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ARTICLE INFO ABSTRACT

Keywords: Fishery and aquaculture sectors use blockchains to enhance traceability and transparency in value chains and to
Blockchain fight illegal, unreported, and unregulated fishing. The aim of this paper is to provide the current status and future
Fishery . prospects of blockchain application in worldwide fisheries and aquaculture. A literature review was conducted
Zs;ﬁ;;:;‘l?:y using blockchain and global value chain frameworks. Results indicate that generally, the use of blockchain is
Aquaculture vertically driven by the requirements of markets and business competitiveness. The majority of the blockchain

use cases are for traceability and storytelling, and to a lesser extent for payments or incentives. Moreover, there
has been limited use cases of blockchain at horizontal level, such as decentralized finance (de-fi), enabling fishers
to gain capital access and entering global markets. Overall, enhancing the adoption of blockchain should address
suitability, incentives, and trust factors in using blockchain. As future prospects, projects in fishery and aqua-
culture could better utilize the full potential of blockchains by (1) incorporating financing, capital, and insurance
through de-fi solutions, (2) providing tangible incentives, and (3) using automation such as Internet-of-Things
(IoT) in data collection to improve quality and trust in data.

1. Introduction

Managing global value chains (GVCs) is challenging due to the
complex network of chain actors and the uncertainties posed by
changing technologies, markets, and political environment. Sustain-
ability and transparency of information in value chains have become
standards in international trade and markets in the last decades (Busse
et al., 2017; Gardner et al., 2019). Compliance with these standards
requires coordination of value chain actors across multiple levels and
regions using different governance mechanisms. The mechanisms that
have been used in the last decades include public-private partnerships,
certification schemes, and private labelling. By adapting such mecha-
nisms, companies gain competitive advantages and reduce disruptions
in the value chain.

Blockchain is a novel technology that is used in recent years to co-
ordinate value chain actors (Ganne, 2018). A blockchain is a distributed
ledger technology that records transactions such as value, information,
or digital events, which can be accessed and validated by participants
without requiring a central authority (Crosby et al., 2016). Blockchains
are highly standardized, therefore facilitating interaction between many
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diverse actors. Any record added to the blockchain cannot be deleted
which makes transactions immutable (Crosby et al., 2016; Nofer et al.,
2017). In GVCs, the use of blockchain has been at the forefronts of
facilitating cross-border trades by ensuring compliance of value chain
actors to sustainability requirements, while enhancing traceability and
transparency of goods. Furthermore, blockchains are a single source of
truth that can be used for dispute resolutions and anchoring value chain
data for business decision making (Ganne, 2018; Dujak and Sajter, 2019;
Chang et al., 2020). The use of blockchain in GVCs encompasses many
sectors that include logistics, health care, finance, agriculture and fish-
eries (Kamilaris et al., 2019; Chang et al., 2020).

Blockchains are increasingly used in fishery projects to improve the
sustainability of fisheries, which is an access condition for markets such
as the European Union (EU), the United States of America (USA), and
Canada. In many fisheries, overfishing due to unsustainable fishing
practices is a persisting problem (Tolentino-Zondervan, 2017). Unsus-
tainable fishing practices include the use of unselective fishing gears that
results to by-catch of non-target species, such as in the cases of tuna
(Dagorn et al., 2013), pelagic trawl (Bonanomi et al., 2018), and
swordfish fisheries (Gilman et al., 2007); and the Illegal Unreported and
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Unregulated (IUU) fishing. The IUU fishing exists in many fisheries
worldwide and contributes to exceeding fishing quotas and to mis-
labelling of traded seafood and aquaculture products (Helyar et al.,
2014), and contributes approximately US $10 billion to US $23 billion
loses per year worldwide (Zabarenko, 2013). As such, blockchains have
emerged as a suitable mechanism for addressing fishery issues. The
cryptographic security and distributed nature of blockchain is ideally
suited to create a trustless environment that will facilitate the man-
agement of fisheries. In principle, using cryptographic proof in block-
chain can prove whether fishers and other chain actors comply with
government rules and global market requirements in terms of sustain-
able practices and the quality of fish and seafood. In addition, a block-
chain can also be used to facilitate transactions between actors in the
value chain and to add value through price premium to existing products
based on proof of quality and sustainability.

