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ARTICLE INFO ABSTRACT

Keywords: Aquatic foods are among the most extensively traded food commodities globally, with increasingly complex
T?Ch“?logy supply chains and rising consumer demand for sustainable, ethically sourced, and legally compliant products. In
Fisheries this context traceability systems have emerged as vital tools for enhancing transparency, accountability, and
?3:;;;1;1;; resilience within these supply chains. This study presents a systematic review of the literature to identify key
Blockchain challenges and opportunities associated with the implementation of digital traceability systems in aquatic food
Tracing supply chains. The review synthesizes evidence on diverse technologies, governance frameworks, and supply
Tracking chain dynamics. The findings reveal that while technological innovation, such as blockchain and digital trace-

ability platforms, show promising solutions for improving data management and efficiency, and enhance con-
sumer trust, several barriers persist. These include high implementation and maintenance costs, technological
barriers (e.g., complexity of data management and usability), stakeholder disinterest, unequal access to digital
infrastructure, gaps in international cooperation and regulatory frameworks, and issues of system interopera-
bility. Conversely, traceability presents multiple benefits, including enhanced supply chain efficiency, market
access, stronger stakeholder collaboration, and alignment with consumer preferences for sustainable products. It
also contributes to combating Illegal, Unreported, and Unregulated (IUU) fishing, enhancing fair labour prac-
tices, and promoting compliance with international standards. We conclude that inclusive, context-specific ap-
proaches (tailored to the diverse characteristics of fisheries, aquaculture, and small-scale operations) and cross-
sector collaboration are essential to address the challenges inherent in globalized supply chains and realize the
full potential of traceability systems in advancing more sustainable, transparent, and resilient aquatic food
systems.

1. Introduction trade value [1]. Amongst the most globally traded species are tuna,

shrimp and salmon [3].

Aquatic food products are one of the most extensively traded food
commodities globally [1], accounting for 49% of all animal protein
traded [2]. Global consumption of aquatic food has risen substantially,
increasing from 9 kg per capita in 1961-20.7 kg in 2022, driven by an
increase in production (mostly from aquaculture), international trade,
economic development, and technological innovation [1]. In 2022,
nearly 38% of the total aquatic food production was traded interna-
tionally, corresponding to 70 million tonnes and USD 192 billion in
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The globalization of aquatic foods trade — enabled by a reduction in
transportation costs, improved logistics and enhanced storage and pro-
cessing technology — has resulted in increasingly complex supply chains
and intensified competition for access to high-value markets [1]. This
transformation not only expanded the geographic reach of aquatic food
systems but also fundamentally altered how these products are pro-
duced, distributed and valued across different regions [4]. The growing
complexity arises from the growing number of supply chain nodes, i.e.,
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the various actors involved across stages of production, processing and
distribution [5]. As these supply chains grow in complexity, ensuring
traceability becomes more challenging due to the higher risk of infor-
mation loss or manipulation [6]. These difficulties contribute to critical
concerns, such as food safety, Illegal, Unreported and Unregulated (IUU)
fishing, product fraud and human rights violations - issues that have
resulted in increasing demands for transparency and traceability [7-10].

In response, regulatory frameworks for aquatic food traceability
have started to develop to deal with the complexity of global aquatic
food trade, harmonize information and promote interoperability [11].
For example, major aquatic food importers, such as the European Union
(EU) or the United States of America (USA), have introduced legislation
to enhance traceability and control. The EU first established general
food traceability requirements in the 1990s, following public concerns
regarding food safety (e.g., health crisis related to spread of bovine
spongiform encephalopathy (BSE), commonly known as "mad cow dis-
ease") [12]. Since then, the EU has adopted regulations to prevent im-
ports of aquatic food products with poor traceability or linked to IUU
fishing (e.g., Council Regulations (EC) No 1005,/2008'; No 1224,/2009%;
No. 1379/2013%). More recently, the EU adopted Regulation (EU)
2023/2842" on digital traceability, which entered into force on 9
January 2024. This regulation mandates that supply chain operators
record and transmit traceability information digitally to the next actor in
the supply chain. Its phased implementation begins in January 2026 for
fresh and frozen products and extends to prepared and preserved
products and algae from January 2029. In the USA, the Food and Drug
Administration (FDA) implemented the Food Safety Modernization Act
(FSMA) in 2011 to improve safety throughout supply chains. The FDA
will introduce additional traceability requirements for aquatic food in
2026, to enable faster tracking and removal of contaminated products
from store shelves [13]. Furthermore, the Seafood Import Monitoring
Program (SIMP), mandates, from 2018, key data collection from
importing countries [14]. Despite these efforts, standardized and
widespread implementation of traceability systems and legislation re-
mains limited in most countries [15].

Traceability systems are essential to foster transparent, accountable
and responsible aquatic food supply chains. These systems improve data
connectivity, enhance collaboration among supply chain actors and
support better-informed decision-making [16]. Increasingly, digital
traceability tools - including quick-response codes (QR codes), block-
chain, radio frequency identification tags (RFID tags), among others -
are being used to ensure data security and accessibility [2]. Neverthe-
less, traceability technology should be selected based on the specific
characteristics of the aquatic food system, such as the type of data
collected, production scale, infrastructure and management needs [15].

A key concern is that the push towards traceability may place a
disproportionate burden in producers in the Global South [17-19]. A
large share of internationally traded aquatic food originates from
developing countries, many of which lack information, institutional
capacity, infrastructure and the financial resources needed to meet the
traceability standards demanded by high-income markets [17,18]. Still,
downstream actors, such as retailers in developed economies (whose
brands might be subjected to reputational risk) increasingly demand
traceability from producers from these countries, including from

! Council Regulation (EC) No 1005/2008 of 29 September 2008 (https://eur-
lex.europa.eu/eli/reg/2008/1005/0j/eng) [Accessed on 09 September 2024].

2 Council Regulation (EC) No 1224/2009 of 20 November 2009 (https://eur-
lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32009R1224) [Accessed
on 09 September 2024].

3 Regulation (EU) No. 1379/2013 of 11 December 2013 (https://eur-lex.
europa.eu/eli/reg/2013/1379/0j/eng).

4 Regulation (EU) 2023/2842 of the European Parliament and of the Council
of 22 November 2023 (https://eur-lex.europa.eu/eli/reg/2023/2842#ntrl18-L_
202302842EN.000101-E0018) [Accessed on 09 September 2024].

Marine Policy 191 (2026) 107154

small-scale producers [17,18]. However, small-scale fisheries (SSF) -
which are responsible for much of the aquatic food production in the
Global South [19] - face significant challenges, including limited infra-
structure at landing sites, poor connectivity, small catch volumes
requiring aggregation, and lack of clear guidance on traceability re-
quirements [17]. Therefore, to ensure that traceability contributes to
sustainable and equitable governance of aquatic food systems, it is
essential to understand its risks, incentives, drivers and benefits, and to
design systems that allow the empowerment of fisheries, especially
marginalized small-scale fisheries, in developing countries [19].

This systematic review of the literature aims to identify the key
challenges and opportunities associated with aquatic food traceability
across fisheries and aquaculture. To the best of our knowledge, no global
review has been carried out to date focusing specifically on the chal-
lenges and opportunities of digital traceability in aquatic food systems.
In addition to mapping the evolution of aquatic food traceability pub-
lications, this review also compares traceability technologies, certifica-
tions, geographical coverage, governance aspects, and operational
differences across sectors, production systems scales.

2. Methodology
2.1. Search strategy and inclusion criteria

The comprehensive review of existing research involved systemati-
cally examining all databases available on Scopus and ISI Web of Science
(WoS). To identify relevant publications, the search string “(blockchain
OR traceab* OR transparen* OR trust) AND (seafood OR fisheries OR
fishery OR aquaculture OR "aquatic food" OR "aquatic supply chain" OR
"aquatic value chain" OR "fisher* value chain" OR "aquaculture value
chain" OR "seafood value chain" OR "seafood supply chain" OR "fisher*
supply chain" OR "aquaculture supply chain" OR "aquatic supply chain")
AND (barrier OR problem OR challenge OR difficult* OR impediment
OR obstacle OR struggle OR advers* OR hindrance OR opportunit* OR
incentive OR benefi* OR motivation OR advantage)” was used. Titles
and abstracts were scanned to identify articles potentially eligible for
inclusion and the full text of the selected articles was then retrieved and
read in full. We acknowledge that the adopted search strategy, based on
a narrowly defined set of keywords, may have excluded studies
addressing challenges and opportunities more implicitly.

Criteria for inclusion in the literature review were restricted to the
following: (1) the article focused on digital traceability in aquatic food;
(2) the article identified challenges or opportunities regarding the use of
traceability; (3) the article was published in a peer-reviewed journal
indexed in the databases up to August 2023.

