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ARTICLE INFO ABSTRACT

Keywords: The global shark meat trade entails diverse and tangled challenges, spanning from issues surrounding traceability
Sharks and sustainability to its international dimension, involving numerous nations. This study analyzes two decades of
Shark meat

shark product trade data using network analysis to assess the role of key trading nations. Results reveal key

IS\}:;]; 0?1? Znal sis players in the international shark meat trade network including European Union (EU) (e.g. Spain, Portugal, Italy)
Traceability Y and South American (e.g. Uruguay, Brazil) nations, which serve as both intercontinental transfer and redistri-

Ethical seafood trade bution points. On the other hand, the trade of shark fins is highly centralized around Asian markets (notably

Supply chain transparency Hong Kong and Singapore). This underlines the important role and responsibility these trade partners have in the
broader trade network to ensure the sustainability, legality and traceability of global shark products. While
improved management practices are important, this research advocates for policy solutions such as imple-
menting CITES listings for shark species, improving traceability mechanisms, and enforcing science-based catch
limits. Achieving a sustainable shark trade necessitates collaborative global action underpinned by robust EU
leadership in regulatory frameworks and ethical practices.

In the last five decades, overfishing has reduced global populations role in the global shark trade, analyzing its complexities and exploring
of sharks, rays and chimaeras by half [1], and a growing number of how the EU can lead efforts toward ethical, sustainable, and traceable
species have been added to the Appendix II of the Convention on In- practices that prioritize conservation and responsible management.
ternational Trade in Endangered Species of Wild Fauna and Flora Sharks are highly appreciated for their meat, fins, skin, cartilage, and
(CITES) [1-3]. Overfishing has been the primary driver of these risks, liver [4,5]. Yet, their slow growth, late maturity, and low fecundity
and fuelled concerns about sustainability, labelling, and traceability in make them exceptionally sensitive to overfishing [6-9]. Their intrinsic
the global trade of shark products, including both meat and fins. In light sensitivity, overlapped with widespread overfishing and under-
of these concerns, this research focuses on the European Union’s (EU) management [6], has resulted in over one-third (=~ 37.5 %) of 1199
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chondrichthyans being threatened or predicted to be threatened [7].
The abundance of sharks from coastal, reef-associated, and open ocean
ecosystems has also significantly declined over the past decades. An
outstanding example is oceanic sharks which have declined by 71 % in
the last 50 years due to overfishing and a lack of appropriate manage-
ment [10-14]. Since 1970, overfishing has halved shark populations,
and the shark and ray Red List Index has declined by 19 %, generating a
potential loss of 5-22 % of their ecological functional diversity [1]. The
ecological consequences of diminishing shark populations are also
substantial, considering their important role as apex predators in
shaping coastal and ocean ecosystems [15].
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Sharks dispense valuable ecosystem services that extend far beyond
their role in food provision, contributing significantly to the health of
marine ecosystems and supporting diverse economic activities. One
remarkable example is their value to ecotourism, where shark encoun-
ters attract over 590,000 enthusiasts annually, generating more than
USD 314 million and supporting over 10,000 jobs worldwide [16]. In
Belize, shark tourism generates more than USD 4 million annually to-
wards the local economy, highlighting the importance of preserving
shark populations as a sustainable source of economic and cultural
benefits [17]. These contributions point out, above all, the multifaceted
value of sharks, demonstrating how their protection can align ecological
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Fig. 1. Spatial patterns of the global trade network for shark fins (top panel) and shark meat (bottom panel) from 2000 to 2021. Each node (circle) represents a
country involved in the trade, with node size and color intensity indicating trade volume—larger and darker nodes correspond to higher volumes of traded shark
products. Connecting lines represent trade routes between countries, where line thickness reflects the trade volume and arrows indicate directionality. Top panel
(Shark Fin Trade Network): Major key traders include Botswana (BW), China (CN), Hong Kong (HK), Indonesia (ID), Japan (JP), Namibia (NA), Peru (PE), Philippines
(PH), Senegal (SN), Singapore (SG), Spain (ES), United Arab Emirates (AE), Uruguay (UY), Vietnam (VN), and Zambia (ZM). Bottom panel (Shark Meat Trade
Network): Major key traders include Brazil (BR), Canada (CA), China (CN), Costa Rica (CR), Ecuador (EC), France (FR), Greece (GR), Hong Kong (HK), Indonesia (ID),
Italy (IT), Japan (JP), Mexico (MX), Namibia (NA), Netherlands (NL), New Zealand (NZ), Nigeria (NG), Panama (PA), Peru (PE), Portugal (PT), Singapore (SG), South
Africa (ZA), South Korea (KR), Spain (ES), United Kingdom (GB), United States (US), and Uruguay (UY). Data for this figure are sourced from the UN COMTRADE
database, accessible at https://comtradeplus.un.org/, and processed through network analysis. The complete dataset and visualizations can be downloaded for full
transparency at https://wwf-mmi.shinyapps.io/SharkTradeNetwork/.
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integrity with economic resilience.

