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Executive Summary

The Aegean coastal and marine ecosystems are vital for both biodiversity and small-
scale fisheries in Türkiye. Unfortunately, despite facing similar threats, these two fields are 
often studied separately. Small-scale fisheries, which are integral to the region’s cultural 
and economic fabric, have a lower environmental impact - when practiced sustainably - 
than industrial and large-scale fisheries. At the core of this project, we assumed a more 
positive interaction between biodiversity and this cultural practice. Thus, unlike other 
studies, “A Cultural Landscapes Based Assessment: Coexistence of Nature and Culture 
in Aegean Coasts of Türkiye” project aimed to address both biodiversity and small-scale 
fisheries through a nature-cultural mutuality vision. This report summarizes the project’s 
approach and outcomes.

The goal of the project was to identify priority areas along the Aegean seascapes of 
Türkiye where future conservation investments could be directed by various stakeholders. 
To achieve this, we didn’t just focus on the significance of these areas for biodiversity 
or small-scale fisheries, nor solely on the density of threats they face in both domains. 
We also considered the level of conservation investments previously allocated. Our 
overall aim was to pinpoint areas that are important for both biodiversity and small-
scale fisheries, are more threatened compared to others, and have so far received fewer 
conservation investments. This approach allowed us to identify areas with a more urgent 
need for conservation attention.

Through a participatory approach to data gathering, we gained a comprehensive 
understanding of the local and regional dynamics. The project brought together two 
key datasets: (i) Biodiversity (BD) data and (ii) Small-scale Fisheries (SSFs) data. Some 
examples to the data gathered are distribution data of important biodiversity elements 
(e.g., marine mammals, seagrass meadows, fish species, and coralligenous assemblages), 
habitat diversity, fishing gear selectivity, level of marine pollution, catch per unit effort, 
and the proportion of women fishers, among others. 

We spatialized and analyzed data across multiple themes using different weights, 
differentiating their impacts on identifying priority areas for conservation efforts targeting 
both biodiversity and small-scale fisheries. The main methodology employed was a multi-
criteria decision mechanism, which synthesized the effects of multiple factors toward 
a common goal. Both marine and terrestrial data were used, incorporating national 
and international data sources, as well as expert insights, to enhance data quality. All 
collected data were digitized and spatialized. To perform comparisons and prioritization 
in the study area, a scale of 1x1 km grid was chosen for the study, balancing the need 
to capture detailed features while retaining data resolution. Biodiversity optimization 
analysis, paired with cost layers, was conducted using advanced software to produce 
robust, objective results.

The project’s aim was not only to produce results but to generate actionable outcomes 
that can be implemented by various stakeholders engaged in biodiversity conservation 
and supporting small-scale fisheries. As a result of the analysis, a final solution set of 
priority areas was identified, concentrated in three regions: Saros Bay, Ayvalık, and 
Ildır Bay. Saros Bay, in particular, had the highest coverage in terms of grid cells. The 
outcomes are designed to be accessible to a wide range of stakeholders, including 
policymakers, practitioners, and potential donors, offering structured, science-based 
information to guide decision-making.
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1.Introduction

The seascapes of the Aegean Sea are home to diverse marine and coastal ecosystems 
characterized by high species richness, presence of threatened species, along with unique, 
important, or threatened habitats such as seagrass meadows and coralligenous assemblages 
(Akçalı et al. 2019a; Coll et al., 2012; Katağan et al. 2015; Sini et al., 2017). This high richness 
was acknowledged with the delineation of the Mediterranean Basin, including the Aegean 
seascapes, as one of the world’s 36 biodiversity hotspots (CEPF, 2010). These areas of high 
biodiversity importance offer invaluable ecosystem services, including climate change 
mitigation and adaptation, disaster risk reduction, tourism, maintenance of fisheries resources, 
and bringing substantial health, social, and economic benefits to coastal communities 
(Barbier et al., 2011; Roberts et al., 2017). The coastal and marine ecosystems along Türkiye’s 
extensive coastline of approximately 3,500 km support the livelihoods and food security of 
millions of people (Birkan & Öndes, 2020; Çöteli, 2023). This is particularly significant for 
small-scale fishers. 

Historical evidence indicates the presence of small-scale fishing practices in the Aegean Sea 
dating back to ancient times (Mylona, 2014). These practices have preserved their artisanal 
nature until recently, characterized by using small vessels and traditional fishing gear, defining 
these labor-intensive operations across generations (Ceyhan et al., 2006; Cochrane & Garcia, 
2009; Farrugio et al., 1993). They typically operate with modest production units, characterized 
by low input and output, requiring minimal capital investment. These operations are usually 
family-managed (half of the small-scale fishers work alone in Türkiye; Ünal & Ulman, 2020), 
sometimes with one or two employees, reflecting a strong community-centric approach. The 
harvested fish are frequently sold in local markets, maintaining a close connection between 
the region’s maritime activities and its residents (Göktürk & Deniz, 2017).

The longstanding interaction and interdependence with the seascape have fostered 
a rich body of traditional ecological knowledge among small-scale fishers, shaped by 
accumulated experiences passed down through generations and across communities. 
At its core, this knowledge is rooted in the understanding that their survival, and that of 
future generations, depend on respecting the continuous interactions with the sea. As 
central to their livelihoods, small-scale fisheries in the Aegean region have historically 
played a fundamental role in ensuring the responsible management and sustainable use 
of aquatic resources and the ecosystems that support them (Ünal et al., 2022a; 2022b). 
Consequently, the survival of many threatened species and habitats in the region is closely 
linked to the low-impact gears and techniques employed by these sustainable small-scale 
fisheries (Hendriks, 2022). This millennia-old interaction between small-scale fishers and the 
sea has resulted in a rich legacy that significantly influences the region’s cultural heritage 
(Başağaç & Bilgin Altınöz, 2018; Çakırlar & Çilingiroğlu, 2018). These fishers play a crucial 
role in fostering social cohesion and sustaining rural communities, generating multiplier 
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effects across other coastal sectors. Hence these areas should be regarded as Cultural 
Seascapes1 and Socio-Ecological Production Seascapes2 (Berkes, 2009; Stithou et al., 2022).  

Yet, marine and coastal ecosystems along the Aegean Sea are experiencing significant rates 
of species loss and habitat loss and degradation, to the detriment of sustainable small-scale 
fisheries that rely on resource-based livelihoods (Coll et al., 2010; Tsirintanis et al., 2022). This 
loss and degradation result in the decline of the functions and services these ecosystems 
provide, adversely impacting biodiversity and the livelihoods of coastal communities and 
societies at large in Türkiye. This shift is primarily attributed to the significant transition over 
the past three to four decades from predominantly artisanal practices to intensive exploitation 
by industrial fisheries, exacerbated by unsustainable consumption patterns (Demirel et al., 
2020; Ünal & Ulman, 2020). As a result, fish stocks in the Mediterranean Basin, including 
the Aegean Sea, are subjected to chronic overfishing, with 58% of stocks being fished at 
unsustainable levels in 2021 (FAO, 2023).

In Türkiye, negative changes in marine ecosystems are primarily attributed to unsustainable 
large-scale fisheries, characterized by sophisticated technology, excessive catch capacities, 
and ineffective regulations (e.g., a minimum depth limit of 24 meters for purse seines), which 
increases the risk of adverse impacts on benthic habitats (Akçay et al., 2025). Türkiye has 
emerged as the largest contributor to capture fisheries in the Mediterranean and Black 
Seas (FAO, 2023). In addition to these legal yet unsustainable industrial fishing practices, 
the Aegean seascapes face a significant and widespread threat from illegal, unreported, 
and unregulated (IUU) fishing, underscoring the urgent need for improved enforcement of 
regulations (Öztürk, 2015). Meanwhile, small-scale fisheries, rightfully often regarded as the 
custodians of the seascapes, make up 90% of the fishing fleet in Türkiye but contribute only 
to app. 11% of the total catch volume (as of 2022; Akbaş et al., 2023). 

Other threats acting on the seascapes in Türkiye are over-exploitation of fishery resources 
exacerbated by unselective, seabed impacting fishing gears and techniques (Ulman et al., 
2020). These include bycatch of threatened fish species, marine mammals, marine turtles, and 
invertebrates, among others, and the destruction of critical blue carbon habitats (Genovart 
et al., 2017; Lewison et al., 2014). Pollution, residential & commercial coastal development, 
introduction, and spread of invasive alien species are other major threats to biodiversity in the 
region (Çinar et al., 2021; MedECC, 2020; Şekercioğlu et al., 2011; UNEP/MAP, 2012). While 
being a part of the Mediterranean Basin with a warming 20% faster than the global average, 
the impacts of climate change exert additional pressure on already strained ecosystems and 
small-scale fisheries in the Aegean region (MedECC, 2020). 

To summarize, the health of Aegean seascapes and small-scale fisheries are closely interlinked, 
with both facing significant threats from similar sources. This underscores the need for 
coordinated conservation and management efforts that focus on both biodiversity and the 

1	 Cultural landscapes and seascapes (CLS) refer to the areas which human activities are among the key 
agents in the evolution of the environment. Conceptually it moves beyond the human–nature dichotomy, based 
on a recognition that humans are integral components of ecosystems and human history is essentially connected 
with the cultivation of nature, of the physical environment, which has historically shaped and engendered pres-
ent-day landscapes and seascapes. This relation can also be found in the root of the word ‘culture’ in Latin, which 
is cultum, referring to lands and cultivated plants. We therefore understand cultural landscapes and seascapes as 
a term that embraces the diversity of tangible and intangible manifestations of the interaction between human-
kind and its environment.

2	 Socio-ecological production landscapes and seascapes (SEPLS) are dynamic mosaics of habitats and 
other land and sea use where harmonious interactions between people and nature maintain biodiversity while 
providing humans with goods and services needed for their livelihoods, survival, and well-being in a sustainable 
manner.
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small-scale fisheries in the region. National and local conservation NGOs (non-governmental 
organizations) have been actively working to address these challenges and have made notable 
contributions. However, current conservation actions remain under-resourced, and spatially 
restricted, limiting the ability to deliver the large-scale impact needed.

Furthermore, while Marine Protected Areas (MPAs) are not officially defined in Turkish 
legislation, approximately 4% of Türkiye’s territorial waters are currently protected under 
various designations by the Ministry of Environment, Urbanization and Climate Change, 
and the Ministry of Agriculture and Forestry (WWF-Türkiye, 2020). However, this coverage is 
insufficient given the region’s rich biodiversity, especially when compared to the European 
Union, where around 11% of waters are protected by MPAs.

Despite successful examples, the loss of biodiversity and the degradation of sustainable sea-
use systems are projected to continue, and in some cases, accelerate in the region. The 
lack of integrated regional spatial planning that balances social, ecological, and economic 
objectives, hinders effective analysis, prioritization, and allocation of resources. Therefore, 
a prioritization to identify seascapes that are of urgent need to direct future conservation 
investments targeting both biodiversity and small-scale fisheries was critical. With a vision 
toward nature-culture mutuality and a specific aim to fill this gap, we implemented a project 
entitled “A Cultural Landscapes Based Assessment: Coexistence of Nature and Culture in 
Aegean Coasts of Türkiye ” between 2022 and 2024. This project is implemented with Yolda’s 
own resources and co-funded by the Turquoise Coast Environment Fund–Turkey, within the 
framework of collaboration with the Conservation Collective and the Support Foundation 
for Civil Society, as well as the ‘Environment Fund’ of the Embassy of France in Ankara. This 
spatial profiling study serves as a decision-support tool, designed to assist decision-makers 
and potential donors targeting the Aegean seascapes. The project also aimed to contribute 
to exchanges among local stakeholders, fostering synergies among multiple actors for 
more inclusive decision-making and implementation processes in nature conservation and 
sustaining livelihoods.



16 Nature and Culture Co-existance: A Spatial Prioritization Along th Aegean Seascapes in Türkiye

2. Methodology

The overall aim of the project was to select a set of priority areas along the Aegean Coast 
of Türkiye where future conservation investments could be made by different actors. We 
aimed to select these areas given their importance for both biodiversity (BD) and small-
scale fisheries (SSFs) and given that they faced high(er) density of threats towards both 
topics, but received relatively low(er) conservation investments so far. The methodology 
we adopted to achieve this aim and the data we gathered for this purpose are detailed in 
the sections below.

2.1. Geographical Scope
  
We used the boundaries of Geographical Sub-region (CAB) 22 - Aegean Sea, as defined 
by the General Fisheries Commission for the Mediterranean (GFCM) to gather data in this 
study. This large area, which covers Turkish territorial waters, international waters, and 
Turkish coasts in the Aegean Sea, was adopted as the boundary for systematic data collec-
tion. In this context, we first included data from international sources within this wide area 
boundary and then detailed the analysis on a narrower geographical scale. While drawing 
this “finer scale boundary”, the fishing grounds where small-scale fisheries operate were 
taken as the basis, and a boundary that is a maximum of 15 nautical miles from the coast, 
including protected areas and areas with fishing bans, was included to finalize its geo-
graphical extent (Figure 1). 

Figure 1. Study area boundaries
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2.2. Data Collection

The research and data collection phase are integral to informing the spatial prioritisation 
exercise, serving as a foundation for a comprehensive understanding of the interplay be-
tween biodiversity and SSFs. In the project, we collected data on biodiversity and small-
scale fisheries from a wide range of sources. These included a literature review (articles, 
reports, books, grey literature), structured and semi-structured interviews, fieldwork, and 
an expert workshop.

Fieldwork 

Fieldwork was essential for taking initial steps to engage with various stakeholders in the 
project area while collecting information and data from them. As part of our project, we 
conducted three fieldwork sessions between March and October 2023 in Edremit Bay 
of Balıkesir Province (including Ayvalık, Burhaniye, Altınoluk, Küçükkuyu, Behram, and 
Sivrice), İzmir Province (Foça, Urla, and Karaburun Peninsula), and Bozcaada, Çanakkale 
Province. Our goal was to gather comprehensive data on small-scale fisheries and estab-
lish a baseline understanding of the current situation of this cultural practice in the region. 
Through structured interviews (with up to 35 questions), we collected data on fishing 
techniques and gears, target species, traditional ecological knowledge of fishers, and the 
socio-economic and demographic structure of the fisheries cooperatives. We conducted 
interviews with fishers as well as structured interviews with relevant public institutions, 
CSOs, and researchers. Besides these interviews, we mapped the fishing grounds of each 
fisheries cooperative visited, based on the fishing gear used. For each fisheries cooper-
ative, we drew the fishing grounds together with the fishers, by asking them particular 
questions about the geography of their practice, including bearing points and the maxi-
mum distance from the coast per each fishing gear. This method enabled fishers to mark 
the fishing grounds on the maps provided and resulted in high-resolution mapping of the 
fishing grounds. 

Overall, we visited 18 fisheries cooperatives, interviewed 30 small-scale fishers, and en-
gaged with 8 different stakeholders (public institutions, CSOs, researchers, private sector, 
and local people), corresponding to 25 expert/day work. 

Data Collection from Central Union of Fisheries Cooperatives (SÜR-KOOP)

The largest civil organization representing fishers in Türkiye is the Central Union of Fish-
eries Cooperatives (SÜR-KOOP), comprising 572 fisheries cooperatives and 16 regional 
unions. In our project, we benefitted from their archive and analyzed their database in the 
Aegean Region to gain insights into the organizational structure of SSFs in the Aegean 
Coast of Türkiye. The data included information such as the names of fisheries coopera-
tives in the region, the total number of members, and the total number of boats associated 
with each cooperative.

Data Collection from Turkish Statistical Institute (TÜİK)

In Türkiye, the Turkish Statistical Institute (TÜİK) is the leading public body in providing sta-
tistical data about various fields of knowledge, including fisheries as part of agricultural sta-
tistics. To analyze a diverse range of data from a large dataset and, thus, to draw consistent 
conclusions, we processed the TÜİK data in the Fisheries Statistics Micro Data Set 2021 (Su 
Ürünleri İstatistikleri Mikro Veri Seti – 2021) using the R programming language, specifically 
leveraging the library packages (namely tidyverse, tibble, dplyr and ggplot2). The study 
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was conducted at the district level and detailed for vessel length groups 1 (5 to 7 meters), 2 
(8 to 9 meters), and 3 (10 to 12 meters), specified in the micro data set. This data exclusively 
covers vessels operating in the Aegean Sea, including information on the number of vessels, 
fishing gear types, seasonal and annual operation duration, days spent at sea, catch volume, 
target species, marketing details, and demographic information related to the occupation 
such as gender and age. After analyzing the collected data, we finally consolidated them in a 
matrix that forms the basis for various stages of our analysis.

Structured Interviews with Fisheries Cooperatives 

Our project is distinct in considering environmental and socio-economic values together in 
biodiversity conservation at such a large geographical scale. Thus, the data related to the 
livelihoods of local communities, in this case SSFs, played a crucial role in the analysis. Re-
garding that, to obtain up-to-date information about the current situation of SSFs in the 
Aegean Region, we carried out structured interviews with 93 SÜR-KOOP member fisheries 
cooperatives from Enez, Edirne Province to Ortaca, Muğla Province (see Annex 1). The inter-
views were based on a questionnaire (with up to 35 questions) conducted over phone calls, 
which were held systematically in four rounds to gather additional information or to verify 
the data in each round. The interviews aimed at collecting data about the fishing grounds, 
the fisheries cooperative’s practice (diversity of fishing gears, technical specifications of fish-
ing gears, total number of vessels using each fishing gear), the organizational structure of 
the fisheries cooperative (total number of partners, total number of boats), the socio-demo-
graphic structure of the fisheries cooperative (number of partners under 40 years, number of 
women partners and fishers) and general problems related to SSFs in the region. The ques-
tions about the identification of fishing grounds were designed on the basis of four fishing 
gear types: Handlines, longlines, gillnets (set, combined and trammel) and encircling gillnets. 
Fishers were asked about the type of gear they use (with their sub-types), the frequency of 
use per day for each gear, the length of each gear and where they use the gears, informed 
by the depth, the distance covered from the shore in four directions (North, South, East and 
West) and the (local or official) names of the visited places. Interviews were held between May 
and December 2023 with each interview lasting approximately 30 minutes (overall 60 hours). 
Collected data on fishing grounds was then digitized using QGIS Software.

Expert Workshop

Our project adopted a participatory approach that values diverse knowledge sources. In that 
regard, on December 5-6, 2023, we organized the “Co-existence of Nature and Culture in the 
Aegean Coasts Workshop” in Ankara to discuss our preliminary findings as well as to co-pro-
duce new data with participants. The event brought together 54 participants from relevant 
stakeholders (SSFs cooperatives, NGOs, universities, decision-makers, UN representatives, 
donors, the private sector, and independent researchers) dedicated to researching and con-
serving marine ecosystems and SSFs in the Aegean Coast of Türkiye. In the workshop, we 
conducted five sessions using where various methods such as mapping, questionnaires and 
group discussions. During the workshop, we realized the following tasks: 

•	 presenting the data we collected on biodiversity and small-scale fisheries and gathering 
feedback from participants,

•	 reviewing and expanding data on projects on the conservation of Turkish Aegean coast-
al and marine biodiversity and SSFs,

•	 mapping area-specific threats to Aegean coastal and marine biodiversity and fisheries 
in the GIS environment, by assessing impact, urgency, and reversibility with participant 
input,

•	 exploring non-state actors’ conservation solutions to address area-specific threats,
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•	 weighting the impacts of various factors within the project’s methodology to identify 
priority areas. 

Expert Meetings 

Our project embraced an interdisciplinary approach, integrating data on biodiversity and 
socio-economical aspects together. This approach benefitted a lot from expert opinion 
and for that, we organized several knowledge-sharing sessions with scientific and technical 
experts in relevant fields. These diverse topics, such as the conservation status of seagrass 
habitats,  status of seabirds, and marine mammals in the Aegean Sea, as well as the need 
for establishing public monitoring systems for SSFs and their impact on seascapes. In that 
regard, from September 2022 to January 2024, we organized a total of 40 knowledge-sharing 
meetings with over 30 experts. Each meeting lasted between 60 and 90 minutes and was 
based on semi-structured interviewing method. These interviews provided finer-scale input 
to our analysis.

2.3. Approach

In this study, we aimed to identify a set of priority areas to direct conservation efforts on 
biodiversity and small-scale fisheries by spatializing and analyzing data on different themes 
and topics together. The main approach used in this context was the multi-criteria decision 
mechanism. In this approach, different effects of multiple factors toward a common goal were 
synthesized.

Within the scope of the project, two main datasets were brought together: (i) Biodiversity 
(BD) data and (ii) Small-scale Fisheries (SSFs) data. Some of the data we collected were con-
tinuous layers, some were categorical data describing specific areas (e.g. presence/absence 
data describing species distributions), and some were existent within administrative bound-
aries (such as provinces and districts). In the study, we spatialized, i.e. digitized, all data col-
lected from different sources. While doing so, to perform comparisons and prioritization in 
the study area, a study unit of 1x1 km grid size was selected. This scale was chosen as it is 
sufficiently coarse to reveal different features in the result set (hereon Final Solution Set) but 
is also fine scale enough to retain the data resolution. Finally, areas, where small-scale fishing 
activities are carried out (i.e., fishing grounds), were identified as our basis. The final solution 
set identified through the analysis (in 1x1 km grid cells) were restricted to small-scale fishing 
grounds in the last step of the analysis as there areas were the primary focus of our project. 
In addition to this primary data set towards BD and SSFs, we collected additional data in-
creasing or decreasing the choice of area selection on both topics. Figure 2.1, 2.2, 2.3, 2.4 
provides detailed information on the data collected.