The literature search was initiated in December 2022 and conducted
progressively throughout the first half of 2023. Given the rapid pace of
developments in digital traceability technologies, the search was
extended to include studies published up to August 2023. This cut-off
date reflects the period during which data retrieval and organization
were completed.

In order to identify all available articles, the review question was
intentionally left broad, and no restrictions were applied in terms of
sector (fisheries and aquaculture sectors), geography or language,
although the search terms were in English, due to all the databases
searched being indexed and having titles and abstracts available in
English. To ensure transparency and robustness, we conducted our
systematic literature review following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement [20].
PRISMA offers a checklist of essential elements that guide the reporting
process. As outlined in Fig. 1, we structured the review in four distinct
phases.

2.2. Data extraction and analysis

Qualitative data (i.e., excerpts from the integral publication text)
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1,050 records identified| (3,213 records identified
through Scopus through WoS database

database searching searching

( 3,479 records after duplication removed )

3,479 records screened
(titles and abstract)

(3,201 excluded for not meeting inclusion criteriaJ

278 full text documents screened for
eligibility

( )
O =)
( J

71included in the analysis

( 207 excluded for not meeting inclusion criteria )

Fig. 1. Literature review flow diagram, according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA).

were retrieved from selected articles, namely the source (journal) and
reference details, main aims of the article, topics covered, geographical
scope, aquatic food sector covered (fisheries and/or aquaculture),
technologies used, traceability challenges and opportunities, and other
relevant topics (Table 1).

The coding process followed a thematic analysis approach [21],
combining inductive reasoning, as themes were identified directly from
the reviewed literature, and theoretical reasoning, as these themes were
subsequently organized into analytical dimensions aligned with the
PESTEL framework. The broader categories were informed by the PES-
TEL framework (political, economic, social, technological, environ-
mental, and legal), a tool commonly used in strategic business
management to identify factors that present threats and opportunities
[22].

Challenges and opportunities identified in the literature were
initially grouped into thematic clusters. A total of 22 such thematic
groups were created. These were subsequently classified into "sub-cat-
egories", which were then grouped into broader categories to facilitate
interpretation and synthesis of findings. Given the high volume and
diversity of information, this hierarchical structure - moving from
themes to sub-categories and then to categories - was necessary to have a
clearer overall picture of the key dynamics in traceability
implementation.

For this study, the PESTEL framework served as a theoretical guide to
evaluate the challenges and opportunities of implementing traceability
within an aquatic food system. The political and legal dimensions were
merged into a single broader category called "governance". This cate-
gory reflects the principles for good governance as outlined by the FAO,
such as transparency, participation, and user empowerment [23]. It also
includes elements of the governance system, such as sectoral policy
objectives, compliance with legal frameworks, and fisheries manage-
ment. All dimensions take into account the factors described in [22]: the
economic dimension included growth rates, employment, interest rates,
prices and markets; the social dimension covered society’s characteris-
tics, culture, values, norms and behaviours; the technological dimension
referred to the development, use and evolution of technological solu-
tions; and the environmental dimension addressed themes related with
climate change and factors related with the natural environment.

We acknowledge that some challenges and opportunities may
intersect more than one dimension, as factors influencing seafood
traceability are often interdependent. Nevertheless, classifications were
based on how each issue was predominantly characterized in the
reviewed literature, following the main emphasis or mechanism
described by authors.

Tables S1 and S2 of the Supplementary Material provide detailed
descriptions of each theme and examples illustrating challenges and
opportunities and how the information was coded under each theme and

Marine Policy 191 (2026) 107154

Table 1
Information retrieved from the articles reviewed, description of the data
collected, and analysis performed.

Type of Data collected

information

Data analysis

Challenges of
aquatic food
traceability

Text identifying challenges
was retrieved from the
articles

Challenges were identified
from the literature, and each
reviewed article was scanned
for relevant mentions. When
present, the corresponding
text was extracted and coded
as “present (=1)" (or “absent
(=0)"; an “other” category
captured challenges not listed
initially.Challenges were
organized into sub-categories
based on thematic similarities
and then grouped into broader
categories through consensus.
The analysis involved
counting the number of
articles mentioning each
specific challenge. As articles
could reference multiple
challenges, the total number
of mentions exceeds the total
number of articles reviewed,
therefore percentages for
categories and sub-categories
may sum more than 100%.
The same process as described
above for the challenges.

Opportunities of
aquatic food
traceability

Geographic
location

Text identifying
opportunities was
retrieved from the articles
Text identifying the Data was classified into the
regions and country of the following categories:
articles was retrieved from e Asia;
the articles Europe;
Africa;
Australia, as no other
countries from Oceania
were mentioned;
North America, since South
America was not
represented in the articles;
Several regions, applied
when a single article
referred to multiple distinct
world regions;
No clear location, used
when the article did not
specify any identifiable
geographical location.
These categories were used to
map the global distribution of
case studies cited in the
reviewed literature.
Information regarding the
type of technology was
classified into three
categories:
e Blockchain, when
blockchain was explicitly
mentioned as the
traceability technology;
Other technologies, when
technologies other than
blockchain were referenced;
No clear technology, when
it was not clear which
technology was used.
Information on the aquatic
food sector was classified into
the following categories for
analysis:
e Fisheries, when the article
specifically addressed this

Traceability
technology used

Text identifying the type of
technology described was
retrieved from the articles.

Sector The aquatic food sectors
were identified.

(continued on next page)
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Table 1 (continued)

Type of Data collected

information

Data analysis

sector (includes small-scale
fisheries);

Small-scale fisheries, when
the article specifically
addressed this sector (this
category was analysed
independently in certain
parts of the study, due to the
different nature of the
sector with regards to
digital traceability);
Aquaculture, when the
article specifically
addressed this sector (it was
not broken down since there
was only one article

focusing on small-scale
aquaculture);

Both, used when the article
did not distinguish between
fisheries and aquaculture,
instead referring broadly to
the aquatic food sector.
These categories were used to
identify sectoral differences in
the challenges and
opportunities associated with
the implementation of
traceability systems.

The information was used to
construct a timeline of aquatic
food traceability
advancements.

Date of publication  The year of the publication

was retrieved.

subsequently organized into subcategories and categories.

Each reviewed paper was analyzed in terms of its geographical scope,
aquatic food sector, and technologies used, with the aim of identifying
whether these characteristics shaped distinct descriptions of challenges
and opportunities. To achieve this, papers were selected based on these
characteristics and analyzed for both the frequency and the qualitative
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descriptions of the challenges and opportunities identified (see Section
6).

3. Articles included in the review

The initial literature search yielded a total of 3479 potentially rele-
vant articles. After screening title and abstract, and conducting a sec-
ondary review, 3201 were excluded for not meeting the inclusion
criteria. In total, 71 articles met the criteria and were included in the
review (Fig. 1).

Sections 3.1-3.3 provide a characterization of the reviewed litera-
ture according to three focuses: geographic distribution, traceability
technologies, and aquatic food sectors represented. These descriptions
establish the basis for subsequent analyses (Section 6), where challenges
and opportunities are examined.

3.1. Geographic distribution of articles

Of the 71 articles included in the review (Fig. 2), 30% (n = 21)
focused on Asia and 27% (n = 19) on Europe. Articles on digital trace-
ability in these two regions were also among the earliest to be published
[24-26], suggesting that traceability systems may have been more
intensively explored and implemented in these contexts. North America
and Australia were the focus of three articles each (4% each), while
Africa was addressed in only two articles (3%). Notably, no
peer-reviewed articles were found for South America, despite important
traceability initiatives in the region, such as the Future of Fish (Peru and
Chile), TrazApp (Peru), ShellCatch (Chile and Puerto Rico), and the
Sustainable Shrimp Partnership (Ecuador) [27,28]. This could indicate a
potential gap in published academic literature (while highlighting the
relevance of including grey literature in future reviews of the challenges
and opportunities of aquatic food traceability), but it may also reflect the
limitations of the adopted search strategy rather than the absence of
relevant work. A portion of the literature (23%, n = 16) covered mul-
tiple regions across different continents (Table S3, Supplementary
Material).