Despite promising examples of blockchain application in seafood
value chains, a comprehensive analysis of all applications and the actual
use of blockchain in the area around the world is still missing. Imple-
menting blockchain includes financial, technological, and organiza-
tional barriers while various stakeholders in the chain have varying level
of acceptance of this technology (Sander et al., 2018; Kouhizadeh et al.,
2021). These barriers have led to continuous innovation. Many new
technological developments in blockchain are recently made, which
allow for better scaling, lower costs as well as better enabling of use
cases of blockchain (Zeadally and Abdo, 2019). Blockchain applications
in fishery and beyond are expected to keep growing in the coming years.
Therefore, this paper analyzes the implementation of blockchain in
seafood value chains in terms of its potentials and possible challenges.

This study answers the following questions: (1) What is the current
status of blockchain in fishery and aquaculture value chains; and (2)
What is the future prospect of blockchain in the fishery and aquaculture
value chains? By answering these questions, this paper identifies op-
portunities to use blockchain in the GVCs and provides a roadmap for
decision-making on how to use blockchain in fishery and aquaculture.
Several studies have reviewed the use cases and application of block-
chain in seafood value chains (e.g. Cook, 2018, Blaha and Katafono,
2020, Howson, 2020, Tsolakis et al., 2021). However, there is no
comprehensive analysis of all the applications of blockchain in fishery
and its future prospect. This paper aims to fill that gap. The next section
explains blockchain and its properties and how blockchain is linked in
the value chain. This is followed by a review of its application in fishery
and aquaculture using value chain framework. Then the challenges and
future prospect to enhance the implementation of blockchain in fishery
and aquaculture are discussed. Finally, conclusions are made based on
the learning from the use cases.

2. Blockchain in global value chains

Understanding the nature of blockchain is necessary for its proper
implementation in any value chain. In this section we explain the ele-
ments of blockchain and how it is linked with value chains. Afterwards,
the overall framework for blockchain application in GVCs is provided.

2.1. Blockchain

The increase in use of blockchains in GVCs can be attributed to
blockchain’s unique properties — (1) transparent transactions, (2)
immutable data, (3) no central authority, (4) peer-to-peer value transfer,
and (5) conditional transactions (Bano et al., 2019). To illustrate these
properties, it is briefly explained how blockchains work, using a Proof of
Work blockchain (like Bitcoin) as example. First, a transaction made by
a participant in the network (called a node) is checked for validity before
being added to a block. A block containing new transactions generates a
hash value, which is a unique hexadecimal value of a fixed length that is
generated from any type of data and is designated per block. For a block
to be valid, the generated hash value must meet the difficulty of the
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requirements of the blockchain, which only can be done using many
computations. By requiring a lot of computational power to generate a
valid hash for a block, the blockchain secures its transactions. Once a
block is added to a public ledger, it is visible to everyone in the network.
Since each new block is linked to the previous block, they form a chain of
blocks and therefore the name ‘blockchain’ was adopted (Yang et al.,
2020). With each addition of a new block, previous transactions become
more immutable since it is computationally costly and unrealistic to
recalculate the hash value for every block. In recent years, alternative
methods have been created to secure blockchains, such as Proof of Stake,
Proof of Authority (in private blockchains), and Proof of Space. The
degree of decentralization in blockchain also varies, depending on the
type of blockchain and security that is used.

2.2. Types of blockchain

The type of blockchain to be implemented depends on the needs of
involved stakeholders in GVCs. General classifications are public and
private blockchains. In this paper, this classification is extended to so
called “hybrid” blockchain. Fig. 1 summarizes the types of blockchains
including their advantages and disadvantages.

