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Geology and Geo-Ecology - GeoEcoMar, Bucharest, Romania
The Black Sea ecosystem faces significant challenges due to climate change and

human activities. Despite this, the opportunities and potential of its Blue

Economy and the role of Turkish stakeholders in the key sectors have not

been well documented. To define the needs of the Black Sea’s Blue Economy

and outline existing problems, a workshop entitled “Engaging Stakeholders:

Trabzon Multi-Actor Forum” was held in Trabzon (Türkiye) in November 2022.

Stakeholders from the research sector, academia, civil society, industry, business,

competent authorities, and government shared their thoughts on various sectors

of the Blue Economy, covering 17 areas. They discussed political, environmental,

social, technical, legal, and economic aspects, revealing opportunities,

challenges, and areas where more research is needed. This meeting provided

valuable insights, indicating that efficient collaboration with stakeholders could

lead to effective solutions and strategies, helping to improve the Blue Economy in

the Black Sea region.
KEYWORDS

aquaculture, blue economy development, fisheries, marine coastal tourism, maritime
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1 Introduction

The Black Sea is a semi-enclosed basin with unique hydrological

and environmental conditions, characterized by stratified water

layers that restrict oxygen circulation, resulting in anoxic

conditions below 200 metres (Murray et al., 1989; Bakan and

Büyükgüngör, 2000; Rudneva and Petzold-Bradley, 2001; Sezgin

et al., 2017; Radulescu, 2023). This makes the basin highly

susceptible to external stressors such as nutrient inflows and

pollution, which intensify eutrophication and create hypoxic

zones (Sezgin et al., 2017; Hidalgo et al., 2018; Vasilica et al.,

2023). Significant river systems, including the Danube, Dniester,

and Dnieper, further influence its hydrology by transporting both

nutrients and contaminants into the sea (Bakan and Büyükgüngör,

2000; Sezgin et al., 2017; Alkan, 2019).

The region faces numerous environmental challenges, including

overfishing, habitat degradation, marine litter, and climate change

impacts, distinguishing the Black Sea Blue Economy from other

regions (Oguz et al., 2012; Oral, 2013). Despite these obstacles, the

Black Sea holds significant potential for sustainable Blue Economy

growth, particularly in sectors such as marine aquaculture, offshore

renewable energy (wind, wave, and solar), sustainable tourism,

maritime transport, and multi-use platforms (Schultz-Zehden et

al., 2018; Melikidze et al., 2019; Bennett et al., 2021; Martıńez-

Vázquez et al., 2021). The basin’s strategic location as a bridge

between Europe and Asia enhances its trade and economic

opportunities (Aydin, 2005; Armonaite, 2020). However, realizing

this potential hinges on overcoming basin-specific challenges such

as inadequate infrastructure, uneven capacities among coastal

nations, and geopolitical tensions while fostering sustainable

development through ecological preservation and stakeholder

collaboration (Oguz et al., 2012; Hidalgo et al., 2018; Afanasyev

et al., 2020; Armonaite, 2020; Vasilica et al., 2023).

The EU’s EMODnet Black Sea Checkpoint project identified 11

key challenges relevant to advancing the Blue Economy, such as

sustainable development of offshore industries, fisheries

management, eutrophication, and climate change impacts

(Palasov et al., 2019). It also highlighted the importance of

emergency response to oil spills and biodiversity preservation

through Marine Protected Areas (Martıń Mıǵuez et al., 2019).

Platforms like EMODnet and Copernicus provide accessible,

high-quality marine observation data that support integrated

approaches to balancing economic and environmental priorities

(Calewaert et al., 2016; EMODnet, 2024).

The Turkish coastline of the Black Sea plays a pivotal role in the

region’s Blue Economy, supporting diverse activities such as small-

scale fisheries, aquaculture (notably trout farming), maritime

transport, coastal tourism, and renewable energy projects

(Candan et al., 2007; Karamushka, 2009; Oguz et al., 2012;

Afanasyev et al., 2020; Seyhan et al., 2022). Coastal tourism,

driven by the area’s natural and cultural assets, significantly

contributes to the local economy (DOKA, 2023). However,

like other parts of the Black Sea, this region faces challenges,

including fragmented governance frameworks, underdeveloped

offshore energy infrastructure, overexploitation of fish stocks,

pollution from land-based activities, and limited cross-sectoral
Frontiers in Marine Science 02
collaboration (Candan et al., 2007; Afanasyev et al., 2020; Massa

et al., 2021; Dürrani et al., 2022; Dürrani et al., 2024). Addressing

these issues offers an opportunity for Turkish stakeholders to align

with EU sustainability goals and drive progress through cross-

border initiatives (Açıkmes ̧e, 2012; Yazgan, 2017; Council of the
European Union, 2024). Efforts to enhance collaboration among

researchers, policymakers, and private sector actors can drive

innovation in renewable energy, aquaculture, and other sectors,

fostering sustainable growth in the Black Sea’s Blue Economy

(Hoerterer et al., 2020; Aivaz et al., 2021).

