Θράψαλo 

180.7 163.0 7.0 42.4 156.7 530.4 111.3 7.8 130.1 1,329.4 

 €376,487.1 €339,586.4 €14,593.31 €88,343.3 €326,476.9 €1,104,949 €231,922.7 €16,284.11 €270,952.7 €2,769,595.4 

Eledone 
cirrosa/ 

Μοσχιός 

6.4 8.2   2.1 26.3 238.6 17.0 12.4 8.2 319.1 

 €15,429.18 €19,779 0 €4,954.23 €63,484.05 €576,543.7 €40,992.07 €30,012.76 €19,930.04 €771,124.9 

http://www.fishbase.org/ComNames/CommonNameSummary.php?autoctr=248984


PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean   D- 4.1 

Assessment of the total value of essential goods and important ecosystem services  15 

Mullus 
barbatus/ 

Κουτσομούρα 

112.1 134.2 8.0 18.0 198.9 522.5 185.5 137.6 42.6 1,359.3 

 €849,995.4 €1,017,384 €60,311.5 €136,485.8 €1,508,053 €3,962,448 €1,406,469 €1,043,698 €323,015.2 €10,307,859.8 

Total (tons) 2,769.7 3,556.9 282.9 787.6 5,141.4 15,193.5 1,004.2 483.8 642.8 29,862.7 

Total (value) €8,712,673 €9,969,856 €774,189.3 €2,148,065 €13,808,311 €39,879,113 €5,135,819 €2,958,845 €3,591,288 €86,978,159.2 

* (i) Data from country’s statistical survey on sea fishing (ELSTAT 2015-personal communication). Data is only for motorized fishing vessels with a horsepower of 20 
HP or more (ii) For the calculation of the unit value (average price per ton) of catches no distinction is made between the Aegean and the Ionian 

 

 

 

 

 

 

 

 

 

 

 

http://www.fishbase.org/ComNames/CommonNameSummary.php?autoctr=249019
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Table 6  although at national level and a snap-shot view gives a further insight of the association of fisheries 

per species, since the majority of these is caught in the case study area. For example, it is highlighted hake’s 

contribution to open sea and inshore fisheries, while trawlers’ and purse seiners target species such as for 

example pink shrimp and sardine respectively. Following FAO (2006) the Aegean fisheries are characterized 

by multi-species composition and the main species caught are anchovy, sardine, hake, flounder, sea 

breams, wrasse, scorpion fish, pandora, anglerfish, horse mackerel, skate, lobsters, pink and brown 

shrimps, red mullet, octopus and squids. The main catch of the coastal fleet is the brown shrimp during 

spring and early summer, cuttlefish and octopus in the winter, while for purse seiners is anchovy and 

sardine. Trawlers in the winter catch mainly red mullet, hake, octopus, prawn, shrimp and crayfish (FAO 

2006). 

Table 6. Quantity of catch in tonnes, category of fishery and type of fishing gear, 2015 (ELSTAT 2015)  

Species of 

catch 

Total Trawlers 

(overseas 

fishery) 

Total open 

sea and 

inshore 

fishery 

Trawlers 

(open sea 

fishery) 

Purse 

seiners 

(open sea 

fishery) 

Seiners 

(inshore 

fishery) 

Other 

(inshore 

fishery) 

Small 

pelagic 

       

European 

anchovy 

13,514.9 

(21%) 

0.0 13,514.9 417.2 12,141.7 29.1 926.9 

European 

pilchard 

(=Sardine) 

7,953.0 

(12%) 

0.0 7,953.0 993.9 5,937.4 58.3 963.3 

Jack and 

horse 

mackerels 

1,451.8 

(2.2%) 

0.0 1,451.8 484.7 639.4 6.6 321.1 

Demersal 

fish 

       

European 

hake 

3,254.7 

(5%) 

0.0 3,254.7 1,993.0 229.1 15.8 1,016.9 

Deep-

water rose 

shrimp 

1,001.6 

(1.5%) 

40.2 961.4 789.4 74.5 0.7 96.8 

Broadtail 

shortfin 

squid 

1,412.7 

(2%) 

0.0 1,412.7 1,083.7 188.8 1.3 138.9 

Horned 

and musky 

363.8 0.0 363.8 302.6 18.8 2.9 39.5 
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octopuses (0.5%) 

Red mullet 1,754.3 

(2.7%) 

0.0 1,754.3 1,241.8 68.0 12.6 431.8 

 

It is also interesting to note Kapantagakis and Palikara (2016) findings that show how the  economic crisis 

that emerged in 2009 in Greece, affected the consuming behaviour of the Greek consumers and hence 

fisheries. The authors  analyzed the trade of fish in the main fish auctions of the country for the year 2009, 

just before the eruption of the crisis and for 2014, in the heart of the economic crisis. The results of the 

analysis showed that, although the price level of the major categories of fish has been increasing, demand 

has been redirected towards low-cost catches, such as small pelagics and fish farming products.  As a result 

of this behavior, the fishing fleet that targets small pelagic fish, namely purse seines, is favored while, the 

demersal fishery the fleet of towed gear, such as trawlers, as well as the fleet of coastal fishing is being 

affected negatively. 

Regarding Cyprus case study area, Table 7  shows that the following species are targeted by both inshore 

and trawl fisheries, while vessels using polyvalent passive gears target large pelagic species and include 

species such as blackfin tuna or tuna, bluefin tuna and swordfish1. 

 

Table 7. Quantity of catch in kg, category of fishery and type of fishing gear, 2015 (Cyprus official DCF 2015) 

Species of catch Total  Inshore fishery Polyvalent passive gear Trawl fishery 

Red Mullet 35,917.6 7,706.8 125.9 28,084.9 

Surmullet  53,862.8 29,822.1 625.2 23,415.5 

Common pandora 15,539.9 5,882.4 62 9,595.5 

 

Finally, in the context of exploring fish provision ecosystem service, we used auction data from the Central 

Market and Fishery Organizations S.A (OKAA)2 considering auctions operating in the Aegean coast (North 

and South Aegean) and domestic landings regarding species of interest associated with Posidonia 

meadows. Table 8 presents the estimated values which amount to approximate €3.3 M (in 2015) only for 

the selected species. 

 

 

 

                                           

1
 http://www.moa.gov.cy/moa/dfmr/dfmr.nsf/All/1175E80F97FB1A3642257D9D002FE9B6?OpenDocument 

(Accessed August 2017)-In Greek 

2
 http://www.okaa.gr/ 

http://www.moa.gov.cy/moa/dfmr/dfmr.nsf/All/1175E80F97FB1A3642257D9D002FE9B6?OpenDocument
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Table 8. Selected species associated with Posidonia meadows (2015 €) 

Species Value References 

Pagellus erythrinus/Λιθρίνια 686,055.27 Jackson et al (2015) 

Oblanda melanura/Μελανούρια 714,717.25 Kalogirou et al (2012) 

Pagelus acarne/Μουσμούλια 125,253.31 Jackson et al 2015 

Sarpa sarpa/Σάλπες 387,011.95 Guidetti (2000) 

Scorpaena sp./Σκορπίνα 436,364.49 Jackson et al (2015) 

Sepia officinalis/Σουπιές 896,236.13 Ezzedine-Najai (1997) 

Diplodus annularis/Σπάροι 69,176.45 Guidetti (2000) 

Total 3,314,814.85  

 

It is noted that using market based values to capture the benefit of this ecosystem service is not always 

representative of its true value, as the value of landings does not include the added value of fish 

processing, while further revenue and employment is created through the fish processing industry, retail 

sales, and exports. In addition, unreported catches (e.g., illegal fishing) are also not included, while for the 

small scale segment, landings are mainly directed to the market through very short supply-chains (STECF 

2016). Therefore, it is expected that such an approach here underestimates the true value of the resource. 

Liquete et al. (2013) extracted a number of indicators, by reviewing 145 papers that specifically assessed 

marine and coastal ES. They also differentiated between food provisioning and life cycle maintenance 

services. In this context, for example juvenile production and density could consist an indicator of flow of 

the specific service, while on the benefits side, price of the commercial fish species (€/kg/km2) could be 

employed. Regarding food provision, for example abundance or biomass (standing stock) of commercial 

marine living resources, fish diversity, could be used as indicators to capture capacity,  catches (preferably 

with spatial distribution) and landings could be used to capture flow, while income from fisheries, jobs, 

community dependence and perception on fisheries could be used as indicators of benefits (Liquete et al. 

2013). In addition, as the authors point out alternative non-monetary values could be related to human diet 

quality. Nevertheless, although the role of ecosystems as nurseries is mostly analyzed in coastal 

environments, there is no consensus on the consideration of the nursery function as a service (e.g. which 

species or habitats) or on how to assess it (e.g. which indicators or valuation methods) (Liquete et al. 2016). 

Liquete et al. (2016) provide examples of indicators and proxies, from peer-reviewed literature, related 

explicitly to the nursery function, classified by biodiversity and ecosystem condition, ecosystem function 

and processes, ecosystem service flow, benefits and values. 

In this context, Protomedea nursery habitats maps (D 2.3) provide a broad capacity indicator, an indicator 

of ecological function of the particular ecosystem service in the case study areas (Liquete et al. 2013; 

Hattam et al. 2015), while landings data at particular times and places  (Hattam et al. 2015; Liquete et al. 

2016) could be used as an indicator of benefit.  

Overall, considering the commercial value of the above species, it is inferred that exposed nursery and/or 
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spawning grounds could be translated to considerable economic loss. Commercial fish stocks could benefit 

from enhanced benthic conditions within nursery and spawning grounds, depending on whether carrying 

capacity at the grounds in question are a limiting factor on the populations of the species concerned (Eftec, 

ABPmer, University of Stirling 2014). However, the extent and consistency of these relationships are not yet 

fully understood. For example, relevant factors associated with the capacity of seagrass to provide this 

service include the density and the quality of seagrass (Barbier et al. 2011), the location as well as the 

presence of other habitats that interact in the service provision. Hence, although spawing and nursery 

grounds are contributing to fish/food provision, in order to be able to undertake an accuarate valuation, 

further research is necessery to investigate and quantify the links to fish stocks and landings. 

 

3.2. Recreational fishing 

Coastal ecosystems are of key importance in the Mediterranean, not only for coastal commercial fisheries 

(small-scale) but also for recreational fisheries, because many exploited species live there their whole lives 

or part of them (spawning or nursery habitats) (MEDAC 2016) . As it was pointed out in D2.5, in Greece the 

number of recreational fishers and fishing vessels has been recorded until 2014 when this was abolished by 

the relevant law (Law 4256/2014: Government gazette A’92/14-04-2014). However, the composition of 

recreational catches, the abundance and biomass of the species removed from the sea is not recorded 

officially (Moutopoulos et al. 2013). This forms one of the most important problems in the country’s 

fisheries management because a proportion of the biomass removed from the sea remains unknown, while 

professional artisanal fishermen often compete directly in the coastal areas for the same resources 

extracted by recreational fishermen. Similarly, to our knowledge there are no reliable economic data 

available that could allow a robust valuation of for example the expenditure of recreational fishers pursuing 

specific habitat associated species, in order to capture the economic benefit related to this ecosystem 

service.  

During the period 1995-96, licenses required for recreational fishing activities from a boat were held by 

96,075 Greek fishers and a further 71,144 vessels were licensed for the activity, which is though likely to be 

an underestimate (Anagnopoulos et al. 1998). Considering perfectures within our case study area 72,627 

fishers and 56,388 vessels were approximated (75% and 79% of the total) (Anagnopoulos et al. 1998). A 

more recent source reports that the number of licences of recreational fishers in Greece was about 137, 

000 in 2013, (67,000 licences for vessels) showing a declining trend compared to 2012 (OECD 2015).  

Following Anagnopoulos et al. (1998) the distribution of licenses seemed to be more concentrated in urban 

areas e.g., Athens and Thessaloniki, however relatively high concentrations were noticed in Cyclades and in 

some of the islands of Eastern Aegean. According to the same source the majority of the vessels used in the 

analysis were 4 – 6 m in length and between 6 and 15 hp and an average of 77 days per year of fishing is 

estimated with effort concentrated in the spring and summer, when the activity is concentrated around the 

Aegean Islands. Average daily catches were about 2kg/day and estimates of the annual catch ranged 

between 163 and 194 kg (in 1995-1996). A rough assessment to the total annual production of the 

recreational fisheries gave about 19,000 tonnes. According to this study, the recreational catch consisted of 

many species, most of which were the target of commercial fisheries (jacks, red Pandora, bogue, striped 

sea bream, large-eyed dentex, horse mackerel, Couch’s and sea bream), though, some species such as 

conger eel, rainbow wrasse and grouper were of greater interest to the recreational fisheries sector.  

Furthermore, Moutopoulos et al. (2015) offer a reconstruction of Greek fishery catches by fishing gear and 

area (1950-2010), including boat-based recreational fishing and shore-based subsistence and recreational 

angling. Results show that boat-based recreational catches increased from just under 1,600 t/year in 1950 
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to slightly over 35,600 t/year in 1986 and then decreased to around 15,000 t/year by 2010. This 

information could be employed as a flow indicator of this ecosystem service. Regarding the catches of 

shore-based subsistence and recreational angling per subarea these were estimated for 1950-2010 based 

on interviews conducted in three major coastal areas, which were subsequently extrapolated to the entire 

country. The three coastal areas from different parts of Greece (Northern Aegean Sea: Kavala Gulf; Central 

Aegean Sea: Pagasitikos Gulf; and Ionian Sea: Patraikos Gulf) were surveyed based on personal interviews 

and local recording from 406 recreational fishers in 2012 (Kavala and Pagasitikos Gulfs) and during 2008-

2009 (Patraikos Gulf). The most representative species (those making up more than 48% of the total catch) 

for the three studied areas were Sparus aurata, Mugilidae and Diplodus spp. Total shore-based subsistence 

and shore-based recreational catches increased from over 1,800 t/year in 1950 to slightly over 2,800 t/year 

in 2010, depicting a gradual increase over time that follows the growth of the coastal human population. As 

no previous information exists on this type of activity Moutopoulos et al. (2015) offer an initial insight on 

the number of recreational fishers and their dependence on coastal ecosystems. 

In D 2.5 the recreational catches in Greece (Aegean Sea) and Cyprus were estimated by: conducting 

personal interviews with recreational fishers in the study areas (regarding Greece Thermaikos Gulf in the 

northern Aegean Sea and Alonissos in the central Aegean Sea); collecting data on recreational fishing from 

the respective port authorities and by expanding the estimated or collected information to the coastal 

areas of the Aegean Sea. 

Hence, regarding the Aegean case study the number of recreational fishers was calculated as a proportion 

of the resident population at 127,891, while the total biomass of fish and invertebrates removed from the 

Aegean Sea was calculated to be 20,876 tonnes per year. Furthermore, as calculated from the recreational 

licenses issued by the Greek Port Authorities till 2014 active fishers amounted to 466,651, while the tn/year 

were 70,621. The most active fishers were encountered in the two largest Greek prefectures, namely Attiki 

(147,831) and Thessaloniki (93,442), with the highest recreational yearly catch (22,372 and 14,141 tn/year, 

respectively).  

The yearly catch per fisher was estimated by multiplying the average number of fishing days with the daily 

catch per fisher that was extracted from the interviews (52 recreational fishers from Thermaikos Gulf in the 

northern Aegean Sea and Alonissos in the central Aegean Sea) and averaged for the four study areas 

(Pagasitikos Gulf and Kavala Gulf included in Moutopoulos et al. 2013). The mean number of fishing days 

per year was 81.4 and 104 days per year and the average daily catch was 0.955 and 2.817 kg per fisher per 

day, in Thermaikos Gulf and Alonissos respectively. According to Moutopoulos et al. (2013), the mean 

number of fishing days per year for Pagasitikos and Kavala Gulf was 191 and 180 days per year and the 

average daily catch was 0.804 and 0.711 kg per fisher per day respectively. Overall, four species made up 

about 50% of the total recreational catches (i.e. gilthead seabream Sparus aurata, european seabass 

Dicentrarchus labrax, Mugilidae, annular seabream Diplodus annularis and white seabream D. sargus 

sargus), while the species dominating the catches varied with the studied area. Information on expenditure 

was not collected. 

Regarding spearfishing in Greece, information provided by Greek underwater activities federation from 

market estimations approximated a number of 10,000 spearfishers (MEDAC 2016). However, as noted 

these estimations consider that those 10,000 are those who practice spearfishing regularly, so the numbers 

provided must be considered underestimated, as those who go occasionally are not considered (MEDAC 

2016). The most common species caught are Diplodus, Dicentrarchus labrax and Octopus vulgaris (MEDAC 

2016) showing an association with coastal habitats such as Posidonia meadows for the case of Diplodus. 

Therefore, as in the case of other recreational fishing activities the range of expenditure estimates and the 

overall lack of reliable data on the activity highlights again the need for primary research in order to enable 
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sustainable fisheries management. The following table (Table 9) summarises the number of recreational 

fishers as an index of flow for this ecosystem service.  

 

Table 9. Number of recreational fishers in the Greek case study 

Recreational fisheries Number of fishers Source 

Boat-based recreational fishing 

(1995-69) 

72,627 fishers and 56,388 

vessels (Aegean) 

Anagnopoulos et al. (1998) 

Shore-based subsistence and 

recreational angling (2011) 

127,891 (Aegean) D 2.5 (as a proportion of the 

resident population) 

Recreational angling (until 

2014) 

466,651 (Aegean) D 2.5 (recreational licenses issued 

by the Greek Port Authorities) 

Boat-based recreational fishing 

(2013) 

137, 000 fishers and 67,000 

vessels (National) 

OECD (2015) 

Spearfishing (2016) 10,000 (National) MEDAC (2016) 

 

Regarding Cyprus, recreational/sport fishery is widely practiced in the Republic with approximately 3,000 

licensed individuals yearly, while a large number of people fish with rod and line from land without the 

need of licenses (Cyprus National Data Collection Programme). The fishing techniques used by recreational 

fishermen in Cyprus are: bottom set longlines, traps, trolling, handline, fishing rods, spear-guns (free 

divers), fishing rods (without the use of boat) (Cyprus National Data Collection Programme). Considering 

that the cost for boat fishers and spearfishers is € 34 per person for one calendar year3 a value of €102,000 

is estimated. In D 2.5 the number of recreational fishing licenses (individual and boat) per category was 

estimated at 2,340 licenses (net with boat) and 1,865 licenses for spearfishing, a total of 4,205 and hence a 

value of €142,970. The species composition (%) of recreational catches in Cypriot waters (e.g. based on 52 

interviews with recreational fishers) showed that the species with the highest percentage in the total catch 

is Thunnus spp. (ca. 25%) and Siganus spp. (ca. 13%), while four species (comber Serranus cabrilla, saddled 

seabream Oblada melanura, surmulet Mullus surmuletus, flathead grey mullet Mugil cephalus) showed the 

lowest (ca. 0.3%) contribution to the total catch. Finally, on average, the interviewees fished around 58 

days per year with a total yearly catch of about 216 kg, while information on expenditure was not collected. 

As mentioned before, regarding expenditure estimates the data is scarce especially in the Mediterranean. 

Anagnopoulos et al. (1998) report that in Italy expenses per capita (for charter boats, engine and 

accessories) were €336 per year (1996 value). Using expenditure Jackson et al. (2015) estimated that 

seagrass meadows are worth about €112 M per year to recreational fishing in the Mediterranean, while 

recreational fishing expenditure in Greece was estimated about €41,748,818 M (€ 2010) for boat fishing, 

considering 96, 075 licenced recreational fishers (GFCM 2010) and expenditure per capita 'Southern 

Europe' of 557 USD (€434.544, 1 EUR = 1.28180 USD) (Cisneros-Montemayor and Sumaila 2010). The 

                                           

3
http://www.moa.gov.cy/moa/dfmr/dfmr.nsf/All/DC1FF084BBD86B8942257D5B003C4731/$file/Κ.Δ.Π.354.2005.pdf?

OpenElement In Greek (Accessed August 2017) 

http://www.moa.gov.cy/moa/dfmr/dfmr.nsf/All/DC1FF084BBD86B8942257D5B003C4731/$file/Κ.Δ.Π.354.2005.pdf?OpenElement
http://www.moa.gov.cy/moa/dfmr/dfmr.nsf/All/DC1FF084BBD86B8942257D5B003C4731/$file/Κ.Δ.Π.354.2005.pdf?OpenElement
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authors used the mean catch composition of recreational fishers in Spain, France, and Italy as a proxy for 

the wider Mediterranean recreational fisheries (Gordoa et al. 2004 cited in Jackson et al. 2015), to provide 

a measure of the proportion of recreation expenditure to assign to fish species targeted by recreational 

fisheries. This demonstrated that 27.2% of the recreational catch was species associated with seagrass 

(Jackson et al. 2015). Font et al. (2012) estimate expenditure for boat fishermen, shore fishing and 

underwater fishing (spearfishing) in Mediterranean MPA and non-MPA case study areas. Results are 

summarized below (Table 10) showing that, for example the average costs per boat fishermen in these 

areas range from €500 to €1600 per year – to which other expenditure should be added on such things as 

mooring and maintenance (except Côte Bleue) and even spending on goods and services related to their 

stay in the area (food, hotel, etc.) for those fishermen travelling into the area from further away. 

Expenditure for shore fishermen is lower while that of spearfishers ranges conditional on the type of 

expenses included. It is noted that sampling effort and representativeness varies across the different 

studies. Apart from Font et al. (2012), Pita and Fernández-Márquez (2014) estimate on the basis of 100 

questionnaires that those engaged in underwater fishing in Galicia spend € 3,872 per year (€ 2003) on 

fishing gear, boats, fuels, licenses and travel expenses, including food and overnight stays. Gordoa at al. 

(2004) estimated that the average daily fishing vessel expenditure (fixed and variable) per boat for vessels 

of 5-7m variable in Liguria and Sicily was about €86. Assuming that variable expenses are about 68% 

according to the authors (mainly transport to the site, fuel, tackle and bait), it results in €58 (~€70 in 2015 

CPI adjusted) (OECD.STAT). Estimates from other countries reveal that for example in England, average 

angling trip expenditure (for residents in 2012) varied widely between case study locations, from £36 in 

Lowestoft to £167 in Weymouth where spend on accommodation and charter boat fees was relatively high 

(Sea Angling 2012, 2013). The average spend per individual in the sea angling population was estimated to 

be £1,394 per year, £761 on trip-related costs and £633 on major items (Sea Angling 2012, 2013). 

Furthermore, Rees et al. (2010) interviewed 40 individual sea anglers that represented 15 out of the 18 

clubs within 25 miles of Lyme Bay and elicited a mean expenditure per day on angling at £30 (±17) for shore 

and £56 (±26) for boat (in 2008). 

 

Table 10. Mean annual expenditure of boat fishermen, shore fishermen and spearfishes (Font et al. 2012) 

Case study areas Boat fishermen 

(spending fishing 

gear &boat fuel) 

*plus maintenance; 

**gear only 

Shore fishermen 

(spending on gear)  

*includes general 

costs 

Spearfishers 

(spending on gear)  

*plus other goods & 

services (gasoline, 

accommodation, etc.) 

Cap d'Adge 2006 €1500** €450  

Cap d'Adge 2008 €800** €300  

Côte Bleue 2008-09 €1600* €400 ~ €450 

Cap de Creus 2010*** €500 

(surveys in 2006 

and 2009) 

€350 

(bait,line&tackle) + 

€250 (car fuel) = 

€600 

€800* 

(survey in 2007) 
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Or,  

14€ (bait, 

line&tackle) per 

angler for each 

outing + 

16€ (car fuel) per 

angler for each 

outing 

 

(surveys in 2007 

and 2009) 

Illes Medes 2012 €800  €900* 

Çanakkale Strait (non-MPA) 2007 €1400 €200 €450 

Izmir Inner Bay (nonMPA) 2011  €350  

Côte Sableuse Catalane (non-

MPA) 

 <€850*  

Tabarca 2010  €900  

Archipel de Riou (non-AMP) 1998   €400 

*** Font and Lloret (2010) 

 

Hence, based on the relevant literature and employing broad estimates of monetary value of angling (€10-

€50) considering conservative potential expenditure (transport to the site, fuel, tackle and bait), we 

approximate a total expenditure of €23 to 115 M for Thermaikos (28,232 fishers, 81.4 mean annual fishing 

days (D2.5)). It is highlighted that lack of data on expenditure in case study areas makes such estimates only 

indicative. Nevertheless, we can acquire an insight of the potential economic importance of this activity 

that is related to the marine environment in the specific areas and in particular to habitats of interest to 

recreational fishers. 

At this point it should be added that, recreational fishers may be willing to pay more than the involved 

expenditure to pursue this activity and this is not captured by total expenditure. In this case, it is needed to 

estimate the recreational fishing demand curve in order to elicit the economic value of recreational fishing 

by applying stated or revealed valuation methods (e.g., contingent valuation, travel cost method). In the 

Mediterranean, these valuation techniques have been little used, unlike in northern European countries 

(e.g., Nordic countries and UK), where a number of studies have attempted to analyze the economic value 

of recreational fishing. 

Tunca et al. (2012) have used the travel cost method to estimate the economic value of recreational fishing 

in Izmir Inner Bay, Aegean Sea (Turkey). The authors estimated a consumer surplus per individual of 25 
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Turkish Liras (in 2011) (~ €16) using on-site face-to-face interviews with 50 shore-based recreational 

fishermen. Another example is that of Font and Lloret (2011) who included in their questionnaire the 

question “Would you be willing to pay a fee in order to continue fishing in this MPA? How much would you 

be willing to pay?” Of the fishermen who responded, 64.6% said they would be willing to pay an average of 

€20 per year to continue fishing within the MPA. The amount varied between €5 and €60 (in 2007€), and 

the sample size was 84 fishers. Tunca and Lindroos estimate the consumer surplus per recreational 

fishermen at 79.7 TL (41.9 USD) for Foça MPA and 48.2 TL (25.4 USD) for Gökova MPA (in 2012-13)4  using 

the travel cost method and interviewing 130 fishers in each site. It is noted that these studies are 

considered exploratory and are not considered for a benefit transfer in our case study areas. In Greece and 

Cyprus we are not aware of any study with a focus on recreational fishing, while from a brief overview of 

examples, although not exchaustive,  from scientific literature that addresses several aspects of ecosystem 

services in Greece (Dimopoulos et al. 2017) the number of such studies with regards to the marine 

environment are overall very limited. 

Finally, as far as indicators for this ecosystem service are concerned, according to Liquete et al. (2013) 

review and categorisation indicators of benefits included for example the value of sea anglers and divers 

activities, non-market value estimates, jobs linked to recreational fishing, local annual income linked to 

recreational fishing, visitor expenditure related to angling. Regarding flow, examples of indicators included 

landings of recreational fishing and number of fishers (Liquete et al. 2013). 

 

3.3 Socio-cultural issues 

As mentioned in previous section, the majority of the fleet that operates in country’s coastal areas is 

characterised as small scale, family owned and therefore is considered crucial to local coastal economies 

and traditional fisheries-dependent areas, as it usually offers income and employment in poor and isolated 

areas with very few alternative economic activities, especially during the ongoing financial recession in 

Greece (STECF 2016). Therefore, essential fish habitats and coastal ecosystems (e.g., Posidonia meadows) 

contribute indirectly through fish production to local traditional fisheries communities by sustaining fishing 

livelihoods through the creation of revenue, employment and food security, hence contributing to social 

and economic sustainability, social cohesion and resilience. Furthermore, the existence of small scale 

fisheries and fisheries-dependent communities is related to services such as sense of place, community 

identity (Acott and Urquhart 2014; Urquhart and Acott 2015) while they contribute to the cultural 

landscape and heritage of the Greek islands by being a strong element of the seascape. This is particularly 

important for the case study area of Aegean especially since the majority of the fleet (small scale family 

owned) operates in coastal areas (EUNETMAR 2014) and is dependent on important habitats and species 

(FAO 2006). Hence, any degradation of these habitats is expected to have disproportionally negative 

economic impacts (Jackson et al. 2015) as well as socio-cultural impacts in coastal fisheries and 

communities. In addition, fishing activity in Greece is also linked to craftmanship and boatbuilding, as well 

as long-standing traditions, rituals and customs related for example to religious ceremonies surrounding a 

ship launching linked to the maritime custom of ship naming (Cheilary and Vasilaki 2010). 

                                           

4
 http://www.ices.dk/sites/pub/ASCExtended2016/Shared%20Documents/G%20-

%20The%20inshore%20challenge%20%E2%80%93%20management%20of%20recreational%20and%20commercial%2

0fisheries%20accounting%20for%20social%20benefits,%20economic%20val/Tunca%20et%20al%20poster%20son.pdf 

(Accessed August 2017) 

http://www.ices.dk/sites/pub/ASCExtended2016/Shared%20Documents/G%20-%20The%20inshore%20challenge%20%E2%80%93%20management%20of%20recreational%20and%20commercial%20fisheries%20accounting%20for%20social%20benefits,%20economic%20val/Tunca%20et%20al%20poster%20son.pdf
http://www.ices.dk/sites/pub/ASCExtended2016/Shared%20Documents/G%20-%20The%20inshore%20challenge%20%E2%80%93%20management%20of%20recreational%20and%20commercial%20fisheries%20accounting%20for%20social%20benefits,%20economic%20val/Tunca%20et%20al%20poster%20son.pdf
http://www.ices.dk/sites/pub/ASCExtended2016/Shared%20Documents/G%20-%20The%20inshore%20challenge%20%E2%80%93%20management%20of%20recreational%20and%20commercial%20fisheries%20accounting%20for%20social%20benefits,%20economic%20val/Tunca%20et%20al%20poster%20son.pdf
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As mentioned above although the contribution of fisheries to GDP is small, the local importance of fisheries 

in the case study area is considerable. Following Tzanatos et al (2005) the main categories of gears are 

distributed across the area according to the nature of the fishing grounds. Hence, the offshore fleet 

(medium range fishing fleet) is mainly distributed in the north and central part of the country in proximity 

to the richer fishing grounds, a big proportion of which is placed in zones with wide shelf (Tzanatos et al. 

2005). The major part of the offshore fleet is concentrated in the ports of Alexandroupoli, Kavala, 

Thessaloniki, Volos, Halkida, Piraeus, and Patra. Regarding the coastal fleet, the authors note that it is 

distributed all over the country, but the majority of the vessels are located in the South Aegean islands, 

while some ports constitute special cases since they have a big number of coastal vessels such as Kalymnos, 

Fournoi, Fanari in Rodopi, Limenas in Thassos Island, Elafonisos in Lakonia, Koilada in Argolida and Kisamos 

in Chania-Crete etc. According to Tzanatos et al. (2005), the areas showing the highest dependence on 

fisheries (% of fishers compared to the local population) are insular and in particular Lesvos, Samos and 

Cyclades islands (Figure 5). The dependence on fisheries was estimated using the proportion of fishermen 

in the regional population: D = F/P × 1000, where F is the number of fishermen in each prefecture and P the 

prefecture population according to the 2001 population census of the National Statistical Survey of Greece. 

The number of fishermen and dependence on fisheries is low in the prefectures of the island of Crete, 

possibly due to the available alternative employment opportunities. On the other hand, major urban 

centres such as Attiki and Thessaloniki demonstrate high number-low dependence. 

 

Figure 5. Grouping of Greek prefectures using as criteria the dependence on fisheries (D) and the number 

of fishermen (N) (Tzanatos et al. 2005) 

 

European’s Commission recent report demonstrates that the four countries with the highest levels of 

employment (Spain, Italy, Greece and Portugal) make up around 70 % of total employment in the fishing 

sector (EC 2016). Furthermore, the figure below (Figure 6) shows the sub-areas in our case study area 

(Aegean) where fishing dependency is high to very high. More detailed results and methods with limitations 

are presented in Natale et al. (2013), where EU ports with a fisheries employment dependency ratio higher 
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than 5% and more than 10 fishers in 2010 are reported. These include Ierissos, Leonidio, Kalymnos, 

Alexandroupoli, Stratwni, Patmos, Fournoi, Moudros, Samos, Naxos, Ouranoupoli, Skuros, Stulida, Rodos. In 

the case of Cyprus there is not such variability at this scale and fishing dependency seems to be moderate 

to high where employement at small scale fisheries dominates the landscape. 

 

 

 

Figure 6. Employment dependency on fishing in EU regions (2011 data) Source:  EC (2016) 

 

The importance of the socio-cultural aspects of the sector is also reflected in country’s European Maritime 

and Fisheries Fund (EMFF) operational programme for 2014-2020 (EMFF Operational Programme for 

Greece 2014). In particular, regarding priority axes 4 related to the increase of employment and territorial 
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cohesion, it has been acknowledged the high dependance of some areas of the country on fishing activity 

and on the other hand their natural/environmental advantages which can be combined with their 

attractiveness as touristic destinations to achieve their sustainable development. Therefore, the need for 

improving quality of life in these areas based on a holistic strategy is expressed. In particular, according to 

the same source, for the coastal areas is equally important the increase of employment and the 

maintenance of social cohesion that is highly dependent on fishing activity. Under priority axis 4 specific 

identified needs include ‘exploiting the environmental benefits of fishing areas and promoting cultural 

(including maritime) heritage’, ‘increase the added value of fisheries products and promoting social welfare 

and cultural heritage in fisheries areas’ and ‘strengthening of traditional aquaculture and traditional fishing 

in protected areas while enhancing the development of activities in order to obtain supplementary 

incomes’.  Similarly, in Malta that shares common characteristics to Greece (e.g., multi-species & multi-gear 

fisheries) as reported in country’s EMFF operational programme, from discussions with the various 

Ministries it was highlighted how the social and cultural importance of the Maltese fishing industry far 

outweighs its minimal direct economic contribution (average value of catches to Malta’s GDP), while it 

contributes significantly to the Maltese tourism industry, both in terms of provision of quality fish for 

consumption by tourists as well as due to the allure of the colourful traditional fishing vessels that have 

proved to be an important tourist attraction ‘per se’ (EMFF Operational Programme for Malta 2014). 

Hence, the provisioning service described initially could be considered as an intermediate service that 

contributes to the maintainance of resilient traditional fishing communities and cultural services (e.g., 

aesthetic experience, cultural heritage). In specific Aegean islands (e.g., Kalymnos) small scale fisheries 

consist a strong component of a picturesque seascape, well rooted in country’s maritime cultural heritage, 

which can be also appealing to visitors and tourists. As a result, in the case of Greece where coastal small 

scale fisheries are abundant and especially in the Aegean Sea, it is emphasised that culturally significant 

fishing community areas and cultural ecosystem services need to be identified, along with habitats and 

species linked to small fisheries activity. It is also important to acknowledge and preserve the traditional 

aspects of fishing that are part of country’s cultural identity by providing incentives, for example by 

subsidising the cost of maintainance of traditional wooden boats (D. Zannes personal communication). 

Garcia Rodrigues et al. (2017) in their world review (n=60 case studies) they do not report any assessment 

related to marine and coastal cultural ES that has taken place in Greece or Cyprus. 

ICES WKCES (ICES 2013; Gee et al. 2017) has identified a set of criteria including cultural uniqueness, broad 

cultural/community reliance (e.g., number of human communities using it), importance to resilience (e.g., 

local employment), degree of tradition, dramatic cultural change for assessing such areas cultural 

significance and hence facilitating the incorporation of cultural ecosystem services into MSP. In this 

context, employment dependency as in Figures 4 and 5 could provide a critirion for asssessing cultural 

significance in the case study areas related to the ‘importance of the feature to the resilience of the social-

ecological system’. The authors also note that  location/spatial extent, temporal scale, and the 

environmental quality required for the cultural feature or practice in question should be also determined. 

Identifying the number of people placing high values on for example biocultural seascapes and eliciting 

these values considering its scale (individual vs social) is a challenging task. It is noted that participatory 

processes, although demanding in time and resources, involving communities of interest, stakeholders, 

right holders, local residents, historians and local experts provide a potential. In this context, for example 

participants could place indicators on a local map, draw polygons, to show sites to which they feel some 

sense of place attachment or that they value for various reasons and describe why these places are 

important (ICES 2013). 
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Hattam et al. (2015) propose an adapted classification of marine ecosystem services and presents examples 

of indicators of ecosystem benefits. In particular, with regard to cultural ecosystem services such as 

‘aesthetic experience’ example of ecosystem benefit includes the extent of a site to be watched and 

enjoyed and respective indicators the number of tourist photos taken, number of visits to a site, (hedonic) 

property prices. Regarding,  ‘inspiration for culture, art and design’, benefits include marine themes 

artwork and installations, employment and indicators  the number of products developed and revenues 

generated, number of jobs. An example of ecosystem benefit of cultural heritage is the cultural importance 

of a site, which could be captured through discourse analysis to identify associations between relevant 

themes. Finally, for ‘cultural diversity’ defined as the contribution of marine ecosystems to social and 

cultural values and adaptations that pertain to living at coasts and exploiting marine resources, indicator 

and unit of measurement are unknown (Hattam et al. 2015).  

Following Liquete et al. (2013) review and categorisation flow of cultural ecosystem services, aesthetic and 

symbolic values included for example, importance and specificity of aesthetic values and cultural heritage 

based on expert knowledge (scores 0-3), while benefit indicators included the value of the spiritual and 

historic service based on benefit transfer, price of a hotel room with sea views, hedonic pricing of aesthetic 

values of landscape change, willingness-to-accept compensation for cultural values (ranking), public 

preference of seascape and place identity (%),  social perception of identity/heritage (% respondents 

considering it important) etc Furthermore, Garcia Rodrigues et al. (2017) offer also an overview of methods 

and indicators used to assess marine and coastal cultural ecosystem services. Examples of indicators for 

quantification, valuation and/or mapping of cultural ecosystem services, included cultural heritage and 

identity llikert-scale to rank importance, willingness to pay for maintaining cultural ecosystem services, 

comparison between archival photos and modern-day photos (Flickr); comparison between historical 

interviews and modern-day interviews, density surface (points/ha), presence and intensity of artisanal 

fishing etc 

In this deliverable, we attempted to gather evidence from different sources, in order to identify cultural 

significant areas related to fishing grounds sustaining fishing activity of cultural importance, as a way of 

making cutlural values more visible following Gee et al. (2017). In particular, the authors suggest a baseline 

of culturally significant areas as an aid to planners to pinpoint places where cultural connections to the sea 

are particularly strong. 

Hence, apart from Commission’s study (EC 2016) we gathered information from the ‘Traditional Boat 

Association of Greece’ that we presented in GIS maps regarding cultural significant areas according to two 

criteria (ICES 2013; Gee et al. 2017). The first was the degree of tradition described by traditional fishing 

communities where vessels presense and intensity is high and characterised by small (<12m), traditional 

(mainly wooden), family owned of low technology and capacity vessels (Figure 7). In these areas it is 

regarded that the fishing community shapes the identity of the region. Furthermore, following personal 

communication with Mr Kapantagakis (HCMR) ‘hot-spot’ areas (traditional fishing communities/areas) in 

the case study area of Aegean were identified following the same criterion. These included Alexandroupoli, 

Fournoi, Lavrio, Limnos, Nafplio, Oropos, Sporades.  
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Figure 7. Cultural significant areas: traditional fishing communities 

 

The second criterion was that of cultural uniqueness described by the distribution of boatyards that mainly 

construct and secondly maintain traditional wooden fishing boasts in the study area. It is regarded that the 

feature of craftmanship belongs to a culture that is of a long history, has passed on from generation to 

generation, is irreplaceable and distinct. Therefore, these hot spots (Figure 8) identify areas where 

boatyards may be present as keepers of cultural heritage, old maritme tradition, art and knowledge which 

is in decline. It is  noted that the spots of boatyards and fishing areas is based on the experience and 

knowledge of the involved stakeholder. In addition, in some cases locations are approximated. A broader 

participation of stakeholders and primary research combining different social tools and methods could 

allow a more informative view of the cultural significant areas identified here. 
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Figure 8. Cultural significant areas: traditional boatyards 

 

As it has been acknowledged the above results provide only broad evidence of the potential cultural values. 

However, if we were to include broad cultural outcomes and values of this section into marine managment 

and planning, one should take into consideration that cultural significant areas possibly include mainly 

Cyclades islands, Dodecanese islands, Chalkidiki, Argolida, North Evoikos in terms of fishing dependency, 

presence and intensity of traditional fishing communities (Figures 6&7). Furthermore, from these areas the 

insular (e.g, certain islands of Cyclades and Dodecanese) might be of more importance since there 

alternative sources of income are more scarce (‘importance to resilience’ criterion). Again in terms of 

‘cultural uniqueness’ central and southern Aegean seem to outperform according to the available evidence. 

Regardless of the challenges in identifying proper indicators for capturing cultural ecosystem services, it is 

important to realize that cultural heritage and identity linked to marine habitats and fisheries that they 

support is non-renewable and cannot be replaced (Beaumont et al. 2006). Conserving the capacity of 

important fish habitats and species, for example through a network of marine protected areas, offers a 

wide range of benefits including non-use values such as cultural and heritage values associated not only 

with the presence of charismatic species but also with features such as traditional fishing communities and 

customs. However, important drivers of change should be also considered that impact significantly on this 

ecosystem service such as the Common Fisheries Policy to prevent overfishing, ageing of the population of 

fishers etc. 

4. Conclusions 

The above sections offer a broad overview of main ecosystem services (provision and cultural) linked to 
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important fish habitats. Overall, it is concluded that both case study areas include habitats related to highly 

commercial species contributing to the viability of different segments of the fleet. Furthermore, presence 

and intensity of small scale fisheries of socio-cultural importance is high in both case studies in terms of 

employment as well as cultural values.  

However, what becomes obvious is the need for further research. For example, regarding recreational 

fishing, the activity is not currently monitored (at least in the case of Greece in terms of licenses) and its 

importance in terms of pressure and benefits is only approximated. Information about other cultural 

services is lacking (e.g., cultural heritage, sense of place etc) posing a risk for services with non-tangible 

benefits to get less attention. In addition, in the Mediterranean and Black Sea region there are few 

published valuation studies on coastal and marine ecosystems and a severe deficiency of Greek and Cypriot 

case studies. Hence, it seems difficult for example to find available studies that value the type, geographical 

scale, magnitude and timing of changes in particular habitats’ ecosystem services, to be used directly. As a 

result, due to lack of suitable values for transfer, primary studies should be employed instead. 

Importantly, uncertainty also builds up due to approximated habitat mapping, lack of quantitative 

knowldedge on the habitat’s quality through production per unit area and on population fitness in different 

habitat types (i.e. secondary production per unit area in each habitat type) (Seitz et al. 2014).  Only then we 

could estimate the contribution of different habitat types to fish or invertebrate production and fisheries. 

Overall, in order to make ecosystem-based maritime spatial planning operational there is a need for spatial, 

quantitative data without however, precluding and ignoring socio-cultural priorities that cannot be mapped 

or quantified. As a result, in both countries developing and promoting a National Marine Research Strategy 

for the provision of social, economic, and environmental data and metadata, identification of monitoring 

indicators, criteria for evaluation/quality assurance and clear responsibilities across involved agencies, 

seems like an appropriate initial step (Stithou 2017).  For this purpose, a scoping study to assess the current 

situation in terms of data and knowledge can help prioritize data gaps while identifying and focusing on the 

role of key interactions and adopting smart methods for addressing data gaps. The recent declaration on 

MSP5 provided general principles in setting the process of supporting marine management in Greece. 

Towards the same direction Dimopoulos et al. (2017) present the establishment and the first outcomes of 

the Hellenic Ecosystem Services Partnership (HESP) and in particular the first drafting of the National 

Agenda, including short and long-term objectives towards the national implementation of the Mapping and 

Assessment of Ecosystem and their Services (MAES) initiative. The authors outline the HESP Action Plan to 

2020, as well as the timeline of the basic steps to be taken, to achieve decision making on the basis of ES 

maintenance and enhancement. 
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1. Introduction 

According to the Marine Strategy Framework Directive (MSFD), member states have been called upon to 

prepare initial assessments of their marine waters, including the socio-economic analysis of the use of 

these waters and their cost of degradation (Article 8). The calculation of the cost of degradation can be the 

basis for the cost-benefit analysis of the measures (Article 13) and the discussion of possible exemptions 

(Article 14) (WGES 2010). In particular, the cost of degradation can be defined as the foregone benefits 

associated with pressure from a human activity. However, it is important to define the point of reference 

(e.g., a comparison of the benefits between the current situation and the good environmental status (GES)). 

Following the report that was submitted by Greece to comply with the MSFD requirement of the initial 

characterization (M.E.E.C.C. 2012), a number of pressures and impacts on the marine and coastal habitat 

are reported. For example, coastal eutrophication, fishing practices, invasive species, coastal works, 

aquaculture etc. It has been also noted that the benthic habitats like Posidonia are mostly degraded in 

areas near cities and/or port zones. In addition, with regards to the assessment of the cost of degradation 

the report refers to specific sectors that benefit from the marine environment (e.g., tourism, fisheries) and 

estimates the cost of degradation as a loss of these benefits (present value of the production value and the 

added value per sector). The same approach is followed by Cyprus where the focus is mainly on benefit 

losses for tourism and fishing (present value of lost gross value added (GVA)), while acknowledging too the 

lack of information on quantifiable impacts on those economic sectors (Initial Assessment of the Marine 

Environment of Cyprus 2012). In general, it seems that different approaches have been adopted by 

member states for the calculation of the cost of degradation due to the difficulties associated with the 

available information and data (Plan Bleu, ACTeon 2014). 

As a result, due to the involved uncertainty and challenges in data but also in scientific knowledge, in the 

context of this deliverable a high-level analysis is attempted mainly for the ecosystem services (ES) outlined 

in D 4.1, based on stakeholders’ input and other available information. The next sections focus on 

methodological issues and a review of evidence towards the assessment of the degradation while the last 

section presents general conclusions and recommendations. 

2. Methodology    

As also presented in D4.1, a conceptual framework that seems to be suitable for ecosystem-based marine 

planning and management is that of the ‘Driver-Pressure–State–Impacts–Response’ (DPSIR) (Figure 1), 

since it links the processes and functions of the ecosystem to the changes in human welfare (Bohnke-

Henrichs et al. 2013). In addition, the framework helps in identifying the cost of degradation.  
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Figure 1. DPSIR framework (WGES 2010) 

The steps to calculate the cost of degradation in the framework of the MSFD while taking into account the 

ecosystem approach are as follows (WGES 2010): 

1. Define GES using the qualitative descriptors listed in the relevant Annexes of the Directive  

2. Assess the environmental status in a business as usual (BAU) scenario. 

3. Describe in qualitative and, if possible, quantitative terms the difference between the GES and the 

environmental status in the BAU scenario, i.e. the degradation of the marine environment. 

4. Describe the consequences to human well-being of degradation of the marine environment, either 

qualitatively, quantitatively or in monetary terms. 

To perform a quantified and monetized assessment of the full cost of degradation over time will require 

significant resources (time and data), while in order to assess the present value of the full cost of 

degradation over time one needs to add the cost of degradation in the years before and after 2020, which 

is hard to assess (WGES 2010). Therefore, a pragmatic alternative would be to analyse the cost of 

degradation at specific points in time. 

WGES (2010) also reports two alternative approaches to assess the cost of degradation, the thematic 

approach and the cost-based approach. The thematic approach assesses the current cost of degradation. 

Following, this method member states could conduct an analysis (qualitative or quantitative) of the present 

costs, expenses and loss of benefits related to the current anthropogenic degradation of the marine 

environment. Costs will include accounting costs which refer to current expenditures on measures for 

environmental protection and environmental prevention; abatement costs and transaction costs, as well as 

opportunity costs that relate to loss of benefits for activities that suffer from environmental degradation.  

Following WGES (2010), the second approach looks for an estimate of the current cost of degradation using 

only existing quantitative data on costs of measures currently implemented to prevent degradation of the 

marine environment. Hence, it focuses on the current public and private spending to prevent further 

degradation compared to the present situation. The main difference is that the cost based approach does 
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not include a reference condition compared to the other two approaches. In addition, current costs can be 

seen as a lower bound estimate for costs of degradation. 

3. Evidence towards the assessment of the degradation 

3.1 Overview of key pressures and trends 

Regarding driving forces that impact on coastal habitats such as Posidonia oceanica, these include intensive 

coastal anthropogenic pressures, for example destructive fishing practices (Vlachopoulou et al. 2013), 

coastal eutrophication, as well as external factors such as invasive species (M.E.E.C.C. 2012), rising sea 

temperature (Theocharis 2008). Salomidi et al. (2012) explore sensitivity issues related to different types of 

European seabed biotopes, revealing that fishing activities, especially by benthic trawls, and marine 

pollution are the main threats. In addition, increased seawater turbidity, dredged sediment disposal, 

coastal constructions, biological invasions, mining, extraction of raw materials, shipping-related activities, 

tourism, hydrocarbon exploration, also exert substantial pressure. According to the authors review on 

sensitivity, focusing for example on seagrass ecosystems the most serious threats include increasing human 

population and subsequent urbanization and industrialization of the coastal zone, while human activities 

that pose serious direct or indirect threats to seagrasses, comprise excess nutrient and organic supplies to 

coastal waters (domestic, agriculture and aquaculture effluents), mechanical damage from fishing activities, 

coastal engineering and anchoring, disruption of the sedimentation/erosion balance along the coast, 

proliferation of invasive species and human-induced salinity change. Finally, the authors also evaluate the 

ecosystem services of reproduction and nursery areas and food provision provided by different seabed 

biotopes. 

Regarding cultural ecosystem services, Garcia Rodrigues et al. (2017) in their literature synthesis revealed 

that economic drivers (e.g., economic growth, damming, tourism, land reclamation) negatively affect the 

provision of practically all classes. In particular, according to the authors’ review two main clusters of 

drivers primarily affect a set of cultural ecosystem services composed by recreation and leisure, aesthetic 

amenities, cultural heritage and identity, spiritual, sacred and/or religious experiences, and educational 

services. The main cluster of drivers includes depopulation, aging of local community, human perception of 

environmental threat, urbanization, industrial fishing, and sociopolitical and economic drivers; while the 

second cluster that affects also the group 'intellectual and representative interactions' is composed by 

traditional activities abandonment, local communities’ isolation, identity loss, invasive species, habitat 

degradation, and biodiversity loss (Garcia Rodrigues et al. 2017). 

In addition, during MARISCA project (MARIne Spatial Conservation planning in the Aegean Sea)1, analysis 

and mapping of human activities and pressures including cumulative impacts revealed that the activities 

that can potentially have an impact on Posidonia are fisheries (ports and effort), especially trawling which 

scored higher, aquaculture, ports, marinas/anchorage, tourism (number of tourists), urbanization, waste 

disposal, industrial effluents, agriculture.  A scale of 0-4 was employed and expert judgement was used. The 

activities that scored lower, that is less than 2, were those related to land interaction that is the latter four, 

while fisheries and ports were assigned the highest weight (Katsanevakis et al. 2017).  

Focusing more on fisheries and particularly on bottom trawling, it is regarded that the total number of 

bottom trawl vessels in Greece was 422 in 1991 and has shown a significant reduction to 322 vessels in 

                                           

1http://www.marisca.eu/index.php/en/project/in-a-nutshell 
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2009 while, the majority of them is registered in the North Aegean Sea and together with the vessels of the 

Central Aegean constitute 60.25% (about 194 vessels) of the total number of bottom trawlers that operate 

in the Greek waters (M.E.E.C.C. 2012). The remaining bottom trawlers are distributed as follows: 26.71% 

(about 86 vessels) in the S. Aegean, 2.17% (about 7 vessels) in Cretan Sea and 10.87% (about 35 vessels) in 

the Ionian Sea.  

Regarding fishing it is noted that there are no data of environmental monitoring of intensity and extent of 

the disruption caused and as a result it is not possible to assess the situation for most of the continental 

shelf posing specific challenges for an adaptive ecosystem-based management (M.E.E.C.C. 2012). 