The approach we adopted in analyzing and synthesizing the data collected under the project 
was basically as follows: The Biodiversity data (BD) and the Small-scale Fisheries data (SSFs) 
were evaluated independently from one another and integrated into the analysis with equal 
weights. As a result of these assessments, six separate datasets, the type and source of which 
are described below, were created for each study unit (1x1 km grid cells) in the study area. 
These datasets were then synthesized using multi-criteria decision-making approaches.
•	 BD – Important Biodiversity Elements 
•	 BD - Factors Increasing Choice
•	 BD - Factors Decreasing Choice
•	 SSFs Areas (Fishing Grounds)
•	 SSFs - Factors Increasing Choice
•	 SSFs - Factors Decreasing Choice 
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Figure 2.1. The details of the data sources and datasets used in the project - Important 
Biodiversity Elements

Important Biodiversity Elements

Herpetofauna

Loggerhead Turtle (Caretta caretta)

Regular breeding grounds from 
legal conservation documentation

Seagrass (Posidonia oceanica)

Fish spp.

Freshwater Fish

Distribution data from scientific 
publications (theses, articles, etc.)

Marine Mammals

Mediterranean Monk Seal 
(Monachus monachus)

Important Monk Seal Areas 
from literature data

Cetaceans (Dolphins & Whales)

Distribution data from grey literature 
(reports of NGOs, etc.)

Coralligenous Assemblages

Occurence data from scientific 
publications (theses, articles, etc.)

Distribution data from scientific publications 
(theses, articles, etc.)

African Softshell Turtle 
(Trionyx triunguis)

Important Marine Mammal Areas (IMMAs) dataset

Distribution data from 
IUCN Redlist

Occurence data from Intercet Platform

Occurence data from OBIS Database

Unpublished data (expert opinion) on important marine 
mammal areas

Sporadic breeding grounds from news sources

Distribution data from grey literature (protected 
areas management plans, reports, etc.)

Distribution data from international networks 
(e.g., Mediterranean Posidonia Network)

Occurence data from news sources

UNEP- WCMC database

Unpublished data (expert opinion) on distribution of seagrasses

Marine Fish

European Eel (Anguilla anguilla), 
Almiri Killifish (Aphanius almiriensis), 

Gediz Dwarf Goby (Knipowitshcia 
mermere)

IUCN Important Shark and Rays Areas (ISRAs) database

Distribution data from IUCN Redlist

Unpublished data (expert opinion) on distribution

Swordfish (Xiphias gladius), Atlantic 
Bluefin Tuna (Thunnus thynnus)

Unpublished data (expert opinion) 
on distribution

Distribution data from scientific 
publications (theses, articles, etc.)

Occurence data from grey literature 
(reports of NGOs, etc.)

Unpublished data (expert opinion) on distribution

Coastal/Marine Birds

Audouin's Gull (Ichthyaetus audouinii), Common Tern 
(Sterna hirundo), European Shag (Phalacrocorax aristotelis), 
Kentish Plover (Charadrius alexandrinus), Ruddy Shelduck 

(Tadorna ferruginea), Lesser Kestrel (Falco naumanni)

Breeding distribution data from 
scientific publications (theses, 

articles, etc.)

Mediterranean Fan Mussel (Pinna nobilis)Distribution information from IUCN

Areas of High Biodiversity Importance

Key Biodiversity Areas

Unpublished data (expert opinion) on distribution

Data from the Official Statement (5/1)

Breeding distribution data from grey 
literature (reports of NGOs, etc.)

Data from NGO's databases

Data from grey literature (reports of NGOs, etc.)

Important Plant Areas

Data from NGO's databases

Data from grey literature (reports of NGOs, etc.)



Figure 2.2.The details of the data sources and datasets used in the project - Factors Impacting Choice for BD

Factors Impacting 
the Choice

Decreasing

Increasing

Reversible Threats

Expert opinions from the national workshop

Bycatch probability of marine species

Fishing data from national database (TURKSTAT)

Concentration of marine litterEncounter rate data from grey literature (reports of NGOs, etc.)

Presence of aquafarms

Google Earth satellite imagery data

Irreversible threats

Expert opinions from 
the national workshop

Human impact to 
marine ecosystems

Spatial data from UN 
Biodiversity Lab database

Level of water pollution

National TÜBİTAK dataset

Residential & commercial development

Transportation & Service corridors

Biological resource use

Human intrusions & disturbance

Natural system modifications

Pollution

Residential & commercial development

Energy production & Mining

Biological resource use

Human intrusions & disturbance

Natural system modifications

Invasive alien species

Pollution

Climate change

Location information from grey literature (reports of 
NGOs, etc.)

Location information from scientific publications (theses, articles, etc.)

Unpublished data (expert opinion) on bycatch dynamics

Regional Integrated Coastal Areas Management Plan Reports

Data from scientific publications (theses, articles, etc.)

Expert opinions from the national workshop

Other Factors Increasing the Choice

Density of Threatened Marine Animals

Species Density & Richness

Marine Priority Areas

Habitat Diversity

Opportunities

Protected Areas & Protection EffectivenessInformation from National database

Fishing data from national database (TURKSTAT)

Threat categories (global/regional) from IUCN Redlist dataset

Encounter rate of different marine biodiversity 
elements (birds, mammals, etc.)

Richness of marine fish

Spatial data from UN Biodiversity Lab database

Data from scientific publications (theses, articles, etc.)

Diversity of habitat types (Shannon Diversity Index)

Diversity of topography (Topographic Roughness Index)

Presence of artificial reefs

Fishing gear selectivity

Organizational capacity

Proportion of fishing gear with low 
ecosystem effects

Presence of NGOs on 
biodiversity/environmental protection

Data from National database of the Ministry

Fishing data from national database (TÜİK)

Data gathered through interviews & field visits

FAO's Fishery Manager's Guidebook publication

Habitat data from European Commission Marine Observation and 
Data Network (EMODnet) Seabed Habitats Initiative database

GEBCO dataset

Location information from grey literature (reports of NGOs, web sources, etc.)

Location information from scientific publications (theses, articles, etc.)

Unpublished data (expert opinion) on locations of artificial reefs

Occurence data from Aquamaps database

Encounter rate data from grey 
literature (reports of NGOs, etc.)

Other Factors Decreasing the Choice

Conservation Investments

Project Budgets

Project Frequency

Project Number

Data gathered from different stakeholders

Data gathered from different stakeholders

Data gathered from different stakeholders

Databases of different state and non- state actors

Online soruces

Enforced Protection Presence of management plans in protected areas
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Figure 2.3. The details of the data sources and datasets used in the project - Factors Impacting the Choice for SSFs

Small- Scale   
Fishing Grounds 

Factors Impacting 
the Choice

Decreasing

Increasing

Reversible threats

Expert opinions from the national workshop

Transportation & Service corridors

Biological resource use

Natural system modifications

Pollution

Level of water pollution
National TÜBİTAK dataset

Irreversible threats

Expert opinions from the national workshop

Residential & commercial development

Energy production & Mining

Invasive alien species

Pollution

Route & Vessel Density
Data from European Commission Marine 
Observation and Data Network (EMODnet)

Large vs small- scale 
fisheries potential conflict 
hotspots

Information gathered from the Notification 
No. 5/1

Including

1*1 km grid based fishing grounds mapped spatially

Data gathered through 
interviews & field visits

Literature data

Excluding

All- year bans on small- scale fisheries

Notification No. 5/1 of the Commercial 
Fishing Regulations

Aquafarms (as a physical barrier)

Google Earth satellite 
imagery data

Navionics Boating Map SÜR- KOOP data (Central Union 
for the Fishing Cooperatives)

Integrated Coastal Zone 
Plan Reports

Expert opinions from the national workshop

Seasonal bans towards small- scale fisheries
Information gathered from the 
Notification No. 5/1

Other Factors Increasing the Choice

Opportunities

Sustainability of the practice

Proximity to biodiversity- rich areasProximity to lagoons trap fishing 
and traditional blanket net locations

Google Earth satellite imagery data

Field surveys

Literature data

Volume of the SSF Fleet

Diversity of Fishing Gear

Presence of Fishing Facilities

Catch Per Unit Effort (CPUE)

Young Fishers

Women Fishers

Data gathered through interviews & field visits

Data gathered through interviews & field visits

Google Earth satellite imagery data

Regional Integrated Coastal Areas Management Plan Reports

Ministry Inventory lists 2021

Data gathered through interviews & field visits

Handlines
Longlines 

Gillnets
Encircling gillnets

National database (TURKSTAT)

Data gathered through interviews

Literature data

National database (TURKSTAT)

Data gathered through interviews & field visits

Fishing Bans Towards Large- Scale FisheriesInformation gathered from the Notification No. 5/1

Other Factors Decreasing the Choice

Conservation Investments

Project Budget

Projects Frequency

Project Number

Data gathered from different stakeholders

Data gathered from different stakeholders

Data gathered from different stakeholders
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2.4. Digitization of Data 

2.4.1. Intersection Ratios with Study Units

In the project, we compiled data on important biodiversity elements (priority species and 
areas), and factors that increase or decrease the choice for biodiversity (BD) and small-
scale fisheries (SSFs) from diverse sources. While some of these data were readily digital, 
some were digitized, i.e. spatialized, by our team within the scope of the project. Of the 
digitized data, some could be transferred directly onto the 1x1 km grid cells used in the 
project (e.g., coral communities, fishing grounds, and district-based data or some cate-
gorical data). Others, however, were collected or digitized as polygons independent of 
the study area grid (e.g., important biodiversity areas, and protected areas). In these latter 
cases, a need to overlap them with our 1x1 km grid cells emerged, and using specific 
thresholds while doing so was found necessary. As a general rule, an intersection thresh-
old of 50% was applied. The data with a lower intersection were considered absent from 
the corresponding study units. This threshold was revised for the important biodiversity 
elements, to avoid neglecting their impact in the analysis. For example, the Loggerhead 
Turtle (Caretta caretta) is a priority species that nests in very few areas along the Aegean 
Coast. To integrate the nesting beaches of this species in the analysis, the 50% intersection 
threshold (with 1x1 km grid cells) was revised, and a much lower min. intersection ratio 
was adopted (0-2.5%). The specific intersection thresholds considered for the biodiversity 
elements are presented in Table 1.

The intersection ratios for all the data layers were calculated automatically in a Geograph-
ical Information Systems (GIS) environment. However, manual selections could be made 
in certain cases. For example, one of the SSFs bans was within a radius of 500 m around 
the river mouths. This ban was not transferred to study units through an automated inter-
section, instead the study units were selected manually. Lastly, some of the data collected 

Figure 2.4.The details of the data sources and datasets used in the project - Small-Scale 
Fishing Grounds

Small- Scale   
Fishing Grounds 

Factors Impacting 
the Choice

Decreasing

Increasing

Reversible threats

Expert opinions from the national workshop

Transportation & Service corridors

Biological resource use

Natural system modifications

Pollution

Level of water pollution
National TÜBİTAK dataset

Irreversible threats

Expert opinions from the national workshop

Residential & commercial development

Energy production & Mining

Invasive alien species

Pollution

Route & Vessel Density
Data from European Commission Marine 
Observation and Data Network (EMODnet)

Large vs small- scale 
fisheries potential conflict 
hotspots

Information gathered from the Notification 
No. 5/1

Including

1*1 km grid based fishing grounds mapped spatially

Data gathered through 
interviews & field visits

Literature data

Excluding

All- year bans on small- scale fisheries

Notification No. 5/1 of the Commercial 
Fishing Regulations

Aquafarms (as a physical barrier)

Google Earth satellite 
imagery data

Navionics Boating Map SÜR- KOOP data (Central Union 
for the Fishing Cooperatives)

Integrated Coastal Zone 
Plan Reports

Expert opinions from the national workshop

Seasonal bans towards small- scale fisheries
Information gathered from the 
Notification No. 5/1

Other Factors Increasing the Choice

Opportunities

Sustainability of the practice

Proximity to biodiversity- rich areasProximity to lagoons trap fishing 
and traditional blanket net locations

Google Earth satellite imagery data

Field surveys

Literature data

Volume of the SSF Fleet

Diversity of Fishing Gear

Presence of Fishing Facilities

Catch Per Unit Effort (CPUE)

Young Fishers

Women Fishers

Data gathered through interviews & field visits

Data gathered through interviews & field visits

Google Earth satellite imagery data

Regional Integrated Coastal Areas Management Plan Reports

Ministry Inventory lists 2021

Data gathered through interviews & field visits

Handlines
Longlines 

Gillnets
Encircling gillnets

National database (TURKSTAT)

Data gathered through interviews

Literature data

National database (TURKSTAT)

Data gathered through interviews & field visits

Fishing Bans Towards Large- Scale FisheriesInformation gathered from the Notification No. 5/1

Other Factors Decreasing the Choice

Conservation Investments

Project Budget

Projects Frequency

Project Number

Data gathered from different stakeholders

Data gathered from different stakeholders

Data gathered from different stakeholders
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*The important biodiversity elements whose data was present on the 1x1 km grid cells are not provided in the 
table.
**No min. intersection rate was used.

Important Biodiversity Elements
Min.

Intersection 
Ratios (%)

Cetaceans (Dolphins and Whales) – Important Marine Mammal Areas (IMMAs) 
& Unpublished data (expert opinion) on important areas 50

Cetaceans (Dolphins and Whales) – İzmir & Aliağa Observations 25 (izmir) 
5 (Aliağa)

Loggerhead Turtle (Caretta caretta) – Established & Sporadic Breeding 
Grounds

2,5 (Established)
NA (Sporadic)**

African Softshell Turtle (Trionyx triunguis) distribution
25

Seagrass (Posidonia oceanica) distribution 2.5

Marine Fish – Important Shard and Ray Areas (ISRAs) 50

Marine Fish – Candidate Important Shard and Ray Areas (cISRAs) 45

Marine Fish – Areas of Interest of ISRAs 50

Marine Fish – Areas hosting high Swordfish and Atlantic Bluefin Tuna popula-
tions 50

Freshwater Fish – Distribution of 3 important species 5

Seabirds – Audouin's Gull, Common Tern & European Shag breeding distri-
butions 20

Seabirds - Ruddy Shelduck breeding distribution 25

Seabirds - Kentish Plover & Lesser Kestrel breeding distributions 50

Areas of High Biodiversity Importance – Key Biodiversity Areas (KBAs) 50

Areas of High Biodiversity Importance – Important Plant Areas (IPAs) 25

were in raster format (tiff). The transfer of these data to our study grids was based on the 
pixel values overlapping with each grid cell, and the maximum of these values were used.

2.4.2 Marine and Terrestrial Data

In the project, we aimed to work on and produce results about the coastal and marine 
ecosystems. We thus needed to consider the representation of terrestrial and marine el-
ements in the study units (1x1 km grid cells) during the digitization of data. We aimed to 
exclude areas that majorly hold terrestrial ecosystems. For this, we used the coastline of 
Türkiye as a reference and set a threshold of ≥90% overlap with terrestrial ecosystems for 
exclusion. The grids with such overlaps were majorly terrestrial and therefore excluded 
from the analysis. 

Table 1. Important biodiversity elements and intersection ratios used*
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We considered the need to review the 90% overlap ratio for the important biodiversity 
elements as well. The distribution of some biodiversity elements did overlap with grid 
cells that harbor a large proportion of terrestrial elements (e.g. herpetofauna and fresh-
water fish). However, we detected that this 90% threshold ensured the representative-
ness of these elements in the analysis through their presence in the neighboring study 
units. Therefore, the use of a lower threshold for the important biodiversity elements was 
deemed unnecessary and no consequent revision was performed.

Lastly, some of our collected data was based in terrestrial regions (i.e. TÜİK data, ministry 
data, stakeholder data). This warranted the need to create a way of representing such 
data on our grid cells (coastal and marine). To achieve this, we applied a distance-based 
function to assign province and district information to each grid cell in our study area. The 
distances were calculated from the center point of each grid cell to the shoreline point that 
is closest to them. The province and district information at the shoreline point was then 
assigned to the cells. 

2.5. Important Biodiversity Elements and Conservation Targets

In this study, we gathered data on priority elements of biodiversity, namely priority spe-
cies and areas of high biodiversity importance. In other words, our focus did not cover all 
biodiversity elements of the Aegean Coast and Sea but rather covered the threatened 
elements and the areas hosting them. The selection of threatened species was realized 
through the IUCN Red List data (International Union for the Conservation of Nature; www.
redlist.org) and expert opinions. For areas of high biodiversity importance, we used stud-
ies of non-governmental organizations. Details on this topic are provided in the following 
sections. This way priority species and areas were integrated into the study as important 
biodiversity elements (Figure 2.1).

This study aimed to identify priority areas where conservation efforts will be directed by 
spatializing and analyzing data on different themes and topics together. The representa-
tion of the selected important biodiversity elements, i.e. the distribution of priority spe-
cies and areas, with a certain proportion in the resulting priority area set, was among the 
main targets. This rate, i.e. the conservation target, is a parameter that defines at least 
how many grid cells (1x1 km) of the priority species and areas included in the assessment 
should be targeted for conservation. The conservation targets for the priority species were 
assigned individually. For this assignment, we first considered the threat categories of 
the species (IUCN Red List assessments, prioritizing regional assessments; if unavailable, 
global assessments). In datasets with more than one species (e.g., birds), the category of 
the most threatened species was considered. Secondly, we evaluated the area covered by 
these biodiversity elements (i.e., the number of grids) in the project area after applying 
the intersection thresholds. Similarly, for the areas of high biodiversity importance, the 
total distribution area was taken into consideration. Based on this information, conser-
vation targets were set for each element separately (Table 2). A biodiversity optimization 
analysis (detailed in Section 5.4) was realized by considering these conservation targets. In 
addition, for each of the important biodiversity elements, penalty scores -which would be 
added to the result if the conservation targets could not be achieved in the optimization 
analysis - were identified. Thus, the resulting priority set of the analysis was encouraged to 
move towards areas that meet the conservation targets.
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Important Biodiversity Elements Conserva-
tion Target 

(%)

Conservation 
Target (1x1 
km grids)

Penalty 
Score

Mediterranean Monk Seal – Important Monk Seal Areas 5 118 0.5

Cetaceans (Dolphins and Whales) – Important Marine 
Mammal Areas (IMMAs) 2 74 0.5

Cetaceans (Dolphins and Whales) – Unpublished data 
(expert opinion) on important areas 5 54 0.5

Cetaceans (Dolphins and Whales) – İzmir & Aliağa 
Observations 0,5 23 0.5

Cetaceans (Dolphins and Whales) - INTERCET heatmap 
data (intensity of observations) 2-5 60-77 0.5

Cetaceans (Dolphins and Whales) - OBIS heatmap data 
(intensity of observations) 1-2,5 7-12 0.5

Cetaceans (Dolphins and Whales) - ASI density data 
(Fig. 8&10) 0,5-0,75 15-34 0.5

Loggerhead Turtle (Caretta caretta) – Established & 
Sporadic Breeding Grounds 50 8-24 0.25

African Softshell Turtle (Trionyx triunguis) distribution 5 45 0.5

Seagrass (Posidonia oceanica) distribution 7,5 138 0.5

Marine Fish – Important Shard and Ray Areas (ISRAs) 1 80 0.5

Marine Fish – Candidate Important Shard and Ray 
Areas (cISRAs) 1 1 0.5

Marine Fish – Areas of Interest of ISRAs (AOIs) 0,5 25 0.5

Marine Fish – Areas hosting high Swordfish and Atlan-
tic Bluefin Tuna populations 1,25&2,5 47&51 0.5

Freshwater Fish – Distribution of 3 important species 15 34 0.5

Coralligenous assemblages’ locations 40 95 0.5

Birds – Audouin's Gull breeding distribution 15 35 0.5

Birds - Kentish Plover & Ruddy Shelduck & Common 
Tern & European Shag breeding distributions 5 28 0.5

Birds - Lesser Kestrel breeding distribution 2,5 18 0.5

Areas of High Biodiversity Importance – Key Biodiversi-
ty Areas (KBAs) 2,5 69 0.5

Areas of High Biodiversity Importance – Important 
Plant Areas (IPAs) 2,5 3 0.5

Mediterranean Fan Mussel (Pinna nobilis) – Distribution 
hosting mass mortality & remaining native range 2,5&1,67 121&37 0.5

Table 2. Conservation targets and penalty scores of Important Biodiversity Elements
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2.6. Cost Layer

In our analysis, we calculated a Cost Layer to assess the combined effect of diverse factors 
that increase and decrease the choice for biodiversity and small-scale fisheries. The cost 
calculated in this approach is not a real economic cost, but an indication of the difficulty 
or ease of working in an area in line with the objectives. For this, we calculated cost layers 
separately for the BD and SSFs data. What we intended here was to generate information 
on the degree of difficulty associated with realizing conservation investments related to 
BD or SSFs in study units. For example, the presence of elements that support the richness 
of biodiversity in an area (e.g. artificial reefs), the presence of non-governmental organi-
zations working on conservation, or the presence of protected areas are factors that will 
increase the choice of that area for biodiversity. Similarly, areas with high sustainability of 
the SSFs practices (e.g., more young fishers, higher diversity of fishing gears, or higher 
catch per unit effort (CPUE)) are factors that will increase the choice for SSFs. 

While assessing the total cost, we treated the conservation investments and threats spe-
cifically. In this study, conservation investments were identified as one of the factors that 
decrease the choice for SSFs and BD. Our general approach was to prioritize areas that 
have not received much conservation investment, and in this sense, with higher investment 
needs. In other words, of any two study units (1x1 km grid cells) with similar elements, 
the one that received less conservation investment was given a lower cost and granted a 
higher choice.

Regarding the threats, our general approach was not to avoid sites with threats, but on the 
contrary, to focus on the areas with a high concentration and/or impact of threats. How-
ever, an important distinction was made on the reversibility of threats. Irreversible threats 
were identified as threats whose negative impacts (on BD or SSFs) could not be reduced/
reversed in line with conservation investments. Whereas reversible threats were those that 
are actionable, in other words, the negative impacts could be reduced/reversed through 
effective investments on the ground. Therefore, in the cost analysis, reversible threats were 
handled in a way to increase the choice and decrease the overall cost. Irreversible threats, 
on the other hand, were handled in a way to decrease the choice and increase the cost.