This workshop, titled “Engaging Stakeholders: Trabzon Multi-

Actor Forum” was organized with the aim of bringing together local

stakeholders from various sectors to engage in in-depth discussions

on the diverse opportunities and challenges associated with the Blue

Economy in the Black Sea region. The primary objective was to

identify key sectors within the framework of the Blue Economy,

while the second involved scrutinizing the various barriers that

currently hinder its development. Additionally, the workshop

addressed gaps in collaboration and understanding across sectors,

exploring strategies to bridge these divides, with particular

emphasis on incorporating the perspectives of Turkish

stakeholders and highlighting their critical role in advancing the

region’s Blue Economy.
2 Materials and methods

The workshop was designed to promote in-depth dialogue and

was deliberately restricted to 17 carefully selected participants to

ensure fruitful discussion and avoid an impersonal mass event

(Figure 1). These participants represented a broad spectrum of

sectors crucial to the Blue Economy, including industry and

business (i.e., shipbuilding, marine aquaculture, and tourism),

governmental and policymaking bodies (i.e., focusing on fisheries

research and coastal safety), civil society, non-governmental

organizations, and professional associations (i.e., covering

fisheries cooperatives, environmental and agricultural engineering,

and marine environment protection), as well as the research and

academic community (i.e., fisheries, aquaculture, marine sciences,

and biology).
2.1 First session

The first interactive session provided stakeholders with three

weighted votes, scored as 1, 2, and 3, to allocate among three of the

17 Blue Economy sectors to assess their importance and the

immediate need for action (Figure 2).
2.2 Second session

The second interactive session focused on the top eight sectors

that received the most votes. Stakeholders were then asked to

provide feedback on sticky notes addressing the political,

environmental, social, technical, legal, and economic challenges
frontiersin.org
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relevant to these sectors (Figure 3). The feedback was then

anonymously shared with the panel for further discussion to

identify and validate the needs and gaps.
2.3 Summarization by authors

The authors gathered and refined the feedback from the

workshop into a summary that outlined key needs in the Blue
Frontiers in Marine Science 03
Economy. They clearly identified what stakeholders needed and

where there were shortfalls in meeting these needs. This summary

helps in understanding the sector better, guiding focused actions,

and planning to bridge these gaps, aligning with Blue Economy’s

broader objectives.
3 Results

Out of the 17 Blue Economy sectors, three of the sectors, viz.,

Marine construction, dredging, and offshore wind energy, did not

receive any vote from the stakeholders (Figure 4A). The highest score

was received for capture fisheries, with 26 scores, and marine R&D,

with 19, followed by offshore oil/gas, with 12 scores (Figure 4B).
3.1 Political

The Blue Economy faces numerous challenges and opportunities

that are often influenced by political factors (Table 1). In the capture

fisheries industry, political pressures and deficits in effective

governance, enforcement, and long-term planning often prioritize

short-term gains over scientific advice, suggesting the need for

science-based decision-making by organizations, legislators, and

academia rather than politicians. This includes the implementation

of fishing bans and laws grounded in scientific research,

comprehensive policies, regular inspections, and proper training.

For marine research and development (R&D), the development of

legal and policy frameworks in collaboration with experts is crucial

to avoiding political interference, with an emphasis on increased

state focus and funding. The offshore oil and gas sector requires

strengthening political frameworks and continuous research support

to enhance the Black Sea region’s influence and economic growth.

The shipbuilding industry lacks adequate political support, which

requires principled policies and targeted support. The marine

aquaculture and ocean renewable energy sectors also suffer from

insufficient political support, highlighting the need for principled

policies and efficient collaboration for sustainable development.

Marine transport highlights the need for political support and the

resolution of geopolitical challenges for effective maritime transport.

High-tech marine services, such as offshore renewable energy

projects like wind farms, smart shipping technologies, autonomous

underwater vehicles for marine research, and advanced aquaculture
FIGURE 2

A stakeholder to allocate votes to any three of the 17 Blue Economy
sectors to assess their importance and immediate need for action.
Research and Academia
Civil society, NGOs, and Associations
Industry and Business
Government and Policymakers

6

5

4

2

Number of stakeholders

FIGURE 1

Illustrates the distribution of stakeholder groups.
FIGURE 3

A stakeholder providing feedback on sticky notes.
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systems, require unbiased political support and the development of

sustainable technologies. Across these sectors, the common thread is

the need for depoliticizing management, enhancing political

infrastructure for support, and prioritizing sustainable practices to

ensure the long-term viability of the Blue Economy.
3.2 Environmental

The environmental dimension of the Blue Economy sector

underscores the pressing need for sustainable practices and

stringent regulations across various industries to mitigate

environmental degradation (Table 1). In capture fisheries,

challenges such as limited awareness, pollution, and climate

change lead to unsustainable practices, ecosystem damage,

reduced fish stocks, and disrupted marine life cycles, emphasizing

the need for stricter regulations and sustainable fishing practices.