Nevertheless, fishing is restricted in depth by banning use of trawling at a depth less than 50 meters, 

although in many areas almost all the rest of the seabed has been subject to intense fishing disturbance 

several times during a fishing year. Furthermore, as the report highlights anchoring and mooring yachts are 

not bound by restrictions, while regarding aquaculture “there is no record of monitoring data collection, 

there is no precise figure for the percentage of farms that have a significant impact on the bottom though 

the amending legislation from 2009 imposed some aspects of good practice linking the production capacity 

with the environmental characteristics of the receiving environment” (p.148). 

Regarding eutrophication, the coastal waters of North Aegean are generally characterized as oligotrophic 

(to mesotrophic). However, in coastal and estuarine areas there is localized enrichment by nutrients and 

organic matter as rivers carry agricultural runoff. Similarly, Central and South Aegean waters are 

characterized as oligotrophic. However, in coastal areas there is localized enrichment by nutrients and 

organic matter due to anthropogenic activities (Figure 2) (M.E.E.C.C. 2012). 

 

Figure 2. Classification of sea bodies according to levels of chlorophyll-a (M.E.E.C.C. 2012) 

Finally, it is highlighted that drivers vary geographically, while more research is needed to determine the 

exact proportions of loss in goods and services, the effects of pressures on ecosystems functions that can 

be attributed to each driver, the percentage area of benthic or other habitats that have been degraded or 

whether there is trend towards improvement in the environmental conditions or not. Overall, as it is 

emphasized in the report ‘many of the activities that produce temporary physical damage are not subject 

to either spatial restrictions or monitoring of their effects on the environment and the marine organisms. 
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Therefore, it is anticipated that only the development of integrated management plans for the coastal zone 

and the establishment of protected areas will improve the current situation.’ (M.E.E.C.C. 2012, p.148). 

In order to assess whether there is any degradation in the ecosystem components, or significant changes in 

the impact of the pressures, when comparing the BAU scenario with the achievement of GES MSFD target 

for example under the establishment of a network of marine protected areas (MPAs), it is important to 

know how things will evolve without any potential program of measures. MEDTRENDS collected data and 

mapped integrated scenarios of maritime economy growth at transnational level in 8 EU Med countries 

over the next 15 - 20 years. Future trends of key maritime sectors resulting from MEDTRENDS analysis are 

summarized in the following figure (Figure 3). Hence, considering for example coastal habitats and the main 

anthropogenic drivers and pressures such as fishing effort (mostly recreational), coastal development and 

tourism, aquaculture, ports, as well as their expected rising trends as shown in Figure 3, we would expect 

that under the BAU scenario and in the absence of management measures, it is likely to have degradation 

of benthic habitats and their associated ES. Regarding Cyprus, according to the impacts of environmental 

pressures from Part II of the Initial Assessment (Initial Assessment of the Marine Environment of Cyprus 

2012), it is reported that ‘during the next decade Cyprus is not probable to face severe impacts on marine 

waters degradation’. As noted in the report, this is due to the fact that the amount of pressures does not 

constitute a critical mass altering the environmental status of marine waters in such a degree as to lower 

the benefits of the sectors (mainly fisheries, tourism, shipping) profiting from marine waters. However, 

three areas were identified that could produce such results and namely, planned works in ports, overfishing 

and the Lessepsian that may lead to severe impacts both in tourism and fishing sector. 
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Figure 3. Future trends in main marine activities (Piante and Ody 2015) 

However, it is difficult, given the existing evidence base and knowledge, to determine or quantify 

adequately the impact of this degradation in terms of changes to the involved services. Overall, it is 

expected that a major impact would reduce the capacity of the habitats to provide these services. 

However, further analysis is needed in order to understand and capture the cost of degradation. 

The figure below (Figure 4) presents schematically where in broad terms uncertainty is mainly located and 

diffused affecting valuation and overall ES assessment at a fine scale. For example, there is uncertainty over 

the exact proportions of loss that can be attributed to each driver of change, habitat’s distribution and 

condition, functional relationships describing for example the dependence of adult stocks of the species to 

the amount of nursery habitat available, the contribution of other inputs (built, human, social) to the 

production of goods and benefits. Furthermore, there are issues and challenges related to the demand side 

of the ES. For example, who are the beneficiaries of a service? Do they fall within plan’s boundaries? But 

also, what method to use for each service’s assessment of ‘value’? Are values ‘individual’ or ‘social’?  
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Figure 4. Uncertainty interlinkages (Sources: Mace et al. 2011; Liquete et al. 2013; Kenter et al. 2015) 

3.2. Qualitative evidence on the assessment of degradation  

Different practical frameworks for decision-making have been suggested for assessing ES regarding the 

potential impacts of policy options (e.g., Defra 2007; Value of Nature to Canadians Study Taskforce 2017). 

Regarding prioritization, Pendleton et al. (2015) focusing on the marine environment present the triage 

approach, a structured decision-making approach, to assess what types of ES should be assessed to 

improve the uptake and usefulness of such information in marine planning. Another example is that of 

Werner et al. (2014) who employ an ES Prioritization Matrix (ESPM) to prioritize relevant ES in the deep-

water Gulf of Mexico according to perceived financial and societal value and level of stress. The 

prioritization was based on the relative value (or importance) of each ES for each marine ecosystem 

considered, and the relative level of stress on (or vulnerability of) each ES for each marine ecosystem.  The 

estimation was based on literature review and professional judgment. In particular, values were judged by 

the study team to be those as viewed by society, while stress levels were judged based on the ES 

dependency on ecological components, the resilience of those components, the pressures facing and the ES 

itself. Following this approach, the ‘highest priority’ placed on ES considered both ‘high value’ and ‘high 

stress’. As the authors note results could be made more robust and widely accepted if additional 

stakeholder groups (e.g., local community, user group, industry, academic and government 

representatives) could be involved to aid with the evaluation of relative value and stress. This would also 

allow to combine for example, community perceptions (subjective) with those of expert opinion (objective). 

Galparsoro et al (2014) assess the ecosystem services provided by benthic habitats based on expert 

judgement and the following guidelines: (i) when the provision of a specific service is well documented in 

the scientific literature and is widely accepted as important for the specific benthic habitat analyzed, it was 

considered as providing a ‘High’ value (e.g., the role of seagrass beds in sediment retention and prevention 

of coastal erosion); (ii) when a service was or could be provided by a habitat but to a substantially lower 

magnitude than by other habitats and without being vital for the persistence of an important human 

activity, a ‘Low’ value was assigned; and (iii) in all other cases, ecosystem services were classified as 

? 
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‘Negligible/Irrelevant/Unknown’. Ecosystem services categories were rated into the following numerical 

values for further analysis: ‘High = 3,’ ‘Low = 1,’ ‘Negligible/Irrelevant/Unknown = 0’. Furthermore, 

prioritization schemes used in terrestrial environments could be also considered. For example, in Bennett 

et al. (2010) criteria for identifying priority public benefits from soil management were examined. Benefits 

flowing from services were scored (-3 to +3) based on the net change in benefit from current to changed 

practices. Six criteria were employed to identify benefit changes that should have priority for more detailed 

valuations in any decision-making context. 

Based on available evidence included in Deliverable 4.1 and description of likely pressures and trends 

presented above, potential impacts on human welfare are expected especially in the Aegean case study. 

However, since GES is not yet defined in quantitative terms, the actual size of the cost of degradation is 

consequently unknown. In the next paragraphs we present a high-level description of the cost of 

degradation related to the services that we have particularly focused on in this Task. 

Hence, regarding the ES related to the provision of food (commercial species) under BAU, although 

pressures such as professional fishing and land based pollution are expected to decline, other activities 

such as ports, tourism, coastal development and aquaculture are likely to put pressure on this service. 

Furthermore, recreational fishing may put an extra pressure, which although is not monitored as an activity 

it is regarded to be extensive. In addition, even if there is a decline in fishing, due to the size of the activity 

the remaining fishing effort will not be negligible, especially if monitoring and enforcement are not 

adequate. Therefore, assuming that this ES is sensitive to impacts, the value change will not be negligible 

considering the share of the value of commercial species of interest in the total value, as well as the effect 

on the social welfare of different groups of people (e.g., fishers, processing industry, consumers). Table 1 

provides examples of goods, services and groups of people whose welfare might be impacted. However, as 

also commented before, the extent that pressures impact individually and/or synergistically on the function 

and level of this ecosystem service is not clear, while cost estimates related to different pressures are not 

available. In addition, although monetary indicators of marine ecosystem services that can be traded off 

against other measures of demand to inform policy decisions might be preferred, sometimes the best 

available result might be non-monetary indicators of the value of human welfare (e.g. the impacted human 

population) at risk because of environmental change (Eftec, ABPmer, University of Stirling 2014).  

A negative impact on the provisioning service of food/fish through degradation on important habitats and 

overfishing is to be demonstrated through the change in the abundance of fish species. Hence, a likely 

reduction on the abundance of fish species is expected to reduce the direct and indirect GVA and 

employment of related sectors. Regarding fisheries, this is expected to affect them at different degree (e.g., 

small scale and large-scale fisheries) and different scale (e.g., local, regional). In particular, where 

dependency to fisheries is higher and alternative resources are limited (e.g., remote insular communities) 

social resilience of these communities will be impacted more by a reduction in fish abundance.  

Furthermore, if the provisioning of recreational fishery species (i.e. ‘food’) is reduced, the value of 

recreational fisheries (i.e. ‘recreation’) is in turn reduced as well as its economic impact across the case 

study areas. It is also reminded that this provisioning service provides both end benefits to the fishing 

industry while it also has an intermediate function towards other cultural services such as scenery, cultural 

identity, heritage and sense of place related to the maintenance of traditional fishing communities, 

practices, local knowledge and culture of boat building. Furthermore, it is reminded that key benthic 

habitats provide key regulating services (such as climate regulation, regulation of water and air quality, 

hazard protection and regulation of disease and pests). Overall there will be considerable benefits from 

improving/maintaining the (good) state of important habitats.   
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Furthermore, in the questionnaire employed for Task 4.4 purposes, we included a section where a range of 

stakeholders from the two case study areas were asked to perform a qualitative assessment (Defra 2007) of 

listed ecosystem services under two policy scenarios. Please see Deliverable 4.6 for details on survey 

design, sample characteristics etc.  The first option is related to the 'current situation' that includes the 

current MPAs and fishing restricted areas (FRAs), while the second scenario proposes the creation of an 

MPA network. Respondents were asked to consider human actions and threats that may have a negative 

impact now or in the near future on habitats and species in the study areas (e.g., overfishing by 

professional and recreational fishing, alien species, coastal development, oil and gas exploitation etc.) and 

indicate the potential impacts on suggested services and goods. Where, ‘+’ likely positive effect, ‘-‘  likely 

negative effect, ‘0’ likely no effect or insignificant, ‘?’ uncertain effect. Results are presented in Tables 2 and 

Table 1. Examples of goods and services, groups of ‘beneficiaries’/groups bearing the cost of 

degradation and the relevance of scale  

Ecosystem 

services 

Good/Service ‘Beneficiaries’  Geographic scale 

Provisioning 

 

 

‘intermediate 

service’: 

Food/fish: 

-Commercial fisheries 

-Subsistence 

Fishers, processing 

industry, consumers, 

subsistence fishers  

Mainly local due to the 

predominance of small 

scale fisheries, regional 

(e.g., fish processing 

industry), national (e.g., 

consumers), 

international (e.g., 

neighboring countries 

involved in fishing of 

common species) 

Cultural Recreational fishing Boat fishers, shore 

fishers, 

Spearfishes, related 

businesses 

renting/selling 

equipment, hotels, 

restaurants etc 

Local/regional/ 

national/ 

international (regarding 

visiting fishers) 

 

Other socio-

cultural 

Maintenance of local 

traditional fishing 

communities, which can 

be considered as an 

intermediate service to 

the maintenance of 

scenery, cultural 

heritage, identity and 

sense of place  

Fishers, traditional 

fishing communities, 

residents, 

visitors/tourists, 

general public, future 

generations  

 

 

Local (e.g., regarding 

communities), 

national (e.g., heritage) 
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3 for the Aegean Sea and Cyprus respectively. A quick view of the results shows that in both case study 

areas the option of establishing a network of MPAs is associated with likely positive effects on the involved 

ecosystem services, although expressed at different levels of ‘certainty’. For example, higher for food 

provision, protected species and habitats, education and research, seascape due to improved 

environmental quality and mixed regarding climate regulation and coastal protection. Regarding the BAU 

scenario, the views’ range about the likely effect on the ecosystem services is wider demonstrating possibly 

the involved uncertainty of stakeholders about the current status of services and/or the future trends of 

drivers of change. 

Table 2. Checklist of ecosystem services for consideration, Aegean Sea (n=86) 

Services & goods Do nothing/BAU Network of MPAs 

Provision of fish and seafood (food) -/+/?/0/na 

(30%/28%/17%/16%/8%) 

+/-/?/0/na 

(67%/12%/9%/7%/5%) 

Important protected species and 
priority habitats 

+/-/na/0/? 

(47%/24%/12%/9%/8%) 

+/-/0/na/? 

(77%/9%/6%/5%/3%) 

Recreational fishing (boat, on 
shore, spearfishing) 

-/0/+/na/? 

(34%/23%/23%/10%/9%) 

+/-/0/?/na 

(45%/30%/13%/8%/5%) 

Other recreational activities (e.g., 
scuba diving, snorkelling) 

+/0/-/na/? 

(33%/27%/23%/12%/6%) 

+/-/0/?/na 

(58%/14%/14%/8%/6%) 

Uniqueness of seascape related to 
traditional characteristics 
(picturesque scenery) and 
minimum technical interventions 

+/0/-/na/? 

(29%/26%/22%/14%/9%) 

+/0/na/-/? 

(63%/19%/8%/6%/5%) 

Uniqueness of seascape related to 
enhanced environmental quality 
(coastal and marine)  

+/0/-/na/? 

(30%/27%/23%/13%/7%) 

+/0/-/?/na 

(67%/16%7%/5%/5%) 

Cultural identity  0/+/-/na/? 

(38%/28%/13%/12%/9%) 

+/0/-/?/na 

(55%/28%/7%/7%/5%) 

Education, research, new 
knowledge 

+/0/-/?/na 

(44%/20%/15%/8%/8%) 

+/0/-/?/na 

(77%/7%/7%/5%/5%) 

Climate regulation (through carbon 
sequestration) 

0/-/?/+/na 

(26%/23%/20%/16%/15%) 

+/0/?/-/na 

(48%/17%16%/12%/7%) 

Coastal protection from erosion 0/-/?/+/na 

(31%/19%/19%/17%/14%) 

+/0/?/-/na 

(40%/21%/19%/13%/8%) 
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Table 3. Checklist of ecosystem services for consideration, Cyprus (n=20) 

Services & goods Do nothing/BAU 

 

Network of MPAs 

Provision of fish and seafood (food) 

 

-/0/+/na 

(70%/5%/10%/15%) 

+/na 

(90%/10%) 

Important protected species and priority 
habitats 

-/+/0/na 

(65%/15%/10%/10%) 

+/na 

(85%/15%) 

Recreational fishing (boat, on shore, 
spearfishing) 

-/+/na 

(70%/20%/10%) 

+/-/na/0 

(65%/20%/10%/5%) 

Other recreational activities (e.g., scuba 
diving, snorkelling) 

-/+/0/na 

(55%/25%/10%/10%) 

+/-/0/?/na 

(75%/5%/5%/5%/10%) 

Uniqueness of seascape related to 
traditional characteristics (picturesque 
scenery) and minimum technical 
interventions 

+/-/na/0 

(40%/35%/15%/10%) 

+/-/na/0 

(65%/15%/15%/5%) 

Uniqueness of seascape related to 
enhanced environmental quality (coastal 
and marine) 

+/-/0/na 

(40%/30%/15%/15%) 

+/na/- 

(80%/15%/5%) 

Cultural identity  +/-/na/0/? 

(40%/25%/20%/10%/5%) 

+/na/- 

(75%/20%/5%) 

Education, research, new knowledge +/-/na/0 

(40%/35%/15%/10%) 

+/-/na 

(80%/10%/10%) 

Climate regulation (through carbon 
sequestration) 

-/na/0/+ 

(40%/30%/20%/10%) 

+/na/0/? 

(50%/25%/15%/10%) 

Coastal protection from erosion -/na/0/+ 

(35%/30%/25%/10%) 

+/na/0/?/- 

(45%/25%/15%/10%/5%) 

 

3.2 Quantitative evidence on the assessment of degradation  

As mentioned before, three methods including the ecosystem service approach have been suggested to 

assess the cost of degradation (WGES 2010). One of these is the thematic approach. Following, this method 

the analysis includes the present costs, expenses and loss of benefits related to the current anthropogenic 

degradation of the marine environment. Another method is the cost-based approach that focuses on the 

current public and private spending to prevent further degradation compared to the present situation. 

Regarding costs and in particular accounting costs which refer to current expenditures on measures for 

environmental protection and environmental prevention, to our knowledge there are not any examples of 
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at least hard structures for habitats’ protection in our case study areas. In Giakoumi et al. (2015) it is 

referred that the establishment of anti-trawling reefs has proven to be a realistic and cost-effective 

measure for Posidonia oceanica meadows protection from illegal trawling in the Mediterranean Sea in 

order to achieve the European Union conservation target. The establishment of ecological moorings was 

another conservation measure considered in Giakoumi et al. (2015) to minimize the impacts of anchors and 

anchor chains to seagrass beds. Greek Ionian Archipelago and adjacent gulfs were selected as a case study. 

Based on the implementation of such actions elsewhere in the Mediterranean, the authors estimated that 

to protect the seagrass contained within a planning unit of 1km2 required anti-trawling reefs composed of 

~66 blocks of 4.8 m3. Based on this estimate, the cost of stopping trawling was €475,200/km2 of seagrass. 

Assuming that the number of blocks needed per planning unit is proportional to the percentage of seagrass 

within it (35% seagrass cover), a value of €166,320/km2 was estimated. Furthermore, the cost of 

establishment of an ecological mooring was estimated to be €3,300. 

By combining in GIS available information on fishing effort and habitats distribution, it is possible to have a 

quick overview of the % of nursery and spawning grounds of species of high commercial value that may 

overlap with fishing abrasion, and which may pose a risk of damage to this service.  

For example, regarding Engraulis encrasicolus habitat in Aegean case study area (D 2.3 GAMMS output, 

where the two classes 1 (preferential) and 2 (occasional) are merged) a total area of 22,539 km2 is 

calculated (8,636.88 km2 is attributed to the first class). Considering only the first class (preferential) and 

purse seiners (PS) fishing effort the overlap area is estimated at 2,182.5 km2 (25%), while for both classes at 

6,895.96 km2 (30%) (Figure 5). 
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Figure 5. Habitat allocation map of Engraulis encrasicolus potential nursery grounds in Aegean Sea that is 

likely to overlap with purse seiners fishing effort 

Considering the case of Mullus barbatus essential fish habitat in Cyprus (D 2.3 output, where classes 2 and 

3 are merged), the total distribution of the habitat was estimated at 64.12 km2, while bottom otter trawling 

fishing effort (OTB) overlapped with 4.16 km2 (0.6%) of this habitat (Figure 6). However, considering small 

scale fishing effort the area overlapped with 25.53 km2 (40%) of this habitat (Figure 7). 
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Figure 6. Habitat allocation map of Mullus barbatus essential fish habitat in Cyprus that is likely to overlap 

with bottom otter trawling fishing effort 
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Figure 7. Habitat allocation map of Mullus barbatus essential fish habitat in Cyprus that is likely to overlap 

with small scale fishing effort 

Regarding the approach followed here, it is acknowledged that this is a gross over-simplification of the real 

situation where multiple pressures (e.g. water pollution, coastal development) occur throughout the 

marine environment. In addition, the pressure data layer used in this project represents only a snapshot in 

time (2015) and, as such, it does not reflect any historic fishing activity, while habitat mapping is based on 

modelling and represents an ‘average’ state. It is noted that the fishing effort distribution for bottom 
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trawlers, purse seiners (only in Greek case study) and small-scale fisheries (only in Cyprus case study) was 

estimated by vessel monitoring system (VMS) data, a satellite based monitoring system, which at regular 

time intervals provides data to the fisheries authorities related to the location, heading and speed of 

vessels. Common errors and outliers in the VMS dataset were filtered out and removed by applying the 

approaches suggested by Bastardie et al. (2010), Kavadas et al. (2014) and Russo et al. (2014). Moreover, 

fishing activity was classified as “fishing”, “steaming” or “mooring” on the basis of speed thresholds. It was 

considered that speeds <4 knots for bottom trawlers and <2 for purse seiners and small-scale fisheries 

corresponded to “fishing”, otherwise the signals were classified as “steaming” (Kavadas and Maina 2012; 

Kavadas et al. 2014; Maina et al. 2016). VMS pings falling within circular buffers of 3 km for bottom 

trawlers, 300 m for purse seiners and 100 m for small scale fisheries around each harbor were classified as 

‘‘mooring’’. The study areas were partitioned in grids of 2x2 km squares (cells) and fishing effort was 

estimated as the “fishing” time spent in each of these cells in one year and was expressed in fishing hours 

(h). For the modelling purposes, distribution maps of fishing effort from bottom trawlers and purse seiners 

were used for the year 2015. For small scale fisheries, distribution maps of fishing effort were used for the 

year 2010 as this was the year with a complete and reliable dataset of VMS data. Permanent restricted 

areas for fishing based on national and European legislation were excluded from the fishing effort layers.  

Information about habitats’ distribution estimation is included in the respective deliverable and therefore 

omitted here. 

Nevertheless, considering the commercial value of the above species presented in D 4.1, it is inferred that 

exposed nursery and/or spawning grounds could be translated to considerable economic losses. Table 4 

summarises the relevant information. Commercial fish stocks could benefit from enhanced benthic 

conditions, depending on whether carrying capacity at the grounds in question are a limiting factor on the 

populations of the species concerned (Eftec, ABPmer, University of Stirling 2014). However, as noted in D 

4.1, the extent and consistency of these relationships are not yet fully understood. For example, relevant 

factors associated with the capacity of seagrass to provide this service include the density and the quality of 

seagrass (Barbier et al. 2011), the location as well as the presence of other habitats that interact in the 

service provision. Hence, in order to be able to undertake an accuarate valuation, a function would be 

needed to quantify how removing the fishing abrasion pressure would affect stock size, e.g. ‘removing 

abrasion pressure in 1 km2 of Engraulis encrasicolus potential fish habitat increases the species stock by XX 

tonnes’ (Eftec, ABPmer, University of Stirling 2014). 

Table 4. Summary of ecosystem service food provision – wild capture sea food: capacity, flow, 

benefit in the case study areas, 2015 

Species Case study area Area (km2) * Quantity (tons) ** Value of catch (€) ** 

Engraulis 

encrasicolus 

Aegean Sea 22,539 12,962.3 19,443,480.3 

Mullus barbatus Cyprus 64.12 35.9 535,355.8 

Source: *D 2.3, **ELSTAT 2015 & Cyprus official DCF 2015 

Regarding other available quantitative evidence in the case study areas is that of Halkos and Galani (2016), 

the only study that we are aware of that values Posidonia oc. in Greece by employing non-market methods. 

In this study the habitat is valued as a whole and is not broken down to ES provision. In particular, the 

authors use the choice experiment methodology to estimate the value of non-market benefits of the 
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marine and coastal ecosystem in Greece due to the achievement of GES as specified in the MSFD. The 

authors used six attributes namely species status, beach development, Posidonia oceanica state (% of 

Posidonia that is not impacted by anchors), increasing non-indigenous species warnings and MPA zoning. 

The levels related to Posidonia were 85%, 65%, 35%, 17% and BAU.  The monetary attribute required to 

estimate welfare changes was an increase in the water bill (0,2,5,10,25,75,150 €/year) for the next years till 

2020 to be channeled to a marine and coastal ecosystems management fund, which would be managed by 

a trustworthy and independent body. The survey covered three regions: (a) Volos-Pagasetic Gulf, (b) 

Rethymnon Crete and (c) Mytilene Lesvos , while 468 questionnaires were collected. Analysis of aggregated 

data on these three areas showed that respondents are willing to pay €4.46 to maintain the good 

environmental status of Posidonia oceanica (in 2012 prices) in the country compared to the business as 

usual. If we were to assume that the sample is   representative of the targeted population 224,214 

households accessing water supply (Rethymno 53,101, Lesvos 61,071 and 110,042 in Magnisia according to 

2011 Census) then valuation results could be considerable. However, the authors in their analysis note the 

low total adaptation of the model. 

Another primary valuation study with a focus on Posidonia oceanica is that of Diedrich’s et al. (2013) that 

estimated the willingness to pay (WTP) to maintain and improve the system of mooring buoys in an MPA 

located in a heavily used Bay on the island of Mallorca in Spain. A contingent valuation open-ended 

elicitation format was employed. This MPA was designated to protect Posidonia oceanica, which has been 

significantly degraded by structural damage from anchors. Data were collected using a survey instrument 

administered to recreational boaters in the summer of 2011. The authors estimated a median WTP value of 

5€ per buoy/day for the 58% of respondents who were willing to pay some amount for the use of buoys. 

Another study that aimed to investigate and quantify in economic terms the losses of social welfare that 

can be expected from the degradation of the Mediterranean marine ecosystem is that of Kontogianni and 

Emmanouilides (2013). In particular, it addresses both the incidence of jellyfish outbreaks and the loss of 

critical marine habitats in a choice experimental framework, in the Gulf of Lions (Southern France) which 

was chosen because it is a leading tourist destination and a centre of intense human activity; in recent 

years it has been heavily affected by marine ecosystem degradation and jellyfish outbreaks. From the best-

fitting model, the average marginal WTP for the ‘covered area of important marine biotopes’ attribute (two 

levels: -20% (BAU), +20% (‘Deep Blue’ scenario)) was estimated at €78 euros/household, while for the 

‘probability of occurrence of jellyfish outbreaks’ (two levels: 0.9 (BAU), 0.1 (‘Deep Blue’ scenario)) attribute 

the WTP was estimated at €66 euros/household (in 2009). Α  stratified random sample of resident and 

visiting households (n=150) was collected through face-to face interviews. 

We should also mention evidence from MARISCA project (Katsanevakis et al. 2017) in which as far as 

carbon sequestration is concerned, a value between 285,000 to €8 M /year or 176 to 5,000 € /km2/year (€ 

2015) was estimated for the Aegean Sea (including Crete), considering the most recent low price (8 €/tCO2) 

and the potential long-term sequestration of carbon achieved by P. oceanica. This information was 

combined with cumulative impacts analysis to explore the potential risk of degradation. Hence, it was 

assumed that those areas where cumulative impacts are > medium will loss the capacity to offer this 

service, that is 0.1*1618 about 162 km2. This degradation could translate to 28,500 to 810,000 € in a given 

year. Hence, the present value of loss in benefits over the first 10 years using a 3.5% discount rate may 

range from €245,000 to 7M. 

At national level choice experiments methodology, have been used in the case of Ireland to estimate the 

value of the non-market benefits associated with the achievement of GES as specified in the EU MSFD 

(Norton and Hynes 2014). In this context, the ‘costs of degradation’ are the benefits foregone if GES is not 

achieved, implying that changes in marine ecosystem services provided in each State should be analyzed. 
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The authors combined MSFD descriptors to create the choice experiment attributes which included: 

Biodiversity and Healthy Marine Ecosystem, Sustainable fisheries, Pollution levels in Sea, Non-native 

species, Physical Impacts to the Sea. Overall, the results showed that there are high values attached with 

changes to the state of the marine environment by the Irish general public. 

4. Conclusions 

Commercial fish stocks could benefit from enhanced benthic conditions within nursery and spawning 

grounds, considering the potential pressures that might be present in the case study areas and the carrying 

capacity at the grounds in question. Another point is that environmental management strategies should not 

target single drivers of change, since regarding ecological drivers contributing to marine and coastal cultural 

ecosystems decline (e.g., biodiversity loss, habitat degradation, and the spread of invasive species) to some 

extent these act synergistically and can disrupt the supply of ecosystem services including cultural (Garcia 

Rodrigues et al. 2017). 

The exploratory analysis in the deliverables of Task 4.1 showed selected species spawning and nursery 

grounds that are potentially exposed to abrasion pressure and which could benefit based on their value 

(i.e., the species included above in the Aegean Sea case study and Mullus barbatus in the case of Cyprus 

regarding pressure from small scale fisheries). 

However, further research (primary research, or re-modelling from existing ecological data on individual 

species) on the ecological functions of nursery and spawning grounds that may vary across the case study 

area would enable an integrated assessment, especially with regards to assessing the impact from 

improving the condition of the benthic environment (Eftec, ABPmer, University of Stirling 2014). 

Furthermore, maps of the possible envelope of habitats can shed more light on the assessment of 

degradation. In addition, the overall role of the provision service as an intermediate for cultural services 

should be also investigated further in the case study areas. It is noted that additional limitations are 

included in D4.1. 

Overall, regarding estimating the cost of degradation within MSFD context, it is important that we define 

what GES might look like in terms of specific targets and indicators, and link prioritized final ecosystem 

services with related ecosystem components and pressures (MSFD descriptors). Finally, Dimopoulos et al. 

(2017) propose an initial conceptual framework for ES assessment that will serve as a compass that will 

guide the production of the first set of national ecosystem type and ecosystem type condition maps for ES 

mapping and assessment in Greece. The authors note that by using these maps, thematic groups will 

conduct ES indicator assessments and mapping, resulting in the national set of indicators for each thematic 

field and the relevant ES maps for Greece. Furthermore, the Hellenic Ecosystem Services Partnership (HESP) 

Action Plan to 2020 sets the basic steps needed to achieve decision making based on ES enhancement and 

maintenance, including in temporal order: i) Biophysical assessment and mapping; ii) Social assessment and 

mapping; iii) Economic valuation; and iv) Development and assessment of future scenarios (Dimopoulos et 

al. 2017). 
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1. Introduction 

Marine and coastal areas are experiencing the last decades a large growth of human development were 

multiple activities are competing for marine space and resources. This has often led to a significant 

degradation of marine ecosystems, depletion of biological resources and biodiversity loss (e.g. Halpern et 

al, 2008a;b; Micheli et al, 2013a). Loss of ecosystem functions may be directly or indirectly translated into 

financial loss of services for human societies (Katsanevakis et al, 2011). For instance, recent data confirm 

that the majority of the main fish stocks in the Eastern Mediterranean are overexploited with significant 

impacts on the local and national economy (Colloca et al, 2013; Tsikliras et al, 2015; Vasilakopoulos et al, 

2014). In addition, East Mediterranean increasingly suffers by the effects of climate change and species’ 

invasions due to alteration of species composition and displacement of native species, habitat degradation 

and changes in the functioning of ecosystems (Katsanevakis et al, 2013; 2014a;b).  

 

Today, however, most management approaches adopted are sectoral and fragmentary, ignoring the linking 

processes taking place between human societies and marine ecosystems, often resulting in low capacity to 

provide comprehensive management solutions that ensure social acceptance (Mazor et al, 2014). This has 

prompted the need to develop coordinated management plans and adopt holistic strategies that take into 

account all human activities and interactions within a marine ecosystem (Foley et al, 2010; Knight et al, 

2008). Systematic Conservation Planning (SCP) contributes to the development of maritime spatial plans 

through the creation of Marine Protected Areas (MPAs) and the identification of areas (‘zones’) where 

different human activities may be allowed or prohibited within. MPAs on one hand have been widely 

suggested as a useful tool for sustaining marine ecosystems through biodiversity conservation and fishery 

enhancement (Agardy and Staub 2006, and references therein). Zoning on the other hand adds flexibility to 

the provision of management solutions, by allowing the organization of multiple activities into a spatial 

design scheme (Watts et al, 2009). A summary of the social and ecological benefits perceived when 

applying MPAs may be found in Box 1. 

 

Box 1: Marine Protected Areas as a management tool for the protection of biological resources  

The positive benefits derived from the implementation of Marine Protected Areas (MPAs) have been 

reported widely i.e. increases in sizes of organisms, density and biomass of commercially exploited species 

and whole assemblages, reproductive potential, species richness, live cover of benthic organisms, and 

restoration of trophic interactions (e.g. Edgar et al, 2014; Fenberg et al, 2012; Floros et al, 2013; Giakoumi 

et al, 2017; Guidetti and Sala, 2007; Halpern and Warner, 2002; Halpern, 2003; Lester et al, 2009; Selig and 

Bruno, 2010; Stewart et al, 2009). Although the role of MPAs regarding the recovery of fish stocks remains 

an issue of debate between scientists (Kaiser, 2005; Stefansson and Rosenberg, 2006; Vandeperre et al, 

2011), more and more studies identify that benefits from protection are positively correlated with the age 

and size of MPAs, the level of protection and enforcement (Claudet et al, 2008; Giakoumi et al, 2017). 

Moreover, while the establishment of MPAs is still a challenge, it is generally accepted that MPAs may 

achieve a balance between ecological conservation and socioeconomic needs (Klein et al, 2008a;b) when 

using biological principles as primary design criteria (Roberts et al, 2003) and including relevant socio-

economic aspects to ensure community support and compliance (Moore et al, 2004; Pita et al, 2013; 

Walmsley and White, 2003). 

 
 
SCP is characterised by specific principles and follows a structured, well-defined approach (Figure 1). A wide 

range of ecological features that represent the local biodiversity and marine resources, are included in the 
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analysis. Overall goals and specific measurable objectives (‘targets’) regarding these ecological features are 

explicitly set in a transparent and socially responsible manner (Margules and Pressey 2000; Pressey and 

Bottrill 2009). To provide management solutions that achieve these ecological targets, analysis incorporates 

in addition socio-economic information related to the human activities present in an area, which are later 

translated into financial costs of implementing the suggested management actions. Integration of cost 

helps to properly assess the impact of management decisions, deliver cost-effective solutions with higher 

likelihood of implementation, and facilitate stakeholder involvement in the planning process (Moilanen et 

al, 2009; Wilson et al, 2009). 

 

 
Figure 1. Key steps followed in Systematic Conservation Planning (SCP) process. Dashed lines indicate the 

dynamic character of planning process where local preferences and knowledge are integrated into 

management plans through stakeholder engagement 

 

The Aegean is one of the most important areas, ecologically and socioeconomically, in the oligotrophic 

eastern Mediterranean Sea, characterized by increased productivity in its northern part due to the outflows 

from the Black Sea, the Dardanelles and rivers (Petihakis et al, 2014; Zervakis and Georgopoulos, 2002). The 

peculiar topography, with highly indented coastline of more than 3000 islands and rocky islets, the 

geomorphologic complexity (hydrothermal vents, marine caves, trenches, volcanoes) the complicated 

hydrology, and the variety of habitats render the Aegean sea an important area for the unique biodiversity 

it hosts (Sini et al, 2017). It includes important habitats for the survival of endemic and protected species 

such as seabirds, the Mediterranean monk seal, marine mammals, fish and invertebrates (e.g. Coll et al, 

2012; 2015; Greenpeace, 2006; Hoyt et al, 2012; Mackelworth, 2011; Mouillot et al, 2011; Oceana MedNet, 

2012; Sini et al. 2017; UNEP-MAP-RAC/SPA, 2010a,b; Würtz et al, 2012). In addition, the Aegean Sea and its 

coastal areas are of high economic importance for the local livelihoods (e.g. Stergiou et al, 1997; Tsikliras et 

al, 2015). For instance, the North Aegean’s continental shelf is the most important fishing ground for 

sardine in the Eastern Mediterranean basin (Giannoulaki et al, 2006; Tsagarakis et al, 2008). Moreover, 
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more than 50% of the Greek otter trawl fleet operates in the North Aegean Sea, producing over 57% of the 

total national demersal landings (NSSG, 2006). 

However, these human activities pose a threat to the marine environment of the Aegean Sea and its 

resources. Terrestrial activities (e.g. industrial zones, household waste, large urban and tourist 

development) pollute the sea, resulting in many areas being banned for recreation and shellfish 

consumption. Impacts from fishing and land activities have affected most of the coastal areas of Aegean 

(Coll et al, 2016; Micheli et al, 2013a). Data on 'Bio-Sustainability Indicators' support that several fish stocks 

in the Aegean are currently over-exploited and multi-level management measures are recommended for 

achieving sustainable fisheries (Antonakakis et al, 2011; Directorate of General Fisheries, 2015; 

Moutopoulos and Stergiou, 2011; Stergiou et al, 1997; Tsikliras et al, 2015). Being part of the main marine 

transit route to the Middle East the Aegean sea is an area of generally increased shipping traffic (WWF 

Greece, 2015) characterized by high risk of oil accidents, pollution events and collisions with marine 

megafauna (Lyridis et al, 2006). Furthermore, invasive species, introduced in the Mediterranean mainly 

through the Suez Canal, ships and aquaculture, are greatly impacting marine biodiversity in the Aegean Sea 

(Katsanevakis et al, 2016). In the light of the economic crisis in Greece, the declining importance of 

environmental issues in public perception is expected to affect conservation efforts and decrease the 

enforcement of management measures and regulations in the wider area (Katsanevakis et al, 2015). 

 

The overall aim of the present planning exercise is to contribute towards the development of an efficient 

MPA network, taking into account the protection of ecological characteristics and Essential Fish Habitats 

(EFH), significant areas for fisheries, as well as their socio-economic impacts through a participatory 

bottom-up process. To this end, the most widely applied conservation planning software was used, i.e. 

MARXAN with Zones (Ball et al, 2009; Watts et al, 2009) to provide alternative management solutions 

through a transparent and robust analysis. The planning exercise takes into consideration the most 

important biodiversity and fishery features present in the area, while socio-economic costs of important 

uses and existing management actions (e.g. Fisheries Restricted Areas, MPAs, Natura 2000 network) are 

integrated into the new design.  The suggested plan includes a network of Marine Protected Areas (MPAs) 

where areas that systematically contribute to the biodiversity and fishery targets are identified, and the 

most important human activities are organized in a 5-zone management system. The method respects the 

principles of SCP under a general Ecosystem-Based Management (EBM) framework to fisheries 

management and attempts to integrate issues such as the impacts of non-indigenous species, as a 

management response in preventing and mitigating these impacts (Katsanevakis et al, 2009). Outputs may 

provide guidance in management decisions through an efficient, structured and transparent process, and 

ensure maintenance of marine ecosystems in a healthy condition and sustainable exploitation of ecosystem 

goods and services in the most effective way.  

 

This is the first time that such an integrated approach is applied in the Aegean Sea seeking to make a 

substantial contribution to the EU demands for the development of MSP, the adoption of integrated 

ecosystem approaches to fisheries management, the protection of the marine environment and the 

sustainable exploitation of marine resources (e.g. the MSP Directive 2014/89/EU; the Common Fisheries 

Policy; the Marine Strategy Framework Directive 2008/56/EC; the Habitats Directive 92⁄43⁄EEC; the EU 

Regulations No 1967/2006 and No 1343/2011 concerning the sustainable exploitation of fishery resources 

in the Mediterranean Sea etc.).  

 

Finally, it must be highlighted that this planning exercise is based on available spatial information and 

criteria set by the EU legislation, and the results should be considered as preliminary as extensive 

consultation with stakeholders is needed. At a second step, the planning exercise will be repeated 
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(Deliverable 4.3b) integrating feedback coming from the other WPs of the project as described in the work 

plan (Figure 2). 

 

 
Figure 2. The links between Work Packages (WPs) in the Protomedea project 

 

2. Systematic Conservation Planning: Principles and tools    

The main idea behind a planning problem is the selection of areas of high ecological value (‘priority areas’) 

throughout a large number of possible sites (Planning Units, PUs) using ecological, social and economic 

criteria (Figure 3). The selection of priority areas is based on the following principles of SCP (Margules and 

Pressey, 2000; Stewart et al, 2007): 

 Complementarity – priority areas identified are complementary to the ones that are already 

protected (i.e. existing management actions, such as MPAs) 

 Comprehessiveness – inclusion of many conservation features that describe the different 

components and aspects of local biodiversity  

 Representativeness – the samples are representative of the overall biodiversity of the area  

 Irreplaceability – areas with unique features are being identified and protected as being irreplaceable 

units for conservation of local biological resources 

 Cost efficiency – the proposed management solutions achieve the conservation targets with the least 

possible cost 

 Adequacy – the proposed management solutions ensure the adequacy of biodiversity and fishery 

resources taking into account the threats posed by human activities to the ecological characteristics 

and their vulnerability to each activity. 

 

Given the complexity of locating new conservation areas that meet the principles of SCP, Decision Support 

Tools (DSTs) are frequently used to guide the spatial identification of priority areas. The most well-known 

and widely used DSTs are Marxan (Ball et al, 2009) and Marxan with Zones (Watts et al, 2009). These are 

software that use simulated annealing algorithms to find a range of good near-optimal systems of priority 

areas that meet the conservation targets set, while attempting to minimize socio-economic costs (Wilson et 

al, 2009). 
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Figure 3. The different maps often used in conservation planning based on a case study of planning for 

Marine Protected Areas in Fiji (Tulloch et al, 2015) 

 

Marxan provides a spatially binary solution that indicates whether or not a PU belongs to the MPA network. 

Marxan with Zones uses a more sophisticated algorithm, offering the ability to integrate many different 

activities and organise them into a zoning system, which forms a management plan. In other words, various 

zones may be defined where different uses are prohibited or permitted within. Zoning allows the spatial 

allocation of human activities in space and the establishment of different objectives within each zone which 

contribute to the overall objectives set in the planning process. This adds greater adaptability to the 

provision of management solutions (Watts et al, 2009). In addition, it has been shown that organizing uses 

into zones offers more realistic plans since it minimizes possible conflicts between different interests 

(Agardy, 2010). 

In both cases of Marxan and Marxan with Zones, biodiversity is represented by a variety of ecological 

characteristics (‘ecological features’) present in an area and clear conservation objectives are set for each 

one of the features. Objectives are translated into quantitative operational objectives, for instance 

preserving 30% of the population of each species in the study area (Leslie et al, 2003). Successful 

achievement of operational objectives means that each ecological feature targeted for conservation (e.g. a 

species) receives adequate protection through the assignment of the species-relevant areas into an MPA 

network. Ideally, the MPA network achieves targets with the lowest cost for human activities taking place 

in the study area (Carwardine et al, 2009). Usually, this cost is measured in terms of socio-economic cost 

(‘opportunity cost'), defined as the foregone income (or profit) of the economic activities that arise when 

these activities are excluded from a specific area that is established as protected (Mazor et al, 2014). 

Greater cost will be given to areas where many different activities take place (or are intensively being used 
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by one activity) because these areas (and the resources within) contribute significantly to the income of 

these activities. Therefore, the exclusion of activities within these areas is likely to damage many activities 

(or to damage a lot a single activity that is practiced significantly within the area). Consequently, the 

software will try to avoid establishing any restriction within these areas, in order to minimize costs and 

achieve cheap ('efficient') solutions.  

Marxan with Zones uses a numerical algorithmic of re-arranging the PUs (simulated annealing) to find the 

best possible spatial solution (Watts et al, 2009). The algorithm aims to minimize the total cost of a zoning 

system, which is the sum of the cost of each PU defined in a particular zone (1st term of Equation 1) and the 

cost of the connection between two PUs assigned in different zones (2nd term of Equation 1):  

Minimize cost: 

 

 

 
 

Where  

m is the total number of planning units (i = 1, ..., m)  

p is the total number of zones (k = 1, ..., p)  

cik is the cost of assigning a planning unit i in zone k. 

 

For all PUs i and zones k, xik takes values {0, 1}, where,  

if the PU i (i = 1, ..., m) is assigned into zone k (k = 1, ..., p) xik = 1, if not then xik = 0. 

 

A PU cannot be assigned into more than one zone, so:  

 

At the same time each zone must achieve the percentages of contribution to the overall conservation 

objectives according to the effectiveness of each zone: 

 

 
 

and                                                                  

      
Where  

aij is the amount of the ecological feature targeted for protection j (j = 1, ..., n) in a PU i, 

ejk is the efficiency of zone k contributing to the conservation of the feature targeted for protection j 

sj is the overall target for the feature targeted for protection j 

th is the target for the ecological feature targeted for protection j in a particular zone k 

 

Marxan and Marxan with Zones are tools designed to support decision makers through a transparent and 

robust selection of priority areas, providing alternative solutions even to very complex management issues 

(Ball et al, 2009; Watts et al, 2009). Marxan with Zones has been commonly applied in MSP, due to its 

Eq. (1) 

Eq. (2) 

Eq. (3) 
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advantage to support a range of different human activities and management actions. For instance it has 

been applied for the production of marine management plans in California (Klein et al, 2009), the Caribbean 

(Agostini et al, 2010), Indonesia (Grantham et al, 2013) and Israel (Mazor et al, 2014) for providing 

management solutions with capacity to set various types of objectives in the planning exercise (Watts et al, 

2009).  

3. Methods   

3.1 Study area and Planning Units (PUs) 

The study area extends to the Greek territory of the Aegean Sea (6 nm from coast) and international 

waters, covering 177643.7 km2 (Figure 4). This was decided disregarding the fact that most commonly MSP 

plans are limited to administrative boarders (i.e. territorial waters), since this approach does not necessarily 

secure the ecological continuity of species and habitats distribution (e.g. marine mammals and turtles) 

(Dallimer and Strange, 2015).  A grid was compiled that divided the study area into 25683 cells (hereafter 

planning units, PUs) of two different square-size cells (2 km x 2 km at the Greek territory, and 10 km x 10 

km at the international waters). The use of two different sizes of PUs in the grid was decided due to the 

relevantly high resolution of available data at the shallow waters in contrast to the coarser at the offshore 

deep sea region, and the spatially restricted distribution of coastal ecological features (e.g. Posidonia 

oceanica meadows, coralligenous etc.) in comparison to the relevantly overall large study area.  
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Figure 4. The study area defined by the Greek territorial waters (2 km x 2 km square-size cells) and the 

international waters (10 km x 10 km) 
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3.2. Zoning plan  

A five- zone management plan was decided amongst partners, and a general objective was set for each 

zone (Table 1). 

 

Table 1. Zoning plan and general target set for each zone  

 Zone general target Zone title 

Zone A Fully protect biodiversity and stocks No-take zone 

Zone B Partial protection of benthic & pelagic 

biodiversity and fish stocks 

Small-scale fisheries zone 

Zone C Protect benthic biodiversity and fish stocks Commercial fishing zone 1  

(‘Purse seines zone’ and small scale 

fisheries) 

Zone D Protect pelagic biodiversity and fish stocks Commercial fishing zone 2  

(‘Trawling zone’ and small scale fisheries) 

Zone E General use Zone of general use – “Available” zone 

 

 

The zoning plan contains a list of existing and future planned anthropogenic activities that are permitted or 

banned in each zone according to their impacts on the ecological features (marine habitats, essential fish 

habitats and species) present and their consistency with each zone’s target (Table 2). Zones varied in their 

effectiveness in protecting the ecological features under study.  

 

Zone E (‘General use’ zone) is a zone where all activities are allowed with respect to the current legal 

framework in force (e.g. fishing gear restrictions). Due to the presence of impacting activities that may 

affect the good ecological status of an area, Zone E does not contribute to the protection of biodiversity 

and fish stocks. Consequently, PUs with human activities such as industries, aquaculture, big cities and 

ports, were considered seriously affected by these activities and were allocated in Zone E. Similarly, PUs 

with high densities of cargo shipping routes were allocated in Zone E (‘General use zone’) due to the high 

risk of oil spills. High densities of passenger shipping routes were excluded from zones A and D, since this 

activity is considered a threat for pelagic biodiversity (e.g. marine mammals and sea turtles) due to the high 

risk of collisions and underwater noise.  

 

Future H/C extraction was not included in the analysis due to the fact that the conditions under which this 

operation will take place in the Greek EEZ are still vague.  
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Table 2. The proposed zoning plan along with activities allowed and prohibited in each zone. In Zone E 

(‘General use’ zone) all human activities are allowed with respect to the current legal framework in force, 

but the zone does not contribute to the protection targets set in the planning exercise 

 Human activities 

Zone A 

Full 

protection 

Zone B 

Partial 

protection of 

biodiversity and 

stocks 

Zone C 

Protection of 

benthic 

biodiversity and 

stocks 

Zone D 

Protection of 

pelagic 

biodiversity and 

stocks 

Zone E 

General 

use 

Trawling  
   

✔ ✔ 

Purse seines  
  

✔ 
 

✔ 

Small scale fishing  
 

✔ ✔ ✔ ✔ 

Massive tourism  
 

✔ ✔ ✔ ✔ 

Shipping routes – Cargo 

(high densities)      
✔ 

Shipping routes – 

Passengers (high 

densities) 
 

✔ ✔ 
 

✔ 

Aquaculture 
    

✔ 

Coastal industry 
    

✔ 

Major ports 
    

✔ 

Major cities 
    

✔ 

Offshore wind farms * 
 

✔ 
  

✔ 

H/C exploitation 
    

✔ 

Liquefied natural gas 

(LNG) terminals     
✔ 

(*) future planned activity that has been licensed to operate in specific areas 

 

3.3. Ecological components: biodiversity and fisheries related features  

Ecological information regarding the distribution of biodiversity in the study area was retrieved from the 

outputs of the MARISCA project (www.marisca.eu; Sini et al, 2017) and were based on (i) scientific (peer-

reviewed) and grey literature; (ii) on-line databases; (iii) datasets provided by universities (e.g. University of 

the Aegean), Ministries and administrative organisations of Greece (e.g. Hellenic Ministry of Interior, 

Ministry of Environment and Energy, Department of Fisheries, Hellenic Statistical Authority), research 

institutes and NGOs (e.g. HCMR, BirdLife, MoM etc.); (iv) previous Projects; and (v) personal observations of 

expert scientists, divers and diving centres. Information on the distribution of fisheries-related features was 

retrieved from deliverables of previous Tasks in the framework of PROTOMEDEA (i.e. Task 2.2 – 

Identification of essential habitats).  

 

In total 76 ecological features were mapped (Figure 5), including all marine habitats and species 

encountered in the Aegean that are under strict protection according to EU and national legislation, and 

http://www.marisca.eu/
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international conventions. Specifically, the choice of marine habitats was based on the definitions provided 

by the European Union Habitats Directive (92/43/EEC) and the EUNIS classification system of European 

habitats. The list of animal species was limited to those that are under strict protection status, and whose 

collection and deliberate capture or killing is prohibited according to the Annex II of the “Protocol for 

Specially Protected Areas and Biological Diversity in the Mediterranean” of the Barcelona Convention, 

Annex IV of the EU Habitats Directive (92/43/EEC), Annex II of the Bern Convention, and Appendix II of the 

Greek Presidential Decree 67/81 on the protection of native flora and wild fauna. An additional group of 

other vulnerable ecological features, which do not strictly fit the definition of a “habitat”, were also 

considered, as they represent structurally important biotic components that are characterized by high 

vulnerability to anthropogenic stressors, slow growth rates and low resilience. Overall, the targeted 

ecological features included habitats (Figures 6-8), Essential Fish Habitats (EFH, D.2.3: Maps of essential 

fish habitats) provided by Task 2.2 of the Protomedea project (Figures 9 and 10), and protected species 

(Figures 11-17).   

 

All information collated was digitized and catalogued under a common data format. Spatial information 

was organized into a collective geo-spatial database (ESRI ArcGIS 10.2) using the ETRS89 Lambert Azimuthal 

Equal Area (LAEA) projection coordinate reference system, as suggested by the European Environmental 

Agency (EEA) for this kind of spatial analysis. The ecological information and distribution maps presented in 

this work were used to identify biodiversity hotspots, while the compiled dataset represents the most 

comprehensive and updated inventory of protected marine habitats and species in the Aegean sea. 

