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Abstract: The fishing sector is a key component of the European Blue Economy, contributing
to economic growth, food security, and employment. However, it faces sustainability
challenges, including overfishing, biodiversity loss, and climate change impacts. This study
uses decision tree modeling to assess the sector’s prioritization within the Blue Economy,
comparing its economic and environmental footprint to other maritime industries. Using
EU Fleet Register data, findings reveal disparities in fleet modernization and efficiency,
with industrialized fleets in Spain, France, and Italy exhibiting higher tonnage and power,
while artisanal fisheries in Greece and Portugal remain more vulnerable to economic and
environmental shifts. The study highlights the sector’s economic relevance but also its
exposure to regulatory constraints, emphasizing the need for modernization and stricter
sustainability policies. The paper proposes technological innovation, enhanced regulations,
and conservation-based management to align fisheries with Sustainable Development
Goal 14, the EU Common Fisheries Policy, and the European Green Deal. These insights
provide data-driven strategies for policymakers and industry stakeholders to ensure a more
sustainable and resilient fishing sector.

Keywords: biodiversity conservation; overfishing; blue growth; marine resource governance;
fleet modernization

1. Introduction

The fishing sector is a key pillar of the European Blue Economy, supporting food
security, employment, and regional economies [1]. As one of the oldest marine industries,
it remains essential for coastal communities and international seafood markets, particularly
in Spain, France, Portugal, and Greece [2].

The Blue Economy (BE) presents significant challenges at economic, social, and en-
vironmental levels, necessitating a balance between growth and the protection of ocean
resources to achieve sustainable development goals (SDGs) [1].

The fishing sector faces critical sustainability challenges, including overfishing, habitat
degradation, and biodiversity loss, exacerbated by climate change and ineffective resource
management [3].

Rising ocean temperatures and shifting fish migration patterns are increasing pressures
on fish stocks, requiring adaptive and science-based regulatory strategies [4]. Degradation
of habitat, extinction of species, and ecological disturbances are being brought on by
rising temperatures, ocean acidification, and changed hydrological cycles. Climate change
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demands flexible and adaptive management approaches that have the potential to mitigate
future impacts through enhancing ecosystem resilience.

In response to these growing concerns, regulatory frameworks such as the European
Union’s Common Fisheries Policy (CFP) have been implemented to promote sustain-
able fishing practices through catch limits, quotas, and ecosystem-based management
approaches [5].

Additionally, the United Nations Sustainable Development Goal 14 (SDG 14: Life
Below Water) emphasizes the need for responsible fisheries management to protect marine
ecosystems while ensuring food security [6]. Despite these efforts, balancing economic
viability with environmental conservation remains a complex challenge for policymakers,
industry stakeholders, and marine scientists.

Despite the growing emphasis on the Blue Economy as a framework for sustainable
maritime development, the role of the fishing sector within this framework remains un-
derexplored in the current literature. While previous studies have analyzed fisheries in
terms of economic impact, sustainability challenges, and policy regulation, there is a lack of
structured classification approaches that compare fisheries to other key maritime industries
within the Blue Economy.

This study addresses this gap by applying decision tree modeling to assess the hierarchi-
cal position of fisheries within the European Blue Economy, integrating economic, structural,
and environmental indicators. Unlike prior research that primarily examines fisheries in isola-
tion, this study offers a comparative perspective, evaluating how fisheries perform relative
to sectors such as maritime transport, coastal tourism, and aquaculture. Additionally, by
incorporating fleet structure analysis and sustainability risk assessment, this research provides
a data-driven foundation for fisheries policy development, offering new insights into fleet
modernization needs and environmental impact mitigation strategies.

The findings of this study contribute to the existing literature by bridging the gap
between fisheries sector analysis and broader Blue Economy classification methodologies.
This research not only enhances the understanding of sectoral interactions within the
maritime economy but also provides practical recommendations for policymakers, ensuring
that fisheries are integrated into sustainable maritime development strategies.

This study aims to analyze the prioritization of the fishing sector within the Blue
Economy in Europe by evaluating its economic, environmental, and regulatory significance
in comparison to other marine-based industries such as maritime transport, coastal tourism,
and aquaculture. Specifically, the study seeks to conduct the following;:

e  Assess the position of the fishing sector within the Blue Economy using decision tree
modeling to establish its relative importance compared to other maritime industries.

e  Analyze the structural characteristics of the European fishing fleet, including vessel
distribution, gross tonnage, and engine power, using data from the EU Fleet Register.

e Evaluate the environmental impact of the fishing sector, focusing on overfishing,
bycatch, and marine biodiversity conservation.

e  Propose sustainable fisheries management strategies, integrating regulatory frame-
works, technological innovations, and conservation initiatives to align the industry
with SDG 14 and EU sustainability policies.

By providing a data-driven approach to fisheries sustainability, this study contributes
to the discourse on how the fishing sector can evolve within the Blue Economy framework
while addressing critical environmental and regulatory concerns. The findings aim to inform
policymakers, industry stakeholders, and marine scientists on the need for adaptive strategies
that ensure a balance between economic growth and marine ecosystem conservation.
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2. State of the Art
2.1. The Role of the Fishing Sector in the Blue Economy

The Blue Economy encompasses a wide range of marine-related economic activities,
integrating sustainability principles to balance economic growth with environmental con-
servation [7]. As a core component of this framework, the fishing sector plays a vital role in
food security, employment generation, and the economic stability of coastal regions [8]. The
findings indicate that fishery production significantly improves sustainable food security
in the EU27 countries, particularly in developing nations, highlighting the importance of
the fishery sector in achieving long-term food security.

Implementation of proven effective management practices, policies to improve accessi-
bility and consumption patterns, and the prioritization of small-scale wild-caught fisheries
are needed to ensure the food security of billions of people in coastal communities [9]. The
Blue Economy presents significant challenges at an economic, social, and environmental
level, which is why the Blue Grow strategy is presented as the key piece of the puzzle to
guarantee environmental sustainability and efficient management of the seas and oceans’
resources. In this context, the SDGs imply that economic development is both inclusive
and respectful of the environment, and it is necessary to find a balance between economic,
social, and environmental spaces. Therefore, it is urgent to set goals with objectives and
indicators that demand productive, healthy, and resilient oceans.