Geographical location of aquatic food traceability studies

Total articles reviewed
(n=71)

Traceability technology

4% | North America

Others:

23% | Several regions
10% | No clear location

4% | Australia

27% | Europe 30% | Asia

3% | Africa

Aquatic food sectors

Percentage (%)

Articles
focused on
fisheries
39%

>

6 articles focused

on small-scale

Articles mixing
different aquatic
food sectors
35%
™ larticle
Articles focused focused on
small-scale

?
8]

Noclear Blockchain ~ Other
technology technologies

on aquaculture [
fisheries zs%q G

aquaculture

Fig. 2. Representation of some of the characteristics of the articles reviewed (n = 71). The map shows the geographical distribution of aquatic food traceability
studies by region. The bar chart (bottom left) presents the proportion of studies by traceability technology, and the boxes (bottom right) indicates the distribution of
reviewed articles across aquatic food sectors. Percentages indicate the proportion of the total (n total = 71) reviewed papers that refer to each category.
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3.2. Traceability technologies focused on articles

Traceability technology was specified in 61% (n =43) of the
reviewed articles. Blockchain emerged as the most frequently cited
technology (32%; n = 23), while a variety of other traceability tools
were also mentioned - such as Vessel Monitoring Systems (VMS) and
other satellite tracking systems, RFID technologies, browser services and
apps, QR codes and other barcodes, Internet of Things (IoT), Artificial
Intelligence (AI), among others. These were grouped under "Other
Technologies" (28%, n = 20). Notably, 39% (n = 28) of articles did not
specify the technology used.

These results indicate that blockchain is currently one of the most
frequently studied digital technologies for enhancing aquatic food
traceability, in the scientific literature reviewed. The fact that it is a
decentralized ledger —i.e., no one authority manages the whole database
— allows for tamper-proof data to be exchanged between stakeholders.
Blockchain is considered an auditable and transparent traceability so-
lution for aquatic food supply chains since information can always be
verified and, according to specific blockchain permissions, be available
for anyone to view the transactions [15,29]. These features ensure data
security and prevent fraud, which aligns closely with the growing public
demand in recent years for greater accountability across supply chains
[29,30].

It is important to note that traceability systems often integrate
multiple technologies simultaneously; for instance, blockchain-based
systems may be used in combination with other technologies. See
Table S4 and S5, in the Supplementary Material, for more information
on the technologies mentioned in scientific articles.

3.3. Sectoral focus of articles

Most reviewed articles (39%, n = 28) addressed the fisheries sector.
Within this sector, a smaller subset (8%, n = 6) explicitly focused on
small-scale fisheries. Articles on aquaculture accounted for 25%
(n = 18), including only one focused on small-scale aquaculture. Addi-
tionally, 35% (n = 25) of the reviewed literature broadly referred to
both sectors, without distinguishing between fisheries and aquaculture.
See Table S6 in the supplementary material provides more detailed in-
formation on which aquatic food sectors each reviewed article focused
on.

The first article
where emphasis was
given on the need for|

The first
technologies -
paper-printed
G barcodes, QR codes|

and different
information
softwares - were

The first article
to explore how
traceability
might empower
or disempower
actors was
published.

The first scientific
articles on aquatic
food traceability an:
focused in Asia were
published.

policy regulation for
traceability and
government
incentives was
published.

mentioned.

emphasis to the

traceability and
no “one size fits
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Despite the limited representation of small-scale fisheries in the
literature on digital traceability, their global importance is significant.
The sector contributes approximately 40% of global catches, supports
90% of the total fisheries workforce, and sustains the livelihoods of 500
million people worldwide [1]. It is essential to account for small-scale
fisheries when implementing digital traceability, to promote their in-
clusion in regional and international markets [1]. Digital solutions in
general, and traceability in particular, should not be seen as incompat-
ible with small-scale and/or data-poor fisheries. Instead, tailored solu-
tions should be able to empower small-scale fisheries [31]. Similarly,
small-scale aquaculture, while underrepresented in traceability
research, is increasingly recognized for its role in global food security
and rural development [32]. These specific contexts must be considered
in the design and governance of aquatic food traceability systems,
avoiding one-model-fits-all approaches.

3.4. Temporal trends and thematic evaluation of articles

Fig. 3 illustrates the publication trends up to August 2023. Aquatic
food traceability has emerged as a research topic over the past two de-
cades, with the first publication in 2004 and publication frequency
increasing notably since 2020, with close to ten articles per year being
released on this topic. Throughout this period, a shift in thematic trends
seems to have emerged, and three interpretative periods were defined:
2004-2010; 2011-2018; and 2019-2023.

During the earliest period (2004-2010), aquatic food traceability
was primarily discussed in the context of product mislabelling ensuring
authenticity and food quality (e.g., [33]). Between 2011 and 2018, the
focus expanded to include governance-related aspects, such as
enhancing regulations and inspections and consumer empowerment (e.
g., [34]). From 2019 onwards, the scope of traceability research
broadened further, including traceability as a form of informational
governance [19] and to strengthen supply chain relationships, invest-
ment decisions and corporate accountability [35]. Technological ad-
vancements have also shaped the field and, since 2019,
blockchain-based traceability solutions have emerged as a dominant
focus in the literature.

In general, traceability articles appear to have evolved to reflect the
growing complexity of traceability as both a regulatory tool and a
mechanism to demonstrate corporate responsibility. Key motivations for

At this point, many
articles were
mentioning the need
for regulation and how

It was mentioned an
increase of
Corporate Social
Responsibility
requirements and
lack of access to
small-scale and
developing world

alr. fisheries.

It was given

The first article
focused in
Australia was
published.

traceability relates to
power relations within
supply chains and
almost all papers are
about blockchain
technology.

importance of
customized

0 1

6 6
i o 2 1 1 3 3 3 2 3 3\M\
I 5 o e N e I I

Number of papers per year | The first scientific
| article focused on

=7 RFID (Radio-
| [:] Topics addressed in papers fisheries and in

Frequency
Identification)

Interpretation of the Euro?e W‘:‘s was mentioned

The first

scientific article
focused in

America was

The first
scientific
papers focused
in Africa was
published.

First scientific Traceability was
articles focused mentlon?d as

e I eal infor

Blockchain was
mentioned as a
traceability
technology.

G 8 and

evolution of research focus |

technology.

Initial focus on the establishment of emerging
digital traceability tools and early regulation

compliance, with concerns over food quality and
origin assurance.

asatr ility, blished

Increasing attention to regulation and governance, with
discussions on trust and power relations between supply

chain actors, market dynamics, traceability information
requirements and interoperability.

between downstream
and upstream value
chain actors.

Emphasis on the development of
blockchain systems, alongside ethical
and human rights issues in aquatic food
trade.

Fig. 3. Timeline of key developments in aquatic food traceability research (up to August 2023).



G. Costa et al.

its adoption increasingly include brand reputation, and demonstrating
corporate social responsibility, and adaptation to consumer expectations
shifting towards ethical, environmental, and legal responsibility [15,
31].

4. Challenges in aquatic food traceability

The challenges identified in the literature on aquatic food trace-
ability were grouped into five main categories, in descending order
based on frequency of citations: technological, social, economic,
governance and environmental (Fig. 4). These categories reflect the
multidimensional nature of barriers to implementing effective trace-
ability systems.

4.1. Technological challenges in traceability systems

Technological challenges were the most frequently discussed in the
reviewed literature, encompassing a wide range of issues that were
grouped into the sub-categories “Data collection and information
sharing”, “Access to and use of technology”, and “Supply chain
complexity”.

Under “Data collection and information sharing” three primary
challenges emerged, including: “Increasing complexity of information
needed”, which was cited in 28% of articles (n = 20) referring to the
expanding scope of data needed for traceability, particularly in global-
ized supply chains [9,29,31,35-51], “Increasing amount of information
required” reported in 21% of articles (n = 15) highlighting the burden
placed on actors to record large volumes of detailed data [7,19,24,36,37,
42,43,48,52-58] and “Low interoperability of information systems”
appeared in 20% of articles (n = 14) referring to challenges integrating
data across different platforms and organizations [9,26,31,35,41,42,47,
57,59-64].

Adapting to modern technologies remains a significant challenge for
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individuals working within aquatic food supply chains. Digital trace-
ability systems require the electronic recording of each step in the
supply chain, which in turn demands interoperability and compatibility
across multiple operational nodes. This involves not only aligning the
technological platforms used by different actors but also standardizing
the type and volume of information to be collected, a particularly
demanding task in highly complex and globalized aquatic food supply
chains [19]. Several articles emphasized that interoperability issues are
not solely technical but also linked to organizational, cultural, and
relational dynamics within and between businesses (e.g., [41,42].
Therefore, the success of traceability depends on active collaboration
among supply chain stakeholders to navigate the challenges these sys-
tems present [41,56]. Importantly, traceability systems are only as
complex as they are designed to be, therefore much of the complexity in
data collection and sharing can be thought of as a social and governance
issue, rather than a technological one.

The second sub-category “Access to and use of technology” focused
on challenges related to the use and availability of traceability tools,
including: “Complexity of use” noted in 28% of articles (n = 20) where
users experienced difficulties interacting with digital systems [9,29,31,
35-51]; the “Limited access to technology and/or familiarity with
traceability” appeared in 25% of articles (n = 18), particularly in con-
texts with low digital capacity or limited training opportunities [29,36,
41,42,44,49,51,57,58,60-62,65-70]; and “Inefficiency of traceability
tools” were reported in 11% of articles (n = 8) [9,25,26,35,54,61,65,
71].