 

 
Figure 5. Number of ecological features per taxonomic group used in the analysis 

 

The type of information available differed due to the different approaches and methods used to gather the 

ecological data (for further details, see Sini et al, 2017). The type of available information was: 

(a) Presence data (i.e. species occurrence) depicting partially the feature’s distribution;  

(b) Priority areas of particular species which represent a proportion of the full distribution coverage (e.g. 

sea turtles, cetaceans, seabirds);  

(c) Full actual, or modelled, coverage of species and habitats distribution maps (e.g. Posidonica oceanica 

meadows) 
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Depending on the original information available, the majority of marine species were expressed in the 

analysis as (i) surface area (km2) of the species distribution contained in each PU; (ii) surface area (km2) of 

the PU where the species is present, under the assumption that the entire PU is a suitable area for that 

feature; (iii) normalized significance of each design unit using the index PHI (Potential Habitat Index) for the 

forecasting models of the species Aplysina aerophoba; Axinella cannabina; Sarcotragus foetidus; Cladocora 

caespitosa; Charonia variegate; Centrostephanus longispinus (Katsanevakis et al, 2017).   

Marine habitats, except marine caves that were expressed as number of caves present in the PU, were 

described based on their level of vulnerability to invasion, due to the general high risk of invasions that the 

Aegean is facing, which is considered in general impacting factor for fisheries (Katsanevakis et al, 2016). 

Habitats more vulnerable to invasion were considered impacted, and thus were avoided for conservation in 

the planning exercise.  

 

Detailed information regarding the protected species ad habitats included in the analysis may be found in 

Tables S1 and S2 (Appendix) respectively.  

 

The impacted habitat feature within each PU was estimated based on the CIMPAL index (Cumulative 

IMPacts of invasive ALien species) developed by Katsanevakis et al (2016). For the CIMPAL index (Figure 

18), cumulative impact scores were estimated on the basis of the distributions of habitats and alien species, 

the reported magnitude of ecological impacts, and the strength of such evidence. Taking into account the 

degree of data uncertainty, in the estimation of the CIMPAL index the weights of impacts with low 

supporting evidence are down-weighted, in comparison with impacts documented through manipulative or 

descriptive experiments (Katsanevakis et al, 2016).  

We have adopted the condition index (H) of a specific feature in each planning unit i, as described in 

Giakoumi et al (2016). More specifically to calculate the condition index (H), the CIMPAL index was 

normalized to obtain values between 0 and 1, as follows: 

 

 
  

where Ii is the normalized index value and xi is the initial index value for the planning unit i. 

Then, to estimate an index (E) of the magnitude of impacts on each planning unit i in which a specific 

feature is present, the presence or absence of the feature (F) was multiplied by the index value (I): 

 
Finally, an index of the condition (H) of a specific feature in each planning unit i was estimated as: 
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Figure 6. Spatial distribution of different habitats (coastal lagoons, seagrass meadows, soft and hard 

substrates) in the study area (Sini et al, 2017) 
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Figure 7. Records of habitats (rhodolith beds and coralligenous formations) in the study area (Sini et al, 

2017) 
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Figure 8. Records of habitats (marine caves and submarine structures by leaking gases) in the study area 

(Sini et al, 2017) 
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Figure 9. Spatial distribution of Essential Fish Habitats (EFHs) of demersal fishes present in the study area 

(Deliverable 2.3). Information has been processed in order to select the areas that appear to be an 

appropriate habitat on a stable basis during the study period (frequency of relevance ≥ 80%, expert G. 

Tserpes-HCMR) 
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Figure 10. Spatial distribution of Essential Fish Habitats (EFHs) of pelagic fishes present in the study area 

(Deliverable 2.3). Information has been processed in order to select the areas that appear to be an 

appropriate habitat on a stable basis during the study period (frequency of relevance ≥ 50%, expert M. 

Giannoulaki-HCMR) 
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Figure 11. Records of Corals and Anthozoans in the study area (Sini et al, 2017) 
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Figure 12. Important areas of marine mammals and seabirds in the study area (Sini et al, 2017) 
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Figure 13. Important areas of cetaceans in the study area (Sini et al, 2017) 
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Figure 14. Records of pelagic and demersal elasmobrachs and Hippocampus spp. in the study area (Sini et 

al, 2017) 
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Figure 15. Records of Porifera (sponges) in the study area (Sini et al, 2017) 
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Figure 16. Records of marine molluscs in the study area (Sini et al, 2017) 
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Figure 17. Records of echinoderms in the study area (Sini et al, 2017) 
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Figure 18. The spatial distribution of cumulative impact score (Cumulative IMPacts of invasive ALien 

species, CIMPAL index) developed at the Mediterranean scale by Katsanevakis et al (2016) 

 

3.4. Setting operational targets on ecological features  

Targets for ecological features are intended to quantify the amount required to meet ecological objectives 

(Ban et al, 2013). The target for a conservation feature in the present study was expressed as the 

percentage of its extent (Giakoumi et al, 2012). The setting of conservation targets was addressed using the 

existing multi-level legislation and science-based expert judgment (Makino et al, 2013). 

 

Initially, ecological features were clustered into groups on the basis of their protection status using the 

existing legal frameworks for biodiversity conservation and protection of stocks (i.e. IUCN Red List, Habitats 

Directive, Birds Directive, EU Regulation 1967/2006 etc.). Experts then ranked the operational objectives 

for these groups using quantitative terms (i.e. from 'low' to 'very high') and translated them into numerical 

targets, which were later applied on each feature (Ardron, 2003).  

Specifically, species’ targets were determined based on their classification in the IUCN Red List of 

Threatened Species of the International Association of Nature Conservation (IUCN, 2017). This has ensured 

for example, that higher operational targets have been set for threatened species with declining population 

trends (Ardron et al, 2010). Species belonging to the IUCN Category “Data Deficient” and species not 

included in the IUCN Red Species List but are protected by other international legal frameworks, were 

treated equally to the IUCN Category “Vulnerable”.  

 

Similarly, marine habitats listed in Annex I of the Habitats Directive Habitats Directive (92/43/EEC) were 
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classified as “priority habitats” (e.g. Posidonia oceanica meadows). The definition of numerical targets for 

habitats was based exclusively on specific and measurable evaluation criteria recommended by EU (i.e. 

European Topic Centre on Biological Diversity, 2010) and literature review (e.g. Leslie et al, 2003, Stewart et 

al, 2007). Essential Fish Habitats for the most commercially important species (demersal and pelagic fishes) 

were treated equally to “Priority habitats”. 

Initial conservation targets ranged from 60% to 20% and referred to the percentage of the full coverage of 

a species or habitat distribution, as shown in Table 3. 

 

Table 3. Ranking of conservation target scores following the clustering on protection status of important 

species and habitats included in the analysis 

Protection Status Definition of protection status Full distribution 

coverage 

Habitats targeted for conservation 

Priority habitats Marine habitats listed in Annex I of the Habitats 

Directive 

≥60% 

Essential Fish Habitats, EFH  60% 

Non-priority habitats Marine habitats NOT listed in Annex I of the 

Habitats Directive 

20-60% 

Species targeted for conservation 

Critically Endangered, CR Faces an extremely high risk of extinction in the 

wild 

60% 

Endangered, EN Faces a very high risk of extinction in the wild 50% 

Vulnerable, VU Faces a high risk of extinction in the wild 40% 

Near Threatened, NT Close to qualifying for or is likely to qualify for a 

threatened category in the near future 

30% 

Least Concern, LC Widespread and abundant taxa with least concern 

to be threatened 

20% 

Data Deficient, DD Inadequate information to make a direct, or 

indirect, assessment of its risk of extinction based 

on its distribution and/or population status 

40% 

Protected by other 

international/EU/national law 

(Not in IUCN Red species list) 

- 40% 

 

To ensure the adequate representation of under-represented ecological features (particularly for rare or 

threatened species) and avoid over-representation of the common ones, targets had to be further adapted 

based on the type of available information (Hermoso et al, 2012; for the type of available information see 

Section 4.3). Therefore, conservation targets related to pre-determined priority areas have been increased 

by 10% of the target referring to their full distribution. Exceptions from this rule were the Priority habitats 

and species, "Critically Endangered" and "Endangered" species that were assigned with higher targets. For 

point records, the targets reported in full distribution were multiplied by a factor of 1.5 (Table 4).  

 

Conservation targets for each ecological feature are described in detail in Tables S3 and S4 (Appendix). 
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Table 4. Ranking of conservation target scores following the clustering on protection status and data type 

availability of species and habitats included in the analysis 

Protection Status Presence points Priority areas Full distribution 

coverage 

Habitats targeted for conservation 

Priority habitats  - 100% 60% 

Essential Fish Habitats - 100% 60% 

Non-priority habitats  - - 20-60% 

Species targeted for conservation 

Critically Endangered, CR 90% 100% 60% 

Endangered, EN 75% 100% 50% 

Vulnerable, VU 60% 50% 40% 

Near Threatened, NT 45% 40% 30% 

Least Concern, LC 30% 30% 20% 

Data Deficient, DD 60% 50% 40% 

Protected by other legal framework  

(Not in IUCN Red species list)  

60% 50% 40% 

 

3.5. Socio-economic information: human activities and opportunity cost  

The most commonly accounted for and significant cost in marine planning is the opportunity cost (Ban and 

Klein, 2009). The opportunity cost for each zone describes the foregone revenue (or 'gain') resulting from 

the prohibition of maritime activities in each zone, for instance fishing profits that are lost when an area is 

established as a Marine Reserve in which fishing activity is banned (Watts et al, 2009). Four important 

economic activities were included in the analysis to compile the opportunity cost layer: (i) fishing with 

bottom trawls; (ii) fishing with encircling nets (purse seines); (iii) small scale (coastal) fishing, i.e. fixed nets 

and longlines with boat length less than 12 meters; and (iv) tourism. Information regarding fisheries was 

retrieved from the outputs of Tasks 2.3.1 and 2.3.2.  

 

The cost for the fisheries sector resulted from the spatial distribution of fishing effort for bottom trawlers, 

purse seines and small scale fisheries, which was generally estimated as the “fishing” time spent in each of 

these cells in one year and was expressed in fishing hours.  

The fishing effort distribution for bottom trawlers and purse seiners (Figures 19-20) was estimated by 

Vessel Monitoring System (VMS) data, a satellite based monitoring system, which at regular time intervals 

provides data to the fisheries authorities related to the location, heading and speed of vessels. Common 

errors and outliers in the VMS dataset were filtered out and removed by applying the approaches 

suggested by Bastardie et al (2010), Kavadas et al (2014) and Russo et al (2014). Moreover, fishing activity 

was classified as “fishing”, “steaming” or “mooring” on the basis of speed thresholds. It was considered 

that speeds <4 knots for bottom trawlers and <2 for purse seiners corresponded to “fishing”, otherwise the 

signals were classified as “steaming” (Kavadas and Maina 2012; Kavadas et al, 2014; Maina et al, 2016). 

VMS pings falling within circular buffers of 3 km for bottom trawlers and 300 m for purse seiners around 

each harbour were classified as “mooring”. The study area was partitioned in grid of 2x2 km squares (cells) 

and fishing effort was estimated as the “fishing” time spent in each of these cells in one year and was 

expressed in fishing hours (h). For the purposes of Marxan with Zones, distribution maps of fishing effort 

from bottom trawlers and purse seiners were used for the year 2015.  

Since primary data on fishing vessels locations (i.e. VMS/AIS) were not available for small scale fishing 
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vessels (LOA < 12 m) for the Greek case study, a methodological approach based on Multi-Criteria Decision 

Analysis has been employed to estimate a fishing pressure index for the small-scale fisheries (gillnets, 

trammel nets and longlines) in the study area (Figure 21). This methodology produces fisheries footprint by 

taking into consideration several interactions with anthropogenic and environmental factors. The 

methodology is further described on Kavadas et al (2015), and it is considered as a modified work based on 

data from 2015 for the case study area. More details regarding fishing effort information may be found in 

Deliverables 2.4.1 and 2.4.2. 

 

The layer of tourism development (Figure 22) was retrieved from the General Framework Plan for 

Sustainable Tourism Spatial Planning in Greece (Ministry of the Environment, Energy and Climate Change, 

2011) and was mapped under the MARISCA Project. It was considered that in the areas were massive 

tourism is present the coastal front would be considerably impacted due to coastal development, in 

contrast to the off-shore areas that would not be significantly affected. Consequently, as suggested by 

Giakoumi et al (2012), coastal PUs neighboring massive touristic resorts were attributed a cost value of 1 

since important economic activities should be limited to achieving effective protection, and a value of 0 at 

the off-shore PUs. 
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Figure 19. Processed information of bottom trawling fishing effort for the needs of Marxan with Zones, 

which is derived from the actual fishing effort values (hours/year, 2015) (Deliverable 2.4.1) 
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Figure 20. Spatial distribution of processed information of encircling nets (purse seines) fishing effort for 

the needs of Marxan with Zones, which is derived from the actual fishing effort values (hours/year, 2015) 

(Deliverable 2.4.1) 
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Figure 21. Spatial distribution of categorized fishing pressure for small scale (coastal, 2015) fishing in the 

study area (Deliverable 2.4.2) 
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Figure 22. Spatial distribution of massive tourism in the study area 
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To express the cost in financial terms ('opportunity cost'), the surrogates for fishing effort (bottom trawling, 

purse seines, small scale fishing) and tourism (number of arrivals) were weighted based on the contribution 

of each sector to the national Gross Domestic Product (GDP), following the method as suggested by 

Giakoumi et al (2012).  

The relative contribution of each sector to the national Gross Domestic Product (GDP) was calculated in 

current prices for 2014 in close collaboration with Task 4.1, and was based on data from the Hellenic 

Statistical Service (EL.STAT, 2017a;b). The coefficient for fishing was further broken down to the coefficients 

for trawlers, purse seines, and small-scale coastal fisheries in proportion to the relative contribution of 

each fishing sector to the total landings in the case study area (EL.STAT, 2017b). The relative contribution of 

each of the four sectors (weights) to the GDP of the study area is shown in Table 5. 

 

Table 5. Weights of the Aegean Sea extracted from the percentage of contribution of each sector to the 

national GDP (2014)  

Sector contribution to national GDP of Aegean 
(Greece) 

Bottom trawl fishing  0.01 

Purse seine fishing 0.01 

Small scale fishery 0.02 

Tourism sector  0.96 

 

The opportunity cost C of an activity j in each planning unit i is: 

 
where Eij is the normalized value of activity j in each management unit i, and WEj is the contribution of each 

sector to the national GDP. 

 

The total opportunity cost of a PU i in one zone is equal to the sum of the cost of all Ej activities banned in 

that zone: 

 
 

 

Finally, in all PUs a minimum value of 0.1 was added, which represents the opportunity cost of present and 

future human activities that were not taken into account in the analysis. 

 

Other activities that operate in the study area and pose a threat to biodiversity and fishery resources have 

been integrated into the analysis (Figures 23 and 24). These activities were: (i) the coastal front of major 

urban cities (more than 10000 inhabitants); (ii) large ports and Liquefied natural gas (LNG) terminals; (iii) 

aquaculture; (iv) areas with high density of passenger and cargo shipping routes; (v) installations for H/C 

exploitation (operating); (vi) future planned offshore wind farms (licensed). PUs including these activities 

were excluded from the protection zones since their environmental status was considered seriously 

affected by these activities, and therefore could not support the protection of biodiversity and fish stocks. 
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Consequently these areas were excluded from all protection zones and assigned in the ‘General use’ zone 

(Zone E), in which current legal framework is in force but the zone does not contribute to the protection 

targets set. 

 

Human activities and threats are described in detail in Table S5 (Appendix).  
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Figure 23. Human activities present in the study area that were incorporated in the analysis 
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Figure 24. Human activities present in the study area that were incorporated in the analysis 
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3.6. Integration of management measures in the Aegean Sea 

Following the principle of complementarity in SCP, existing management actions (Figures 25-31) were also 

incorporated into the new design. These actions were: (i) Designated MPAs, (ii) Natura 2000 Network, (iii) 

Archaeological sites, (iv) Other permanent Fisheries Restricted Areas (FRAs) at the national and EU level of 

various scope (hereafter “FRAs-Others”).  

The FRA-Others consist of prohibition of bottom trawling (FRA-OTB), purse seines (FRA-PS) and small scale 

fishing (FRA-SSF) and include fishing restrictions others than the protection status mentioned above (MPAs, 

Natura 2000 and archaeology).  

This spatial information derived directly from the D. 2.1: MPA maps in the Aegean Sea, by Task 2.1.1 and 

Petza et al, 2017. 

 

Incorporation of management measures in the planning exercise was achieved by assigning PUs in the 

respective zones based on the activities allowed or prohibited under the different management status 

(Table 6). To do so, management measures were grouped based on the fishing gear(s) restrictions and were 

allocated to relevant zones.  

 

PUs with overlapping management measures and human threats were assessed as areas seriously affected 

by these activities and therefore could not to contribute to the protection of biodiversity and fish stocks. 

Therefore, these areas were excluded from protection zones and were allocated in the ‘General use’ zone 

(Zone E), where existing regulations are in force. Moreover, the FRAs-Others that restricted all gears in 

certain areas, were further grouped and assigned into zones based on their purpose, as follows: FRAs that 

targeted directly or indirectly biodiversity and stock protection were assessed as areas in good 

environmental status that enhance our targets, and thus were assigned in Zone A (‘FRAs-Others: target 

protection’). FRAs-Others established in order to avoid food consumption (e.g. areas of waste effluent), or 

promote maritime safety (e.g. ports, military areas) were considered affected by human threats, and thus 

were assigned in Zone E (‘FRAs-Others: no target protection’), as shown in Figure 31. 

 

The management measures integrated in the analysis are described in detail in Table S6 (Appendix). 

 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-4.3a     

Initial MPA network in the Aegean                                                                                                                                                 38 

Table 6. Existing management actions based on permanent gear restrictions integrated into the analysis. 

PUs with one or more management actions present were given the option of belonging to one or more 

zones in order for the proposed zoning plan and existing legal framework to be in accordance. PUs where 

management measures overlapped with human activities were considered degraded, hence were assigned 

into Zone E (“General use”) 

Existing management measures Zone A 

Full 

protection 

Zone B 

Partial 

protection of 

biodiversity 

and stocks 

Zone C 

Protection of 

benthic 

biodiversity 

and stocks 

Zone D 

Protection 

of pelagic 

biodiversity 

and stocks 

Zone E 

General 

use 

Archaeology , MPAs, FRAs-

Others: Small scale fishing 

prohibited  

✔    ✔Ꝉ 

Archaeology , MPAs, FRAs-

Others: Bottom trawling and 

Purse seines prohibited 

✔ ✔   ✔Ꝉ 

Archaeology , MPAs, FRAs-

Others: Purse seines prohibited 

✔ ✔  ✔ ✔Ꝉ 

Archaeology , MPAs, FRAs-

Others: Bottom trawling 

prohibited 

✔ ✔ ✔  ✔Ꝉ 

Natura 2000 network  ✔ ✔* ✔* ✔* ✔Ꝉ 

(*) areas that existing legal framework allows specific gear; (Ꝉ) areas excluded from protection zones due to 

degradation from operating activities (assigned in Zone E) 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-4.3a     

Initial MPA network in the Aegean                                                                                                                                                 39 

 
Figure 25. Marine Protected Areas (MPAs) and relevant permanent fishing restrictions included in the 

analysis (Deliverable 2.1; Petza et al, 2017) 
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Figure 26. Natura 2000 network in the study area (Deliverable 2.1; Petza et al, 2017). There are no 

particular permanent fishing prohibitions under this framework 
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Figure 27. Archaeological areas and relevant permanent fishing restrictions included in the analysis 

(Deliverable 2.1; Petza et al, 2017) 
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Figure 28. Overall permanent Fishery Restricted Areas (FRAs) grouped per fishing gear ban under different 

management measures, such as Marine Protected Areas, archaeological areas, FRAs targeting stock 

protection etc. (Deliverable 2.1; Petza et al, 2017). 
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Figure 29. Permanent Fishery Restricted Areas for bottom trawling (FRAs-OTB), along with other relevant 

restrictions related to bottom trawling ban under different management (Deliverable 2.1; Petza et al, 

2017). 
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Figure 30. Permanent Fishery Restricted Areas for encircling nets (purse seines, FRAs-PS), along with other 

relevant restrictions related to purse seines ban under different management (Deliverable 2.1; Petza et al, 

2017). 
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Figure 31. Permanent Fishery Restricted Areas for small scale (coastal) fishing (FRAs-SSF), along with other 

relevant restrictions related to small scale fishing ban under different management measures (Deliverable 

2.1; Petza et al, 2017). FRAs – Others: target protection, are FRAs that target directly or indirectly 

biodiversity and stock protection; have been assessed as areas in good environmental status and were 

assigned in Zone A.  FRAs – Others: target protection, are FRAs established to be avoided for safety (e.g. 

ports, military areas) implying a degraded status and were assigned in Zone E. The FRAs for small scale 

fishing gears do not necessarily refer to all the gears included in this category. Hence, the FRAs-SSF 

depicted in this map should not be seen as closed areas for all small scale fisheries, but only for different 

types of nets and longlines. 
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3.7. Application of Marxan with Zones for the creation of an MPA network in the Aegean sea 

Calibration was conducted to ensure that the software Marxan with Zones was behaving in a robust and 

logical manner (Ban et al, 2013). The following parameters were appropriately adjusted as described below: 

 

 Boundary Length Modifier (BLM) is a way of quantifying the connectivity of a configuration between 

PUs. Increasing the BLM encourages the software to select fewer, larger contiguous areas to meet 

its targets, while values close to zero tend to give more clumped spatial solutions. BLM value was 

set to 0.3 in order to fine-tune the degree of clumping in the output design. 

 Feature Penalty Factor (FPF) is a user-defined weighting which controls how much emphasis is placed 

on fully representing a particular ecological feature in the solution, and works as a penalty for the 

software in the case it does not achieve the target set for each feature (Watts et al, 2009). This 

parameter was calibrated to ensure that Marxan with Zones was adequately reaching its targets for 

each input feature. SPF was set at 1000, which was the minimum value that ensured 95% of the 

goals were reached. 

 Zone boundary cost (ZBC) parameter controls the spatial relationships between the zones by 

assigning a cost associated to the length of the boundaries of each zone. The ZBC increases when 

zones tend to become more compact, although these solutions are considered to be more 

expensive in management terms (Watts et al, 2009). ZBC values between zones was set to 0. 1 for 

all zones, which yielded an acceptable balance between the length and cost of zone boundaries 

(Stewart and Possingham 2005). 

 Zone Effectiveness (or ‘contribution’) explains the different level of contribution each zone has for 

reaching the overall targets set (Watts et al, 2009). The effectiveness of each zone depends on the 

activities allowed or banned in the zone, the degree of restriction of human use and the 

vulnerability of the features to these particular pressures (Makino et al, 2013; Wilson et al, 2009). 

For example, bottom trawling has a serious impact on benthic habitats but not on pelagic fish, so 

Zones B and C where trawling is prohibited will contribute more to the protection of these habitats. 

Equally, zone D where trawling is allowed will contribute to the protection of pelagic fish stocks, 

but not to the demersal stocks that are directly impacted by this gear.  

Zones’ contribution to each ecological feature target was quantified based on a combined method 

of Cumulative Impact Assessment (CIA, Halpern et al, 2008a) and expert judgment (Klein et al, 

2009). The impacts of each activity were assessed for some habitats and species during the 

MARISCA Project (www.marisca.eu). The vulnerability weights (Halpern et al, 2007; 2008b) 

originating from the CIA were transformed into zone contribution weights by simply subtracting 

from the maximum value, and normalization in order for values to range from 0 to 1. Detailed 

information is provided in Table S7 (Appendix). 

 

Calibration of these factors was a time-consuming process that was carried out using the Zonae Cogito® 

software. Finally, we ran Marxan with Zones 500 times. From the simulated results we selected the most 

optimal solution (hereafter ‘best solution’) using one million iterations, in order to provide an acceptable 

trade-off of simulated annealing (execution speed) and the objective function score (efficiency).  

 

To identify the PUs of particular ecological importance to achieve the conservation objectives, an 

irreplaceability analysis was performed (Ardron et al, 2010). A PU may be irreplaceable because it contains 

unique features to protect, or is necessary to achieve the species target due to its low cost (Kukkala and 

Moilanen, 2013). The irreplaceability analysis uses the selection frequency of the PUs in each zone (how 

many times a PU was selected in each zone among the 500 simulated solutions produced by Marxan with 

http://www.marisca.eu/
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Zones), and identifies those selected over 60% (Ardron et al, 2010).  

 

Irreplaceability analysis indicates the most important areas that contribute systematically to the protection 

of biodiversity and fish stocks in the area, and deserve priority in the implementation of management 

actions (Leslie et al, 2003). 
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4. Results 

4.1 Identification of biodiversity hotspots in the Aegean Sea 

The highest density of ecological information was reported in the Thracian Sea (northern Aegean), the 

Sporades (including the national Marine Park Alonissos- Voreies Sporades MPA), the Cyclades (Paros, 

Antiparos, Amorgos, Ios, Koufonisia and Sxoinousa islands), and Dodecanese (mainly between Fournoi and 

Kalymnos islands) complex of islands, with more than 10 important ecological features present (Figure 32). 

High recorded biodiversity values in these areas could either be due to the presence of actual biodiversity 

hotspots or due to increased monitoring effort that poses a sampling bias towards more poorly studied 

areas. 
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Figure 32. Number of records of ecological information in each PU 
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4.2. Identification of significant economic areas in the Aegean Sea 

In Zone A opportunity cost incorporated all activities considered in the analysis (fishing and tourism 

sectors). Overall coastal areas have higher opportunity cost in Zone A in comparison to deeper parts. This 

means that from an economic point of view these areas are more important for local communities since 

they contribute greater to the national and local economy. The areas with the highest opportunity cost in 

Zone A (Figure 33) where located mainly in Cyclades islands (Paros, Naxos, Syros, Santorini, Mykonos 

islands), in Dodecanese islands (Rhodes, Kos islands), around Peloponnesus (Porto Cheli, Ermioni), 

Argosaronikos islands (Spetses island), Thasos island and the first peninsula of Chalkidiki (“Kassandra 

peninsula”). From the activities considered, tourism was the most important economic activity in the 

Aegean with significant contribution to the national GDP.  This is the main reason that Zone A (“Full 

protection of biodiversity & stocks”) has higher opportunity cost values, in comparison to the other zones 

where the development of massive tourism is allowed.  

 

In Zone B (“Partial protection of biodiversity & stocks”) the factors that contribute to the opportunity cost 

are bottom trawling and purse seines, since these activities are prohibited in this zone. Highest cost scores 

for Zone B (Figure 34) where allocated mainly in northern Aegean Sea in Thermaikos Gulf, Kavala Gulf and 

the Thracian Sea due to higher fishing pressure in these areas. The same areas are identified for Zone C 

(“Protection of benthic biodiversity & stocks”) as well (Figure 35), for which spatial distribution is driven by 

bottom trawlers (activity prohibited in Zone C). Therefore, these areas indicate the popular fishing grounds 

for bottom trawlers with significant socio-economic value for this sector. 

Similarly, in Zone D (“Protection of pelagic biodiversity & stocks”) the opportunity cost is defined by the 

spatial distribution of fishing with purse seines which is prohibited in this zone. The highest values of 

opportunity cost in Zone D were reported in the Thracian Sea in the north Aegean Sea (Figure 36). These 

areas indicate the popular fishing grounds for purse seines with significant socio-economic value for this 

sector. 

 

Finally, in Zone E the opportunity cost is zero since all activities are allowed within this zone. 
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Figure 33. Spatial distribution of opportunity cost in Zone A (“Full protection of biodiversity and fish stocks”) 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-4.3a     

Initial MPA network in the Aegean                                                                                                                                                 52 

 
Figure 34. Spatial distribution of opportunity cost in Zone B (“Partial protection of biodiversity and stocks”) 
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Figure 35. Spatial distribution of opportunity cost in Zone C (“Protection of benthic biodiversity and stocks”) 
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Figure 36. Spatial distribution of opportunity cost in Zone D (“Protection of pelagic biodiversity and stocks”) 
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4.3. Current management condition in the Aegean Sea 

Overall about 33 % of the study area (58056.8 km2) is currently under some kind of management (MPAs, 

FRAs, Archaeological sites and Natura 2000 network). In other words, 38 % of the Greek territorial waters 

and 28 % of the international waters are already currently managed at the national or European level. 

Fisheries restrictions (FRAs) are the most important conservation tools in terms of coverage that under 

their designation 30 % of the study area is managed, while in 67.3 % of the study area currently there is no 

regulation in force (Table 7). 

 

A large part of the study area falls under the FRAs-OTB (57816.5 km2), which corresponds to 32.5 % of the 

whole study area. Overall in 37.9 % of the Greek territory and 28.1% of the international waters, bottom 

trawling is prohibited.  

The area where encircling nets are restricted (purse seines, FRA-PS) covers about 3.2 % of the study area 

and is mainly due to the FRAs-Others. 

Restrictions that prohibit small scale fishing occupy the smallest surface in the study area (696.7 km2), all of 

which is located in the Greek territorial waters (Table 8).  

 

More details regarding current management in the study area may be found in Deliverable 2.1 and Petza et 

al (2017). 
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Table 7. Proportion of different management measures that are currently in place in the study area (‰), 

the Greek territorial waters (%) and international waters (%).Surfaces have been calculated in the original 

data. 

 Study area Overall 

protected/regulated 

surface 

 overall 

surface 

(km
2
) 

‰ of 

study 

area 

‰ in 

territoria

l waters 

‰ in 

international 

waters 

% in 

territorial 

waters 

% in 

international 

waters 

No measures 119586.9 673.18 282.07 391.11 41.90 58.10 

Archaeological sites 88.4 0.50 0.50 0.00 99.72 0.28 

FRAs-others 53296.4 300.02 148.88 151.14 49.62 50.38 

Natura 2000 240.3 1.35 1.34 0.01 99.08 0.92 

Archaeological sites and FRA-

others 

113.4 0.64 0.64 0.00 100.00 0.0 

Archaeological sites and 

MPAs 

15.9 0.09 0.09 0.00 100.00 0.0 

Archaeological sites and 

Natura 2000 

984.1 5.54 4.83 0.71 87.16 12.84 

FRAs-others and Natura 2000 2213.9 12.46 11.96 0.50 95.98 4.02 

Archaeological sites. Natura 

2000 and FRA-others 

201.0 1.13 0.91 0.22 80.63 19.37 

Archaeological sites, Natura 

2000 and MPAs 

254.2 1.43 1.43 0.00 100.00 0 

Natura 2000, MPAs and FRAs-

others 

5.9 0.03 0.03 0.00 100.00 0 

All measures 643.2 3.62 3.62 0.00 100.00 0 
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Table 8. Surface coverage (km2) and % surface coverage of different management measures in the Greek 

territorial and international waters currently in force, in relation to (a) the overall surface of the study area 

and (b) areas under the reported protection status and fishing gear restriction. The Fisheries Restricted 

Areas (FRAs) include regulations for the fishing practices: bottom trawling (FRA-OTB); purse seines (FRA-

PS); small scale fishing (FRA-SSF). The Natura 2000 network does not pose any particular restrictions 

therefore is not included in the table. Surfaces have been calculated in the original data. 

 

 Study area Overall 

protected/regulated 

surface 

 overall 

surface 

(km
2
) 

% of 

study 

area 

% in 

territorial 

waters 

% in 

international 

waters 

% in 

territorial 

waters 

% in 

international 

waters 

 Fisheries Restricted Areas for bottom trawling (FRAs-OTB) 

FRA-OTB: Archaeological sites 2300.3 1.29 1.20 0.09 92.80 7.20 

FRA-OTB: MPAs 915.90 0.52 0.52 0.00 100.00 0.00 

FRA OTB: Others 56473.8 31.79 16.60 15.19 52.23 47.77 

 Fisheries Restricted Areas for purse seines (FRAs-PS) 

FRA-PS: Archaeological sites 120.50 0.07 0.07 0.00 100.00 0.00 

FRA-PS: MPAs 739.40 0.42 0.42 0.00 100.00 0.00 

FRA PS: Others 5030.00 2.83 2.82 0.01 99.53 0.47 

 Fisheries Restricted Areas for small scale fisheries (FRAs-SSF) 

FRA-SSF: Archaeological sites 94.10 0.05 0.05 0.00 100.00 0.00 

FRA-SSF: MPAs 160.30 0.09 0.09 0.00 100.00 0.00 

FRA SSF: Others 447.10 0.25 0.25 0.00 100.00 0.00 

 Fisheries Restricted Areas (FRAs) 

FRAs: Total (km
2
) 57816.5 32.55 17.29 15.26 53.10 46.90 
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4.4. Marine Spatial Plan in the Aegean Sea 

The output of the planning exercise (‘Best solution’) provides the most optimal run in the scenario that best 

meets targets with the lowest score, and is presented in Figure 37.  

 

 
Figure 37. The output of the planning exercise (‘Best solution’) with the suggested 5-zoning system  
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Overall, Zone E (‘General use’ zone) occupies the widest surface of the study area (82727.1 km2), which is 

the available zone for all human activities. In this zone fishing activities are defined by the European and 

the Greek legal framework currently in force.  Zone D (‘Protection of pelagic biodiversity’) covers the 

smallest surface area (about 2008 km2) occupying 1.1 % of the study area (Figure 38). In this zone bottom 

trawling is prohibited, whereas small scale fishing and purse seines are allowed to operate.  

 

 
Figure 38. Proportion of surface area (km2) covered by each zone in the study area 

 

In terms of zones distribution within the territorial and international waters, in both cases Zone E occupies 

the widest surface (33439 km2 in territorial and 49288 km2 in the international waters respectively), and 

zone D the smallest (952.6 km2 in territorial and 1055.45 km2 in international waters respectively), as shown 

in Table 9. The overall surface of the ‘Full protection zone’ (Zone A, 31697.8 km2), is almost equally 

distributed between the Greek national and international waters (54.6 % and 45.4 % of Zone A 

respectively). On the contrary 63.8 % of zone B (overall surface 42627.1 km2) where only small scale fishing 

is allowed, falls within the Greek territorial waters and 36.2 % in the international waters respectively. 

 

Table 9. Proportion of surface area (km2) covered by each zone in the Greek territorial and international 

waters 

 Surface area 

(km2) 

% Territorial % International 

Zone A 31697.78 21.34 14.91 

Zone B 42627.09 33.57 15.96 

Zone C 18583.66 2.66 17.01 

Zone D 2008.05 1.18 1.09 

Zone E 82727.09 41.25 51.03 

Total (km2) 177643.68 81058.5 96585.2 
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From the overall 76 ecological components (marine benthic habitats, EFHs, species) targeted for protection, 

the 74 targets have been successfully reached above 95% in the proposed plan, corresponding to 97.4 % of 

the overall targets set. The species for which targets have not been reached were (i) Squatina aculeata 

(reached 65% of the overall target) and (ii) Leucoraja maltinesis (reached 83% of the overall target). Target 

failure was due to the combined effect of very high targets set for these species and the species’ overlap 

with human threats such as high shipping routes, which obliged the specific PUs to be allocated in zones 

with partial contribution to the overall targets in comparison to Zone A.  Detailed description on targets set 

and reached in the present planning exercise is presented in Tables S3 and S4 (Appendix). 

 

The majority of PUs characterised by high density of ecological features have been mainly assigned in Zones 

A and B (‘full’ and ‘partial’ protection zones of biodiversity and stocks, respectively) as expected, since 

these zones contribute more to the targets. For instance the national Marine Park Alonissos- Voreies 

Sporades MPA and Cyclades islands identified as biodiversity hotspots in the Aegean, are located in the 

proposed plan in the highest protection zones  (Zones A and B respectively), as shown in Figure 39.  

Examples of the proposed plan and important ecological features present in the study area are shown in 

Figures 40-44. 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-4.3a     

Initial MPA network in the Aegean                                                                                                                                                 61 

 
Figure 39. Overlap of best solution and density of ecological features per zone present in the study area 
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Figure 40. Overlap of best solution and demersal Essential Fish Habitats (EFHs) present in the study area 
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Figure 41. Overlap of best solution and pelagic Essential Fish Habitats (EFHs) present in the study area 
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Figure 42. Overlap of best solution and Posidonia oceanica meadows present in the study area 
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Figure 43. Overlap of best solution and cetaceans present in the study area 
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Figure 44. Overlap of best solution and seabirds present in the study area 
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In terms of socio-economic cost the proposed plan seems to be generally a minimum financial impact cost 

for human activities, providing a cost- efficient solution (Figures 45-48). It has to be clarified that 

opportunity cost has been weighted in order to be expressed in socio-economic terms and therefore high 

cost values do not necessarily correspond to high fishing effort values. 

 

Areas of high opportunity cost (e.g. Cyclades islands, Porto Cheli, Kassandra peninsula) have been generally 

avoided to be included in Zone A, except the areas that were initially allocated in Zone A due to fisheries 

restrictions in force that prohibited all fishing types or small scale fishing.  

On the contrary areas of low opportunity cost in Zone A such as the Marine Park Alonissos- Voreies 

Sporades MPA and deeper parts of the study area have been included in the ‘full protection zone’, since 

restrictions have low impact in terms of management implementation (Figure 45).  

 

Zone B is allocated mainly in the coastal waters and the deeper parts (depths greater than 1000 m) as 

expected, since these are areas that small scale fishing legally operates. Important areas for trawling and 

purse seines that are prohibited in Zone B (high opportunity cost) such as Thermaikos and Kavala Gulf have 

been avoided (Figure 46). 

 

In Zone C (“Protection of benthic biodiversity and fish stocks”) where bottom trawling is prohibited, areas 

of low socio-economic importance for this sector have been selected to be included in this zone (Figure 47). 

These areas mainly concern the FRAs for bottom trawling where this activity is anyway absent (e.g. the EU 

Regulation 1967/2006 that prohibits trawling at isobaths 50 m or 1.5 nm from coast, and in depths greater 

than 1000 m). 

Similarly, in Zone D where fishing with encircling nets (purse seines) is prohibited, areas that are highly 

preferred by this fishing practice (high opportunity cost) have been avoided to be included in this zone 

(Figure 48). 

 

In Zone E all activities are allowed with respect to the existing legislation, therefore this zone has no 

opportunity cost.  
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Figure 45. Overlap of best solution and opportunity cost for Zone A (“Full protection of biodiversity and 

stocks”) in the study area 
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Figure 46. Overlap of best solution and opportunity cost for Zone B (“Partial protection of biodiversity and 

stocks”) in the study area 
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Figure 47. Overlap of best solution and opportunity cost for Zone C (“Benthic protection of biodiversity and 

stocks”) in the study area 
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Figure 48. Overlap of best solution and opportunity cost for Zone D (“Pelagic protection of biodiversity and 

stocks”) in the study area 
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In terms of existing protection status (MPAs, Archaeological sites, Natura 2000, FRAs), from the overall 

surface of Zone A (31697.8 km2), 54.5 % of the zone (17282.6 km2) are already under some management 

action. The majority of Zone A is currently managed under the general Fisheries Restricted Areas (FRAs-

Others) and the Natura 2000 network, covering about 49.6% and 10.2% of Zone A respectively (Figure 49). 

 

Overall, in Zone B about 59.8% (25484.2km2) of the zone fall within the Natura 2000, MPAs, Archaeological 

sites and/or FRAs management. Zone B is mainly managed under the FRAs (59.7% of zone B) and the 

Natura 2000 network (2.7% of zone B), while a small proportion of the zone falls in the MPAs and 

Archaeological sites management status (Figure 50).  

 

The majority of Zone C (72 % of the zone’s surface) is currently managed under the national and European 

fisheries restricted areas (FRAs-Others), while no MPAs fall in this zone (Figure 51). In Zone D only the 

operation of bottom trawling is allowed while purse seines are prohibited. There was no overlap between 

these two types of restrictions (areas where only bottom trawling is allowed, while purse seines are 

prohibited), therefore there is no overlap of Zone D with existing management measures (Figure 52).  

Finally, Zone E is characterised mainly by PUs where although they are under some type of management 

action, due to the presence of human threats these areas have been assessed not to contribute to the 

protection targets therefore have been allocated in the general use zone (Figure 53).  

 

The proportions of each management measure in each zone in the Greek national waters and international 

waters are shown in Tables 10 and 11. 

 

Table 10. Proportion of the various protection status (FRAs-Others, MPAs, Archaeological sites) in the study 

area expressed at the overall surface area (study area, international and Greek territorial waters) and each 

zone surface. Surfaces have been calculated in the original data 

  Study area % of Zone surface 

Protection Status Overall 

surface 

(km
2
) 

% of 

study 

area 

Territ. Internat. Zone A Zone B Zone C Zone D Zone E 

FRAs -Others 56473.8 31.79 29496.4 26977.5 49.61 59.73 72.02 0 2.30 

Archaeology 2300.3 1.29 2134.8 165.5 6.48 0.53 0.02 0 0.02 

MPAs 919.2 0.52 919.2 0 2.24 0.49 0 0 0 

Natura 4542.6 2.56 4286.2 256.4 10.21 2.66 0.02 0 0.21 

Total (with Natura 

2000, km
2
) 

58056.8 32.68 30950.5 27106.3 54.52 59.78 72.04 0 2.30 

Total (without 

Natura 2000, km
2
) 

57816.5 32.55 30712.5 27104.1 53.80 59.76 72.04 0 2.30 
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Table 11. Proportion of the various protection status (FRAs-Others, MPAs, Archaeological sites) in the study 

area expressed at the surface area of the protection status and each zone surface. Surfaces have been 

calculated in the original data 

  Study area % of overall protected surface 

Protection Status Overall 

surface 

(km
2
) 

% of 

study 

area 

Territ. Internat. Zone A Zone B Zone C Zone D Zone E 

FRAs -Others 56473.8 31.79 29496.4 26977.5 27.85 45.09 23.70 0 3.37 

Archaeology 2300.3 1.29 2134.8 165.5 89.29 9.90 0.19 0 0.62 

MPAs 919.2 0.52 919.2 0 77.41 22.59 0 0 0 

Natura 4542.6 2.56 4286.2 256.4 71.23 24.96 0.07 0 3.74 

Total (with Natura 

2000, km
2
) 

58056.8 32.68 30950.5 27106.3 29.77 43.90 23.06 0 3.28 

Total (without 

Natura 2000, km
2
) 

57816.5 32.55 30712.5 27104.1 29.50 44.06 23.16 0 3.29 
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Figure 49. Overlap of Zone A (‘Full protection of biodiversity and stocks’) with existing management 

measures for all gears 
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Figure 50. Overlap of Zone B (‘Partial protection of biodiversity and stocks’) with existing management 

measures for bottom trawling and purse seines 
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Figure 51. Overlap of Zone C (‘Benthic protection of biodiversity and stocks’) with existing management 

measures for bottom trawling 
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Figure 52. Overlap of Zone D (‘Pelagic protection of biodiversity and stocks’) with existing management 

measures for purse seines 
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Figure 53. Overlap of Zone E (‘General use’) with existing management measures for all fishing gears 
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In terms of fishing gear prohibitions (Figures 54-56), in the proposed plan Zone A includes all the 

restrictions for all gears and small scale fishing under different protection status. From the overall surface 

of Zone A (31697.8 km2), 53.80 % of the zone (17053.4 km2) are already under at least one type of gear 

restriction. 

In about 53.80 % of Zone A (17053.4 km2) bottom trawling is already restricted, of which 67.44 % (11500.4 

km2) is in the Greek territory and 32.56% (5552.9 km2) is in international waters. Fishing with purse seines is 

currently prohibited in 7.3 % of Zone A (2307.3 km2), of which 99.53 % (2296.5 km2) fall within the in 

territorial waters and 0.47 % (10.8 km2) in international waters. Finally, existing small scale fishing 

prohibitions occupy 1.63 % of Zone A (516.6 km2), of which 100% (516.6 km2) are in territorial waters. 

Zone B includes all the restrictions for fishing with bottom trawls and purse seines under different 

protection status. From the overall surface of Zone B (42627.1 km2), 59.76 % of the zone (25473.1 km2) are 

already under at least one type of gear restriction. 

In about 59.76 % of Zone B (25473.1 km2) bottom trawling is already restricted, of which 63.41 % (16153.1 

km2) is in the Greek territory and 36.59% (9320 km2) is in international waters. Fishing with purse seines is 

currently prohibited in 6.33% of Zone B (2698.1 km2), of which 99.52 % (2685.3 km2) fall within the in 

territorial waters and 0.48% (12.9 km2) in international waters.  

Zone C includes all the restrictions for fishing with bottom trawls under different protection status. From 

the overall surface of Zone C (18583.7 km2), 72.04% of the zone (13387.7 km2) are already under at least 

one type of gear restriction. In about 72.04 % of Zone C (13387.7 km2) bottom trawling is already restricted, 

of which 8.64 % is in the Greek territory (1156.6 km2) and 91.36 % (12231.1 km2) is in international waters. 

Zone D includes all the restrictions for fishing with purse seines under different protection. From the overall 

surface of Zone D (2008.1 km2), 0% of the zone are already under at least one type of gear restriction. 

Zone E includes all PUs with fishing restrictions that overlapped with human threats (e.g. big cities and 

ports, aquaculture, high density shipping routes etc.) and thus they were considered impacted. Therefore, 

these areas were excluded from all the other protection zones and were allocated in Zone E. From the 

overall surface of Zone E (82727.1 km2), 2.30% of the zone (1902.3 km2) are already under at least one type 

of gear restriction.  In about 2.30% (1902.3km2) of Zone E bottom trawling is already restricted, of which 

100.0 % (1902.3 km2) is in the Greek territory. Fishing with purse seines is currently prohibited in 0.02 % 

(13.3 km2) of Zone E, of which 100.00 % (13.3 km2) fall within the territorial waters. Finally, existing small 

scale fishing prohibitions occupy 0.22 % of Zone E (180.1 km2), of which 100.00 % (491.5 km2) is in 

territorial waters.  

It has to be clarified that Zone E is included in all other zones as a surface that the specific fishing gear is 

allowed to operate, wherever this is permitted by the existing legal framework.  

Therefore to conclude (Figures 57-59), overall in the proposed plan the surface of small scale fishing 

restriction has increased by 17.55% of the study area (corresponds to 31877.9 km2, of which 54.82 % is in 

the Greek territory and 45.18% is in the international waters), in comparison to the initial 696.7 km2 

coverage.  

Restrictions regarding fishing with encircling nets (purse seines) have increased in the suggested plan by 

40.15 % of the study area (corresponds to 77069.6 km2, of which 59.95 % is in the Greek territory and 40.05 

% is in the international waters), in comparison to the initial 5742.0 km2 coverage.  
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Finally, overall restrictions for bottom trawlers have increased by 20.83 % of the study area (corresponds to 

94810.9km2, of which 51.23 % is in the Greek territory and 48.77% is in the international waters), in 

comparison to the initial 57816.5 km2 coverage (Tables 12 and 13).  

 

More details regarding the overall surface areas for each management measure per fishing gear restriction 

in each zone are described in Table S8 (Appendix).  

 

Table 12. Proportion of all the restrictions per fishing practice in the Greek territorial and international 

waters in the current legislation in comparison to the proposed plan. 

  Current legal framework Proposed plan 

  % National  % International  % Study 

area 

% National  % International  % Study 

area 

Bottom trawling 

prohibition 

53.12 46.88 32.55  51.23  48.77 43.4  

Purse seines 

prohibition 

 99.59 0.41 3.23   59.95 40.05  43.4 

Small scale 

prohibition 

 100 0  0.39   54.82  45.18 17.55 

 

 

Table 13. Proportion of all the restrictions per fishing practice and for every zone in the Greek territorial 

(Territ.) and international (Intern.) waters in the proposed plan  

 Zone A Zone B Zone C Zone D Zone E 

 Territ. Intern. Territ. Intern. Territ. Intern. Territ. Intern. Territ. Intern. 

Bottom 

trawling 

prohibition 

17295.2 14402.6 

 

27215.1 

 

15412.0 

 

2156.6 

 

16427.1 

 

0 0 1902.3 

 

0 

Purse 

seines 

prohibition 

17295.2 14402.6 

 

27215.1 15412.0 

 

0 0 952.6 1055.5 

 

736.6 0 

Small scale 

prohibition 

17295.2 14402.6 0 0 0 0 0 0 180.1 

 

0 
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Figure 54. Overlap of best solution and all existing fishing restrictions for bottom trawling in the study area 

(independently from protection status). The restrictions for bottom trawling fall within the zones where 

this fishing practice is prohibited (Zones A, B, C) 
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Figure 55. Overlap of best solution and all existing fishing restrictions for purse seines in the study area 

(independently from protection status). The restrictions for purse seines fall within the zones where this 

fishing practice is prohibited (Zones A, B, D) 
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Figure 56. Overlap of best solution and all existing restrictions for small scale (coastal) fishing in the study 

area (independently from protection status). The restrictions for small scale fishing fall within the zones 

where this fishing practice is prohibited (Zones A) 
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Figure 57. Areas where bottom trawling is allowed to operate (Zones D and E) and consistency with existing 

fishing restrictions for bottom trawling. In Zone E trawling is regulated following the existing legal 

framework. 
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Figure 58. Areas where purse seines are allowed to operate (Zones C and E) and consistency with existing 

fishing restrictions for purse seines. In Zone E fishing with purse seines is regulated following the existing 

legal framework. 
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Figure 59. Areas where small scale fishing is allowed to operate (Zones B, C, D and E) and consistency with 

existing fishing restrictions for small scale fishing. In Zone E small scale fishing is regulated following the 

existing legal framework. 
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Finally, the results of the irreplaceability analysis for each zone identified the most important and 

irreplaceable PUs, due to the ecological features present within that assist in achieving the targets set in 

the planning exercise.  

 

The PUs selected more than 60% of the overall 500 times runs of Marxan with Zones for Zone A (Figure 60) 

in the North Aegean were the Athos peninsula (third peninsula of Chalkidiki, self-governing area of the 

Greek State), the north-eastern and south-western part of Chios island, Agios Eustratios island and the 

national Marine Park Alonissos- Voreies Sporades MPA, the shallow part of Pagasitikos Gulf and the north 

southern part of Evoias island. Similarly, irreplaceable areas in Zone A located in the south Aegean were 

Gyaros islet, Karpathos, the islets around Mylos island, and Kos, Kalimnos and Leros from the Dodecanese 

islands. Most of these areas have been allocated in Zone A due to their management status, while others 

due to their high ecological value. It is suggested that these areas should constitute the core of a future 

MPA network in the Aegean Sea, and it is highly recommended that their establishment as MPAs to be 

considered of high priority.  

 

In Zone B (‘Partial protection of biodiversity and stocks’) the irreplaceability analysis (Figure 61) indicated as 

most important areas for this zone the shallower parts of Thasos island, Kassandra peninsula (first 

peninsula of Chalkidiki), small parts internally of the Marine Park Alonissos- Voreies Sporades, Rhodes, 

Samos and several parts of the Cyclades islands (e.g. Paros, Mykonos, Santorini, Syros). These areas, except 

the Alonissos- Voreies Sporades MPA, have high ecological value on one hand, but on the other they are 

characterised by high tourism values. As a result, these areas were located in Zone B and not in Zone A, 

since in Zone B high touristic activity is not limited in contrast to Zone A.  

 

In Zone C the PUs identified as most important areas that contribute in the protection of benthic 

biodiversity and fishery targets (Figure 62) were the areas in the deep parts of North Aegean, above Samos 

and Ikaria islands, Dodecanese, and the wider area of the south Aegean Sea. These areas were selected 

mainly due to the high purse seine activity in combination to the presence of important benthic ecological 

features that are protected in this zone. 