As detailed in the following sections of the report, various layers were produced in the 
analysis with different resolutions and approaches. We aimed to differentiate their impacts 
on the analysis by assigning them individual weights. The weight coefficients were deter-
mined through surveys, expert workshops, and the participation of project team experts. 
In particular, data resolution, reliability, and the relevance of the element were considered 
together during weighting (Table 3). 

These layers were synthesized under 4 sub-groups with their specific weights: factors in-
creasing choice, reversible threats, factors decreasing choice, and irreversible threats sep-
arately for BD and SSFs. We then grouped them under two to calculate the cost: Factors 
Decreasing Choice (increasing the cost) and Factors Increasing Choice (decreasing the 
cost). To do so, the four sub-groups were combined by giving a weighted multiplier effect. 
The weights used were determined by the methods used within the scope of multi-criteria 
decision analysis principles. While calculating the total cost layer, the following formula 
was used for both BD and SFF:

		  (Irreversible Threats*1.75+Other Factors Decreasing Choice*1.25)
	 - (Reversible Threats + Other Factors Increasing Choice)=Total Cost
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Table 3. The layers used in the cost analysis, their weights, and sub-groups

BD/SSFs Layer Name Weight Sub-Group Name

BD

Protected areas & Protection effec-
tiveness 4,54 Other Factors Increasing 

Choice

Density of threatened marine animals 4.13 Other Factors Increasing 
Choice

Species density & richness 1.00 Other Factors Increasing 
Choice

Marine priority areas 1.00 Other Factors Increasing 
Choice

Habitat diversity – Diversity of habitat 
types 3.88 Other Factors Increasing 

Choice

Habitat diversity – Diversity of topog-
raphy 4.13 Other Factors Increasing 

Choice

Habitat diversity – Presence of artifi-
cial reefs 3.93 Other Factors Increasing 

Choice

Opportunities - Fishing gear selec-
tivity 3.88 Other Factors Increasing 

Choice

Opportunities - Organizational ca-
pacity 3.67 Other Factors Increasing 

Choice

Expert opinions from the Nature and 
Culture Coexistence on the Aegean 
Coasts Workshop

2.00 Reversible Threats

Level of water pollution - National 
TÜBİTAK Dataset 2.50 Reversible Threats

Level of water pollution - Expert 
opinions from the Nature and Culture 
Coexistence on the Aegean Coasts 
Workshop

1.50 Reversible Threats

Concentration of marine litter 1.00 Reversible Threats

Bycatch probability of marine species 3.25 Reversible Threats

Presence of aquafarms 3.00 Reversible Threats

Conservation Investments – Project 
budget 4.46 Other Factors Decreasing 

Choice

Conservation Investments – Project 
frequency 3.63 Other Factors Decreasing 

Choice

Conservation Investments – Project 
number 3.13 Other Factors Decreasing 

Choice

Enforced Protection – Presence of 
management plans in protected 
areas

3.57 Other Factors Decreasing 
Choice

Expert opinions from the Nature and 
Culture Coexistence on the Aegean 
Coasts Workshop

2.00 Irreversible Threats

Human impact to marine ecosystems 3.15 Irreversible Threats
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BD/SSFs Layer Name Weight Sub-Group Name

SSFs

Opportunities - Fishing bans towards 
large-scale fisheries (weights distin-
guished by each of the ban’s impact 
on SSFs)

1.25-3.75-5 Other Factors Increasing 
Choice

Sustainability of the practice – Vol-
ume of the SSFs fleet 4.50 Other Factors Increasing 

Choice

Sustainability of the practice – Diver-
sity of fishing gear 3.88 Other Factors Increasing 

Choice

Sustainability of the practice – Pres-
ence of fishing facilities 4.12 Other Factors Increasing 

Choice

Sustainability of the practice – Catch 
Per Unit Effort (CPUE) 4.13 Other Factors Increasing 

Choice

Sustainability of the practice – Young 
fishers 3.71 Other Factors Increasing 

Choice

Sustainability of the practice – Wom-
en fishers 2.50 Other Factors Increasing 

Choice

Proximity to biodiversity-rich areas 2.88 Other Factors Increasing 
Choice

Expert opinions from the Nature and 
Culture Coexistence on the Aegean 
Coasts Workshop

2.00 Reversible Threats

Level of water pollution - National 
TÜBİTAK Dataset 2.50 Reversible Threats

Level of water pollution - Expert 
opinions from the Nature and Culture 
Coexistence on the Aegean Coasts 
Workshop

1.50 Reversible Threats

Conservation Investments – Project 
budget 4.46 Other Factors Decreasing 

Choice

Conservation Investments – Project 
frequency 3.63 Other Factors Decreasing 

Choice

Conservation Investments – Project 
number 3.13 Other Factors Decreasing 

Choice

Expert opinions from the Nature and 
Culture Coexistence on the Aegean 
Coasts Workshop

2.00 Irreversible Threats

Route & Vessel Density 3.13 Irreversible Threats

Large vs small-scale fisheries poten-
tial conflict hotspots 1.88 Irreversible Threats

Seasonal bans towards small-scale 
fisheries (weights distinguished by 
each of the ban’s impact on SSFs)

1.25-2.50-
3.75 Irreversible Threats
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2.7. Biodiversity Optimization Analysis

A. Optimization

To identify areas important for biodiversity, we performed an optimization analysis using 
both the conservation targets of the important biodiversity elements and the cost layer for 
biodiversity (Figure 3). The small-scale fisheries were considered an element to conserve 
on their own. We therefore didn’t need to apply an optimization analysis on this topic, and 
the priority areas were determined using the calculated cost surface. Then, by intersecting 
these two result sets, the SSFs cost surface and the BD optimization results set, the final 
solution set of priority areas for BD and SSFs was obtained.

Figure 3. Data analysis approach for biodiversity and small-scale fisheries

The optimization analysis was carried out using a software called MARXAN (Game and 
Grantham, 2008). In the optimization process, the conservation targets of the priority spe-
cies and areas (important biodiversity elements) and the cost of each study unit (1x1 km 
grid cell) were considered to achieve the highest conservation target with the lowest cost. 
For this, an algorithm of MARXAN software (Simulated Annealing Algorithm, followed by 
Iterative Improvement) was used. 

We have always envisaged the final solution set to be restricted to SSFs fishing grounds. 
However, to maintain the integrity of the biodiversity optimization, the optimization anal-
ysis was carried out in a wider boundary than the fishing grounds (detailed in Section 5.4). 
After the results were obtained, the study area boundary was narrowed to the fishing 
grounds.

While producing the final solution set of priority areas, we decided to exclude certain ar-
eas where conservation objectives have already been achieved. In this context, protected 
areas (details presented in Section 3.2.1.1) and areas where fishing (small or large-scale) is 
completely prohibited were included in both the initial solution set and the final solution 
set of the analysis due to their contribution to conservation (locked-in status in the MARX-
AN Algorithm). In the optimization analysis, the algorithm was able to select areas 

The analysis results consist of a final solution set of priority areas (1x1 km grids) where 
conservation investments will be realized both towards biodiversity and small-scale fisher-
ies. Lastly, if the selected areas were scattered throughout the study region, implement-
ing conservation practices would become challenging. We therefore modified the algo-
rithm to reduce the boundary length and increase the selection of neighboring grids. The 
boundary length modifier also urged the algorithm to complement the protected areas. 
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The resulting area set from the biodiversity optimization analysis was overlapped with the 
cost surface of the SSFs at the final step of the analysis. This permitted producing a final 
solution set of priority areas limited to the fishing grounds.
 
B. Scenarios

In our study, we also ran eight scenarios to assess the impact of different factors on our 
analysis and finetune our results. The main purpose of these scenarios was to observe how 
the results were impacted by changes in assigned weights and additional factors. Table 5 
summarizes the objectives of and discussions regarding the scenarios considered.

Parameters Value

Number of repeat runs (or solutions) 1,000

Run option 1 - Simulated Annealing followed by Iterative 
Improvement

Iterative improvement 0 - Normal

Number of iterations 10,000,000

Number of temperature decreases for annealing 10,000

Proportion of planning units in initial reserve 
system

0.5

Boundary Length Modifier 1

Table 4. The algorithms and parameters used in the analysis

These enabled the analysis to produce optimum results. The basic parameters used in the 
analysis are given in Table 4.

No Aim and Method

Scenario 1 Reducing the probability of selecting districts with geographical advantage (lon-
ger boundaries) by introducing the inverse relation of square number of maritime 
districts with a lower coefficient.

Scenario 2 Excluding the pollution data from the national workshop from the cost calculations 
of BD and SSFs.

Scenario 3 Integrating the large vs small-scale fisheries potential conflict hotspots to the 
reversible threats in place of irreversible threats for SSFs.

Scenario 4 Excluding the large vs small-scale fisheries potential conflict hotspots layer from 
the cost layer of SSFs.

Scenario 5 Not using locked-in grids and treating all grids equally in the optimization analysis.

Scenario 6 Incorporating Cumulative Human Impact data to reversible threats for calculating 
BD cost.

Table 5. The objectives, methods and results of the scenarios
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No Aim and Method

Scenario 7 Combination of Scenarios 1 & 2

Scenario 8 The boundary length effect for the convergence of the final solution set to the 
coastline rather than to the marine areas is less costly in the squares with a terres-
trial area.
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3. Biodiversity

3.1. Important Biodiversity Elements

A. Marine Mammals

The Aegean Sea holds significant global importance for marine mammals due to its unique 
ecological characteristics and diverse species populations. Acting as an ecological corri-
dor, it facilitates the movement and genetic flow of marine species between the Black Sea 
and the Eastern Mediterranean (Anagnostou et al., 2022).

There have been ongoing efforts to observing and monitoring the populations of these 
species realized by different organizations, including NGOs (Sualtı Araştırmaları Derneği - 
Akdeniz Foku Araştırma Grubu; SAD-AFAG, Turkish Marine Research Foundation; TUDAV, 
Marine Mammals Research Association; DMAD, Mediterranean Conservation Society; 
AKD, WWF-Türkiye), academia (İstanbul University, Ege University, Dokuz Eylül University, 
Middle East Technical University), among others. 

Different marine mammal species, including cetaceans and the Mediterranean Monk Seal 
(Monachus monachus), can be found wandering the Aegean Sea (Tonay et al., 2015). 
These marine mammals are faced with threats more intensively than in previous decades 
(Notarbartolo di Sciara and Tonay, 2021). Therefore, it was of high importance to integrate 
distribution and population density data on these groups in the analysis as a measure of 
biodiversity. 

Accordingly in the study, marine mammals were assessed as two groups: the Mediterra-
nean Monk Seal and Cetaceans (Dolphins & Whales). Below the details of the information 
gathered are presented including the data sources and the organizations/experts who 
supported the data-gathering process. 

A.1. Mediterraenan Monk Seal (Monachus monachus)

Mediterranean Monk Seal (Monachus monachus) is one of the most symbolic threatened 
species in the Aegean Sea. The threat status of the species was recently downscaled from 
Endangered (EN) to Vulnerable (VU) globally and in Europe thanks to long-term conser-
vation efforts, while remaining Endangered in the Eastern Mediterranean (Karamanlidis et 
al., 2023).

SAD-AFAG (Sualtı Araştırmaları Derneği - Akdeniz Foku Araştırma Grubu) is one of 
the leading NGOs working towards the conservation of the species since the 1980s in 
Türkiye. To identify sites hosting important populations of the Mediterranean Monk Seals, 
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guidance from SAD-AFAG was taken. Despite stable population trends, numerous threats 
to the Monk Seal still persist in Türkiye keeping the status of the species critical. Therefore, 
effective conservation measures for the species and its habitat remain of crucial importance 
and should be pursued with vigor (Karamanlidis et al., 2023). The threats to the species 
and its habitat are outlined in detail in Kıraç and Savaş (2019) and Kıraç et al. (2022). 

Important Monk Seal Areas

Following the input of SAD-AFAG experts (Cem Orkun Kıraç, Yalçın Savaş), the Important 
Monk Seal Areas identified in the National Strategic Action Plan for the Conservation of 
Monk Seal in Türkiye (Kıraç et al., 2013) were used. Even though the species is highly 
mobile and can be observed throughout much of the region, these sites indicate key ar-
eas that host important sub-populations, particularly breeding coastal habitats that merit 
conservation action in Türkiye. The data was digitized from the action plan to map the 
sites of importance along the Aegean Coast. A total of 31 areas were mapped using QGIS 
Software, falling within the boundaries of GFCM Geographic Sub-Area 22 Aegean Sea 
(Figure 4).

For the analysis, we set a conservation target of 5%, or an area of 118 km², for the Medi-
terranean Monk Seal. Like other important biodiversity elements, the threshold was given 
by considering the threat status of the species and its total distribution in the study area 
(2,352 km²).

Figure 4. Map showing the Important Monk Seal Areas in Türkiye within the GFCM Geo-
graphic Sub-Area 22 Aegean Sea boundaries

.
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Figure 5. Map showing different types of cetacean data gathered within the GFCM Geo-
graphic Sub-Area 22 Aegean Sea boundaries

A.2. Cetaceans (Dolphins and Whales)

Up to 11 species of cetaceans, namely dolphins and whales, are observed in the seas of 
Türkiye (Notarbartolo di Sciara and Tonay, 2021). The threat status of these species differs 
among one another, it is however fair to assume that the level of pressure acting on them 
is increasing steadily (Notarbartolo di Sciara and Tonay, 2021). As a measure of marine bio-
diversity, existing data and information on the distribution of cetaceans and areas that hold 
a relatively “greater” importance for their conservation was gathered. For this, different 
data owners were contacted, and a literature search was carried out with the guidance of 
experts from Universities (Istanbul University Faculty of Aquatic Sciences), NGOs (Marine 
Mammals Research Association; DMAD, Turkish Marine Research Foundation; TUDAV, Hi-
drobiyolojik Araştırmalar Derneği; HİDRA, and the Mediterranean Conservation Society; 
AKD) (Figure 5).

Our overall approach was to gather existing data on the ensemble of species instead of 
focusing on the individual species’ information. This was mainly due to the diverse nature 
of the accessible data. Therefore, areas designated as important for cetaceans or those 
with a high number of observations (as a measure of species richness) were employed. The 
sources used include region-wide studies (ACCOBAMS, 2021; Akkaya et al., 2021), data-
bases (Intercet Platform, OBIS Database), local studies (Alan et al., 2018; Alan, 2015), and 
expert opinions (Aylin Akkaya, unpublished data). Additionally, recently published Import-
ant Marine Mammal Areas (IMMAs) data were utilized (IUCN MMPATF, 2023).

.
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Data collection carried out in the boundaries of GFCM Geographic Sub-Area 22 Aegean 
Sea is detailed below: 

•	 Encounter rate data on cetaceans gathered through systematic aerial surveys was used 
(ACCOBAMS, 2021). The relevant information presented in the publication was digi-
tized. Species-level distinctions could not be gathered from this dataset. The encoun-
ter rates at 50x50 km scale were used as a measure of the relative importance of each 
study unit (1x1 km grid cells) for cetaceans. 

•	 Observations of different species of cetaceans were gathered from the Intercet Platform 
(through the permits of the Marine Mammals Research Association; DMAD, TUDAV, 
and Istanbul University) and the OBIS Database following the acquisition of relevant 
permits. These data sources provided point location information for each observation 
on a species, excluding observer effort. The point information needed to be translated 
into distribution maps to better reflect the presence or absence of species in general 
terms. To achieve this in the project, we generated heatmaps, in line with the intensity 
of the observations, without making a species-level distinction. This provided informa-
tion that was less detailed than species-level distribution maps, yet more informative 
than point-level information. The intensity of the observations was used as a measure 
of the relative importance of each study unit (1x1 km grid cells) for cetaceans. 

•	 Observation data from local studies were gathered from publications (Akkaya et al., 
2021; Alan, 2015; Alan et al., 2018) and digitized. Some of the data sources permitted 
distinguishing species while others did not. 

•	 Expert opinions were gathered to verify and to fill the gaps in the collected data when 
necessary from unpublished data (Aylin Akkaya, unpublished data).

•	 Important Marine Mammal Areas do correspond to “discrete portions of habitat, im-
portant to marine mammal species, that have the potential to be delineated and man-
aged for conservation” (IUCN MMPATF, 2023). 242 IMMAs have been identified based 
on qualifying and supporting species, which includes the Mediterranean Monk Seal. 
Given that in our study, important Mediterranean Monk Seal Areas have already been 
taken into consideration, we used the IMMA data with one adaptation; we have ex-
cluded IMMAs whose delineation was based solely on the presence of the Mediterra-
nean Monk Seals. As a result, 3 IMMAs falling within our GFCM Geographic Sub-Area 
22 Aegean Sea boundaries were included in the analysis. 

In the study, we assigned conservation targets to each of these datasets by considering 
two factors – the resolution of the data, and the total distribution in the study area. Given 
the nature of the data, we couldn’t distinguish the species, hence their threat status, and 
integrate this into assigning conservation targets. As a rule, in line with the resolution 
of the data, we assigned higher targets to data with higher resolution, and thus higher 
precision. Furthermore, with the heatmaps we generated for the global datasets (Intercet 
Platform and OBIS Database), we differentiated conservation targets and assigned higher 
targets to grids holding higher observation intensity. Conservation targets of these data 
layers differed between 0,5% to 10%. Where there were overlaps in these data layers, they 
were incorporated into the optimization separately as independent components.
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B. Herpetofauna

Türkiye hosts a high diversity and endemism of amphibians and reptiles (Ilgaz, 2019). The 
majority of the species are distributed in inland terrestrial and freshwater ecosystems. Yet 
there are important elements of this group present along the coastal ecosystems in the 
Aegean Region in Türkiye. Among them, globally known species of marine turtles, which 
are also amongst the most studied species in the country by different NGOs (WWF-Tür-
kiye, Sea Turtle Research, Rescue and Rehabilitation Center; DEKAMER) and universities 
(Pamukkale University, Aydın Adnan Menderes University) are present. 

To determine which elements of herpetofauna to integrate into the analysis, a selection 
process was developed with the aid of experts from Ege University (Dilara Arslan and Çetin 
Ilgaz), and DEKAMER (Yakup Kaska). Thereon with the support of an expert from Adıya-
man University (Mehmet Zülfü Yıldız) the assessment was realized. Using the database of 
IUCN, a list of amphibian and reptile species distributed in Türkiye was generated. Using 
the list, species (i) distributed along the coast, especially in lagoons, and (ii) which have 
higher threat status at the global level (using IUCN red list categories) were selected. This 
way, species representative of the coastal ecosystems and priority for conservation could 
be identified. This exercise produced two target species to integrate into the analysis: the 
Loggerhead Turtle (Caretta caretta) and African Softshell Turtle (Trionyx triungus).

B.1 Loggerhead Turtle (Caretta caretta)

Loggerhead Turtle is among the emblematic species (VU; Vulnerable at the global scale, Ca-
sale and Tucker, 2017) with a very long monitoring and conservation history in Türkiye. The 
conservation initiatives undertaken by non-governmental organizations, governmental in-
stitutions, and academia since the 1970s, culminated in the adoption of the Notification on 
the Conservation of Sea Turtles (dated and numbered 2009/10; Deniz Kaplumbağalarının 
Korunması Genelgesi). The well-established breeding locations of the species are detailed 
in this notification. These sites are located more in the southern part of the country, mostly 
towards the Mediterranean Region. Yet, since the onset of the 2010s, there has been an 
increasing number of sporadic breeding attempts in the Aegean Region of the country. 
The breeding dynamics in this region are rather diverse; some sites hosted consistent 
nesting activity by only one or two adults over 13 years, while there are sites where suc-
cessful breeding took place only once but with a higher number of animals. Overall, these 
breeding sites were used sporadically with a small number of nests established. However, 
following the guidance of experts from DEKAMER, it was concluded that even small, they 
hold the potential to become more established breeding grounds in the future. For this 
reason, these sites were also included in the prioritization analysis.

The regular breeding sites along the Aegean Coast were digitized from the Notification. 
A total of 3 areas were mapped using QGIS Software, falling within the boundaries of 
GFCM Geographic Sub-Area 22 Aegean Sea. For the sporadic breeding locations, liter-
ature surveys (Başkale et al., 2018; Pietroluongo et al., 2018; Yalçın Özdilek et al., 2020) 
and detailed surveys on news sources (covering a period between 2011 and 2023) were 
realized. As a result, 21 beaches that were used sporadically were mapped (Figure 6). For 
the analysis, we set a conservation target of 50%, or an area of a total of 32 km2, for the 
Loggerhead Turtle. The high threshold was given by taking into account the high threat 
status of the species and its total distribution in the study area (63 km2).
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B.2. African Softshell Turtle (Trionyx triunguis)

African Softshell Turtle is a reptile species with is threatened at the global (VU; Vulnerable; 
van Dijk et al., 2017) and even more at the Mediterranean scale (CR; Critically Endan-
gered; European Reptile & Amphibian Specialist Group, 1996). We downloaded species 
distribution data from the IUCN Red List database (IUCN, 2017) and used the area within 
the boundaries of GFCM Geographic Sub-Area 22 (Aegean Sea) in our analysis (Figure 7).

For the analysis, we set a conservation target of 5%, or an area of a total of 45 km², for the 
African Softshell Turtle (distribution within the study area was 888 km²). 