Marine research and development are essential for addressing

marine pollution and fostering ecosystem health, which is defined

as the ability of ecosystems to maintain their structure, function,

and resilience under stress by advancing innovative technologies,

conducting comprehensive studies, and implementing restoration

efforts to mitigate pollution, preserve biodiversity, and sustain

ecological processes. The offshore oil and gas industry must

carefully evaluate environmental impacts and adopt innovative

strategies to mitigate pollution risks. The shipbuilding industry is

urged to adopt environmentally friendly practices and materials to

minimize its ecological footprint. Marine aquaculture requires
Frontiers in Marine Science 04
scientific site selection and the use of diversified protein sources

in commercial fish feed, such as plant-based proteins, insect meals,

and sustainably harvested marine ingredients, to reduce

environmental impacts, highlighting the importance of education

and stringent regulations. Ocean renewable energy advocates for

cautious implementation of projects to harness environmental

benefits without causing harm, prioritizing environmentally

friendly technologies. Marine transport and high-tech marine

services emphasize the urgent need to adopt green management

practices, such as energy-efficient technologies and waste reduction

strategies, while fostering greater environmental awareness among

stakeholders. These efforts must be supported by robust regulatory

frameworks to ensure sustainable operations and minimize

pollution. This highlights the shared recognition across sectors of

the Blue Economy that achieving environmental responsibility is

essential for long-term economic and ecological sustainability.
3.3 Social

The social aspects of the Blue Economy sector highlight the

significant impact of various industries on employment, social

welfare, and community engagement (Table 1). In the capture

fisheries sector, job opportunities contribute to regional

development but must be balanced with the challenge of

overfishing, especially in the Black Sea, while addressing tensions

between artisanal and industrial fisheries. Marine R&D faces public

apathy, yet their social benefits and potential for community
Priority Blue Economy Sectors Emerging SectorsEstablished Sectors
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FIGURE 4

(A) Scores assigned by stakeholders to various Blue Economy sectors in the Black Sea based on prioritization. (B) Illustration of the prioritization of
Blue Economy sectors in the Black Sea based on the highest scores received.
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TABLE 1 Multi-sectoral stakeholder perspectives on the political, environmental, social, technical, legal, and economic challenges in the Blue Economy of the Black Sea.

Legal Economics

1. Laws and quotas for specific
species should be established
based on thorough research to
ensure sustainable fishing
practices.
2. There is a need for re-
evaluating and strengthening
control mechanisms to effectively
enforce regulations.
3. A significant issue in fisheries
is the inadequate implementation
and enforcement of existing legal
regulations and sanctions, often
due to insufficient regular
cheques.
4. The influence of lobbies over
science in legislative processes
undermines the effectiveness of
laws designed to protect fisheries.
5. Despite having comprehensive
legal frameworks, the lack of
consistent and fair inspections
compromises the effectiveness of
these regulations.
6. Economic sustainability in
marine fisheries is challenged by
the absence of legal scaling,
emphasizing the necessity for
everyone to adhere to established
regulations.
Inadequacies in enforcing
fisheries regulations, combined
with insufficient penalties,
contribute to non-compliance
and intensify legal deficiencies in
the sector.

1. Transitioning from fuel to
electrical energy is essential for
addressing the energy challenges
faced by the fisheries sector.
2. The Black Sea is economically
significant, with the country
deriving 60-70% of its fisheries
from this area, indicating the
need for region-specific vessel
standards and limitations on ship
dimensions and machinery.
3. The fisheries economy is
struggling because of insufficient
economic strategies and support,
highlighting the need for
recovery and enhanced economic
perspectives.
4. Despite its considerable
contribution to the national
economy and public welfare, the
fisheries sector faces challenges
such as lack of financial support,
especially in implementing
fishing quotas.
5. Economic inefficiencies in
fishing products and the issue of
overfishing driven by excessive
profit motives underscore the
need for sustainable practices.
6. The economic importance of
fishing for local communities
and countries emphasizes the
need for policies that support
both the environment and
livelihoods that are dependent on
fisheries.
Supporting the culture of mussels
and oysters is recommended to
diversify and strengthen the
economic base of the
fisheries sector.

1. Improved technical equipment
is crucial for the application of
legal frameworks in marine
research.
2. Although existing laws are

1. Marine research faces funding
and resource shortages that
underscore economic challenges.
2. Increased financial
investments are crucial to
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SECTOR Political Environmental Social Technical

CAPTURE
FISHERIES

1. Political pressure and deficits
influence the fisheries industry,
often prioritizing short-term
gains over scientific advice.
2. Fisheries management should
be in the hands of organization
legislators, and academia, rather
than politicians, to ensure that
decisions are science-based.
3. The application of fishing bans
and laws should be grounded in
scientific research. without
political interference.
4. There is a need for
comprehensive policies, regular
inspections, and proper training
within the sector.
5. The Black Sea’s fisheries
management requires a holistic
approach by all stakeholders,
with a focus on sustainable
practices and preventing the
catch of small, immature fish.
6. Rules governing the fisheries
sector should be clearly defined
and enforced, keeping politics at
bay to prioritize ecological
sustainability.
The non-implementation of
existing laws and the prevalence
of illegal fishing activities are
often due to political challenges,
underscoring the need for
depoliticizing
fisheries management.

1. A weak environmental culture
and insufficient protection
measures lead to environmental
degradation.
2. The lack of clear regulation
results in environmental overload
and pollution, especially in urban
areas, hydroelectric power plants,
and mining.
3. Environmental issues are
exacerbated by a lack of
education and awareness.
4. The fishing sector is
significantly impacted by
environmental factors, including
pollution, which reduces fish
populations and sea clarity.
5. Critical environmental
challenges include climate
change, the spread of invasive
species, and the decline in the
diversity and abundance of
commercial fish species.
6. There is an urgent need for
stringent environmental
regulations and proper
implementation to prevent
further damage.
7. Pollution (both domestic and
industrial), the impact of
hydroelectric power plants,
climate change, overfishing, and
harmful fishing practices disturb
the environmental balance and
harm marine ecosystems.