The lack of understanding around traceability tools and technologies
can hinder the engagement of additional supply chain actors and con-
sumers [44]. Addressing these barriers requires the provision of
enabling conditions that are often absent in aquatic food systems,
including training programs, increasing qualified personnel and efforts
to raise awareness about aquatic food traceability [49]. However, suc-
cessful implementation does not depend solely on users adapting to new
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technologies; technologies must also be tailored to meet the needs and
their working conditions of users. Examples of inefficiencies in trace-
ability systems reported in the literature include touch screens that are
too small for operators to handle effectively [70], technology not suit-
able for the wet working conditions onboard fishing vessels [60] and
even insufficient investment in context-appropriate technology, infra-
structure and skilled operators, particularly in remote and
resource-limited areas [26,35] Although these adaptations require
financial and time investments, they are essential to ensuring the
effectiveness and long-term viability of traceability systems.

The last sub-category (“Supply chain complexity”) included chal-
lenges related to the structure and scale of aquatic food supply chains
such as the “Long and/or complex supply chains” identified in 32% of
articles (n = 23) and linked to increased data demands, stakeholder
coordination, and traceability implementation costs [7,9,17,19,35-38,
40,41,46,48,50,52,53,55-57,62,67,72-74] and the “Volume and variety
of aquatic food products” noted in 7% of articles (n = 5) [17,31,73-75]
which posed difficulties for system design and data standardization.

Although these aspects have operational implications and costs (e.g.:
[9,73]), in the context of this review they were classified as a techno-
logical challenge. The literature indicates that the length, fragmenta-
tion, and diversity of aquatic food supply chains primarily hinder the
development and interoperability of digital traceability systems, as well
as the integration and management of heterogeneous data sources across
multiple actors. These factors directly constrain the implementation of
technological solutions for end-to-end traceability, thus justifying their
inclusion under the technological dimension of the PESTEL framework.

Longer and more complex supply chains typically involve a greater
number of actors, more varied data types, and higher risk of information
loss or inconsistency [72]. Global trade further compounds these issues
due to variability in national policies and traceability implementation
capacities [19,50]. This added complexity increases the difficulty of
tracing aquatic food effectively.

Although technological challenges were the most frequently re-
ported in the literature, this category encompasses the greater number of
distinct challenges, reflecting the wide diversity of distinct issues dis-
cussed within this category (Fig. 4). Technology is a central factor in
traceability systems, which explains why it has been explored exten-
sively in the literature and why technology challenges are reported in
such a varied manner. The prevalence of these challenges should
therefore be interpreted considering their scope and variability, rather
than as an indication of severity alone.

4.2. Social challenges in traceability systems

Social challenges were grouped into two sub-categories: “Disinterest
in traceability” and “Other social concerns”.

The first sub-category (“Disinterest in traceability”) included several
recurring issues, with the most commonly cited being the “Lack of in-
terest /buy-in from supply chain actors” mentioned in 35% of articles
(n=25) [9,17,24,26,29,34,36,37,39,41,42,44,48,49,53,61,64,68-70,
76-80] Related concerns include “Absence of incentives for actors to
join the system” (35%, n=11) [29,37,39,41,42,54,57,61,65,68,81]
“Resistance to change and/or preference for traditional methods” (10%,
n=7) [41,57,63,65,70,80,82] and “Disinterest by consumers” (7%,
n =5) [29,42,48,78,83].

Many articles noted a lack of interest in adopting traceability sys-
tems, often without specifying underlying causes. Where explanations
were provided, they included retailers favouring non-traceable products
due to more consistent or abundant supply, lower costs, and reduced
financial risks [17,70], low-income fishers’ unwillingness to absorb
additional costs [61], and operational burdens such as separating lots,
data entry and printing labels [36]. Reluctance to adopt new technolo-
gies also stems from concerns about changing established ways of
operating and fears of sharing information, which could pose a
competitive disadvantage [80]. Furthermore, some actors are sceptical
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of the advantages of traceability technologies [39], suggesting that
clearly communicating the advantages and benefits to each supply chain
actor is critical for promoting uptake. By aligning traceability incentives
with stakeholder interests, modernization efforts are more likely to be
embraced.

The sub-category “Other social concerns” included broader concerns,
particularly around “Concerns about confidentiality/trust in the trace-
ability system” (25%, n = 18) [7,9,30,35,39,42,44,47,51,53,54,61,67,
72,76,80,84] and perceived “Concerns over increased control, social
inequalities and ethics” (7%, n = 5) [9,50,59,73,84].

While traceability systems have the potential to build trust and
strengthen relationships within supply chains, this is not always the
case. For instance, this complexity is illustrated in a study of migrant
fishers in Thailand, where increased visibility through traceability sys-
tems did not lead to greater protection or empowerment [84]. Despite
the digital monitoring, workers felt unable to report abuse due to their
dependence on employers for legal status and mobility. The authors
highlight that traceability systems can inadvertently reinforce existing
power hierarchies. Traceability systems alone cannot be expected to
address such social issues, as these are governance-related challenges
that require careful consideration during the implementation of trace-
ability systems.

Similarly, a lack of trust is often present at the outset of imple-
menting traceability systems due to a history of competitive relation-
ships within the aquatic food sector, where profits are frequently
prioritized over collaboration [35]. Concerns around confidentiality are
common, as sharing data may expose sensitive business information. For
example, wholesalers may be reluctant to participate in traceability
systems if doing so reveals their buyers to fishers or competitors,
potentially threatening client relationships [80].

Power dynamics are another significant concern. While traceability
systems can be seen as a competitive advantage by intermediaries, its
implementation may further consolidate power imbalances between
fishers and other supply chain actors, as well as between the global
South (where aquatic food is largely sourced) and the global North
(where traceability requirements and markets are concentrated) [59,62]
For instance, the EU relies heavily on aquatic food imports, and most
originates in countries such as China, Morocco, Ecuador and Vietnam
[85]. Consequently, the growing demand for traceability from the global
North will intensify pressure on developing countries, particularly on
downstream supply chain actors. It is expected that new regulations,
such as Regulation (EU) No 2023/2842 mandating enhanced supply
chain traceability, will further increase the demands on exporting
countries in the global South. Although traceability measures aim to
improve food safety, enhance control, combat IUU fishing, they may also
drive-up cost and prices, shift market access dynamics and exacerbate
existing power inequalities. For traceability to support equitable
governance, it is essential to examine who bears the implementation
costs, who controls the resulting data, and how systems can avoid
reinforcing inequalities [19]. Addressing these concerns is key to
ensuring that traceability contributes to meaningful and inclusive
change rather than perpetuating existing disparities.

4.3. Economic challenges in traceability systems

The most frequently mentioned economic theme in the literature is
the “High implementation and maintenance costs” of traceability,
mentioned in 62% of articles (n = 44) [7,9,17,19,24,25,29,35-37,39,
41-44,48-53,56,58-75,77,79,84,86]. Despite the widespread recogni-
tion of cost-related barriers, there is notable lack of concrete data in the
literature on the actual financial costs associated with the imple-
mentation of traceability, resulting in limited transparency on this issue.
The non-profit organization Future of Fish highlights this issue, identi-
fying the absence of detailed data on costs - covering the costs involved
in scoping, implementing, and using these systems - as a significant
barrier to the adoption of traceability technology. In response, they
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produced a comprehensive report [87] based on interviews with aquatic
food companies and technology providers, outlining the financial
breakdown of direct and indirect costs, including the extensive labour
investment in terms of hours of labour, and revealing that implementing
these systems can incur thousands of dollars. Improving standardized
information on cost is essential for transparency, supporting informed
decision-making and fostering the broader adoption of traceability
technologies in the aquatic food sector. This issue could be addressed in
supply chains where stakeholders are proactively engaged and sup-
ported, for example, governments could provide targeted financial
support to ensure equitable access to traceability technologies.

4.4. Governance challenges in traceability systems

Governance-related challenges were grouped into several sub-
categories, each representing a distinct issue affecting aquatic food
traceability.

Under the “Regulatory framework” sub-category, the most
frequently cited challenge was the “Absence of regulations and legisla-
tion” (21%, n=15) [9,17,19,31,34,50,51,59,60,62-64,69,70,88]. A
lack of regulatory requirements impedes the development and adoption
of traceability systems [17]. Government support and regulation are
critical for setting minimum information standards and addressing
interoperability challenges across diverse supply chains.

The “Labelling” sub-category includes the challenge “Misidentifica-
tion and mislabelling” (8%, n =6) [19,47,58,67,73,74]. Even when
regulations exist, the complex nature of aquatic food supply chains
makes effective traceability difficult. Mislabelling - intentional or acci-
dental - often occurs during product transfers between actors [58]. This
underscores the need for stricter labelling standards and traceability
systems capable of identifying inconsistencies throughout the supply
chain.