Figure 6. Map showing the established and sporadic breeding grounds of Loggerhead 
Turtle (Caretta caretta) within the GFCM Geographic Sub-Area 22 Aegean Sea boundar-
ies
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Figure 7. Map showing the distribution of African Softshell Turtle (Trionyx triunguis) within 
the GFCM Geographic Sub-Area 22 Aegean Sea boundaries

C. Seagrass (Posidonia oceanica)

Seagrass (Posidonia oceanica) is an important indicator species for the health status of 
coastal ecosystems (Montefalcone, 2009; Personnic et al., 2014). Forming meadows, this 
Mediterranean endemic species is an important component of marine biodiversity via 
increasing oxygen availability, sustaining habitat, and serving as a refuge and breeding 
ground, fixing carbon, among other functions (Akçalı et al., 2019a; Duman et al., 2019; 
Montefalcone, 2009). Given the importance of the species in representing marine biodi-
versity status, significant efforts were dedicated to gather information about their distri-
bution, under the guidance of experts (Muhammed Duman, Erhan Mutlu). National and 
international literature and global data sources were also explored (Figure 8).

The main source of information for the distribution of seagrass in the Aegean region of 
Türkiye was the outcomes of the Duman et al. (2019) paper. This study utilized acoustic 
ground-discrimination systems to map the distribution of Posidonia oceanica. Detailed 
spatial data provided by the research team, reflected the distribution of the species for 
certain sample regions along the Aegean Coast. For the remainder of the region, to com-
plement the species distribution, a detailed literature search of articles, grey literature, 
and news sources was realized (Ateş et al., 2005; Akçalı et al., 2019a, 2019b; Bizsel et al., 
2010; Cirik and Akçalı, 2013; Gümüşoğlu, 2010; Mutlu et al., 2023; Mutlu, 2020; Yokeş and 
Demir, 2013; Yüksel et al., 2015). Furthermore, international data sources were explored 
(@Golder, Univ Corse, Okianos, The French Biodiversity Agency (OFB), Mediterranean Po-
sidonia Network (MPN), UNEP-WCMC & Short, 2020). For the analysis, we set a conserva-
tion target of 7.5%, or an area of a total of 138 km2, for seagrass.
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D. Fish

Working in the coastal and marine realms, information on fishes, especially the more threat-
ened components of fish communities was fundamental in the study. Given the importance 
of coastal ecosystems, especially the lagoons and deltas for biodiversity, we didn’t limit 
our efforts to focus solely on the marine but also considered the priority freshwater fish 
species. 

D.1. Marine Fish

More than 540 marine fish species are present in the seas surrounding Türkiye (Bilecenoğ-
lu et al., unpublished data), and more than 400 of them are present in the Aegean Sea 
(Bilecenoğlu et al., 2014). There are ongoing efforts to prepare a national red list of ma-
rine fish in the country, but results have not been published yet. Consequently, there is 
no available information on the marine species threatened at the national level and their 
distributions. To address this knowledge gap, we searched different international data 
sources, prioritizing the IUCN Mediterranean scale assessments. We searched distribution 
information, mainly maps of the species that are threatened (CR, EN, VU) or Near Threat-
ened (NT), from the Mediterranean and the Black Sea as the Marine Regions and Türkiye. 
However, none of the selected species had distribution maps available in the IUCN red 
list database; and other data sources provided encounter information and not distribution 
maps. Therefore, to account for the important and priority elements of marine fish, we 
used two data sources as proxies of marine fish diversity, as detailed below. 

Figure 8. Map showing the distribution of seagrass (Posidonia oceanica) within the GFCM 
Geographic Sub-Area 22 Aegean Sea boundaries
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Figure 9. Map showing ISRAs, cISRAs and AoI within the GFCM Geographic Sub-Area 
22 Aegean Sea boundaries

Important Shark and Ray Areas (ISRAs)

Sharks and rays are amongst the most threatened components of marine fish diversity, 
with one-third of the species threatened at the global scale (Dulvy et al., 2021). There 
have been international efforts to identify the areas that are important for these species, 
which has led to the successful development of the ISRA (Important Shark and Ray Areas) 
approach. ISRAs are “discrete, three-dimensional portions of habitat, important for one or 
more shark, ray, and chimaera species, that are delineated and have the potential to be 
managed for conservation”. Different criteria such as vulnerability, restricted range, life-his-
tory features, and special attributes are used in this approach to identify areas. For all the 
ISRAs identified, factsheets detailing the area, and the species which trigger different cri-
teria are provided (see details in https://sharkrayareas.org/e-atlas/) (Figure 9).

In this study, ISRAs delineated at the scale of the Mediterranean scale were employed 
(IUCN SSC Shark Specialist Group, 2022). 6 such areas were present in our study area 
(namely Thracian Sea Shelf, Southeastern Aegean Sea, Sigacik Bay, Izmir Bay, Edremit Bay, 
and Boncuk Bay). Furthermore, candidate ISRAs (cISRAs) and Areas of Interest (AoIs) were 
incorporated into the analysis. Candidate ISRAs are areas that trigger the ISRA criteria, but 
which await the review of an independent review panel to be classified as ISRAs. In our 
study area, one cISRA, namely Güllük Bay was present. Lastly, Areas of Interest are areas 
that don’t have sufficient information to trigger the ISRA Criteria and thus do not become 
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a candidate ISRA (cISRA). Yet in the presence of additional information, they hold the po-
tential to become ISRAs. In our study area, two AoIs were identified (Truva Shelf, Dodaca-
nese). In our analysis, we used all 3 components of the ISRAs. 

For the analysis, we set a conservation target of 1%, or an area of a total of 80 km2, for IS-
RAs. We used the same conservation target for cISRAs, which led only to an area of 1 km².
Lastly for AoIs, we used a lower target as 0,5%, which meant an area of 25 km2. 

Areas Hosting High Swordfish and Atlantic Bluefin Tuna Populations 

Swordfish (Xiphias gladius) and Atlantic Bluefin Tuna (Thunnus thynnus) are ecological-
ly significant keystone species with a disproportionately high impact on their ecosystem 
relative to their population density (Rodriguez-Marin et al., 2015; MacKenzie et al., 2021; 
Andrews et al., 2022). Swordfish is Near Threatened (NT) at the global scale (Collette et 
al., 2022), and Atlantic Bluefin Tuna is Endangered (EN) at the Mediterranean scale (Di 
Natale et al., 2011). These species are managed by Regional Fisheries Management Orga-
nizations (RFMOs) due to their high economic value. As key predators, regions with higher 
populations of these species are indicative of areas with greater marine fish richness. Both 
species are highly migratory and present throughout the study area, yet in this study, we 
aimed to identify critical sites for these species in the Aegean Sea. Using existing literature, 
we mapped heavily fished locations of these species (Akyol et al., 2010, 2014; Ceyhan et 
al., 2018; Karakulak, 1999, 2004; Karakulak and Oray, 1995; Karakulak et al., 2004, 2016; 
Karakulak and Ceyhan, 2024; Mengual, 2023). A correlation between the fishing pressure 
and population size was assumed, as such economically important species are likely target-
ed in areas with higher populations (Figure 10). 

Figure 10. Map showing areas holding important populations of Swordfish and Atlantic 
Bluefin Tuna within the GFCM Geographic Sub-Area 22 Aegean Sea boundaries



43Yolda Initiative

For the analysis, we set a conservation target of 1.25%, or an area of a total of 47 km2, 
for the Atlantic Bluefin Tuna. Given the higher threat status (Near Threatened, NT) of the 
Swordfish, we used a higher conservation target of 2.5%, which led to an area of 51 km2. 

D.2. Freshwater Fishes

Freshwater fishes are among the species groups with a high rate of endemism in Türkiye. 
Based on current data and expert assessment provided by Baran Yoğurtçuoğlu, the co-
chair of the Western Palearctic of IUCN/SSC Freshwater Fish Specialist Group, of the ap-
proximately 380 freshwater fish species recognized in Türkiye, 46% are endemic, and many 
occur in only one or two locations. These species are mainly distributed in inland ecosys-
tems, but there are species of conservation priority distributed along the ecosystems of 
the Aegean Region in Türkiye.

To determine which species of freshwater fish should be included in the analysis, a step-
by-step selection process was developed with the aid of local IUCN experts. The first step 
was to identify all freshwater fish species that occur in coastal ecosystems. Three species 
were then selected that are (i) threatened (CR, EN or VU), and (ii) inhabit coastal or fresh 
or brackish water ecosystems. These species were: European Eel (Anguilla anguilla), Almiri 
Killifish (Aphanius almiriensis), and Gediz Dwarf Goby (Knipowitschia mermere). The Euro-
pean Eel and Almiri Killfish are both Critically Endangered (CR) at the global level, while 
Gediz Dwarf Goby, an endemic species of Türkiye, is Vulnerable (VU).

We aimed to identify areas with important feeding and spawning grounds (excluding Eu-
ropean Eel) for these species in the study area. The European Eel is a species that can be 
found all along the Aegean coast, but only sites where the species aggregates in high den-
sities were selected as areas of conservation concern. For this, hydro basins as identified in 
Lehner and Grill (2013; 8th level) were used. The experts highlighted significant micro-ba-
sins where the species is actually or potentially present and which are also crucial for both 
biodiversity and socio-economic activities. The distribution of the species falling within the 
boundaries of GFCM Geographic Sub-Area 22 Aegean Sea was used in the analysis 
(Figure11). 

For the analysis, we set a conservation target of 15%, or an area of a total of 34 km2, for the 
three freshwater fish species in total. 
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E. Coralligenous Assemblages

In marine ecosystems, coralligenous assemblages, which are habitats established by one 
or more coral species, are one of the most important biodiversity hotspots, together with 
seagrasses (SPA/RAC, 2017; Ballesteros, 2006; Sala and Knowlton, 2006). Yet they are 
also one of the most threatened components of biodiversity, especially due to trawling, 
anchoring, pollution, invasive alien species, and climate change, amongst other factors 
(SPA/RAC, 2017). In the Aegean Sea, the coralligenous assemblages host also a high bio-
logical diversity and threatened species (Bilecenoğlu and Çınar, 2015; Özalp, 2013, 2021; 
Yokeş and Demir, 2013). Considering their importance, significant efforts were dedicated 
to gathering information about the distribution of coral species, with the aid of experts 
(Ertan Dağlı, H. Barış Özalp), and using the literature (Cihangir et al., 2011; Gönülal and 
Güreşen, 2017; Güreşen et al., 2015; Özalp, 2013, 2016, 2018, 2019a, 2019b, 2021, 2023; 
Özalp and Odabaşı, 2021; Özalp and Alparslan, 2011, 2016; Özalp and Altuncu, in prep.; 
Öztürk et al., 2008; Topçu Eryalçın, 2017; Yokeş and Demir, 2013; Yığın et al., 2022), and 
information in the national legislations (Anonymous, 2020) (Figure 12).

Our overall approach was to gather existing data on the ensemble of species instead of 
focusing on the individual species’ information. This was mainly due to the diverse nature 
of the accessible data. Furthermore, in the absence of detailed information on the loca-
tion of the species, the distribution information was digitized using our study units (1x1 
km grid cells). Information on the distribution of habitats made up of up to 14 species was 
gathered this way (Axinella cannabina, Balanophyllia europaea, Caryophyllia caespitosa, 
C. inornata, C. smithii, Eunicella cavolini, E. singularis, Leptopsammia pruvoti, Madracis 
pharensis, Paramuricea clavata, Phyllangia mouchezi, Polycyathus muellerae, P. pulchellus, 

Figure 11. Map showing hydro basins (8th level) representing important feeding and 
breeding grounds (except European Eel) of the three freshwater fish species within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries
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Savalia savaglia).
For the analysis, given the importance of the coralligenous assemblages, we set a high 
conservation target of 40%, or an area of a total of 95 km2.

F. Birds

As a reliable indicator of biodiversity, we gathered information on birds in the analysis. 
The Aegean Sea hosts up to 360 bird species (Onmuş, 2015). Among them, pelagic birds 
are few, e.g., Yelkouan Shearwater (Puffinus yelkouan), a species Vulnerable (VU) at the 
global scale (BirdLife International, 2018). There has been no confirmed breeding of these 
seabirds in the Aegean Sea of Türkiye (BirdLife International, 2024). Therefore, in place of 
employing information on pelagic seabirds, we focused on gathering information about 
the breeding distribution of marine & coastal birds in the study area. Under the guidance 
of ornithology experts (Kerem Ali Boyla, Dilek Şahin) 6 species were selected as target spe-
cies for this study (namely European Shag (Phalacrocorax aristotelis), Common Tern (Sterna 
hirundo), Ruddy Shelduck (Tadorna ferruginea), Lesser Kestrel (Falco naumanni), Audouin’s 
Gull (Ichthyaetus audouinii), Kentish Plover (Charadrius alexandrinus)). 

The information on the breeding grounds and/or areas where these species were resident 
was gathered mainly from the Breeding Bird Atlas study outcomes (Boyla et al., 2019), 
and the distribution maps presented by Kirwan et al. (2010). The missing information was 
complemented from different literature sources (Onmuş, 2015; Onmuş and Gönülal, 2019; 
Yaylalı et al., 2023). Given these species use mainly land, distribution information was con-
fined to terrestrial areas for the analysis (Figure 13).

For the analysis, we distinguished conservation targets among the 6 species, taking into 
consideration the threat status of the species at the global level, and their total distribution 
in the study area. The highest target was assigned to Audouin’s Gull (Ichthyaetus audou-

Figure 12. Map showing the distribution of coralligenous assemblages within the GFCM 
Geographic Sub-Area 22 Aegean Sea boundaries.
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inii), which is Vulnerable (VU) at the global level. Its conservation target was set to 15%, 
corresponding to an area of a total of 35 km2. The conservation targets of Kentish Plover 
(Charadrius alexandrinus), Ruddy Shelduck (Tadorna ferruginea), Common Tern (Sterna 
hirundo), and European Shag (Phalacrocorax aristotelis), was set to 5%, corresponding to a 
total area of 28 km2. Finally, the conservation target of the Lesser Kestrel (Falco naumanni) 
was assigned as 2.5%, an area of 18 km2. In grid cells with multiple seabird species, thus 
multiple conservation targets, we considered the highest conservation target, rather than 
summing the targets of all species present.

G. Mediterranean Fan Mussel 
  
Mediterranean Fan Mussel (Pinna nobilis) an endemic of the Mediterranean Sea, is one of 
the biggest bivalve molluscs on the global scale (Pensa et al., 2022). Filtering water and 
contributing to water clarity are the key ecological roles of the species (Cabanellas-Rebore-
do et al., 2019; Trigos et al., 2014). The species is listed as Critically Endangered (CR) at 
the global scale, mainly due to a parasite causing massive outbreak (Kersting et al., 2019). 
Using the map provided in IUCN (November 2019) the distribution information was dig-
itized using the study units (1x1 km grid cells) of the project. While doing so, the native 
range and the sites hosting mass mortality ≥85% were distinguished from one another to 
reflect the status of the species along the study area (Figure 14).

For the analysis, the conservation target was set to 2.5% in sites hosting mass mortality 
(121 km2) and set to 1.67% in the remaining native range of the species (an area of a total 
of 37 km2). There are recent studies which indicate the complete extinction of the species 
along the coasts in Türkiye (Öndes et al., 2020), yet we included it in our analysis with a 
lower impact.

Figure 13. Map showing the distribution of the target bird species within the GFCM Geo-
graphic Sub-Area 22 Aegean Sea boundaries
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Figure 14. Map showing the distribution of the Mediterranean Fan Mussel within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries

H. Areas of High Biodiversity Importance 

Different approaches exist to identify areas hosting important elements of biodiversity 
at the global scale. Key Biodiversity Areas (KBAs), Important Bird Areas (IBAs), Prime 
Butterfly Areas (PBAs), and Important Plant Areas (IPAs) are examples. They rely mainly on 
identifying areas that trigger certain criteria (e.g., presence of species with certain threat 
status, habitat choice or behavior of species, etc.). In most cases, they are developed for 
single or multiple species groups. In Türkiye, through the efforts of NGOs, in collaboration 
with universities, 255 Important Bird Areas (IBAs; Eken et al., 2006), 305 Key Biodiversity 
Areas (KBAs; Eken et al., 2006), 122 Important Plant Areas (IPAs; Özhatay et al., 2003), 
and 65 Prime Butterfly Areas (PBAs; Karaçetin et al., 2011) have so far been identified, 
reflecting the high biodiversity value of the country. In this study, to represent the areas 
of high biodiversity importance along the Aegean Coast, KBAs, IBAs, and PBAs were 
digitized, and IPAs were supplied by WWF-Türkiye. 

In this study, we mainly focused on coastal and marine ecosystems. To identify the areas 
of high biodiversity importance with coastal and marine elements, we adopted a step-
by-step approach. The first step was assigning a geographical filter to select the areas of 
high biodiversity importance in our study area. This elimination led to mostly selecting 
coastal areas, but there were also areas hosting mainly terrestrial elements. Therefore, we 
did an additional analysis using CORINE Land Cover Data (2018) and river network data 
(OpenStreetMap, 2024) to assess the presence of coastal and marine elements within the 
boundaries of these areas. We used mainly marine waters, and maritime wetlands at the 
Label 2 level of the CORINE data and thereon checked to see whether they successfully 
represented the coastal ecosystems. We further checked the overlap with riverine 
ecosystems from the coast up to 5 km inland. This double check permitted excluding 
areas of high biodiversity importance which were majorly terrestrial. Lastly, the species 
that triggered the delineation of these areas were assessed to see whether any area was 
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selected exclusively for terrestrial species. This three-step elimination approach (utilizing a 
mix of manual and automatized processes) led to the selection of 15 KBAs and 2 IBAs in 
the study area (Figure 15). For the analysis, the conservation target for both KBAs and IBAs 
was set to 2.5%, resulting in an area of a total of 72 km2.

Figure 15. Map showing the KBAs and IBAs selected in the GFCM Geographic Sub-Area 
22 Aegean Sea boundaries

3.2. Factors Impacting the Choice

3.2.1. Increasing

3.2.1.1. Other Factors Increasing the Choice

A. Protected Areas & Protection Effectiveness

Protected areas are clearly defined geographical spaces, recognized, dedicated, and man-
aged, through legal or other effective means, to achieve the long-term conservation of 
nature with associated ecosystem services and cultural values (Dudley, 2008). As an im-
portant contributor to biodiversity, we considered the national protected areas in Türkiye. 

There exist different types of protected areas in Türkiye (changing from national parks to 
natural monuments, from wildlife reserves to nature conservation areas). The reasons for 
their delineation, their management approaches, or the level of protection do vary among 
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Figure 16. Map showing the selected protected areas within the GFCM Geographic 
Sub-Area 22 Aegean Sea boundaries

them. Therefore, our first step was to select the types of protected areas that truly consider 
the conservation of biodiversity, corresponding to the IUCN definition. For this aim, we 
employed the outcomes of the study of the Nature Conservation Centre (Doğa Koruma 
Merkezi), which assessed Türkiye’s protected area status and their corresponding IUCN 
Protected Area Management Categories. As a result, we kept 7 categories of protected ar-
eas (i.e., National Parks, Natural Monuments, Nature Conservation Sites, Wildlife Reserves, 
Ramsar sites, Special Environmental Protection Areas, Natural SİTs). 

Secondly, within and among protected area types, the conservation effectiveness varies. 
We were able to integrate the variation in conservation effectiveness among protected 
area types. This was realized through gathering expert opinions with a survey. Mean scores  
collected in the survey were used to differentiate the different types of protected areas.

For data gathering, we digitized the marine protected areas as identified by WWF-Türkiye. 
Secondly, to complement this information, we explored the protected area data from the 
online databases, and web sources, and digitized the additional protected areas. As a re-
sult of this exercise, we selected 14 protected areas from 4 different statuses in the study 
area (Figure 16).
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B. Density of Threatened Marine Animals

In our study, we aimed to focus on areas that hosted higher concentrations of threatened 
elements of biodiversity. The data with high resolution on these elements were integrat-
ed into the analysis as Important Biodiversity Elements, while others were used as fac-
tors increasing the biodiversity choice. Distribution data on threatened marine animals are 
limited for the reasons detailed in Section 3.1, Biodiversity. We relied on the TÜİK 2021 
fishery statistics for this purpose. We gathered fishing data of 75 marine fish, crustaceans, 
and mollusk species along the Aegean Coast. Thereon, a scoring exercise was carried out 
to prioritize the threat status of these species. We used IUCN Red List categories of the 
species at the regional (if available; Mediterranean or European) and global levels (IUCN, 
2023). 

Efforts to prepare the national red list of marine fish in Türkiye have been initiated but are 
not yet complete, and the national threat status of both crustacean and mollusk species 
is missing. Therefore, as an indicator of the threat status of these animal species, we pri-
marily used the Mediterranean-level threat assessments. In their absence, we referred to 
European-level assessments, and if neither were available, we used global assessments for 
scoring. 