 

Similarly in Zone D (Figure 63), areas that combine high trawling activity and important pelagic ecological 

features, such as cetaceans, that are protected in this zone. More specifically important areas identified for 

Zone D were Thermaikos and Alexandroupolis Gulf (Thracian Sea), the deep waters around Chios and 

Lesvos (N. Aegean), the southern part between Evoia and Attika, and dispersed smaller areas in the 

Cyclades and Dodecanese island complexes.  

 

Finally, as priority areas for Zone E (‘General use’ zone) are the majority of the deep waters in the study 

area and some coastal areas (Figure 64). Regarding the deep parts one reason for the selection of these 

areas was the absence of ecological features present within. Regarding the presence of coastal parts in 

Zone E is explained by the human activities are present in this zone. 

 

The full distribution of the selection frequencies of PUs for each zone, are presented in Figures S1-S5 

(Appendix). 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-4.3a     

Initial MPA network in the Aegean                                                                                                                                                 88 

 
Figure 60. Selection frequency of PUs >60% out of 500 runs of Marxan with Zones, for Zone A (‘Full 

protection of biodiversity and stocks’) 
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Figure 61. Selection frequency of PUs >60% out of 500 runs of Marxan with Zones, for Zone B (‘Partial 

protection of biodiversity and stocks’) 
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Figure 62. Selection frequency of PUs >60% out of 500 runs of Marxan with Zones, for Zone C (‘Benthic 

protection of biodiversity and stocks’). Due to the lower selection frequency of PUs in this zone the full 

frequencies are presented. 
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Figure 63. Selection frequency of PUs >60% out of 500 runs of Marxan with Zones, for Zone D (‘Pelagic 

protection of biodiversity and stocks’). Due to the lower selection frequency of PUs in this zone the full 

frequencies are presented. Due to the lower selection frequency of PUs in this zone the full frequencies are 

presented. 
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Figure 64. Selection frequency of PUs >60% out of 500 runs of Marxan with Zones, for Zone E (‘General 

use’) 
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5. Discussion 

As a response to the EU calls for achieving sustainable management of marine resources by implementing 

ecosystem-based MSP, the present study aimed to provide spatial solutions in the Aegean Sea that 

maximize the economic benefit (e.g. fish exploitation) to human societies while protecting the marine 

environment and its resources.  

 

For this reason, spatial optimisation tools (Ball et al, 2009; Watts et al 2009) were applied in order to 

suggest a network of MPAs integrated into a five-zoning system plan where human activities are organised 

within. A precautionary ecosystem-based approach oriented towards fisheries management was 

implemented that targeted the protection of important ecological features and EFHs, important areas for 

fisheries, taking into consideration the socio-economic costs that represented important activities of the 

area such as fisheries and tourism. Incorporation of opportunity costs into the analysis assisted in providing 

a cost-effective solution that assured the implementation of the proposed plan with the least possible 

impacts on resource users (Carwardine et al, 2008a;b). The adoption of multiple conservation zones on the 

other hand facilitated the management of human activities in space and increased the flexibility capacity of 

the proposed plan to accommodate the objectives of various users, compared to other traditional planning 

processes (Crowder et al, 2006).  

 

The widest zone is Zone E (“General use zone”) occupying about half of the study area (82727.1 km2). In 

Zone E all activities are allowed with respect to existing regulations. In Zone A (“Full protection of 

biodiversity and stocks”) all uses that pose a threat to marine biodiversity and stocks are prohibited, while 

activities that are compatible with conservation objectives, such as ecotourism and diving are encouraged. 

Zone A occupies 18 % of the study area (31697.8 km2) and is almost equally shared between the Greek 

territory and the international waters. More than 54 % of Zone A is already managed somehow, under the 

national and/or European legislation. In Zone B (“Partial protection of biodiversity and stocks”) bottom 

trawling and purse seines are prohibited. Zone B covers 24% of the study area (42627.1 km2) and almost 60 

% of the zone is currently under some fishing restriction. Zone C, where bottom trawling is restricted, 

occupies 10% of the study area (18584 km2) of which the majority is allocated at the international waters. 

Finally Zone D, in which fishing with purse seines is restricted, covers 2008 km2 that corresponds to 1 % of 

the study area. 

 

Overall in the proposed plan the surface of small scale fishing restriction has increased by 17.55 % of the 

study area (corresponds to 31877.9 km2, of which 54.82 % is in the Greek territory and 45.18 % is in the 

international waters), in comparison to the initial 696.7km2 coverage. Restrictions regarding fishing with 

encircling nets (purse seines) have increased in the suggested plan by 40.15 % of the study area 

(corresponds to 77069.6 km2, of which 59.95 % is in the Greek territory and 40.05 % is in the international 

waters), in comparison to the initial 5742 km2 coverage. Finally, overall restrictions for bottom trawlers 

have increased by 20.83% of the study area (corresponds to 94810.9 km2, of which 51.23 % is in the Greek 

territory and 48.77 % is in the international waters), in comparison to the initial 57816.5 km2 coverage. 

 

It must be highlighted however that the proposed solutions can assure that safeguarding habitats and 

populations of species in the Aegean Sea has been achieved with the least possible cost of implementation 

for human activities. In the vast majority of these additional areas proposed for trawling and purse seines 

restriction did not include popular fishing grounds, but on the contrary areas with low socio-economic 

value for these sectors. Moreover, about half of the study area has maintained the current legal framework 
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and no additional restrictions have been added. These areas belong to Zone E which is the general use zone 

and is an available zone for the development of new activities in the future.  

 

The proposed plan succeeds the majority of operational targets (97%) that were set regarding the 

protection on biological and fishery resources in the Aegean Sea, with the least impact on human activities. 

The main reason of target failure was due to the overlap of ecologically significant areas where protected 

features are present and existing uses that were incompatible with the conservation of these features.  

 Although not all targets have been fully reached, the amount of protection of biodiversity and fish stocks 

achieved, highlights the importance of adopting prioritization software and evidence-based MPA planning 

tools such as Marxan with Zones, in identifying well-designed MPA networks that minimize impacts on 

existing resource users while protecting a representative range of biodiversity much more efficiently in 

comparison to fragmented approaches employed in the past (Hermoso et al, 2012; Klein et al, 2008a;b; 

Wilson et al, 2009). 

 

Conflicts between conservation and human activities were also identified during the analysis. This fact was 

even more evident in protected areas, such as areas under the Natura 2000 network which frequently 

overlapped with urban centres, big ports, coastal industries and aquaculture, indicating inadequacy of 

current management strategies to effectively maintain the marine environment and its resources in good 

environmental status (Figures 65-68). In this case, the political leadership and competent administrative 

authority will have to decide whether these areas should be considered as a priority for the development of 

socio-economic activities, or as irreplaceable areas for the effective protection of critical species and 

habitats in the Aegean. In the latter case, the development of socio-economic activities can be spatially 

relocated or be implemented in a mild way so that the marine environment and its components are not 

jeopardized. This outcome is similar to the study by Petza et al (2017), which highlighted such  conflicts and 

recommended that activities should be strictly and clearly regulated in order to resolve conflicts over 

multiple-use of areas or resources, including conflicts of marine users with conservation (Petza et al, 2017).  
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Figure 65. Examples of conflicts between conservation measures and human activities that overlap in the 

same area. These areas were considered effected by the superimposed human threats and therefore were 
included in Zone E, since they do not contribute to the achievement of targets set 
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Figure 66. Examples of conflicts between conservation measures and human activities that overlap in the 

same area. These areas were considered effected by the superimposed human threats and therefore were 
included in Zone E, since they do not contribute to the achievement of targets set 
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Figure 67. Examples of conflicts between conservation measures and human activities that overlap in the 

same area. These areas were considered effected by the superimposed human threats and therefore were 
included in Zone E, since they do not contribute to the achievement of targets set 
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Figure 68. Examples of conflicts between conservation measures and human activities that overlap in the 

same area. These areas were considered effected by the superimposed human threats and therefore were 
included in Zone E, since they do not contribute to the achievement of targets set 
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The suggested plan has been build on existing management measures and is fully in line with the existing 
national and European legal framework and management in the Aegean Sea (principle of 
complementarity). For instance, in all archaeological sites bottom trawling is prohibited. Therefore, 
archaeological sites are allocated in Zones where trawling is prohibited (Zones A, B and C), or in the 
‘General use’ zone (Zone E) where trawling is regulated by existing laws. Areas where the Greek law 
restricts small scale fishing are assigned in Zone A that is the only zone where this activity is prohibited, or 
in Zone E if these areas were assessed as impacted by overlapping human threats. However, it must be 
clarified that the present planning exercise may provide advice to planners only for the selected activities 
that have been incorporated in the analysis. 
 

It must be highlighted that integration of the complex national legal framework for restricting fishing 

activities in the study area was an extremely challenging procedure. This is due to the fact that the Greek 

laws are characterized by multiple small areas with overlapping restrictions of the same or multiple gears. 

The scope of an FRA may target directly for instance protection of fish stocks, but could also include for 

instance degraded areas that are unsuitable for food consumption due to waste effluents. Moreover, 

restrictions may vary between different protection status, or may be vague such as the case of the Natura 

2000 network where no particular law exists that prohibits fishing activities in these areas. This amplified 

the difficulty of integrating different concepts and information into zones and augmented the complexity of 

the analysis in general. In any case, currently the FRAs-Others (Fisheries Restricted Areas others than 

Marine Protected Areas, Natura 2000, or Archaeological sites) representing the national and EU regulations 

for fisheries, are the most efficient tool for the protection of the Aegean Sea in terms of surface, covering 

about 40 % of the Greek territorial waters and 30 % of the international waters.  

 

Areas of high ecological importance (‘priority areas’) in the study area that are considered irreplaceable for 

reaching the conservation and fishery targets were also identified. Because of their ecological significance, 

it is highly recommended that the establishment of these areas as Marine Reserves to be listed as priority 

in management decisions. It was revealed that the incorporation of multiple human uses and costs in the 

new design had a crucial role in the selection of priority areas. It worth mentioning that many of the priority 

areas identified by the irreplaceability analysis such as Gyaros and Agios Efstratios islets, have been also 

identified as priority areas from the past project MARISCA (www.marisca.eu), which aimed at strict 

conservation of biodiversity in the Aegean Ecoregion. Other studies have also identified priority areas in the 

Aegean Sea (e.g. Micheli et al, 2013b and references therein), however all of them applied a single-

objective approach that considered simply one or a number of ecological features.  

 

This is one of the first times that such an integrated approach is implemented in the Aegean, which 

expands the complexity of planning that simultaneously account for integrating diverse types of 

information and concepts. Complex scenarios have been developed using a step-by-step approach that 

integrated current and future planned activities and emerging threats for biodiversity and fish stocks. Areas 

highly susceptible to invasive alien species (Katsanevakis et al, 2016) have been avoided, while areas more 

resilient to invasion have been favoured in the selection of priority areas in the suggested plan (Giakoumi et 

al, 2016). Incorporation of the habitats’ vulnerability to invasion in the analysis has increased the 

adaptability and efficiency of results towards long-term sustainability of biological resources. 

Outputs aim to boost management action and guide decisions by providing a baseline plan in the wider 

marine environment of the Aegean Sea. The strategy followed may serve as an example for many other EU 

Member States that need to create MSP plans and carefully balance economic considerations while 

protecting marine biodiversity in their seas, or help mitigate the impacts of neighbouring natural resource 

development and exploitation. 

 

http://www.marisca.eu/
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However, the establishment of MPAs is often controversial as the restriction of human activities may have 

negative impacts for sectors and users affected by these decisions (Christie, 2004; Hattam et al, 2014; 

Oracion et al, 2005; Stump and Kriwoken, 2006). 

MSP is a dynamic and transparent participatory process where stakeholders develop a mutual 

understanding of information and reach a common consensus for producing an acceptable solution to the 

various sectors involved (Pomeroy and Douvere, 2008). Particularly in the Mediterranean that compliance 

is a major limiting factor, participatory planning is expected to provide multiple benefits in reserve design 

and implementation (Fenberg et al, 2012; Pomeroy and Douvere, 2008). Moreover, new scientific 

information is expected to decrease the bias in areas with limited ecological information.  

 

To improve the efficiency and effectiveness of the proposed plan and in the frame of adaptive 

management, future work will focus on integrating information from the other Working Packages (WPs) of 

the Protomedea project. More specifically, as shown in Figure 69: 

 

Task 4.1 (‘Socio-economic evaluation of marine ecosystems’) will provide additional information regarding 

socio-economic cost for culture and food provision (Deliverable 4.1) 

Task 4.4 (‘Stakeholder perceptions’) will provide additional information regarding incentives on ecological 

targets set and perceptions on spatial management actions, through stakeholder workshops and 

interviews/ application of questionnaires (Deliverables 4.5 and 4.6) 

Task 5.1 (‘Determining technical and scientific indicators to evaluate effects of MPAs network towards MSY 

objectives’) will provide additional information regarding the critical threshold of essential fish habitats’ 

targets in order to reach MSY (Deliverable 5.1) 

This will allow the better configuration of the trade-offs in terms of socio-economic and ecological 

implications of the management actions suggested, leading towards more effective management decisions 

in the area.  
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Figure 69.  

Diagram of Marine Spatial 

Planning (MSP) process 

main steps (blue boxes) for 

the application of Marxan 

with Zones Decision Support 

Tool, and interactions of this 

process with other Work 

Packages (WPs) of the 

Protomedea Project.  

Green boxes indicate steps 

already achieved for the 

first run of Marxan with 

Zones and input received 

from other WPs, while 

purple boxes indicate next 

steps and expected 

feedback to be integrated 

for the second round of 

Marxan with Zones and the 

final MSP output.   
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Appendix 
 
Table S1. List of marine species whose distribution was included in the analysis, and their protection status according to the Annexes of international conventions and 
directives. Bc: Barcelona Convention for the protection of the marine environment and the coastal region of the Mediterranean, BeC: Bern Convention on the 
conservation of European wildlife and natural habitats, Hd: Habitats Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora, Bd: Birds 
Directive 2009/147/EC, PD: Greek Presidential Decree 67/81 on the protection of native flora and wild fauna, I, II, IV, V: Annex or Appendix number. Species subject to 
special conservation measures concerning their habitat. “*” indicates priority species.  
 

No. Taxonomic 
group 

Species National and 
International Laws, 

Conventions & 
Directives 

IUCN Original 
format 

Original File 
variable 

Marxan with 
Zones variable 

Source/ Key contact/ Expert 

1 Porifera Aplysina spp.  Bc II; BeC II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

2  Aplysina aerophoba Bc II; BeC II Not in list Gridded 
data 

Normalized PHI 
index (0-1) 

Normalized PHI 
index (0-1) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

3  Axinella cannabina 
(Esper, 1794) 

Bc II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

4  Axinella cannabina 
(Esper, 1794) 

Bc II Not in list Gridded 
data 

Normalized PHI 
index (0-1) 

Normalized PHI 
index (0-1) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

5  Axinella polypoides 
Schmidt, 1862 

Bc II; BeC II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

6  Geodia cydonium 
(Linnaeus, 1767) 

BC II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

7  Petrobiona massiliana 
Vacelet & Lévi, 1958 

Bc II; BeC II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

8  Sarcotragus foetidus 
Schmidt, 1862 

Bc II Not in list Gridded 
data 

Normalized PHI 
index (0-1) 

Normalized PHI 
index (0-1) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

9  Sarcotragus sp. Bc II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

10  Tethya aurantium 
(Pallas, 1766) 

Bc II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

11   Tethya citrina Sarà & 
Melone, 1965 

Bc II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

12 Anthozoa  Antipatharia sp. Bc II Near 
Threatened 

Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 
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13  Callogorgia verticillata 
(Pallas, 1766) 

Bc II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

14  Cladocora caespitosa 
(Linnaeus, 1767) 

Bc II Endangered Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

15  Cladocora caespitosa 
(Linnaeus, 1767) 

Bc II Endangered Gridded 
data 

Normalized PHI 
index (0-1) 

Normalized PHI 
index (0-1) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

16  Savalia savaglia 
(Bertoloni, 1819) 

Bc II; BeC II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

17 Mollusca Charonia variegata 
(Lamarck, 1816) 

Bc II; BeC II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

18  Charonia variegata 
(Lamarck, 1816) 

Bc II; BeC II Not in list Gridded 
data 

Normalized PHI 
index (0-1) 

Normalized PHI 
index (0-1) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

19  Erosaria spurca 
(Linnaeus, 1758) 

Bc II; BeC II; PD II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

20  Lithophaga lithophaga 
(Linnaeus, 1758) 

Bc II; HD IV Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

21  Luria lurida (Linnaeus, 
1758) 

Bc II; BeC II; PD II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

22  Mitra zonata Marryat, 
1819 

Bc II; BeC II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

23  Pholas dactylus 
Linnaeus, 1758 

BC II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

24  Pinna nobilis Linnaeus, 
1758 

Bc II; BeC II; Hd IV; 
PD II 

Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

25  Tonna galea (Linnaeus, 
1758) 

Bc II; BeC II; PD II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

26  Zonaria pyrum (Gmelin, 
1791) 

Bc II; BeC II; PD II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

27 Echinodermata Centrostephanus 
longispinus (Philippi, 
1845) 

Bc II; BeC II;  Hd IV Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

28  Centrostephanus 
longispinus (Philippi, 
1845) 

Bc II; BeC II;  Hd IV Not in list Gridded 
data 

Normalized PHI 
index (0-1) 

Normalized PHI 
index (0-1) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

29  Ophidiaster ophidianus 
(Lamarck, 1816) 

Bc II; BeC II Not in list Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

30 Actinopterygii Hippocampus spp. Bc II; BeC II Data Deficient Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-4.3a 

 

Initial MPA network in the Aegean (Appendix) 

31 Elasmobranchii Gymnura altavela 
(Linnaeus, 1758) 

Bc II Vulnerable  Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

32  Mobula mobular 
(Bonnaterre, 1788) 

Bc II; BeC II; PD II Endangered Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

33  Dipturus batis (Linnaeus, 
1758) 

Bc II Critically 
Endangered 

Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

34  Leucoraja circularis 
(Couch, 1838) 

Bc II Endangered Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

35  Leucoraja melitensis 
(Clark, 1926) 

Bc II Critically 
Endangered 

Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

36  Rostroraja alba 
(Lacepède, 1803) 

Bc II Endangered Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

37  Tetronarce nobiliana 
(Bonaparte, 1835) 

PD II Data deficient Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

38  Galeorhinus galeus 
(Linnaeus, 1758) 

Bc II Vulnerable  Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

39  Heptranchias perlo 
(Bonnaterre, 1788) 

Bc II; PD II Near 
Threatened 

Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

40  Hexanchus griseus 
(Bonnaterre, 1788) 

PD II Near 
Threatened 

Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

41  Oxynotus centrina 
(Linnaeus, 1758) 

Bc II Vulnerable  Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

42  Squatina aculeata 
Cuvier, 1829 

Bc II Critically 
Endangered 

Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

43  Squatina oculata 
Bonaparte, 1840 

Bc II Critically 
Endangered 

Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

44  Squatina squatina 
(Linnaeus, 1758) 

Bc II Critically 
Endangered 

Points Presence PU area (sq. km.) MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

45 Reptilia Caretta caretta 
(Linnaeus, 1758) 

Bc II; BeC II;  Hd II, 
IV*; PD II 

Vulnerable  Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

46 Mammalia Monachus monachus 
(Hermann, 1779) 

Bc II; BeC II;  Hd II, 
IV, V*; PD II 

Endangered Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

47  Tursiops truncatus 
(Montagu, 1821) 

Bc II; BeC II;  Hd II, 
IV; PD II 

Least Concern Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

48  Delphinus delphis 
Linnaeus, 1758 

Bc II; BeC II;  Hd IV; 
PD II 

Least Concern Polygons Presence Area of feature 
within PU (sq. 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 
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km.) 

49  Stenella coeruleoalba 
(Meyen, 1833) 

Bc II; BeC II;  Hd IV; 
PD II 

Least Concern Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

50  Grampus griseus (G. 
Cuvier, 1812) 

Bc II; BeC II;  Hd IV Least Concern Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

51  Physeter macrocephalus 
Linnaeus, 1758 

Bc II; BeC II;  Hd IV Vulnerable  Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

52  Ziphius cavirostris 
Cuvier, 1823 

Bc II; BeC II;  Hd IV Least Concern Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

53  Phocoena phocoena 
relicta Abel, 1905 

Bc II; BeC II;  Hd II, 
IV; PD II 

Least Concern Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

54 Aves Larus audouinii 
Payraudeau, 1826 

Bc II; BeC II; Bd I Least Concern Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

55  Phalacrocorax aristotelis 
desmarestii 
(Payraudeau, 1826) 

Bc II; BeC II;  Bd I Least Concern Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

56  Calonectis diomedea 
(Scopoli, 1769) 

Bc II; BeC II;  Bd I Not in list Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

57  Puffinus yelkouan 
(Acerbi, 1827) 

Bc II; BeC II;  Bd I Vulnerable  Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 

58   Hydrobates pelagicus 
(Linnaeus, 1758) 

Bc II; BeC II;  Bd I Least Concern Polygons Presence Area of feature 
within PU (sq. 
km.) 

MARISCA Project (www.marisca.eu); 
Sini et al. 2017 
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Table S2. List of key marine habitat types whose distribution was included in the analyisis, and their associated habitat type codes according to two habitat 
classification systems: the Habitats Directive 92/43/EEC and the European Nature Information System (EUNIS). “*” indicates priority habitat types. 
No. Habitat  Habitat’s Directive 

codes 
EUNIS codes Data type Attribute - 

Original file  
Attribute - Marxan with Zones Attribute  
& Data processing 

Source/ Key contact 

1 Coastal lagoons 1150* X02; X03 Distribution 
map 

Presence Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  

MARISCA project 
(www.marisca.eu; 

Sini et al. 2017) 
2 Soft substrates included in 1110  several codes that 

refer to coastal sands 
& detritic sediments 

Distribution 
map 

Presence Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  

MARISCA project 
(www.marisca.eu; 

Sini et al. 2017) 
3 Seagrass beds 

(mainly P. 
oceanica) 

Mainly referring to 
1120* 

A 5.531; A 5.535 Distribution 
map 

Presence Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  

MARISCA project 
(www.marisca.eu; 

Sini et al. 2017) 
4 Hard substrates 1170 A3.23; A3.33 Distribution 

map 
Presence Habitat Condition Index (Hi) (Katsanevakis 

et al, 2016; Giakoumi et al, 2016)  
MARISCA project 

(www.marisca.eu; 
Sini et al. 2017) 

5 Submarine 
structures made 
by leaking gasses 

1180 A3.73; A4.73; A5.71 Distribution 
map 

Presence Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  

MARISCA project 
(www.marisca.eu; 

Sini et al. 2017) 
6 Partially or fully 

submerged caves 
8330 A1.44; A3.71; A4.74 Presence 

data (points) 
Presence Number of caves in PU MARISCA project 

(www.marisca.eu; 
Sini et al. 2017) 

Other important habitats 

7 Rhodolith beds included in 1110  A5.51 Presence 
data (points) 

Presence Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  

MARISCA project 
(www.marisca.eu; 
Sini et al. 2017) 

8 Coralligenous 
formations  

included in 1170 A 4.32; A4.26 Presence 
data (points) 

Presence Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  

MARISCA project 
(www.marisca.eu; 
Sini et al. 2017) 

9 Corals of the 
sublittoral zone 

included in 1170; 
1110 

A4.26 Presence 
data (points) 

Presence Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  

MARISCA project 
(www.marisca.eu; 
Sini et al. 2017) 
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10 Corals of the 
bathyal zone 

included in 1170 A6.6; A6.61 Presence 
data (points) 

Presence Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  

MARISCA project 
(www.marisca.eu; 
Sini et al. 2017) 

Essential Fish Habitats (EFHs) 

11 Essential Fish 
Habitat (EFH) 
Sardinella aurita 

n/a n/a Full 
coverage 
(models) 

Class 
(preferencial; 
occasional; rare) 

Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  
 
Selected classes of highest probability 
(preferencial; occasional) under the 
precautionary approach (expert: M. 
Giannoulaki) 

Protomedea, Task 
2.2.1 Mapping of 
nursery grounds of 
small pelagic fish – 
M. Giannoulaki 
(HCMR) 

12 Essential Fish 
Habitat (EFH) 
Engraulis 
encrasicolus 

n/a n/a Full 
coverage 
(models) 

Class 
(preferencial; 
occasional; rare) 

Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  
 
Selected classes of highest probability 
(preferencial; occasional) under the 
precautionary approach (expert: M. 
Giannoulaki) 

Protomedea, Task 
2.2.1 Mapping of 
nursery grounds of 
small pelagic fish – 
M. Giannoulaki 
(HCMR) 

13 Essential Fish 
Habitat (EFH) 
Sardina pilchardus 

n/a n/a Full 
coverage 
(models) 

Class 
(preferencial; 
occasional; rare) 

Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  
 
Selected classes of highest probability 
(preferencial; occasional) under the 
precautionary approach (expert: M. 
Giannoulaki) 

Protomedea, Task 
2.2.1 Mapping of 
nursery grounds of 
small pelagic fish – 
M. Giannoulaki 
(HCMR) 

14 Essential Fish 
Habitat (EFH) 
Trachurus 
trachurus 

n/a n/a Full 
coverage 
(models) 

Class 
(preferencial; 
occasional; rare) 

Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  
 
Selected classes of highest probability 
(preferencial; occasional) under the 
precautionary approach (expert: M. 
Giannoulaki) 

Protomedea, Task 
2.2.1 Mapping of 
nursery grounds of 
small pelagic fish – 
M. Giannoulaki 
(HCMR) 

15 Essential Fish 
Habitat (EFH) 
Eledone cirrosa 

n/a n/a Full 
coverage 
(models) 

Probability of 
presence 
(values 0-1) 

Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  
 
Selected classes of highest probability 
(≥0.8 probability) under the precautionary 
approach (expert: G. Tserpes) 

Protomedea, Task 
2.2.2 Mapping of 
nursery grounds of 
demersal fish – G. 
Tserpes (HCMR) 
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16 Essential Fish 
Habitat (EFH) Illex 
coindetti 

n/a n/a Full 
coverage 
(models) 

Probability of 
presence 
(values 0-1) 

Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  
 
Selected classes of highest probability 
(≥0.8 probability) under the precautionary 
approach (expert: G. Tserpes) 

Protomedea, Task 
2.2.2 Mapping of 
nursery grounds of 
demersal fish – G. 
Tserpes (HCMR) 

17 Essential Fish 
Habitat (EFH) 
Merluccius 
merluccius 

n/a n/a Full 
coverage 
(models) 

Probability of 
presence 
(values 0-1) 

Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  
 
Selected classes of highest probability 
(≥0.8 probability) under the precautionary 
approach (expert: G. Tserpes) 

Protomedea, Task 
2.2.2 Mapping of 
nursery grounds of 
demersal fish – G. 
Tserpes (HCMR) 

18 Essential Fish 
Habitat (EFH) 
Parapenaeus 
longirostris 

n/a n/a Full 
coverage 
(models) 

Probability of 
presence 
(values 0-1) 

Habitat Condition Index (Hi) (Katsanevakis 
et al, 2016; Giakoumi et al, 2016)  
 
Selected classes of highest probability 
(≥0.8 probability) under the precautionary 
approach (expert: G. Tserpes) 

Protomedea, Task 
2.2.2 Mapping of 
nursery grounds of 
demersal fish – G. 
Tserpes (HCMR) 
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Table S3. Protected species used in the analysis along with their (i) overall surface area (km2) and (ii) conservation targets set (% target). Bold indicate targets that have 
been partially met. Surfaces have been calculated in the gridded data. 

No. Taxonomic 
group 

Species National and 
International Laws, 

Conventions & Directives 

IUCN Type of data Surface area 
(overall 

study area, 
km

2
) 

Target 
set 

Target 
achieved 

1 Porifera Aplysina spp.  Bc II; BeC II Not in list Point data 786.10 
 

60% Achieved 

2  Aplysina aerophoba Bc II; BeC II Not in list Model - 
Distribution map 

3081.22 40% Achieved 

3  Axinella cannabina (Esper, 1794) Bc II Not in list Point data 730.70 60% Achieved 

4  Axinella cannabina (Esper, 1794) Bc II Not in list Model - 
Distribution map 

3081.22 40% Achieved 

5  Axinella polypoides Schmidt, 1862 Bc II; BeC II Not in list Point data 138.23 60% Achieved 

6  Geodia cydonium (Linnaeus, 1767) BC II Not in list Point data 414.48 60% Achieved 

7  Petrobiona massiliana Vacelet & Lévi, 1958 Bc II; BeC II Not in list Point data 5.19 60% Achieved 

8  Sarcotragus foetidus Schmidt, 1862 Bc II Not in list Model - 
Distribution map 

3081.22 40% Achieved 

9  Sarcotragus sp. Bc II Not in list Point data 896.53 60% Achieved 

10  Tethya aurantium (Pallas, 1766) Bc II Not in list Point data 210.09 60% Achieved 

11   Tethya citrina Sarà & Melone, 1965 Bc II Not in list Point data 176.38 60% Achieved 

12 Anthozoa  Antipatharia sp. Bc II Near 
Threatened 

Point data 11.50 45% Achieved 

13  Callogorgia verticillata (Pallas, 1766) Bc II Not in list Point data 4.60 60% Achieved 

14  Cladocora caespitosa (Linnaeus, 1767) Bc II Endangered Point data 253.20 75% Achieved 

15  Cladocora caespitosa (Linnaeus, 1767) Bc II Endangered Model - 
Distribution map 

3070.18 50% Achieved 

16  Savalia savaglia (Bertoloni, 1819) Bc II; BeC II Not in list Point data 19.12 60% Achieved 

17 Mollusca Charonia variegata (Lamarck, 1816) Bc II; BeC II Not in list Point data 213.05 60% Achieved 

18  Charonia variegata (Lamarck, 1816) Bc II; BeC II Not in list Model - 
Distribution map 

3073.41 40% Achieved 

19  Erosaria spurca (Linnaeus, 1758) Bc II; BeC II; PD II Not in list Point data 72.59 60% Achieved 

20  Lithophaga lithophaga (Linnaeus, 1758) Bc II; HD IV Not in list Point data 198.21 60% Achieved 

21  Luria lurida (Linnaeus, 1758) Bc II; BeC II; PD II Not in list Point data 135.83 60% Achieved 

22  Mitra zonata Marryat, 1819 Bc II; BeC II Not in list Point data 3.66 60% Achieved 
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23  Pholas dactylus Linnaeus, 1758 BC II Not in list Point data 25.83 60% Achieved 

24  Pinna nobilis Linnaeus, 1758 Bc II; BeC II; Hd IV; PD II Not in list Point data 733.03 60% Achieved 

25  Tonna galea (Linnaeus, 1758) Bc II; BeC II; PD II Not in list Point data 396.86 60% Achieved 

26  Zonaria pyrum (Gmelin, 1791) Bc II; BeC II; PD II Not in list Point data 85.46 60% Achieved 

27 Echinodermata Centrostephanus longispinus (Philippi, 1845) Bc II; BeC II;  Hd IV Not in list Point data 275.07 60% Achieved 

28  Centrostephanus longispinus (Philippi, 1845) Bc II; BeC II;  Hd IV Not in list Model - 
Distribution map 

3074.83 40% Achieved 

29  Ophidiaster ophidianus (Lamarck, 1816) Bc II; BeC II Not in list Point data 163.83 60% Achieved 

30 Actinopterygii Hippocampus spp. Bc II; BeC II Data Deficient Point data 655.32 60% Achieved 

31 Elasmobranchii Gymnura altavela (Linnaeus, 1758) Bc II Vulnerable  Point data 159.65 60% Achieved 

32  Mobula mobular (Bonnaterre, 1788) Bc II; BeC II; PD II Endangered Point data 4.00 75% Achieved 

33  Dipturus batis (Linnaeus, 1758) Bc II Critically 
Endangered 

Point data 62.14 90% Achieved 

34  Leucoraja circularis (Couch, 1838) Bc II Endangered Point data 544.00 75% Achieved 

35  Leucoraja melitensis (Clark, 1926) Bc II Critically 
Endangered 

Point data 590.60 90% Not 
achieved 

36  Rostroraja alba (Lacepède, 1803) Bc II Endangered Point data 260.35 75% Achieved 

37  Tetronarce nobiliana (Bonaparte, 1835) PD II Data deficient Point data 1312.83 60% Achieved 

38  Galeorhinus galeus (Linnaeus, 1758) Bc II Vulnerable  Point data 250.75 60% Achieved 

39  Heptranchias perlo (Bonnaterre, 1788) Bc II; PD II Near 
Threatened 

Point data 1305.16 45% Achieved 

40  Hexanchus griseus (Bonnaterre, 1788) PD II Near 
Threatened 

Point data 186.62 45% Achieved 

41  Oxynotus centrina (Linnaeus, 1758) Bc II Vulnerable  Point data 931.82 60% Achieved 

42  Squatina aculeata Cuvier, 1829 Bc II Critically 
Endangered 

Point data 120.00 90% Not 
achieved 

43  Squatina oculata Bonaparte, 1840 Bc II Critically 
Endangered 

Point data 112.00 90% Achieved 

44  Squatina squatina (Linnaeus, 1758) Bc II Critically 
Endangered 

Point data 100.00 90% Achieved 

45 Reptilia Caretta caretta (Linnaeus, 1758) Bc II; BeC II;  Hd II, IV*; PD 
II 

Vulnerable  Priority areas 5.90 100% Achieved 

46 Mammalia Monachus monachus (Hermann, 1779) Bc II; BeC II;  Hd II, IV, V*; 
PD II 

Endangered Priority areas 3019.43 100% Achieved 

47  Tursiops truncatus (Montagu, 1821) Bc II; BeC II;  Hd II, IV; PD II Least Concern Priority areas 30588.66 30% Achieved 
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48  Delphinus delphis Linnaeus, 1758 Bc II; BeC II;  Hd IV; PD II Least Concern Priority areas 30588.66 30% Achieved 

49  Stenella coeruleoalba (Meyen, 1833) Bc II; BeC II;  Hd IV; PD II Least Concern Priority areas 10034.62 30% Achieved 

50  Grampus griseus (G. Cuvier, 1812) Bc II; BeC II;  Hd IV Least Concern Priority areas 19167.45 30% Achieved 

51  Physeter macrocephalus Linnaeus, 1758 Bc II; BeC II;  Hd IV Vulnerable  Priority areas 3150.03 50% Achieved 

52  Ziphius cavirostris Cuvier, 1823 Bc II; BeC II;  Hd IV Least Concern Priority areas 8497.84 30% Achieved 

53  Phocoena phocoena relicta Abel, 1905 Bc II; BeC II;  Hd II, IV; PD II Least Concern Priority areas 5113.41 30% Achieved 

54 Aves Larus audouinii Payraudeau, 1826 Bc II; BeC II; Bd I Least Concern Priority areas 6067.66 30% Achieved 

55  Phalacrocorax aristotelis desmarestii 
(Payraudeau, 1826) 

Bc II; BeC II;  Bd I Least Concern Priority areas 6368.75 30% Achieved 

56  Calonectis diomedea (Scopoli, 1769) Bc II; BeC II;  Bd I Not in list Priority areas 4542.19 50% Achieved 

57  Puffinus yelkouan (Acerbi, 1827) Bc II; BeC II;  Bd I Vulnerable  Priority areas 6831.27 50% Achieved 

58   Hydrobates pelagicus (Linnaeus, 1758) Bc II; BeC II;  Bd I Least Concern Priority areas 734.94 30% Achieved 
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Table S4. Protected habitats used in the analysis along with their (i) overall surface area (km2); (ii) conservation targets set (% target, surface area in km2); (iii) targets 
reached in the proposed plan (% target, surface area in km2). Bold indicate targets that have been partially met. Surfaces have been calculated in the gridded data. 
 
No. Habitat  Data type Attribute - Original file  Habitat Surface area 

(overall study 
area, km

2
) 

Target 
set 

Target 
achieved 

1 Coastal lagoons Distribution map Presence Coastal lagoons 111.84 60% Achieved 

2 Soft substrates Distribution map Presence Soft bottom 1903.34 20% Achieved 

3 Seagrass beds (mainly P. 
oceanica) 

Distribution map Presence Posidonia beds 1453.16 60% Achieved 

4 Hard substrates Distribution map Presence Hard bottom 111.81 40% Achieved 

5 Submarine structures made by 
leaking gasses 

Distribution map Presence Leaking gasses 357.27 40% Achieved 

6 Partially or fully submerged 
caves 

Presence data (points) Presence Caves 927.10 40% Achieved 

7 Rhodolith beds Presence data (points) Presence Rhodolith beds 650.72 60% Achieved 
8 Coralligenous formations  Presence data (points) Presence Coralligenous 1942.82 40% Achieved 

9 Corals of the sublittoral zone Presence data (points) Presence Gorgonians 666.45 40% Achieved 

10 Corals of the bathyal zone Presence data (points) Presence Deep corals 31.64 40% Achieved 
11 Essential Fish Habitat (EFH) 

Sardinella aurita 
Full coverage (models) Class (preferencial; 

occasional; rare) 
Essential Fish Habitat (EFH) 
Sardinella aurita 

8870.35 60% Achieved 

12 Essential Fish Habitat (EFH) 
Engraulis encrasicolus 

Full coverage (models) Class (preferencial; 
occasional; rare) 

Essential Fish Habitat (EFH) 
Engraulis encrasicolus 

28333.71 60% Achieved 

13 Essential Fish Habitat (EFH) 
Sardina pilchardus 

Full coverage (models) Class (preferencial; 
occasional; rare) 

Essential Fish Habitat (EFH) 
Sardina pilchardus 

21695.99 60% Achieved 

14 Essential Fish Habitat (EFH) 
Trachurus trachurus 

Full coverage (models) Class (preferencial; 
occasional; rare) 

Essential Fish Habitat (EFH) 
Trachurus trachurus 

30805.69 60% Achieved 

15 Essential Fish Habitat (EFH) 
Eledone cirrosa 

Full coverage (models) Probability of presence 
(values 0-1) 

Essential Fish Habitat (EFH) 
Eledone cirrosa 

364.35 60% Achieved 

16 Essential Fish Habitat (EFH) Illex 
coindetti 

Full coverage (models) Probability of presence 
(values 0-1) 

Essential Fish Habitat (EFH) 
Illex coindetti 

4317.80 60% Achieved 

17 Essential Fish Habitat (EFH) 
Merluccius merluccius 

Full coverage (models) Probability of presence 
(values 0-1) 

Essential Fish Habitat (EFH) 
Merluccius merluccius 

314.31 60% Achieved 

18 Essential Fish Habitat (EFH) 
Parapenaeus longirostris 

Full coverage (models) Probability of presence 
(values 0-1) 

Essential Fish Habitat (EFH) 
Parapenaeus longirostris 

90.47 60% Achieved 
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Table S5. List of human activities included in the planning exercise along with the source; type of information in the original data; information uised for the analysis 
with Marxan with Zones 
No. Human Activity Activity 

Type 
Present/ 
Future 

Data type 
(original file) 

Source/ Key contact Original File Marxan with Zones 
Attribute (surrogate) 

Comments 

1 Fishing efffort - bottom 
trawling (2015) 

Fishing Present Polygons Protomedea, Sub-Task 2.3: 
Mapping fishing effort – Kavadas 
Stefanos (HCMR) 

normalised 
fishing effort 
(hours/ year) 

sum of fishing effort into 
PUs (10x10km); 
weighted by % 
contribution of sector to 
the national GDP 
(weight) 

Method adopted by: 
Giakoumi et al. 2012 

2 Fishing efffort - encircling 
nets (purse seines; 2015) 

Fishing Present Polygons Protomedea, Sub-Task 2.3: 
Mapping fishing effort – Kavadas 
Stefanos (HCMR) 

normalised 
fishing effort 
(hours/ year) 

sum of fishing effort into 
PUs (10x10km); 
weighted by % 
contribution of sector to 
the national GDP 
(weight)  

Method adopted by: 
Giakoumi et al. 2012 

3 Fishing pressure - small 
scale (coastal) fishing 
(2010) 

Fishing Present Polygons Protomedea, Sub-Task 2.3: 
Mapping fishing effort – Kavadas 
Stefanos (HCMR) 

fishing pressure 
index 
(normalized 
values) 

sum of fishing effort into 
PUs (10x10km); 
weighted by % 
contribution of sector to 
the national GDP 
(weight)  

Method adopted by: 
Giakoumi et al. 2012 

4 Massive tourism Tourism Present Polygons MARISCA Project: 
www.marisca.eu (original source: 
Ministry of Environment and 
Energy - Special Framework for 
Spatial Planning and Sustainable 
Development for Tourism, 2013) 

Classes of 
touristic 
development 

massive tourism as 
presence; weighted by % 
contribution of sector to 
the national GDP 
(weight)  

Selection of class 
massive tourism; 
value = 1- Method 
adopted by: 
Giakoumi et al. 2012 

5 Aquaculture cages Aquacult
ure 

Present Polygons MARISCA Project: 
www.marisca.eu (original source: 
Ministry of Environment and 
Energy, Special Framework for 
Spatial Planning and Sustainable 
Development for Aquaculture, 
2011) 

Presence of 
cages in PUs 

Presence in PUs Correction of 
aquaculture position 

6 Cargo shipping routes Shipping Present Raster MARISCA Project: 
www.marisca.eu (original 
source:Marine Traffic - AIS, 2015 

Density of 
shipping routes 

Presence in PUs Sum of density in PUs 
and selection of high 
classes (natural 
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(data from the Cross-border 
Cooperation for Maritime Spatial 
Planning and Acronym THAL-
CHOR, co-funded by the 
European Regional Development 
Fund (ERDF) by 80% resources of 
Greece and Cyprus by 20%, as 
part of the Cross-Border 
Cooperation Program) 

breaks method) 

7 Coastal cities Urbaniza
tion 

Present Polygons MARISCA Project: 
www.marisca.eu (original source: 
ELSTAT, 2012) 

Number of 
residents 

Presence in PUs Selection of coastal 
highly populated 
cities (residents> 
10000); Method 
adopted by: 
Giakoumi et al. 2012 

8 Coastal industry Industry Present Polygons MARISCA Project: 
www.marisca.eu (original 
source:Kapsimalis et al, 2014; 
Stamatis et al, 2002; Tsabaris et 
al, 2012; Christophoridis et al, 
2009; IGME & EKBAA, 2013; 
Pavlidou, 2009; Soufleris, 2010; 
Fytianos, 2007; experts) 

Presence in PUs Presence in PUs Selection of 
important industrial 
coastal areas using 
expert judgment and 
literature review 

9 Extraction of H/C - 
functioning 

Energy Present Polygons MARISCA Project: 
www.marisca.eu (original source: 
Ministry of Environment and 
Energy, www.ypeka.gr) 

Presence in PUs Presence in PUs Removal of areas 
that no actual 
operation takes place  

10 Future offshore 
windfarms 

Energy Future Polygons MARISCA Project: 
www.marisca.eu (original source: 
Regulatory Authority for Energy: 
www.rae.gr/geo) 

Presence in PUs Presence in PUs   

11 Major ports Shipping Present Polygons MARISCA Project: 
www.marisca.eu (original source: 
WWF Greece, 2015; Google 
Earth) 

Classes of port 
size/arrivals 

Presence in PUs Selection of major 
ports 

12 Passenger shipping 
routes 

Shipping Present Raster MARISCA Project: 
www.marisca.eu (original source: 
Marine Traffic - AIS, 2015 (data 
from the Cross-border 

Density of 
shipping routes 

Presence in PUs Sum of density in PUs 
and selection of high 
and medium classes 
(natural breaks 
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Cooperation for Maritime Spatial 
Planning and Acronym THAL-
CHOR, co-funded by the 
European Regional Development 
Fund (ERDF) by 80% resources of 
Greece and Cyprus by 20%, as 
part of the Cross-Border 
Cooperation Program) 

method)  

13 Terminals for LNG Energy Present Polygons MARISCA Project: 
www.marisca.eu (original source: 
Administrator of the National 
Natural Gas System SA, DESFA) 

Presence in PUs Presence in PUs   
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Table S6. List of existing management measures included in the planning exercise along with the source; type of information in the original data; information uised for 
the analysis with Marxan with Zones 

No. Management 
action 

Purpose Present
/ Future 

Data type 
(original 

file) 

Source/ Key contact Original File 
Attribute 

Marxan with 
Zones 

Attribute  

Comments 

1 Marine 
Protected 
Areas 

Conservation Present Polygons Protomedea, Sub-Task 2.1.1: Existing MPAs 
in the Aegean sea – Stelios Katsanevakis 
(UAegean) & Athanassios Tsikliras (AUTh); 
Petza et al, 2017 

Presence Presence in 
PUs 

  

2 NATURA2000 
network 

Conservation Present Polygons Protomedea, Sub-Task 2.1.1: Existing MPAs 
in the Aegean sea – Stelios Katsanevakis 
(UAegean) & Athanassios Tsikliras (AUTh); 
Petza et al, 2017 

Presence Presence in 
PUs 

  

3 Archaeologic
al Areas 

Conservation Present Polygons Protomedea, Sub-Task 2.1.1: Existing MPAs 
in the Aegean sea – Stelios Katsanevakis 
(UAegean) & Athanassios Tsikliras (AUTh); 
Petza et al, 2017 

Presence Presence in 
PUs 

  

4 EU Fisheries 
Restricted 
Areas (FRAs) 
- Bottom 
trawling 
permanent 
prohibitions 

Conservation Present Polygons Protomedea, Sub-Task 2.1.1: Existing MPAs 
in the Aegean sea – Stelios Katsanevakis 
(UAegean) & Athanassios Tsikliras (AUTh); 
Petza et al, 2017 

Presence Presence in 
PUs 

  

5 EU Fisheries 
Restricted 
Areas (FRAs) 
- Encircling 
nets (purse 
seines) 
permanent 
prohibitions 

Conservation Present Polygons Protomedea, Sub-Task 2.1.1: Existing MPAs 
in the Aegean sea – Stelios Katsanevakis 
(UAegean) & Athanassios Tsikliras (AUTh); 
Petza et al, 2017 

Presence Presence in 
PUs 

Selected regulations 
for gears under study 

6 EU Fisheries 
Restricted 
Areas (FRAs) 
- Small scale 
(coastal) 
fishing 
permanent 

Conservation Present Polygons Protomedea, Sub-Task 2.1.1: Existing MPAs 
in the Aegean sea – Stelios Katsanevakis 
(UAegean) & Athanassios Tsikliras (AUTh); 
Petza et al, 2017 

Presence Presence in 
PUs 

Selected regulations 
for gears under study 
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prohibitions 

7 National 
Fisheries 
Restricted 
Areas (FRAs) 
- Bottom 
trawling 
permanent 
prohibitions 

Conservation 
and others  

Present Polygons Protomedea, Sub-Task 2.1.1: Existing MPAs 
in the Aegean sea – Stelios Katsanevakis 
(UAegean) & Athanassios Tsikliras (AUTh); 
Petza et al, 2017 

Presence Presence in 
PUs 

Selected regulations 
for gears under study 

8 National 
Fisheries 
Restricted 
Areas (FRAs) 
- Encircling 
nets (purse 
seines) 
permanent 
prohibitions 

Conservation 
and others  

Present Polygons Protomedea, Sub-Task 2.1.1: Existing MPAs 
in the Aegean sea – Stelios Katsanevakis 
(UAegean) & Athanassios Tsikliras (AUTh); 
Petza et al, 2017 

Presence Presence in 
PUs 

Selected regulations 
for gears under study 

9 National 
Fisheries 
Restricted 
Areas (FRAs) 
- Small scale 
(coastal) 
fishing 
permanent 
prohibitions 

Conservation 
and others  

Present Polygons Protomedea, Sub-Task 2.1.1: Existing MPAs 
in the Aegean sea – Stelios Katsanevakis 
(UAegean) & Athanassios Tsikliras (AUTh); 
Petza et al, 2017 

Presence Presence in 
PUs 

Selected regulations 
for gears under study 
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Table S7. List of vulnerability weights for each ecological feature in each zone that were used in the zone contribution file in the analysis. The weights 
depend on the ecological feature and the activities allowed in each zone. 
Taxonomic 
group 

Species Zone A Zone B Zone C Zone D Zone E References 

Porifera Aplysina spp.  1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Aplysina 
aerophoba 

1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Axinella 
cannabina (Esper, 
1794) 

1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Axinella 
polypoides 
Schmidt, 1862 

1 0.5 0.5 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Geodia cydonium 
(Linnaeus, 1767) 

1 0.5 0.5 0 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Petrobiona 
massiliana 
Vacelet & Lévi, 
1958 

1 1 1 1 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Sarcotragus 
foetidus Schmidt, 
1862 

1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Sarcotragus sp. 1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Tethya aurantium 
(Pallas, 1766) 

1 0.5 0.5 0 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Tethya citrina 
Sarà & Melone, 
1965 

1 0.5 0.5 0 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Antipatharia sp. 1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

Anthozoa  Callogorgia 
verticillata (Pallas, 
1766) 

1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Cladocora 
caespitosa 
(Linnaeus, 1767) 

1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 
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 Savalia savaglia 
(Bertoloni, 1819) 

1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Charonia 
variegata 
(Lamarck, 1816) 

1 0.5 0.5 0 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Erosaria spurca 
(Linnaeus, 1758) 

1 1 1 1 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

Mollusca Lithophaga 
lithophaga 
(Linnaeus, 1758) 

1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Luria lurida 
(Linnaeus, 1758) 

1 1 1 1 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Mitra zonata 
Marryat, 1819 

1 1 1 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Pholas dactylus 
Linnaeus, 1758 

1 1 1 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Pinna nobilis 
Linnaeus, 1758 

1 0.375 0.333 0.25 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Tonna galea 
(Linnaeus, 1758) 

1 0.5 0.5 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Zonaria pyrum 
(Gmelin, 1791) 

1 1 1 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Centrostephanus 
longispinus 
(Philippi, 1845) 

1 1 1 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Ophidiaster 
ophidianus 
(Lamarck, 1816) 

1 0.5 0.5 0 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Hippocampus spp. 1 0.5 0.5 0 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

Echinodermata Gymnura altavela 
(Linnaeus, 1758) 

1 0.5 0 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Mobula mobular 
(Bonnaterre, 
1788) 

1 0.5 0 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Dipturus batis 
(Linnaeus, 1758) 

1 1 0.5 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

Actinopterygii Leucoraja 
circularis (Couch, 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
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1838) 

Elasmobranchii Leucoraja 
melitensis (Clark, 
1926) 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Rostroraja alba 
(Lacepède, 1803) 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Tetronarce 
nobiliana 
(Bonaparte, 1835) 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Galeorhinus 
galeus (Linnaeus, 
1758) 

1 0.5 0 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Heptranchias 
perlo (Bonnaterre, 
1788) 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Hexanchus griseus 
(Bonnaterre, 
1788) 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Oxynotus centrina 
(Linnaeus, 1758) 

1 1 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Squatina aculeata 
Cuvier, 1829 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Squatina oculata 
Bonaparte, 1840 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Squatina squatina 
(Linnaeus, 1758) 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Caretta caretta 
(Linnaeus, 1758) 

1 0.5 0 0 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Monachus 
monachus 
(Hermann, 1779) 

1 0.5 0 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Tursiops truncatus 
(Montagu, 1821) 

1 0.5 0.5 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Delphinus delphis 
Linnaeus, 1758 

1 1 0.5 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

Reptilia Stenella 
coeruleoalba 
(Meyen, 1833) 

1 0.5 0 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
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Mammalia Grampus griseus 
(G. Cuvier, 1812) 

1 0.5 0.5 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Physeter 
macrocephalus 
Linnaeus, 1758 

1 1 0.5 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Ziphius cavirostris 
Cuvier, 1823 

1 0.5 0.5 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Phocoena 
phocoena relicta 
Abel, 1905 

1 0.5 0.5 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Larus audouinii 
Payraudeau, 1826 

1 0.5 0 0 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Phalacrocorax 
aristotelis 
desmarestii 
(Payraudeau, 
1826) 

1 0.5 0.5 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Calonectis 
diomedea 
(Scopoli, 1769) 

1 0.5 0 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Puffinus yelkouan 
(Acerbi, 1827) 

1 0.5 0.5 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

Aves Hydrobates 
pelagicus 
(Linnaeus, 1758) 

1 1 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 

 Coastal lagoons 1 0.5 0.5 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Soft substrates 1 0.5 0.5 0 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Seagrass beds 
(mainly P. 
oceanica) 

1 0.375 0.333 0.25 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Hard substrates 1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Submarine 
structures made 
by leaking gasses 

1 0.5 0.5 0 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Partially or fully 
submerged caves 

1 0.5 0.5 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 
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 Rhodolith beds 1 1 1 0.66 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Coralligenous 
formations  

1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Corals of the 
sublittoral zone 

1 0.5 0.5 0.5 0 Processed data extracted from the Cumulative Impact Assessment 
(MARISCA project) 

 Corals of the 
bathyal zone 

1 0.5 0.5 0.5 0 Expert judgment:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini 
M (MARISCA project) 

 Essential Fish 
Habitat (EFH) 
Sardinella aurita 

1 0.8 0.05 0.7 0 Expert judgement: Giannoulaki Marianna 

 Essential Fish 
Habitat (EFH) 
Engraulis 
encrasicolus 

1 0.85 0.05 0.8 0 Expert judgment: Giannoulaki Marianna 

 Essential Fish 
Habitat (EFH) 
Sardina pilchardus 

1 0.75 0.05 0.6 0 Expert judgement: Giannoulaki Marianna 

 Essential Fish 
Habitat (EFH) 
Trachurus 
trachurus 

1 0.8 0.3 0.65 0 Expert judgement: Giannoulaki Marianna..? 