Within the “Government role” sub-category, the challenge of
“Insufficient governmental support” (8%, n = 6) [19,47,58,67,73] was
cited. Often, retailers disclose information to consumers on a “need--
to-know” basis, primarily to manage reputational risks [19]. Regulatory
backing is essential to incentivize adoption, support capacity building,
and enforce compliance.

The sub-category “Stakeholder relationships” includes the challenge
“Stakeholder disconnection and misalignment of goals” (7%, n = 5) [35,
41,58,65,80]. The globalization and complexity of aquatic food supply
chains often result in difficulties establishing cohesive relationships, as
actors often have differing goals and interests. This challenge is shaped
by inter- and intra-firm dynamics and power imbalances, particularly
between upstream and downstream supply chain actors [35,58].
Addressing this issue requires building trust, fostering collaboration, and
establishing consistent, shared goals, even across countries, to enable
consistent regulatory implementation.

4.5. Environmental challenges in traceability systems

The environmental category consists of a single sub-category
“Environmental impact”, which includes the least frequently
mentioned challenge “Enhancing negative environmental impacts” (3%,
n = 2) [9,73]. Although sparsely explored in the literature, this issue
primarily relates to the energy consumption required for operating
traceability systems. While the articles reviewed do not provide detailed
data on energy use, it is known that certain digital technologies - espe-
cially blockchain - can be energy-intensive. However, energy demand
varies depending on the algorithm used. For example, Practical Byzan-
tine Fault Tolerance (PBFT), commonly employed in traceability data-
bases, is considered energy-efficient compared to other algorithms [77,
89]. Of the two articles mentioning environmental impacts, one focuses
on blockchain technology [9], while the other does not specify the
technology used [73]. Consequently, the findings are somewhat incon-
clusive regarding the precise scale of environmental impacts. Further
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research is needed to better understand and address potential environ-
mental concerns associated with traceability systems.

5. Opportunities in aquatic food traceability

As with challenges, opportunities associated with traceability in
aquatic food systems were grouped into five main categories, ranked by
frequency of citations across the reviewed literature: governance, social,
technological, environmental, and economic. These are followed by a set
of cross-cutting opportunities that cut across all categories (Fig. 5). This
categorization highlights the diverse and interconnected benefits that
traceability systems can offer.

5.1. Governance opportunities in traceability systems

Opportunities in terms of governance were grouped into two sub-
categories: “Enhanced management and compliance” and “Social re-
sponsibility". The first encompasses three major themes, “Demonstrating
compliance” (58%, n = 42) [9,10,19,29-31,35,36,38,39,43-48,50-52,
55-57,60,61,63,64,66-69,71,72,74,76-78,80,84,88,90-92], “Reducing
illegal, unreported and unregulated (IUU) fishing” (38%, n = 27) [9,17,
19,31,39,42,43,47,53,56-59,61-64,67-69,74,76,81,84,88,90,91] and
“Improving management and regulatory frameworks” (30%, n = 22) [9,
31,34,37,38,45-47,49-52,61,63,69,73,77,79,82,88,90,91].

Traceability systems can support aquatic food governance by
embedding verifiable information throughout the supply chain. This
information may serve as legal evidence to demonstrate the authen-
ticity, legality, and sustainability of products, preventing those linked to
IUU fishing, labour abuses, or environmental violations from entering
key markets [10,84]. This is particularly advantageous for accessing
markets such as the EU and USA, where growing requirements
increasingly demand proof of legality and sustainability [76,84].

Technological advancements in traceability not only support regu-
latory compliance but can also potentially enhance the value of aquatic
food products [31]. Traceability information can be used to improve
internal management practices across aquatic food businesses, including
inventory control, real-time decision-making in production practices,
and consistent product quality [52]. In this way, traceability contributes
to the transformation of the global aquatic food trade into a more
transparent, reliable, accountable system adaptable to diverse entities
and jurisdictions [64].

The second sub-category “Social responsibility", includes two key
opportunities: “Enhancing reputation, accountability and ethics” (19%,
n=14)[9,10,17,29,35,49,52,59,65,67,73,79,88,91] and “Empowering
communities and improving relationships; fostering ownership pride”
(11%, n=28) [19,29,31,34,41,58,69,83]. Traceability systems can
reinforce corporate social responsibility (CSR) by enabling aquatic food
businesses to showcase their commitment to legal compliance and
ethical sourcing, thereby enhancing brand reputation [29]. This is
increasingly important given rising consumer and government scrutiny
of aquatic food sustainability and social impacts.

Caution is needed as CSR claims may sometimes be driven more by
maintaining legitimacy, image, and reputation, to meet consumers'
growing awareness of the potential negative impacts of aquatic food
production, than by genuine efforts to create equitable and inclusive
supply chains [19].

Nonetheless, traceability can empower communities and supply
chain actors. In an article it was observed that fishers felt a renewed
sense of pride and ownership when receiving positive feedback from
consumers [34]. In another study, suppliers used traceability tools to
inform and educate customers about their products and practices,
strengthening business identity [83].

Inclusive implementation of traceability is also crucial. It is impor-
tant to engage communities to understand their needs and tailor solu-
tions that work for them, regardless of their position in the supply chain,
rather than imposing one-size-fits-all systems [41]. When traceability is
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proportion of reviewed papers mentioning each specific opportunity.

introduced as a regulatory requirement, policymakers should ensure the
system is flexible and adaptable to avoid imposing a disproportionate
burden on specific groups. Collaboration and adaptability are essential
to foster an inclusive, effective system that benefits all supply chain
actors and promotes greater transparency.

5.2. Social opportunities in traceability systems

Social opportunities associated with aquatic food traceability fall
under three main themes: “Public perceptions”, “Supply chain actors’
perceptions” and “Work conditions and wellbeing”.

A significant portion of the literature highlights the role of trace-
ability in improving “Public perceptions™ especially “Increasing con-
sumer trust” (53%, n = 38) [9,10,17,19,25,29,34,36,40,44-48,51,52,
54-56,62,63,66-71,73,77,78,82,83,88,90,91,93-95] and “Promoting
consumer awareness and acceptance” (40%, n = 28) [9,10,17,24,25,29,
31,35,37,39,44,46,59,60,62,66-69,71,73,79,80,82,83,86,94,95].
Traceability systems ensure quality and safety of products, provide
verifiable information about the product’s origin and its journey
through the supply chain, which can foster consumer confidence and
enhance the value of products [44,68]. However, consumer responses to
traceability are not uniform. Traceability might appeal primarily to
consumers, more conscious of aquatic food quality, sustainability, or
ethical sourcing, which are willing to pay a premium for these products
[96]. The impact of traceability on aquatic food pricing and consumer
willingness to pay remains underexplored in the literature. Making
traceability a legal requirement may shift broader cultural norms,
enhancing trust and confidence in aquatic food products and fostering
more informed, responsible consumption.

Under the sub-category “Supply chain actors’ perception”, a main
opportunity emerged “Strengthening stakeholders trust and networks”
(48%, n = 34) [9,10,24,29,30,35,39-41,45-48,51,54,56-58,62,67,69,
71,74,76,77,81-83,88,90-93,95]. It also includes “Increasing stake-
holders’ acceptance and receptiveness” (N =1) [80]. For instance,

compatibility with fishing operations, aquaculture farms, or restaurant
management systems can facilitate the adoption of this technology.
Trust and transparency, fostered through traceability tools, can enhance
cooperation and facilitate information sharing across aquatic food sup-
ply chains [10]. However, trust is not automatically created through
digital tools alone; it must often be built through collaborative,
co-designed implementation processes [76]. In fragmented and global-
ized aquatic food supply chains, achieving such co-creation can be
difficult, but inclusive stakeholder engagement and government dia-
logue may enhance system legitimacy and effectiveness.

Lastly, the social sub-category “Work conditions and wellbeing”
highlights “Promoting human rights and work conditions” (8%, n = 6)
[9,57,61,81,84,88] and, “Promoting on-board safety” (3%, n = 2) [1,61,
88]. Labour rights abuses, including forced labour and exploitation of
migrants, women, and children, remain widespread in the aquatic food
sector [1]. Traceability systems can support ethical sourcing by veri-
fying origin and production practices and preventing products associ-
ated with illegal or abusive practices from entering markets [84]. They
can also help generate data on working conditions, promote fair trade
certification, and encourage accountability [9]. However, questions
remain about data integrity and oversight, including: Who ensures the
accuracy of reported labour conditions? and how can systems avoid
overlooking or misrepresenting key social indicators?