According to the EU Blue Economy report (2024) [10], the fisheries and aquaculture
sectors contribute significantly to the European maritime economy, yet their sustainability
remains a critical concern due to environmental pressures such as overfishing, habitat
degradation, and climate change [11].

Globally, the fishing industry has faced significant transformations in the past decades
due to technological advancements, regulatory changes, and evolving market dynam-
ics [12]. The introduction of sustainable fishing policies and ecosystem-based management
approaches has aimed to mitigate the sector’s impact on marine biodiversity. However, chal-
lenges persist in implementing effective monitoring, enforcing regulations, and integrating
fisheries into a broader sustainable Blue Economy strategy [13].

The future of the fishing sector within the Blue Economy lies in the integration of
technological advancements, policy adaptation, and sustainability-driven innovations. Key
areas for development include the following;:

e  Smart fisheries and digital monitoring: the use of Al, remote sensing, and blockchain
technologies for real-time stock assessment and traceability [14].

e  Alternative and low-impact fishing techniques: innovations in selective fishing gear to
reduce bycatch and minimize habitat destruction [15].

e Decarbonization of the fishing fleet: adoption of renewable energy sources and electri-
fication in vessel operations [16].

By embracing sustainability-focused policies and technological solutions, the Euro-
pean fishing industry can transition toward a more resilient and adaptive role within the
Blue Economy, ensuring long-term economic stability while minimizing environmental
impact [1].

2.2. The Fishing Industry in Spain and Europe

Europe has one of the most developed and regulated fishing industries worldwide,
with Spain, France, Portugal, and Greece being major players in the sector [17]. Spain, in
particular, has historically maintained a leading position in the EU’s fishing fleet, with a
significant number of vessels, high gross tonnage, and strong international seafood trade
relationships [18]. According to data from the EU fleet register, Spain ranks among the top
countries in fleet capacity, alongside Italy and Greece.
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Despite its economic importance, the fishing sector in Spain and Europe faces multiple
sustainability challenges:

e  Stock depletion and overfishing: the decline of key fish stocks in European waters has
led to stricter total allowable catches (TACs) and fishing quotas [19].

e Impact of climate change: rising ocean temperatures and shifting fish distribution
patterns have disrupted traditional fishing grounds [20].

o  Regulatory constraints: the Common Fisheries Policy (CFP) sets strict sustainability
rules that influence fleet capacity, fishing rights, and conservation efforts [21].

In response, Spain has diversified its fishing activities by strengthening its aquaculture
sector and investing in sustainable fisheries management programs, including bycatch
reduction initiatives, marine protected areas, and alternative energy sources for fishing
fleets [22].

Spain’s prominence in the European fishing sector is reinforced by the strategic impor-
tance of its ports, which serve as major hubs for both national and international fisheries.
Among them, the Port of Vigo stands out as the largest fishing port in Europe and one of
the most significant in the world in terms of seafood landings and trade volume [23]. Vigo
plays a crucial role in the global seafood supply chain, handling large quantities of fresh
and frozen fish, and hosting an extensive fish processing and distribution network. The
city is also home to the International Fishing Fleet, which operates in waters across the
North Atlantic, South Atlantic, and Indian Oceans, reinforcing Spain’s position as a global
fisheries leader [24].

In addition to its economic significance, the Port of Vigo is at the forefront of sus-
tainability and innovation in the fishing industry. It has implemented environmental and
technological initiatives aimed at reducing the ecological footprint of fishing activities. This
includes bycatch reduction programs, energy efficiency measures for vessels, and efforts
to decarbonize port operations [23]. Furthermore, Vigo has become a key player in the
European fight against illegal, unreported, and unregulated (IUU) fishing, hosting inter-
national summits and collaborating with organizations such as the Food and Agriculture
Organization (FAO) and the European Commission to enforce traceability and transparency
in seafood supply chains [25]. These measures underscore Spain’s leadership in ensuring
the long-term sustainability of the fishing industry while maintaining its competitive edge
in the European and global markets.

2.3. Environmental and Policy Challenges in Fisheries Management

The European fishing industry operates within a complex regulatory framework aimed
at ensuring sustainability while maintaining economic viability [26].

The European Green Deal and the EU’s Blue Economy strategy emphasize the im-
portance of reducing the environmental footprint of fisheries through decarbonization
and the adoption of alternative energy sources. Additionally, they highlight the need to
enhance stock management by implementing quota allocations, advancing technological
monitoring systems, and promoting data-driven decision-making to ensure sustainable
resource use. Furthermore, these strategies reinforce the commitment to strengthening
marine conservation efforts through initiatives such as the marine strategy framework
directive and Natura 2000, which aim to protect marine ecosystems and biodiversity while
supporting the long-term viability of the fishing industry [27].

Moreover, illegal, unreported, and unregulated (IUU) fishing remains a persistent
issue, threatening the effectiveness of regulatory frameworks and undermining sustain-
ability efforts [28]. Addressing these challenges requires a multi-stakeholder approach,
integrating policymakers, researchers, and industry representatives to develop innovative
and adaptive fisheries management strategies.
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2.4. Research Gap

Despite the growing body of research on the Blue Economy and the management of
marine resources, significant gaps remain in the prioritization and sustainability assessment
of the fishing sector within this framework. Existing studies on the Blue Economy often
focus on broader economic indicators or on emerging maritime sectors such as offshore
renewable energy and marine biotechnology [29]. However, comprehensive analyses
specifically address the role of fisheries in the Blue Economy, their ranking among other
maritime industries, and their sustainability challenges remain limited.

One of the key research gaps is the lack of decision-making tools that integrate eco-
nomic, structural, and environmental dimensions to assess the fishing sector’s role in
the Blue Economy. While previous research has evaluated fisheries from an economic
or ecological standpoint separately [30], studies incorporating a data-driven, hierarchical
approach to classify fisheries within the broader Blue Economy landscape are scarce. This
gap limits policymakers” and industry stakeholders” ability to allocate resources effectively
and implement targeted sustainability measures.