Scores for different threat categories were assigned to each species with a red list assess-
ment; highest to Critically Endangered (CR) and lowest to Least Concern (LC) species. 
To be precautionary, Data Deficient (DD) species, and species whose threat status is not 
evaluated (Not Evaluated; NE) were assigned scores higher than LC. The resulting scores 
used were as such: 

Threat Category Scores

Critically Endangered (CR) 4 points

Endangered (EN) 3 points

Vulnerable (VU) 2 points

Near Threatened (NT) 1 point

Data Deficient (DD) 1 point

Not Evaluated (NE) 0.5 point

Least Concern (LC) 0 points

In the study, we aimed at highlighting areas that hold higher populations of threatened 
species. Assuming a direct correlation between population density and the catch volume, 
we utilized fishery statistics, specifically the catch volume, at the district level (TÜİK, 2021) 
to indicate species density. We thereon calculated a score for each district by multiplying 
the catch volume of each species at a district (relative to its total volume along the study 
area) with its IUCN score. This way, we obtained a value linked to the distribution of the 
species along our study area, rather than the differing fishing efforts among districts, as the 
latter showed great dependency on a variety of unquantifiable factors. We then summed 
this value for all species caught in the district and normalized it. The data we used in 
the analysis was linked to districts and, therefore terrestrial by nature. We applied a dis-
tance-based function to assign the information to each grid cell in our study area (details 
provided in Section 2.4, Digitization of Data). This permitted highlighting the areas where 
the threatened species were more concentrated along the Aegean Sea (Figure 17).
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Figure 17. Map showing the density of threatened marine animals within the GFCM Geo-
graphic Sub-Area 22 Aegean Sea boundaries

C. Species Density and Richness

Two data sources were used to present areas that hosted higher species density and rich-
ness. The first was the encounter rate data on cetaceans gathered through systematic aeri-
al surveys (ACCOBAMS, 2021b). The data on marine mammals with higher resolution were 
integrated into the analysis as Important Biodiversity Elements (encounter rates at 50x50 
km scale) whereas those with lower resolution (100x100 km) were employed here. The en-
counter rate of seabirds (not focusing on breeding areas) and the encounter rate of marine 
mammals presented in the publication were digitized. The encounter rates were used as a 
measure of the relative importance of each study unit (1x1 km grid cells) for cetaceans. The 
second dataset was the global Aquamaps database (Kaschner et al., 2019). In the dataset, 
occurrence information of fish and invertebrate species by grid was downloaded and fil-
tered to use higher-quality data. In the analysis, a positive correlation between the choice 
and species density & richness was established (Figure 18 and Figure 19).
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Figure 18. Maps showing different components of species density within the GFCM Geo-
graphic Sub-Area 22 Aegean Sea boundaries
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Figure 19. Map showing species richness within the GFCM Geographic Sub-Area 22 
Aegean Sea boundaries

D. Marine Priority Areas

There exist various international data sources, which have identified marine priority areas at 
the global scale. One of them is the UN Biodiversity Lab database . In this dataset, a global 
layer was prepared by Sala et al. (2021) to highlight such areas. Their analysis considered 
areas of high importance in the ocean based on the objectives of improving global fish 
catch, safeguarding carbon stocks, and protecting marine biodiversity. With each objective 
having equal weight, the resulting synthesis layer presented the relative importance of 
each cell/pixel, ranging from the most important (1) to the least (0). Values between 0.95-1 
correspond to the most important 5% of the ocean and values between 0.9-1 correspond 
to the most important 10%. We used this synthesis raster layer and among overlapping 
pixels, we used the maximum values in our grid cells to exacerbate the differences among 
grids (Figure 20).
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Figure 20. Map showing priority areas within the GFCM Geographic Sub-Area 22 Aegean 
Sea boundaries

E. Habitat Diversity

Habitat diversity is an important determinant of marine biodiversity (Sala and Knowlton, 
2006; Tittensor et al., 2010). Different types of information were used to represent the level 
of habitat diversity in the study area. One of them was the habitat data from the European 
Commission Marine Observation and Data Network (EMODnet) Seabed Habitats Initiative 
database. The classification in this database was realized through their biological zone, 
energy class, oxygen regime, salinity regime, seabed substrate, and riverine input. In this 
database, the habitat types with the highest resolution were used to obtain the habitat 
diversity by calculating the Shannon Diversity Index (Shannon, 1948) for the 9x9 km area 
surrounding each grid cell. 

The variability of marine topography is also acknowledged as a major determinant of hab-
itat diversity (Lazarus and Belmaker, 2021; Walker et al., 2009; Zawada et al., 2010). Thus, 
the second assessment in the study was based on the topographical diversity, namely ru-
gosity. For this, QGIS Software’s “Ruggedness Index” package was used here to produce 
a terrain heterogeneity index as described in Riley et al. (1999). The algorithm mainly as-
sessed the topographical difference between a cell and its neighboring 8 cells in a moving 
window fashion using GEBCO bathymetry data (GEBCO Compilation Group, 2023).

Lastly, we considered the impact of artificial reefs on increasing habitat diversity (Char-
bonnel et al., 2002; Jensen, 2002) and integrated it into the study. To gather informa-
tion about the locations of the artificial reefs throughout the study area, with the aid 
of experts (Altan Lök, H. Barış Özalp, Oktay Aslanöz, pers. comm.), a detailed litera-
ture search was realized (Acarlı, et al., 2020; Gül et al., 2006, 2011; Kemer, 2022; Lök 
et al., 2002, 2022; Lök and Gül, 2005; Özalp, 2009; Özgül and Lök, 2017; Özgül, 2010; 
Ulaş et al., 2008). In the absence of detailed information on the exact location of artifi-
cial reefs, the distribution information was digitized using the study units (1x1 km grid 
cells) of the project. In general terms, a positive correlation between habitat diversity and 
biodiversity choice was established in the analysis (Figure 21,  Figure 22 and Figure 23). 
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Figure 22. Map showing the rugosity index within the GFCM Geographic Sub-Area 22 
Aegean Sea boundaries

Figure 21. Map showing the Shannon Diversity Index of habitats within the GFCM Geo-
graphic Sub-Area 22 Aegean Sea boundaries
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Figure 23. Map showing the artificial reefs locations within the GFCM Geographic 
Sub-Area 22 Aegean Sea boundaries

F. Opportunities – Fishing Gear Selectivity

The disruption of ecological balance in the marine environment, the use of harmful fishing 
methods and gears by fishers, and overfishing are factors that negatively impact fish stocks 
(McClanahan and Mangi, 2004; Coll, et al., 2008; FAO, 2020; Pauly and Zeller, 2016). 
The increase in the number, size, and performance of fishing gears, along with advances 
in technology leads to further increases in fishing pressure (Aydın and Düzgüneş, 2007). 
Therefore, it is important to assess the selectivity of fishing gears to understand its effect 
on marine biodiversity.

A Fishery Manager’s Guidebook of FAO (Bjordal, 2009) puts forward that “the selectivity of 
a certain fishing method depends on its ability to select the desired (“target”) species and 
sizes of fish from the variety of organisms present in the area where the fishery is conduct-
ed.” According to the guide, the overall selectivity of a fishing method is determined by 
both the inherent selective characteristics of the fishing gear and its mode of operation. To 
both conserve fish stocks and maximize fishing efficiency, fishing gear can be improved in 
many ways, with the most important and effective method being improving the selectivity 
of fishing gear or using more selective fishing gear (Aydın and Düzgüneş, 2007). Given the 
impact of gear selectivity on fish stocks, we considered selectivity among the important 
determinants of fish abundance and marine biodiversity and, thus, included it in our anal-
ysis.

To display the correlation between biodiversity and fishing, we analyzed the degree of 
selectivity per district by referring to the abovementioned guidebook (see Annex 2 for 
fishing gear types). In the guide, “Ecosystem Effect Index” per fishing gear is suggest-
ed to identify gear selectivity and ecosystem effects of fishing based on size selection, 
species selection, unaccounted mortality, ghost fishing, habitat effects, energy efficiency, 
and catch quality. The more selective gear types are represented with a higher Ecosystem 
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Gear Type* Turkish Names FAO Category** Ecosystem Effect 
Index

Encircling Gillnets Çevirme uzatma ağları 
(Sade ağ)

Gillnets and entangling 
nets

4.7

Encircling Gillnets 
(Trammel)

Çevirme uzatma ağları 
(Fanyalı ağ)

Gillnets and entangling 
nets

4.7

Encircling Gillnets 
(Combined)

Çevirme uzatma ağları 
(Karma ağ)

Gillnets and entangling 
nets

4.7

Trammel Nets Fanyalı uzatma ağları Gillnets and entangling 
nets

4.7

Combined gill-
nets-trammel nets 

Karma uzatma ağları Gillnets and entangling 
nets

4.7

Set Gillnets Galsama uzatma ağları Gillnets and entangling 
nets

5.4

Handlines Oltalar Hooks and lines 7.3

Longlines Paragatlar Hooks and lines 7.1

Table 6. Ecosystem Effect Index for selected fishing gears used in the Aegean Sea of 
Türkiye

* Gear types corresponding to the Turkish legislation.
** Details provided in Annex 2.

Effect Index. According to these generalized estimates of different fishing methods, we 
suggested an Ecosystem Effect Index for fisheries in the Aegean Sea of Türkiye (Table 6). 
Our suggested version differed from FAO’s estimates as we considered fishing gears ex-
plicitly identified in Turkish legislation, which are categorized as sub-types of “gillnets and 
entangling nets” and “hooks and lines”.

Departing from this approach, we first calculated the proportion of the total catch per 
fishing gear. We then summed these proportions multiplied with the Ecosystem Effect 
Index values. In other words, we aimed to display the contribution of fishing gears with 
different selectivity to overall fish catch. For this analysis, we used two main data: (i) the 
data showing the total catch for each species on the basis of fishing gear per district, 
accessed via the TÜİK Fisheries Micro Data Set of 2021 (Su Ürünleri İstatistikleri Mikro Veri 
Seti – 2021) and (ii) the Ecosystem Effect Index suggested above. Finally, we examined 
the results to ensure they accurately reflect the real situation. The data we used in the 
analysis was linked to districts, therefore terrestrial by nature. We applied a distance-based 
function to assign the information to each grid cell in our study area (details provided in 
Section 2.4, Digitization of Data). The districts with high selectivity scores increased the 
choice in our analysis (Figure 24).
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Figure 24. Map showing fishing gear selectivity scores within the GFCM Geographic 
Sub-Area 22 Aegean Sea boundaries

G. Opportunities – Organizational Capacity

An important determinant of conservation success is the participation of non-state actors. 
As Berkes (2004) points out, “the very nature of complex environmental problems requires 
a different, participatory approach; … the age of management is over”. In our assessment, 
local organizational capacity refers to the presence of non-state actors (namely civil society 
organizations; CSOs) actively working on biodiversity conservation in the project area. By 
integrating local know-how into conservation, CSOs may bring situated and fine-grained 
information as well as in-situ resources and support, making conservation projects more 
cost-effective and resilient with the use of social capital (Agrawal and Gibson, 1999; Bor-
rini-Feyerabend, et al., 2004; Pretty and Smith, 2004). They are also well-positioned to 
contribute to ongoing assessments, identify emerging threats, and adapt management 
practices as needed for continuous monitoring and evaluation of different elements of 
biodiversity. Moreover, the presence of CSOs shows us the potential for prospective col-
laborations. Given all these, we considered the local organizational capacity as a key factor 
that increases our choice as their presence offers local partnership possibilities and com-
munity-driven solutions for long-term impact.

We used the density of CSOs to determine the organizational capacity in each district. A 
step-by-step analysis was conducted to identify the number of CSOs and other civic initia-
tives (platforms, cooperatives, etc.):
•	 First of all, we used the search engine called “Associations by Province and Activity” 

(İllere ve Faaliyet Alanlarına göre Dernekler) by the General Directorate for Relations 
with Civil Society of the Ministry of Interior of the Republic of Türkiye. Based on the list 
of districts in the project area, we searched associations by province and district under 
the category of “Environment (Çevre)” and assembled the obtained data.

•	 We reviewed the list of CSOs supported by United Nations Development Programme 
Global Environment Facility Small Grants Programme between 2000-2023 and the 
monitoring and evaluation reports of investment programmes by the Ministry of Envi-
ronment, Urbanization and Climate Change.
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Figure 25. Map showing the number of CSOs within the GFCM Geographic Sub-Area 22 
Aegean Sea boundaries

•	 We explored other national databases developed through the efforts of different ini-
tiatives. One of them is the database of the Foundation for the Support of Women’s 
Work (Kadın Emeğini Değerlendirme Vakfı), another is the database of the Association 
of Civil Society Development Center (Sivil Toplum Geliştirme Merkezi). Lastly, we ac-
cessed the local CSO network developed under the “Empower the Nature Network” 
(Doğaya Güç Kat Projesi) of the Nature Research Society (Doğa Araştırmaları Derneği) 
and added related organisations to the database. 

•	 We expanded the database with the inclusion of NGOs and civic initiatives identified 
via responses to the “Conservation Investments Questionnaire” (see Section 3.2.2.1), 
especially using partner organisation information (Yolda Initiative, 2023).

•	 Finally, we conducted a detailed Google search on a district basis employing keywords 
like “nature conservation organizations”, “environmental organizations” and “spe-
cies conservation organizations” to assess whether new CSOs to integrate into the list 
could be detected. 

Overall, we developed the list of CSOs on a district basis and excluded the national-scale 
organisations from the analysis. In the assessment, we used the number of CSOs in each 
district as a measure of the organizational capacity, yet we could not further explore the 
details of the organizations’ capacity (e.g., budget, human resources, gender ratio, effec-
tiveness, impact success) given the absence of such data. The data we used in the anal-
ysis was linked to districts, therefore terrestrial by nature. We applied a distance-based 
function to assign the information to each grid cell in our study area (details provided in 
Section 2.4, Digitization of Data). Districts hosting a higher number of CSOs were assessed 
as areas with higher local organizational capacity (Figure 25). 
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3.2.1.2 Reversible Threats

In our study, we aimed at focusing on areas prone to threats that have the potential to be 
resolved given the presence of efforts and are thus reversible. We therefore distinguished 
reversible and irreversible threats (detailed below) and considered reversible threats as a 
factor increasing our choice in the analysis. To quantify the effect of reversible threats, we 
assessed a number of individual factors and calculated their combined impact. 

A.Expert Opinions From the National Workshop

On 5-6 December 2023, the Nature and Culture Coexistence on the Aegean Coasts 
Workshop was carried out with the participation of 54 experts from different institutions 
throughout the Aegean Coast in Türkiye. One session of the workshop was dedicated to 
mapping threats to biodiversity and small-scale fisheries with the participation of experts. 

As a thumb of the rule, as we aimed to distinguish areas holding higher densities of threats, 
we asked the experts to focus only on locally distinguishable threats and disregard those 
that act throughout the Aegean Coast and Sea in the same dynamics. Secondly, during 
the data collection, we asked experts to provide information only on threats that could be 
mapped (with location information). In the workshop, all the spatial information on threats 
was mapped with the aid of GIS experts. Lastly, for each of the mapped threats, we gath-
ered 5 fields of information: (i) threat class (biodiversity or small-scale fisheries), (ii) threat 
description, (iii) threat impact score, (iv) threat urgency score, and (v) threat preventability 
score. The impact, urgency, and preventability of threats were all scored between 1-5 by 
the experts during the workshop. This approach is an adaptation of the IUCN Red List 
Threats Classification Scheme (Salafsky et al., 2008; Annex 3), where the timing, scope, 
and severity of threats are taken into account. 

Following the workshop, the information provided by the experts was subjected to a set of 
controls and classifications. We distinguished the threats’ effect on the analysis in two lev-
els. Firstly, a threat classification was carried out, where each threat was assigned to a class 
and sub-class following the IUCN Threat Classification System. The sub-classes were then 
assigned a threat score normalized between 0 and 5, and this was used as the first-level 
distinction in our data classification (Table 7). 

The distinction between threat sub-classes was also used in a further step to better rep-
resent the dynamics of the threats. We know that while most threats are bound to a local 
area, some have a greater impact extent geographically (e.g., Pollution). Due to this vari-
ance, we assessed the impact area of such threats (Residential & Commercial Develop-
ment, Mining & Quarrying, Roads & Railroads, Pollution) and assigned buffer functions 
to them, while keeping other threats only at their originally drawn extents. To do so, we 
assessed threats’ impact mechanisms at the sub-class level. For the Pollution threat (IUCN 
code 9), we considered the spread of pollution and assigned a buffer distance (min. 500 
m and max. 2,500 m), which was scaled in line with the impact scores assigned during 
the workshop. For the Residential & Commercial Development, Mining & Quarrying, and 
Roads & Railroads threats (IUCN codes 1, 3.2, and 4.1), a 50 m buffer was applied to ex-
tend the coastal and inland threats to the marine boundaries. 

For the second-level distinction, we distinguished the relative importance of threats under 
the same IUCN sub-class. This calculation was based on the threats’ impact and urgency 
scores which were assigned by the experts at the workshop. To obtain this, a new score 
reflecting the multiplication of those two factors was then multiplied with the IUCN sub- 
class score given in Table 7.
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Threat IUCN Sub-Class* IUCN Code Sub-Class 
Threat Score

Residential & Commercial De-
velopment

Housing & Urban Areas 1.1 3

Residential & Commercial De-
velopment

Commercial & Industrial Areas 1.2 3

Residential & Commercial De-
velopment

Tourism & Recreation Areas 1.3 3

Energy Production & Mining Mining & Quarrying 3.2 2

Transportation & Service Cor-
ridors

Roads & Railroads 4.1 3

Transportation & Service Cor-
ridors

Shipping Lanes 4.3 3

Biological Resource Use: 
Fishing & Harvesting Aquatic 
Resources

Intentional Use: subsistence/
small-scale (species being as-
sessed is the target)

5.4.1 3,75

Biological Resource Use: 
Fishing & Harvesting Aquatic 
Resources

Intentional Use: large-scale (spe-
cies being assessed is the target)

5.4.2 5

Biological Resource Use: 
Fishing & Harvesting Aquatic 
Resources

Unintentional effects: subsis-
tence/small-scale (species being 
assessed is not the target)

5.4.3 3,75

Biological Resource Use: 
Fishing & Harvesting Aquatic 
Resources

Unintentional effects: large-scale 
(species being assessed is not the 
target)

5.4.4 5

Human Intrusions & Distur-
bance

Recreational Activities 6.1 2

Human Intrusions & Distur-
bance

War, Civil Unrest & Military Exer-
cises

6.2 2

Natural System Modifications Dams & Water Management/Use 7.2 2

Natural System Modifications Other Ecosystem Modifications 7.3 3

Invasive & Other Problematic 
Species, Genes & Diseases

Invasive Non-Native/Alien Spe-
cies/Diseases

8.1 4

Invasive & Other Problematic 
Species, Genes & Diseases

Problematic Native Species/Dis-
eases

8.2 4

Pollution Domestic & Urban Waste Water 9.1 1,2

Pollution Industrial & Military Effluents 9.2 2

Pollution Agricultural & Forestry Effluents 9.3 1,6

Pollution Garbage & Solid Waste 9.4 1,2

Pollution Thermal Pollution 9.6.2 0,4

Table 7. Threat classification according to the IUCN Red List Threats Classification 
Scheme, their IUCN codes, and threat scores.
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Threat IUCN Sub-Class* IUCN Code Sub-Class 
Threat Score

Pollution Noise Pollution 9.6.3 0,8

Climate Change & Severe 
Weather

Droughts 11.2 1

*Given the differences among the threats identified for biodiversity and small-scale fisheries, and further be-
tween reversible and irreversible threats, threat sub-classes differ between these four groups.

Figure 26. Map showing the reversible threats to biodiversity from expert opinions from 
the national workshop within the GFCM Geographic Sub-Area 22 boundaries

Thereafter, threats acting on biodiversity or SSFs were distinguished from one another. 
This way two independent layers were prepared. Lastly, a threshold was assigned to the 
threat preventability scores to distinguish reversible and irreversible threats under both 
layers. Threats with preventability scores < 3 (out of 5) were categorized as irreversible, 
while those with preventability scores ≥ 3 were categorized as reversible. As a result, 2 sets 
of threats (reversible and irreversible) for both biodiversity and small-scale fisheries were 
produced (Figure 26). 
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B.Level of Water Pollution

Water pollution remains a crucial factor affecting biodiversity at the global scale, let alone 
in the Aegean Sea (Gregory, 2009; Teuten et al., 2009). The impact and urgency of this 
problem were highlighted by the Nature and Culture Coexistence on the Aegean Coasts 
Workshop discussions (Balkız et al., 2023). In this study, we integrated water pollution as a 
reversible threat acting both on biodiversity and SSFs. 

There is a wide range of causes for water pollution and its level depends on diverse fac-
tors, including the type of pollution (e.g., solid waste vs. chemical vs. thermal), and wa-
ter currents, among others (Chaudhry and Malik, 2017; Florescu et al., 2011). Given the 
complex nature of this topic, it is highly challenging to reflect the pollution levels in the 
Aegean Sea with high accuracy. A study conducted in 2021 by the National Scientific 
and Technological Research Council of Türkiye (TÜBİTAK) documented the outcomes of 
systematic measurements, sampling, and analysis from 95 stations along the Aegean Sea 
(T.C. Çevre, Şehircilik ve İklim Değişikliği Bakanlığı, 2022). The dataset incorporated mea-
surements of conductivity, temperature, and depth (CTD), ecological quality status (EQS), 
eutrophication, Secchi disk depth (SDD), and the trophic index (TRIX). The results of the 
study are presented within Water Management Units (WMUs), which are the smallest units 
within European Union Water Framework Directive (WFD). There are 24 such WMUs in the 
Aegean Region of Türkiye. 

To integrate the results of this study, we implemented some revisions on the WMU bound-
aries and classification. Firstly, the WMU boundaries fell short of our study area, therefore 
we needed to extend the outcomes of the study to our boundaries. We employed a func-
tion of inverse distance to cover the remaining study area, as we had no information out-
side of the WMU boundaries. A scale of 0.5 km was set as the step size for this function, 
and a 50 km limit from the boundaries of the WMUs was set as the furthest distance the 
pollution could travel (Pedrotti et al., 2016). Secondly, the TÜBİTAK WMU’s were classi-
fied into 5 distinct water quality levels: Bad, Poor, Medium, Good, Very Good. To further 
increase the distinction between our study units (1x1 km grid cells), intermediary classes 
were integrated into the function. Lastly, the mean value of the neighboring grid cells was 
calculated and set as the center grid cell’s value. As a result of this process, we obtained a 
density surface of the water pollution level in our study area.