 Essential Fish 
Habitat (EFH) 
Eledone cirrosa 

1 1 1 0.25 0 Expert judgement: Tserpes George 

 Essential Fish 
Habitat (EFH) Illex 
coindetti 

1 1 0.95 2 0 Expert judgement: Tserpes George 

 Essential Fish 
Habitat (EFH) 
Merluccius 
merluccius 

1 0.7 0.7 0.15 0 Expert judgement: Tserpes George 

 Essential Fish 
Habitat (EFH) 
Parapenaeus 
longirostris 

1 1 1 0.15 0 Expert judgement: Tserpes George 
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Table S8. Overall surface areas (km2) for each existing management measure and gear prohibition in each zone of the proposed plan 
FRA - OTB: Archaeological sites 

  Overall surface area (km
2
) Surface area in Greek territory (km

2
) Surface area in international waters (km

2
) 

Zone A 2053.9 1888.4 165.5 
Zone B 227.7 227.7 0.0 

Zone C 4.4 4.4 0.0 

Zone D 0.0 0.0 0.0 

Zone E 14.3 14.3 0.0 

Total (km
2
) 2300.3 2134.8 165.5 

FRA - OTB: MPAs 

  Overall surface area (km
2
) Surface area in Greek territory (km

2
) Surface area in international waters (km

2
) 

Zone A 708.3 708.3 0 

Zone B 207.7 207.7 0 
Zone C 0 0 0 
Zone D 0 0 0 

Zone E 0 0 0 
Total (km

2
) 915.9 915.9 0 

FRA - OTB: Others 

  Overall surface area (km
2
) Surface area in Greek territory (km

2
) Surface area in international waters (km

2
) 

Zone A 15725.9 10299.6 5426.4 
Zone B 25462.3 16142.2 9320.0 

Zone C 13383.3 1152.2 12231.1 

Zone D 0 0 0 

Zone E 1902.3 1902.3 0 
Total (km

2
) 56473.8 29496.4 26977.5 

FRA - PS: Archaeological sites 

  Overall surface area (km
2
) Surface area in Greek territory (km

2
) Surface area in international waters (km

2
) 

Zone A 97.5 97.5 0 
Zone B 9.6 9.6 0 

Zone C 0 0 0 

Zone D 0 0 0 

Zone E 13.3 13.3 0 
Total (km

2
) 474.4 474.4 0 

FRA - PS: MPAs 

  Overall surface area (km
2
) Surface area in Greek territory (km

2
) Surface area in international waters (km

2
) 
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Zone A 543.2 543.2 0 
Zone B 196.2 196.2 0 

Zone C 0 0 0 

Zone D 0 0 0 
Zone E 0 0 0 

Total (km
2
) 739.4 739.4 0 

FRA - PS: Others 

  Overall surface area (km
2
) Surface area in Greek territory (km

2
) Surface area in international waters (km

2
) 

Zone A 1762.8 1752.0 10.8 

Zone B 2534.7 2521.8 12.9 

Zone C 0 0 0 

Zone D 0 0 0 

Zone E 732.5 732.5 0 

Total (km
2
) 5030.0 5006.3 23.7 

FRA - SSF: Archaeological sites 
  Overall surface area (km

2
) Surface area in Greek territory (km

2
) Surface area in international waters (km

2
) 

Zone A 87.4 87.4 0 

Zone B 0 0 0 
Zone C 0 0 0 
Zone D 0 0 0 
Zone E 6.7 6.7 0 

Total (km
2
) 94.1 94.1 0 

FRA - SSF: MPAs 
  Overall surface area (km

2
) Surface area in Greek territory (km

2
) Surface area in international waters (km

2
) 

Zone A 160.3 160.3 0 
Zone B 0 0 0 
Zone C 0 0 0 
Zone D 0 0 0 
Zone E 0 0 0 

Total (km
2
) 241 241 0 

FRA - SSF: Others 
  Overall surface area (km

2
) Surface area in Greek territory (km

2
) Surface area in international waters (km

2
) 

Zone A 272.8 272.8 0 
Zone B 0 0 0 

Zone C 0 0 0 

Zone D 0 0 0 
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Zone E 174.3 174.3 0 
Total (km

2
) 447.1 447.1 0 
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Figure S1. Selection frequency of PUs out of 500 runs of Marxan with Zones for Zone A (‘Full protection of biodiversity and stocks’) 
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Figure S2. Selection frequency of PUs out of 500 runs of Marxan with Zones for Zone B (‘Partial protection of biodiversity and stocks’) 
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Figure S3. Selection frequency of PUs out of 500 runs of Marxan with Zones for Zone C (‘Benthic protection of biodiversity and stocks’) 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-4.3a 

 

Initial MPA network in the Aegean (Appendix) 

 
Figure S4. Selection frequency of PUs out of 500 runs of Marxan with Zones for Zone D (‘Pelagic protection of biodiversity and stocks’) 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D-4.3a 

 

Initial MPA network in the Aegean (Appendix) 

 
Figure S5. Selection frequency of PUs out of 500 runs of Marxan with Zones for Zone E (‘General use zone) 
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Figure S6. Names of islands and island complexes in the study area reported in the document 
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1. Introduction 

Marine and coastal areas are experiencing  the  last decades a  large growth of human development were 

multiple  activities  are  competing  for  marine  space  and  resources.  This  has  often  led  to  a  significant 

degradation of marine ecosystems, depletion of biological resources and biodiversity  loss (e.g. Halpern et 

al, 2008a;b; Micheli et al, 2013a). Loss of ecosystem functions may be directly or indirectly translated into 

financial  loss of services for human societies  (Katsanevakis et al, 2011). For  instance, recent data confirm 

that  the majority of  the main  fish stocks  in  the Eastern Mediterranean are overexploited with significant 

impacts on the  local and national economy (Colloca et al, 2013; Tsikliras et al, 2015; Vasilakopoulos et al, 

2014).  In addition, East Mediterranean  increasingly  suffers by  the effects of climate change and  species’ 

invasions due to alteration of species composition and displacement of native species, habitat degradation 

and changes in the functioning of ecosystems (Katsanevakis et al, 2013; 2014a;b).  

 

Today, however, most management approaches adopted are sectoral and fragmentary, ignoring the linking 

processes taking place between human societies and marine ecosystems, often resulting in low capacity to 

provide comprehensive management solutions that ensure social acceptance (Mazor et al, 2014). This has 

prompted the need to develop coordinated management plans and adopt holistic strategies that take into 

account all human activities and  interactions within a marine ecosystem  (Foley et al, 2010; Knight et al, 

2008). Systematic Conservation Planning  (SCP)  contributes  to  the development of maritime  spatial plans 

through  the  creation  of Marine  Protected Areas  (MPAs)  and  the  identification  of  areas  (‘zones’) where 

different  human  activities may  be  allowed  or  prohibited within. MPAs  on  one  hand  have  been widely 

suggested as a useful tool for sustaining marine ecosystems through biodiversity conservation and fishery 

enhancement (Agardy and Staub 2006, and references therein). Zoning on the other hand adds flexibility to 

the provision of management  solutions, by allowing  the organization of multiple activities  into a  spatial 

design  scheme  (Watts  et  al,  2009).  A  summary  of  the  social  and  ecological  benefits  perceived  when 

applying MPAs may be found in Box 1. 

 

Box 1: Marine Protected Areas as a management tool for the protection of biological resources  

The  positive  benefits  derived  from  the  implementation  of Marine  Protected  Areas  (MPAs)  have  been 

reported widely i.e. increases in sizes of organisms, density and biomass of commercially exploited species 

and whole  assemblages,  reproductive  potential,  species  richness,  live  cover  of  benthic  organisms,  and 

restoration of trophic interactions (e.g. Edgar et al, 2014; Fenberg et al, 2012; Floros et al, 2013; Giakoumi 

et al, 2017; Guidetti and Sala, 2007; Halpern and Warner, 2002; Halpern, 2003; Lester et al, 2009; Selig and 

Bruno, 2010; Stewart et al, 2009). Although the role of MPAs regarding the recovery of fish stocks remains 

an  issue of debate between  scientists  (Kaiser, 2005; Stefansson and Rosenberg, 2006; Vandeperre et al, 

2011), more and more studies identify that benefits from protection are positively correlated with the age 

and  size of MPAs,  the  level of protection  and  enforcement  (Claudet  et  al, 2008; Giakoumi  et  al, 2017). 

Moreover, while  the  establishment of MPAs  is  still  a  challenge,  it  is  generally  accepted  that MPAs may 

achieve a balance between ecological conservation and socioeconomic needs  (Klein et al, 2008a;b) when 

using  biological  principles  as  primary  design  criteria  (Roberts  et  al,  2003)  and  including  relevant  socio‐

economic  aspects  to  ensure  community  support  and  compliance  (Moore  et  al,  2004;  Pita  et  al,  2013; 

Walmsley and White, 2003). 

 

SCP is characterised by specific principles and follows a structured, well‐defined approach (Figure 1). A wide 
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range of ecological features that represent the local biodiversity and marine resources, are included in the 

analysis. Overall goals and specific measurable objectives (‘targets’) regarding these ecological features are 

explicitly  set  in a  transparent and  socially  responsible manner  (Margules and Pressey 2000; Pressey and 

Bottrill 2009). To provide management solutions that achieve these ecological targets, analysis incorporates 

in addition socio‐economic information related to the human activities present in an area, which are later 

translated  into  financial  costs  of  implementing  the  suggested management  actions.  Integration  of  cost 

helps to properly assess the  impact of management decisions, deliver cost‐effective solutions with higher 

likelihood of  implementation, and facilitate stakeholder  involvement  in the planning process (Moilanen et 

al, 2009; Wilson et al, 2009). 

 

 

Figure 1. Key steps followed in Systematic Conservation Planning (SCP) process. Dashed lines indicate the 

dynamic character of planning process where local preferences and knowledge are integrated into 

management plans through stakeholder engagement 

 

Cyprus  is  located at  the  Levantine  Sea  (East Mediterranean) and  is  characterised by oligotrophic waters 

with  increased  salinity  and  temperature  (Krom  et  al,  1992).  These  factors,  along with  the  sea‐bottom 

complexity and the presence of the Suez Channel, contribute to the high biodiversity but low abundances in 

the  area  (WWF  Greece,  2015).  The  ecological  importance  of  Cyprus  has  been  identified  by  several 

conservation initiatives for the habitats and species it hosts (e.g. Coll et al, 2012; 2015; Greenpeace, 2006; 

Hoyt et al, 2012; Mackelworth, 2011; Mouillot et al, 2011; Oceana MedNet, 2012; UNEP‐MAP‐RAC/SPA, 

2010a;b; Würtz et al, 2012).  

Direct interactions arising from the use of marine resources between different activities, particularly in the 

coast,  have  conflicts  amongst  users,  as well  as  between  users  and  resources.  Tourism  is  an  important 

activity  that  is  rapidly  increasing  the  last  years  in Cyprus. The direct  contribution of Travel and Tourism 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D‐4.3.a     

Initial MPA network in Cyprus  3 

sectors  to  the  national Gross Domestic  Product  (GDP)  in  2016 was  EUR  1283.2mn  (7.2%  of GDP).  This 

amount  is expected  to  rise by 9.1% by 2027, due  to  the activity generated by  industries  such as hotels, 

travel agents, airlines and other passenger transportation (WTTC, 2017). The rising contribution of tourism 

to the Cypriot economy has been also related to the fact that Cyprus has been recognised internationally as 

having  the  greatest number of  ‘excellent’ beaches  for  swimming  amongst  all  the 28  EU member  states 

(EEA, 2017). On the other hand, fisheries sector holds a small contribution  in the Gross Domestic Product 

(GDP; around 0.3 % according to data from FAO, 2005). However, fisheries hold a long tradition in Cyprus as 

an  important  source  of  diet,  employment  and  income  for  coastal  populations;  therefore  grasp  primary 

socio‐economic importance as a sector nationally (EMFF, 2014). Purse seines and trawlers constitute a very 

small proportion of the fishing fleet in comparison to the small scale fisheries. As a consequence fishing is 

operated mainly in the coastal areas, which creates competition for marine resources with other activities. 

However, several commercial fish populations in Cyprus were assessed in 2012 as not being in good status 

due  to overfishing  (DFMR, 2016).  Local  changes  in habitats,  functional  species groups and water quality 

have been  reported due  to man‐made permanent  structures and discharges  in urban or  industrial areas 

(DFMR,  2016).  Industrial  or  urban  outflows  in  Cyprus  have  also  been  identified  as  pressures  that  have 

affected the viability of stocks at the local scale (WWF Greece, 2015). Furthermore, a number of protected 

marine mammals  present  in  Cyprus  (e.g.  dolphins, whales,  seals)  have  decreasing  trends  due  to  their 

accidental capture or reduction of their food from overfishing (WWF Greece, 2015). 

 

The overall aim of the present planning exercise  is to contribute towards the development of an efficient 

MPA network,  taking  into account  the protection of ecological characteristics and Essential Fish Habitats 

(EFH),  significant  areas  for  fisheries,  as  well  as  their  socio‐economic  impacts  through  a  participatory 

bottom‐up process.  To  this  end,  the most widely  applied  conservation planning  software was used,  i.e. 

MARXAN with  Zones  (Ball  et  al,  2009; Watts  et  al,  2009)  to  provide  alternative management  solutions 

through  a  transparent  and  robust  analysis.  The  planning  exercise  takes  into  consideration  the  most 

important biodiversity and  fishery  features present  in  the area, while  socio‐economic costs of  important 

uses and existing management actions  (e.g. Fisheries Restricted Areas, MPAs, Natura 2000 network) are 

integrated into the new design.  The suggested plan includes a network of Marine Protected Areas (MPAs) 

where areas  that  systematically  contribute  to  the biodiversity and  fishery  targets are  identified, and  the 

most important human activities are organized in a 3‐zone management system. The method respects the 

principles  of  SCP  under  a  general  Ecosystem‐Based  Management  (EBM)  framework  to  fisheries 

management  and  attempts  to  integrate  issues  such  as  the  impacts  of  non‐indigenous  species,  as  a 

management response in preventing and mitigating these impacts (Katsanevakis et al, 2009). Outputs may 

provide guidance  in management decisions through an efficient, structured and transparent process, and 

ensure maintenance of marine ecosystems in a healthy condition and sustainable exploitation of ecosystem 

goods and services in the most effective way.  

 

This is the first time that such an integrated approach is applied in the Cypriot marine territory seeking to 

make  a  substantial  contribution  to  the  EU  demands  for  the  development  of  MSP,  the  adoption  of 

integrated ecosystem approaches to fisheries management, the protection of the marine environment and 

the  sustainable  exploitation  of  marine  resources  (e.g.  the  MSP  Directive  2014/89/EU;  the  Common 

Fisheries Policy;  the Marine Strategy Framework Directive 2008/56/EC;  the Habitats Directive 92⁄43⁄EEC; 

the  EU Regulations No 1967/2006  and No 1343/2011  concerning  the  sustainable  exploitation of  fishery 

resources in the Mediterranean Sea etc.).  
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Finally,  it must  be  highlighted  that  this  planning  exercise  is  based  on  available  spatial  information  and 

criteria  set  by  the  EU  legislation,  and  the  results  should  be  considered  as  preliminary  as  extensive 

consultation  with  stakeholders  is  needed.  At  a  second  step,  the  planning  exercise  will  be  repeated 

(Deliverable 4.4b) integrating feedback coming from the other WPs of the project as described in the work 

plan (Figure 2). 

 

 

Figure 2. The links between Work Packages (WPs) in the Protomedea project 

 

2. Systematic Conservation Planning: Principles and tools    

The main idea behind a planning problem is the selection of areas of high ecological value (‘priority areas’) 

throughout  a  large number of possible  sites  (Planning Units, PUs) using  ecological,  social  and economic 

criteria (Figure 3). The selection of priority areas is based on the following principles of SCP (Margules and 

Pressey, 2000; Stewart et al, 2007): 

 Complementarity  –  priority  areas  identified  are  complementary  to  the  ones  that  are  already 

protected (i.e. existing management actions, such as MPAs) 

 Comprehessiveness  –  inclusion  of  many  conservation  features  that  describe  the  different 

components and aspects of local biodiversity  

 Representativeness – the samples are representative of the overall biodiversity of the area  

 Irreplaceability – areas with unique features are being identified and protected as being irreplaceable 

units for conservation of local biological resources 

 Cost efficiency – the proposed management solutions achieve the conservation targets with the least 

possible cost 

 Adequacy  –  the proposed management  solutions  ensure  the  adequacy of biodiversity  and  fishery 

resources taking into account the threats posed by human activities to the ecological characteristics 

and their vulnerability to each activity. 
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Given the complexity of locating new conservation areas that meet the principles of SCP, Decision Support 

Tools (DSTs) are frequently used to guide the spatial  identification of priority areas. The most well‐known 

and widely used DSTs are Marxan (Ball et al, 2009) and Marxan with Zones (Watts et al, 2009). These are 

software that use simulated annealing algorithms to find a range of good near‐optimal systems of priority 

areas that meet the conservation targets set, while attempting to minimize socio‐economic costs (Wilson et 

al, 2009). 

 

 

Figure 3. The different maps often used in conservation planning based on a case study of planning for 

Marine Protected Areas in Fiji (Tulloch et al, 2015) 

 

Marxan provides a spatially binary solution that indicates whether or not a PU belongs to the MPA network. 

Marxan with Zones uses a more  sophisticated algorithm, offering  the ability  to  integrate many different 

activities and organise them into a zoning system, which forms a management plan. In other words, various 

zones may be defined where different uses are prohibited or permitted within. Zoning allows  the spatial 

allocation of human activities in space and the establishment of different objectives within each zone which 

contribute  to  the  overall  objectives  set  in  the  planning  process.  This  adds  greater  adaptability  to  the 

provision of management solutions (Watts et al, 2009). In addition, it has been shown that organizing uses 

into  zones  offers more  realistic  plans  since  it minimizes  possible  conflicts  between  different  interests 

(Agardy, 2010). 
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In  both  cases  of Marxan  and Marxan with  Zones,  biodiversity  is  represented  by  a  variety  of  ecological 

characteristics (‘ecological features’) present  in an area and clear conservation objectives are set for each 

one  of  the  features.  Objectives  are  translated  into  quantitative  operational  objectives,  for  instance 

preserving  30%  of  the  population  of  each  species  in  the  study  area  (Leslie  et  al,  2003).  Successful 

achievement of operational objectives means that each ecological feature targeted for conservation (e.g. a 

species) receives adequate protection  through  the assignment of  the species‐relevant areas  into an MPA 

network. Ideally, the MPA network achieves targets with the lowest cost for human activities taking place 

in the study area (Carwardine et al, 2009). Usually, this cost  is measured  in terms of socio‐economic cost 

(‘opportunity cost'), defined as the foregone  income (or profit) of the economic activities that arise when 

these  activities  are  excluded  from  a  specific  area  that  is  established  as  protected  (Mazor  et  al,  2014). 

Greater cost will be given to areas where many different activities take place (or are intensively being used 

by one activity) because  these areas  (and  the  resources within) contribute significantly  to  the  income of 

these activities. Therefore, the exclusion of activities within these areas is likely to damage many activities 

(or  to  damage  a  lot  a  single  activity  that  is  practiced  significantly within  the  area).  Consequently,  the 

software will  try  to avoid establishing any  restriction within  these areas,  in order  to minimize  costs and 

achieve cheap ('efficient') solutions.  

 

Marxan with Zones uses a numerical algorithmic of re‐arranging the PUs (simulated annealing) to find the 

best possible spatial solution (Watts et al, 2009). The algorithm aims to minimize the total cost of a zoning 

system, which is the sum of the cost of each PU defined in a particular zone (1st term of Equation 1) and the 

cost of the connection between two PUs assigned in different zones (2nd term of Equation 1):  

Minimize cost: 

∑ ∑  

 

, , , , ,  

 

Where  

m is the total number of planning units (i = 1, ..., m)  

p is the total number of zones (k = 1, ..., p)  

cik is the cost of assigning a planning unit i in zone k. 

 

For all PUs i and zones k, xik takes values {0, 1}, where,  

if the PU i (i = 1, ..., m) is assigned into zone k (k = 1, ..., p) xik = 1, if not then xik = 0. 

 

A PU cannot be assigned into more than one zone, so: ∑ X 1		∀  

 

 

 

 

Eq. (1) 
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At the same time each zone must achieve the percentages of contribution to the overall conservation 

objectives according to the effectiveness of each zone: 

 

∀  

 
and                                                                    

 

∀  

Where 

aij is the amount of the ecological feature targeted for protection j (j = 1, ..., n) in a PU i, 

ejk is the efficiency of zone k contributing to the conservation of the feature targeted for protection j 

sj is the overall target for the feature targeted for protection j 

th is the target for the ecological feature targeted for protection j in a particular zone k 

 

Marxan and Marxan with Zones are tools designed to support decision makers through a transparent and 

robust selection of priority areas, providing alternative solutions even to very complex management issues 

(Ball et al, 2009; Watts et al, 2009). Marxan with Zones has been commonly applied in MSP, due to its 

advantage to support a range of different human activities and management actions. For instance it has 

been applied for the production of marine management plans in California (Klein et al, 2009), the Caribbean 

(Agostini et al, 2010), Indonesia (Grantham et al, 2013) and Israel (Mazor et al, 2014) for providing 

management solutions with capacity to set various types of objectives in the planning exercise (Watts et al, 

2009).  

3. Methods   

3.1 Study area and Planning Units (PUs) 

The study area (Figure 4) extends in the territorial waters of Cyprus (distance 12nm from coast), covering in 

total 8090 km2. A grid was compiled that divided the study area into 2271 cells (hereafter planning units, 

PUs) of 2 x 2 km2 size.  

Eq. (2) 

Eq. (3) 
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Figure 4. The study area defined by the territorial waters of Cyprus (12 nm from coastline) and the grid of 2 
x 2 km2 square‐sized Planning Units (PUs) that was used for the analysis 
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3.2. Zoning plan  

A three‐ zone management plan was decided amongst partners, and a general objective was set for each 

zone (Table 1).  

 

Table 1. Zoning plan and general target set for each zone  

  Zone general target  Zone title 

Zone A  Fully protection of biodiversity and stocks  No‐take zone 

Zone B  Partial protection of biodiversity and stocks  Small‐scale fisheries zone 

Zone C  General use  Zone of general use 

 

 

The  zoning plan contains a  list of existing anthropogenic activities  that are permitted or banned  in each 

zone  according  to  their  impacts  on  the  ecological  features  (marine  habitats,  essential  fish  habitats  and 

species) present and their consistency with each zone’s target (Table 2). Zones varied in their effectiveness 

in protecting the ecological features under study.  

 

Zone  C  (‘General  use’  zone)  is  a  zone where  all  activities  are  allowed with  respect  to  the  current  legal 

framework  in  force  (e.g.  fishing  gear  restrictions). Due  to  the presence of  impacting  activities  that may 

affect  the  good  environmental  status  of  an  area,  Zone  C  does  not  contribute  to  the  protection  of 

biodiversity and fish stocks.  

 

PUs  including  impacting  activities  (e.g.  aquaculture,  big  cities  and  ports  etc.), were  excluded  from  the 

protection zones since their environmental status was considered seriously affected by these activities, and 

therefore could not support the protection of biodiversity and fish stocks. Consequently these areas were 

excluded  from  all  protection  zones  and  assigned  in  the  ‘General  use’  zone  (Zone  C,  in  which  legal 

framework  is  in force but the zone does not contribute to the protection targets set. Exception from this 

rule was  the army  firing areas. Due  to  the  fact  that army  firing zones are  restricted  for a period of  time 

during the year for any fishing activity, they somehow offer protection to the marine habitats of the area 

(Petrou et al, 2016). Based on the Cypriot partners’ good knowledge of the area, these areas were assessed 

to  be  in  good  environmental  condition  and  could  potentially  contribute  significantly  to  the  targets  set. 

Therefore they were the only human activity that was assigned into the protection zones A and B.  

 

Due to the poor quality of data available for tourism (number of arrivals at the scale of regions) and the lack 

of  threshold  for  defining massive  tourism,  this  information  was  excluded  from  the  analysis  as  it  was 

evaluated  that  it  could  add  bias  to  the  selection  of  priority  areas.  Future  H/C  extraction was  also  not 

included in the analysis since this operation falls outside the study area.  
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Table 2. The proposed  zoning plan along with activities allowed and prohibited  in each  zone.  In Zone C 

(‘General use’ zone) all human activities are allowed with respect to the current  legal framework  in force, 

but the zone does not contribute to the protection targets set in the planning exercise. Military firing areas 

were  assessed  in  good  environmental  status  and  could  potentially  contribute  to  conservation  targets, 

therefore were assigned in Zones A and B (Petrou, 2016) 

 Activities 

Zone A 

Full protection of 

biodiversity & stocks 

Zone B 

Partial protection of 

biodiversity & stocks 

Zone C 

General use 

Trawling   ✔ 

Small scale fishing   ✔  ✔ 

Anchorage   ✔ 

Aquaculture   ✔ 

Desalination areas  ✔ 

Major ports   ✔ 

Major cities   ✔ 

Military firing areas *  ✔  ✔ 

Military disposal areas   ✔ 

(*) areas assessed in good environmental status that may contribute to conservation targets 

 

3.3. Ecological components: biodiversity and fisheries related features  

Ecological  information  regarding  the distribution of biodiversity  in  the  study  area was  retrieved  from  (i) 

scientific  (peer‐reviewed)  and  grey  literature;  (ii)  on‐line  databases;  (iii)  datasets  provided  to  the 

PROTOMEDEA  project  by  universities  (e.g.  University  of  Cyprus),  Ministries  and  administrative 

organizations  of  Cyprus  (e.g. Ministry  of  Interior,  Statistical  Service),  research  institutes  and NGOs  (e.g. 

BirdLife,  MoM  etc.);  (iv)  previous  scientific  projects  (e.g.  Mediterranean  Sensitive  Habitats  ‘MEDISEH’ 

project: Mediterranean Sensitive Habitats, 2013; Giannoulaki et al, 2013; Martin et al, 2014); (v) personal 

observations of  expert  scientists, divers  and diving  centres.  Information on  the distribution of  fisheries‐

related features was retrieved from deliverables of previous Tasks in the framework of PROTOMEDEA (i.e. 

Task 2.2 – Identification of essential habitats).   

 

In  total  38  ecological  features  were  mapped  (Figure  5),  including  all  marine  habitats  and  species 

encountered  in  Cyprus  that  are  under  strict  protection  according  to  EU  and  national  legislation,  and 

international conventions. Specifically, the choice of marine habitats was based on the definitions provided 

by  the  European Union Habitats Directive  (92/43/EEC)  and  the  EUNIS  classification  system of  European 

habitats. The list of animal species was limited to those that are under strict protection status, and whose 
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collection  and  deliberate  capture  or  killing  is  prohibited  according  to  the  Annex  II  of  the  “Protocol  for 

Specially  Protected  Areas  and  Biological  Diversity  in  the Mediterranean”  of  the  Barcelona  Convention, 

Annex IV of the EU Habitats Directive (92/43/EEC) and the Annex II of the Bern Convention. An additional 

group of other vulnerable ecological  features, which do not strictly  fit  the definition of a “habitat”, were 

also considered, as they represent structurally important biotic components that are characterized by high 

vulnerability  to  anthropogenic  stressors,  slow  growth  rates  and  low  resilience.  Overall,  the  targeted 

ecological  features  included habitats  (Figures 6‐8), Essential Fish Habitats  (EFH, D.2.3: Maps of essential 

fish  habitats)  provided  by  Task  2.2  of  the  Protomedea  project  (Figure  9  and  10),  seabirds  (Figure  11), 

mammals and reptiles (Figure 12).   

Although a significant effort was made to retrieve data for the deep part of the study area, the available 

information was mainly  in  the coastal zone. Regarding sightseeing of cetaceans  (e.g. Tursiops  turnicatus) 

available data were sparse and  located out of the study area, hence were not  included  in the analysis.  In 

the future more effort will be focused on retrieving this type of information for the deep waters. 

All  information  collated was digitized and  catalogued under a  common data  format.  Spatial  information 

was organized into a collective geo‐spatial database (ESRI ArcGIS 10.2) using the ETRS89 Lambert Azimuthal 

Equal Area  (LAEA) projection coordinate  reference  system, as  suggested by  the European Environmental 

Agency (EEA) for this kind of spatial analysis. The ecological information and distribution maps presented in 

this work were  used  to  identify  biodiversity  hotspots, while  the  compiled  dataset  represents  the most 

comprehensive and updated inventory of protected marine habitats and species in Cyprus. 

 

 

Figure 5. Number of ecological features per taxonomic group used in the analysis 

 

Due  to  the different  approaches  and methods used  to  collate  the ecological data,  the  type of  available 

information and spatial coverage varied: 

(a) Presence data (i.e. species occurrence) depicting partially the feature’s distribution;  

(b) Priority areas of particular species which represent a proportion of the  full distribution coverage  (e.g. 

sea turtles, cetaceans, seabirds);  

(c) Full actual or modeled coverage of species and habitats distribution maps (e.g. coralligenous formations, 

rhodolith beds) 
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Depending  on  the  original  information  available,  the majority  of marine  species were  expressed  in  the 

analysis as (i) simple presence/absence of the species in the PU; (ii) number of individuals present in the PU 

(abundance); (iii) ranked population abundance or habitat coverage. 

Marine habitats, except marine  caves  that were expressed as number of  caves present  in  the PU, were 

described based on  their  level of vulnerability  to  invasion, due  to  the general high  risk of  invasions  that 

Cyprus  is  facing, which  is  considered  in general  impacting  factor  for  fisheries  (Katsanevakis et al, 2016). 

Habitats more vulnerable to invasion were considered impacted, and thus were avoided for conservation in 

the planning exercise.  

 

Detailed information regarding the ecological data and their respective processing for the analysis, may be 

found in Tables S1 and S2 (Appendix).  

 

The  impacted  habitat  feature  within  each  PU  was  estimated  based  on  the  CIMPAL  index  (Cumulative 

IMPacts of  invasive ALien  species) developed by Katsanevakis et al  (2016). For  the CIMPAL  index  (Figure 

13), cumulative impact scores were estimated on the basis of the distributions of habitats and alien species, 

the reported magnitude of ecological  impacts, and the strength of such evidence. Taking  into account the 

degree  of  data  uncertainty,  in  the  estimation  of  the  CIMPAL  index  the  weights  of  impacts  with  low 

supporting evidence are down‐weighted, in comparison with impacts documented through manipulative or 

descriptive experiments (Katsanevakis et al, 2016).  

We  have  adopted  the  condition  index  (H)  of  a  specific  feature  in  each  planning  unit  i,  as  described  in 

Giakoumi  et  al  (2016).  More  specifically  to  calculate  the  condition  index  (H),  the  CIMPAL  index  was 

normalized to obtain values between 0 and 1, as follows: 

x x
x x

 

  

where Ii is the normalized index value and xi is the initial index value for the planning unit i. 

Then,  to  estimate  an  index  (E) of  the magnitude of  impacts on  each planning unit  i  in which  a  specific 

feature is present, the presence or absence of the feature (F) was multiplied by the index value (I): 

E F ∗ I  

Finally, an index of the condition (H) of a specific feature in each planning unit i was estimated as: 

H F E  
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Figure 6. Spatial distribution of benthic habitats in the study area 
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Figure 7. Spatial distribution of benthic habitats in the study area 
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Figure 8. Spatial distribution of benthic habitats in the study area 
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Figure 9. Spatial distribution of essential fish habitats (EFHs) in the study area (Deliverable 2.3). Information 

has been processed in order to select the areas that appear to be an appropriate habitat on a stable basis 

during the study period (expert G. Scarcella) 
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Figure 10. Spatial distribution of essential fish habitats (EFHs) in the study area (Deliverable 2.3). 

Information has been processed in order to select the areas that appear to be an appropriate habitat on a 

stable basis during the study period (expert G. Scarcella) 
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Figure 11. Records of seabirds in the study area (number of species present in each PU) 
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Figure 12. Spatial distribution of marine reptiles and mammals in the study area 
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Figure 13. The spatial distribution of cumulative impact score (Cumulative IMPacts of invasive ALien 

species, CIMPAL index) developed at the Mediterranean scale by Katsanevakis et al (2016) 

 

3.4. Setting of operational targets on ecological features  

Targets for ecological features are intended to quantify the amount required to meet ecological objectives 

(Ban  et  al,  2013).  The  target  for  a  conservation  feature  in  the  present  study  was  expressed  as  the 

percentage of its extent (Giakoumi et al, 2012). The setting of conservation targets was addressed using the 

existing multi‐level legislation and science‐based expert judgment (Makino et al, 2013). 

Initially, ecological  features were  clustered  into  groups on  the basis of  their protection  status using  the 

existing legal frameworks for biodiversity conservation and protection of stocks (i.e. IUCN Red List, Habitats 

Directive,  Birds  Directive).  Experts  then  ranked  the  operational  objectives  for  these  groups  using 

quantitative  terms  (i.e.  from  'low' to  'very high') and  translated them  into numerical targets, which were 

later applied each feature (Ardron, 2003).  

Specifically,  species’  targets  were  determined  based  on  their  classification  in  the  IUCN  Red  List  of 

Threatened Species of the International Association of Nature Conservation (IUCN, 2017). This has ensured 

for example, that higher operational targets have been set for threatened species with declining population 

trends (Ardron et al, 2010). Species belonging to the IUCN Category “Data Deficient” along with species not 

included  in  the  IUCN  Red  Species  List  but  are  protected  by  other  international  legal  frameworks, were 

treated equally to the IUCN Category “Vulnerable”.  

Similarly, marine habitats  listed  in Annex  I of  the Habitats Directive Habitats Directive  (92/43/EEC) were 

classified as “priority habitats” (e.g. Posidonia oceanica meadows). The definition of numerical targets for 
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habitats was based exclusively on  specific and measurable evaluation  criteria  recommended by EU  (e.g. 

European Topic Centre on Biological Diversity, 2010) and literature review (e.g. Leslie et al, 2003, Stewart et 

al, 2007). Essential Fish Habitats for the most commercially important species (demersal and pelagic fishes), 

were treated equally to “Priority habitats”. 

Initial conservation targets ranged from 60% to 20% and referred to the percentage of the full coverage of 

a species or habitat distribution, as shown in Table 3. 

 

Table 3. Ranking of conservation target scores following the clustering on protection status of important 

species and habitats included in the analysis 

Protection Status  Definition of protection status  Full distribution 
coverage 

Habitats targeted for conservation 

Priority habitats  Marine habitats listed in Annex I of the 
Habitats Directive 

≥60% 

Essential Fish Habitats, EFH    60% 

Non‐priority habitats  Marine habitats NOT listed in Annex I of the 
Habitats Directive 

20‐60% 

Species targeted for conservation 

Critically Endangered, CR  Faces an extremely high risk of extinction in 
the wild 

60% 

Endangered, EN  Faces a very high risk of extinction in the wild  50% 

Vulnerable, VU  Faces a high risk of extinction in the wild  40% 

Near Threatened, NT  Close to qualifying for or is likely to qualify for 
a threatened category in the near future 

30% 

Least Concern, LC  Widespread and abundant taxa with least 
concern to be threatened 

20% 

Data Deficient, DD  Inadequate information to make a direct, or 
indirect, assessment of its risk of extinction 
based on its distribution and/or population 
status 

40% 

Protected by other 
international/EU/national law 
(Not in IUCN Red species list) 

‐  40% 

 

 

To ensure  the adequate  representation of under‐represented ecological  features  (particularly  for  rare or 

threatened species) and avoid over‐representation of the common ones, targets had to be further adapted 
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based on the type of available information (Hermoso et al, 2012; for the type of available information see 

Section 4.3). Therefore, conservation targets related to pre‐determined priority areas have been increased 

by 10% of the target referring to their full distribution. Exceptions from this rule were the priority habitats 

and species, "Critically Endangered" and "Endangered" species that were assigned with higher targets. For 

point records, the targets reported in full distribution were multiplied by a factor of 1.5 (Table 4).  

Conservation targets for each ecological feature are described in detail in Table S3 (Appendix). 

 

Table 4. Ranking of conservation target scores following the clustering on protection status and data type 

availability of species and habitats included in the analysis.  

Protection Status  Presence points  Priority areas  Full distribution 
coverage 

Habitats targeted for conservation 

Priority habitats   ‐  100%  60% 

Essential Fish Habitats  ‐  100%  60% 

Non‐priority habitats   ‐  ‐  20‐60% 

Species targeted for conservation 

Critically Endangered, CR  90%  100%  60% 

Endangered, EN  75%  100%  50% 

Vulnerable, VU  60%  50%  40% 

Near Threatened, NT  45%  40%  30% 

Least Concern, LC  30%  30%  20% 

Data Deficient, DD  60%  50%  40% 

Protected  by  other  legal 
framework  (Not  in  IUCN  Red 
species list)  

60%  50%  40% 

 

3.5. Socio‐economic information: human activities and opportunity cost  

The most commonly accounted for and significant cost in marine planning is the opportunity cost (Ban and 

Klein, 2009). The opportunity cost for each zone describes the foregone revenue (or  'gain') resulting from 

the prohibition of maritime activities in each zone, for instance fishing profits that are lost when an area is 

established  a  Marine  Reserve  in  which  fishing  activity  is  banned  (Watts  et  al,  2009).  Two  important 

economic activities were  included  in  the analysis  to compile  the opportunity cost  layer:  (i) bottom  trawl 

fishing;  and  (ii)  small  scale  (coastal)  fishing,  i.e.  fixed  nets  and  longlines with  boat  length  less  than  12 

meters. Information regarding fisheries was retrieved directly from the outputs of Tasks 2.3.1 and 2.3.2.  
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The cost for the fisheries sector resulted from the spatial distribution of fishing effort for bottom trawlers 

and small scale fisheries, which was estimated as the “fishing” time spent in each of these cells in one year 

and was expressed in fishing hours (Figures 14 and 15).  

Information  on  bottom  trawlers  and  small  scale  fisheries was  retrieved  from Vessel Monitoring  System 

(VMS)  data  ‐  a  satellite  based monitoring  system, which  at  regular  time  intervals  provides  data  to  the 

fisheries authorities related to the  location, heading and speed of vessels. Common errors and outliers  in 

the VMS dataset were filtered out and removed by applying the approaches suggested by Bastardie et al 

(2010), Kavadas et al  (2014) and Russo et al  (2014). Moreover,  fishing activity was classified as “fishing”, 

“steaming”  or  “mooring”  on  the  basis  of  speed  thresholds.  It was  considered  that  speeds  <4  knots  for 

bottom trawlers and small scale fisheries corresponded to “fishing”, otherwise the signals were classified as 

“steaming”  (Kavadas and Maina 2012; Kavadas et al, 2014; Maina et al, 2016). VMS pings  falling within 

circular buffers of 3 km for bottom trawlers and 100 m for small scale fisheries around each harbour were 

classified as “mooring”. The study area was partitioned  in grid of 2x2 km squares (cells) and fishing effort 

was estimated as the “fishing” time spent  in each of these cells  in one year and was expressed  in fishing 

hours (h). For the purposes of Marxan with Zones, distribution maps of fishing effort from bottom trawlers 

were used for the year 2015. For small scale fisheries, distribution maps of fishing effort were used for the 

year 2010 as this was the year with a complete and reliable dataset of VMS data.  

More details regarding fishing effort information may be found in Deliverables 2.4.1 and 2.4.2. 
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Figure 14. Spatial distribution of processed information on the fishing effort of trawlers (2015) for the 

needs of Marxan with Zones, which is derived from the actual fishing effort values (Deliverable 2.4.1) 

 

 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D‐4.3.a     

Initial MPA network in Cyprus  25 

 

Figure 15. Spatial distribution of processed information on the fishing effort of small scale fishing (2010) for 

the needs of Marxan with Zones, which is derived from the actual fishing effort values (Deliverable 2.4.2) 
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Τo express the cost in financial terms ('opportunity cost'), the surrogates for fishing effort (bottom trawling, 

purse seines, small scale fishing) were weighted based on the contribution of each sector to the national 

Gross Domestic Product (GDP), following the method as suggested by Giakoumi et al (2012).  

The  relative contribution of each  sector  to  the national Gross Domestic Product  (GDP) was calculated  in 

current prices for 2015, in close collaboration with Task 4.1, and was based on data from the Department 

of  Fisheries  and  Marine  Research  of Cyprus  (Cyprus  official  DCF  data,  2015)  through  personal 

communication.  The  coefficient  for  fishing  was  broken  down  to  the  coefficients  for  large  scale 

fisheries/trawlers and small‐scale coastal fisheries using also information from Cyprus Annual Report (2015) 

regarding operation of the sector on territorial and international waters.  

The  relative contribution of each of  the  four  sectors  (weights)  to  the GDP of  the  study area  is shown  in 

Table 5. 

 

Table 5. Weights extracted from the percentage of contribution of each sector to the national GDP of 

Cyprus (2015) 

Sector  % contribution to national GDP of Cyprus 

Bottom trawl fishing   0.09 

Small scale fishery  0.9 

 

The opportunity cost C of an activity j in each planning unit i is: 

∗  

where Eij is the normalized value of activity j in each management unit i, and WEj is the contribution of each 

sector to the national GDP. 

 

The total opportunity cost of a PU i in the zone is equal to the sum of the cost of all Ej activities banned in 

that zone: 

∗  

 

Finally, in all PUs a minimum value of 0.1 was added, which represents the opportunity cost of present and 

future human activities present  in  the  study area,  that were not  taken  into account  in  the analysis  (e.g. 

influence from other land activities, pipelines, shipping routes and density etc.).  

Other activities operating  in  the area and pose a  threat  to biodiversity and  fishery  resources have been 

integrated  into  the analysis  (Figures 16  ‐ 18). These activities were:  (i)  the  coastal  front of major urban 

cities,  (ii)  large ports,  (iii) aquaculture cages,  (iv) anchoring areas,  (v) military disposal areas,  (vi) military 

firing areas, (vii) desalination units.  

PUs  including  these  activities  such  as  aquaculture,  anchoring, desalination units,  areas of  army disposal 

material,  major  ports  and  urban  centres,  were  excluded  from  the  protection  zones  since  their 

environmental status was considered seriously affected by these activities, and therefore could not support 
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the protection of biodiversity and fish stocks. Consequently these areas were excluded from all protection 

zones and assigned in the ‘General use’ zone (Zone C), in which current legal framework is in force but the 

zone does not contribute to the protection targets set. Military firing areas although are characterised by 

temporal  restrictions  (seasonal  ban  for  all  fishing  gears),  they were  included  in  the  analysis  and were 

treated  as  permanent  restrictions.  They  were  considered  in  good  environmental  status  that  could 

potentially contribute to the conservation targets (Petrou, 2016), therefore they were allocated in the two 

protection zones (Zone A and B).  

 

Human activities and the way data were processed for Marxan With Zones needs, are described in detail in 

Table S4 (Appendix). 
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Figure 16. Spatial distribution of human threats in the study area that were incorporated in the analysis 
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Figure 17. Spatial distribution of human threats in the study area that were incorporated in the analysis. 

Firing areas are characterised by seasonal fishing gear restrictions, and have been assessed as being in good 

environmental status, therefore were assigned in the protection zones (Zones A and B) 
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Figure 18. Spatial distribution of human threats in the study area that were incorporated in the analysis 
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3.6. Integration of existing management measures in Cyprus 

Following the principle of complementarity in SCP, existing management actions (Figures 19‐22) were also 

incorporated  into  the  new  design.  These  actions  were:  (i)  Designated MPAs;  (ii)  Proposed MPAs,  (iii) 

Specially Protected Areas of Mediterranean  Importance  (SPAMI),  (iv) Natura 2000 Network,  (v) Artificial 

reefs,  (vi) Wrecks,  and  (vii) Permanent  spatial  restrictions  for  fisheries  (bottom  trawling  and  small  scale 

fishing) at the national and EU level (hereafter “FRAs‐Others”).  

The FRA‐Others consist of prohibition of bottom trawling (FRA‐OTB) and small scale fishing (FRA‐SSF), and 

include fishing restrictions others than the protection status mentioned above (existing or proposed MPAs/ 

SPAMI, Natura 2000, wrecks and reefs).  

This spatial information derived directly from the D. 2.2: MPA maps in Cyprus, by Task 2.1.2.  

Incorporation  of management measures  in  the  planning  exercise was  achieved  by  assigning  PUs  in  the 

respective  zones  based  on  the  activities  allowed  or  prohibited  under  the  different management  status 

(Table 6). To do so, management measures were grouped based on the fishing gear(s) restrictions and were 

allocated  to  relevant  zones.  These  actions were  characterised  based  on  the  different  gear  prohibitions 

(Fisheries Restricted Areas, FRAs): for bottom trawling (FRAs‐OTB); for small scale fishing (FRAs‐SSF). 

PUs with overlapping management measures  (e.g. artificial reefs, wrecks, FRAs) and human  threats were 

assessed  as  areas  seriously  affected  by  these  activities  and  therefore  could  not  to  contribute  to  the 

protection of biodiversity and fish stocks. Therefore, these areas were excluded from protection zones and 

were  allocated  in  the  ‘General  use’  zone  (Zone  C),  where  existing  regulations  are  in  force.  The  only 

established MPA (also a SPAMI) Lara Toxeftra was allocated in the protection zones (Zones A and B) due to 

the temporal restriction of all gears in this area. In general, all temporal restrictions included in the analysis 

(firing areas, existing MPAs) were treated in the analysis as permanent and were assigned in the protection 

zones A and B. 

Management measures integrated in the analysis are described in detail in Table S5 (Appendix). 
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Table 6. Existing management actions based on permanent gear  restrictions  integrated  into  the analysis. 

PUs with one or more management actions present were given  the option of belonging  to one or more 

zones in order for the proposed zoning plan and existing legal framework to be in accordance. PUs where 

management measures overlapped with human activities were considered degraded, hence were assigned 

into Zone C (“General use”) 

Existing and planned management measures 

Zone A 
Full protection of 

biodiversity & stocks

Zone B 
Partial protection of 
biodiversity & stocks  

Zone C 
General use  

Existing Marine Reserves ( MPAs, SPAMIs )*  ✔  ✔ 

Proposed MPAs   ✔ 

NATURA2000   ✔  ✔  ✔� 

Artificial Reefs   ✔ 

Wrecks   ✔**  ✔ 

Fisheries Restricted Areas – Bottom trawling 
prohibited (FRA‐OTB) 

✔  ✔ 

Fisheries Restricted Areas– Small scale 
(coastal) fishing prohibited (FRA‐SSF) 

✔ 

(
*
) temporal fishing activity restriction; (

**
) only wrecks with fishing activity restrictions based on legislation; (

�
) areas 

where bottom trawling is allowed by law 
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Figure 19. Existing management measures in the study area incorporated in the analysis (Deliverable 2.2) 
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Figure 20. Existing management measures in the study area incorporated in the analysis (Deliverable 2.2). 

In only one wreck fishing activity is regulated (“Wrecks protected”), while in the majority of wrecks fishing 

activity is not restricted (“Wrecks”) 
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Figure 21. Fisheries Restricted Areas for small scale fishing (FRAs‐SSF) in the study area incorporated in the 

analysis (Deliverable 2.2). FRAs Others‐SSF: include restrictions for small scale fishing in regulations under 

management status other than MPAs, Natura 2000 network, wrecks and artificial reefs 
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Figure 22. Fisheries Restricted Areas for bottom trawling (FRAs‐OTB) in the study area incorporated in the 

analysis (Deliverable 2.2). FRAs Others ‐ OTB: : include restrictions for bottom trawling in regulations under 

management status other than MPAs, Natura 2000 network, wrecks and artificial reefs. Differences 

between the two layers cannot be observed from the gridded data, however FRAs‐OTB include some small 

additional areas incorporated in the protection status that are not included in the FRAs‐Others (e.g. 

proposed MPAs) 
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3.7. Application of Marxan with Zones for the creation of an MPA network in Cyprus 

Calibration was conducted to ensure that the software Marxan with Zones was behaving  in a robust and 

logical manner (Ban et al, 2013). The following parameters were appropriately adjusted as described below: 

 

 Boundary Length Modifier (BLM) is a way of quantifying the connectivity of a configuration between 

PUs. Increasing the BLM encourages the software to select fewer, larger contiguous areas to meet 

its targets, while values close to zero tend to give more clumped spatial solutions. BLM value was 

set to 0.1 in order to fine‐tune the degree of clumping in the output design. 

 Feature Penalty Factor (FPF) is a user‐defined weighting which controls how much emphasis is placed 

on fully representing a particular ecological feature in the solution, and works as a penalty for the 

software  in  the case  it does not achieve  the  target  set  for each  feature  (Watts et al, 2009). This 

parameter was calibrated to ensure that Marxan with Zones was adequately reaching its targets for 

each  input  feature. SPF was  set at 100, which was  the minimum value  that ensured 95% of  the 

goals were reached. 

 Zone  boundary  cost  (ZBC)  parameter  controls  the  spatial  relationships  between  the  zones  by 

assigning a cost associated to the  length of the boundaries of each zone. The ZBC  increases when 

zones  tend  to  become  more  compact,  although  these  solutions  are  considered  to  be  more 

expensive in management terms (Watts et al, 2009). ZBC values between zones was set to 0.00005, 

which yielded an acceptable balance between the length and cost of zone boundaries (Stewart and 

Possingham 2005). 

 Zone target values express the percentage contribution of each zone to the overall objectives. It was 
decided  that  at  least  30%  of  the  operational  objectives  should  be  ensured within  the  “Partial 

protection of benthic & pelagic biodiversity and stocks" (Zone B) for each ecological feature, due to 

the  significant high number of  small  scale  fishermen,  in  comparison  to  the  two bottom  trawlers 

operating in the study area. 

 Zone Effectiveness  (or  ‘contribution’) explains  the different  level of contribution each zone has  for 
reaching the overall targets set (Watts et al, 2009). The effectiveness of each zone depends on the 

activities  allowed  or  banned  in  the  zone,  the  degree  of  restriction  of  human  use  and  the 

vulnerability of the features to these particular pressures (Makino et al, 2013; Wilson et al, 2009). 