Furthermore, existing analyses often focus on macro-level trends in European fisheries
management, emphasizing total allowable catches (TACs) and quota allocations under
the Common Fisheries Policy (CFP) [31]. However, there is a lack of detailed assessments
of fleet structure by country and its direct implications for sustainability and economic
performance. This study aims to address this shortcoming by analyzing fishing fleet data
at a granular level, considering vessel distribution, gross tonnage, and engine power across
European nations.

Another significant research gap is the limited integration of environmental sustain-
ability indicators in fisheries prioritization models. While the environmental impact of
fisheries (such as overfishing, bycatch, and habitat degradation) is well documented [32,33],
few studies incorporate these factors into sectoral ranking frameworks. Addressing this
gap is crucial for aligning fisheries with Sustainable Development Goal 14 (SDG 14: Life
Below Water) and ensuring that sustainability considerations are at the core of fisheries
management policies.

This study seeks to bridge these research gaps by applying decision tree modeling
to classify the fishing sector within the Blue Economy, integrating economic, structural,
and environmental indicators. By providing a quantitative and hierarchical approach,
the research will contribute to a more comprehensive understanding of fisheries within
the broader maritime economy, offering valuable insights for policy development and
industry adaptation.

3. Methodology

This study employs a quantitative approach based on decision tree analysis to priori-
tize the fishing sector within the Blue Economy in Europe. Additionally, a detailed analysis
of the fishing fleet structure is conducted using data from the EU Fleet Register, aiming to
assess the operational capacity and distribution of fishing resources across different coun-
tries. Finally, an environmental impact assessment is carried out, considering sustainability
metrics, bycatch levels, and effects on marine ecosystems (Figure 1).
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Figure 1. Research flow chart. Source: own elaboration.

3.1. Decision Tree Analysis

To determine the relative position of the fishing sector within the Blue Economy in
Europe, a decision tree model was applied using the Classification and Regression Tree
(CART) method. This technique enables the hierarchical classification of maritime economic
sectors based on key variables such as their contribution to GDP, employment generation,
and environmental impact.

The process of constructing the decision tree began with the selection of maritime
sectors included in the study, such as maritime transport, coastal tourism, shipbuilding, and
fisheries. Official economic and environmental data were then collected and preprocessed
to ensure consistency and comparability. The model was trained using a dataset split into
training and validation sets, applying cross-validation techniques to minimize overfitting
and enhance model robustness.

The decision tree analysis provided insights into the ranking of the fishing sector
within the Blue Economy, highlighting key influencing variables. Furthermore, a compara-
tive analysis between Spain and the broader European context was conducted to identify
sector-specific patterns and economic or environmental differentiators.

Spain was selected for a detailed classification within the European Blue Economy
framework due to its historical and economic significance in the fisheries sector. As the
country with the largest fishing fleet in the EU in terms of gross tonnage and one of the most
influential seafood trade hubs in Europe (Vigo), Spain represents a highly relevant case for
understanding industrialized fisheries’ sustainability challenges and modernization needs.

The methodological approach in this study was structured in several distinct phases,
beginning with an exhaustive literature review and data collection from official European
sources. The analysis incorporates two key datasets: the European Union’s Blue Economy
Observatory (2008), which provides historical economic trends, and the EU Fleet Register
(latest available year from the report), which offers up-to-date fleet composition and
operational capacity data.

The variables selected for the analysis include economic indicators such as turnover,
value added, gross operating surplus, personnel costs, and number of employees, which
provide insights into the financial relevance and workforce distribution of the fishing
sector. Additionally, fleet-specific data such as gross tonnage, engine power, and vessel
numbers were analyzed to assess the technological modernization and efficiency levels
across different European countries. The datasets were obtained in CSV format and via
open data APIs, ensuring consistency and reliability for subsequent analysis.
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The combination of these datasets enables a comprehensive evaluation of the fishing
sector, balancing historical economic performance with current fleet capacity, allowing for
a rigorous assessment of the industry’s position within the Blue Economy.

3.2. Data Collection and Analysis of the European Fishing Fleet

The analysis of the fishing fleet structure is based on data extracted from the EU Fleet
Register, an official database of the European Union that provides detailed information
on fleet composition by country. For this study, three key variables were selected: total
number of vessels, gross tonnage (as an indicator of carrying capacity), and engine power
(kW) (as a measure of the fleet’s operational capacity).

These variables were chosen as they provide a comprehensive assessment of fleet
characteristics, offering insights into both operational efficiency and economic scale. The
total number of vessels reflects the size and distribution of fleets across different nations,
allowing for comparisons between industrial and small-scale fisheries. Gross tonnage
is a widely used indicator of fishing capacity as it represents the potential volume of
catch a fleet can handle, influencing stock sustainability and regulatory management.
Engine power (kW), on the other hand, serves as a measure of technological advancement,
affecting fuel consumption, carbon emissions, and the fleet’s ability to operate in diverse
maritime environments.

These parameters align with those used in EU fisheries assessments and sustainability
reports, making them essential for evaluating trends in fleet modernization, economic con-
tribution, and environmental impact. Their inclusion in this study allows for a structured
analysis of the fishing industry within the Blue Economy, offering a data-driven perspective
on sectoral disparities across Europe.

Data collection was conducted using the latest available records from the EU Fleet
Register, ensuring that the study reflects the most current structural conditions of the fishing
sector. A data cleaning and normalization process was applied to remove inconsistencies
and standardize the dataset for analysis.

An exploratory analysis of the dataset was performed to identify patterns in fleet
distribution, highlighting differences in operational capacity and the dominance of either
industrial or artisanal fisheries across European countries. Additionally, historical fleet
evolution trends were examined to contextualize current sustainability challenges and
regulatory adaptations in the EU fishing sector.

3.3. Environmental Impact Assessment of the Fishing Sector

To evaluate the sustainability of the fishing sector, several key environmental metrics
were considered, focusing on marine ecosystem conservation. One of the primary indicators
was bycatch levels, a phenomenon that significantly affects biodiversity and threatens the
viability of numerous marine species. Data from official reports on bycatch levels in various
European fisheries were analyzed, differentiating between fishing techniques and specific
regional contexts.