1. Fisheries provide significant
job opportunities that contribute
to employment.
2. There is a need for enhanced
coordination between research
activities and the various sectors
within fisheries.
3. Efforts are being made to
encourage increased fish
consumption by the public.
4. The fisheries sector has a
robust social dimension, showing
potential for internal
development and growth.
5. Fisheries generate social
returns at both regional and
national levels.
6. A notable conflict between
artisanal and industrial fisheries
highlights social tensions within
the sector.

1. The unique ecosystem of the
Black Sea necessitates careful
consideration of technology use
because methods suited for open
seas may be harmful.
2. There is an urgent need to
curtail the use of certain fishing
technologies to prevent further
harm to fish populations.
3. Advanced fishing technologies
and their unmonitored use exert
excessive pressure on fish stocks.
4. Implementing monitoring and
tracking systems can enhance
sustainable fishing practices.
5. Conscious fishing practices
should be promoted, including
the use of appropriately powered
vessels and gear tailored to
specific fish types to minimize
ecological impact.
6. High-tech fishing methods
contribute to the decline of
certain fish species by enabling
overfishing.
7. The proliferation of ships
equipped with modern
technology, such as fish finders,
necessitates stricter regulation of
ship licenses to combat
overfishing.
The development of new fishing
technologies in the digital age
offers potential for innovation,
but it also requires careful
regulation to
ensure sustainability.

MARINE R&D

1. Develop legal and policy
frameworks for marine research
in collaboration with experts to
avoid political interference.
2. The lack of political support

1. Marine research is essential for
ecosystem health but lacks depth,
underscoring the urgency for
better studies to combat marine
pollution.

1. Public apathy toward marine
research is widespread.
2. Marine research’s social
benefits are significant but
underappreciated.

1. Türkiye faces a technological
gap in marine research because
of limited access to advanced
tools.
2. Lack of investment in
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TABLE 1 Continued

Legal Economics

adequate, updates and new
agreements are essential for
progress.
3. Revising legal regulations is
necessary to align with marine
research advancements.
There is a need to enact and
rigorously audit laws to
strengthen marine research
and compliance.

sustainable and economically
viable fisheries.
3. The need for adequate
budgeting for marine research is
underscored.
4. The sector faces limited
support, researcher scarcity, and
financial constraints.
5. Economic shortfalls hinder
scientific study funding,
necessitating greater budget
support.
Strategic research with detailed
cost-benefit analyses is essential
to achieve optimal efficiency
and results.

Legal readiness, both
domestically and internationally,
is crucial for offshore oil and
gas exploration.

1. Offshore oil and gas
exploration is vital to economic
growth and can significantly
contribute to national
development.
2. Economic research in this area
is crucial for maximizing benefits
and strengthening the economy.
3. localizing gas procurement can
lead to substantial economic
prosperity and reduce import
dependency.
Investments in offshore
exploration are key to enhancing
economic power and
revenue generation.
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and funding for marine research
indicates misalignment of
national priorities.
3. Increased state focus and
funding are essential to
overcome political barriers and
enhance marine research.
4. Integrate marine research into
strategic plans using political
support to achieve more effective
outcomes.
5. Economic limitations and lack
of facilities hinder marine
research progress, necessitating
better funding.
International collaboration on
marine research can mitigate
political issues and encourage
sustainable resource use.

2. Rising marine pollution
demands thorough research to
gauge its effects and identify
remedies.
3. A notable lack of studies exists
on safeguarding marine
environments from construction
and pollution.
4. Research is key to overcoming
environmental challenges,
necessitating further efforts to
diminish pollution and boost
ecosystem resilience.
5. The rapid resolution of
mucilage in the Sea of Marmara
in 2022 highlights the impact of
focused marine research.
6. Effective environmental
policies and enhanced research
are vital for safeguarding future
ecosystems.
The negative impact of marine
pollution on fish and ecosystems
highlights the need for extensive
environmental data.

3. The sea offers potential for
community engagement, yet it is
often overlooked.
4. A lack of social engagement in
marine conservation and
research.
Communicating marine
research’s value to the public
is challenging.

technology impedes marine
research progress.
3. Researchers need but lack
access to emerging technologies.
4. Urgent technological support
and funding must enhance
research capabilities.
5. Marine technological research
and its dissemination to
authorities are inadequate.
6. Up-to-date methods and
equipment are essential for
effective marine ecosystem
monitoring.
Insufficient research equipment
hinders thorough and accurate
marine studies.

OFFSHORE
OIL/GAS

1. Strengthening the political
framework is crucial for offshore
oil and gas exploration in the
Black Sea, emphasizing the need
for targeted energy research to
assert regional influence.
2. Continuous support and
increased research in Türkiye’s
marine Blue Economy are
essential for its development.
3. New policies should be
developed to facilitate studies
and initiatives in areas such as
the Blue Economy, highlighting
its significant potential for
regional economic growth.
Political commitment to gas
exploration and sustainability is
vital, along with the need for
international cooperation to
achieve these objectives.

1. Geographic suitability for
offshore operations requires
better evaluation.
2. Environmental considerations,
including legal assessments of
environmental impacts, are
crucial for offshore activities.
3. Mitigating environmental
damage caused by oil and gas
extraction is essential, and it is
important to acknowledge the
risks associated with such
extraction.
Research on the use of liquefied
CO2 to fill underground voids
after extraction highlights
innovative environmental
management strategies.