For example, bottom trawling has a serious impact on benthic habitats, so Zone B where trawling is 

prohibited will contribute more to the protection of ecological features under study.  

Zones’ contribution to each ecological feature target was quantified based on a combined method 

of  Cumulative  Impact Assessment  (CIA, Halpern  et  al,  2008a)  and  expert  judgment  (Klein  et  al, 

2009).  The  impacts of  each  activity were  assessed  for  some habitats  (Posidonia meadows, hard 

substrate, coralligenous) during the MARISCA Project (www.marisca.eu). The vulnerability weights 

(Halpern  et  al,  2007;  2008b)  originating  from  the  CIA were  transformed  into  zone  contribution 

weights by simply subtracting  from  the maximum value, and normalization  in order  for values  to 

range from 0 to 1. Detailed information is provided in Table S6 (Appendix). 

Calibration of  these  factors was a  time‐consuming process  that was carried out using  the Zonae Cogito® 

software. Finally, we ran Marxan with Zones 500 times. From the simulated results we selected the most 

optimal solution  (hereafter  ‘best solution’) using one million  iterations,  in order to provide an acceptable 

trade‐off of simulated annealing (execution speed) and the objective function score (efficiency).  

To  identify  the  PUs  of  particular  ecological  importance  to  achieve  the  conservation  objectives,  an 
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irreplaceability analysis was performed (Ardron et al, 2010). A PU may be irreplaceable because it contains 

unique  features to protect, or  is necessary to achieve the species target due  to  its  low cost  (Kukkala and 

Moilanen, 2013). The  irreplaceability analysis uses  the selection  frequency of  the PUs  in each zone  (how 

many times a PU was selected in each zone among the 500 simulated solutions produced by Marxan with 

Zones), and identifies those selected over 60% (Ardron et al, 2010).  

Irreplaceability analysis indicates the most important areas that contribute systematically to the protection 

of  biodiversity  and  fish  stocks  in  the  area,  and  deserve  priority  in  the  implementation  of management 

actions (Leslie et al, 2003). 
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4. Results 

4.1 Identification of biodiversity hotspots in Cyprus 

The  highest  density  of  ecological  information was  reported  in  Akrotiri  peninsula  accounting  overall  30 

species  present,  followed  by  Pafos,  Akamas  peninsula  and  Cape  Greko  (Figure  23).  High  recorded 

biodiversity values in these areas could either be either due to the presence of actual biodiversity hotspots 

or due to increased monitoring effort that poses a sampling bias towards more poorly studied areas. 

 

Figure 23. Number of records of ecological information in each PU 
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4.2. Identification of significant economic areas in Cyprus 

In general, opportunity cost for Zone A  (“Full protection of biodiversity & stocks”) had the highest values 

since  all  activities  taken  into  account  are  prohibited  within  this  zone.  The  areas  with  the  highest 

opportunity  cost  in  Zone A where  Kape  Kiti  (area  Perivolia,  Larnaka)  and  Limassol,  followed  by Akrotiri 

peninsula (Figure 24). This is mainly due to increased small scale fishing effort combined with the moderate 

tourism values reported in these PUs.  

On the contrary, zone B  (“Partial protection of biodiversity & stocks”)  is characterized by generally  lower 

cost values, since only bottom trawling  is prohibited within this zone  (small scale  fishing and tourism are 

allowed in Zone B). Higher values were recorded in the shallow waters and particularly southern part of the 

study area,  in Limassol, Episkopi bay and  in  the wider area of Petra  tou Romiou  (Figure 25). These areas 

indicate  the popular  fishing grounds  for small scale  fishing   with significant socio‐economic value  for  this 

sector. 

Finally, in Zone C the opportunity cost is zero since all activities are allowed within this zone. 
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Figure 24. Spatial distribution of opportunity cost in Zone A (“Full protection of biodiversity and stocks”) 
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Figure 25. Spatial distribution of opportunity cost in Zone B (“Partial protection of biodiversity and stocks”) 
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4.3. Current management condition in Cyprus 

Overall more than 43.9 % of the study area (3554.1 km2)  is currently under some kind of management at 

the national or European level (existing MPAs and SPAMI, proposed MPAs, Natura 2000 network, artificial 

reefs, wrecks,  FRAs‐Others). However, when  considering only  the  areas  regulated  for  fisheries  currently 

without any protection status, the overall surface regulated  is 3546.54 km2 (43.8 % of the study area), as 

shown in Table 7.  

The  smallest  area  is  occupied  by  existing MPAs  (5.54  km2)  and  artificial  reefs  (3.42  km2),  followed  by 

proposed MPAs  (10.81  km2) and artificial  reefs  (10.32  km2). Although  in  the  study area  the  coverage of 

wrecks  is much wider,  only  in  3.42  km2  are  currently  regulated  regarding  fishing  activity  under  a  legal 

framework. 

 

FRAs‐Others  are  the  most  important  conservation  tool  in  terms  of  coverage  in  comparison  to  other 

management measures.  FRAs‐Others  regarding bottom  trawling prohibition  (‘FRAs OTB: Others’) occupy 

3546.54 km2, which corresponds  to 43.8 % of  the study area. The widest area managed under  the  ‘FRAs 

OTB:  Others’  is  due  to  the  fisheries  restrictions  under  the  EU  Regulation  1967/2006  concerning 

management measures for the sustainable exploitation of fishery resources in the Mediterranean Sea (ban 

of bottom trawling at depths  50 m, or at distance 1.5 nm from coast, and at depths ≥ 1000 m). 

Fisheries  regulations  for  small  scale  fishing  (‘FRAs  SSF: Others’) occupy 229.1  km2 which  corresponds  to 

about 2.83 % of the study area. 
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Table  7.  Surface  coverage  (km2)  and  %  surface  coverage  of  different management measures  that  are 

currently in place in the study area. Surfaces have been calculated in the original data. FRAs‐Others express 

all fisheries regulations that are not included under the management status of MPAs, Natura 2000, artificial 

reefs and wrecks,  for bottom  trawling  (FRAs OTB: Others) and small scale  fishing  (FRAs SSF: Others). The 

Natura  2000  network  occupies  128.57  km2  (1.6  %  of  the  study  area),  however  it  does  not  pose  any 

particular restrictions therefore is not included in the calculation of surfaces. 

   overall surface (km2)  % of study area 

   Fisheries Restricted Areas for bottom trawling (FRAs‐OTB) 

FRA OTB: established MPAs  5.54  0.07 

FRA OTB: Artificial reefs  10.32  0.13 

FRA OTB: Wrecks*  3.42  0.04 

FRA OTB: Others  3546.54  43.84 

FRA OTB: Proposed MPAs  10.81  0.13 

  
Fisheries Restricted Areas for small scale fisheries (FRAs‐SSF) 

FRA SSF: established MPAs  5.54  0.07 

FRA SSF: Artificial reefs  10.32  0.13 

FRA SSF: Wrecks*  3.42  0.04 

FRA SSF: Others  229.11  2.83 

FRA SSF: Proposed MPAs  10.81  0.13 

  
Fisheries Restricted Areas (FRAs) 

FRAs: Total ‐ with Proposed 

MPAs 

3547.86  43.85 

FRAs: Total ‐ without Proposed 

MPAs 

3546.54  43.84 

(*) Includes only wrecks with fishing restrictions established by law 
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4.4. Marine Spatial Plan in Cyprus 

The output of the planning exercise (‘Best solution’) provides the most optimal run in the scenario that best 

meets targets with the lowest score, and is presented in Figure 26.  

 

Figure 26. The output of the planning exercise (‘Best solution’) and the suggested 3‐zoning system 
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Zone A (“Full protection of biodiversity and stocks”) covers the smallest surface area (371.2 km2) occupying 

4.6 % of the study area (Figure 27). In this zone no fishing or other impacting human activities that pose a 

threat  to marine biodiversity  and  fish  stocks  are  allowed.  Interestingly,  the  area Moulia  (south‐western 

part), which had been proposed  at  the past  for MPA but  finally  its designation was  rejected,  is  located 

within  the  full protection zone  (Zone A).  It  is  important  to note  that  in Zone A  the adoption of activities 

compatible  with  the  conservation  of  biodiversity  and  fish  stocks  such  as  ecotourism  or  diving,  are 

encouraged.  

 In Zone B (“Partial protection of biodiversity and stocks”) trawling is prohibited, while small scale fishing is 

allowed. Zone B covers 3689.9 km2, which corresponds to 45.6 % of the study area.  

Finally, the widest zone is Zone C (“General use” zone) that covers 4028.9 km2, which corresponds to 49.8 

%  of  the  study  area.  In  this  zone  fishing  activities  are  defined  by  the  European  and  the  Greek  legal 

framework currently in force. 

 

 

Figure 27. Proportion of surface area (%) covered by each zone in the study area 

 

From the overall 38 ecological components (marine benthic habitats, EFHs, species) targeted for protection, 

the 35 targets have been successfully reached above 95% in the proposed plan, corresponding to 92.1 % of 

the  overall  targets  set.  The  species  for  which  targets  have  not  been  reached  were  (i)  Phalacrocorax 

aristotelis  (reached  0 %  of  the  overall  target);  (ii)  Monachus  monachus  (reached  0.76 %  of  the  overall 

target); and (iii) Chelonia mydas (reached 0.86 % of the overall target). 

Target failure was due to the combined effect of the very high targets set for these species, the target set 

particularly for Zone B (at  least 30% of targets set to be reached  in Zone B) and the species’ overlap with 

human  threats  such  as big  coastal  cities,  aquaculture, which obliged  the  specific PUs  to be  allocated  in 

zones with partial or no contribution to the overall targets  in comparison to Zone A  (Figures 28 and 29). 

Detailed description on targets set and reached  in the present planning exercise  is presented  in Table S3 

(Appendix). 

  

4,6

45,6

49,8
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Figure 28. Examples of conflicts between ecological features and human activities that led to the target 

failure 
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Figure 29. Examples of conflicts between ecological features and human activities that led to the target 

failure 
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The majority of PUs characterised by high density of ecological features have been mainly assigned in Zones 

A  and B  (‘full’  and  ‘partial’  protection  zones  of  biodiversity  and  stocks,  respectively)  as  expected,  since 

these  zones  contribute more  to  the  targets.  For  instance  the  Akrotiri  peninsula  that was  identified  as 

biodiversity hotspots  in Cyprus,  is  located  in  the proposed plan  in  the protection  zones  (Zones A  and B 

respectively).  

The spatial overlap between  the density of ecological  features present  in  the study area per zone  in  the 

proposed plan is shown in Figures 30‐33. 

The spatial overlap between the proposed plan and important ecological features present in the study area 

is shown in Figures 34‐36. 
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Figure 30. Overlap of best solution and density of ecological features in Zone A 
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Figure 31. Overlap of best solution and density of ecological features in Zone B 
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Figure 32. Overlap of best solution and density of ecological features in Zone C 
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Figure 33. Overlap of best solution and Essential Fish Habitats (EFHs) 
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Figure 34. Overlap of best solution and Posidonia oceanica meadows 

 



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D‐4.3.a     

Initial MPA network in Cyprus  55 

 

Figure 35. Overlap of best solution and coralligenous formations 
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Figure 36. Overlap of best solution and Rhodolith (maerl) beds 
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In terms of socio‐economic cost the proposed plan seems to be generally a minimum financial impact cost 

for  human  activities,  providing  a  cost‐  efficient  solution  (Figures  37  and  38).  It  has  to  be  clarified  that 

opportunity cost has been weighted in order to be expressed  in socio‐economic terms and therefore high 

cost values do not necessarily correspond to high fishing effort values. 

 

In Zone A  (“Full protection  zone”) all activities are prohibited. Areas  identified of high opportunity  cost, 

such as the areas in front of Limassol and Larnaka, have been generally avoided to be included  in Zone A. 

This means that the majority of Zone A is located in areas where low fishing activity takes place. Exceptions 

are the areas that were initially allocated in Zone A due to fisheries restrictions in force that prohibited all 

fishing  types or small scale  fishing. Such examples are  the proposed MPAs, or  the artificial  reefs. On  the 

contrary areas of  low opportunity cost  in Zone A such as the Akamas peninsula and Agia Napa have been 

included  in  the  ‘full  protection  zone’,  since  restrictions  have  low  impact  in  terms  of  management 

implementation.  

 

In Zone B where bottom trawling is prohibited, areas of low socio‐economic importance for this sector have 

been  selected  to  be  included  in  this  zone.  This means  that  areas  of  high  opportunity  cost  for  bottom 

trawlers have been  avoided, while on  the  contrary, popular  fishing  grounds  for  small  scale  fishing have 

been included  in this zone (e.g. Limassol, firing areas  in front of Larnaca). These areas mainly concern the 

FRAs for bottom trawling where this activity is anyway absent (e.g. in depths greater than 1000 m).  

 

In  Zone  C  all  activities  are  allowed with  respect  to  the  existing  legislation,  therefore  this  zone  has  no 

opportunity cost.  
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Figure 37. Overlap of best solution and opportunity cost for Zone A (“Full protection of biodiversity and 

stocks”) in the study area 
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Figure 38. Overlap of best solution and opportunity cost for Zone B (“Partial protection of biodiversity and 

stocks”) in the study area 
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In terms of existing protection status (existing and proposed MPAs, artificial reefs and wrecks, Natura 2000, 

FRAs‐Others), from the overall surface of Zone A (371.2 km2), 62.3 % of the zone (231.24 km2) are already 

under some management action (Figures 39 and 40).  

The  majority  of  Zone  A  (‘Full  protection  of  biodiversity  and  stocks’)  is  currently  managed  under  the 

Fisheries Restricted Areas (FRAs‐Others) covering about 61.31 % of the zone (227.6 km2) (Table 8). In terms 

of coverage in Zone A, the Natura 2000 network follows occupying 70.48 km2, which corresponds to 19 % of 

Zone A. Although no  specific  fishing  restrictions  exist  for  the Natura  2000  sites,  it  is  still  considered  an 

efficient management tool to account regarding conservation and the protection of marine environment. 

 

In terms of existing protection status (existing and proposed MPAs, artificial reefs and wrecks, Natura 2000, 

FRAs‐Others),  from  the  overall  surface  of  Zone  B  (3689.9  km2),  85.92 %  of  the  zone  (3170.44km2)  are 

already under some management action (Figures 40 and 41). Zone B where bottom trawling is prohibited, 

is mainly managed under the restriction for bottom trawling (FRAs Others), and covers more than 85.83 % 

of the zone (3166.88 km2). This is mainly due to the presence of the EU Regulation 1967/2006 concerning 

management measures for the sustainable exploitation of fishery resources in the Mediterranean Sea.  

 

In terms of existing protection status (existing and proposed MPAs, artificial reefs and wrecks, Natura 2000, 

FRAs‐Others), from the overall surface of Zone C (4028.9 km2), 3.78 % of the zone (152.42km2) are already 

under  some management  action  (Figures  42  and  43).  Finally,  3.77 %  of  Zone  C  (‘General  use  zone’)  is 

managed currently by  fisheries  regulations  regarding bottom  trawling other  than protection status  (FRAs 

Others), which corresponds to 152.06 km2. All fisheries regulations that fall in Zone C are due to the overlap 

of management measures with human activities (Figure 45). 

The proportions of each management measure in each zone are shown in Table 8. 
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Table 8. Surface coverage (km2) and % surface coverage of different management measures  in relation to 

the  overall  surface  of  the  (a)  study  area;  (b)  Zones;  (c)  areas  under  reported  protection  status  in  the 

proposed plan. FRAs‐Other express all fisheries regulations for bottom trawling and small scale fishing that 

are not included under the management status of MPAs, Natura 2000, artificial reefs and wrecks. Surfaces 

have been calculated in the original data.  

  Study area  % of Zone surface % of overall protected surface

Protection 
Status 

overall 
surface 
(km2) 

% of study 
area 

Zone A Zone B Zone C Zone A  Zone B  Zone C

Existing MPAs  5.54  0.07  1.09  0.04  0.00  72.74  27.26  0.00 

Proposed 

MPAs  10.81  0.13  2.91  0.00  0.00  100.00  0.00  0.00 

Artificial reefs  10.32  0.13  2.49  0.00  0.03  89.44  0.00  10.56 

Wrecks*  3.42  0.04  0.00  0.00  0.08  0.00  0.00  100 

Natura 2000  128.57  1.59  18.99  1.55  0.02  54.82  44.58  0.60 

FRAs‐Others  3546.54  43.84  61.31  85.83  3.77  6.42  89.29  4.29 

Total (with 

Natura 2000)  3554.10  43.93  62.30  85.92  3.78  6.51  89.21  4.29 

Total (without 

Natura 2000)  3547.86  43.85  61.67  85.83  3.77  6.45  89.26  4.29 

(*) refers to the surface area of wrecks that are currently managed regarding fisheries 
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Figure 39. Overlap of Zone A (‘Full protection of biodiversity and stocks’) with existing management 

measures in the study area 
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Figure 40. Overlap of Zone A (‘Full protection of biodiversity and stocks’) with existing management 

measures in the study area 
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Figure 41. Overlap of Zone B (‘Partial protection of biodiversity and stocks’) with existing management 

measures in the study area 
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Figure 42. Overlap of Zone B (‘Partial protection of biodiversity and stocks’) with existing management 

measures in the study area 

 
   



PROTOMEDEA – Towards the establishment of Marine Protected Area Networks in the Eastern Mediterranean D‐4.3.a     

Initial MPA network in Cyprus  66 

 

Figure 43. Overlap of Zone C (‘General use’) with existing management measures in the study area 
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Figure 44. Overlap of Zone C (‘General use’) with existing management measures in the study area 
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Figure 45. Overlap of proposed plan with human activities in the study area. These areas due to their 
overlap with human activities were assessed as not being in good environmental status, therefore were 

allocated in Zone C 
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The  proposed  plan was  also  overlapped with  existing  fisheries  regulations  (FRAs)  that  included  all  the 

regulations for the fishing practices, independently from the protection status: bottom trawling (FRA‐OTB) 

and small scale fishing (FRA‐SSF)(Figures 46 and 47). 

Overall,  in Zone A  (‘Full protection of biodiversity and  stocks’) where all  fishing activities are prohibited, 

about 61.67 % of the zone (228.92 km2)  is currently restricted to permanent bottom trawling (FRAs OTB), 

and 13.7 % to small scale fishing (51.1 km2). In Zone A an additional surface area of 142.3 km2 for bottom 

trawling,  and  320.1  km2  for  small  scale  fishing were  added  in  the proposed plan,  in  comparison  to  the 

current management.  

Similarly in Zone B where bottom trawling is prohibited, more than 85.8 % of Zone B is currently restricted 

to bottom trawlers (3166.9 km2), and 4.5 % of the Zone is temporally restricted to small scale fishing (165.7 

km2). The restrictions for small scale fishing present in Zone B are the temporal restrictions included in the 

analysis (firing areas, existing MPAs), that were treated in the analysis as permanent and were assigned in 

the protection zones (Figure 47). For these areas, it is recommended to maintain these seasonal restrictions 

for coastal fisheries and allow the activity to operate within in the rest of the year period as currently this 

measure applied. Overall, in Zone B an additional surface area of 523 km2 for bottom trawling, and 0 km2 

for small scale fishing were added in the proposed plan, in comparison to the current management. 

Zone C,  includes all PUs with  fishing  restrictions  that overlapped with human  threats  (e.g. big  cities and 

ports, aquaculture etc.) and  thus  they were considered  impacted. Therefore,  these areas were excluded 

from all  the other protection zones and were allocated  in Zone C. Exception  from  this were  the military 

firing areas that were allocated in the protection zones A and B. From the overall surface of Zone C (4028.9 

km2), 3.8 % of the zone (152 km2) are already under at least one type of gear restriction. Overall, in Zone C 

no additional for bottom trawling and small scale fishing were added in the proposed plan, in comparison 

to the current management. It has to be clarified that Zone C is included in all other zones as a surface that 

the specific fishing gear  is allowed to operate, wherever this  is permitted by the existing  legal framework 

(Table 9). 

 

Finally,  overall  restrictions  for  bottom  trawlers  occupy  4213.16  km2.  Bottom  trawling  restrictions  have 

increased  in the proposed plan by 8.22 % of the study area (corresponds to additional surface area 665.3 

km2), in comparison to the initial 3547.86 km2 coverage.  

Similarly, overall restrictions for small scale fishing occupy 577.25 km2. Small scale fishing restrictions have 

increased by 3.96 % of the study area (corresponds to additional surface area 320.11 km2),  in comparison 

to the initial 257.15 km2 surface coverage1. 

 

   

                                          

1 It must be clarified that for reasons of consistency, the surface areas presented in the tables have been calculated in 
the original data, while information is presented using the data in the gridded format in order for the results to be 
comprehensive and transparent. 
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Table 9. Proportion of all the restrictions per fishing practice in the current legislation in comparison to the 

proposed plan, expressed in the study area surface 

   Current legal 
framework 

Proposed plan 

   % Study area % Study area 

Bottom trawling prohibition
43.85 52.08 

Small scale prohibition
3.18 7.14 
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Figure 46. Overlap of proposed plan with overall fisheries regulations for bottom trawling in the study area 
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Figure 47. Overlap of proposed plan with overall fisheries regulations for small scale fishing in the study 

area. selected temporal restrictions for all gears incorporated in the analysis: military firing areas (assessed 

in good environmental status) and Lara Toxeftra MPA/SPAMI. These areas are characterised by seasonal 

temporal restrictions for all gears, but during the rest of the year small scale fishing is allowed to operate 

within. Consequently they were assigned in the protection zones A and B 
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Finally, the results of the  irreplaceability analysis for each zone and PU  identified the most  important and 

and irreplaceable PUs, due to the ecological features present within that assist in achieving the targets set 

in the planning exercise.  

The PUs selected more than 60% of the overall 500 times runs of Marxan with Zones for Zone A (Figure 48) 

in the Akamas peninsula  (north west of study area), Pafos  (area Geroskipou),  the eastern side of Akrotiri 

peninsula,  Limassol,  Larnaca  and  Agia Napa. Most  of  these  areas  have  been  allocated  in  Zone  A  (‘Full 

protection  of  biodiversity  and  stocks’)  due  to  their management  status, while  others  due  to  their  high 

ecological value.  It  is  suggested  that  these areas  should constitute  the core of a  future MPA network  in 

Cyprus, and it is highly recommended that their establishment as MPAs to be considered of high priority.  

In Zone B (‘Partial protection of biodiversity and stocks’) the irreplaceability analysis (Figure 49) indicated as 

most important areas for this zone are the Chrysochous bay, Cape Aspro, Episkopi bay, and the wider area 

in  Pervolia  (Larnaca).  These  areas  have  high  ecological  value  on  one  hand,  but  on  the  other  they  are 

characterised by high small scale fishing value.  

Finally, as priority areas for Zone C  (‘General use’ zone) are the majority of the deep waters  in the study 

area, such as the deeper parts of Chrysochus bay and Episkopi bay. Examples of areas that overlapped with 

existing management measures  and  therefore  have  been  assigned  in  this  Zone  are  the  areas  around 

Larnaca and Limassol (big ports and cities)(Figure 50).  

 

The  full  distribution  of  the  selection  frequencies  of  PUs  for  each  zone,  are  presented  in  Figures  S1‐S3 

(Appendix). 
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Figure 48. Selection frequency of PUs >60% out of 500 runs of Marxan with Zones, for Zone A (“Full 

protection of biodiversity & stocks”) 
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Figure 49. Selection frequency of PUs >60% out of 500 runs of Marxan with Zones, for Zone B (“Partial 

protection of biodiversity & stocks”) 
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Figure 50. Selection frequency of PUs >60% out of 500 runs of Marxan with Zones, for Zone C (“General 

use”) 
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5. Discussion 

 

As a response to the EU calls for achieving sustainable management of marine resources by implementing 

ecosystem‐based MSP,  the present study aimed  to provide spatial solutions  in Cyprus  that maximize  the 

economic benefit (e.g. fish exploitation) to human societies while protecting the marine environment and 

its resources.  

For  this  reason,  spatial  optimisation  tools  (Ball  et  al,  2009; Watts  et  al  2009) were  applied  in  order  to 

suggest  a  network  of  MPAs  integrated  into  a  three‐zoning  system  plan  where  human  activities  are 

organised within. A precautionary ecosystem‐based approach oriented towards fisheries management was 

implemented that targeted the protection of  important ecological features and EFHs,  important areas for 

fisheries,  taking  into consideration  the  socio‐economic costs  that  represented  important activities of  the 

area  such  as  fisheries.  Incorporation  of  opportunity  costs  into  the  analysis  assisted  in  providing  a  cost‐

effective solution that assured the implementation of the proposed plan with the least possible impacts on 

resource users  (Carwardine et al, 2008). The adoption of multiple conservation zones on  the other hand 

facilitated  the  management  of  human  activities  in  space  and  increased  the  flexibility  capacity  of  the 

proposed plan  to  accommodate  the objectives of  various users,  compared  to other  traditional planning 

processes (Crowder et al, 2006).  

The widest  zone  is Zone C  (“General use zone”) occupying about half of  the  study area  (4028.9 km2).  In 

Zone C  all  activities  are  allowed with  respect  to  existing  regulations. Currently,  considering  the  existing 

regulations 152.06 km2 in Zone C are managed for bottom trawling and 40.35 km2 for small scale fishing, 

while no further restrictions have been added in this zone. 

In Zone A (“Full protection of biodiversity and stocks”) all uses that pose a threat to marine biodiversity and 

stocks are prohibited, while activities that are compatible with conservation objectives such as ecotourism 

and diving are encouraged. Zone A occupies 4.6 % of the study area (371.2 km2). In Zone A 61.67 % of the 

zone’s  surface  (228.92 km2)  is already managed  somehow with  restrictions  for at  least one  fishing gear, 

under the national and/or European legislation.  

In Zone B (“Partial protection of biodiversity and stocks”) bottom trawling is prohibited. Zone B covers 45.6 

% of the study area (3689.9 km2) and almost 86 % of the zone is currently under some fishing restriction.  

Selected  temporal  fishing  restrictions have been  incorporated  in  the analysis  (army  fishing areas and  the 

existing Lara Toxeftra MPA/SPAMI) due to the presence of  important ecological features under study and 

their good environmental status overall. These areas were treated in a particular way, and part of them is 

suggested  for  permanent  closures.  Overall  in  the  proposed  plan,  the  surface  of  small  scale  fishing 

restriction has increased by 3.95 % of the study area (corresponds to 320.1 km2, in comparison to the initial 

257.14 km2 coverage. Restrictions regarding bottom trawlers have increased by 41.97 % of the study area 

(corresponds to 3395.82 km2), in comparison to the initial 3547.86 km2 coverage. 

It must  be  highlighted  however  that  the  proposed  solutions  can  assure  that  safeguarding  habitats  and 

populations of species in the Cyprus has been achieved with the least possible cost of implementation for 

human  activities.  In  the  vast majority  of  these  additional  areas  proposed  for  trawling  and  small  scale 

restriction popular fishing grounds were not  included, but on the contrary areas with  low socio‐economic 

value  for  these  sectors were  incorporated. Moreover,  about  half  of  the  study  area  has maintained  the 

current  legal  framework  and no  additional  restrictions have been  added.  These  areas belong  to  Zone C 

which is the general use zone and is an available zone for the development of new activities in the future. 
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In any case, it was revealed that the incorporation of multiple human uses and costs in the new design had 

a crucial role in the selection of priority areas.  

The  proposed  plan  succeeds  the  majority  of  operational  targets  (92  %)  that  were  set  regarding  the 

protection on biological and  fishery  resources  in Cyprus, with  the  least  impact on human activities. The 

main  reason  of  target  failure was  due  to  the  overlap  of  ecologically  significant  areas where  protected 

features  are present  and  existing  uses  that were  incompatible with  the  conservation of  these  features. 

Although not all targets have been fully reached, the amount of protection of biodiversity and fish stocks 

achieved, highlights the  importance of adopting prioritization software and evidence‐based MPA planning 

tools  such  as Marxan with  Zones,  in  identifying well‐designed MPA  networks  that minimize  impacts  on 

existing  resource  users while  protecting  a  representative  range  of  biodiversity much more  efficiently  in 

comparison  to  fragmented approaches employed  in  the past  (Hermoso et al, 2012; Klein et al, 2008a;b; 

Wilson et al, 2009). 

Conflicts  between  conservation  and  human  activities  (Figures  51‐53)  were  also  identified  during  the 

analysis. This  fact was even more evident  in artificial reefs and wrecks which  frequently overlapped with 

urban centres, big ports, coastal industries and aquaculture, indicating inadequacy of current management 

strategies to effectively maintain the marine environment and its resources in good environmental status. 

In  this case,  the political  leadership and competent administrative authority will have  to decide whether 

these  areas  should  be  considered  as  a  priority  for  the  development  of  socio‐economic  activities,  or  as 

irreplaceable areas for the effective protection of critical species and habitats in Cyprus. In the latter case, 

the development of socio‐economic activities can be spatially relocated or be implemented in a mild way so 

that the marine environment and its components are not jeopardized (Petza et al, 2017).  
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Figure 51. Overlap of FRAs other than MPAs, wrecks and reefs (FRAs‐Others) with various human threats present 

at the same PUs. These areas were allocated in Zone C since they were considered effected by human 

activities 
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Figure 52. Overlap of artificial reefs conflicting with various human threats present at the same PUs. These 

areas were allocated in Zone C since they were considered effected by human activities 
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Figure 53. Overlap of wrecks conflicting with various human threats present at the same PUs. These areas 

were allocated in Zone C since they were considered effected by human activities 
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The suggested plan has been build on existing management measures and  is fully  in  line with the existing 

national  and  European  legal  framework  and management  in  Cyprus  (principle  of  complementarity).  For 

instance, areas where the Cypriot or EU  law restricts small scale fishing are assigned  in Zone A that  is the 

only  zone where  this  activity  is  prohibited,  or  in  Zone  C  if  these  areas were  assessed  as  impacted  by 

overlapping human threats. Artificial reefs were all fishing is prohibited for example were allocated in Zone 

A, or in the ‘General use’ zone (Zone C) for the areas overlapping with human threats that were assessed as 

effected and therefore could not contribution to conservation targets. On the contrary, proposed MPAs all 

fishing practices are prohibited based on the national  law that designates them, did not overlap with any 

human activities, therefore they were all allocated in Zone A. However, it must be clarified that the present 

planning  exercise  may  provide  advice  to  planners  only  for  the  selected  activities  that  have  been 

incorporated in the analysis.  

It must  be  highlighted  that  integration  of  the  complex  national  legal  framework  for  restricting  fishing 

activities  in  the  study  area was  an  extremely  challenging  procedure.  The  scope  of  an  FRA may  target 

directly for  instance protection of fish stocks, but could also  include for  instance degraded areas that are 

unsuitable for food consumption due to waste effluents. Moreover, restrictions may vary between different 

protection status, or may be vague such as the case of the Natura 2000 network where no particular  law 

exists  that prohibits  fishing  activities  in  these  areas.  This  amplified  the difficulty of  integrating different 

concepts and information into zones and augmented the complexity of the analysis in general.  

In any  case,  currently  the FRAs‐Others  (Fisheries Restricted Areas others  than established and proposed 

Marine Protected Areas, wrecks and reefs) representing the national and EU regulations for fisheries, are 

the most efficient tool for the protection of the marine waters of Cyprus in terms of surface, covering about  

44 % of the study area.  

Areas of high ecological importance (‘priority areas’) in the study area that are considered irreplaceable for 

reaching the conservation and fishery targets were also identified. Because of their ecological significance, 

it is highly recommended that the establishment of these areas as Marine Reserves to be listed as priority 

in management decisions. Other  studies have  also  identified priority  areas  in Cyprus  (e.g. Micheli  et  al, 

2013b and  references  therein), however all of  them applied a  single‐objective approach  that considered 

simply  one  or  a  number  of  ecological  features,  and mainly  focus  outside  the  limits  of  the  study  area. 

Limited  information  at  the  deep  waters  decreased  the  efficiency  of  the  proposed  plan  and  inserted 

probably a source of bias. The selection of priority areas at  the deeper parts of  the study area has been 

significantly driven by the current management measures  in  force rather  than the presence of ecological 

features within.  It  is  expected  that  new  information  regarding  the  deeper  parts  of  the  study  area will 

produce more efficient and holistic planning designs in the future. 

This  is  the  first  time  that  such  an  integrated  approach  is  implemented  in  Cyprus,  which  expands  the 

complexity  of  planning  that  simultaneously  account  for  integrating  diverse  types  of  information  and 

concepts. Complex scenarios have been developed using a step‐by‐step approach that  integrated current 

and future planned activities and emerging threats for biodiversity and fish stocks. Areas highly susceptible 

to  invasive  alien  species  (Katsanevakis  et  al,  2016)  have  been  avoided,  while  areas more  resilient  to 

invasion have been favoured in the selection of priority areas in the suggested plan (Giakoumi et al, 2016). 

Incorporation of  the habitats’ vulnerability  to  invasion  in  the analysis has  increased  the adaptability and 

efficiency of results towards long‐term sustainability of biological resources. 

Outputs aim  to boost management action and guide decisions by providing a baseline plan  in  the wider 

marine  environment of  the Cyprus.  The  strategy  followed may  serve  as  an example  for many other  EU 

Member  States  that  need  to  create  MSP  plans  and  carefully  balance  economic  considerations  while 

protecting marine biodiversity in their seas, or help mitigate the impacts of neighbouring natural resource 
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development and exploitation. 

However, the establishment of MPAs is often controversial as the restriction of human activities may have 

negative  impacts  for  sectors  and  users  affected  by  these  decisions  (Christie,  2004; Hattam  et  al,  2014; 

Oracion et al, 2005; Stump and Kriwoken, 2006). 

MSP  is  a  dynamic  and  transparent  participatory  process  where  stakeholders  develop  a  mutual 

understanding of information and reach a common consensus for producing an acceptable solution to the 

various sectors  involved (Pomeroy and Douvere, 2008). Particularly  in the Mediterranean that compliance 

is a major  limiting factor, participatory planning  is expected to provide multiple benefits  in reserve design 

and  implementation  (Fenberg  et  al,  2012;  Pomeroy  and  Douvere,  2008).  Moreover,  new  scientific 

information is expected to decrease the bias in areas with limited ecological information.  

To  improve  the  efficiency  and  effectiveness  of  the  proposed  plan  and  in  the  frame  of  adaptive 

management, future work will focus on integrating information from the other Working Packages (WPs) of 

the Protomedea project. More specifically, as shown in Figure 54: 

 

Task 4.1 (‘Socio‐economic evaluation of marine ecosystems’) will provide additional information regarding 

socio‐economic cost for culture and food provision (Deliverable 4.1) 

Task 4.4 (‘Stakeholder perceptions’) will provide additional  information regarding  incentives on ecological 

targets  set  and  perceptions  on  spatial  management  actions,  through  stakeholder  workshops  and 

interviews/ application of questionnaires (Deliverables 4.5 and 4.6) 

Task 5.1 (‘Determining technical and scientific indicators to evaluate effects of MPAs network towards MSY 

objectives’) will provide  additional  information  regarding  the  critical  threshold of essential  fish habitats’ 

targets in order to reach MSY (Deliverable 5.1) 

This  will  allow  the  better  configuration  of  the  trade‐offs  in  terms  of  socio‐economic  and  ecological 

implications of the management actions suggested, leading towards more effective management decisions 

in the area.  
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Figure 54.  

Diagram of Marine Spatial 

Planning (MSP) process 

main steps (blue boxes) for 

the application of Marxan 

with Zones Decision Support 

Tool, and interactions of this 

process with other Work 

Packages (WPs) of the 

Protomedea Project.  

Green boxes indicate steps 

already achieved for the 

first run of Marxan with 

Zones and input received 

from other WPs, while 

purple boxes indicate next 

steps and expected 

feedback to be integrated 

for the second round of 

Marxan with Zones and the 

final MSP output.   
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Appendix 

Table S1. List of marine species whose distribution was included in the analysis, and their protection status according to the Annexes of international conventions 

and directives. Bc: Barcelona Convention for the protection of the marine environment and the coastal region of the Mediterranean, BeC: Bern Convention on the 

conservation of European wildlife and natural habitats, Hd: Habitats Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora, Bd: 

Birds Directive 2009/147/EC, I, II, IV, V: Annex or Appendix number. Species subject to special conservation measures concerning their habitat. “*” indicates 

priority species. IUCN Red List Protection Status: EN – Endangered; VU – Vulnerable; NT – Near Threatened; LC – Least Concern; na – not applicable.  

No. Taxonomic 
group 

Species IUCN Bc BeC HD BD Original 
format 

Original 
File 
variable 

Marxan with 
Zones variable 

Source/ Key contact/ Expert 

1 Reptiles Caretta caretta VU II II II; IV *  shapefile 
(points) 

Presence Presence Department of Fisheries and Marine 
Research, 2012. Expert data 
verification: Mazaris Antonios (AUT); 
Vasiliki Almbanidou (AUT)  

2 Reptiles Chelonia mydas EN   IV  shapefile 
(points) 

Presence Presence Department of Fisheries and Marine 
Research, 2012. Expert data 
verification: Mazaris Antonios (AUT) 
Vasiliki Almbanidou (AUT)  

3 Mammals Monachus 
monachus 

EN II II II, 
IV,V* 

 shapefile 
(points) 

Abundance 
classes 
(sightings) 

Abundance 
classes (0-4) 

Department of Fisheries and Marine 
Research, 2012.Expert data verification: 
Haris Nicolaou,  Parks and Environment 
sector; Department of Forests; Ministry 
of Agriculture, Rural Development and 
Environment 

4 Seabirds Chlidonias 
hybridus 

LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

5 Seabirds Chlidonias 
leucopterus 

LC     shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

6 Seabirds Chlidonias niger LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

7 Seabirds Larus genei LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

8 Seabirds Larus ridibundus LC     shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

9 Seabirds Gelochelidon 
nilotica 

LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 
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10 Seabirds Larus minutus LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

11 Seabirds Larus audouinii LC II II  I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

12 Seabirds Larus 
melanocephalus 

LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

13 Seabirds Larus 
(argentatus) 
cachinnans 

LC    II shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

14 Seabirds Larus 
(argentatus) 
michahellis 

LC     shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

15 Seabirds Larus armenicus NT     shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

16 Seabirds Larus canus LC    II shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

17 Seabirds Larus fuscus 
(fuscus) 

LC    II shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

18 Seabirds Larus ichthyaetus LC     shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

19 Seabirds Pelecanus 
onocrotalus 

LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

20 Seabirds Phalacrocorax 
aristotelis 

LC II II  I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

21 Seabirds Phalacrocorax 
carbo 

LC     shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

22 Seabirds Podiceps 
cristatus 

LC     shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

23 Seabirds Sterna hirundo LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

24 Seabirds Sterna albifrons LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

25 Seabirds Thalasseus 
sandvicensis  

LC    I shapefile 
(polylines) 

Abundance 
(sightings) 

Max number of 
sightings in PU 

BirdLife Cyprus: Melpo Apostolidou; 
Christina Ieronymidou 

26 Seabirds Calonectris 
borealis  

LC    I shapefile 
(polygons) 

presence 
(sightings) 

Presence Department of Fisheries and Marine 
Research, 2012.  

27 Seabirds Puffinus yelkouan  VU II II  I shapefile 
(polygons) 

presence 
(sightings) 

Presence Department of Fisheries and Marine 
Research, 2012.  
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28 Seabirds Hydrobates 
pelagicus  

LC II II  I shapefile 
(polygons) 

presence 
(sightings) 

Presence Department of Fisheries and Marine 
Research, 2012.  
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Table S2. List of key marine habitat types whose distribution was investigated in the present study, and their associated habitat type codes according to two 

habitat classification systems: the Habitats Directive 92/43/EEC and the European Nature Information System (EUNIS). “*” indicates priority habitat types. 

No. Habitat  Habitat’s 
Directive 

codes 

EUNIS 
codes 

Data type Attribute - Original 
file  

Attribute - Marxan with 
Zones Attribute  & Data 
processing 

Source/ Key contact 

1 Partially or fully 
submerged caves 

8330 A1.44; 
A3.71; 
A4.74 

shapefile 
(points) 

Presence Number of caves in PU Sum 
of caves within each PU 

 Gerovasileiou Vasilis (HCMR) <bill_ger@yahoo.com>; 
www.wannadive.net/spot/Middle_East/Cyprus/The_Be
nds/index.html Expert data verification: Petrou Antonios 

(ENALIA)  

2 Seagrass beds 
(mainly P. 
oceanica) 

Mainly 
referring to 

1120* 

A 5.531; A 
5.535 

shapefile 
(polygons) 

Coverage(1-10%; 10-
50%; >50%) 

Habitat Condition Index (Hi) 
(Katsanevakis et al, 2016; 

Giakoumi et al, 2016) 
Presence of habitat in PU 

G. Kokosis, Ministry of the Interior, Department of Lands 
and Surveys (2017): 

http://eservices.dls.moi.gov.cy/#/national/geoportalma
pviewer 

3 Coralligenous 
formations  

included in 
1170 

A 4.32; 
A4.26 

raster Probability of habitat 
presence 

Habitat Condition Index (Hi) 
(Katsanevakis et al, 2016; 

Giakoumi et al, 2016) 
Selected highest probability 

of presence (>0.87) using the 
precautionary approach 
(expert M. Giannoulaki) 

MEDISEH – Mediterranean Sensitive Habitats – Marea 
Project 

4 Rhodolith beds included in 
1110  

A5.51 raster Probability of habitat 
presence 

Habitat Condition Index (Hi) 
(Katsanevakis et al, 2016; 

Giakoumi et al, 2016) 
Selected highest probability 
of presence (>0.935) using 

the precautionary approach 
(expert M. Giannoulaki) 

MEDISEH – Mediterranean Sensitive Habitats – Marea 
Project 

5 Hard substrates 1170 A3.23; 
A3.33 

shapefile 
(polygons) 

Coverage (1-10%; 10-
50%; >50%) 

Habitat Condition Index (Hi) 
(Katsanevakis et al, 2016; 

Giakoumi et al, 2016) 
Presence of habitat in PU 

G. Kokosis, Ministry of the Interior, Department of Lands 
and Surveys (2017): 

http://eservices.dls.moi.gov.cy/#/national/geoportalma
pviewer 

6 Soft substrates included in 
1110  

several 
codes 

that refer 
to coastal 
sands & 
detritic 

shapefile 
(polygons) 

Coverage (1-10%; 10-
50%; >50%) 

Habitat Condition Index (Hi) 
(Katsanevakis et al, 2016; 

Giakoumi et al, 2016) 
Presence of habitat in PU 

G. Kokosis, Ministry of the Interior, Department of Lands 
and Surveys (2017): 

http://eservices.dls.moi.gov.cy/#/national/geoportalma
pviewer 

https://www.wannadive.net/spot/Middle_East/Cyprus/The_Bends/index.html%20%5bGerovasileiou%20Vasilis%20(HCMR)%5d
https://www.wannadive.net/spot/Middle_East/Cyprus/The_Bends/index.html%20%5bGerovasileiou%20Vasilis%20(HCMR)%5d
https://www.wannadive.net/spot/Middle_East/Cyprus/The_Bends/index.html%20%5bGerovasileiou%20Vasilis%20(HCMR)%5d
https://www.wannadive.net/spot/Middle_East/Cyprus/The_Bends/index.html%20%5bGerovasileiou%20Vasilis%20(HCMR)%5d
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sediments 

7 Essential Fish 
Habitat (EFH) 

Mullus barbatus 

  shapefile 
(polygons) 

Number of 
individuals/km

2 

(Classes 1- 3) 

Habitat Condition Index (Hi) 
(Katsanevakis et al, 2016; 

Giakoumi et al, 2016) 
Selected Classes of highest 

probability under the 
precautionary approach 

(expert: G. Scarcella) 

Protomedea, Task 2.2.2 Mapping of nursery grounds of 
demersal fish – G. Scarcella (ISMAR-CNR) 

8 Essential Fish 
Habitat (EFH) 

Mullus 
surmuletus  

  shapefile 
(polygons) 

Number of 
individuals/km

2 

(Classes 1- 3) 

Habitat Condition Index (Hi) 
(Katsanevakis et al, 2016; 

Giakoumi et al, 2016) 
Selected Classes of highest 

probability under the 
precautionary approach 

(expert: G.  Scarcella) 

Protomedea, Task 2.2.2 Mapping of nursery grounds of 
demersal fish – G. Scarcella (ISMAR-CNR) 

9 Essential Fish 
Habitat (EFH)  

Pagellus 
erythrinus  

  shapefile 
(polygons 

Number of 
individuals/km

2
 

(Classes 1- 4) 

Habitat Condition Index (Hi) 
(Katsanevakis et al, 2016; 

Giakoumi et al, 2016) 
Selected Classes of highest 

probability under the 
precautionary approach 

(expert: G. Scarcella) 

Protomedea, Task 2.2.2 Mapping of nursery grounds of 
demersal fish – G. Scarcella (ISMAR-CNR) 

10 Essential Fish 
Habitat (EFH) 
Upeneus spp.  

  shapefile 
(polygons 

Number of 
individuals/km

2 

(Classes 1- 4) 

Habitat Condition Index (Hi) 
(Katsanevakis et al, 2016; 

Giakoumi et al, 2016) 
Selected Classes of highest 

probability under the 
precautionary approach 

(expert: G. Scarcella) 

Protomedea, Task 2.2.2 Mapping of nursery grounds of 
demersal fish – G. Scarcella (ISMAR-CNR) 
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Table S3. species used in the analysis along with their (i) overall surface area (km2) and (ii) conservation targets set (% target). Bold indicate targets that have been 

partially met. Surfaces have been calculated in the gridded data. 

No. Ecological Feature Feature 
Type 

IUCN SPA/ BD BC HD BD Data type Target set Surface area (overall 
study area, km

2
) 

Target achieved 

1 Caretta caretta Reptiles VU II II II; IV *  Priority areas 50% 127,3 Achieved 
2 Chelonia mydas Reptiles EN   IV  Priority areas 100% 158,2 Not achieved 

3 Monachus monachus Mammals EN II II II, IV,V*  Priority areas 100% 110,66 Not achieved 
4 Chlidonias hybridus Seabirds LC    I Priority areas 30% 58,53 Achieved 
5 Chlidonias leucopterus Seabirds LC     Priority areas 30% 58,53 Achieved 
6 Chlidonias niger Seabirds LC    I Priority areas 30% 58,53 Achieved 

7 Larus genei Seabirds LC    I Priority areas 30% 71,63 Achieved 
8 Larus ridibundus Seabirds LC     Priority areas 30% 71,63 Achieved 
9 Gelochelidon nilotica Seabirds LC    I Priority areas 30% 58,53 Achieved 
10 Larus minutus Seabirds LC    I Priority areas 30% 63,2 Achieved 
11 Larus audouinii Seabirds LC II II  I Priority areas 30% 66,96 Achieved 
12 Larus melanocephalus Seabirds LC    I Priority areas 30% 58,53 Achieved 
13 Larus (argentatus) 

cachinnans 
Seabirds LC    II Priority areas 30% 63,2 Achieved 

14 Larus (argentatus) 
michahellis 

Seabirds LC     Priority areas 30% 71,63 Achieved 

15 Larus armenicus Seabirds NT     Priority areas 40% 58,53 Achieved 
16 Larus canus Seabirds LC    II Priority areas 30% 58,53 Achieved 
17 Larus fuscus (fuscus) Seabirds LC    II Priority areas 30% 63,2 Achieved 
18 Larus ichthyaetus Seabirds LC     Priority areas 30% 58,53 Achieved 
19 Pelecanus onocrotalus Seabirds LC    I Priority areas 30% 58,53 Achieved 

20 Phalacrocorax aristotelis Seabirds LC II II  I Priority areas 30% 4,67 Not achieved 
21 Phalacrocorax carbo Seabirds LC     Priority areas 30% 71,63 Achieved 
22 Podiceps cristatus Seabirds LC     Priority areas 30% 63,2 Achieved 
23 Sterna hirundo Seabirds LC    I Priority areas 30% 63,2 Achieved 
24 Sterna albifrons Seabirds LC    I Priority areas 30% 58,53 Achieved 
25 Thalasseus sandvicensis  Seabirds LC    I Priority areas 30% 71,63 Achieved 
26 Calonectris borealis  Seabirds LC    I Priority areas 30% 62,92 Achieved 
27 Puffinus yelkouan  Seabirds VU II II  I Priority areas 50% 74,68 Achieved 
28 Hydrobates pelagicus  Seabirds LC II II  I Priority areas 30% 40752 Achieved 
29 Essential Fish Habitat (EFH) 

Mullus barbatus  
Habitat - 
EFH  

LC     Full coverage 
(models) 

60% 122,44 Achieved 
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30 Essential Fish Habitat (EFH) 
Mullus surmuletus  

Habitat - 
EFH  

LC     Full coverage 
(models) 

60% 234,25 Achieved 

31 Essential Fish Habitat (EFH) 
Pagellus erythrinus  

Habitat - 
EFH  

LC     Full coverage 
(models) 

60% 144,3 Achieved 

32 Essential Fish Habitat (EFH) 
Upeneus spp.  

Habitat - 
EFH  

na     Full coverage 
(models) 

60% 37,02 Achieved 

33 Partially or fully submerged 
caves 

Habitat na     Presence 
points 

40% 18,11 Achieved 

34 Seagrass beds (mainly P. 
oceanica) 

Habitat LC II I *I  Full coverage 60% 362,19 Achieved 

35 Coralligenous formations Habitat na     Full coverage 
(models) 

40% 280,4 Achieved 

36 Rhodolith beds Habitat na     Full coverage 
(models) 

60% 384,3 Achieved 

37 Hard substrate Habitat na     Full coverage 40% 344,05 Achieved 
38 Soft substrate Habitat na     Full coverage 20% 464,76 Achieved 
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Table S4. List of human activities included in the planning exercise along with the source; type of information in the original data; information uised for the 

analysis with Marxan with Zones 

No. Human 
Activity 

Activity 
Type 

Present/ 
Future 

Actitivites prohbited / 
Temporql scqle 

Data type 
(original file) 

Source/ Key contact Original File Marxan 
with Zones 
Attribute 

(surrogate) 

Comments 

1 Anchorage 
areas 

Shipping Present all gears/permanent shapefile 
(polygons) 

Protomedea, Sub-Task 2.1.2: Existing 
MPAs in Cyprus - Antonis Petrou 
(ENALIA) 

Presence Presence in 
Pus 

 

2 Aquaculture 
sea cages 

Aquaculture Present all gears/permanent shapefile 
(polygons) 

Protomedea, Sub-Task 2.1.2: Existing 
MPAs in Cyprus - Antonis Petrou 
(ENALIA) 

Presence Presence in 
Pus 

 

3 Army firing 
area 

Military Present all gears/seasonal shapefile 
(polygons) 

Protomedea, Sub-Task 2.1.2: Existing 
MPAs in Cyprus - Antonis Petrou 
(ENALIA) 

Presence Presence in 
Pus 

included in the 
analysis as a 
"protection 
measure" due to 
its good 
environmental 
status and 
fishing 
regulations in 
force (Petrou 
2016) 

4 Desalination Urbanization Present all gears/permanent shapefile 
(polygons) 

Protomedea, Sub-Task 2.1.2: Existing 
MPAs in Cyprus - Antonis Petrou 
(ENALIA) 

Presence Presence in 
Pus 

 

5 Disposal 
areas of 
army 
material 

Military Present n/a/n/a shapefile 
(polygons) 

Ministry of the Interior, Department 
of Lands and Surveys (2017): 
http://eservices.dls.moi.gov.cy/#/nati
onal/geoportalmapviewer 

Presence Presence in 
Pus 

 

6 Fishing 
effort – 
Small scale 
fishing 

Fishing Present 2010/annual raster Protomedea, Sub-Task 2.3: Mapping 
fishing effort – Kavadas Stefanos 
(HCMR) 

hours per 
year 
(processed; 
normalised 
values) 

weighted by 
% 
contribution 
of sector to 
the national 
GDP 
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(weight) 

7 Fishing 
effort 
(hrs/year) - 
Trawling 

Fishing Present 2015/annual raster Protomedea, Sub-Task 2.3: Mapping 
fishing effort – Kavadas Stefanos 
(HCMR) 

hours per 
year 
(processed; 
normalised 
values) 

weighted by 
% 
contribution 
of sector to 
the national 
GDP 
(weight) 

 

8 Major cities Urbanization Present n/a/permanent shapefile 
(polygons) 

REPUBLIC OF CYPRUS, STATISTICAL 
SERVICE: CYstat – Population — Place 
of Residence, 2011 (Cyprus Census 
2011; 2015) 

Population Selected 
major cities; 
Presence 
into PUs 

 

9 Port Shipping Present all activities/permanent shapefile (points) Ministry of the Interior, Department 
of Lands and Surveys (2017) 

Classes 
based on 
port size and 
activity 

Selected 
major ports; 
Presence 
into PUs 

 

11 Vulnerability 
to invasion 

Invasion Present 2016/ n.a. shapefile 
(polygon) 

Katsanevakis et al, 2016 Cumulative 
IMPacts of 
invasive 
ALien 
species 
(CIMPAL 
index) 

CIMPAL 
Normalised 
values  

Used for the 
calculation of 
Condition Index 
(Hi)- Giakoumi et 
al, 2016 
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Table S5. List of existing management measures included in the planning exercise along with the source; type of information in the original data; information used 

for the analysis with Marxan with Zones  

No
. 