Another critical factor assessed was the impact of fishing activities on marine ecosys-
tems, particularly the degradation of habitats due to intensive fishing practices such as
bottom trawling. Previous studies and environmental databases were reviewed to establish
correlations between fishing intensity and ecosystem health in high-activity fishing zones.

Furthermore, sustainability indicators related to fisheries resource management were
incorporated, evaluating the implementation of regulatory measures such as the total
allowable catches (TACs) under the Common Fisheries Policy (CFP) and the adoption
of sustainable fishing certifications. The combination of these data sources provided a
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comprehensive perspective on the environmental impacts of the fishing sector and its
alignment with the Blue Economy principles.

The methodological design of this study allows for a multidimensional assessment
of the fishing sector, integrating economic, structural, and environmental perspectives.
Decision tree modeling provides a visual and analytical tool for understanding the sector’s
prioritization within the Blue Economy, while the analysis of fishing fleet data contextual-
izes operational capacity across Europe. Additionally, the environmental impact assessment
delivers valuable insights for policymakers and industry stakeholders to formulate sustain-
ability strategies in fisheries management.

4. Results and Discussion
4.1. Prioritization of the Fishing Sector in the Blue Economy

Based on the decision tree classifications for Spain and Europe, we can now conduct
a rigorous analysis of the fishing sector and its role within this framework. Below is a
detailed breakdown of the sector’s classification, relevance, and implications for policy
and sustainability.

4.1.1. Hierarchical Classification in Europe

The decision tree analysis for Europe’s Blue Economy (Figure 2) provides a structured
classification of maritime industries based on key factors such as economic contribution,
structural complexity, and sustainability constraints. Among the sectors analyzed, the
fishing industry (categorized under living resources) appears at an upper level, highlighting
its fundamental role in the maritime economy. However, compared to other sectors such as
maritime transport, port activities, and coastal tourism, the fishing industry exhibits a lower
level of segmentation, suggesting a more homogeneous structure across European nations.

One of the most notable aspects of the classification is that maritime transport and
port activities are positioned as highly diversified sectors, reflecting their complex supply
chains, multiple sub-industries, and extensive economic reach. In contrast, the fishing
sector is relatively uniform in structure, with fewer sub-sectors and a more direct economic
cycle that revolves around resource extraction, processing, and trade. This homogeneity
is both an advantage and a limitation—while it ensures a clear economic role within the
Blue Economy, it also makes the sector highly susceptible to external pressures, such as
regulatory changes, climate variability, and ecosystem degradation (Figure 3).

The classification also underscores the strong economic and employment base of
the fishing sector, particularly in coastal regions of Spain, France, Portugal, and Greece,
where fisheries represent a significant share of local GDP and labor markets. However, this
economic strength is counterbalanced by persistent sustainability challenges, including
overfishing, bycatch, and stock depletion. The presence of these issues at an early stage
in the decision tree suggests that environmental constraints are deeply embedded in the
sector’s classification, making it one of the most vulnerable industries in terms of long-term
sustainability. This contrasts with sectors such as port logistics or maritime transport,
where economic activity can be decoupled from direct environmental dependencies.

Moreover, the decision tree results reveal that the fishing sector does not exhibit the
same level of diversification or technological adaptation as other maritime industries.
While sectors like offshore energy and maritime logistics have rapidly integrated digitaliza-
tion, automation, and sustainability innovations, fisheries continue to rely on traditional
extraction-based models, with slow adoption of alternative production methods such as
aquaculture. This lack of diversification reinforces the sector’s exposure to economic and
ecological shocks, indicating a pressing need for policy interventions aimed at moderniza-
tion, sustainability integration, and economic resilience.
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Figure 2. The decision tree analysis for Europe’s Blue Economy. Source: own elaboration.
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Figure 3. Europe: hierarchy of the Blue Economy sectors.

Although this study focuses on capture fisheries, aquaculture plays an increasingly
important role in the European Blue Economy. The sector has grown as a means to reduce
pressure on wild fish stocks, yet it presents different sustainability challenges, such as
disease management, feed sustainability, and habitat transformation. Future research could
explore how fisheries and aquaculture interact, assessing their complementary roles in
sustainable seafood production and their integration into Blue Economy strategies.

The hierarchical classification of the fishing industry within the Blue Economy suggests
that while it remains a cornerstone of Europe’s maritime activities, it is increasingly being
surpassed by more technologically advanced and less resource-dependent industries. The
sector’s continued relevance will depend on its ability to balance economic demands
with ecological responsibility, ensuring long-term viability amid shifting regulatory and
environmental conditions. The next step in addressing these challenges involves aligning
fisheries with sustainability-focused policies, including marine protected areas (MPAs),
quota management, and technological innovation, to enhance their resilience within the
evolving Blue Economy framework.

Figure 4 illustrates the economic contribution and sustainability risk levels of various
sectors within the Blue Economy in Europe. While maritime transport, port activities, and
coastal tourism exhibit the highest economic contributions, they also demonstrate a lower
relative sustainability risk. In contrast, the fishing industry, despite its crucial role in food
security and employment, faces one of the highest environmental risks, primarily due
to overfishing, bycatch, and stock depletion. This visualization underscores the need for
stronger regulatory frameworks and technological innovations to mitigate the environmen-
tal challenges associated with fisheries while maintaining their economic viability.

Figure 5 illustrates the Sustainability Risk Index for key sectors within the Blue Econ-
omy, calculated based on multiple environmental impact factors. The fishing industry
exhibits one of the highest sustainability risks due to overfishing, bycatch, and ecosystem



J. Mar. Sci. Eng. 2025, 13, 621

11 of 24

Ocean Energy

Fishing Industry

Shipbuilding

Coastal Tourism

Port Activities

Maritime Transport

Maritime Transport

Port Activities

Coastal Tourism

Shipbuilding

Ocean Energy

Fishing Industry

degradation, despite its crucial economic role. In contrast, maritime transport and port
activities, while contributing significantly to carbon emissions, benefit from strong reg-
ulatory frameworks and technological advancements, which help mitigate their overall
sustainability risk. The results highlight the need for stronger environmental policies and
technological innovations in fisheries to align them with the broader sustainability goals of
the European Green Deal and SDG 14 (Life Below Water).