1. Gas and oil production is
expected to positively transform
social life through economic
contributions.
2. Advancements in the economy
and technology in these sectors
will boost social welfare.
3. Increasing public awareness of
the significance of offshore
activities is crucial.
4. Exploration in these areas
introduces new economic
opportunities for livelihoods.
Educating the public about the
benefits of these developing
sectors can mitigate opposition.

1. New technologies will enhance
the efficiency of offshore
exploration.
2. Energy research should
prioritize technological tools for
improvement.
3. High-value hydrate gases
should be evaluated using
advanced technology.
4. Advanced researchers are
required to focus on these areas.
Sustainability in offshore
operations requires
advanced technology.
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TABLE 1 Continued

Legal Economics

t
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1. Laws governing open sea
vessels should also apply to the
Black Sea.
2. Enhancing legal regulations
could significantly boost the
shipbuilding industry’s success.
Strengthening legal standards
enforcement is essential.

—

ing

re.

be

1. Legal frameworks for
aquaculture must be established.
2. Export regulations for bivalves
require timely completion to
meet legal standards.
3. New regulations are needed to
address overfishing and ghost
nets.
4. Laws applicable in the Aegean
and Mediterranean regions
should be reviewed and adapted
for the newly developing sector
in the Black Sea.
The use of fish below the legal
size in aquaculture feed
production must be prohibited.

1. Aquaculture’s economic
benefits are significant, often
outweighing environmental
concerns.
2. Aquaculture should diversify
beyond fish to include other
marine and freshwater species.
3. Exports from aquaculture in
the Black Sea are poised to
surpass those of hazelnuts.
4. The growing aquaculture
production trend is crucial to the
national economy.
5. Economic pressures sometimes
lead to non-compliance with
procedures.
6. Aquaculture sectors
significantly boost a country’s
economy, especially through
exports.
Enhancing the value of sea
products through processing can
further contribute to
economic growth.
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SECTOR Political Environmental Social Technical

SHIPBUILDING

1. The shipping and shipbuilding
industries lack adequate political
and state support.
2. There is a need for principles,
inspections, and targeted support
beyond fishing vessels.
3. Positive political approaches
can significantly enhance the
service quality of shipbuilding.
Careful attention is required
during the construction phase to
ensure high quality
and efficiency.

1. The shipbuilding industry
must adopt environmentally
friendly practices to minimize
environmental and noise
pollution.
2. Sustainable methods and
materials should be prioritized to
reduce marine pollution.
3. Embracing green management
practices in shipbuilding is
crucial for environmental
conservation.
Despite its economic benefits,
including job creation and
contribution to the national
economy, the industry must
address its environmental
impact.
4. Legal regulations for the use of
non-harmful paints and
materials are essential.

1. This sector enhances social
status and adds value to life.
2. It offers job opportunities.
There is a need for more
qualified and trained staff.

1. The shipbuilding industry
must adopt the latest and mo
advanced technologies to
improve efficiency and meet
global standards.
2. Establishing better-equippe
shipyards in the Black Sea is
essential for sector growth.
3. Workforce training is cruci
for supporting technological
advances in shipbuilding.
4. The industry must lead
technological developments a
contribute significantly to the
national economy.
Innovations, including the use
electric motors and generator
are key to reducing fossil fuel
dependency and offering
economical solutions.

MARINE
AQUACULTURE

1. Political support in the sector
has led to significant economic
growth, resulting in
environmental damage as well.
2. Despite being a growing
industry, marine aquaculture
lacks the necessary political
backing and recognition.

1. Marine aquaculture sites
should be selected scientifically
to avoid pollution.
2. The industry faces
environmental challenges,
notably from practices such as
cage farming.
3. Fish farming should diversify
protein sources to reduce
reliance on feeding fish to fish.
4. There is a significant
environmental impact, including
pollution, from current practices.
5. Facility locations and feeding
practices must be
environmentally considerate,
ensuring that non-toxic materials
are used.
Education concerning
environmental practices and the
implementation of strict
regulations are required for
businesses and workers in
the sector.

1. Aquaculture offers both social
benefits and employment.
2. Awareness needs to be boosted
to combat the “sea takes it away”
mindset.
3. The environmental impact of
aquaculture should be clearly
communicated to the public.
The society has become
accustomed to
aquaculture products.

1. New technologies for offspr
and larval rearing can decreas
early-stage losses in aquacultu
2. Public awareness of the
consumption of processed
aquaculture products requires
improvement.
The relationship between
aquaculture practices and
environmental impact should
clearly regulated.
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TABLE 1 Continued

Legal Economics

1. New legal regulations are
needed for the emerging sector.
2. Infrastructure improvements
could lead to more efficient
outcomes.
Existing legislation should be
thoroughly reviewed because of
the current lack of
specific legislation.

1. State support is crucial for
economic development within
the sector.
2. Economic contributions from
industry significantly benefit the
country’s economy.
3. The potential for economic
growth and resource
contribution through the sector
should be further explored and
expanded.
4. Increasing economic support
is essential for enhancing the
sector’s impact on national
development.
The energy-harvesting economy
of harnessing currents and waves
presents favorable conditions but
incurs high costs.