These measurements provided irreplaceable, highly detailed data on the chemical compo-
sition in the study area. Yet, it did not represent the current levels of pollution. Therefore, 
the pollution threat data collected during the Nature and Culture Coexistence on the Ae-
gean Coasts Workshop was used as a supplementary source of information. For this, we 
first checked the consistency between the two data sources and found that the workshop 
data mostly highlighted locations with low water quality levels as classified in the TÜBİTAK 
dataset with some divergences. The basis for this is likely the time difference between the 
two studies (3 years). While the TÜBİTAK dataset focused on the chemical analysis high-
lighting levels of water pollution, the workshop inputs highlighted sources for the pollution 
(e.g., agricultural, industrial, or urban). The workshop data also listed ghost fishing gears 
(detailed in Section 3.2.1.2, Concentration of Marine Litter), light, thermal, and noise pollu-
tion as sources. These threats were excluded from the produced surface as they were not 
complementary to the TÜBİTAK data. A similar approach to that described for the TÜBİTAK 
dataset was utilized to create the water pollution density surface from the workshop data-
set. A unit of 0.5 km was kept as the step size, and a limit of 50 km from the boundaries of 
the pollution polygons was kept as the limiting distance. The impacts of threats assigned 
during the workshop were used to distinguish relatively more and less polluted areas, with 
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Figure 27. Map showing the Water Pollution layer from TÜBİTAK dataset within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries

the integration of intermediary classes to achieve higher distinction levels. Lastly, the mean 
value of the neighboring grid cells was calculated and set as the center grid’s value. The 
limitations of the workshop data were that it comprised localized, temporally limited, and 
likely biased data as it was solely based on the workshop participants’ expertise. Thus, even 
as a supplementary data source, the impact of this layer was incorporated with a lower co-
efficient to the analysis. To enhance the analysis outcomes, future studies can incorporate 
the water treatment facilities and their capacities coupled with population size and other 
factors (Figure 27 and Figure 28).
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Figure 28. Map showing the Water Pollution layer for Biodiversity from expert opinions 
within the GFCM Geographic Sub-Area 22 Aegean Sea boundaries

C.Concentration of Marine Litter

Water pollution at the chemical level was discussed in the previous sections. Here we as-
sessed the effects and range of floating debris in the Aegean Sea separately as a source of 
physical pollution. Studies highlight that floating debris can travel upwards of 1,000 meters 
(Law et al., 2010; Maximenko et al., 2012), whereas chemical pollution has a much lower 
travel range (Pedrotti et al., 2016). Thus, the concentration of marine litter in the Aegean 
Sea decidedly required further discussion in our study.

Marine litter encounter rate data on a 50x50 km grid was gathered from the ACCOBAMS 
Survey Initiative (ASI; ACCOBAMS, 2021). This data, originally spanning the range 10W 
to 40E, was digitized in the original projection within the GFCM Geographic Sub-Area 22 
boundaries and then reprojected to our study projection. A unit conversion followed by 
the normalization of the values was also made, as the original data, in the scale of 50x50 
km, was ultimately transformed onto 1x1 km grid cells. This data was used as a separate 
source of reversible threats along the Aegean Sea (Figure 29). 
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Figure 29. Map showing the Concentration of Marine Litter (reprojected) within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries

D.Bycatch Probability of Marine Species

Bycatch or incidental catch refers to the capture of unintended species during fishing 
operations and is an important threat to marine biodiversity at the Mediterranean scale 
(Carpentieri et al., 2021). Its impact covers various species groups, including seabirds, pe-
lagic or demersal fish species, marine mammals, marine turtles, and invertebrates, among 
others (Genovart et al., 2017; Lewison et al., 2014; Otero et al., 2019). 

Efforts to monitor longline fishers have been initiated along the Aegean Sea in Türkiye to 
monitor and assess bycatch impacts, particularly on seabirds, but regional assessments 
have yet to yield results (Şahin, 2017). With guidance from Dilek Şahin, a method to eval-
uate the relative bycatch risk to marine biodiversity was developed using longline fishery 
efforts as a proxy (TÜİK, 2021). To calculate the maximum effort for precautionary mea-
sures, we identified the types of longlines used at each port. We then enumerated the 
number of boats equipped with each type of longline, providing a baseline for our calcu-
lations. Next, we determined the number of operational days for each boat, indicating the 
temporal extent of the fishing activities (on fish and invertebrate spp.). The total number 
of hooks deployed by each type of longline was found, as more hooks correlate with a 
greater potential catch. Additionally, we considered the daily usage rate of each longline 
type, representing how many times each longline was used per day. Finally, we multiplied 
all to calculate the total number of hooks in the sea. This approach provided comparable 
regional data on the intensity of longline fishing efforts, serving as a proxy for bycatch risk 
in the study. The data we used in the analysis was linked to districts, therefore terrestrial by 
nature. We applied a distance-based function to assign the information to each grid cell in 
our study area (details provided in Section 2.4, Digitization of Data) (Figure 30).
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Figure 30. Map showing the bycatch probability within the GFCM Geographic Sub-Area 
22 Aegean Sea boundaries

E.Presence of Aquafarms

Aquaculture, the farming of aquatic organisms including fish, mollusks, crustaceans, and 
aquatic plants, is a common and increasing practice along the seas of Türkiye (Özden, 
2015). 2023 statistics highlight that >60% of the aquatic products produced in Türkiye 
originate from aquafarms (Çöteli, 2023). Given the increased prevalence of this practice, a 
series of discussions were held on how to integrate it into our analysis. These discussions 
were further elaborated during the Nature and Culture Coexistence on the Aegean Coasts 
Workshop in December 2023. 
 
As a result of these discussions and the literature data, the impact of aquafarms was inte-
grated into the biodiversity analysis. Various legal frameworks aim to regulate aquaculture 
and its impact on biodiversity in Türkiye (Akyol, et al., 2019). However, there are opposing 
opinions on the impact of aquacultural practices on biodiversity exist. By adopting a more 
precautionary approach, the presence of aquafarms in an area was used as a reversible 
threat acting on biodiversity in the optimization analysis. 

In the absence of an open-source dataset about the location of aquafarms, their detection 
was carried out manually using Google Earth satellite images. The latest available satel-
lite images (as of May 2024) were used to map the aquafarms. Furthermore, information 
at different resolutions (coordinate data, descriptions of location, or information about 
their absence) were gathered from Integrated Coastal Management Plans of Northern and 
Southern Aegean regions (Balas and İnan, 2023; Tür, 2023) and incorporated into the pro-
duced spatial maps. This labor-intensive study was carried out meticulously throughout the 
Aegean coast of Türkiye. The presence or absence of aquafarms was used as grid-based 
information in the biodiversity optimization analysis. To assign this information to the 1x1 
km grid cells of our analysis, an overlap of at least 5% within the individual grid cells was 
adopted (Figure 31). 
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3.2.2. Decreasing

3.2.2.1. Other Factors Decreasing the Choice

A. Conservation Investments

In Türkiye, both state and non-state actors are involved in biodiversity conservation and 
the sustainability of small-scale fisheries (SSFs). The investment of such actors on both 
topics through various projects (hereon conservation investments) is key in understanding 
the intensity of conservation efforts for biodiversity and SSFs in a given area. The higher 
level of conservation investments (measured through different indices as detailed below) 
indicates areas where different actors such as CSOs, state organizations, universities, and 
research institutes were engaged in these topics and allocated their resources. Our aim 
here was to identify areas with the need for more financial support and actor engagement, 
we therefore incorporated the conservation investments as a factor decreasing our choice. 

In the Aegean coasts of Türkiye, some areas are known to host a higher conservation interest, 
especially towards the conservation of priority species (e.g., Caretta caretta, Monachus 
monachus, etc.) and habitats (e.g., seagrass meadows (Posidonia oceanica), etc). Similarly, 
some areas along the coast are recognized for having received more substantial support 
to foster the sustainability of SSFs. Yet, on neither of the two topics (i.e., biodiversity or 
SSFs) there have been attempts to bring together information about the variation of the 
conservation investments at the regional scale. To provide a detailed assessment of the 
conservation investments at a comparable level, we gathered information at the district 
level across the entire region (previously referred to as the 'project area') and analyzed 
it under three indices: budget, number, and frequency of projects. This multi-layered 
and elaborate analysis enables us to reach a finer-scale assessment. We conducted this 
assessment in the following consecutive steps:

Figure 31. Map showing aquafarms within the GFCM Geographic Sub-Area 22 Aegean 
Sea boundaries
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•	 We created an online Conservation Investments Questionnaire (Yolda Initiative, 2023) 
to collect information on conservation projects on biodiversity and SSFs in the Aegean 
coasts of Türkiye (see Annex 4). For the period to cover, we chose between 2000 and 
2023. Given the changes to   both biodiversity and SSFs dynamics in the last 20 years, 
we didn’t consider older conservation investments. The questionnaire was developed 
with the purpose of collecting essential information on the budget, time period and 
scope of the conservation projects, lead organizations, geographical coverage (by dis-
trict), as well as optional data such as partners and project area name.

•	 We gathered information by using this template in three steps:
	» We shared the questionnaire with 110 CSOs (detailed in Section 3.2.1.1, Organi-

zational Capacity).
	» During the Nature and Culture Coexistence on the Aegean Coasts Workshop 

(Balkız et al., 2023), a special session was dedicated to reviewing the information 
gathered through the questionnaires and filling the gaps with the aid of the partic-
ipants. The gaps majorly pointed to the projects led by universities and research 
institutes and were complemented during and after the workshop.

	» With  the contributions of Güner Ergün and Mehmet Gölge, final additions were 
made especially regarding state-led conservation investments.

•	 We thereon prepared a Conservation Investments Database which involved various 
project information derived from these sources. In a matrix structure, for each of the 
projects the following data fields (when present) were filled: (i) project name, (ii) co-
ordinating organization(s), (iii) partners, (iv) project area (at the scale of districts), (v) 
project period, (vi) total budget (categoric information as <5,000 EUR, 5,000-50,000 
EUR, >50,000 EUR), and (vii) project scope (small-scale fisheries, species conservation, 
habitat conservation). Although equipped with such an elaborate data set, we could 
not integrate information on the implementation success of these projects, since qual-
itative aspects of the projects were less accessible and processable.

•	 The database included projects conducted by CSOs, universities, research in-
stitutes, and also state-led conservation efforts (e.g., inventory and monitor-
ing projects realized in Special Environmental Protected Areas) (FAO, 2023; 
Global Environment Facility, 2023; T.C. Cumhurbaşkanlığı Strateji ve Bütçe 
Başkanlığı, 2023; T.C. Çevre, Şehircilik ve İklim Değişikliği Bakanlığı, 2023).  

Once the database was finalized, we produced three indices (budget, number, and frequen-
cy of projects) separately for biodiversity conservation and sustaining small-scale fisheries: 

•	 For the project budget, we calculated the total project budget per district. When be-
forementioned categoric information was supplied, to sum the budgets, we used av-
erages. If a project was implemented in multiple districts, we divided the sum equally 
among all involved districts unless a particular budget for specific districts was men-
tioned in the survey responses. 

•	 For the project number, we simply summed up the number of projects per district.
•	 For the project frequency, we aimed to distinguish districts that regularly received con-

servation investments. For this, we produced frequency value by taking into account 
the number of projects carried out in a district by year; the number of consecutive 
projects; the total number of years in which consecutive projects were sequenced, and 
the total number of projects (Value=Consequtive Years/24*Consequtive Projects/Total 
Projects).

These indices were included in the analysis as different layers, since each of them pro-
vided different information about the conservation investments landscape. The results 
showed changing levels of conservation investments. The data we used in the analy-
sis was linked to districts, therefore terrestrial by nature. We applied a distance-based 
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function to assign the information to each grid cell in our study area (details provided in 
Section 2.4, Digitization of Data) (Figure 32, Figure 33 and Figure 34).

Figure 32. Map showing the total budget of conservation investment projects within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries
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Figure 34. Map showing the frequency of conservation investment projects within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries

Figure 33. Map showing the number of conservation investment projects within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries
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Figure 35. Map showing the presence of management plans in protected areas within 
the GFCM Geographic Sub-Area 22 Aegean Sea boundaries

3.2.2.2	Irreversible Threats

Information and data on threats were important factors used in our analysis. We distin-
guished two main types of threats (reversible and irreversible) and defined irreversible 
threats as those that cannot be resolved even with the presence of conservation efforts. In 
other words, areas with higher rates of irreversible threats were included in the analyses as 
a factor decreasing our choice. 

A.Expert Opinions from the National Workshop

The details of the data gathered from the national workshop are presented under Section 
3.2.1.2, Reversible Threats. The main difference in this part was that we chose threats with 

B. Enforced Protection 

The presence of management plans in protected areas was considered as another layer of 
information to assess the level of conservation efforts in the study area. The management 
plans showed the areas with enforced protection efforts that relatively few new actors are 
needed. Therefore, it was incorporated into the analysis as a factor decreasing our choice 
(Figure 35). Other types of protected area management plans are present in the area, yet 
we considered solely the presence of management plans in National Parks as they are the 
most effectively implemented.
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Figure 36. Map showing the irreversible threats to biodiversity from expert opinions 
from the national workshop within the GFCM Geographic Sub-Area 22 Aegean Sea 
boundaries

preventability scores (assigned by the experts in the workshop) < 3 (out of 5) as irreversible 
and analyzed them following the same approach as the reversible threats (Figure 36). 

B.Human Impact to Marine Ecosystems

There are countless ways human activities impact marine ecosystems and their biodiversi-
ty (Halpern et al., 2008). Such impacts include but are not limited to decreases in marine 
species populations, habitat degradation, and diversion of water and flow modification 
(Kappel, 2005). Certain datasets provide information about this at the regional or global 
scales. One such database is provided by the UN Biodiversity Lab. Among the different 
data provided in this database, the United Nations Cumulative Human Impact to Marine 
Ecosystems (Halpern et al., 2015) assesses the anthropogenic impact on marine diversity.

The UN Cumulative Human Impact to Marine Ecosystems dataset includes data on oil 
rigs, invasive alien species, artisanal and demersal fishing practices, land and ocean pollu-
tion, climate data such as sea level rise, ocean acidification, and sea surface temperature, 
global shipping traffic, direct human disturbance, and inorganic pollution. Impacts of both 
reversible and irreversible threats are embedded in the dataset, but for the purposes of 
this study, we incorporated this data into irreversible threats as a composite source. One 
limitation of the data is that it relied on measurements from 2013, and thus is not repre-
sentative of the current scale of the human impact. Moreover, some of the listed individual 
factors were already included in our study through alternate sources (e.g. shipping traffic 
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and ocean pollution). Hence, the data was incorporated into the analysis with a low weight 
to minimize the effects of these shortcomings. The dataset was available in raster format, 
and we incorporated it into our study grids (1x1 km) through the calculation of zonal sta-
tistics (zonal maximums) of the pixel values that fell within each unit grid cell (Figure 37). 

Figure 37. Map showing the Cumulative Human Impact to Marine Ecosystems layer 
from the United Nations dataset within the GFCM Geographic Sub-Area 22 Aegean Sea 
boundaries



77Yolda Initiative

4.Small-scale Fisheries

4.1 Fishing Grounds

Included Areas

The sea has no physical boundaries, but external factors limit the sea’s use for small-scale 
fishing vessels. The fishing grounds of small-scale fisheries vary according to factors includ-
ing but not limited to the technological equipment, access to resources, weather condi-
tions, and sea currents. Each fisher chooses the most suitable fishing gear and areas based 
on their knowledge and experience. Daily and longer operations are planned and carried 
out under the influence of all these variables, in accordance with the regulations at the 
national scale. The spatial extent of the small-scale fishing activities at the Aegean Sea was 
one of the main pillars of our project. 

The scientific literature on fishing grounds of small-scale fisheries in Türkiye is extremely 
limited. No open-source data (digital or otherwise) is available at the regional scale. Some 
literature information is present about fishing grounds at the local scale (e.g. Güçlüsoy et 
al., 2024; Ünal et al., 2022), but they are not detailed enough for our analysis. Therefore, 
considerable effort was dedicated to collecting this dataset. The research began with face-
to-face interviews at field visits. During these field visits, the fishing grounds were drawn 
in a geographically comprehensive and detailed manner through direct markings made 
by the fishers on maps (distinguishing fishing gear and target species). Field visits were 
carried out in Edremit, Karaburun, Urla, Foça, and Bozcaada districts between March and 
October 2023. Further data was collected through telephone interviews. The phone in-
terviews targeted representatives from all the 93 fisheries cooperatives in the study area. 
The cooperative representatives were reached with the support of the SÜR-KOOP and its 
regional units. The interviews were carried out via structured questionnaires, systematical-
ly over 8 months and in four rounds (gathering information on different aspects in each 
round). The questions, like the face-to-face interviews, were designed on the basis of fish-
ing gear and fishers were asked what type of gear they used and where they used it. The 
questions continued with the depth and the distance they covered from the shore. In four 
directions, the names of the places (local or official names) visited were noted. Collected 
data on fishing grounds was then transferred into spatial platforms using QGIS Software. 
To create a clear reference in the marine environment, the data was mapped using a 1x1 
km grid system. GEBCO Compilation Group (2023) bathymetry file and Navionics Boating 
Map (n.d.) information were employed during the mapping step (Figure 38). 
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Excluded Areas

Upon the finalization of the fishing grounds, we incorporated physical and regulatory 
limitations on small-scale fishing operations. This was carried out using 2 types of 
information: all-year bans from the Notification as regulatory barriers, and aquafarms as 
physical barriers. These are detailed below. 

All-year bans consisted of restrictions mapped from Notification No. 5/1 (Anonymous, 
2020) (Figure 39). These are areas mostly designated for conservation and safety reasons 
along the coasts of National Parks, wetlands, river mouths, and military zones. These 
restrictions are fundamentally different from the “seasonal bans on small-scale fisheries” 
(Section 4.2.2.2) as they do not simply limit the use of certain gear or the catch of certain 
species, but they close an area to commercial fishing activities of all types completely 
throughout the year. In the absence of an open-source digital database on these bans, 
they were spatialized one by one by our team using QGIS Software. 

The second source of information was about the aquafarms, which were considered as 
physical barriers to small-scale fishing activities (Figure 40). This is mainly because, by 
regulation, the aquafarms cannot be approached by the SSFs vessels by at least 200 meters 
(Akyol et al., 2019). In other words, a site with several aquafarms will make it impossible for 
fishing vessels to pass over or between the floating platforms. We thus mapped an area 
of 200 m surrounding the locations occupied by aquafarms and used it as an exclusion 
criterion for the small-scale fishing grounds. The details about data collection on aquafarms 
are presented in Section 3.2.1.2.

Figure 38. Map showing the small-scale fishing grounds on the Aegean Coast of Türkiye
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Figure 40. Map showing the aquafarms within the small-scale fishing grounds

Figure 39. Map showing the year-long bans on SSFs within the small-scale fishing 
grounds
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4.2.Factors Impacting the Choice

4.2.1. Increasing

4.2.1.1. Other Factors Increasing the Choice

A.Fishing Bans Towards Large-Scale Fisheries 

One of the main foci of this study is SSFs and Large-Scale Fisheries (LSFs) are a predomi-
nant factor impacting their dynamics. These two practices target the same resources in the 
sea. However, LSFs vessels have more capacity to reach larger catch volumes compared 
to small-scale vessels (Akbaş et al., 2023; Prestrelo et al., 2019). This creates a more chal-
lenging and competitive environment for people whose livelihood depends on small-scale 
fishing. Therefore, regulatory limitations on LSFs were included in the analysis as an “op-
portunity” for small-scale fisheries. 
 
The classification of fisheries doesn’t distinguish large-scale from small-scale fisheries but 
employs the type of fishing gear instead (Anonymous, 2020). To detect the fishing bans 
towards the LSFs, we mainly used the articles on the use of trawls and purse seine nets 
(Articles 9 and 10). In the absence of an open-source digital database on these bans, they 
were spatialized one by one by our team using QGIS Software. The coordinates provided 
in the Notification were digitized directly, while bans with location descriptions were digi-
tized by transferring them to our study units (1x1 km grid cells) (Figure 41).

Figure 41. Map showing the different types of fishing bans towards large-scale fisheries 
on the Aegean Coast of Türkiye
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Secondly, we distinguished the impacts of bans, in other words, the opportunities they 
create for SSFs, from one another. To do so, we assessed each regulation and its area 
individually and scored their impacts on SSFs (as Low, Moderate, High, or Full). The scor-
ing mainly aimed at reflecting how high of an opportunity the bans created on SSFs. For 
example, if a ban on big-scale fisheries was covering an area with little SSFs activity, a low 
score was assigned. This approach allowed the analysis to differentiate the impact of spe-
cific bans within their regional contexts, providing a nuanced understanding of how these 
restrictions affect small-scale fisheries.

B.Sustainability of the Practice

B.1. Volume of the SSFs Fleet

SSFs are both a form of cultural practice and an indispensable means of livelihood in 
Türkiye. The national fishing fleet predominantly comprises vessels equipped with passive 
fishing gear, thus are small-scale. Nearly 88% of the registered fishing vessels (13,354 
out of a total of 15,236) use passive fishing gear (GFCM, 2024). The number of boats 
which shows the volume of the SSFs fleet, is one of the most important indicators of SSFs’ 
sustainability. Hence this data was taken into consideration in our study.

To determine the number of SSFs boats operating in the Aegean Sea, we conducted a 
survey using three different types of sources. Firstly, the data were collected from the 
General Fisheries Commission for the Mediterranean, which annually publishes data on 
the registered fleet size and further details on vessels, making it possible to access the total 
number of SSFs vessels (GFCM, 2024). Secondly, we collaborated with the ‘Data Research 
Centre’ in TÜİK to get district-based data and developed codes to filter the relevant 
information on the number of SSFs vessels (TÜİK, 2021). Lastly, the same information was 
gathered by our team during the structured interviews with 93 cooperatives. To collect 
this data, we asked questions about the number of boats registered to the fisheries 
cooperatives. Through this, we were able to collect information more representative of the 
SSFs practitioners at the district level.