Several international conservation initiatives are currently address-
ing the decline of shark populations [18-21], but challenges persist.
While data on population sizes and catch rates are generally more
comprehensive in oceanic fisheries compared to many coastal fisheries
in developing nations, significant gaps still exist that constrain the
effective design and implementation of management strategies, such as
setting shark catch limits [6]. Monitoring shark fisheries is particularly
difficult in resource-limited countries [22], and is further complicated
by the intricacies of many fisheries operating in the high seas, coupled
with inadequate observer coverage. Additionally, despite initiatives
focused at certifying shark products for traceable and ethical trade, their
impact remains constrained due to issues with transparency in product
labelling and traceability [23,24].

In the context of the complexity around shark fisheries, commerce,
and traceability, we aimed to understand global trade patterns in shark
meat and fins. This study analyzed two decades of shark product trade
data, revealing compelling insights into international trade dynamics.
The shark fin trade network exhibits a highly centralized structure, with
a strong concentration around Asian markets, particularly Hong Kong
and Singapore, which serve as dominant redistribution points for global
distribution (Fig. 1 and Fig. 2. Top panels). Fin trade routes converge
heavily towards these Asian regions, including a prominent route be-
tween Spain and Singapore, underscoring their significant roles as pri-
mary destinations and redistribution points for fins sourced globally
(Fig. 1). This centralized trade pattern emphasizes the demand for shark
fins within Asian countries, where they hold high cultural and economic
value, particularly for culinary uses like shark fin soup [25].

In contrast, the shark meat trade network demonstrates a broader
and more decentralized structure, with major South American and Eu-
ropean countries like Spain, Portugal, and the Netherlands serving dual
roles as both importers and redistribution points (Fig. 1 and Fig. 2.
bottom panels). These countries, particularly within the EU, operate
extensive distant water fleets, influencing their leading positions in the
shark trade network. The network analysis, based on United Nations
Commodity Trade Statistics Database (UN Comtrade) (https://
comtradeplus.un.org) (See more details about the data used in TS1,
TS2, TS3 and the list of acronyms used in TS4 of the Supplementary
Material), does not differentiate between catches from exclusive eco-
nomic zones (EEZs) of other nations or the high seas. This could make
nations like Spain, Portugal and the Netherlands appear as significant
redistribution points, potentially masking their roles as sources. Adit-
tionally, Spain imports shark meat from diverse regions, including Latin
America, Sub-Saharan Africa, and Southeast Asia, while exporting pre-
dominantly to Italy and Brazil, displaying its broad trade reach. Simi-
larly, Portugal supplies shark meat predominantly to Italy, while the
Netherlands is a major supplier to African nations, such as Nigeria
(Fig. 2). Uruguay emerges as a key redistribution point within South
America, primarily sourcing shark meat for Brazil and acting as a bridge
in the broader international trade network. This dispersed pattern in the
shark meat trade network suggests distinct consumption and economic
drivers compared to the more concentrated fin trade. Therefore, the data
should be interpreted with caution, as trade reporting may involve
biases, particularly in the origin and flow of shark products.