1. Penalties and sanctions should
be a sufficient deterrent to ensure
compliance.
2. The legal framework in
Türkiye supports its strong
position in the Black Sea, with
no major legal issues.
3. New laws and regulations are
necessary for industry growth.
Adherence to both national and
international laws is crucial for
the maritime sector.

1. Maritime transport is a key
driver of economic prosperity.
2. Economic support and
investment in maritime transport
and port development are
crucial.
3. High economic returns are
associated with maritime
transport, significantly affecting
both world and national
economies.
4. Enhanced maritime tourism,
including cruise tourism, can
enhance economic growth.
5. The environmental impact of
marine tourism should be
carefully examined.
Increasing maritime transport is

(Continued)

Se
yh

an
e
t
al.

10
.3
3
8
9
/fm

ars.2
0
2
5
.14

9
19

8
3

Fro
n
tie

rs
in

M
arin

e
Scie

n
ce

fro
n
tie

rsin
.o
rg

0
8

SECTOR Political Environmental Social Technical

OCEAN
RENEWABLE
ENERGY

1. The sector requires immediate
preparation and enhancement of
its political infrastructure.
2. Decision makers need to
allocate more attention and
political support to meet the
growing energy demand.
3. Investments in this sector,
including renewable energy
production, should receive
government incentives and legal
backing.
4. While support is crucial for a
country’s economic and energy
needs, over-spending, which
leads to rapid growth, poses
risks.
Principled policies and efficient
collaboration with political
infrastructure are necessary for
sustainable development.

1. Renewable energy from waves
and currents should be promoted
for environmental benefits.
2. The importance of cautious
implementation to prevent
potential environmental harm is
emphasized.
3. Location selection for
renewable energy projects must
be strategic and not arbitrary.
4. Adopting environmentally
friendly alternative energy
sources is crucial.
5. A meticulous examination of
environmental ramifications
alongside the formulation of
pertinent policies is indispensable
for securing long-term
sustainability. It is imperative
that the technologies employed
prioritize environmental integrity
to effectively address and assuage
ecological concerns.

1. Raising social and
environmental awareness is
crucial in the context of
renewable energy.
2. The social impacts of
renewable energy initiatives must
be thoroughly investigated.
3. Public awareness campaigns
are essential to highlight the
benefits and necessity of
renewable energy.
4. Using mass educational
programs to disseminate
knowledge on energy
sustainability.
5. Clear communication with the
public on the importance of
renewable energy is vital.
Efforts must be made to correct
societal misconceptions related to
renewable energy sources.

1. Enhance efficiency by
integrating developing
technology into renewable energ
projects.
2. Building robust future
technological infrastructure with
a focus on renewable equipment
3. Support environmentally
friendly technologies and develop
methods to harness marine
resources for energy production.
4. Special emphasis on evaluating
and investing in floating ship
energy turbines because of the
current lack of investment.
5. Training experts within the
sector and promoting high-level
technological use and innovation
6. Encourage public awareness
and investment in technology,
along with equipment
improvements for optimal site
identification.
Leveraging the region’s suitability
for renewable technology
through targeted attempts
and initiatives.

MARINE
TRANSPORT

1. An essential need for political
support in maritime transport.
2. The geopolitical significance of
the Black Sea complicates
policymaking and international
cooperation.
3. Maritime transport should be
promoted as a viable alternative
to road and rail transport.
4. The preparation and
development of political
infrastructure are crucial for the
sector’s success.
5. Maritime transport faces
potential political obstacles
because of its role as an
alternative to land transport.
6. A principled policy approach
and infrastructure creation are

1. Preparation of environmental
infrastructure is crucial for
maritime transport.
2. Adoption of environmentally
compatible technologies to
minimize pollution.
3. Enhance environmental
awareness and supervision to
promote sustainability.
4. Implementing green
management practices for a more
environmentally friendly
industry.
5. The importance of sanctions
and regulations, especially
concerning ballast water
discharge, to mitigate
environmental impact.
Maritime transport serves as a

1. Increased social research is
needed in maritime transport.
2. Ports play a crucial role in
providing livelihoods and
enhancing mobility.
3. The social impacts of maritime
technologies must be thoroughly
investigated.
4. The sector’s positive
contributions to social life,
employment, and welfare are
significant.
Maritime transportation has
gained importance with a
growing population, necessitating
further emphasis.

1. Emerging communication and
information technologies
enhance sector efficiency.
2. Transportation technology
standards should dictate
classification into different classe
and levels.
3. Monitoring and keeping
abreast of new maritime
technologies are crucial.
4. Construction of modern boats
tailored for sea transportation is
essential.
Technological support is vital for
maintaining competitiveness
and innovation.
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engagement remain underappreciated, pointing to the need for