The fishing boat numbers from these three datasets were compared. In our decision-
making process, we prioritized the relevance of data concerning boats under 12 meters in 
length, along with district-level information and representation from small-scale fisheries 
cooperative organizations. The information that our team obtained from the interviews 
was chosen to be utilized as it was deemed the most reliable for the analysis. This data 
was linked to the fishing grounds spatially for each cooperative. In cases where there is 
more than one cooperative in the same district, the total number of boats was integrated 
(Figure 42). 
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B.2. Diversity of Fishing Gear

Small-scale fishing is a labor- and skill-intensive activity (Cochrane & Garcia, 2009). The 
duration of fishing operations varies based on the type of fishing gear used and the target 
species. To enhance operational efficiency, a wide variety of small-scale fishing gear has 
been developed, each designed to catch the desired species in different environmental 
conditions. In Türkiye, the common fishing gear categories that small-scale fishers use are 
gillnets and entangling nets, hooks and lines, which themselves have subcategories. Fur-
thermore, the use of the same type of gear may change based on local factors, including 
habitat type and depth.

During the field surveys realized in March and October 2024, we observed the use of dif-
ferent fishing gears and gear types in SSFs vessels. Based on internal discussions, as a nov-
el approach, we assumed this diversity supports the long-term viability of their operations. 
Therefore, the diversity of fishing gear in boats was included in the analysis as an indicator 
of the sustainability of the practice. 

The information on the number of vessels with different types of gear and their sub-cate-
gories was gathered during the structured interviews with 93 cooperatives. Detailed ques-
tions on the number of baskets and hooks of longlines, the quantity of thick and fine hooks, 
the types and quantities of gillnets and entangling nets, and the lengths of these nets were 
asked in each cooperative. Eventually, the number of vessels with different gear sub-cat-
egories was summed for each cooperative and divided by the number of total registered. 
The value produced was used as a measure of the diversity of fishing gear for each vessels 
cooperative (Figure 43). On this topic, further detail could be added by considering the 
operational efficiency (the time spent by fishers on operations/day), yet the available data 
on this aspect for Türkiye lacks the necessary level of detail.

Figure 42. Map showing volume of SSFs fleets within the small-scale fishing grounds
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Figure 43. Map showing diversity of SSFs fishing gears within the small-scale fishing 
grounds

B.3. Presence of Fishing Facilities

Fishing facilities have critical importance for the sustainability of small-scale fisheries. 
Managed by fisheries cooperatives, they provide required safe places for fishing vessels, 
protecting them from storms and currents. Fishing facilities and infrastructures are also 
equipped with several resources, such as electricity, ice supply, cleaning, and other main-
tenance needs. They can include areas designated for fish sales and some of them even 
have coffeehouses and restaurants, all managed by fisheries cooperatives. These services 
are important for the succession and longevity of the cooperatives (Ünal et al., 2009; Yap-
anto et al., 2020). These services further contribute to the development of solidarity and 
communication among fishers, as they provide a meeting place during the day for the 
fisher community. For these reasons, the presence of these facilities and infrastructures was 
acknowledged as a factor in enhancing the sustainability of small-scale fishing practices. 

There exists no open-source database about the locations of fishing facilities but only 
an inventory list, provided on the Ministry of Agriculture and Forestry website. This list 
specified the name of the district but did not present information on the exact locations 
and it was not up to date. Consequently, extensive efforts were dedicated to fill this gap. 
Information from integrated coastal plans, specifically the Expert Assessment Reports on 
Coastal Facilities (for the provinces of Edirne-Tekirdağ-Kırklareli, Balıkesir-Çanakkale, and 
Aydın-Muğla) approved by the General Directorate of Spatial Planning was mapped by 
our team one-by-one using QGIS Software. Upon that, 2022-2023 satellite images from 
Google Earth were used to cross-check the data. The total number of facilities was used as 
a measure of fishing facility infrastructure density in the analysis. 
 
To produce comparable results among the study area, we used district-level analysis and cal-
culated the total number of fishing facilities in each district per cooperative number. With this 
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method, we wanted to demonstrate areas that hold a higher density of fishing facilities per 
district and cooperative. The data we used in the analysis was linked to districts, therefore 
terrestrial by nature. We applied a distance-based function to assign the information to each 
grid cell in our study area (details provided in Section 2.4, Digitization of Data) (Figure 44). 
Lastly, in this assessment, we could not assess the condition of the infrastructure and services 
provided by the fishing facilities in the absence of this data in our study area.

Figure 44. Map showing the fishing facility infrastructure density within the GFCM Geo-
graphic Sub-Area 22 Aegean Sea boundaries
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B.4. Catch Per Unit Effort (CPUE)

Catch Per Unit Effort (CPUE) is a fundamental metric in fisheries science, reflecting the 
quantity of fish caught relative to the fishing effort exerted. The specific measure of fishing 
effort can depend on the fishing methods and types of fishing gear used. Effort can be 
quantified in various ways, such as the number of hours fished, the number of nets used, 
the length of gillnets, or the number of traps set, allowing for flexibility in choosing the most 
appropriate metric for different fisheries (Akyol et al., 2012; Akyol and Ceyhan, 2009; FAO, 
1998; Gulland, 1983; Hinton and Maunder, 2004; Karakulak and Ceyhan, 2024; Maunder 
et al., 2006; Maunder and Punt, 2004; Rodríguez-Marín et al., 2003; Su et al., 2008). This 
adaptability is crucial for accurately assessing fish stocks and managing fisheries sustainably.

In our study, CPUE metrics informed us about the economic efficiency of a type of gear, so-
called ‘fishing success’ which indicates the financial sustainability of SSFs. Therefore, higher 
CPUE means fishers use their resources (e.g., time, fuel, labor) more efficiently, leading to 
lower operational costs and higher profitability. This helps to ensure the long-term viability 
of the fisheries, providing a stable income for the fishers and supporting the local economy. 
Therefore, the districts with higher CPUE values increased the choice in our analysis.

To assess CPUE values per district, we collected multifaceted data. The analysis was based 
on four main fishing gear types utilized by fishers of the Aegean Sea: Handlines, longlines, 
gillnets, and encircling gillnets. We used the data accessed via the TÜİK Fisheries Micro Data 
Set of 2021 (Su Ürünleri İstatistikleri Mikro Veri Seti – 2021) and assessed the following data 
per gear at the district level: Total number of boats, total number of days spent fishing in a 
year, total number of hours spent fishing in a day, average number of fishing gears released 
in a day and total catch volume per species. 

In addition to the abovementioned data, the length of the nets and the number of hooks 
in longlines necessary for the CPUE calculation were accessed via a literature review (Akyol 
et al., 2007; Akyol et al., 2008; Akyol et al., 2011a, 2011b; Akyol et al., 2016; Akyol and 
Ceyhan, 2007a, 2007b, 2007c; Akyol and Ceyhan, 2010a, 2010b; Altınağaç et al., 2008; Ayaz 
et al., 2012; Ceyhan and Akyol, 2005; Kınacıgil et al., 2013; Tokaç et al., 2010; Tosunoğlu 
et al., 2019). With catch records classified according to fishing gear on a species basis, the 
average net lengths of gillnets used in that region, as documented in the literature, were 
standardized to 1,000 meters. Similarly, the average number of hooks from the longline was 
standardized to 1,000 meters, accounting for the total days of use of each fishing gear as 
reported in the literature (Ceyhan and Akyol, 2006; Kaykaç et al., 2020; Sağlam et al., 2015; 
Tokaç et al., 2010; Tosunoğlu et al., 2019). Finally, the average CPUE per day for one fishing 
boat was calculated as kilograms per 1,000 meters of net for gillnets and encircling gillnets, 
kilograms per 1,000 hooks for longlines, and kilograms per day for handlines. The results 
were standardized to enable a reliable comparison among districts. The data we used in the 
analysis was linked to districts and, therefore terrestrial by nature. We applied a distance-
based function to assign the information to each grid cell in our study area (details provided 
in Section 2.4, Digitization of Data) (Figure 45).
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B.5. Young Fishers

The workforce of the SSFs tends to get older since many fishers are middle-aged or older 
(Ünal & Göncüoğlu, 2012). Such demographic shifts threaten the transmission of traditional 
ecological knowledge and, consequently, the sustainability of fisheries (Tam et al., 2018) 
Younger people often pursue jobs in sectors like tourism or agriculture because of the eco-
nomic instability associated with fishing. This problematic is valid for many countries includ-
ing Türkiye (FAO, 2020; T.C. Tarım ve Orman Bakanlığı, 2019). This demographic trend cre-
ates challenges for adaptation to the changing environmental and social conditions and the 
continuity of small-scale fishing in Türkiye. Given the importance of this topic, we integrated 
it into our analysis. The higher proportion of young fishers in a cooperative contributed pos-
itively to the choice in the analysis as it indicated a higher potential for the continuation and 
sustainability of the practice. 

Initially, data was gathered from the official database (TÜİK, 2021), which categorizes the 
ages of all individuals working in the fishing sector into three groups: under-20, 20-50, and 
above 50. On the other hand, the UN Trade & Development Handbook of Statistics (UNC-
TAD, 2023) notably uses an age division that highlights the significance of individuals aged 
40 years and below as young. Recognizing the relevance of this demographic group for the 
sustainability of fisheries in the district, we collected data specifically on cooperative mem-
bers aged 40 years and below during our field visits and structured interviews with 93 coop-
eratives. These two sets of data were diligently compared to one another to see which one 
was better in resolution and represented the actual situation better. This led to the selection 
of using the information gathered from the cooperatives for fishers under 40 in comparison 
to the total number of members. The analysis was carried out based on districts. In the pres-
ence of more than one cooperative in a district, we presented the overall proportion (Figure 
46). 

Figure 45. Map showing catch per unit effort (CPUE) within the GFCM Geographic 
Sub-Area 22 Aegean Sea boundaries
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Figure 46. Map showing ratio of young fishers within the small-scale fishing grounds

B.6. Women Fishers

Small-scale fishing is a family-based tradition that shapes the cultural geography of coastal 
communities. Apart from catching fish, net mending, setting up the gear for fishing, and 
cleaning are also part of it and these works are shared within the family. As well as catching the 
fish, women take part in several stages of the operation. However, women’s efforts are often 
underestimated or neglected in the common perception of a “fisher” as is the case in any 
sector of work (FAO, 2013). Recognizing and enhancing the visibility of women’s contributions 
is not only a matter of gender equality but also crucial to the resilience and sustainability of 
small-scale fisheries. Women’s involvement enriches the social fabric of fishing communities 
and diversifies household strategies for adaptation, knowledge transmission, and ecosystem 
stewardship (House et al., 2023; FAO, 2020). For this reason, the visibility of women’s efforts 
in the practice is crucial for initiating gender equality. We therefore assessed the presence 
of women fishers as a factor increasing the sustainability of the practice, hence the choice in 
our analysis. 

There are different types of data and information available on women in the profession, 
discussing the division of labour and working conditions. The Mediterranean Conservation 
Society and SÜR-KOOP have conducted comprehensive studies on this topic (Kartal et al., 
2022). Additionally, TÜİK has data on women fishers in small-scale fisheries (TÜİK, 2021). 
We further asked the number of women fishers during our structured interviews with 93 
cooperatives. In the end, among all these different data sources, we had to determine which 
one was more suitable and reliable for our analysis. For this, the numbers presented in the grey 
literature reports, official statistics, and data gathered through interviews were compared, 
and even though it had lower resolution, we concluded to use TÜİK’s provincial data on 
women fishers since it was covering the whole study area. The results were standardized to 
enable a reliable comparison among provinces. The data we used in the analysis was linked 
to provinces and, therefore terrestrial by nature. We applied a distance-based function to 
assign the information to each grid cell in our study area (details provided in Section 2.4, 
Digitization of Data) (Figure 47).
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C.Proximity to Biodiversity-Rich Areas

In our study, we considered two types of biodiversity-rich areas: areas with Lagoon Trap 
Fishing and those with Traditional Shore Operated Stationary Lift Nets. Among the 29 lagoons 
present along the Aegean Coast, literature research revealed that only 6 are currently used for 
“lagoon trap fishing” and their traps are placed at the inlets of the lagoons (Tosunoğlu et al., 
2017). The precise locations of these traps at the inlets were obtained based on Tosunoğlu 
et al. (2017) and then verified using Google Earth 2022-2023 satellite images, with updates 
made when necessary. In the 6 lagoons, 17 traps were mapped as points, to have a better 
precision of the inlets. The proximity of the biodiversity-rich areas to the fishing grounds 
was then calculated as the distance between these points and the center points of the SSFs 
fishing grounds 1x1 grid cells (Figure 48).

On the Traditional Shore Operated Stationary Lift Nets (referred also as traditional blanket 
nets), there exists no open-source data available. Therefore, we conducted field studies in 
Karaburun, Urla and Foça during May 2023 to determine their exact locations. Similar to 
lagoon trap fishing, we calculated the distance between the locations of the Traditional Shore 
Operated Stationary Lift Nets (as points) and the center points of the SSFs fishing grounds 
grids cells (1x1 km) (Figure 49). For both cases, the grid cells closer to the biodiversity-rich 
areas increased the choice in our analysis, as they positively contributed to SSFs.

Figure 47. Map showing ratio of women fishers within the GFCM Geographic Sub-Area 
22 Aegean Sea boundaries
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Figure 49. Map showing proximity to areas with Traditional Shore Operated Stationary 
Lift Nets within the small-scale fishing rounds

Figure 48. Map showing proximity to areas with Lagoon Trap Fishing within the small-
scale fishing grounds
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4.2.1.2 Reversible Threats

The details of the reversible threats in our study are discussed in Section 3.2.1.2. Following 
the same approach, we analyzed expert opinions from the national workshop and the level 
of water pollution from different sources towards small-scale fisheries (Figure 50, Figure 51 
and Figure 52).

Figure 50. Map showing the reversible threats to SSFs from expert opinions from the 
national workshop within the GFCM Geographic Sub-Area 22 Aegean Sea boundaries
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Figure 52. Map showing the Water Pollution layer for SSFs from expert opinions within 
the GFCM Geographic Sub-Area 22 Aegean Sea boundaries

Figure 51. Map showing the Water Pollution layer from TÜBİTAK dataset within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries
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4.2.2 Decreasing

4.2.2.1	Other Factors Decreasing the Choice

A.Conservation Investments

The approach is detailed under Section 3.2.2.1. The data we used in the analysis was linked 
to districts and, therefore terrestrial by nature. We applied a distance-based function to 
assign the information to each grid cell in our study area (details provided in Section 2.4, 
Digitization of Data) (Figure 53, Figure 54 and Figure 55)

Figure 53. Map showing the budget of conservation investment projects within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries
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Figure 54. Map showing the number of conservation investment projects within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries

Figure 55. Map showing the frequency of conservation investment projects within the 
GFCM Geographic Sub-Area 22 Aegean Sea boundaries
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Figure 56. Map showing the irreversible threats to SSFs from expert opinions from the 
national workshop within the GFCM Geographic Sub-Area 22 Aegean Sea boundaries

4.2.2.2	Irreversible Threats

A.Expert Opinions from the National Workshop

The details of the irreversible threats in our study are discussed in Section 3.2.2.2. Following 
the same approach, we analyzed expert opinions from the national workshop (Figure 56).

B.Route & Vessel Density

Marine traffic is one of the factors impacting small-scale fishing activities (Kavadas et al., 
2015). Marine routes and the density of vessels, other than fishing vessels, can act as a physi-
cal barrier to SSFs’ mobility and activity range. In the presence of an international data source 
on this topic (European Marine Observation and Data Network; EMODnet), we incorporated 
the areas of high-density route and vessel traffic (excluding fishing vessels) in our analysis. 
As these activities cannot be regulated at local or regional scale(s), they were integrated as 
factors that are irreversible, thus decreasing our choice in the analysis. 

For the vessel density, the 2023 annual average shipping density was provided in raster for-
mat, in a 1x1 km resolution, expressed as hours per square kilometer per month (Vessel Den-
sity). Here, we used data on annual averages of all vessel types combined and excluded the 
vessel density of fishing vessels. The raster grid was then projected to our study units (1x1 
km grid cells) by calculating the zonal maximum in each grid cell and was normalized. For the 
normalization, the standard deviation was used rather than the maximum to condense the 
range of values in our study area (Figure 57).
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Figure 57. Map showing the Route Density within the GFCM Geographic Sub-Area 22 
Aegean Sea boundaries

For the route density, the 2023 annual total route density data was available in the same 
format and resolution (Route Density). Similarly, annual route density totals of fishing vessels 
were subtracted from the annual totals of all vessel types. The subsequent steps were the 
same as described above (Figure 58).
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C.Large-scale vs Small-scale Fisheries Potential Conflict Hotspots

Small-scale and large-scale fishing are, by their very nature, in competition with each other 
as they rely on the same limited sources. In Türkiye, almost 90% of fishing vessels are small-
scale (GFCM, 2024). However, their catch volume is much lower than that of the large ves-
sels, as well as their labor capacity, technological equipment, and market reach (Akbaş et 
al., 2023). Both types of fishing practices are regulated through Notification No. 5/1 (Anon-
ymous, 2020).) 

In our project, we integrated the potential conflict between small-scale and large-scale 
fisheries, as it was highlighted in the structured interviews with fishers and the Nature and 
Culture Coexistence on the Aegean Coast Workshop as an important topic. The most fre-
quently mentioned feature of the conflict was the overlaps in the fishing grounds. The areas 
where annual or seasonal bans are present on trawls and purse seines (large-scale fishing) 
through the Notification were communicated as areas with greater fishing opportunities for 
small-scale fishers. Hence, to assess the potential conflict hotspots, we mapped areas where 
small-scale and large-scale fisheries can operate at the same time in line with the Notifica-
tion. These do not truly correspond to conflict hotspots but rather areas that hold a greater 
potential for conflict between the two practices. 
 
To delineate the potential conflict hotspots, we identified large-scale fishing activities oc-
curring within the small-scale fishing grounds. We considered areas of year-round bans on 
large-scale fisheries in two alternative sets. The first of these was by selecting areas with bans 
for either trawls or purse seine nets as shown in Figure 59.

Figure 58. Map showing the Vessel Density within the GFCM Geographic Sub-Area 22 
Aegean Sea boundaries
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Figure 59. The two alternative sets for bans on large-scale fisheries: (a) showing the po-
tential conflict hotspots remaining when year-long bans on both trawls and seine nets are 
considered as conflict-free zones, and (b) showing the potential conflict hotspots

Figure 60. Map showing the areas with Large-scale vs Small-scale Fisheries Potential Conflict Hotspots 
within the small-scale fishing grounds

The resulting potential conflict areas from both alternatives were reviewed by the project 
team and the latter was deemed closer to the actuality gathered from the workshop inputs 
and the structured interviews. To reiterate, the resulting areas do not have to host conflict, 
rather they represent areas where both large-scale and small-scale fisheries are active at a 
given time and can potentially have conflict. This potential of conflict was evaluated as an 
unresolvable issue and thus considered under irreversible threats to SSFs in our analysis 
(Figure 60).
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Figure 61. Map showing the different types of seasonal bans towards small-scale fisheries 
within the small-scale fishing grounds

D.Seasonal Bans Towards Small-scale Fisheries 

We comprehensively investigated the factors affecting the use of the sea by small-scale 
fishing vessels. One of the major factors affecting SSFs is the regulatory limitations. Different 
from large-scale fisheries, SSFs are allowed to operate any time of the year with their vessels 
and gears. These restrictions were reflected in our analysis as a factor that negatively affects 
SSFs.

The classification of fisheries doesn’t distinguish large-scale from small-scale fisheries but 
employs the type of fishing gear instead (Anonymous, 2020). To detect the fishing bans 
towards SSFs, we mainly used Articles 5, 27, 29, and 33 of the Notification. In the absence 
of an open-source digital database on these bans, they were spatialized one by one by our 
team using QGIS Software. The coordinates provided in the Notification were digitized di-
rectly, while bans with location descriptions were digitized by transferring them to our study 
units (1x1 km grid cells) (Figure 61).

Given that each ban has distinct purposes and targets, it was indispensable to assess each 
one individually for accurate integration into the analysis. To do so (similar to our approach 
in Section 4.2.1.1, Fishing Bans Towards Large-Scale Fisheries), we assessed each regulation 
and its area individually and scored their impacts on SSFs (as Low, Moderate, High). The 
scoring mainly aimed at reflecting how high of an impact the ban created on SSFs.
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5.Results

5.1 Biodiversity – Factors Increasing the Choice

In the analysis, we combined reversible threats and other factors increasing the choice. 15 
layers (9 choice-related and 6 threat-related) with weights changing between 1 and 4.54 
were brought together for this purpose. In the resulting layer, as can be seen from Figure 62, 
northern and southern parts of the study area held higher choice scores, thus lower costs.

Figure 62. Map showing the scores for factors increasing the choice for biodiversity in 
each study unit (1x1 km grid cells). The darker green grids represent areas with higher 
choice and thus lower cost
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Figure 63. Map showing the scores for factors decreasing the choice for biodiversity for 
each study unit (1x1 km grid cells). The darker red grids represent areas with lower choice 
and thus higher cost

5.2 Biodiversity – Factors Decreasing the Choice

To generate this layer, we combined irreversible threats and other factors decreasing choice. 
A total of 6 layers (4 choice-related and 2 threat-related) with weights changing between 2 
and 4.46 were brought together for this purpose. In the resulting layer, as can be seen from 
Figure 63, central and southern parts of the study area held lower choice scores and thus 
higher costs.