Management 
action 

Purpose Presen
t/ 

Future 

Activities 
prohibite

d/ 
Temporal 

scale 

Temporal 
scale 

Data type 
(original 

file) 

Source/ Key contact Original 
File 

Attribute 

Marxan 
with 

Zones 
Attribute  

Comments 

1 Artificial reefs Ban fishing Present all gears / 
Permane
nt 

Permanent shapefile 
(points) 

Protomedea, Sub-Task 2.1.2: Existing MPAs 
in Cyprus - Antonis Petrou (ENALIA); 
Υπουργείο Εσωτερικών, Τμήμα 
Κτηματολογίου και Χωρομετρίας (2017): 
http://eservices.dls.moi.gov.cy/#/national/
geoportalmapviewer. Expert evaluation: A. 
Petrou (ENALIA) 

Presence Presence  

2 Fishery Restricted 
Areas (FRAs) - 
Trawling 

Stock 
protection/ 
Conservatio
n 

Present Bottom 
trawling / 
Permane
nt 

Permanent shapefile 
(polygons) 

Protomedea, Sub-Task 2.1.2: Existing MPAs 
in Cyprus - Antonis Petrou (ENALIA) 

Presence Presence  

3 Fishery Restricted 
Areas (FRAs) - 
Small scale fishing 

Stock 
protection/ 
Conservatio
n/ Others 

Present Bottom 
trawling / 
Permane
nt 

Permanent shapefile 
(polygons) 

Protomedea, Sub-Task 2.1.2: Existing MPAs 
in Cyprus - Antonis Petrou (ENALIA) 

Presence Presence  

4 Existing Marine 
Protected Areas 
(MPAs)/ Marine 
Reserves & 
SPAMIs 

Turtle 
protection 

Present all gears / 
Seasonal 

Seasonal shapefile 
(polygons) 

Protomedea, Sub-Task 2.1.2: Existing MPAs 
in Cyprus - Antonis Petrou (ENALIA) 

Presence Presence Temporal 
management 
measure that 
was included in 
the analysis due 
to its significant 
protection status 
and the 
important 
ecological 
features present 
within 

5 NATURA 2000 
network 

Biodiversity 
protection 

Present n/a / n/a n/a shapefile 
(polygons) 

Protomedea, Sub-Task 2.1.2: Existing MPAs 
in Cyprus - Antonis Petrou (ENALIA) 

Presence Presence  

6 Proposed Marine Stock Future all gears / Permanent shapefile Protomedea, Sub-Task 2.1.2: Existing MPAs Presence Presence  
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Protected Areas 
(MPAs) 

protection Permane
nt 

(polygons) in Cyprus - Antonis Petrou (ENALIA) 

7 Wrecks Ban fishing Present all gears / 
Permane
nt 

Permanent shapefile 
(polygons); 
shapefile 
(points) 

Protomedea, Sub-Task 2.1.2: Existing MPAs 
in Cyprus - Antonis Petrou (ENALIA);  
Ministry of the Interior, Department of 
Lands and Surveys (2017): 
http://eservices.dls.moi.gov.cy/#/national/
geoportalmapviewer 

Presence Presence combined data 
from different 
sources; only 
one wreck with 
permanent 
closure.  
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Table S6. List of vulnerability weights for each ecological feature in each zone that were used in the zone contribution file in the analysis. The weights depend on 

the ecological feature and the activities allowed in each zone. 

No. Ecological Feature Zone A Zone B Zone C Reference 

1 Caretta caretta 1 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini M 
(MARISCA project: www.marisca.eu) 

2 Chelonia mydas 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
3 Monachus monachus 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
4 Chlidonias hybridus 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
5 Chlidonias leucopterus 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
6 Chlidonias niger 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
7 Larus genei 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
8 Larus ridibundus 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
9 Gelochelidon nilotica 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
10 Larus minutus 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
11 Larus audouinii 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
12 Larus melanocephalus 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org; Oro, D. & Ruiz, X. 1997 
13 Larus (argentatus) cachinnans 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org; Oro et al., 1996;  

Gwiazda et al., 2011 
14 Larus (argentatus) michahellis 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org; Oro et al., 1996;  

Gwiazda et al., 2011 
15 Larus armenicus 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
16 Larus canus 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
17 Larus fuscus (fuscus) 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
18 Larus ichthyaetus 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
19 Pelecanus onocrotalus 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
20 Phalacrocorax aristotelis 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
21 Phalacrocorax carbo 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
22 Podiceps cristatus 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
23 Sterna hirundo 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org; Expert judgement 
24 Sternula albifrons 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
25 Thalasseus sandvicensis 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
26 Calonectris borealis 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
27 Puffinus yelkouan 1 0.5 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
28 Hydrobates pelagicus 1 1 0 IUCN Red List of Threatened Species: www.iucnredlist.org 
29 Essential Fish Habitat (EFH) Mullus 

barbatus 
1 0.7 0 Expert judgement: Scarcella Giuseppe 

30 Essential Fish Habitat (EFH) Mullus 1 0.7 0 Expert judgement: Scarcella Giuseppe 
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surmuletus 
31 Essential Fish Habitat (EFH) 

Pagellus erythrinus 
1 0.7 0 Expert judgement: Scarcella Giuseppe 

32 Essential Fish Habitat (EFH) 
Upeneus spp. 

1 0.7 0 Expert judgement: Scarcella Giuseppe 

33 Partially or fully submerged caves 1 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini M 
(MARISCA project: www.marisca.eu) 

34 Seagrass beds (mainly P. oceanica) 1 0.375 0 Processed data extracted from the Cumulative Impact Assessment (MARISCA 
project: www.marisca.eu) 

35 Coralligenous formations 1 0.5 0 Processed data extracted from the Cumulative Impact Assessment (MARISCA 
project: www.marisca.eu) 

36 Rhodolith beds 1 1 0 Processed data extracted from the Cumulative Impact Assessment (MARISCA 
project: www.marisca.eu) 

37 Hard substrate 1 0.5 0 Processed data extracted from the Cumulative Impact Assessment (MARISCA 
project: www.marisca.eu) 

38 Soft substrate 1 0.5 0 Expert judgement:  Giakoumi S; Katsanevakis S; Markantonatou V; Sini M 
(MARISCA project: www.marisca.eu) 
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Figure S1. Times that each PU has been selected out of the 500 Marxan With Zones runs for Zone A (“Full protection of biodiversity and fish stocks”) 
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Figure S2. Times that each PU has been selected out of the 500 Marxan With Zones runs for Zone B (“Partial protection of biodiversity and fish stocks”) 
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Figure S3. Times that each PU has been selected out of the 500 Marxan With Zones runs for Zone C (“General use”) 
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1. Stakeholder Workshop in Cyprus (Nicosia) 

 

Attendants: 

STAKEHOLDERS 

1 Charalambous Christodoulos President, Fishermen Association of Cyprus  

2 Christodoulou Alekos President, Fishermen Association of Latoi-Pomos  

3 Eythimiou Eythimios Fisherman from Pafos 

4 Leonidou Leonidas  President, Fishermen Association of Pafos  

5 Leontiou Stalo Open University of Cyprus 

6 Louizidou Xenia ISOTECH Ltd, Environmental Research and Consultancy 

7 Michailidis Nikolas  Department of Fisheries and Marine Research, Ministry of 

Agriculture, Rural Development and Environment of Cyprus 

8 Papageorgiou Marios Plymouth University 

9 Papanicolaou Mariella  AKTI Project and Research Centre 

10 Peratikos Panikos Fisherman from Xylofagou 

11 Stylianou Stella Professional Fishermen Association of Zygi 

12 Vogiatzakis Giannis Open University of Cyprus 
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PROTOMEDEA 

1 Chartosia Niki  UCY 

2 Hadjioannou Louis  ENALIA 

3 Iosifidis Spyridon  NMPANS 

4 Karachle Paraskevi HCMR (Project Coordinator) 

5 Katsanevakis Stelios UAegean 

6 Markantonatou Vassiliki UAegean 

7 Pantazi Maria HCMR 

8 Papadopoulou Nadia HCMR 

9 Petrou Antonis  ENALIA 

10 Scarcella Guiseppe  CNR 

11 Smith Chris HCMR 

 

On the 8th of September 2017 the Stakeholder Workshop in Cyprus took place at the University of Cyprus 

in Nicosia (Faculty of Economics and Management, Building 01 – Level 02, Amphitheater B224). Overall, 12 

stakeholders and 11 PROTOMEDEA partners participated. Stakeholders from different sectors attended the 

event, such as: Fisheries representatives, representatives from Universities, representatives from 

Ministries, research Centers and NGOs (The respective Attendance list along with the Agenda of the 

Workshop are included in D-8.3: Stakeholders Meetings). The registration to the Workshop started at 13:00 

and the Workhop began at 13:45. 

The Chair of the Opening Session was shared by Antonis Petrou (ENALIA) and Dr Chris Smith (HCMR). 

Antonis opened the workshop, welcomed all stakeholders and thanked them for their time and presence in 

the event. Chris thanked the stakeholders for their interest in the project and their participation, and 

underlined the importance of the interaction between scientists and stakeholders.  

The floor was given to Dr Paraskevi Karachle (HCMR), the coordinator of the project, who also welcomed 

the participants and presented the project. She highlighted PROTOMEDEA’s ultimate goal which is to 

propose a Marine Protected Area (MPA) network in Greece and Cyprus, by taking into account the 

protection of ecological characteristics and Essential Fish Habitats (EFH), significant areas for fisheries, as 
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well as their socio-economic impacts through a conservation planning approach and a participatory 

bottom-up process. She proceeded with informing the stakeholders on the main outcomes of the project 

and the field work carried out within the first two years of PROTOMEDEA, as well as on the way forward. 

Finally, she encouraged the stakeholders to have an active participation while underlining that through 

fruitful discussions and their feedback the goals of the workshop can be reached.  

Nadia Papadopoulou (HCMR) presented the Scope of the Stakeholder Workshop. She pointed out that this 

workshop aims at informing about the PROTOMEDEA project (goals and first outcomes), as well as 

engaging with regional authorities and scientists through their participation in the project’s survey. She 

continued with presenting the aim, structure and main thematic areas of the survey/questionnaire. Finally, 

Nadia mentioned that the survey aims to record the views of a range of stakeholder on preferences of 

different types of MPAs (e.g. fisheries closures, uses allowed, expected benefits of MPAs), the importance 

of the goods and services provided by the marine environment, comparison of scenaria, willingness to 

support the creation of MAPs and the acceptability of specific protection targets (e.g. how much of fish 

nursery grounds should be protected). 

The next session (PROTOMEDEA main outcomes / tools & way forward) followed. The Chair of this session 

was represented by Dr Niki Chartosia (UCY) and Nikolas Michailides (UCY).   

The first presentation of this session was given by Dr Stelios Katsanevakis (UAegean) and regarded 

PROTOMEDEA’S main outcomes on Current MPA status in the Eastern Mediterranean. Stelios presented 

the outcomes of the underwater visual surveys that took place within PROTOMEDEA, and main concluding 

remarks were highlighted for both the Aegean Sea and Cyprus: density and biomass was overall higher in 

the 15 m zone, density and biomass was overall higher in low fishing pressure sites. Moreover, Stelios also 

presented surveys on the effectiveness of protected areas in other countries and described the benefits of 

the protected areas as well as the spill-over effect that had been observed in these cases.  

Dr Vassiliki Markantonatou (UAegean) followed with a presentation on PROTOMEDEA’S rationale, 

conservation targets and main outcomes on Planning a network of MPAs. Vassiliki described the decision 

support software Marxan with zones to the stakeholders and the overall process of the application along 

with the input that is required. Vassiliki focused mainly on the case study of Cyprus. Candidate 

scenarios/examples were also presented that helped start the discussions with the stakeholders.  

The last presentation of this session was given by Dr Giuseppe Scarcella (CNR) -Paraskevi Karachle was 

helping with the translation in Greek- and it concerned PROTOMEDEA’s way forward: MPA effects on MSY. 

The importance of the identification and protection of nursery areas was explained. Moreover, Giuseppe 

described how the effect of area closures could be proved beneficial for juveniles in terms of fishing 

mortality and stock productivity (by allowing juveniles to increase their size and allow them to spawn at 

least once in their life). In addition, the advantages of fishing at FMSY were displeyd in economic terms by 

highlighting that “fishing at FMSY means putting money in the bank and living with the interest”, while also 

compliance with the EU legislation and the certification were presented.  

After a short coffee break, the session on Stakeholders perceprtions began at 16:00. The Chair of the 

session, Nadia Papadopoulou (HCMR) distributed the questionnaires to the participants in order to fill them 

in. During this session, interaction among the stakeholders was permitted, and clarifications to statements 

in the questionnaire were also provided. The questionnaire was well received. Main questions/clarifications 

were related to uses allowed in MPAs, the comparison of scenaria in ecosystem service provision, and the 

conservation targets. 
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Having finalized the session on Stakeholders’ perceptions the Discussion session of the workshop took 

place. Dr Paraskevi Karachle (HCMR) and Dr Stelios Katsanevakis (UAegean) were the facilitators of the 

discussion followed.  

The representatives of the fisheries sector in Cyprus stated that they are in favour of the protection of the 

stocks, which will ensure the viability of their fisheries and will benefit the sustainability of the stocks. They 

also noted that fishermen prefer to take a step by step approach towards any management plans and that 

they also need time to adapt to new measures. They mentioned that they have already accepted the 

application of a management plan that has been proposed by the DFMR (a few months ago) applying a 

closure of all areas from 1-5m depth in conjuction to the already existing prohibition of fishing in the reefs. 

Moreover, they are positive to discuss closures concerning nursery grounds.  

Certain speculations and reservations pertinent to the state's inability to implement the appropriate 

enforcement and policing were raised. An existing contradiction according to which the legislation applies 

only to the registered fishermen was mentioned, allowing unregistered fishermen to act without 

consequences. Paraskevi said that we are not justified/ excused to remain inactive due to the incomplete 

policing while. Stelios emphasized that the closure of fishing areas has been proved to be beneficial for 

fisheries. However, the fishermen are highly reluctant, since they do not have any trust to the state.  

Furthermore, they underlined the main problems that they face which reinforce their hesitation and 

caution to any management plans and new measures. Trawling is still regarded to be one of the major 

fisheries responsible for overfishing in Cyprus, although the trawl fleet has been reduced to only two 

vessels (they used to be eight).  Recreational fisheries were also considered responsible for overfishing, not 

only by the representatives of the fishermen but also by DFMR itself. Natural predators also reduce the fish 

stocks, and some of them i.e. green turtle- destroy the fishing nets, for which damage no compensation is 

provided by the state to the fishermen. Cyprus has a rather steep continental shelf which means that in a 

distance of 1n.m. off the shore/coast, there is open sea; thus coastal waters are rather narrow. Moreover, 

it is already well-known that Eastern Mediterranean (Cyprus) is oligotrophic and vulnerable to invasive 

species, whereas the division of the island has already limited the existing fishing areas.  

Finally, the fishers vehemently suggested potential measures that could be apllied in order to remedy the 

situation in Cyprus, such as:  

 Appropriate and efficient control and policing 

 Banning of trawls and purse-seines 

 Illegal fishing should be combated and recreational fishing should be prohibited 

In addition to the above, fishers also proposed that scientists and in particular for Cyprus (University of 

Cyprus) must inform both the general public and the fishermen on the overfishing and its consequences. 

Another proposal was to impose additional spatial restrictions (e.g. area/depth) to the permits for the 

recreational fishermen (some of them have boats and licenses, including for spearfishing, rod fishermen are 

the only ones that do not need a license). Furthermore, there have been proposals of applying higher fines 

to illegal fishing. The temporal closure of an area for some months was also proposed by the fishermen, 

provided that a compensation will be given to the fishermen for these months. Stelios explained that a 

temporal closure for a short period (some months) will not be effective, since in order to maintain the 

genitors it is required to either close an area for some years or permanently. However, the fishermens’ 

representatives were not keen on this suggestion.  
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Other stakeholders presented the perspectives of recreational uses and tourism/ecotourism and the 

importance of coastal and marine sectors as part of national and Blue Growth, and how sustainable use of 

resources is in line with the ecosystem approach to management. Additionally some discussions were held 

on maritime spatial planning which includes marine uses and activities as well as conservation areas. Finally 

discussions were held on availability of scientific data, on species records and information on habitat extent 

and distribution, on availability of geospatial layers and access to reports and unpublished data.    

The coordinator thanked all participants for the fruitful discussions and closed the workshop at 17:30 as 

foreseen in the agenda.  
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Photos of the Stakeholder Workshop in Nicosia, Cyprus 

(Available at the website: http://www.protomedea.eu/en/stakeholders/stakeholder-events) 

  

  

 

 

 

 

http://www.protomedea.eu/en/stakeholders/stakeholder-events
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2. Stakeholder workshop in Greece (Athens) 

Attendants: 

STAKEHOLDERS 

1 Anastopoulou Stella Department of Fisheries, Ministry of Rural Development and 

Food 

2 Bountoukos Ioannis President of Pan-Hellenic Union of Middle Range Fisheries Ship 

owners 

3 Chatziefstathiou Michalis Pan-Hellenic Society of Technologists Ichthyologists 

4 Dendrinos Panos NGO MOM 

5 Foutsi Antigoni WWF Hellas 

6 Fratzis Alexandros NGO Pelagos 

7 Kanellopoulou Katerina MSP, Ministry of Environment 

8 Katsigiannis Konstantinos Port authority of Leros 

9 Kotomatas Spiros WWF Hellas 

10 Kouimtzis Themistoklis Management Body of Protected Area Axios-Loudias-Aliakmonas 

11 Maragou Panagiota WWF Hellas 

12 Mitsopoulou Anastasia Ministry of Culture, UCH 

13 Paravas Vagelis Authority “Marine Protected Area of Santorini Island – Thiraiki 

Thalassa”  

14 Partolou Danai Ornithologists Association 

15 Psarou Klio Pan-Hellenic Union of Middle Range Fisheries Ship owners 

16 Sobolos Trifonas Small Scale fisheries Representative – Alimos, Attiki 

17 Trivourea Maria Management Body of Protected Area of  Schinias – Marathonas 
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18 Tselios Vassilis Ministry of Foreign Affairs 

19 Tsianis Dimitris Fisheries Department, Regional Authority of Xanthi 

20 Tsouvala Maria Panhellenic Association of Public Servants Ichthyologists 

21 Vrettou Forini NGO Medasset 

22 Zannes Dimitris Small Scale fisheries representative- Andros Island 

PROTOMEDEA 

1 Dimarchopoulou Domna UTH 

2 Giannoulaki Marianna HCMR 

3 Karachle Paraskevi  HCMR (Project Coordinator) 

4 Maniopoulou Maria HCMR 

5 Markantonatou Vassiliki UAegean 

6 Ntogrammatzi Aikaterini HCMR 

7 Pantazi Maria HCMR 

8 Papadopoulou Nadia HCMR 

9 Pardalou Niki UTH 

10 Smith Chris HCMR 

11 Stithou Mavra HCMR 

12 Tsikliras Athanassios UTH 

13 Vassilopoulou Vassiliki HCMR 

On the 2nd of November 2017, the Stakeholder Workshop in Greece took place at Philippos Hotel in 

Athens. The meeting started at 11:30 with 22 stakeholders and 13 PROTOMEDEA representatives. 

Stakeholders from different sectors attended the event, such as: NGOs, representatives from Ministries, 

Fisheries representatives, Management Bodies of Protected Areas, port authorities, fisheries Regional 

Office (The respective Attendance list along with the Agenda of the Workshop are included in D-8.3: 

Stakeholders Meetings). 

Dr Paraskevi Karachle (HCMR), the coordinator of the project, welcomed the participants and gave a brief 

presentation of the project. She also explained the aim of the meeting, which was to present some of the 

main project results and to discuss the suggested conservation targets and potential management 

scenarios. 
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Nadia Papadopoulou (HCMR) presented the stakeholders' perceptions based on the survey conducted 

within (Task 4.4) through the involvement of stakeholders (86 questionnaires in Greece and 20 in Cyprus). 

She presented the methodological approach (a structured anonymous questionnaire with 81 questions, 12 

thematic areas and basic demographic data, with various statements and likert scale answers), types 

(national government, local government, fisheries, NGOs, research, others) and numbers of stakeholders by 

type participating in the surveys. She also presented results on selected questions on perceptions on MPA 

type, status, as means of biodiversity protection and fisheries management tool, effectiveness, uses 

allowed or preferred, agreement on zones, willingness to pay to support the establishment of a network of 

MPAs, comparison of main ecosystem service provision between the current and a future MPA scenario 

and on agreement with suggested conservation targets. . 

Dr Marianna Giannoulaki (HCMR) presented the Essential Fish Habitats (EFH), under the context of why it is 

important to define their presence and location/extent within Protomedea. She briefly explained the 

general approach, the methodology and data collection processes. She also gave examples of the results 

obtained within the project and their use in developing management scenarios. 

Dr Vassiliki Vassilopoulou (HCMR) presented examples of MPAs, explaining that the effectiveness of an 

MPA is dependent on various components. The effective management of an MPA may promote goods and 

services and economic benefits, and at the same time ensure the preservation of natural capital while also 

allow for socio-economic development. It is necessary to change the way in which the MPΑs are designed 

and implemented, with an emphasis on linking people's well-being to the sustainability of natural 

resources, which requires a completely transparent and truly participatory process. 

Dr Athanassios Tsikliras (AUTH) presented how fishing restrictions/prohibitions favor marine populations. 

He gave a case study example of the research conducted in the Gulf of Thermaikos in Northern Greece in 

the framework of PROTOMEDEA project. He explained the methodology followed and the data collected 

and presented the results. 

Dr Vassiliki Markantonatou (UAegean) presented the process of designing a network of MPAs. She 

presented the conservation planning software Marxan with zones and explained the methodology followed 

within the framework of marine Spatial Planning. She gave examples and explained the steps followed 

within the framework of the Protomedea project. 

After the presentations, a quick round of questions followed. An issue of concern that was raised was that 

there is no exact unanimously applied definition of a “MPA” and what it actually means largely depends on 

the protection target, the restrictions applied, the management of the MPA, etc. Attendees stated that it is 

really an important step by the EU to fund such an initiative and will certainly be an important output for 

the EU, and wanted to know the follow-up regarding the results (i.e. how they will be used and if the EU 

will use them in order to propose new MPAs). The organizers of the meeting clarified that PROTOMEDEA is 

a research project funded by the EU (DG MARE), in order to collect and analyze data (environmental, 

socioeconomic, human uses), propose scenarios and produce new research information. The scenarios will 

include also international waters (beyond the 6 nautical miles of Greek territorial waters), as 

scientists/species do not see limits in the sea. The EU has funded three sister projects under the same call 

in the Mediterranean Region, yet the extend of results’ exploitation is not predefined, as these are pilot 

studies. Research projects are supported by data collection and scientists are also assessing confidence and 

uncertainty of the scientific results to allow for trust and transparent procedures. Scientific knowledge, 

local knowledge and stakeholders’ knowledge are recognized as complementary. 
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The issue of how we can evaluate the environmental and/or species loss in economic terms was also raised. 

Within the project there is a task on the economic valuation framework of goods and services. There are 

methodologies and tools applied to evaluate services not only under a monetary perspective but also from 

a cultural and social point of view (i.e. cultural heritage, number of jobs etc.) 

Stakeholders also asked if previous data (e.g. underwater topography, environmental data) or 

future/planned NATURA sites will be incorporated in the planning process and it was clarified by the 

PROTOMEDEA team that knowledge produced in previous projects is being used to best possible extend. 

The coffee break took place, the participants came back at 14:45, and Dr Vassiliki Markantonatou 

(UAegean) presented maps and further examples on conservation targets. 

Nadia Papadopoulou (HCMR) and Dr Vassiliki Vassilopoulou (HCMR) –the moderators of the discussion with 

the stakeholders- presented the following axes of the discussion: 

1. The United Nations Convention on Biological Diversity (Nagoya Protocol, Objective 11) sets a 10% target 

for the protection of the marine environment by 2020, while other legal frameworks set higher 

objectives according to species or habitat. In your opinion, based on the discussions at the workshop, 

what is the minimum acceptable / desirable level of protection (considering that, when referring to 

absolute protection, we mean a total ban on fishing): 

A) For nursery grounds which consist one of the most important habitats of fish populations 

B) For high priority habitats such as Posidonia meadows protected by EU Directive 92/43 and the 

Mediterranean Regulation EC No 1967/2006 

C) For endangered species, i.e. species threatened with extinction according to the Red List of the 

IUCN, such as Dipturus batis and Squatina squatina 

D) For other protected species and low priority habitats of EU Directive 92/43, such as coral 

formations  

E) For the entire territory, for all species/habitats that are not threatened and not protected (as a 

minimum percentage of the total, irrespective of the way they are applied e.g. in some areas, some 

depths, local or general, etc.) 

 

2. Are there any suggestions that could lead to a common position on a next stage regarding new areas 

that should be included in a Network of Marine Protected Areas? 

 

3. Are there any proposals that could lead to a common position on a next stage on how existing Marine 

Protected Areas or other measures can give more and better results to the protection of fishery 

resources and biodiversity? 

The stakeholders suggested that it would more convenient and appropriate if these questions could be sent 

through an e-mail to all the participants, along with the relevant presentations (ppts/slides) in order to 

reply with the appropriate attention and preparation from their side. The PROTOMEDEA team agreed and 

committed to upload all related documents and presentations at the website of the project. Additionally, 

the team proposed that the maps produced by the project will also be open-access upon the official 

presentation of the results of the project. The stakeholders were kindly requested to provide their feedback 

on the above questions by the end of November, while it has been agreed that this feedback will be also 

incorporated within D4.6: Stakeholder Perceptions. The discussion part of the workshop followed and the 

perceptions of the attendees have been synthesized/ compiled and are presented below.  
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The President of Medium Scale Fisheries Association took the floor and proposed that protection 

restrictions should be imposed to all fishing gears and was vehemently opposed to zonation. He also added 

that if Protected Areas are to be designed, the areas that are already closed for medium scale fisheries 

must open. In Greece, the already closed areas constitute about 30% of the overall fishing areas, and are 

based on outdated legislation which has to be revised. Greece is considered already a large marine 

protected area for this gear. Therefore, the Medium Scale Fisheries Association is negative to the closure of 

new areas and the creation of additional marine protected areas. Moreover, the President supported that 

there is a wrong assumption that by prohibiting fishing, the biomass of the stocks will increase and there 

will be a spill-over effect. On the contrary, for example in Pagasitikos Gulf and in the National Marine Park 

of Northern Sporades in Alonnisos, the only positive results regard only the management bodies that 

continuously receive funding for the management and protection of these areas. The stock biomass is not 

increasing at all. Consequently, there is a need to re-examine the Marine Protected areas as a method of 

protection. Furthermore, according to fishermen's testimonies, the prohibition to medium scale fisheries 

regarding fishing beyond the 1,5 mile, did not lead to the increase of fish stocks as expected, while also the 

ban of boat-seine that has been in force since 2010 did not result in the recovery of fish stocks. Based on 

the above, one cannot support that the reduction of fish stocks is due to overfishing, and other reasons 

such as climate change, litter, waste, lack of oxygen (e.g. Pagasitikos and North Evoikos – anoxic mass, e.g. 

Thermaikos - there is no sea life) should be taken into account when management measures are designed. 

At this point, the representative of the Management Body of the Protected Area Axios-Loudias-Aliakmonas 

stated that we are actually dealing with a multi-parametric situation, in which many different factors 

interfere resulting in the general degradation of the environment. He gave an example of the inadequate 

biological purification of Thermaikos Gulf which caused pollution and diminished fish stocks. He added that 

compensation/financial incentives should be given to fishermen.  

The representative of Small Scale Fisheries Association of Andros island stated that all fishermen should 

shoulder their own responsibilities for the fish-stocks’ decrease. He also pointed out the lack of monitoring 

and control of the recreational and commercial small-scale fisheries. Establishing MPAs is considered a 

good solution, provided that the management of the area will be well-designed and applied. However, it 

should be taken into account that fishermen will be the only economic sector that will be truly burdened 

for a duration of three years more or less, although no other solution for the increase of fish stocks exists. 

Additionally fishermen need to be informed, and to participate in the process of designation and 

management of an MPA. He was keen on the zonation of MPAs, so that benefits can be distributed among 

the users accordingly. Moreover, another hot issue was also introduced to the discussion: the access 

priority in an MPA. Local users should be given priority in comparison to the users that visit the area. The 

Small Scale Fisheries Association has already made a proposal to MEDPAN regarding this issue. The benefit/ 

loss of an MPA on the fishermen is not only economic, it is also cultural, social and touristic. Fisheries 

tourism is a good initiative that could support the income of small-scale fishermen. Moreover, young 

fishermen need to be attracted to the profession to avoid its demise, and support the monitoring of the 

area. The way of designation of MPAs was also discussed. If MPAs are designated through a Presidential 

Degree which over the years need to be re-examined and revised, this will never actually happen. On the 

other hand, ministerial decisions have been proved to be quite vulnerable, since they are applied at the will 

of politicians.   

The representative of ”Thiraiki Thalassa” in Santorini island, informed the participants that they follow a 

bottom-up approach for the establishment of an MPA, since everybody recognize the importance and 

necessity of designation of MPAs. Moreover, he highlighted that there is an increasing interest on Fishing 

Tourism (Santorini is an island with high levels of tourism and with a long tourist season). Fishing tourism 
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can be the main activity for the fishermen in the area while fishing can actually constitute the secondary 

one (130 commercial fishermen in Santorini support this initiative). The port officer of Leros Island took the 

floor and added that the average age of fishermen is quite high. Fishermen need and want to be educated 

especially the younger ones. However, Fishing Tourism may not be an option for increasing the income of 

fishermen, since during the summer period they gain more money from selling fish. He supported that 

compensation/financial incentives should be given to fishermen. 

The representative of the Pan-Hellenic Society of Technologists Ichthyologists informed all the participants 

that the Ministry of Rural Development and Food has recently changed its structure and created a new 

Department on Ecosystem Management aiming to follow an ecosystem approach. The first environmental 

policy scientist that had just joined the Ministry was actually present to the workshop and underlined the 

importance of the stakeholders’ workshops, since they provide the opportunity to bring together different 

sectors while they also enhance integration and fruitful cooperation. Concerning the Marine Protected 

Areas (MPAs) the representative of the Pan-Hellenic Society of Technologists Ichthyologists stated that they 

do not have a strict definition due to the fact that different frameworks exist. He raised the issue of MPA 

size, saying that in Greece, current MPAs are large in scale (e.g. Zakynthos, Alonissos); thus difficult to 

manage. This is the main reason of their failure. The need to design smaller MPAs (and networks of MPAs), 

which will be managed on a local level by associations composed by fishermen, scientists, the relevant 

municipality and other related sectors has been proposed. Social Cooperative Enterprises (civil associations 

with a social purpose which by law can also have a commercial nature) consist initiatives that are supported 

by funding and were suggested as the next potential management associations of MPAs.  

The representative of WWF informed the participants that within the framework of MedTrends project 

WWF examined 8 economic sectors. The Fisheries sector showed a decreasing trend in employment and 

income and is not included in Blue Growth sectors as opposed to aquaculture. MPAs shall be examined as a 

system, depending on what we want to protect and why. The measures imposed should be horizontal and 

dynamic and related to space and time. The issue of designation of MPAs should be examined, depending 

on the scale of the measures, while also scientific results are very important. The protection of Posidonia 

meadows by at least 60% is a rigid target that we are all obliged to respect. There are other targets that are 

not so rigid for some species and there, the percentage of protection can be discussed by examining first 

the national target and then the local target. Unfortunately, the administration is reluctant is proposing and 

examining different measures of protection due to the lack of monitoring and control. 

The representative of Small Scale Fisheries Association of Andros Island said that he participated in a 

meeting, where new GIS maps of Natura sites were presented. Very soon the new Natura sites will be 

defined and within 1 year a management plan will be agreed. The representative of WWF added that by the 

end of the year the new Natura sites will be announced/ published. The law 3937 defines different 

categories of MPAs. The representative of “Thiraiki Thalassa” in Santorini Island explained that the law 

3937 defines certain prohibitions. The representative of the Pan-Hellenic Society of Technologists 

Ichthyologists also added that the mapping of the Posidonia meadows in Greece has been recently updated 

by a survey conducted by HCMR. It has been decided that Posidonia meadows with a density over 20-33% 

shall be protected 100% while fishing activity in those areas is prohibited. Data were collected by a suite of 

different methods and tools (satellites, diving etc.) The new Natura status is currently being handled by the 

Ministry of the Environment, but no Ministerial Decision is in force yet.  

The PROTOMEDEA team underlined the multi-parametric nature of the situation, and supported that 

depending on the area, the factors of failure or success are different. End users should be involved in 

deciding what should be protected and how. They concluded that the MPAs are contributing to the 
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protection of the environment, when specific targets along with the level of protection are taken into 

consideration for their designation, and at the same time monitoring is adequate and the management 

tools that are imposed are actually applied.   

The coordinator thanked cordially all the participants for their valuable contributions and reminded that an 

email will be sent with the related questions and kindly requested their feedback by the end of the month 

(November).  

The meeting ended at 16:30. 
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Photos of the Stakeholder Workshop in Athens, Greece 

(Available at the website: http://www.protomedea.eu/en/stakeholders/stakeholder-events) 

  

   

 

http://www.protomedea.eu/en/stakeholders/stakeholder-events
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1. Introduction 

Two stakeholder meetings were organized respectively in Nicosia Cyprus on the 8th of September 2017, 

and in Athens Greece on the 2nd of November2017. Event organization of both meetings was undertaken 

by the Hellenic Centre for Marine Research, whereas for that in Nicosia further assistance was provided by 

the local partners, i.e. the University of Cyprus and the Enalia Physis. 

The organizers of the two meetings identified and targeted stakeholders relevant for each event. Two 

months before each meeting stakeholders' lists were compiled, and invitations were sent with a month 

notice along with relevant communication material and the agenda via e-mail to the invitees. At the 

dedicated section for stakeholders of the PROTOMEDEA website, a registration form was uploaded along 

with the material and information for each meeting; invited stakeholders were asked to confirm their 

participation and proceed with registering for the respective meeting. Both events were organized at 

conveniently located venues, easily accessible by stakeholders. After the completion of each meeting, the 

presentations and the minutes were forwarded to the stakeholders who attended the meetings along with 

the acknowledgement for their valuable input. Finally a press article communicating the realization of the 

two stakeholder meetings and outlining specific overall key points was created and distributed via email to 

Greek and Cypriot newspapers. 

2. Stakeholder target groups and meetings 

Stakeholders were identified and targeted for each meeting according to their relevance with the scope of 

the meetings, and the geographical area examined. In both meetings an inclusive approach was adopted 

aiming to gather the perceptions of stakeholders from different action arenas. 

 

a) Nicosia, Cyprus, 8 September 2017 

Eighteen (18) stakeholders were invited by the organizers; in detail there were (Table 1): 

• 2 Representatives from 1 Ministry 

• 10 Fisheries Representatives from 9 Associations 

• 3 Representatives from 2 Universities 

• 2 Representatives from 2 NGOs  

• 1 Representative from an Environmental Research Consultancy company  

 

For more information there is a dedicated section at the website: 

http://www.protomedea.eu/en/stakeholders/stakeholder-events/item/63-stakeholder-workshop-in-

nicosia  

 

 

 

 

 

http://www.protomedea.eu/en/stakeholders/stakeholder-events/item/63-stakeholder-workshop-in-nicosia
http://www.protomedea.eu/en/stakeholders/stakeholder-events/item/63-stakeholder-workshop-in-nicosia
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Table 1. Stakeholders Invitees – Stakeholder Meeting, Nicosia, Cyprus 

 Category Name Institution 

1 

National Authority 

Ministry 

Nikolas Michailidis  Department of Fisheries and Marine Research, 

Ministry of Agriculture, Rural Development and 

Environment  

2 Charalabos Chatzipakos Department of Environment, Ministry of 

Agriculture, Rural Development and 

Environment  

3 

Fisheries 

Christodoulos Charalambous  President, Fishermen Association of Cyprus  

4 Alekos Christodoulou  President, Fishermen Association of Latoi-Pomos  

5 Eythimios Eythimiou  Fisherman from Pafos 

6 Panikos Peratikos  Fisherman from Xylofagou 

7 Leonidas Leonidou  President, Fishermen Association of Pafos  

8 Stylianos Christakis Fisheries Association of Pyrgos 

9 Pavlos Kremmastos Fisheries Association of Aghia Napa 

10 Kyriakos Pantelis Fisheries Association of Xylotibos 

11 Theodoulos Theodoulou Fisheries Association of Lemesos 

12 Stella Stylianou Professional Fishermen Association of Zygi  

13 

University 

Stalo Leontiou  Open University of Cyprus 

14 Giannis Vogiatzakis  Open University of Cyprus 

15 Marios Papageorgiou  Plymouth University 

16 

NGO 

Mariella Papanicolaou  AKTI Project and Research Centre 

17 Michalis Ieridis NGO CYMEPA 

18 
Consultant 

Xenia Louizidou  ISOTECH Ltd, Environmental Research and 

Consultancy 

 

b) Athens, Greece, November 2 2017 

Twenty eight (28) stakeholders were invited in the Athens event (Table 2):   

• 8 representatives from 6 Ministries   

• 1 Representative from 1 Regional Authority,  

• 6 Fisheries representatives from 5 Associations 
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• 2 Representatives from 2 associations of ichthyologists 

• 7 representatives from 7 NGOs  

• 1 Representative from the port authority 

• 3 Representatives of the Management Bodies of 3 Protected Areas      

   

For more information there is a dedicated section at the website: 

http://www.protomedea.eu/en/events/past-events/item/66-stakeholder-workshop-in-athens-greece  

President of Medium Scale Fisheries Association 

 

Table 2. Stakeholders Invitees – Stakeholder Meeting, Athens, Greece 

 Category Name Institution 

1 

Ministry 

Stella Anastopoulou  Ministry of Rural Development and Food, 

Department of Fisheries 

2 Katerina Kanellopoulou  Ministry of Environment, MSP 

3 Charalabos Ververis  Ministry of Environment, MPAs  

4 Giorgos Melekis Ministry of Environment, Special Secretariat for 

Waters 

5 Anastasia Mitsopoulou  Ministry of Culture, UCH 

6 Vassilis Tselios  Ministry of Foreign Affairs 

7 Margarita Kokkoni Ministry of Tourism 

8 Dimitris Panagopoulos Ministry of Maritime Transport 

9 
Regional Authority 

Dimitris Tsianis  Fisheries Department, Regional Authority of 

Xanthi 

10 

Fisheries 

Ioannis Bountoukos  President of Panhellenic Union Middle Range 

Fisheries Shipowners 

11 Kleio Psarrou  Panhellenic Union Middle Range Fisheries 

Shipowners 

12 Trifonas Sobolos  Small Scale fisheries Representative – Alimos, 

Attiki 

13 Dimitris Zannes  Small Scale fisheries representative- Andros 

Island 

14 Christos Kochliotis President of Pure seiners Association, Salamina 

15 Vagelis Arapakis Medium Scale Fisheries Association, Athens 

http://www.protomedea.eu/en/events/past-events/item/66-stakeholder-workshop-in-athens-greece
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16 

Ichthyologists 

Michalis Chatziefstathiou  Pan-Hellenic Society of Technologists 

Ichthyologists 

17 Maria Tsouvala  Panhellenic Association of Public Servants 

Ichthyologists 

18 

NGOs 

Panos Dendrinos  NGO MOM 

19 Spiros Kotomatas  WWF Hellas 

20 Alexandros Fratzis  NGO Pelagos 

21 Danai Partolou  NGO Ornithologists Association 

22 Forini Vrettou  NGO Medasset 

23 Ioannis Pesmatzoglou NGO Helmepa 

24 Lazou Antzela  NGO Greenpece 

25 Port Authority Konstantinos Katsigiannis  Port authority of Leros 

26 

Management Body of 

PA 

Maria Trivourea  Management Body of Protected Area of  

Schinias – Marathonas 

27 Themistoklis Kouimtzis  Management Body of Protected Area Axios-

Loudias-Aliakmonas 

28 Vagelis Paravas  Authority “Marine Protected Area of Santorini 

Island – Thiraiki Thalassa” 

 

3. Participation / Event organization 

a) Nicosia, Cyprus, 8 September 2017 

Out of the eighteen (18) stakeholders invited in the Nicosia meeting, twelve (12) responded from different 

actions arenas to attend the stakeholder event (Table 3):  

 1 Representative from the Ministry of Agriculture, Rural Development and Environment,  

 6 Fisheries representatives from 5 associations ,  

 3 Representatives from 2 Universities,  

 1 Representative from 1 NGO and  

 1 Representative from an Environmental Research Consultancy company  
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Table 3. Stakeholders Attendees– Stakeholder Meeting, Nicosia, Cyprus 

 Category Name Institution 

1 National Authority 

Ministry 

Nikolas Michailidis  Department of Fisheries and Marine Research, Ministry 

of Agriculture, Rural Development and Environment  

2 

Fisheries 

Christodoulos Charalambous  President, Fishermen Association of Cyprus  

3 Alekos Christodoulou  President, Fishermen Association of Latoi-Pomos  

4 Eythimios Eythimiou  Fisherman from Pafos 

5 Panikos Peratikos  Fisherman from Xylofagou 

6 Leonidas Leonidou  President, Fishermen Association of Pafos  

7 Stella Stylianou Professional Fishermen Association of Zygi  

8 

University 

Stalo Leontiou  Open University of Cyprus 

9 Giannis Vogiatzakis  Open University of Cyprus 

10 Marios Papageorgiou  Plymouth University 

11 NGO Mariella Papanicolaou  AKTI Project and Research Centre 

12 Consultant Xenia Louizidou  ISOTECH Ltd, Environmental Research and Consultancy  

 

Some photos from the event are provided below while more photos of the event are available at the 

website of the project http://www.protomedea.eu/en/stakeholders/stakeholder-events In the Annex of 

the report the invitation, agenda, and attendance list of the Nicosia meeting are included. 
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b) Athens, Greece, November 2 2017 

Out of the twenty eight (28) invited in the Athens meeting, twenty two (22) responded from different 

actions arenas to attend the stakeholder event (Table 4).  :  

 4 Representatives from 4 Ministries 

 1 Representative from 1 Regional Authority 

 4 Fisheries Representatives from 3 Associations 

 2 Representatives from 2 Ichthyologists Associations 

 7 Representatives from 5 NGOs 

 3 Representatives from  Management Bodies of  3 Protected Areas  

 1 Representative from 1 Port authority  

 

Table 4. Stakeholders Attendees– Stakeholder Meeting, Athens, Greece 

 Category Name Institution 

1 

National Authority 

Ministries 

Stella Anastopoulou 
Ministry of Rural Development and Food, Department of 

Fisheries 

2 Katerina Kanellopoulou  Ministry of Environment, MSP 

3 Anastasia Mitsopoulou  Ministry of Culture, UCH 

4 Vassilis Tselios  Ministry of Foreign Affairs 

5 Regional Authority Dimitris Tsianis  Fisheries Department, Regional Authority of Xanthi 

6 

Fisheries 

Ioannis Bountoukos  President of Panhellenic Union Middle Range Fisheries 

Shipowners 

7 Kleio Psarrou  Panhellenic Union Middle Range Fisheries Shipowners 

8 Trifonas Sobolos  Small Scale fisheries Representative – Alimos, Attiki 
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9 Dimitris Zannes  Small Scale fisheries representative- Andros Island 

10 

Ichthyologists 

Michalis 

Chatziefstathiou  

Pan-Hellenic Society of Technologists Ichthyologists 

11 Maria Tsouvala  Panhellenic Association of Public Servants Ichthyologists 

12 

NGOs 

Panos Dendrinos  NGO MOM 

13 Spiros Kotomatas  WWF Hellas 

14 Antigoni Foutsi  WWF Hellas 

15 Panagiota Maragou  WWF Hellas 

16 Alexandros Fratzis  NGO Pelagos 

17 Danai Partolou  NGO Ornithologists Association 

18 Forini Vrettou  NGO Medasset 

19 
Port Authority 

Konstantinos 

Katsigiannis  

Port authority of Leros 

20 

Management Body 

Maria Trivourea  Management Body of Protected Area of  Schinias – 

Marathonas 

21 Themistoklis Kouimtzis  Management Body of Protected Area Axios-Loudias-

Aliakmonas 

22 Vagelis Paravas  “Marine Protected Area of Santorini Island – Thiraiki 

Thalassa”  

 

The HCMR has covered the traveling and accommodation expenses of the stakeholders who had to 

commute from areas away from Athens.  

Some photos from the event are provided below while more photos of the event are available at the 

website of the project http://www.protomedea.eu/en/stakeholders/stakeholder-events In the Annex of 

the report the invitation, agenda, and attendance list of the Athens meeting are included. 
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4. Press release/ Communication of the event 

A press release was created, after the completion of both meetings, and was sent to the Greek and Cypriot 

newspapers in order to disseminate the meetings and their scope to the wider public/.   

The presentations from both meetings were uploaded on the PROTOMEDEA website and the event was 

also communicated to the social media (https://www.facebook.com/protomedea.eu). 

 

5. Annexes 

1. Invitation for the Stakeholder Meeting in Nicosia, Cyprus 

2. Invitation for the Stakeholder Meeting in Athens, Greece 

3. Agenda for the Stakeholder Meeting in Nicosia, Cyprus 

4. Agenda for the Stakeholder Meeting in Athens, Greece 

5. Attendance list for the Stakeholder Meeting in Nicosia, Cyprus 

6. Attendance list for the Stakeholder Meeting in Athens, Greece 

7. Press release for both events 



 

PROTOMEDEA-	Stakeholder	Workshop	in	Nicosia,	Cyprus	(08/09/2017)																												

 
 

Θέμα: Πρόσκληση σε Συνάντηση Εργασίας Εμπλεκόμενων Φορέων 
 

Αγαπητοί, 

Στο πλαίσιο του ερευνητικού προγράμματος PROTOMEDEA (Εγκαθίδρυση Δικτύων 
Θαλάσσιων Προστατευόμενων Περιοχών στην Ανατολική Μεσόγειο), το οποίο 
χρηματοδοτείται από την DG MARE-EU διοργανώνεται συνάντηση η οποία θα 
πραγματοποιηθεί στη Λευκωσία στις 8 Σεπτεμβρίου στο Πανεπιστήμιο Κύπρου, Σχολή 
Οικονομικών Επιστημών και Διοίκησης  Κτίριο 01 – Επίπεδο 02, Αμφιθέατρο B224. 

Στόχος της συνάντησης είναι η ενημέρωση όλων των φορέων που ασχολούνται με τη 
θάλασσα για το ερευνητικό πρόγραμμα PROTOMEDEA (στόχοι και πρώτα αποτελέσματα) 
και για το ερωτηματολόγιο του προγράμματος (περισσότερες λεπτομέρειες στο 
http://www.protomedea.eu/index.php/en/stakeholders/questionnaires). 

Παρακαλώ όπως βρείτε συνημμένο το πρόγραμμα της συνάντησης. Η συμμετοχή σας στην 
παρούσα φάση είναι πολυ σημαντική και θα ήταν τιμή μας αν θα μπορούσατε να 
παρευρεθείτε. 

Παρακαλώ όπως επιβεβαιώσετε τη συμμετοχή σας μέχρι την ερχόμενη Παρασκευή, 1η 
Σεπτεμβρίου 2017 είτε απαντώντας σε αυτό το μήνυμα είτε στη διεύθυνση 
http://protomedea.eu/index.php/el/events/upcoming-events/item/64-stakeholder-workshop-in-
nicosia-ue. Η συνάντηση δεν έχει κόστος εγγραφής 

 

Για περισσότερες πληροφορίες μπορείτε να απευθυνθείτε στους: 

• Αντώνης Πέτρου, ΕΝΑΛΙΑ Φύσις, e-mail: a.petrou@enaliaphysis.org.cy 

• Νάντια Παπαδοπούλου, ΕΛΚΕΘΕ, e-mail: nadiapap@hcmr.gr 

• Μαρία Πανταζή, ΕΛΚΕΘΕ, e-mail: mpantazi@hcmr.gr 

Ευχαριστούμε πολύ εκ των προτέρων για τη συμμετοχή σας. 

Εκ μέρους των συνεργατών 

και της συντονίστριας Δρ Π. Καραχλέ, 

με εκτίμηση, 

Αντώνης Πέτρου 



 
 

Θέμα:  Πρόσκληση σε συνάντηση εργασίας εμπλεκομένων φορέων του ερευνητικού προγράμματος 

PROTOMEDEA (Εγκαθίδρυση Δικτύων Θαλάσσιων Προστατευόμενων Περιοχών στην Ανατολική 

Μεσόγειο) 

 

Σας προσκαλούμε, την Πέμπτη 2 Νοεμβρίου 2017, στο ξενοδοχείο Φίλιππος, Μητσαίων 3, 
Ακρόπολη, Αθήνα, στις 11.00 πμ, σε συνάντηση εργασίας εμπλεκομένων φορέων του ερευνητικού 
προγράμματος PROTOMEDEA (Εγκαθίδρυση Δικτύων Θαλάσσιων Προστατευόμενων Περιοχών 
στην Ανατολική Μεσόγειο) το οποίο χρηματοδοτείται από την DG MARE-EU. 

Στόχος της συνάντησης είναι η ενημέρωση όλων των εμπλεκομένων φορέων  για  τους στόχους και 

πρώτα αποτελέσματα του ερευνητικού προγράμματος PROTOMEDEA  καθώς και η συμμετοχή τους  

στη διεξαγωγή της έρευνας μέσω της συμπλήρωσης σχετικού ερωτηματολογίου 

(http://www.protomedea.eu/index.php/en/stakeholders/questionnaires).   

Η συμμετοχή σας  είναι πολύ σημαντική για την έρευνά μας και η παρουσία σας θα μας τιμούσε. 

Παρακαλώ όπως επιβεβαιώστε τη συμμετοχή σας μέχρι την Πέμπτη 26 Οκτωβρίου 2017, είτε 
απαντώντας ηλεκτρονικά σε αυτό το μήνυμα, είτε δηλώνοντας τη συμμετοχή σας συμπληρώνοντας 
τη σχετική φόρμα στην ηλεκτρονική διεύθυνση, 
(http://www.protomedea.eu/el/stakeholders/stakeholder-events/item/66-stakeholder workshop-in-
athens-greece).  