Public blockchains are synonymous to permissionless blockchains,
where the platform is open to everyone, and no specific entity manages
the platform. There are numerous advantages to this type of blockchain
(see bottom triangle in Fig. 1). Public blockchains are characterized by a
highly decentralized system wherein all stakeholders have access to the
network, view public transactions, and participate in a consensus to
verify transactions (Viriyasitavat and Hoonsopon, 2019). Public block-
chains are seen as more credible as compared to private blockchains
because of its transparency and decentralized nature. In addition, the
number of ‘blocks’ of information built publicly are high and are
therefore difficult to hack since they are highly secured. Despite these
advantages, public blockchains face multiple limitations. Public block-
chains have a limited transaction processing rate because of the
consensus mechanisms, such as Proof-of-Work and Proof-of-Stake, re-
quires the entire network to reach consensus. The computational power
required for public blockchain is therefore high, making it costly to
operate and making the process slow. Well-known examples of public
blockchains are Bitcoins and Ethereum, two cryptocurrencies that
demonstrate peer-to-peer approach via Proof-of-Work and Proof-of-
Stake respectively, to validate transactions in the network.

Private blockchains are mostly used for corporate applications and
its network can only be accessed by actors that have permissions
(Strehle, 2020). Private blockchains are developed to tackle the short-
comings of public blockchains, such as data reversibility, data privacy,
transaction volume scalability, and system responsiveness (Hamida
et al., 2017). As shown in the upper triangle in Fig. 1, private block-
chains are less costly than public blockchains since transactions main-
tained in such blockchains are coming from few participants
(Viriyasitavat and Hoonsopon, 2019). The limited transactions made by
participants also make private blockchain highly scalable and result to
more control and privacy as compared to public blockchains. Private
blockchains also include disadvantages. These blockchains are less
secure because they are vulnerable to attacks due to limited transaction
volume cause by limited number of nodes. The validation by few actors
and the access to information by limited participants also raises credi-
bility issues for the users of private blockchains. A well-known example
of a private blockchain is Hyperledger, a technology used by IBM Food
Trust for ensuring the sustainability in food supply chains. Companies
such as Walmart, Nestle, and Carrefour participate in IBM Food Trust
(IBM, 2021).

Since both public and private blockchains face limitations, in-
novations to combine advantages of types of blockchain are continu-
ously being developed. Such innovations are hybrid blockchains and are
often referred to as second layer technology. Hybrid blockchains offer
many advantages such as better privacy, higher transaction throughput,
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Fig. 1. The different types of blockchains including its advantages and disadvantages.

lower cost as well as allowing for use case specific rules and technologies
such as zero-knowledge proofs. Using such technologies, information
can be divided or even completely kept private unless revealed by the
owner of that data, which is often a requirement for many business
practices. Examples of hybrid blockchains include the use of technolo-
gies such as Lightning network, Side chains, and Sharding (Chauhan
etal., 2018). These hybrid technologies are anchored on top of currently
existing blockchains, such as Bitcoin and Ethereum. Through hybrid
blockchains, the adoption of public blockchain technology becomes
more accessible to various stakeholders, while keeping the costs lower
and increasing scalability (advantages of private blockchain) and at the
same time improving the security and credibility of the blockchain

(advantages of public blockchain) (Geroni, 2021).
2.3. Blockchain in global value chains

Understanding the impact of blockchain in the globalization of trade
requires an understanding of the implementation of blockchain in GVCs.
Literature has emphasized the vertical and horizontal dimensions of the
value chains (Gereffi et al., 2005; Riisgaard et al., 2010), while the study
of Tolentino-Zondervan et al. (2016a, 2016b) extends these two di-
mensions into the intersection of both horizontal and vertical di-
mensions of value chain. Following the framework of Tolentino-
Zondervan et al. (2016a, 2016b), the use cases of blockchain in GVCs are
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Fig. 2. Use cases of blockchain using the vertical and horizontal dimensions of GVC.

(Source: Adapted from Tolentino-Zondervan et al. (2016)).
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summarized in Fig. 2 and the framework is utilized in analyzing the
application of blockchain in fishery and aquaculture.