The role of European redistribution points and destination nations in
the shark meat trade reveals a concerning disconnect between the EU’s
conservation commitments and its commercial practices. These com-
mitments include the Common Fisheries Policy (CFP), which aims to
ensure sustainable fishing through science-based quotas and total
allowable catches (TACs) [26,27], and the Trade Control and Expert
System (TRACES) platform, which supports traceability and compliance
with EU standards [28]. However, recent findings highlight gaps in the
implementation and enforcement of these commitments. For example,
the rate of shark shipment inspections in EU ports is insufficient, as
fewer than a handful of shipments are checked due to inadequate
observer coverage, resulting in frequent violations of the Fins Naturally
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Attached (FNA) policy [29]. Countries such as Spain, Portugal, and the
Netherlands are remarkable in the shark meat trade, serving not only as
major importers but also as important redistribution points that redis-
tribute meat across Europe and to international markets like Nigeria. In
addition, while the fin trade is predominantly concentrated around
Asian markets, several EU countries, particularly Spain, also play key
roles as exporters and intermediaries in the fin trade network. This dual
involvement underlines the complex position of the EU in both meat and
fin markets. The lack of fully implemented safeguards, such as
comprehensive traceability systems and strict enforcement of Illegal,
Unreported, and Unregulated (IUU) fishing regulations, perpetuates
unsustainable and potentially illegal practices, representing substantial
challenges to shark conservation.

The EU nations are in the obligatory position to stand as the global
ocean leader by exemplifying the principles of responsible fishing,
which inherently include sustainability, conservation, and equitable
management practices. Building on the Common Fisheries Policy (CFP),
the EU should establish robust science-based shark catch limits and
advocate for enforceable catch limits within Regional Fisheries Man-
agement Organizations (RFMOs). While the EU has taken steps in this
direction, such as prioritizing sustainable practices through initiatives
within EU waters like the Fishers of the Future study [30] and promoting
international cooperation under the Pact for Fisheries and Oceans [31],
its track record in advancing shark conservation policies at the RFMO
level remains inconsistent. Furthermore, given the EU’s role as a redis-
tribution point for shark products originating from non-EU nations, its
influence should extend beyond its waters. Enforcing strict import
standards, strengthening traceability through, and supporting and
incentivising sustainable practices among non-EU fishers via trade pol-
icies and capacity-building initiatives are critical to deal with these
challenges and fulfilling its conservation commitments.

To support these commitments, the EU has made substantial progress
in enhancing traceability systems. The Fisheries Control Regulation
mandates the tracking of seafood products from catch to consumer,
requiring accurate catch registration and compliance with traceability
documentation under the General Food Law [32]. A key component of
this effort is the TRACES platform [28]. Initially designed to track the
movement of animals, TRACES has evolved into an advanced online
system for sanitary and phytosanitary certification, facilitating digital
cross-border monitoring to ensure seafood products meet EU standards
[33]. Used in about 90 countries by more than 55,000 users, TRACES
streamlines certification processes through digital certification that ad-
heres to the Electronic Identification and trust Services for electronic
transactions eIDAS Regulation standards, enhancing transparency and
efficiency in the global seafood trade [34]. However, despite this tech-
nological advancement, inspection rates for shark shipments remain
critically low, and violations of traceability regulations, including
improper labeling of shark products, persist across the supply chain.
Innovative solutions like the European Blockchain Services Infrastruc-
ture [35] provide a secure and verifiable framework to enhance the
reliability and accountability of traceability systems. Blockchain tech-
nology offers a decentralized, transparent, and immutable ledger,
ensuring that transactions are securely recorded at every stage of the
supply chain [36]. While blockchain is often associated with crypto-
currencies, it is widely adopted across various industries to enhance
transparency and prevent fraud [37]. For example, IBM Food Trust ap-
plies blockchain to food supply chains, improving traceability and
product authenticity [38], while Maersk’s TradeLens system enhances
efficiency and security in global shipping logistics [39]. Unlike tradi-
tional databases, blockchain’s immutability prevents data manipulation,
making it particularly effective for tracking supply chains and verifying
sustainability compliance. Strengthening these systems would allow the
EU to improve traceability, reduce fraud, and ensure that commercial
activities align with sustainability and conservation objectives. For
non-EU partners, enhanced traceability systems should include
expanding TRACES access to facilitate seamless electronic certification
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Fig. 2. World trade dynamics of shark fins (top panel) and shark meat (bottom panel) from 2000 to 2021, highlighting major global trading countries or territories.
The figure displays the top 55 global traders, with countries classified by their trade roles: net exporters (left), intermediary redistribution points (center), and net
importers (right). Box size reflects the relative volume of traded shark products, with larger boxes indicating higher trade volumes. The thickness of connecting bands
represents the quantity of trade between specific countries. The cut-off at 55 countries was determined based on trade volume, representing a compromise between
capturing the most significant traders and ensuring clear visualization. Data for this figure are sourced from the UN COMTRADE database, accessible at https://c
omtradeplus.un.org/, and processed through network analysis. The complete dataset and visualizations can be downloaded for full transparency at https://
wwf-mmi.shinyapps.io/SharkTradeNetwork/.
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aligned with EU standards, supported by training and technical assis-
tance. Emphasizing data sharing, establishing standardized protocols,
and adopting blockchain technology for tamper-proof records will
further enhance transparency and reliability [36]. Market incentives
tied to trade agreements should encourage compliance with these
traceability requirements, fostering sustainability and accountability in
the global shark trade.