Comparison of Economic Contribution and Sustainability Risk in Blue Economy Sectors

Sustainability Risk (1-10)
4 5 6 7 8

—&— Sustainability Risk Index

BN Economic Contribution (%)

T
5 10 15 20 25 30 35

Economic Contribution (%)

Figure 4. Comparison of economic contribution and sustainability risk in Blue Economy sectors in
EU. Source: own elaboration.

Sustainability Risk Index for Blue Economy Sectors

8.4(

1 2 3 4 5 6 7 8
Sustainability Risk Index (Weighted)

Figure 5. Sustainability risk in Blue Economy sectors in EU. Source: own elaboration.
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4.1.2. Hierarchical Classification in Spain

The decision tree analysis for Spain’s Blue Economy (Figure 6) provides a structured
classification of maritime industries, considering key factors such as economic contribution,
regional specialization, and exposure to external risks. Among the sectors analyzed,
the fishing industry is classified as a priority area, yet it exhibits distinct characteristics
compared to other high-ranking sectors such as maritime transport and coastal tourism.

One of the key insights from the classification is that the fishing sector appears at
a shallower depth within the decision tree compared to transport and tourism, indicat-
ing a more homogeneous economic structure (Figure 7). Unlike sectors with complex
supply chains and multiple sub-industries, fisheries are primarily focused on resource
extraction, processing, and trade, making them less diversified within the Blue Economy
framework. While this ensures a well-defined economic function, it also increases the
sector’s vulnerability to regulatory, climatic, and ecological disruptions.

The classification also underscores the regional specialization of the fishing industry,
particularly in coastal communities such as Galicia and Andalusia, where the sector plays
a vital role in employment and local GDP. Spain’s fisheries maintain a strong industrial
fleet, with Vigo serving as a central hub for both national and international seafood trade.
However, the reliance on specific regional economies means that any fluctuation in fish
stock availability, policy regulations, or market conditions can have disproportionate effects
on local communities.

Furthermore, the decision tree results indicate that Spain’s fishing sector lacks the
level of diversification observed in other European nations. While some countries are
rapidly integrating aquaculture and digital monitoring technologies into their maritime
sectors, Spanish fisheries remain heavily dependent on traditional extraction-based mod-
els. This limited diversification amplifies the sector’s exposure to global economic and
environmental shifts, reinforcing the urgent need for targeted modernization strategies.
By aligning fisheries with technological advancements, sustainability-driven policies, and
ecosystem-based management, Spain can enhance the long-term resilience of its fishing
industry within the evolving Blue Economy framework.

A key factor reinforcing the strategic importance of Spain’s fishing industry is the role
of the Port of Vigo, which serves as the largest fishing port in Europe and one of the most
significant globally in terms of seafood landings and processing capacity. Vigo functions
as a critical hub for the Spanish and international fishing fleet, facilitating the distribution
of fresh and frozen seafood across European and global markets. Additionally, the port
plays a central role in Spain’s fisheries value chain, integrating industrial-scale fishing,
seafood processing, and export logistics. However, its reliance on wild-catch fisheries also
makes it highly exposed to regulatory shifts, sustainability constraints, and stock variability,
emphasizing the need for enhanced resource management and technological innovation to
maintain the sector’s long-term resilience within the Blue Economy:.

Figure 8 illustrates the economic contribution of key sectors within Spain’s Blue Economy,
highlighting the predominance of maritime transport, port activities, and coastal tourism.
Maritime transport emerges as the most significant sector, accounting for nearly 38% of the
total economic output, followed by port activities (28%) and coastal tourism (18%). These
three sectors collectively represent the core of Spain’s maritime economy, benefiting from
well-developed infrastructure, trade connectivity, and increasing tourism demand.
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Figure 6. The decision tree analysis for Spain’s Blue Economy. Source: own elaboration.
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Figure 7. Spain: hierarchy of the Blue Economy sectors.
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Figure 8. Economic contribution in Blue Economy sectors in Spain. Source: own elaboration.

In contrast, the fishing industry, shipbuilding, and ocean energy sectors contribute
a smaller share, with fisheries accounting for only 6% of the total Blue Economy despite
its critical role in food security and employment. The relatively lower contribution of
these sectors underscores the structural challenges faced by Spain’s fishing industry, in-
cluding sustainability constraints, regulatory pressures, and resource depletion concerns.
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Understanding the economic positioning of fisheries within the broader Blue Economy
framework is essential for policy development, targeted investment, and long-term sustain-
ability strategies to enhance the sector’s resilience while maintaining ecological balance.

Figure 9 presents the Sustainability Risk Index for key sectors within Spain’s Blue
Economy, highlighting the varying degrees of environmental impact and regulatory chal-
lenges across industries. The fishing industry exhibits the highest sustainability risk, with
a score of 9 on a scale of 1 to 10, reflecting the sector’s vulnerability to overfishing, stock
depletion, habitat degradation, and high carbon emissions from outdated fleets. Ocean
energy and shipbuilding also demonstrate elevated sustainability risks, primarily due
to the environmental footprint associated with offshore infrastructure development and
industrial pollution.

Sustainability Risk Index by Sector in Spain's Blue Economy

Maritime Transport

Port Activities

Coastal Tourism

Shipbuilding

Fishing Industry

Ocean Energy

0 2 4 6 8
Sustainability Risk Index (1-10)

Figure 9. Sustainability risk in Blue Economy sectors in Spain. Source: own elaboration.

In contrast, maritime transport and port activities display lower sustainability risk
levels, benefiting from advancements in emission reduction technologies, regulatory com-
pliance, and infrastructure modernization. Coastal tourism, while contributing significantly
to Spain’s economy, also shows a moderate sustainability risk, largely influenced by coastal
ecosystem pressures, waste generation, and seasonal environmental disturbances.

The results emphasize the urgent need for targeted sustainability strategies in high-risk
sectors, particularly fisheries, which require enhanced regulatory enforcement, technologi-
cal innovation, and integration with marine conservation initiatives to balance economic
contributions with long-term ecological resilience.