better communication of their value. The offshore oil and gas

industry is expected to transform social life positively through

economic contributions, necessitating increased public awareness

of the benefits of offshore activities. The shipbuilding sector

contributes to social status, offers job opportunities, and requires

more qualified staff. Marine aquaculture provides social benefits and

employment, though there’s a need to enhance public awareness

about its environmental impacts and products. Ocean renewable

energy highlights the need to increase social and environmental

awareness, conduct thorough assessments of its social impacts, and

educate the public on the benefits and importance of transitioning to

renewable energy sources. Marine transport highlights the need for

increased research on its social impacts, the crucial role of ports in

supporting livelihoods and mobility and the significant

contributions of the sector to social life and welfare. Across these

sectors, the emphasis on education, awareness, and communication

underscores the need to address societal misunderstandings and

promote sustainable practices for the betterment of community

welfare and environmental stewardship.
3.4 Technical

The technical challenges and innovations in the Blue Economy

sector emphasize the critical balance between advancing

technology and ensuring sustainability (Table 1). In capture

fisheries, especially in the unique ecosystem of the Black Sea,

there is an urgent need to phase out harmful fishing technologies,

such as bottom trawling and overfishing practices, in favor of

advanced, sustainable methods like selective fishing gear and real-

time monitoring systems. These technologies are designed to

reduce bycatch, protect habitats, and ensure the long-term

health of fish stocks. The unmonitored use of advanced fishing

technologies has led to overfishing, highlighting the need for

stricter regulations and the careful introduction of digital

innovations to maintain fish populations. Marine research and

development in Türkiye are hindered by a technological gap and

insufficient investment, requiring urgent support and access to

advanced tools for effective ecosystem monitoring and marine

studies. The offshore oil and gas sector sees new technologies as

pivotal for enhancing exploration efficiency, with sustainability as

a crucial goal. In shipbuilding, adoption of the latest technologies,

workforce training, and innovations such as electric motors are

essential for sector growth and reducing fossil fuel dependency.

Marine aquaculture benefits from technologies that reduce early-

stage losses in fish and shellfish production, whereas ocean

renewable energy projects require the integration of developing

technologies and public investment to efficiently harness marine

resources. Emerging technologies in marine transport, such as

automated vessels, fuel-efficient propulsion systems, and digital

navigation tools, improve efficiency and competitiveness,

requiring ongoing monitoring and innovation. High-tech

marine services focus on leveraging technologies like remote

sensing, subsea robotics, and real-time data transmission

systems for marine exploration and deep-sea data collection,
T
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underscoring the sector-wide need for technological advancement

while maintaining environmental and ecological integrity.
3.5 Legal

The legal challenges and necessities within the Blue Economy

sector highlight the comprehensive need for the establishment, re-

evaluation, and rigorous enforcement of laws and regulations across

various domains to ensure sustainability and compliance (Table 1).

In capture fisheries, the call for laws and quotas based on thorough

research, stronger control mechanisms, and resolution of issues

stemming from inadequate enforcement and the influence of

politics over science is evident. This highlights the need for

economic sustainability through legal adherence and consistent

implementation of comprehensive legal frameworks. Marine R&D

suffers from outdated legal frameworks that necessitate updates and

strict auditing to keep pace with technological advances. Offshore

oil and gas exploration requires legal readiness at both national and

international levels, and the shipbuilding industry could

significantly benefit from enhanced legal regulations and the

application of open sea vessel laws to the Black Sea. Legal

frameworks tailored specifically for the aquaculture sector are

needed, along with regulations addressing overfishing, ghost nets,

and the use of undersized fish in feed production. The emerging

ocean renewable energy sector requires new legal regulations and a

review of existing legislation to meet its specific needs. Marine

transport highlights the importance of enforcing deterrent penalties

and sanctions, adhering to national and international laws and

introducing new regulations to support sector growth. High-tech

marine services also face a critical need for prioritized legal

arrangements and the preparation of legal infrastructure to

support technological advancements, underscoring the sector-

wide imperative for legal innovation and enforcement to foster

responsible and sustainable growth in the Blue Economy.
3.6 Economics

The economic aspects of the Blue Economy sector underscore

the critical importance of sustainable practices, financial

investments, and strategic development across various industries

to foster economic growth and national development (Table 1). In

capture fisheries, the transition to electrical energy, through the

adoption of electric-powered vessels and equipment to replace or

supplement fossil fuels, along with the development of region-

specific vessel standards and the need for enhanced economic

strategies, are highlighted due to the sector’s significant

contribution to the national economy and local communities.

Marine R&D faces economic challenges due to funding and

resource shortages, emphasizing the necessity for increased

investment and strategic research with cost-benefit analyses.

Offshore oil and gas exploration has emerged as a vital

component of economic prosperity with the potential to reduce

import dependency and contribute significantly to national

revenues. Aquaculture is recognized for its substantial economic
Frontiers in Marine Science 10
benefits and potential to surpass traditional exports although

economic pressures sometimes lead to procedural non-

compliance. The sector’s growth is crucial for the national

economy, especially through the diversification and value

enhancement of sea products. Ocean renewable energy requires

state support and increased economic support to exploit its

potential for economic growth, despite the high costs associated

with energy generation from currents and waves. Maritime

transport, a key driver of economic prosperity, benefits from

investments in transport and port development, with maritime

tourism offering additional economic growth opportunities. High-

tech marine services highlight the potential for economical

transportation solutions and the positive impact of emerging

technologies on the national economy, necessitating increased

budget allocation and investment for sector advancement.