5.3. Technological opportunities in traceability systems

Technological opportunities in aquatic food traceability were
grouped into two sub-categories: “Supply chain processes” and “Data
security and sharing”.

“Improving efficiency” (77%, n = 55), part of first sub-category, was
the most frequently cited opportunity for digital traceability in aquatic
food systems [7,9,10,17,19,26,29-31,34-39,41-45,47,48,50-58,60-64,
67,69-72,74,75,77-82,88,90-94]. Digital traceability systems stream-
line workflows, replacing outdated paper-based methods, reducing
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documentation burdens, improving accuracy across transactions. For
example, automated systems can eliminate manual catch reporting and
facilitate real-time payments, enhancing operational performance
across the supply chain [9,58,61]. Over time, this translates to im-
provements in quality control and document handling [38].

In the second sub-category, key opportunities included “Providing
real-time access to information” (36%, n = 25) [10,24,25,29,30,35,36,
43,45-47,50-52,54-56,67,69,71,73,77,84,90,91] and “Generating data
security and decentralization”, mentioned in 10 articles (14%) [10,47,
50,62,63,69,77,88,91,93], which enables easy continuous tracking of
product movement within the supply chain and supports timely
decision-making [35], and “Generating data security and decentraliza-
tion” (14%, n =10) [10,47,50,62,63,69,77,88,91,93]. These features
help prevent data manipulation and increase trust across supply chain
actors [10,69].

Together, these technological innovations support greater trans-
parency, responsiveness, and reliability, pointing to a continued shift
away from manual systems toward fully digital, integrated traceability
solutions.

5.4. Environmental opportunities in traceability systems

Environmental opportunities linked to traceability were grouped
into two sub-categories: “Origin and safety” and “Environmental
sustainability”.

In the “Origin and safety” sub-category, key opportunities include:
“Providing identification of origin / source of the products” (60%,
n=43) systems [7,9,10,17,19,24,25,29,30,34,35,37,39,40,43—-47,
53-57,62—-64,66,67,69,71,73-75,77,78,81,83,88,90,91,93,95] and
“Enhancing food safety and quality)” (42%, n = 30) [7,9,10,19,35,37,
38,40,44,45,47,49-51,57,58,61,63,65,66,68,69,73,77,79,81,86,88,91,
93]. Traceability systems enable detailed documentation of the origin of
the product, whether wild-caught or farmed. This improved product
authenticity, allows for the verification of the production area and
capture method, and strengthens consumer trust [66,67]. Traceability
also facilitates the identification of food safety issues, for instance, in the
event of contamination along the supply chain, allowing for a more
accurate assessment of risks and enabling quicker actions to address
issues [29,44].

An opportunity “Enhancing environmental sustainability” (12%,
n=9) [9,19,35,57,63,73,77,88,94] is included in under the “Environ-
mental sustainability” sub-category. Traceability systems can track the
carbon footprint of a product, reduce food waste by facilitating redis-
tribution of surplus, and increase transparency regarding sustainable
practices throughout the supply chain [77,88].

5.5. Economic opportunities in traceability systems

Economics opportunities of traceability include “Economic advan-
tages”, which includes four key opportunities, namely, “Improving
market opportunities” (56%, n = 40) [10,17,19,25,31,34-39,41,44,45,
49,52-54,57,58,60-62,65-67,69,71,73,77-81,83,90-94], “Supporting
certification/labelling” (23%, n = 17) [10,17,19,31,34,35,37,39,43,44,
50,56,69,73,74,77,90] “Reducing operational costs and increasing
profit” (18%, n=12) [31,38,52,55,58,61,63,67,81,84,90,91] and
“Reducing costs of information exchange” (5%, n = 4) [10,35,51,62].

Traceability systems enable product differentiation and visibility,
boosting consumer interest and enhancing market competitiveness [10,
25]. Informed consumers are often willing to pay a higher price for
traceable, high-quality aquatic food, incentivizing supply chain opera-
tors to maintain traceability practices [25]. Traceability is a requirement
to prevent mislabelling [10] and to support sustainability certification in
fisheries and aquaculture, which is increasingly required for access to
premium markets [10,17,37]. Beyond market access, traceability can
reduce operational and communication costs and improve supply chain
efficiency [10], though quantitative evidence on these cost savings
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remains limited in the literature. In some cases, traceability has also
been linked to improved labour outcomes, such as regularized payments
for migrant workers [84].

These incentives suggest potential for broader socioeconomic bene-
fits, and future research could explore which specific economic benefits
most effectively drive stakeholders’ adoption of traceability in aquatic
food supply chains, and whether motivations differ by type of stake-
holders (e.g., producers, processors, retailers, or small vs large scale
operators).

5.6. Opportunities transversal to all categories

The opportunity "Tracing and tracking products and processes across
the supply chain" is categorized as transversal, as it intersects with all
categories: governance, social, technological, environmental, and eco-
nomic. Not surprisingly, it is also an opportunity most frequently cited in
the literature (77%, n=155) [7,9,10,17,19,24,25,29,30,34-39,42,
45-48,50-58,60-64,67,69-75,78,80,83,84,86,88,90-95,97]. Although
this opportunity might seem redundant given that the purpose of
traceability is to track and trace, many articles emphasized the specific
benefits of improved traceability mechanisms. These include enhanced
communication between different actors in the supply chain [45],
real-time quality control and corrective actions [53], and more trans-
parent, community-based supply chains, as demonstrated in the “Fish-
adelphia” community-supported fishery initiative [83]. These examples
highlight how robust traceability systems can create ripple effects across
multiple dimensions, significantly improving aquatic food tracking and
tracing, and reinforcing their role as a foundational tool for more
transparent, responsive, and inclusive aquatic food systems.

6. Challenges and opportunities of traceability systems by focus

The distribution of challenges and opportunities in the reviewed
literature reveals a few differences across aquatic food sectors,
geographic regions, and types of technology. Examining these charac-
teristics helps to understand how contextual factors shape the imple-
mentation and effectiveness of traceability systems. The following
subsections highlight the most recurrent challenges and opportunities
within each focus, illustrating how sectoral, regional, and technological
characteristics influence the development and uptake of traceability in
aquatic food value chains.

6.1. Challenges to traceability across aquatic food sectors

Traceability challenges identified in the reviewed literature were
analysed according to the aquatic food sector they addressed: all fish-
eries and all aquaculture, and small-scale fisheries separately (Fig. 6). To
isolate sector-specific insights, articles that merged multiple aquatic
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Fig. 6. Number of references mentioning traceability challenges across aquatic
food sectors - fisheries and aquaculture in general, and small-scale fisheries -
within each category (n = 46). SSF = small-scale fisheries.
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food sectors were excluded, resulting in a final dataset of 46 articles. The
only article addressing small-scale aquaculture was grouped with the
other aquaculture articles. Fig. 6 presents the total number of mentions
for each challenge category by sector.

Technological challenges were the most frequently mentioned across
the fisheries and aquaculture sectors overall. The order of challenge
categories was generally consistent across these two sectors, suggesting
that the aquatic food industry faces broadly similar traceability obsta-
cles regardless of the production systems. However, this trend did not
hold for small-scale fisheries, where social challenges appeared more
prominently.

Articles specifically focused on small-scale fisheries were underrep-
resented (n=6) limiting the strength of conclusions. The most
frequently mentioned challenges in this sector included: “Lack of
interest/buy-in from supply chain actors”, “Absence of incentives for
actors to join the system”, “Concerns about confidentiality/trust in the
traceability system” and “Limited access to technology and/or famil-
iarity with traceability”. Despite their recurrence, these challenges were
not typically linked to unique characteristics of the small-scale fisheries
sector in the reviewed articles.

One surprisingly underexplored issue was the challenge “Volume
and variety of aquatic food products”, which is often cited as a problem
for the small-scale fisheries sector. Small-scale fisheries typically involve
small volumes of diverse catches difficult to trace to individual vessels
and are usually aggregated during processing [17]. This issue may also
extend to small-scale aquaculture, where inconsistent production vol-
umes have been reported as a barrier to accessing broader markets [73].

Interestingly, most articles focused on traceability of small-scale
fisheries (n = 4) targeted tuna fisheries [17,61,76,81]. This interest in
tuna may be due to it being one of the most widely traded aquatic
products globally, making it the subject of international regulation [98].
The traceability of tuna is particularly important for compliance with
export requirements for major markets such as the EU [74].

Another recurring theme in the small-scale fisheries literature was
the pressure exerted by global North markets and dominant retailers on
producers in the global South. Two articles [17,81] highlighted
compliance challenges related to stringent requirements imposed by the
USA or EU. These cases illustrate a mismatch between those incurring
the costs of traceability and those benefiting from it. Therefore, it is
necessary that traceability systems and associate regulations (e.g.,
Regulation (EU) No 2023/2842) account for the unique characteristics
and constraints of small-scale fisheries and aquaculture to ensure equi-
table and effective compliance.