The decision tree analysis for Europe and Spain highlights notable differences in the
hierarchical classification of the fishing sector within the Blue Economy. At the European
level, fisheries are classified as a key maritime industry, but they appear at a lower seg-
mentation depth compared to more diversified sectors such as maritime transport and
port activities. This suggests that, across Europe, the fishing industry is relatively homo-
geneous in its structure, primarily focused on resource extraction and trade, with fewer
sub-sectors contributing to economic diversification. The European decision tree also
underscores the strong influence of sustainability constraints, positioning fisheries as a
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sector that is economically significant but highly vulnerable to environmental risks and
regulatory pressures.

In contrast, the decision tree for Spain places the fishing sector with greater priority,
reflecting the country’s historical and economic reliance on fisheries, particularly in regions
like Galicia, Andalusia, and the Canary Islands. However, the Spanish model shows
less depth compared to transport or tourism, indicating that while fishing remains a core
industry, it lacks the same level of economic segmentation and diversification as other
maritime sectors. This highlights Spain’s dependence on wild-capture fisheries, making
the sector more sensitive to external shocks such as climate variability, stock fluctuations,
and evolving EU regulatory frameworks. Additionally, the strong regional specialization
observed in Spain, particularly in major fishing hubs like Vigo, reinforces the need for
localized policy adaptations to enhance sustainability and sectoral resilience.

While this study focuses on Spain due to its leading position in EU fisheries, the
methodology applied here could be extended to other key fishing nations such as France
and Italy, which also maintain large and diversified fleets. Future research could apply a
similar hierarchical classification approach to assess fleet structures, sustainability risks,
and regulatory impacts across different European maritime economies.

While the fishing industry remains a cornerstone of the Blue Economy, aquaculture
has emerged as a complementary and increasingly essential sector in marine resource
management. As traditional fisheries face growing sustainability constraints due to over-
fishing, climate change, and regulatory limits, aquaculture has experienced steady growth,
providing an alternative means to meet global seafood demand while reducing pressure on
wild fish stocks.

In recent years, aquaculture has shown a notable expansion across Europe, with
leading producers such as Spain, France, and Italy investing heavily in marine farming.
This shift is reflected in the increasing economic contribution of aquaculture, which has
begun to rival traditional fishing in terms of production volume and market value. Figure 10
illustrates the growth trajectory of aquaculture in Europe, highlighting its steady increase
over the past two decades.

Trend of Aquaculture Industry Over Time

2008

2010 2012 2014 2016 2018 2020
Year

Figure 10. Growth trajectory of aquaculture in Europe. Source: own elaboration.
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Impact Level (1-10)

Despite its economic potential, aquaculture is not without challenges. Environmental
concerns, including habitat alteration, water pollution, and competition for marine space,
remain key issues that must be addressed to ensure long-term sustainability. Regulatory
frameworks such as the EU’s Blue Economy Strategy emphasize the need for responsible
aquaculture practices that minimize ecological impact while enhancing production efficiency.

When comparing the economic impact of fisheries and aquaculture, notable differ-
ences emerge in terms of employment, productivity, and sustainability. While the fishing
sector continues to provide significant employment, particularly in coastal communities,
aquaculture has demonstrated higher economic resilience and growth potential. The con-
trolled nature of aquaculture allows for more predictable output, reducing the volatility
associated with wild fisheries.

However, aquaculture’s sustainability benefits depend on production methods. Tradi-
tional open-water systems, particularly intensive fish farming, can generate environmental
externalities such as nutrient discharge and habitat degradation. Conversely, innovative
approaches like recirculating aquaculture systems (RASs) and integrated multi-trophic
aquaculture (IMTA) offer promising solutions to mitigate these impacts while enhancing
resource efficiency.

Figure 11 presents a comparative analysis of the sustainability risks associated with
fisheries and aquaculture, showcasing the distinct environmental pressures each sector
faces. While overfishing and bycatch are critical concerns in traditional fisheries, aqua-
culture’s primary challenges lie in habitat impact and resource utilization. Future policy
directions should focus on integrating sustainable aquaculture with responsible fisheries
management to ensure a balanced and resilient Blue Economy.

Environmental Impact Comparison of Fisheries and Aquaculture
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Figure 11. Sustainability risks associated with fisheries and aquaculture. Source: own elaboration.

4.2. Structural Characteristics of the EU Fishing Fleet

The structure of the EU fishing fleet varies significantly across member states, reflecting
differences in fleet size, specialization, technological capacity, and sustainability practices.
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The analysis of data from the EU Fleet Register highlights disparities in the number of
vessels, gross tonnage, and engine power, providing insight into how different nations
approach fisheries management.

The selection of parameters used in this study was based on official data provided
by the European Maritime Transport Report (2025), ensuring consistency, accuracy, and
comparability across EU member states. The dataset includes key economic, structural,
and environmental indicators, which were chosen due to their relevance in assessing the
role of fisheries within the Blue Economy. The primary economic indicators—turnover,
value added, gross operating surplus, personnel costs, and number of employees—reflect
the financial significance and labor intensity of each sector. Structural variables such as
fleet size, gross tonnage, and engine power were incorporated to analyze the operational
scale and modernization level of the fishing industry. Environmental parameters, including
overfishing pressure, CO, emissions from fishing vessels, and biodiversity impact assess-
ments, were selected to evaluate the sustainability challenges faced by the sector. These
indicators were used in the decision tree model to classify and compare fisheries with other
maritime industries, providing a data-driven approach to sectoral prioritization within the
Blue Economy framework.

4.2.1. Distribution of Fishing Vessels Across EU Countries

Figure 12 illustrates the distribution of vessels among EU member states. Greece,
Italy, and Spain account for the largest share of vessels, indicating the prominence of the
fishing sector in their economies. Spain, despite its extensive fleet, shows a lower number
of vessels compared to Greece, suggesting a higher proportion of large-scale industrial
fishing vessels rather than small-scale artisanal operations.