Η συνάντηση δεν έχει κόστος εγγραφής.   

Λεπτομέρειες σχετικά με   το πρόγραμμα της συνάντησης εργασίας θα σας αποσταλούν σύντομα. Για 

περισσότερες σχετικές πληροφορίες μπορείτε να επισκεφτείτε την ιστοσελίδα του προγράμματος, στο 

διαδικτυακό τόπο www.protomedea.eu. 

Για περισσότερες πληροφορίες μπορείτε να απευθυνθείτε στους: Νάντια Παπαδοπούλου, ΕΛΚΕΘΕ, 

e-mail: nadiapap@hcmr.gr, Μαρία Mανιοπούλου, ΕΛΚΕΘΕ, e-mail: maniopoulou@hcmr.gr 

Ευχαριστούμε πολύ εκ των προτέρων για τη συμμετοχή σας. 

Η συντονίστρια του Έργου    

 

Δρ Παρασκευή  Καραχλέ, 

  



	

PROTOMEDEA-	Stakeholder	Workshop	in	Nicosia,	Cyprus	(08/09/2017)	

PROTecting	MEDiterranean	EAst	

"Towards	the	establishment	of	Marine	Protected	Area	Networks	in	the	Eastern	
Mediterranean"		

Ημερήσια	διάταξη	της	Συνάντησης	Εργασίας	των	Εμπλεκόμενων	Φορέων	

8	Σεπτεμβρίου	2017,	Λευκωσία	-	Κύπρος	

Πανεπιστήμιο	Κύπρου	
Σχολή	Οικονομικών	Επιστημών	και	Διοίκησης		Κτίριο	01	–	Επίπεδο	02		

Αμφιθέατρο	B224	
13:00	-	13:30	 Εγγραφή	

Έναρξη	Εργασιών	

Προεδρείο:	Αντώνης	Πέτρου	(ΕΝΑΛΙΑ	Φύσις),	Chris	Smith	(ΕΛΚΕΘΕ)	

13:30	-	13:40	 Καλωσόρισμα-Έγκριση	της	Ημερήσιας	Διάταξης	–	Αντώνης	Πέτρου	(ΕΝΑΛΙΑ	Φύσις)	

13:40	-	13:50	 Σύντομη	παρουσίαση	των	Συμμετεχόντων		

14:00	-	14:15	 Παρουσίαση	του	προγράμματος	PROTOMEDEA	–	Παρασκευή	Καραχλέ	(ΕΛΚΕΘΕ)	

14:15	-	14:30	 Στόχος	της	Συνάντησης	Εργασίας	Εμπλεκόμενων	Φορέων	–	Νάντια	Παπαδοπούλου	
(ΕΛΚΕΘΕ)	

PROTOMEDEA	κύρια	αποτελέσματα	/	εργαλεία	&	μελλοντικός	σχεδιασμός	

Προεδρείο:	Νίκη	Χαρτόσια	&	Νικόλας	Μιχαηλίδης	(Πανεπιστήμιο	Κύπρου)		
	

14:30	–	14:40	
Κύρια	αποτελέσματα	του	PROTOMEDEA	Υφιστάμενη	κατάσταση	των	Θαλάσσιων	
Προστατευόμενων	Περιοχών	στην	Ανατολική	Μεσόγειο	&	Έρευνες	αποτελεσματικότητας	
των	Προστατευόμενων	Περιοχών		–	Στέλιος	Κατσανεβάκης	(Παν.	Αιγαίου)	

14:40	-	15:10	 Διάλειμμα	

15:10	-	15:30	 Στόχοι	και	κύρια	αποτελέσματα	του	PROTOMEDEA	σχετικά	με	το		Σχεδιασμό	δικτύου	
Θαλάσσιων	Προστατευόμενων	Περιοχών	–	Βασιλική	Μαρκαντωνάτου	(Παν.	Αιγαίου)	

15:30	-	15:45	 Μελλοντικές	δράσεις	PROTOMEDEA:	Επιπτώσεις	των	Θαλάσσιων	Προστατευόμενων	
Περιοχών	στη	Βέγιστη	Βιώσιμη	Απόδοση	–	Giuseppe	Scarcella	(CNR)	

Αντιλήψεις	των	Εμπλεκόμενων	Φορέων	

Προεδρείο:	Νάντια	Παπαδοπούλου	(ΕΛΚΕΘΕ),	Σπύρος	Ιωσηφίδης	(Φορέας	Διαχείρισης	Θαλάσσιου	
Πάρκου	Αλονήσσου-Β.	Σποράδων)	

15:45	–	16:15	 Ερωτηματολόγιο	–	Νάντια	Παπαδοπούλου,	Chris	Smith	(ΕΛΚΕΘΕ)	
Συζήτηση	

Προεδρείο:	Παρασκευή	Καραχλέ	(ΕΛΚΕΘΕ),		Στέλιος	Κατσανεβάκης	(Παν.	Αιγαίου)	
	
16:15	–	17:15	 Συζήτηση,	κύρια	σημεία/αποτελέσματα,	μελλοντικές	δράσεις	

17:30	 Λήξη	των	Εργασιών	
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ΔΕΛΤΙΟ ΤΥΠΟΥ 

Συναντήσεις εργασίας εμπλεκόμενων φορέων του ερευνητικού προγράμματος 

«Εγκαθίδρυση Δικτύων Θαλάσσιων Προστατευόμενων Περιοχών στην Ανατολική Μεσόγειο» 

(PROTOMEDEA), στη Λευκωσία (Κύπρος) και στην Αθήνα (Ελλάδα), Σεπτέμβριος – Νοέμβριος 

2017. 

 

Την Παρασκευή 8 Σεπτεμβρίου 2017, στο Πανεπιστήμιο της Κύπρου 

στη Λευκωσία και την Πέμπτη 2 Νοεμβρίου 2017, στο ξενοδοχείο 

Φίλιππος στην Αθήνα, πραγματοποιήθηκαν συναντήσεις 

εμπλεκόμενων φορέων του ερευνητικού προγράμματος 

«Εγκαθίδρυση Δικτύων Θαλάσσιων Προστατευόμενων Περιοχών 

στην Ανατολική Μεσόγειο» (PROTOMEDEA), (www.protomedea.eu), 

που υλοποιείται με τη χρηματοδότηση της Ευρωπαϊκής ‘Ενωσης -   

Γενική Διεύθυνση Θαλάσσιων Υποθέσεων και Αλιείας (DG MARE). 

Στόχος των συναντήσεων ήταν η ενημέρωση όλων των εμπλεκομένων φορέων  για  τους 

στόχους και τα πρώτα αποτελέσματα του ερευνητικού προγράμματος PROTOMEDEA 

προκειμένου να συγκεντρωθούν σχόλια/απόψεις στο πλαίσιο μιας διαφανούς και ουσιαστικής 

συμμετοχικής διαδικασίας .   

Αντικείμενο του PROTOMEDEA είναι ο σχεδιασμός ενός δικτύου ΘΠΠ στο Αιγαίο Πέλαγος και 
ενός ακόμη στην Κύπρο, που θα στοχεύουν στην προστασία των οικολογικών στοιχείων 
προτεραιότητας των περιοχών αυτών με έμφαση στα βασικά ιχθυο-ενδιαιτημάτα, 
λαμβάνοντας ταυτόχρονα υπόψη τις κύριες αλιευτικές περιοχές, αλλά και τις άλλες ανθρώπινες 
δραστηριότητες, και επομένως τις κοινωνικο-οικονομικές επιπτώσεις από την επιβολή τυχόν 
περιορισμών. Στο πλαίσιο αυτό προβλέπεται συμμετοχική διαδικασία με τους 
ενδιαφερόμενους φορείς (stakeholders), προκειμένου να υλοποιηθεί το βέλτιστο διαχειριστικό 

σενάριο. 
 
Προς αυτήν την κατεύθυνση έχουν χαρτογραφηθεί οι υφιστάμενες ΘΠΠ με τα βασικά ιχθυο-

ενδιαιτήματα τους, αναπτύσσονται οικολογικά/οικοσυστημικά μοντέλα σε επιλεγμένες ΘΠΠ 
χρησιμοποιώντας ήδη υπάρχοντα αλλά και νέα δεδομένα, και εν προκειμένω εξετάζονται 
σενάρια επιπτώσεων ώστε να ετοιμαστούν κατάλληλα συστήματα διαχείρισης που θα 
εστιάζουν στην επίτευξη των στόχων της Μέγιστης Αειφορικής Απόδοσης (ΜΑΑ) και της Κοινής 

Αλιευτικής Πολιτικής (ΚΑλΠ) σε συνδυασμό με την εφαρμογή των προβλεπόμενων από την 
οδηγία για ένα πλαίσιο Θαλάσσιου Χωροταξικού Σχεδιασμού (ΘΧΣ). 
 

Οι περιοχές μελέτης του προγράμματος αφορούν στην Ανατολική Μεσόγειο και συγκεκριμένα 
περιλαμβάνουν τα χωρικά ύδατα της Ελλάδας στο Αιγαίο Πέλαγος και τα αντίστοιχα χωρικά 
ύδατα της Κύπρου.  

 
Ο χρονικός του ορίζοντας είναι 36 μήνες από το Δεκέμβριο του 2015 έως και το Νοέμβριο του 

2018, ενώ το ύψος της χρηματοδότησης ανέρχεται σε 600.000 ευρώ. 
 

www.protomedea.eu 
     Project co financed     

by the European Union (DG MARE) 



Στο έργο συμμετέχουν 7 επιστημονικοί εταίροι (ΕΛΚΕΘΕ, Πανεπιστήμιο Αιγαίου, ΑΠΘ, ΕΘΠΑΒΣ, 
CNR, Enalia, Πανεπιστήμιο Κύπρου), από 3 χώρες (Ελλάδα, Κύπρος και Ιταλία). Συντονιστής του 
έργου είναι το Ελληνικό Κέντρο Θαλασσίων Ερευνών (ΕΛΚΕΘΕ), με έδρα την Αθήνα, και 
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Introduction

Historically, overfishing has substantially reduced 
fish biomass and caused significant ecological changes 
in the global ocean (Jackson et al., 2001; Pauly & Zel-
ler, 2016). In recent years, increasing efforts to restore 
marine ecosystems and rebuild fisheries have succeeded 
in improving the state of fisheries resources in some re-

gions (Worm et al., 2009). However, the situation in the 
Mediterranean Sea has worsened as exploitation rate is 
increasing steadily (Colloca et al., 2013), fishing gear se-
lectivity has not achieved the expected results and seems 
inadequate (Vasilakopoulos et al., 2014), and stocks are in 
decline (Cardinale & Osio, 2013; Tsikliras et al., 2015). 

Spatio-temporal restrictions of fishing activities and 
technical measures are the main tools used in the Medi-
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Abstract

An up-to-date systematic review and unofficial codification of the national fisheries legislation was conducted, along with 
an up-to-date systematic review of environmental, archaeological and maritime legislation, about spatio-temporal restrictions of 
fishing activities, by all fishing gears, in the Aegean Sea. Spatio-temporal restrictions established by the European Union and the 
General Fisheries Commission for the Mediterranean were also reviewed. A database was built, including detailed information on 
the identified Fisheries Restricted Areas (FRAs). All FRAs were mapped, as polygons in Geographic Information System shapefiles. 
The national fisheries, environmental, archaeological and maritime legal framework comprises 32, 2, 37 and 43 legal acts respec-
tively; EU and GFCM legislation consists of one Regulation and one Recommendation, respectively. A total of 521 FRAs were 
identified in the study area, out of which 511 are national (254 established by fisheries, 21 by environmental, 85 by archaeological 
and 151 by maritime legislation), 6 are EU and 4 are international FRAs. 85.2% are located in the Aegean Sea and 14.8% in Crete. 
Towed or mobile gears are restricted in 88.5% of the FRAs, while static gears are restricted in only 10.2% of the FRAs. Fish stocks 
and Posidonia oceanica beds protection are the most common reasons for regulating fishing activities (25.3% and 25.0% respec-
tively). Most of the FRAs (85.4%) impose permanent closures. National fisheries, environmental, archaeological, maritime, EU and 
international FRAs cover 25.8%, 1.0%, 1.1%, 0.4%, 13.5% and 22.6% of the study area, respectively. This study provides valuable 
information for Maritime Spatial Planning in the Aegean Sea.

Keywords: FRA mapping, fisheries legislation, environmental legislation, archaeological legislation, maritime legislation, fisheries 
management, maritime spatial planning.

Research Article

Abbreviations

EU, European Union; FRA, Fisheries Restricted Area; euFRA, FRA established by the EU; intFRA, FRA established by inter-
national fisheries organizations; nFRA, national FRA; naFRA, nFRA established by legislation for the protection of underwater ar-
chaeological heritage (hereafter: archaeological legislation); neFRA, nFRA established by environmental legislation; nfFRA, nFRA 
established by fisheries legislation in territorial waters; nifFRA, nFRA established by fisheries legislation in international waters; 
nmFRA, nFRA established by maritime legislation; GFCM, General Fisheries Commission for the Mediterranean; GG, Government 
Gazette; GGI, Government Gazette Issue; GIS, Geographic Information System; GSA, Geographical Sub-Areas (in the GFCM con-
text); JMD, Joint Ministerial Decision; MD, Ministerial Decision; PD, Presidential Decree; RD, Royal Decree; RFMO, Regional 
Fisheries Management Organization.
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terranean Sea for the management of fish stocks (Colloca 
et al., 2013). Yet, the multitude of legislative instruments 
with diverse objectives often complicates management, 
surveillance, and the assessment of the efficiency of spa-
tial restrictions (Cacaud, 2005; Damalas et al., 2015). In 
many Mediterranean countries, a thorough compilation 
and mapping of all spatial restrictions pertaining to fish-
ing is lacking and, thus, their extent and large-scale ef-
ficiency remains unknown. 

At national level, Greek legislation on spatio-tempo-
ral restrictions of fishing activities is remarkably complex 
and characterized by extensive multi-regulation (Kapan-
tagakis, 2007). A large number of Fisheries Restricted Ar-
eas1 (FRAs) have been established mainly under the fish-
eries legal framework, but also the provisions of archae-
ological and maritime legislation. Therefore, the identi-
fication and mapping of national FRAs is an extremely 
demanding procedure. The lack of official codification2 of 
national legislation by the competent authorities renders 
the procedures even more complicated. On the contrary, 
few spatio-temporal restrictions of fishing activities are 
issued at European and international level with respect to 
Greek territorial waters and the legal framework is well-
defined. Thus, the identification and mapping procedure is 
far less demanding.

Argyrakopoulos (2006) has published a useful guide-
book/tool for fisheries sector stakeholders, i.e. profession-
al and recreational fishers, port authorities and administra-
tion officers etc., which includes a thorough compilation 
of national fisheries and underwater archaeological legis-
lation. Unofficial codification of legal acts concerning all 
issues of fishing activities (i.e. not only spatio-temporal 
restrictions), has been carried out, based on a historical re-
view of each legal act and the amendments that have been 
implemented over the years. This guidebook also includes 
descriptive maps (as images) of most of the fisheries and 
archaeological FRAs established at the time. 

In the context of the IMAS-Fish project 2003-2006 
(Kavadas et al., 2013), a Greek national and EU fisheries 
legislation archive was built within the multidisciplinary 
database management system that was developed, con-
taining fragmentary information and GIS maps for spe-
cific regulations, decisions, directives or decrees. How-
ever, due to restricted access for authorized users, it is not 
publically accessible. 

An attempt to review, identify and map existing FRAs 
in the Mediterranean was made within the framework of 
the MEDISEH project (Giannoulaki et al., 2013). The 

1 A Fisheries Restricted Area is a geographically-defined area, 
in which all or certain fishing activities are temporally or 
permanently banned or restricted, in order to improve the 
exploitation and conservation of harvested living aquatic 
resources or the protection of marine ecosystems (GFCM 
e-Glossary, 2016).

2 Codification is the process of officially bringing together a 
legislative act and all its amendments in a single new act (EC 
Legal Service, 2016).

review of existing information was based on reports, 
grey literature and maps, with or without georeferenced 
information. Some of the major difficulties encountered 
by MEDISEH concerning the identification and mapping 
of FRAs, included the problematic definition of locations, 
gears and some regionally adopted measures, mainly due 
to the fact that many national measures are described in 
laws without accompanying maps, or proper geographi-
cal or geospatial information. Thus, in the FRAs database 
created within the framework of the aforementioned pro-
ject, although almost all FRA entries included some form 
of spatial information, there were some cases where map-
ping was not possible. According to the MEDISEH ex-
perts’ team, after completion of the project, a large num-
ber of fisheries measures were still largely unrecorded, 
and it was proposed that it would be worthwhile for the 
FRAs database to be updated and enriched in the future 
(Papadopoulou et al., 2013). Furthermore, many new 
FRAs have been established after 2013, mainly for the 
protection of Posidonia oceanica meadows.

Although many attempts have been made to compile, 
review and map legislation concerning spatio-temporal 
restrictions in the Aegean Sea, only patchy and difficult to 
combine information has been produced so far. Hence, the 
“where not to fish?” issue remains unclear and underlines 
the need for an integrated approach to obtain a complete 
spatio-temporal restrictions database that is suitable for 
analyses and mapping.

In the context of the current study, an up-to-date sys-
tematic review and unofficial codification of national 
fisheries legislation, along with an up-to-date systematic 
review of environmental, archaeological and maritime 
legislation, on all spatio-temporal restrictions of fishing 
activities concerning all types of fishing gears, was per-
formed from scratch for the Aegean Sea. In addition, the 
FRAs established by the European Union and internation-
al fisheries organizations were identified. A database was 
built, with detailed information for each FRA. Finally, all 
FRAs were mapped, as polygons in Geographic Informa-
tion System (GIS) shapefiles and were incorporated in the 
database. The process was supported by the Greek Com-
petent Authorities for Fisheries Policy and Control, i.e. 
the Directorate General for Sustainable Fisheries, Minis-
try of Rural Development and Food and the Directorate 
for Fisheries Control of the Hellenic Coast Guard, Min-
istry of Shipping and Island Policy, in order to achieve 
common acceptance of the current study’s outcomes.

The overall goal of this study was to identify and map 
the current distribution of spatio-temporal restrictions on 
fishing activities in the Aegean Sea, and to provide scien-
tific documentation for fisheries policy research, decision 
making, as well as monitoring, control and enforcement. In 
addition, the national fisheries legal framework concerning 
these restrictions is critically examined, and its weaknesses 
are identified and discussed. The information will help fish-
eries managers in the area to reconsider the establishment of 
spatio-temporal restrictions on fishing activities, in line with 
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the provisions of the Common Fisheries Policy and the EU 
framework for Maritime Spatial Planning.

Materials and Methods

Study area

The study area consists of the General Fisheries Com-
mission for the Mediterranean (GFCM) Geographic Sub-
Areas (GSAs) “22-Aegean Sea” and “23-Crete”, partly 
modified, to adapt to the needs of this study. In particu-
lar, the study area is defined as followed: the western and 
northern borders coincide with the coastline of Greece, 
the eastern border coincides with the marine border be-
tween Greece and Turkey, the southern border coincides 
with the simplified, smoothed 2,000 m bathymetric con-
tour line, while in the south-eastern region, a small part 
(2,336 km2) of GSA “24-North Levantine” is joined to the 
study area, in order to include Kastellorizo Island.  Here-
after, reference to GSA22 and GSA23 shall refer to the 
relevant modified GFCM GSAs, as described above. Both 
Greek territorial and international waters are included in 
the study area. 

Review of Legislation and Identification of FRAs

To delineate the national FRAs (nFRAs) established 
by fisheries legislation in the study area, a systematic re-
view of the national fisheries legal framework, concern-
ing spatio-temporal restrictions of fishing activities in ter-
ritorial (nfFRAs) and international waters (nifFRAs), was 
performed. All legislative acts, i.e. Royal Decrees (RD), 
Presidential Decrees (PD), Ministerial Decisions (MD) 
and Joint Ministerial Decisions (JMD), for the establish-
ment of spatio-temporal restrictions in the study area were 
retrieved through the official website of the Greek Na-
tional Printing Office (National Printing Office, 2016) and 
arranged in chronological order. 

Due to the fact that the national fisheries legislation 
in force concerning spatio-temporal restrictions of fishing 
activities dates back to the 1940s, and that since then many 
legal acts have been corrected, amended or repealed, it 
was decided that the national fisheries legislation should 
be unofficially codified, in order to identify the provisions 
that are currently in force. Thus, unofficial codification 
was performed for all legislative acts concerning the es-
tablishment of nfFRAs.

For the identification of the FRAs established by na-
tional environmental legislation (neFRAs), i.e. the FRAs es-
tablished within Marine Protected Areas (MPAs), informa-
tion was retrieved from the List of Nationally Designated 
MPAs of Greece, provided by the Ministry of Environment 
and Energy (Protected Areas of Greece, 2016).  The legal 
acts concerning the protection and management of these 
MPAs were retrieved from the National Printing Office, in 
order to compile detailed information on the neFRAs.  

The necessary data for the review and identification 
of the FRAs established by national legislation relating 

to archaeology (naFRAs) was retrieved from the Standing 
List of Designated Archaeological Sites and Monuments 
of Greece, provided by the Directorate of Monument Ar-
chives of the Hellenic Ministry of Culture and Sports. As 
stated by the Directorate of Monument Archives (Listed 
Monuments, 2016), the list is informative and only the 
texts of the legislative acts, as published in the Govern-
ment Gazette (GG) have legal force. Hence, in all cases 
where a naFRA was identified in the List, the relevant GG 
was retrieved from the National Printing Office, in order 
to cross-check the information provided by the list.   

For the nFRAs established by maritime legislation 
(nmFRAs), the list provided by the Directorate for Fisher-
ies Control of the Hellenic Coast Guard concerning the 
restriction of fishing activities in ports, beaches, under-
water cable/pipe areas, effluent sites, navigation chan-
nels, military areas and other sites, was used (DFC-HCG, 
2016). Cross-checks with the relevant legal acts (i.e. MDs 
concerning General and Specific Port Regulations) as 
published in the GG, were also performed in the cases of 
nmFRA identifications. 

National environmental, archaeological and maritime 
legal acts were not unofficially codified. The procedure 
to determine the provisions in force has already been fol-
lowed by the competent authorities and thus only these 
provisions are included in the above mentioned lists.

The FRAs established by the European Union (eu-
FRAs) were identified by reviewing EU fisheries legisla-
tion. The official website of European Union Law was ac-
cessed (EUR-Lex, 2016) in order to retrieve the relevant 
legal acts. Identification of the FRAs established by inter-
national fisheries organizations (intFRAs) and specifical-
ly by the Regional Fisheries Management Organization 
(RFMO) General Fisheries Commission for the Mediter-
ranean (GFCM), was based on the information provided 
by the Compendium of Decisions of the GFCM (GFCM 
Decision Compendium, 2016). 

It was decided that each spatio-temporal restrictions 
on certain fishing gears constitutes a unique FRA. An 
FRA code was attributed to each FRA. In cases where 
spatio-temporal restrictions for different types of fishing 
gear apply to a given area, an FRA with a distinct code 
was considered for each gear. A database of all FRAs was 
then built in Excel, containing detailed information for 
each FRA, organized in separate fields (Table S1). 

The FRAs identified in the study area were classified 
according to (i) FRA type, i.e. nfFRA, nifFRA, neFRA, na-
FRA, nmFRA, euFRA, intFRA; (ii) marine area, accord-
ing to the National Statistical Service of Greece (NSSG), 
i.e. 7-Gulf of Lakonia, 8- Gulf of Argolida and Saron-
ikos Gulf, 10- Gulf of South and North Evia - Gulf of 
Lamia, 11- Pagassitikos Gulf, 12- Eastern coasts of Evia 
and Sporades Islands, 13- Thermaikos Gulf and Gulf of 
Chalkidiki, 14- Strimonikos, Kavala, Thassos, Thracian 
Sea, 15- Islands of Lesvos, Chios, Samos and Ikaria, 16- 
Dodekanissos, 17- Kyklades and 18-Kriti (Fig. S1); (iii) 
geographic region,  according to the official European 
Commission nomenclature of terrestrial units (NUTS) for 
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Statistics3, i.e. EL30 Attica, EL64 Central Greece, EL52 
Central Macedonia, EL5 Eastern Macedonia & Thrace, 
EL41 North Aegean, EL65 Peloponnese, EL42 South 
Aegean, EL61 Thessaly and EL43 Crete (Fig. S1); (iv) 
GFCM geographic sub-region, i.e. Aegean Sea-GSA 22 
and Crete-GSA 23; (v) restricted gear type, i.e. towed, 
mobile, static or their combinations4; (vi) purpose of es-
tablishment, i.e. stock protection, Posidonia oceanica 
beds protection, artificial reefs, nature reserve area, ar-
chaeological site protection, port restrictions etc. and (vii) 
closure type, i.e. permanent or seasonal. The number (n), 
total number (N) and total percentage (%) of the FRAs 
identified per category was estimated.

FRAs mapping

The spatial information for each FRA was included in 
a unified Geographic Information System, using the ESRI 
ArcGIS 10.1 software package (ESRI, 2011). The Lam-
bert Azimuthal equal-area projection was used for map 
projection. Polygons in shapefile format for each FRA 
were created from scratch, using the information obtained 
from the relevant legal acts. 

In cases where available information on the delimi-
tation of the FRAs was insufficient (e.g. unknown loca-
tions, capes, beacons etc.), the contribution of the com-
petent authorities, mainly the Coast Guard Services, was 
requested. The use of grey literature (e.g. Argyrakopou-
los, 2006) and of supplementary material (e.g. navigation 
maps, travel maps etc.) was also helpful in some cases. 
Bathymetric contours, based on the bathymetry by Man-
outsoglou (2016), were used for the delimitation of FRAs, 
when such contours were stated in the legislation.

The polygons in shapefile format, which correspond 
to the nfFRAs for otter bottom trawls, were kindly provid-
ed by the Directorate for Fisheries Control of the Hellenic 
Coast Guard. These files were checked, corrected (where 
needed), modified, and re-projected using the Lambert 
Azimuthal equal-area projection. Furthermore, adjust-
ments were made in order for the polygons to be fitted to 
the coastline used.

The mapped polygons were grouped in different 
shapefiles, according to FRA type. Number (n), area (in 
km2), net area (in km2) and net area percentage (%) per 
FRA type, GSA and type of closure were estimated.  

3 The FRAs identified in the study area are attributed to the 
corresponding terrestrial geographic region/s for management 
purposes, i.e. in order to determine the corresponding Regional 
Fisheries Department/s, that is/are the competent authority/ies 
for the implementation and monitoring of the legal provisions 
on FRAs at regional level.

4 The fishing gear categories used to classify FRAs are in line 
with the provisions of EU Commission Regulation (EC) 
No1799/2006, amending Regulation (EC) No 26/2004 on 
the Community fishing fleet register (EU Commission, 2006) 
(Table S2).

The area of each FRA and of FRA type per GSA and 
type of closure was estimated, using ArcGIS tools. The 
total area of the seven FRA types was estimated by sum-
ming up the respective values. The net area (i.e. the re-
maining area after polygon overlaps were considered) of 
each FRA type per GSA and closure type, and the total 
net area of the seven FRA types were estimated by merg-
ing polygons and shapefiles, respectively, using ArcGIS 
software.

Results

The national fisheries legal framework concerning 
spatio-temporal restrictions of fishing activities in the 
study area comprises of a set of 32 legal acts, namely three 
Ministerial Decisions (MDs), 10 Royal Decrees (RDs) and 
19 Presidential Decrees (PDs). The national environmen-
tal legal framework concerning the spatio-temporal re-
strictions of fishing activities within the designated MPAs, 
consists of two legal acts, one Joint Ministerial Decision 
(JMD) and one PD. The spatio-temporal restrictions of 
fishing activities in the study area established by the na-
tional legal framework for the protection of underwater 
archaeological heritage comprises of a set of 37 legal acts, 
six JMDs and 31 MDs, while national maritime legisla-
tion consists of 43 legal acts, all MDs (Table S3). The EU 
and GFCM legal framework concerning the establishment 
of spatio-temporal restrictions of fishing activities in the 
study area consists of one Regulation (EU Council Regu-
lation (EC) No 1967/2006) and one Recommendation 
(GFCM Recommendation 29/2005/1), respectively.  

The review of national fisheries, environmental, ar-
chaeological and maritime legislation concerning the 
spatio-temporal restrictions of fishing activities in the 
study area, revealed a total of 521 FRAs; specifically, 511 
nFRAs (253 nfFRAs, 1 nifFRA, 21 neFRAs, 85 naFRAs and 
151 nmFRAs), 6 euFRAs and 4 intFRAs. For each FRA, a 
wealth of detailed information was compiled (Table S3).

The FRAs identified are distributed throughout the 
NSSG marine areas of the study area. Most FRAs are lo-
cated in NSSG marine areas 15- Islands of Lesvos, Chios, 
Samos and Ikaria (14.78%), 18-Kriti (13.82%) and 12- 
Eastern coasts of Evia and Sporades Islands. Regarding 
the geographic region of FRAs, the majority correspond 
to EL42-South Aegean (18.8%), EL-43 Crete (14.8%), 
EL41-North Aegean (14.0%) and EL64-Central Greece 
(12.3%). Overall, 85.2% of the FRAs are located in the 
Aegean Sea and 14.8% in Crete. In most of the FRAs 
(88.5%), towed or mobile gears are restricted, while static 
gears are only restricted in 10.2% of the FRAs and rec-
reational fishing activity is only restricted in 1.3% of the 
FRAs. In terms of purpose of establishment, stock protec-
tion and Posidonia oceanica beds protection are the most 
common reasons for restricting fishing activities (25.3 
and 25.0%, respectively). Most of the FRAs (85.4%) im-
pose permanent closures (Table 1). 
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Fig. 2: Map of the 76 seasonal Fisheries Restricted Areas (FRAs) identified in the study area (Aegean Sea-GSA22 and Crete-GSA23) 
per FRA type, i.e. 40 national fisheries legislation FRAs in territorial waters (nfFRAs), 1 national fisheries legislation FRA in interna-
tional waters (nifFRA), 1 national environmental legislation FRA (neFRA) and 34 national maritime legislation FRAs (nmFRAs). 

Fig. 1: Map of the 440 permanent Fisheries Restricted Areas (FRAs) identified in the study area (Aegean Sea-GSA 22 and Crete-GSA 
23) per FRA type, i.e. 208 national fisheries legislation FRAs in territorial waters (nfFRAs), 20 national environmental legislation FRAs 
(neFRAs), 85 national archaeological legislation FRAs (naFRAs), 117 national maritime legislation FRAs (nmFRAs), 6 European Union 
legislation FRAs (euFRAs) and 4 General Fisheries Commission for the Mediterranean (GFCM) Decisions’ FRAs (intFRAs).
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The final component of the FRAs mapping procedure 
was a total of 516 polygons in shapefile format, of which 
484 were created from scratch, while 32 were kindly pro-
vided by the Directorate of Fisheries Control of the Hel-
lenic Coast Guard. It was not possible to create polygons 
for five FRAs, due to the lack of the very shallow two-
metre contour (four cases) or due to the lack of informa-
tion on the exact location of fish farms (one case).  

The 516 polygons mapped were grouped according 
to GSA, FRA type and type of closure (permanent or sea-
sonal) (Table 2, Figs 1 and 2). In terms of number, most of 
the FRAs identified and mapped in the study area (248 out 
of 516 FRAs) have been established by the provisions of 
national fisheries legislation in territorial waters (nfFRAs) 
and cover 10.7% of the study area (Table 2, Figs S2 & 
S3). One FRA has been established by national fisheries 
legislation in international waters (nifFRA) and covers 
17.8% of the study area (Table 2, Fig. S4). The contri-
bution of national maritime, archaeological and environ-
mental legislation to the FRAs established in the study 
area, is substantial in terms of numbers (151 nmFRAs, 85 
naFRAs and 21 out of 516 FRAs), but in terms of area 
coverage, their contribution is low (0.4%, 1.1% and 1.0% 
of the study area, respectively) (Table 2, Figs S5-S9). The 
number of FRAs established at European (euFRAs) and 
international (intFRAs) level in the study area is smaller 
than at national level (6 and 4 out of 516, respectively), 
but they are the most significant ones in terms of area, as 
they cover 13.5% and 22.6% of the study area, respec-
tively (Table 2, Figs S10-S13). It is worth mentioning that 
all FRAs identified and mapped in the study area cover 
approximately 56.2% of the study area; 38.0% of the 
study area is covered by permanent and 27.6% by sea-
sonal FRAs (Table 2, Figs 1 and 2).    

In most of the FRAs mapped in the study area, re-
strictions on fishing activities concern the use of towed 
and mobile gears (in 423 and 376 out of the 516 FRAs, 
respectively), while the use of static gears is restricted in 
approximately half of the FRAs identified (in 238 out of 
516 FRAs). It was estimated that towed, mobile and stat-
ic gears are permanently prohibited in 38.0%, 3.2% and 
2.4% of the study area, respectively (Table 3).

Discussion

The national legal framework concerning spatial and 
temporal restrictions on fishing activities in the Aegean 
Sea is remarkably complex, as it consists of numerous 
provisions, enabled by many legal acts (which in many 
cases have also been amended), issued by various man-
agement bodies, aiming to regulate different and usually 
conflicting activities in the marine environment. The na-
tional FRAs identified in the study area are enabled by 
legal acts issued mainly by the Ministry of Rural Devel-
opment and Food within the context of national fisher-
ies legislation, but also by the Ministry of Environment 

and Energy, the Ministry of Culture and Sports and the 
Ministry of Shipping and Island Policy within the context 
of national environmental, archaeological and maritime 
legislation, respectively. 

On the contrary, the European and international legal 
frameworks concerning spatio-temporal restrictions on 
fishing activities in the study area are clear and definite. 
They both consist of a single legal act, i.e. a Regulation 
issued by the Council of the European Union and a Rec-
ommendation issued by the GFCM, respectively. These 
frameworks have not been amended since they entered 
into force. 

The national restrictions on fishing activities, issued 
by virtue of fisheries legislation (i.e. nfFRAs), are es-
tablished typically as conventional fishery management 
measures, e.g. in order to limit the harvest of specific life 
stages, to protect depleted stocks and their habitats dur-
ing the rebuilding phase of a fishery, to protect genetic 
reservoirs, to protect habitat that is critical for the sustain-
ability of harvested resources or to restrain excess fleet 
capacity and optimize the value of catches (Hall, 2002). 
The restrictions on fishing activities within the nationally 
designated MPAs according to the environmental legal 
framework (neFRAs) are imposed as wider conserva-
tion measures, to conserve nature and protect habitats. 
The FRAs designated according to the national maritime 
(i.e. nmFRAs) and archaeology (i.e. naFRAs) legislation, 
although irrelevant to fisheries management, as they are 
measures established in order to regulate maritime ac-
tivities and to protect underwater archaeological heritage, 
also contribute to some degree to the protection of fisher-
ies resources and the conservation of the marine environ-
ment. Spatial and temporal closures, established at Euro-
pean and international level in the study area, are issued 
as wider conservation measures rather than conventional 
fisheries management measures, as they are established 
not only for the sustainability of fisheries resources, but 
also for the protection of demersal and deep-water habi-
tats and species.

The complexity of the national legal framework on 
spatio-temporal restrictions of fishing activities in the 
study area could be attributed, to some extent, to the fact 
that the coastal and marine area of the Aegean Sea is a val-
uable natural resource, where many profitable economic 
activities take place by different stakeholders (Stergiou et 
al., 2016). In such cases, the different (and usually incom-
patible) activities should be strictly and clearly regulated 
in order to resolve conflicts over multiple-use of areas or 
resources, including conflicts of marine users with con-
servation (Hall, 2002; Katsanevakis et al., 2011).

Indeed, the study area has unique characteristics, in 
terms of geomorphology, which also formulate many 
of the activities that take place in the area. The Aegean 
Sea covers an area of approximately 200,000 km2 (which 
corresponds to nearly 7% of the total Mediterranean Sea 
area); it has a lengthy coastline of approximately 12,000 
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km and includes numerous islands and islets. Thus, the 
Aegean Sea has a long-standing tradition and history in 
the fisheries and maritime sector. Indeed, fisheries repre-
sent a primary sector of significant socio-economic im-
portance, particularly in coastal, traditionally fisheries-
dependent, areas. The maritime sector is also significant 
in the area, as it provides the exclusive means of trans-
portation between the islands and the mainland, and also 
because the Aegean Sea is at the crossroads of three con-
tinents (Asia, Africa and Europe) with significant cargo 
vessel traffic. Archaeology is also important, due to the 
rich history of Greece. In the coastal part of the study area, 
in particular, many antiquities are underwater and close 
to the coast (with the exception of offshore archaeologi-
cal shipwreck sites), requiring protection especially from 
towed fishing gears.   

A more detailed look at the fisheries sector in the 
study area reveals that, in terms of number of vessels, the 
Greek fishing fleet5 is the largest in the European Union, 
(EC, 2016). Small-scale coastal fishing vessels constitute 
the largest part of the Greek fishing fleet (Stergiou et al., 
2007 a, b) as they correspond to 96% of the total fleet 
(National Fleet Register, 2016).

The complex and multi-regulated legal framework 
concerning the FRAs in the study area, along with its 
unique geomorphological features (long coastline, large 
area, numerous islands, large fishing fleet) and the multi-
gear and multi-species character of Greek fisheries (main-
ly performed by small-scale vessels: Stergiou et al., 2007 
a, b) make monitoring, surveillance, control and enforce-
ment of management measures an extremely challenging 
procedure. 

Apart from its complexity, the national legal frame-
work on spatio-temporal restrictions of fishing activities 
in the study area is considerably old, especially in the 
case of national fisheries legislation. Indeed, the first FRA 
in the Aegean Sea dates back to the early 1940s, when 
it was established by the provisions of the RD of 1940 
(GG243A), concerning the permanent closure of a spe-
cific area in Evoikos gulf for the traditional small-scale 
fishing method called “volasma”6, using trammel nets. 

It is estimated that approximately one fourth of the 
total national fisheries FRAs were established between 
the early 1940s and the early 1970s (62 out of a total of 
254 FRAs, by the provisions of 8 out of a total of 32 legal 
acts). This period is characterized as the “growth phase” 

5 According to the EU Fishing Fleet Register (situation as in 
September 2015), the Greek fishing fleet comprised of 15,638 
vessels (18.4% of the total EU fleet), with a combined gross 
tonnage of 76,573 GT (4.7% of the total EU gross tonnage) 
and a total engine power of 449,534 kW (6.9% of the EU total 
engine power) (EC, 2016)

6 “volasma” refers to a fishing method aiming to create sounds 
that scare fish and consequently leads them towards the set nets 
(Andrianos, 1987)

of Greek fisheries (Moutopoulos & Stergiou, 2011), dur-
ing which they started to modernize and expand to fish-
ing grounds not previously exploited. In the mid-1960s, 
fisheries monitoring, research and legislation started to be 
organized in parallel with the development of a well-or-
ganized transportation system, through the establishment 
of wholesale fish markets throughout Greece (Ananiadis, 
1968; Moutopoulos & Stergiou, 2011). During the fol-
lowing period, from the 1970s to the mid-1990s (1970-
1994), when 26 more FRAs were established by the pro-
visions of 17 legal acts, Greek fisheries passed through a 
“fully to over-exploited phase”, as a consequence of the 
modernization observed during the previous period, and 
also participation in a series of development programs, as 
a result of Greece’s accession to the European Union in 
1981 (Moutopoulos & Stergiou, 2011).

Thus, it could be hypothesized that the FRAs estab-
lished during the “growth phase” and the “fully to over-
exploited phase” of the Greek fisheries sector, were des-
ignated as a means to resolve equity issues. There are 
cases worldwide where a fishery manager might choose 
to adopt an area or time closure to resolve conflicts of 
interests between different stakeholders in the area rather 
than to provide fisheries management measures or even 
conservation measures in a wider sense (Hall, 2002). This 
hypothesis is based on the fact that, during the “growth 
phase”, no systematically collected fisheries data and rel-
evant documentation were available to fisheries managers 
for them to impose fisheries management measures. On 
the other hand, during the “fully to over-exploited phase”, 
fisheries focused on the development of a strong and prof-
itable sector and little or even no attention was paid to the 
impacts of intensive fishing of natural resources.  

From 1995 to 2007, Greek fisheries passed through 
a “decaying phase” (1995-2007), when the overexploi-
tation of fisheries resources resulted in a considerable 
decline in Greek fisheries landings, clearly showing that 
fisheries resources were not sustainably harvested (Ster-
giou et al., 1997; 2007a; 2007b; Moutopoulos & Stergiou, 
2011). During this period, 57 FRAs were established by 
the provisions of 3 legal acts, which were issued at the 
very end of this period (specifically in 2006 and 2007, 
while from 1995 to 2005 no FRAs were established). It is 
probable that these are the first attempts of Greek fisheries 
managers to impose spatio-temporal restrictions of fish-
ing activities as fisheries management measures, because 
they had started to become familiar with the concepts of 
overexploitation of fisheries resources and the need for 
sustainable exploitation in the future. 

Indeed, since the mid-1990s, the concept of the Eco-
system Approach to Fisheries Management was highlight-
ed in fisheries management literature (FAO, 1995; Chris-
tensen et al., 1996; Pitcher & Pauly, 1998; Sinclair et al., 
2002; FAO, 2003; Garcia, 2003; Sutinen & Soboil, 2003; 
Garcia & Cochrane, 2005). Also, in the early 2000s, the 
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Common Fisheries Policy of the EU was reformed7, since 
it was realized that the measures introduced so far, were 
not sufficiently effective to halt overfishing, and thus the 
depletion of many fish stocks continued at an increasingly 
faster pace. Moreover, in year 2000, an EU framework 
for the collection and management of fisheries data was 
established, by Council Regulation (EC) No 1543/ 2000, 
setting precise rules and practices commonly implement-
ed by all Member States for the collection, management 
and distribution of fisheries data, needed for scientific ad-
vice, by fisheries managers. Finally, during the same pe-
riod, EU and International FRAs were established in the 
area (in 2006 and 2005 respectively), which emphasizes 
the fact that the problem of overexploitation of fisheries 
resources and the urgent need to address it adequately, 
was also indisputable at European and International level. 

The results of the current study provide scientific doc-
umentation to support (a) fishers: both the reviewing and 
mapping results of the study clarify the issue of where, 
when, by which gear and which legal act has imposed 
prohibitions on fishing activities; (b) fisheries policy: the 
identification of the current spatio-temporal distribution 
of fishing restrictions sets the basis for fisheries policy 
decision-making in the future; (c) fisheries control: the 
GIS mapping of the FRAs could optimize surveillance, as 
it can be incorporated in the national Fisheries Monitoring 
Centre in order to provide real-time infringement detec-
tion; and (d) scientific research: the GIS mapping of the 
FRAs is a necessary tool to estimate fishing effort (Kava-
das et al., 2015) and to identify fishing grounds (Maina 
et al., 2016)  that can be used in modelling population 
dynamics.

In a wider context, the mapping of FRAs in the study 
area provides useful documentation for the establishment 
and implementation of maritime spatial planning, under 
the provisions of Directive 2014/89/EU. The overall aim 
of maritime spatial planning is to ensure the sustainability 
of marine ecosystems and the services provided to hu-
mans, and to deal with conflicts among various users of 
the seas (Katsanevakis et al., 2011); to that end, mapping 
the spatial distribution of human activities and of exist-
ing management measures is a necessary initial step (St-
elzenmuller et al., 2013). Besides, the results of this study 
could be used to identify FRAs that could either meet the 
IUCN definition of a protected area or could be consid-
ered as other effective area-based conservation measures, 
and thus could contribute to the attainment of Aichi Bio-
diversity Target 11 of the Strategic Plan for Biodiversity 
2011-2020 adopted by the Parties to the Convention on 
Biological Diversity. According to the above strategic 
plan “by 2020 (…) at least 10 per cent of coastal and 

7 Regulation (EC) No 2371/2002 on the conservation and 
sustainable exploitation of fisheries resources repealing 
Regulations (EEC) No 3760/92 and (EEC) No 101/76 (EU 
Parliament & Council, 2013).

marine areas (…) are conserved through effectively and 
equitably managed, ecologically representative and well-
connected systems of protected areas and other effective 
area-based conservation measures”.

Finally, this study is the first step for future assess-
ment of the effectiveness of the current legal framework 
on the spatio-temporal restrictions on fishing activities. A 
comprehensive national evaluation of the effectiveness of 
spatio-temporal restrictions has not yet been performed in 
the Aegean Sea. Such an evaluation should be viewed as a 
necessity within the framework of the Common Fisheries 
Policy, and for efficient management of marine space, in 
accordance with the principles of Maritime Spatial Plan-
ning and adaptive management.
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ΣΥΝΘΕΣΗ ΤΩΝ ΑΛΙΕΥΜΑΤΩΝ ΚΑΙ ΚΑΤΑΓΡΑΦΗ ΤΗΣ ΑΛΙΕΥΤΙΚΗΣ 
ΠΡΟΣΠΑΘΕΙΑΣ ΤΗΣ ΕΡΑΣΙΤΕΧΝΙΚΗΣ ΑΛΙΕΙΑΣ ΣΤΟ ΑΙΓΑΙΟ ΠΕΛΑΓΟΣ 
(ΕΛΛΑΔΑ) 

Κουτρολίκου Αικατερίνη1,2, Δημαρχοπούλου Δόμνα 1, Πανταζή Μαρία3, Ντογραμματζή 
Αικατερίνη3, Καραχλέ Παρασκευή Κ.3, Τσίκληρας Αθανάσιος1 

1Εργαστήριο Ιχθυολογίας, Τομέας Ζωολογίας, Τμήμα Βιολογίας, ΑΠΘ, Θεσσαλονίκη 
2Τμήμα Γεωπονίας Ιχθυολογίας και Υδάτινου Περιβάλλοντος, Πανεπιστήμιο Θεσσαλίας, Βόλος 
3Ινστιτούτο Θαλάσσιων Βιολογικών Πόρων και Εσωτερικών Υδάτων, ΕΛΚΕΘΕ, Αττική 

Η βιώσιμη αλιευτική διαχείριση προϋποθέτει ολοκληρωμένη γνώση κάθε αλιευτικής 
δραστηριότητας και συνεπώς της βιομάζας και σύνθεσης των αλιευμάτων. Στην περίπτωση της 
ερασιτεχνικής αλιείας στην Ελλάδα, η πληροφορία αυτή δεν καταγράφεται με αποτέλεσμα η 
εικόνα της κατάστασης των θαλάσσιων αλιευτικών πόρων να είναι ανεπαρκής, γεγονός που 
συμβάλλει στη συνεχιζόμενη υπερεκμετάλλευσή τους. Στην παρούσα εργασία έγινε καταγραφή 
της σύνθεσης των αλιευμάτων της ερασιτεχνικής αλιείας στην Αλόννησο και τον Θερμαϊκό 
Κόλπο καθώς και εκτίμηση της ερασιτεχνικής αλιευτικής προσπάθειας στο Αιγαίο. Για την 
καταγραφή της σύνθεσης των αλιευμάτων πραγματοποιήθηκαν 41 προσωπικές συνεντεύξεις. 
Από τα 29 είδη που καταγράφηκαν, τα 26 είναι ψάρια και τα 3 κεφαλόποδα (σουπιά Sepia 
officinalis, καλαμάρι Loligo vulgaris και χταπόδι Octopus vulgaris). Στην Αλόννησο, τα κυριότερα 
είδη που αλιεύονται ερασιτεχνικά είναι η γώπα Boops boops (κυρίως άνοιξη-καλοκαίρι), το 
καλαμάρι (φθινόπωρο-χειμώνα), το σκαθάρι Spondyliosoma cantharus (περισσότερο χειμώνα), ο 
σαργός Diplodus sargus (περισσότερο άνοιξη-φθινόπωρο). Στον Θερμαϊκό, τα κυριότερα είδη 
είναι το λαβράκι Dicentrarchus labrax (κυρίως την άνοιξη), η τσιπούρα Sparus aurata (κυρίως 
φθινόπωρο), η μουρμούρα Lithognathus mormyrus, το γοφάρι Pomatomus saltatrix (χειμώνα) και 
ο σπάρος Diplodus annularis (καλοκαίρι). Η αποτύπωση της ερασιτεχνικής αλιευτικής 
προσπάθειας στο Αιγαίο έγινε με τη συλλογή του αριθμού ερασιτεχνικών αδειών αλιείας 
(ατομικών και σκάφους) που εκδόθηκαν ως το 2014 από 106 Λιμενικές Αρχές. Συνολικά έχουν 
εκδοθεί 908.857 ατομικές και 342.689 άδειες ερασιτεχνικής αλιείας σκάφους (ενεργές και μη), με 
τις περιοχές του Πειραιά και της Θεσσαλονίκης να κατέχουν τις δυο πρώτες θέσεις. Ο αριθμός 
των αδειών κρίνεται ιδιαίτερα υψηλός και η ποσότητα των αλιευμάτων της ερασιτεχνικής αλιείας 
πρέπει να καταγραφεί σε ολόκληρη την ελληνική ακτογραμμή και τα νησιά για την ανασύσταση 
της ελληνικής αλιευτικής παραγωγής. 
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CATCH COMPOSITION AND FISHING EFFORT OF RECREATIONAL 
FISHERIES IN THE AEGEAN SEA (GREECE) 

Koutrolikou Aikaterini1,2, Dimarchopoulou Donna1, Pantazi Maria3, Dogrammatzi 
Aikaterini3, Karachle Paraskevi K.3, Tsikliras Athanassios1 

1Laboratory of Ichthyology, Division of Zoology, Department of Biology, Aristotle University of Thessaloniki, Thessaloniki, 
Greece,  
2Department of Ichthyology and Aquatic Environment, University of Thessaly, Volos, Greece,  

3Institute of Marine Biological Resources and Inland Waters, Hellenic Centre for Marine Research, Attica, Greece 

Well-designed fisheries management plans require integrated knowledge of the fishing activity 
and the total biomass and composition of the catch that is removed. In the case of recreational 
fishing in Greece, this information is not recorded thus forming an incorrect picture of the state 
of the seas, which contributes to their continuous overexploitation. In the present work, we 
recorded the composition of recreational catches in Alonissos Island and Thermaikos Gulf 
(Aegean Sea) based on 41 personal interviews, and assessed recreational fishing effort by 
collecting the number of recreational fishing licenses (individual and vessel) issued up to 2014 
by 106 Port Authorities of the Aegean Sea. Out of the 29 recorded species targeted by the 
recreational fishers, 26 were fish and 3 cephalopods (common cuttlefish Sepia officinalis, 
European squid Loligo vulgaris and common octopus Octopus vulgaris). Particularly in Alonissos, 
the main species were the bogue Boops boops (mainly spring-summer), European squid 
(autumn-winter), black seabream Spondyliosoma cantharus (more during the winter), white 
seabream Diplodus sargus (more during spring-autumn) and the red porgy Pagrus pagrus (more 
during the winter). In Thermaikos Gulf, the main species were the European seabass 
Dicentrarchus labrax (mostly in spring), gilthead seabream Sparus aurata (mostly in autumn), 
sand steenbras Lithognathus mormyrus (mostly in summer), bluefish Pomatomus saltatrix 
(winter) and the annular seabream Diplodus annularis (summer). The Aegean Port Authorities 
have issued in total, from their founding year up to 2014, 908,857 individual and 342,689 vessel 
recreational fishing licenses (active or not), with the areas of Pireas and Thessaloniki holding the 
top two places. The number of licenses is considered notably high; therefore recreational 
catches should be recorded along the mainland and island coastline for reconstructing the 
Greek fisheries production. 
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