It is important to note that the reviewed literature did not system-
atically distinguish between marine and freshwater systems within
aquatic food sectors. As a result, this study could not assess potential
differences in traceability challenges and opportunities between these
environments. However, these differences are significant and deserve
further attention. For instance, a large share of freshwater fisheries
production remains unreported or unidentified by species, although
reporting rates vary geographically - from as low as 10% in Europe to
over 60% in some Asian countries [1]. The majority of freshwater pro-
duction takes place in developing regions, particularly in Asia and Af-
rica, which together account for over 90% of global freshwater catches.
In these areas, producers encounter considerable challenges in moni-
toring fisheries that are geographically scattered, operationally com-
plex, and demanding in terms of resources [1]. These characteristics
may make the implementation of traceability systems in freshwater
systems particularly challenging. Future research should therefore
examine how traceability systems can be adapted to the specific oper-
ational and institutional contexts of marine and freshwater production.

6.2. Traceability opportunities across aquatic food sectors

Fig. 7 illustrates how traceability-related opportunities differ across
the aquatic food sectors - fisheries (including small-scale fisheries),
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Opportunities to traceability across aquatic food sectors

100

M SSF M Fisheries

W Aquaculture

Fig. 7. Number of references mentioning opportunities for traceability across
aquatic food sectors - fisheries and aquaculture in general, and small-scale
fisheries - within each category (n = 46). SSF = small-scale fisheries.

aquaculture, and small-scale fisheries) based on 46 articles that focus on
one of these sectors. A single article addressed small-scale aquaculture
and was grouped with other aquaculture articles due to limited
representativeness.

In fisheries and small-scale fisheries, governance-related opportu-
nities are most frequently cited, particularly concerning the prevention
of IUU fishing, a complex challenge involving jurisdictional fragmen-
tation and regulatory gaps across maritime zones. In response, FAO
developed a document identifying Critical Tracking Events (CTEs) and
Key Data Elements (KDEs) across all supply chain steps, along with their
respective data sources [1]. This framework aims to leverage trace-
ability systems to address compliance, including targeting IUU fishing.

For small-scale fisheries, economic opportunities rank second, with
the most cited being "Improving market opportunities'. Small-scale
fisheries could gain great opportunities by complying with export re-
quirements in high-value markets, such as the EU and USA [80], and the
use of these tools, can enable access to aquatic food markets that would
otherwise remain out of reach [61]. However, equitable access remains
a concern, as the implementation of traceability systems could exacer-
bate the marginalization of communities with limited financial or
influential power in the international aquatic food market [19]. None-
theless, when implemented inclusively, considering access and gover-
nance issues, unique market opportunities could be unlocked for
small-scale fisheries, as the sector can align with consumer demand
for sustainable, premium aquatic food and promote fairer supply chains.

In the fisheries sector, social opportunities rank second, especially
“Increasing consumer trust” and “Strengthening stakeholder trust and
networks”. Fisheries supply chains involve complex networks with
multiple intermediaries and traceability supports transparency in these
complex supply chains, contributing to foster trust among consumers
and stakeholders alike [17,74].

For aquaculture, the most cited opportunity falls under the social
category, particularly "Increasing consumer trust". By improving trans-
parency and information, traceability can counter negative consumer
perceptions of aquaculture, particularly regarding the quality of fish
feed [45,78]. Environmental opportunities rank second, with key op-
portunities including "Tracing and tracking products and processes
across the supply chain", “Providing identification of origin/source of
the products” and “Enhancing food safety (food quality)”. These align
with consumer concerns and further highlight the role of traceability in
strengthening credibility and quality assurance of aquaculture products.

6.3. Challenges to traceability across geographic locations

The traceability challenges reported in the reviewed literature vary
according to the geographical focus of the articles (Fig. 8). To isolate
location-specific patterns, articles that combined multiple regions
(n = 16) or did not specify a geographic location (n = 7) were excluded,
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Challenges to aquatic food traceability across geographic locations
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Fig. 8. Number of references mentioning challenges related to aquatic food
traceability in different geographic locations, within each category (n = 48).

resulting in a final sample of 48 articles considered in this section.

Social and technological challenges are most frequently mentioned
in articles from North America and Australia, while governance chal-
lenges dominate in African-focused literature. In contrast, articles based
in Europe and Asia predominantly emphasize technological challenges.
Notably, environmental challenges were only reported in articles
focused on Africa and Asia.

As highlighted previously, power asymmetries between actors in the
global North and producers in the global South are a recurring concern.
Several articles emphasized the fact that traceability requirements
disproportionately burden producers in the South [19,61]. These dy-
namics often exacerbate existing inequities and raise questions about the
fairness and feasibility of implementing universal traceability standards.
While broad continental trends are observable, some traceability chal-
lenges are more closely tied to specific national or local contexts. For
instance, some studies have noted that remote areas often face great
difficulties in accessing infrastructure or skilled human capital for
implementing traceability [29,35]. Similarly, regulations can introduce
unintended traceability challenges. For example, the introduction of
yellowfin tuna stock rebuilding- programs and quotas in the Indian
Ocean after 2016 led to the incentive to mislabel over-quota catches as
alternative species [74]. These examples highlight that while certain
challenges are influenced by specific conditions, broader systemic issues
such as inequalities in power dynamics and regulatory complexities
remain key obstacles to achieving effective and equitable traceability in
global aquatic food supply chains.

6.4. Traceability opportunities across geographic locations

Traceability-related opportunities were also examined by location.
Of the reviewed studies, 48 articles were included in this analysis,
excluding those that combined multiple regions (n = 16) or did not
specify a location (n = 7).

As shown in Fig. 9, regional trends were subtle but notable. Articles
focused on Asia, Africa, Australia, and North America tended to
emphasize governance and social opportunities. In contrast, European
articles focused more on the utilitarian advantage of traceability,
particularly “Tracing and tracking products and processes across the
supply chain”. This variation may reflect different regional priorities. In
the global South, where regulatory systems and market access chal-
lenges are more pronounced, traceability offers opportunities to
improve governance, transparency, and inclusion. In Europe, where
regulatory frameworks and infrastructure are more established, the
focus shifts to process efficiency and quality assurance.

Notably, human rights protections and the working conditions of
migrant workers emerged as key themes in two Asian-focused articles
[9,84]. While these issues are global, the emphasis in the Asian context
reflects the region’s dominant role in the aquatic food sector. As of 2022,
Asia accounted for 70% of the global aquatic animal output, 91.4% of
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Fig. 9. Number of references mentioning opportunities related to aquatic food
traceability in different geographical locations, within each category (n = 48).

the total aquaculture production, and hosted the world’s largest fishing
fleet. The region is also a leader in aquatic food consumption and exports
[1]. Asian articles have also been contributing with important insights
into aquatic food traceability for a slightly longer period (as shown in
Fig. 3), offering valuable insights into implementation practices, chal-
lenges, and innovation. A more balanced representation of regional
studies would further enhance understanding of how traceability sys-
tems function across diverse governance, economic, and social settings.

6.5. Challenges to traceability across technologies

Traceability challenges were also analysed in relation to the types of
technologies discussed in the reviewed articles (Fig. 10). Articles that
did not specify a particular technology (n = 28) were excluded, leaving
43 articles for analysis in this section. Technologies were grouped into
two categories: blockchain-based systems and other technologies (e.g.,
barcodes, RFID, QR codes, cloud-based platforms, and databases).

Across both groups, technological challenges were the most
frequently mentioned, followed by social, economic and governance,
and finally environmental challenges. This ranking mirrors the general
patterns observed across all reviewed articles (Fig. 6), suggesting that
traceability systems face broadly similar barriers regardless of the
technology employed.

Despite social challenges being discussed more frequently in articles
focused on blockchain, few articles establish a direct link between these
challenges and the technology itself. Some have noted that limited
previously reported successful experiences with blockchain led to
scepticism and reluctance among many supply chain actors to invest in
its implementation [29]. Others observed that many pilot projects on

Challenges for aquatic food traceability by technology type
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Fig. 10. Number of references mentioning challenges for aquatic food trace-
ability by technology type - for blockchain and other technologies (e.g., barc-
odes, RFID, QR codes, cloud-based platforms, and databases) - within each
category (n = 43).
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blockchain traceability failed due to a lack of incentives, especially for
producers, which they suggest could be mitigated through targeted
financial support [57].

Stakeholder resistance to blockchain adoption was also linked to
transparency concerns. Because blockchain systems can reveal sensitive
trade and pricing data, certain actors - particularly intermediaries - have
resisted its use to protect strategic information [80].