5.3 Biodiversity – Cost Layer

Following the methodology detailed in the previous sections, we generated the cumulative 
cost layer, by independently bringing together the two layers detailed above. As shown in 
Figure 64, the synthesized biodiversity cost was higher in the central and southern parts of 
the study area.
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Figure 64. Map showing the cost layer for biodiversity. The darker green grids represent 
areas with lower costs, thus higher choice, while darker red grids are those with higher 
costs, thus lower choice

5.4 Biodiversity Optimization

We realized the biodiversity optimization analysis using both the conservation targets of the 
important biodiversity elements and the cost layer for biodiversity also considering locked-
in areas. Figure 65 shows the outcomes of optimization which cover 4,469 study units (1x1 
km grid cells). The dashed lines correspond to the locked-in areas used in the analysis, while 
pink grids are the optimum results for reaching the conservation targets. The outcomes of 
the biodiversity optimization without the locked-in areas did cover 653 grid cells.
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5.5 Small-scale Fisheries – Factors Increasing the Choice

In the analysis, we used a total of 11 layers (8 choice-related and 3 threat-related) with weights 
changing between 1.25 and 4.50 were brought together to obtain the factors increasing the 
choice for SSFs. In the resulting layer, as can be seen from Figure 66, some areas in the north 
and middle parts of the study area held higher choice scores, thus lower costs. 

Figure 65. Map showing the outcomes of the biodiversity optimization analysis
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Figure 66. Map showing the scores for factors increasing the choice for small-scale fish-
eries in each study unit (1x1 km grid cells). The darker green grids represent areas with 
higher choice and thus lower cost

5.6 Small-scale Fisheries – Factors Decreasing the Choice

In the analysis, we used a total of 7 layers (3 choice-related and 4 threat-related) with weights 
changing between 1.25 and 4.46 were brought together to obtain the factors decreasing the 
choice for SSFs. In the resulting layer, as can be seen from Figure 67, some areas in the north 
and south of the study area held lower choice scores and, thus higher costs. 
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Figure 67. Map showing the scores for factors decreasing the choice for small-scales fisheries for 
each study unit (1x1 km grid cells). The darker red grids represent areas with lower choice and 
higher cost

5.7 Small-scale Fisheries – Cost Layer

We generated the cumulative cost layer, by independently combining the two layers de-
tailed above with different weights (1.75 for irreversible threats and 1.25 for factors decreas-
ing choice). As shown in Figure 68, the synthesized small-scale fisheries cost was higher in 
the southern parts of the study area and some areas in the north.



105Yolda Initiative

Figure 69. The schematization of the overall analysis

Figure 68. Map showing the cost layer for small-scale fisheries. The darker green grids represent 
areas with lower costs, thus higher choice, while darker red grids are those with higher costs, thus 
lower choice

5.8 Final Solution Set 

In the last step of the analysis, we brought together the biodiversity optimization outcomes 
with the cost layer of small-scale fisheries. Figure 69 details the steps taken in a step-by-step 
approach. 

By overlapping the biodiversity optimization results with small-scale fishers’ cumulative cost 
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layer, we could restrict our results to the SSFs’ fishing grounds. At the final stage, when 
comparing the results obtained from each of the test scenarios detailed in Section 2.7 
(Biodiversity Optimization Analysis), we chose the baseline test conditions as they generated 
the highest number of conservation targets and produced a more diverse Final Solution Set 
in terms of geographic representation. In addition, we classified the cost of SSFs into three
groups to further prioritize our final solution set of areas. With cost data changing between 
0 and 1, we assigned the first quantile as the areas with the lowest 15% cost (resulting in 
17 grid cells), second group to 16-20% lowest cost (84 grid cells) and grouped the rest 
as other areas (552 grid cells). The first two groups in this approach were adopted as the 
“Final Solution Set” in our project. These areas correspond to the sites that reach optimum 
biodiversity results and where sustaining small-scale fishery activities has the lowest cost. 

Figure 70 presents the final solution set of priority areas, which are concentrated in 3 regions, 
namely Saros Bay, Ayvalık, and Ildır Bay. As can be seen from the map, in comparison to 
other areas, Saros Bay did hold a higher coverage (thus a higher number of grid cells). We 
therefore suggest prioritizing conservation efforts towards both biodiversity and small-scale 
fisheries in this area.

Figure 70. The final solution set of priority areas and the remaining areas as distinguished 
by colored classes
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Among the triggers of the selection of the area, the presence of important biodiversity 
elements comes forward. Seagrass meadows (Posidonia oceanica), coralligenous 
assemblages, Important Monk Seal Areas (Monachus monachus), Important Marine Mammal 
Areas (IMMAs), and Important Shark and Ray Areas (ISRAs) overlapping in the area are 
among the important biodiversity elements prevailing in the region. Furthermore, the long-
term viability of the small-scale fisheries’ operations is high in the area. While a significant 
portion of Saros Bay is legally protected, it lacks substantial on-the-ground conservation 
efforts. However, there are multiple threats such as illegal, unreported, and unregulated (IUU) 
fishing, high levels of water pollution, and emerging coastal infrastructures elements, the 
presence of reversible threats, and relatively low conservation investments that led to the 
selection of the area.
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6.Conclusions and Recommendations 

This project represents a pioneering effort made possible through the collaborative con-
tributions of diverse stakeholders committed to biodiversity conservation and supporting 
small-scale fisheries (SSFs). While numerous initiatives focus on identifying priority areas 
for biodiversity or cultural landscapes/seascapes, relatively few effectively integrate both. 
The goal of this project was to select a set of priority areas along the Aegean seascapes 
of Türkiye where future conservation investments could be targeted by different actors. 
These areas were selected based on their importance for both biodiversity and small-scale 
fisheries, as well as the high(er) density of threats they face in both domains while receiving 
relatively low(er) conservation investments so far. 

The spatial nature of this study, combined with the use of specialized programs and soft-
wares, enabled generating objective and practical results, to facilitate on-the-ground im-
plementation. One of the key strengths of the project was its intentional design, which 
ensured that the outcomes are both accessible and actionable for a wide range of stake-
holders, including policymakers, practitioners, and potential donors interested in investing 
in the region.

Equally important has been the creation of platforms that allow different actors in the 
region to connect. These exchanges, made possible through a series of meetings, have 
played a significant role in fostering long-term collaboration and ensuring the project’s 
success. We also recognize the importance of involving local communities in setting con-
servation priorities, as their sustainable livelihoods can enhance the resilience of conserva-
tion efforts and serve as a valuable community-building mechanism.

The project highlighted the critical role of open-source data and data sharing in the fields 
of biodiversity and small-scale fisheries. The information obtained from both national and 
international sources was vital for conducting a thorough assessment. However, some lim-
itations were evident, particularly concerning the quality and extent of some of the data 
utilized in the analysis. Spatial analyses are highly sensitive to these factors, underscoring 
the need for future efforts to improve various aspects of the data collected. For both bio-
diversity and SSFs, we were not able to integrate outcomes of trend analysis which would 
have highlighted the changes at geographical and temporal scales, due to the absence 
of such data. Thus, the generation and sharing of such data is vital for future assessments. 
Additionally, generating and sharing information on the status of threatened marine and 
coastal species and habitats, their national range, and all the changes they undergo over 
time are critical for further detailing biodiversity information in the future. 
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One key finding in terms of data gathering especially towards SSFs was the necessity of 
gathering more detailed and systematic data, which is essential for future spatial assess-
ments. When engaging with SSFs, it is necessary to reach out not only to active fishers, 
who are predominantly male, but also to other lines of work in fisheries (e.g. fishing net 
making and repairing), which are mostly represented by women. Also, when engaging with 
SSFs cooperatives, it is essential to analyze the geographical, cultural and socio-economic 
context of cooperatives together with the traditional ecological knowledge (TEK) of fishers 
to build a seated understanding of the specific methods, techniques, and gears in place. 

The Aegean seascapes, with their rich biodiversity and cultural heritage, face significant 
challenges that require immediate and coordinated action. By enhancing Marine Protect-
ed Areas (MPAs), supporting sustainable small-scale fisheries, and increasing investment 
in conservation, Türkiye has the opportunity to safeguard its marine ecosystems for future 
generations. The findings of this project provide a comprehensive roadmap for prioritizing 
conservation efforts and aligning them with the needs of local communities. Only through 
collective action can the dual goals of biodiversity conservation and sustainable livelihoods 
be achieved in this unique and ecologically significant region.

In conclusion, this project enabled us to conduct a regional-scale spatial prioritization to 
determine where future investments in biodiversity conservation and small-scale fisheries 
should be concentrated along the Aegean seascapes. To further this effort, more detailed 
assessments should be conducted in the selected priority area of Saros Bay. This will help 
us better identify the necessary actions to include in an effective action plan. Further-
more, disseminating this approach across different geographical and cultural landscapes/
seascapes will help optimize the allocation of limited resources toward the most critical 
themes in Türkiye.
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7.Saros Bay Priority Area

Saros Bay, located in the northern Aegean part of Türkiye, is a region of significant bio-
diversity, as well as cultural and historical importance (TVKGM, 2014, 2018). In a country 
where habitat alteration and degradation are prevalent, Saros Bay is distinguished by its 
pristine coastal and marine ecosystems. The area is particularly notable for its underwater 
upwelling currents, which bring nutrient-rich waters to the surface, supporting a diverse ar-
ray of marine life (Sayın et al., 2011). Additionally, the bay’s asymmetrical bathymetry, with 
an average depth of 350 meters and a maximum of 700 meters, creates a unique environ-
ment that is exceptionally favorable for cetaceans in the Aegean Sea (Öz and İşmen, 2017).

The significance of Saros Bay is highlighted by its designation as a Special Environmental 
Protection Area (SEPA) in 2010 under the Barcelona Convention, recognizing its outstand-
ing environmental value and the need for protection. This designation aims to conserve 
the bay’s rich biodiversity and ensure the sustainable management of its natural resources. 
Along the bay’s coastline, numerous areas have been classified as 1st or 3rd Degree Natural 
SİT (Site of Special Protection) zones, indicating their high ecological importance and the 
need for stringent conservation measures.

To the east of Saros Bay lies the Kavak Delta, an essential wetland ecosystem that plays a 
critical role in supporting a diverse array of flora and fauna. This delta serves as a crucial 
habitat for various bird species, amphibians, and other wildlife, contributing significantly 
to the region’s biodiversity. Furthermore, the sand dunes to the north of the bay represent 
some of the best-preserved dune ecosystems in the area. 

The outcomes of our comprehensive study highlighted the northern part of Saros Bay and 
its surrounding seascapes (outside the SEPA boundaries) as one of the highest priority areas 
along the Aegean Seascape. Our analysis demonstrated the importance of these areas for 
investment in biodiversity conservation and for supporting the sustainability of small-scale 
fisheries. Important biodiversity elements that triggered to selection of this area as priority 
include seagrass meadows (Posidonia oceanica), coralligenous assemblages, Important 
Marine Mammal Areas (IMMAs), Important Shark and Ray Areas (ISRAs), and bird species. 
The area hosts two Key Biodiversity Areas (KBAs), with high concentrations of diverse 
marine biodiversity elements and threatened marine fish species, alongside significant 
habitat diversity. Despite its protection status, the priority area is still prone to threats 
arising from different types of human activities, like illegal, unreported, and unregulated 
(IUU) fishing, high levels of water pollution, invasive alien species, climate change, among 
others. Nevertheless, on-the-ground conservation efforts for biodiversity and small-scale 
fisheries are largely missing. Therefore, there is a substantial need for targeted studies to 
complement conservation and management measures in and outside the protected area. 
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Figure 71. Map showing the Saros Bay Priority Area

Below, maps present the important biodiversity elements in the Saros Bay Priority Area 
(Figure 71, Figure 72, Figure 73, Figure 74, Figure 75, Figure 76 and Figure 77).
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Figure 73. Map showing the distribution of coralligenous assemblages in Saros Bay

Figure 72. Map showing the Saros Bay Key Biodiversity Area
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Figure 75. Map showing the Important Shark and Ray Areas (ISRAs) in Saros Bay 

Figure 74. Map showing the Important Monk Seal Areas in Saros Bay
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Figure 77. Map showing the Cateceans observation intensity (OBIS database) in Saros Bay

Figure 76. Map showing the distribution of seagrass (Posidonia oceanica) in Saros Bay
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No Cooperative Name

1 Enez Fisheries Cooperative

2 Sultaniçe Fisheries Cooperative

3 Yayla Köyü Fisheries z Cooperative

4 Mecidiye Fisheries Cooperative

5 Kavak Fisheries Cooperative

6 Güneyli Fisheries Cooperative

7 Gelibolu Yeniköy Fisheries Cooperative

8 Karainebeyli Köyü Fisheries Cooperative

9 Kepez Fisheries Cooperative

10 Beşyol Fisheries Cooperative

11 Anafartalar ve Çevre Köyleri Fisheries Cooperative

12 Eceabat Fisheries Cooperative

13 Kilitbahir Köyü Fisheries Cooperative

14 Çanakkale Merkez-1 Fisheries Cooperative

15 Kumkale Fisheries Cooperative

16 Yeniköy Fisheries Cooperative

17 Dalyan Fisheries Cooperative

18 Gülpınar Fisheries Cooperative

19 Babakale Fisheries Cooperative

20 Bektaş-Balabanlı-Korubaşı Köyleri Fisheries Cooperative

21 Küçükkuyu Fisheries Cooperative

22 Gökçeada Fishery Cooperative

23 Bozcaada Fisheries Cooperative

24 Altınoluk Fisheries Cooperative

25 Burhaniye Fisheries Cooperative

26 Ayvalık Fisheries Cooperative

27 Dikili Fisheries Cooperative

28 Dikili Bademli Fisheries Cooperative

29 Çandarlı Fisheries Cooperative

30 Yenişakran Fisheries Cooperative

31 Aliağa Fisheries Cooperative

32 Çakmaklı Fisheries Cooperative

33 Yeni Foça Fisheries Cooperative

34 Foça Merkez Fisheries Cooperative

35 Tuzcullu ve Çevre Köyleri Fisheries Cooperative

36 Sasalı Fisheries Cooperative

37 Şemikler Fisheries Cooperative

38 Karşıyaka Fisheries Cooperative

Annex 1 – Small-scale Fisheries Cooperative List
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No Cooperative Name

39 Balçova Fisheries Cooperative

40 Narlıdere Fisheries Cooperative

41 Güzelbahçe Fisheries Cooperative

42 Ildır Köyü Fisheries Cooperative

43 Ilıca Fisheries Cooperative

44 Dalyanköy Fisheries Cooperative

45 Çiftlikköy Fisheries Cooperative

46 Alaçatı Fisheries Cooperative

47 Kalabak Fisheries Cooperative

48 Urla İskele Fisheries Cooperative

49 Balıklıova Fisheries Cooperative

50 Özbek Fisheries Cooperative

51 Çeşmealtı Fisheries Cooperative

52 Mordoğan Fisheries Cooperative

53 İnecik Fisheries Cooperative

54 Amberseki Fisheries Cooperative (Esendere)

55 Saip Fisheries Cooperative 

56 Karaburun Merkez Fisheries Cooperative

57 Tepeboz Fisheries Cooperative

58 Sığacık Fisheries Cooperative

59 İzmir-Seferihisar-Ürkmez Fisheries Cooperative

60 Seferihisar Fisheries Cooperative

61 Gümüldür Mahallesi Fisheries Cooperative

62 Özdere Ahmetbeyli Fisheries Cooperative

63 Kuşadası Fisheries Cooperative

64 Davutlar Sevgi Plajı Fisheries Cooperative

65 Güzelçamlı Fisheries Cooperative

66 Doğanbey Tuzburgazı Fisheries Cooperative

67 Didim Akköy Fisheries Cooperative

68 Akbük Fisheries Cooperative

69 Didim Fisheries Cooperative

70 Kıyıkışlacık Fisheries Cooperative

71 Güllük 1 Fisheries Cooperative 

72 Güllük 2 Fisheries Cooperative 

73 Boğaziçi Fisheries Cooperative

74 Türkbükü Gölköy Gökçebel Köyleri Fisheries Cooperative

75 Gündoğan Fisheries Cooperative

76 Yalıkavak Fisheries Cooperative

77 Gümüşlük Fisheries Cooperative 
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No Cooperative Name

78 Turgut Reis Fisheries Cooperative

79 Akyarlar Fisheries Cooperative

80 Torba Fisheries Cooperative

81 Akyaka Fisheries Cooperative 

82 Gökova Akçapınar Fisheries Cooperative 

83 Akbük Fisheries Cooperative 

84 Marmaris Fisheries Cooperative

85 Bozburun Fisheries Cooperative

86 Selimiye Fisheries Cooperative

87 Söğüt Fisheries Cooperative

88 Datça Merkez Fisheries Cooperative

89 Karaköy Fisheries Cooperative

90 Cumalı Fisheries Cooperative

91 Mesudiye Fisheries Cooperative

92 Dalko Dalyan Fisheries Cooperative

93 Ortaca Fisheries Cooperative
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Annex 3 - IUCN Threat Classification Scheme

1 Residential & commercial development
1.1 Housing & urban areas
1.2 Commercial & industrial areas
1.3 Tourism & recreation areas
 
2 Agriculture & aquaculture
2.1 Annual & perennial non-timber crops
2.1.1 Shifting agriculture
2.1.2 Small-holder farming
2.1.3 Agro-industry farming
2.1.4 Scale Unknown/Unrecorded
2.2 Wood & pulp plantations
2.2.1 Small-holder plantations
2.2.2 Agro-industry plantations
2.2.3 Scale Unknown/Unrecorded
2.3 Livestock farming & ranching
2.3.1 Nomadic grazing
2.3.2 Small-holder grazing, ranching or farming
2.3.3 Agro-industry grazing, ranching or farming
2.3.4 Scale Unknown/Unrecorded
2.4 Marine & freshwater aquaculture
2.4.1 Subsistence/artisanal aquaculture
2.4.2 Industrial aquaculture
2.4.3 Scale Unknown/Unrecorded
 
3 Energy production & mining
3.1 Oil & gas drilling
3.2 Mining & quarrying
3.3 Renewable energy
 
4 Transportation & service corridors
4.1 Roads & railroads
4.2 Utility & service lines
4.3 Shipping lanes
4.4 Flight paths
 
5 Biological resource use
5.1 Hunting & collecting terrestrial animals
5.1.1 Intentional use (species being assessed is the target)
5.1.2 Unintentional effects (species being assessed is not the target)
5.1.3 Persecution/control
5.1.4 Motivation Unknown/Unrecorded
5.2 Gathering terrestrial plants
5.2.1 Intentional use (species being assessed is the target)
5.2.2 Unintentional effects (species being assessed is not the target)
5.2.3 Persecution/control
5.2.4 Motivation Unknown/Unrecorded
5.3 Logging & wood harvesting
5.3.1 Intentional use: subsistence/small scale (species being assessed is the target [har-
vest]
5.3.2 Intentional use: large scale (species being assessed is the target)[harvest]
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5.3.3 Unintentional effects: subsistence/small scale (species being assessed is not the 
target)[harvest]
5.3.4 Unintentional effects: large scale (species being assessed is not the target)[harvest]
5.3.5 Motivation Unknown/Unrecorded
5.4 Fishing & harvesting aquatic resources
5.4.1 Intentional use: subsistence/small scale (species being assessed is the target)[har-
vest]
5.4.2 Intentional use: large scale (species being assessed is the target)[harvest]
5.4.3 Unintentional effects: subsistence/small scale (species being assessed is not the 
target)[harvest]
5.4.4 Unintentional effects: large scale (species being assessed is not the target)[harvest]
5.4.5 Persecution/control
5.4.6 Motivation Unknown/Unrecorded
 
6 Human intrusions & disturbance
6.1 Recreational activities
6.2 War, civil unrest & military exercises
6.3 Work & other activities
 
7 Natural system modifications
7.1 Fire & fire suppression
7.1.1 Increase in fire frequency/intensity
7.1.2 Suppression in fire frequency/intensity
7.1.3 Trend Unknown/Unrecorded
7.2 Dams & water management/use
7.2.1 Abstraction of surface water (domestic use)
7.2.2 Abstraction of surface water (commercial use)
7.2.3 Abstraction of surface water (agricultural use)
7.2.4 Abstraction of surface water (unknown use)
7.2.5 Abstraction of ground water (domestic use)
7.2.6 Abstraction of ground water (commercial use)
7.2.7 Abstraction of ground water (agricultural use)
7.2.8 Abstraction of ground water (unknown use)
7.2.9 Small dams
7.2.10 Large dams
7.2.11 Dams (size unknown)
7.3 Other ecosystem modifications
 
8 Invasive & other problematic species, genes & diseases
8.1 Invasive non-native/alien species/diseases
8.1.1 Unspecified species
8.1.2 Named species
8.2 Problematic native species/diseases
8.2.1 Unspecified species
8.2.2 Named species
8.3 Introduced genetic material
8.4 Problematic species/diseases of unknown origin
8.4.1 Unspecified species
8.4.2 Named species
8.5 Viral/prion-induced diseases
8.5.1 Unspecified "species" (disease)
8.5.2 Named "species" (disease)
8.6 Diseases of unknown cause 
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9 Pollution
9.1 Domestic & urban waste water
9.1.1 Sewage
9.1.2 Run-off
9.1.3 Type Unknown/Unrecorded
9.2 Industrial & military effluents
9.2.1 Oil spills
9.2.2 Seepage from mining
9.2.3 Type Unknown/Unrecorded
9.3 Agricultural & forestry effluents
9.3.1 Nutrient loads
9.3.2 Soil erosion, sedimentation
9.3.3 Herbicides & pesticides
9.3.4 Type Unknown/Unrecorded
9.4 Garbage & solid waste
9.5 Air-borne pollutants
9.5.1 Acid rain
9.5.2 Smog
9.5.3 Ozone
9.5.4 Type Unknown/Unrecorded
9.6 Excess energy
9.6.1 Light pollution
9.6.2 Thermal pollution
9.6.3 Noise pollution
9.6.4 Type Unknown/Unrecorded
 
10 Geological events
10.1 Volcanoes
10.2 Earthquakes/tsunamis
10.3 Avalanches/landslides
 
11 Climate change & severe weather
11.1 Habitat shifting & alteration
11.2 Droughts
11.3 Temperature extremes
11.4 Storms & flooding
11.5 Other impacts
 
12 Other options
12.1 Other threat
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Annex 4 - Conservation Investments Questionnaire
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