Enforcing the IUU Regulation with targeted risk assessments for
shark products is essential for addressing illegal, unreported, and un-
regulated fishing activities [40], particularly from non-EU fleets.
Restricting imports from countries without robust anti-finning policies
could promote and incentivise the adoption of Fins-naturally attached
policies in third-country trade partners and at RFMO level. Furthermore,
implementing the required catch validation certificates through the EU’s
IT system CATCH would benefit from the creation of a global centralised
certificate registry to avoid multiple uses of a single certificate in
different markets [41]. Additionally, ensuring adequate capacity to
enforce CITES regulations for shark species, such as the heavily fished
and traded blue shark (Prionace glauca), by EU fleets and traders could
strengthen monitoring and compliance [42]. However, current
enforcement mechanisms face limitations due to inadequate inspection
rates and insufficient species-specific data, highlighting the need for
technical and financial support to strengthen compliance. Moreover, a
significant portion of the shark trade originates from industrial high-seas
fisheries, where species are often caught as unmanaged bycatch in
longline, gillnet, and trawl fisheries targeting tuna and other pelagic
species [43], that can constitute more than a significant proportion of
the retained catches. These fisheries primarily operate on large-scale
commercial vessels, including longliners, trawlers, and purse seiners,
which deploy gear capable of covering extensive areas of the open ocean
[43]. In consequence, effective shark fisheries management requires
robust data, including stock assessments, bycatch reporting, and critical
area monitoring, to support closures, size limits, gear adaptations, and
best practices, backed by capacity building and remote monitoring [44].
By addressing these gaps, the EU can enhance its role in global shark
conservation and ensure that its commercial activities align with its
sustainability commitments.

Finally, consumer awareness campaigns that promote sustainable
shark products and clear labeling could foster responsible consumption
across the EU. Advances in traceability provide a strong groundwork,
but further improvements are needed to empower consumers with the
information they need to make sustainable choices. Through these ac-
tions, the EU can better align its commercial activities with both the
Kunming- Montreal Global Biodiversity Framework (target 5) and
United Nations Sustainable Development Goal 14.4., establishing itself
as a global leader in responsible ocean stewardship.

1. Conclusions

The global shark trade presents significant challenges that demand
coordinated international efforts to ensure sustainability, traceability,
and equity. The EU, as a central player in global shark product trade, is
in a strong position to lead these efforts by aligning its policies with
conservation goals and setting global benchmarks for ethical practices.

Aiming to control unsustainable practices, robust enforcement of
CITES agreements and complementary trade measures that discourage
unsustainable practices is critical. Also, to foster sustainability among
non-EU partners, the EU should invest in capacity-building initiatives,
offering training, technical assistance, and financial support to promote
sustainable practices and advanced traceability systems. Effective la-
beling and traceability measures to verify the origin of shark products
can address conservation gaps while ensuring participation from smaller
producers in developing nations. Linking access to EU markets with
compliance to conservation-focused trade measures provides further
incentives for global cooperation.

In addition, consumer awareness

campaigns can promote
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responsible consumption, particularly in countries such as Italy where
shark meat offers a minimum nutritional value to the consumer and can
represent food risk problems. These efforts should be paired with market
incentives for sustainable products and penalties for non-compliance to
promote transparency and accountability throughout supply chains.

By combining these initiatives with innovative traceability systems
and sustainable trade policies, the EU can lead the ethical shark trade.
Therefore, the EU could be a global leader in ocean stewardship by
building a legacy of sustainable, transparent, and conservation-oriented
ocean management practices.
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