Despite blockchain being a relatively new technology, economic
challenges associated with the costs of implementation, integration with
other technologies (such as RFID tags or IoT devices) and maintenance
were rarely described. Nevertheless, the lack of knowledge surrounding
these systems likely imply costs that cannot be overlooked [64]. It is
important to recognize that these more expensive technologies may be
less accessible in less economically developed contexts, particularly in
the Global South, where financial and infrastructural constraints further
limit the feasibility of adopting advanced digital systems. It is essential
to carefully assess whether blockchain technology is the right tool for a
specific aquatic food system before pursuing its implementation [15].

6.6. Traceability opportunities across technologies

Traceability opportunities linked to specific technologies were ana-
lysed in 43 articles, excluding those that did not specify a technological
approach (n = 28). As shown in Fig. 11, the most frequently mentioned
opportunities relate to social and governance benefits. However, tech-
nological opportunities - particularly in articles focused on blockchain -
are also prominent.

Blockchain, in particular, is highlighted for its ability to enhance
data security and process integrity. For example, data recorded on a
blockchain platform is immutable, creating an irreversible timeline
[29], which is an effective tool against aquatic food fraud. In addition to
its tamper-proof nature [30], blockchain also enables automated
compliance through smart contracts - self-executing programs that
streamline supply chain transactions - further enhancing traceability
efficiency [56].

The most frequently cited opportunity across blockchain-related ar-
ticles is “Improving efficiency”. However, efficiency gains - such as real-
time data access and streamlined documentation - are also enabled by
other digital technologies, suggesting these benefits are not exclusive to
blockchain. The degree of automation and functionality can vary
significantly depending on the technological tools deployed.

Further research is needed to assess different technologies in aquatic
food traceability systems, including the cost-effectiveness and perfor-
mance of blockchain versus alternative technologies. Such work could
help identify which features are most critical to achieving traceability
goals and which technologies best deliver them across different aquatic

Opportunities for aquatic food traceability by technology type

W Blockchain  m Other technologies

Fig. 11. Number of references mentioning opportunities for aquatic food
traceability by technology type - for blockchain and other technologies e.g.,
barcodes, RFID, QR codes, cloud-based platforms, and databases) - within each
category (n = 43).
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food supply chain contexts.

7. Recommendations for stakeholder engagement in aquatic
food traceability

The results of this review point to the need for coordinated gover-
nance approaches that translate traceability ambitions into inclusive
and implementable policies. Because the challenges and opportunities
identified are deeply interconnected, policy responses must be designed
to align incentives and clarify the roles of key actors across the supply
chain.

Governments should lead in developing coherent policy frameworks
that promote interoperability and data standardization, while ensuring
proportionality, so that compliance requirements match stakeholder
capacity. In doing so, regulatory design should align with international
traceability standards - such as those advanced by the Global Dialogue
on Seafood Traceability (GDST) and endorsed by the FAO [99,100] - to
ensure global coherence and compatibility. Regulatory instruments
should be accompanied by financial and technical support to enable
adoption among all types of stakeholders, including small-scale busi-
nesses and producers. National authorities could further promote uptake
through incentives (such as subsidies for digital infrastructure, capacity
building around technologies, or market recognition initiatives) to offset
the high upfront costs of implementation and lack of buy-in of supply
chain actors. Governments should also parallelly implement feedback
mechanisms to capture stakeholder perspectives and facilitate joint and
explanatory sessions that clarify traceability systems and related
administrative obligations. Furthermore, governments must promote
consumer awareness by endorsing education campaigns on the value of
traceability, sustainability, and informed seafood choices, ultimately
stimulating market demand for traceable products.

Producers are not only implementers but also key enablers of
traceability. They can take active roles by participating in co-design and
pilot initiatives to test context-appropriate tools, adopting simple digital
record-keeping systems to build data consistency, and organizing
collectively through cooperatives or associations to share costs and
strengthen bargaining power. By engaging in training and digital liter-
acy programs, producers can enhance their capacity to manage trace-
ability systems effectively and use traceability data to demonstrate good
practices, improve brand reputation, and access higher-value markets.
Active participation in policy dialogues is also essential to ensure that
regulations and technological solutions reflect the realities and con-
straints of production on the ground. However, these actions require
coordinated support, adapted resources, and genuine interest from other
stakeholders (such as governments, industry, NGOs) to foster the
collaborative environments needed for such initiatives to succeed.

Industry actors (including processors, importers, or retailers), hold a
pivotal responsibility for ensuring transparency and fairness along the
supply chain. They must actively facilitate data sharing and traceability
compliance. Their role extends beyond technological adoption to con-
necting directly with producers, returning value to traceable products
through fair pricing, long-term partnerships, and recognition of sus-
tainable practices. Industry actors should also ensure an equitable dis-
tribution of costs and benefits, acknowledging that smaller operators
often face disproportionate burdens. Meaningful engagement with
governments through regular feedback and participation in policy
consultations is essential to ensure that regulations are both practical
and effective. Finally, industry actors should take part in collaborative
strategies that build trust, improve interoperability, and promote
responsible sourcing across the sector.

NGOs can act as intermediaries by facilitating stakeholder dialogue,
building capacity, and ensuring that traceability efforts incorporate so-
cial and ethical dimensions, including labour rights, gender equity, and
community participation. They also have an important advocacy role,
influencing policy agendas, promoting accountability, and raising pub-
lic awareness about the social and environmental implications of
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seafood production and trade. In addition, their efforts to harmonize
standards and bridge data and capacity gaps between the global North
and South are critical to achieving equitable and effective traceability
implementation.

Researchers and innovation actors have a complementary role in
assessing the design, implementation, performance, cost-effectiveness,
and social impacts analysis of traceability tools, providing evidence to
guide adaptive policy. Further collaboration between academia, gov-
ernments, and industry can foster learning networks and support scaling
of successful pilots.

While recognizing that the feasibility and implementation challenges
differ across regions and governance context, we believe that, taken
together, these governance actions and stakeholder collaborations can
help move digital traceability from a compliance-oriented tool toward a
transformative mechanism that fosters transparency, accountability,
and equity across global aquatic food systems.

8. Conclusion

This systematic literature review highlights the complex landscape of
challenges and opportunities associated with traceability systems in
global aquatic food supply chains. While emerging technologies, such as
blockchain, offer promising solutions for enhancing transparency,
accountability and data security, their widespread adoption remains
constrained by potential high costs, limited technical capacity, inter-
operability issues, the complexity of aquatic food supply chains, social
resistance, and other governance and regulatory challenges. Despite
these barriers, the benefits presented by aquatic food traceability sys-
tems are substantial and transformative. Traceability can expand market
access, improve supply chain efficiency, enhance product quality, and
strengthen consumer trust. Additionally, it can also promote social jus-
tice by increasing visibility into labour conditions, reducing exploita-
tion, and supporting fair trade practices.

Addressing traceability challenges and capitalizing on the opportu-
nities it provides requires context-specific approaches that considers the
diversity and scale of aquatic food businesses, geographic region, and
stakeholder capacities. The aquatic food sector is highly diverse, with
significant variation in stakeholder capacities, regional governance
structures, and supply chain complexity. One-size-fits-all solutions are
unlikely to succeed. Instead, traceability initiatives should prioritize
inclusive design, equitable cost-sharing, and regulatory frameworks
tailored to local realities, particularly for small-scale fisheries and pro-
ducers in the global South.

Looking ahead, future research should address key knowledge gaps,
such as the cost-effectiveness of various technologies and traceability
methods, the specific challenges faced by small-scale fisheries, and the
needs of underrepresented regions like South America. As traceability
systems evolve and gain momentum - playing an increasingly critical
role in regulatory compliance and corporate reputation - efforts should
prioritize inclusivity and adapt technologies to context-specific realities.
Comparative analyses of traceability models can help inform imple-
mentation strategies tailored to diverse settings. Moreover, more
empirical research is needed to understand how digital traceability
systems can be scaled and sustained in resource-limited contexts without
reinforcing existing inequalities.

In practical terms, the findings of this review suggest several policy
and governance priorities. Governments should focus on creating
enabling regulatory environments that align with international stan-
dards, provide targeted support for small-scale producers, and promote
consumer awareness of traceability and sustainability. Industry actors
must ensure transparency, equitable data sharing, and fair distribution
of costs and benefits. NGOs can play crucial advocacy and capacity-
building roles to promote inclusivity and accountability across supply
chains. Collaborative and multi-stakeholder approaches are therefore
essential to ensure that digital traceability advances both market effi-
ciency and social equity.
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Ultimately, traceability is more than a technological tool, it is a
governance mechanism capable of driving aquatic food system change.
By addressing implementation challenges and leveraging the opportu-
nities presented, traceability can support the transition to more sus-
tainable, equitable, transparent, and resilient aquatic food systems.
Achieving this vision will require international cooperation, inclusive
policy-making, and a commitment to innovation across the sector.
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