Collectively, these sectors reveal the intricate interplay between

economic development, sustainability, and the need for targeted

investment and policies to ensure the Blue Economy’s long-term

viability and contribution to economic prosperity.
4 Discussions

This study is the first comprehensive multi-sectoral stakeholder

forum in the Turkish Black Sea region, prioritizing capture fisheries

within the Blue Economy framework (Figure 4B). The forum

explored barriers to development and highlighted gaps in cross-

sectoral collaboration and understanding, reflecting challenges

identified in other studies (Elegbede et al., 2023). The

prioritization of capture fisheries underscores their vital role in

Türkiye’s Blue Economy, with the Black Sea contributing 73% of the

nation’s total catch fisheries production TÜIK̇ (2023). Of this, 71%

comprises marine fish, and 29% consists of other marine

products (Figure 5).
4.1 Fisheries and aquaculture: a key sector

The capture fisheries sector faces multifaceted challenges, including

overfishing, environmental changes (e.g., temperature fluctuations and

pollution), and regulatory measures aimed at sustainability and fish

stock protection. These issues align with EMODnet Black Sea

Checkpoints challenges, which emphasize sustainable fisheries

management, the impacts of eutrophication, riverine inputs, and

climate change on fisheries’ resilience and productivity (Calewaert

et al., 2016; Martıń Mıǵuez et al., 2019; Palasov et al., 2019; EMODnet,

2024). The decline in catches from 2019 to 2022 (Figure 5) highlights

the urgent need for integrated management approaches to balance

economic and ecological priorities.

Small-scale fisheries in the Black Sea directly support

approximately 26,800 individuals, including 6,700 crew members

operating 3,372 active boats, making significant contributions to

livelihoods along Türkiye’s coast (Dağtekin et al., 2021; Khan and

Seyhan, 2022). Similarly, aquaculture, ranked sixth in this study,

plays a complementary role in food production and employment,

contributing 314,408 tons of annual production during 2020–2021
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and employing 2,828 people (FAO, 2023). Despite its potential, the

fisheries sector faces political, environmental, social, technical, legal,

and economic challenges, necessitating strengthened collaboration,

coherent governance structures, and policies aligned with scientific

research (Crona et al., 2019; Salinas-Zavala et al., 2022; Elegbede

et al., 2023).
4.2 Marine pollution and
emergency management

Marine pollution, particularly oil spills, has emerged as a critical

concern (Zhang et al., 2019; Baghdady and Abdelsalam, 2024; Eryigit

and Gungor, 2025). Heavy marine traffic and existing gas pipelines

increase the risk of oil spills, posing significant threats to ecosystems

and the Blue Economy (Akkaya Bas et al., 2017; Eryigit and Gungor,

2025). Robust emergency management frameworks, enhanced

monitoring systems, and regional cooperation are essential to

mitigate risks and address pollution effectively (Palasov et al., 2019;

EMODnet, 2024). Past incidents underscore the need for proactive

strategies to safeguard the Black Sea’s marine environment and

economic potential (Öztürk et al., 1997; Chen et al., 2019).
4.3 Shipbuilding and its
environmental impacts

Türkiye’s shipbuilding sector, with ~ 90 shipyards – 51 of them

along the Black Sea coast – plays a significant role in the Blue

Economy (KPMG, 2022). Commercial ships accounted for 62.7% of

total production in 2021, while non-commercial vessels constituted

37.3% (KPMG, 2022). This sector generates substantial revenue,

with new ship construction contributing $1.5 billion USD annually

and ship repair and maintenance adding $1 billion USD General

Directorate of Exports (2016). Turkish-built ships are exported to

markets like Norway, Malta, Iceland, and Canada, reinforcing the

sector’s global significance. In addition to its economic
Frontiers in Marine Science 11
contributions, as endorsed by this study, various significant

environmental risks associated with shipbuilding activities are

also identified. Conventional methods such as welding, painting,

blasting, and fiberglass work release harmful gases, discharge toxic

chemicals into wastewater, generate hazardous waste, and

contribute to noise pollution (Papaioannou, 2003; Rahman and

Karim, 2015; Dragičević et al., 2022). Addressing these risks

requires adopting sustainable practices, transitioning to

environmentally friendly materials, and implementing green

management systems. Modernizing shipyards and incorporating

advanced technologies are critical for enhancing competitiveness

and minimizing ecological impacts in this sector.
4.4 Gaps in marine research
and development

The forum identified critical gaps in marine research and

development, including limited political support, insufficient

public engagement, restricted access to technology and inadequate

funding. These gaps highlight a disconnect between the essential

requirements of marine research and the support it receives.

Bridging these gaps through increased collaboration, funding, and

public awareness is vital for advancing sustainable management of

marine ecosystems (Van Hoof et al., 2019; Wisz et al., 2020; Kelly

et al., 2022; Pace et al., 2023). This study also demonstrated that

offshore oil and gas exploration requires integrated efforts to adopt

sustainable practices, manage environmental impacts, and attract

strategic investments. Enhanced R&D can support these goals by

developing innovative solutions and addressing gaps in public

education and advanced technologies.
5 Conclusions

The Blue Economy of the Black Sea faces complex challenges,

including sustainable fisheries management, marine pollution, and
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biodiversity preservation. Addressing these requires integrating

scientific research with policymaking, strengthening governance

frameworks, and investing in sustainable technologies and

practices. Overcoming outdated infrastructure and economic

barriers, such as insufficient funding, is equally vital.

A comprehensive, long-term strategy prioritizing sustainability,

collaboration, and innovation is essential. Shifting from short-term

political goals to inclusive approaches based on strong

environmental regulations, public education, and regional

cooperation will unlock the region’s economic potential while

protecting its biodiversity. Collective action is crucial to ensuring

the resilience and sustainable future of the Black Sea.
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