Number of Fishing Vessels by Country in the EU

0 2000

4000 6000 8000 10000 12000 14000
Number of Vessels

Figure 12. Number of fishing vessels by country in the EU. Source: own elaboration. The country
codes in the figure correspond to the following nations: EL (Greece), IT (Italy), ES (Spain), PT
(Portugal), HR (Croatia), FR (France), FI (Finland), DK (Denmark), IE (Ireland), EE (Estonia), BG
(Bulgaria), DE (Germany), SE (Sweden), MT (Malta), PL (Poland), CY (Cyprus), NL (Netherlands),
LV (Latvia), RO (Romania), LT (Lithuania), SI (Slovenia), and BE (Belgium). The notation 1e6 in the
figure represents 1 x 10°, equivalent to one million.

Portugal, Croatia, and France also maintain significant fleets, but their structures
appear more balanced between industrial and artisanal fisheries. In contrast, countries
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such as Germany, Sweden, and Poland have relatively small fishing fleets, reflecting either
a greater reliance on other maritime sectors or a focus on more technologically advanced
and capital-intensive fishing methods.

This distribution suggests strong regional dependencies on fisheries for employment
and economic stability, particularly in Southern European nations. The higher number of
vessels in Greece may indicate a greater reliance on small-scale coastal fishing, whereas
Spain and Italy, despite fewer vessels, likely maintain a higher operational capacity per
vessel, as confirmed in the tonnage and engine power analysis.

4.2.2. Gross Tonnage and Engine Power Across the EU Fishing Fleet

Figure 13 provides a deeper insight into the operational capacity of the European
fishing sector. While the previous graph focused on vessel quantity, this figure examines
fleet power and carrying capacity, two key indicators of efficiency and sustainability.

Comparison of Gross Tonnage and Engine Power in the EU Fishing Fleet  1e6
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Figure 13. Comparison of gross tonnage and engine power in the EU fishing fleet. Source: own
elaboration. The country codes in the figure correspond to the following nations: EL (Greece), IT
(Italy), ES (Spain), PT (Portugal), HR (Croatia), FR (France), FI (Finland), DK (Denmark), IE (Ireland),
EE (Estonia), BG (Bulgaria), DE (Germany), SE (Sweden), MT (Malta), PL (Poland), CY (Cyprus),
NL (Netherlands), LV (Latvia), RO (Romania), LT (Lithuania), SI (Slovenia), and BE (Belgium). The
notation 1e6 in the figure represents 1 x 10°, equivalent to one million.

Spain, France, and Italy lead in total gross tonnage, indicating a highly industrialized
fleet with significant deep-sea fishing operations. Spain, in particular, ranks among the top
nations in terms of fishing capacity, reinforcing its role as a European leader in seafood
production and international trade. Greece, despite having the highest number of vessels,
displays a lower gross tonnage, confirming its fleet’s focus on small-scale fishing with
lower carrying capacity per vessel.

Engine power follows a similar trend, with Spain, France, and Italy possessing the
highest levels of operational capacity. These countries operate high-powered fishing vessels,
allowing them to access distant waters and conduct large-scale fishing operations. However,
this also implies a higher carbon footprint, making fleet modernization a crucial element
for achieving sustainability goals.

In contrast, nations like Germany, the Netherlands, and Denmark exhibit dispropor-
tionately high engine power compared to gross tonnage, suggesting a greater reliance
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on technologically advanced, fuel-efficient vessels. This trend indicates a move toward
sustainability through modernization, as higher engine efficiency typically correlates with
reduced fuel consumption and lower emissions per unit of fish caught.

4.2.3. Implications for Sustainability and Policy Development Regulatory Frameworks

The structural disparities in the EU fishing fleet highlight several key sustainability
and economic challenges that must be addressed to ensure the long-term viability of the
sector. Fleet efficiency and modernization are critical factors, as countries with older fleets
and lower engine power often face higher operational costs and reduced fuel efficiency,
leading to increased regulatory pressure and competitiveness issues. In contrast, nations
investing in fleet renewal programs and low-carbon technologies are likely to enhance both
economic resilience and environmental sustainability, positioning themselves as leaders in
sustainable fisheries management.

Another significant challenge is the balance between industrial and artisanal fishing.
The dominance of industrial fishing in Spain, France, and Italy raises concerns about stock
depletion and ecological footprint, necessitating stricter quotas and resource management
strategies to prevent long-term resource degradation. Meanwhile, countries with strong
artisanal fleets, such as Greece and Portugal, may benefit from targeted policies that support
small-scale fishers through incentives for sustainable practices, improved market access,
and fair competition within the broader EU fisheries framework.

At the regulatory level, the European Green Deal and the Common Fisheries Policy
(CFP) will play a fundamental role in guiding the transition toward more sustainable fishing
fleets. Policies aimed at reducing emissions, improving selectivity in fishing practices, and
encouraging the adoption of alternative energy sources must be prioritized to achieve
the EU’s sustainability targets and ensure the long-term stability of marine ecosystems.
The effectiveness of these interventions will largely depend on their implementation at
the national level, requiring a coordinated approach between policymakers, industry
stakeholders, and environmental organizations to foster a resilient and sustainable future
for European fisheries.

The sustainability of the EU fishing sector depends on the effectiveness of regulatory
frameworks, technological advancements, and its integration with broader marine conser-
vation efforts. Ensuring that fisheries contribute to economic stability while minimizing
environmental impact requires a combination of governance, innovation, and ecological
responsibility.

The EU Common Fisheries Policy (CFP) is the cornerstone of fisheries management in
Europe, aiming to ensure that fishing practices are economically viable, socially equitable,
and environmentally sustainable. Through a system of total allowable catches (TACs),
fishing quotas, and fleet capacity regulations, the CFP seeks to prevent overfishing and
maintain healthy fish stocks. However, enforcement remains a challenge, particularly in
areas where illegal, unreported, and unregulated (IUU) fishing persists.

Additionally, the United Nations Sustainable Development Goal 14 (SDG 14: Life
Below Water) provides an international framework for the conservation and sustainable use
of marine resources. Its objectives align with the EU’s efforts to reduce harmful subsidies,
promote small-scale fisheries, and strengthen marine protected areas (MPAs). Despite these
frameworks, the balance between economic interests and conservation measures remains a
challenge, requiring ongoing collaboration between governments, industry stakeholders,
and environmental organizations to ensure long-term compliance and effectiveness.

In Spain, where fisheries play a critical economic and social role, national policies
often complement EU regulations with additional sustainability incentives, such as bycatch
reduction programs and investment in fuel-efficient fleets. The Port of Vigo, as one of the
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leading fishing hubs, is an example of how local governance can drive sustainable practices,
integrating traceability systems, eco-certifications, and digital monitoring technologies to
ensure compliance with sustainability targets.

Although this study provides a comprehensive classification of the fishing sector
based on recent data, it is important to acknowledge that fisheries are highly dynamic
and affected by long-term environmental and regulatory changes. Climate change, ocean
acidification, and pollution levels may alter fleet efficiency, stock availability, and policy
constraints over time. Future research should incorporate longitudinal datasets to assess
how these evolving conditions impact fisheries management and sustainability strategies.

The findings indicate that the fishing sector holds a critical but structurally constrained
position within the Blue Economy compared to other maritime industries such as maritime
transport, port activities, and coastal tourism. Unlike maritime transport, which benefits
from a highly diversified and technologically advanced infrastructure, the fishing sector
remains heavily dependent on natural resource availability and faces substantial regulatory
constraints. Previous studies have emphasized that while industrial fisheries in countries
like Spain, France, and Italy contribute significantly to national economies, they also pose
severe sustainability risks due to overfishing and habitat degradation. In contrast, the
port and shipping industries have managed to decouple economic growth from direct
environmental depletion through efficiency improvements and regulatory compliance
mechanisms such as the International Maritime Organization (IMO) decarbonization targets.
The results align with the existing literature on fisheries sustainability, reinforcing the need
for targeted interventions to modernize fleets and improve resource management strategies.

The hierarchical classification of the fishing industry within the Blue Economy un-
derscores the necessity of integrating sustainability policies into the sector’s governance
framework. The European Common Fisheries Policy (CFP) has already imposed strict
quotas and conservation measures to mitigate stock depletion; however, the results suggest
that further adjustments are needed to ensure fleet modernization and promote selective
fishing practices. Similar concerns have been raised in studies assessing the effectiveness of
EU-wide regulatory efforts in balancing economic viability with environmental sustain-
ability. The European Green Deal and SDG 14 (Life Below Water) provide overarching
frameworks to transition fisheries toward a more sustainable model, yet their success
depends on robust enforcement mechanisms and financial incentives to support the adop-
tion of eco-friendly technologies. Strengthening fisheries management through real-time
monitoring and adaptive quota systems could further enhance sustainability outcomes,
particularly in regions where overfishing remains a persistent challenge.

As the fishing sector faces increasing pressures from climate change, resource deple-
tion, and shifting consumer demand, its long-term resilience will depend on a combination
of technological innovation, regulatory adaptation, and economic diversification. Fu-
ture research should focus on assessing the effectiveness of hybrid and low-emission
propulsion systems in fishing fleets to align with EU decarbonization goals. Additionally,
further studies could explore the socioeconomic impacts of stricter fisheries regulations on
coastal communities, particularly in countries where small-scale fisheries are predominant.
Emerging technologies such as blockchain-based seafood traceability and Al-driven stock
assessment models have the potential to revolutionize fisheries management, improving
transparency and decision-making efficiency. By leveraging these advancements and fos-
tering stronger public-private partnerships, the fishing industry can transition toward a
model that ensures both economic competitiveness and ecological responsibility in the
evolving Blue Economy landscape.
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5. Conclusions

This study provides a comprehensive assessment of the fishing sector within the EU
Blue Economy, highlighting its economic significance, structural disparities, and sustain-
ability challenges. The decision tree analysis confirms that fisheries remain a key maritime
industry, particularly in Spain, Italy, and Greece, but face pressing environmental and
regulatory pressures, including overfishing, stock depletion, and carbon emissions from
outdated fleets. The analysis of fleet structures reveals disparities in modernization and
efficiency, with industrialized fleets in Spain, France, and Italy exhibiting higher operational
capacity, while small-scale fisheries in Greece and Portugal remain more vulnerable to
policy shifts and stock variability.

To ensure a sustainable future for EU fisheries, this study emphasizes the need for
three key strategies:

1.  Fleet modernization and low-carbon technologies—Investing in energy-efficient ves-
sels, hybrid propulsion systems, and selective fishing gear is crucial to reducing
emissions and habitat destruction.

2. Stronger fisheries governance and compliance—Strengthening monitoring, control,
and surveillance mechanisms, alongside the enforcement of adaptive quota systems
and policies to combat IUU fishing, is essential for long-term sustainability.

3.  Integration with marine conservation efforts—Expanding marine protected areas
(MPAs) and adopting ecosystem-based fisheries management approaches will enhance
resource sustainability while maintaining industry profitability.

Future research should focus on the economic and environmental impacts of fleet
modernization, the socioeconomic consequences of stricter fisheries regulations, and the
integration of fisheries into the EU’s broader decarbonization agenda. Additionally, un-
derstanding consumer-driven sustainability initiatives and the role of blockchain-based
traceability systems could further contribute to enhancing transparency and market incen-
tives for sustainable fisheries.

Given these limitations, future research should explore the long-term impacts of fleet
modernization on both economic performance and environmental sustainability. Addition-
ally, further studies should examine the social and economic implications of stricter fisheries
regulations, particularly in small-scale fisheries that are more vulnerable to policy changes.

By providing data-driven insights for policymakers, fisheries managers, and sustain-
ability researchers, this study contributes to marine sustainability science, responsible
fisheries governance, and climate adaptation strategies. Ensuring that fisheries remain
economically viable while safeguarding marine ecosystems requires coordinated policy
action, technological advancements, and collaborative conservation efforts.

Ensuring a sustainable future for EU fisheries requires coordinated action in three
main areas. First, investment in fleet modernization is critical, with the adoption of energy-
efficient vessels, hybrid propulsion systems, and selective fishing gear to reduce carbon
emissions and habitat destruction. Second, fisheries governance must be strengthened
by enforcing adaptive quota systems, improving monitoring and control mechanisms,
and combating illegal, unreported, and unregulated (IUU) fishing. Third, integrating
fisheries management with marine conservation efforts, such as expanding marine pro-
tected areas (MPAs) and adopting ecosystem-based management approaches, will enhance
sustainability while maintaining industry profitability.
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