The vertical dimension focuses on the flow of products from sup-
pliers to consumers and information from customers and retailers going
to suppliers (Gereffi et al., 2001, 2005). The flow of products involves
tracing seafood products from fishers, fish traders and processors, ex-
porters, importers and brands or retailers. The flow of information in-
cludes the sustainability requirements in the market, such as compliance
with quality and safety standards and use of sustainable fishing method.
The vertical dimension answers questions related to (1) how brands and
retailers coordinate production and set requirements for participation of
value chain actors and (2) how incentives are distributed. Blockchain
addresses these questions in vertical dimensions of GVCs through
various use cases. These include traceability in the value chain, story-
telling of products, distribution of incentives to chain actors for
anchoring their data in the blockchain, use of smart contracts for coor-
dinating transaction requirements in the value chain, peer-to-peer
transactions that eliminate middlemen, and tracking inventory along
the chain.

The horizontal dimension of the value chain relates to the set regu-
lations and norms at producer level and the institutional support pro-
vided by both public and private actors outside the value chain, to build
the capabilities that will enable producers to participate in the value
chain (Tolentino-Zondervan et al., 2016a, 2016b). In the case of fishery,
it includes the rules on fishing catch quota, licenses, and gears and the
given supports to fishers such as training, education and funding pro-
vided by government and non-government organizations (NGOs). The
issues that the horizontal dimension tries to address include the level of
inequality and access to capital by local producers to improve their
capability to participate in the GVC (Riisgaard et al., 2010). Blockchain
addresses these issues through various use cases. These include block-
chain for decentralized insurance protection for producers, decentral-
ized financing and micro-credit for banks and producers, and
tokenization and exchange of agricultural resources. The blockchain
implementation at the horizontal level can help producers to comply
with requirements of the vertical dimension of the value chain such as

Aquaculture 565 (2023) 739158
sustainability standards.
3. Methodology
3.1. PRISMA

This study presents a systematic literature review using Preferred
Reporting Items for Systematic Reviews and Meta Analyses, called
PRISMA (Moher et al., 2009). The flowchart showing the four stages of
PRISMA such as (1) identification, (2) screening, (3) eligibility, and (4)
inclusion of articles, is presented in Fig. 3. The search is divided into two
parts: (1) identification of studies via databases and registers and (2) via
other methods. For the identification stage using databases and regis-
ters, a keyword search has been made in Google Scholar and Science
Direct. The keywords search is “Blockchain” AND “fisheries” as well as
“Blockchain” AND “aquaculture”. Since blockchain in fishery is a rela-
tively new topic, the years of the published records are also recent dating
from years 2018-2021. A total of 31 records are identified in Google
Scholar and additional 2 records in Science Direct. The identified works
include peer-reviewed articles (15), conference papers (7), theses (5),
reports (2) and discussion papers (2). After records have been identified,
non-English and non-accessible works were eliminated on the lists
before screening the content of the records. A total of 4 records have
been removed. Afterwards, all articles were assessed for eligibility based
on the objective of this paper. Five articles were excluded because they
do not fit the objective of this study, e.g. partial or indirect focus on
fishery/aquaculture. In total, 24 works were included in the analysis.
For identification via other methods, records were also identified
through Google (n = 12) and searching organizational websites (n = 6).
One report is not retrievable, while the materials from websites are
available online. For further eligibility assessments, four reports were
duplicates from the previous databases and were therefore eliminated. A
total of 13 reports were included in the analysis. Together with the 24
works identified in databases and registers, a total of 37 works was
included in the analysis.

The selected 37 records were used for answering the first research
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Fig. 3. The PRISMA flow diagram using databases, registers, and other methods.
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question related to the current use cases of blockchain in fishery and
aquaculture value chains. Information such as actual blockchain pro-
jects, collaborators, purposes, species, and locations, were manually
obtained from the identified records. The information was summarized
and presented via tables and figures in the Results section.

3.2. Text mining

The manual analysis of literature review is further supplemented by
conducting text mining, a data science field used for extracting high
quality information from the text to generate insights. Text mining uses
visualizations, statistics, text, and information analyses to present in-
sights (Kaushik and Naithani, 2016). In recent years, text mining has
been used for conducting and supplementing manual literature review
in fisheries (e.g. Wei et al., 2021, Takacs and O’Brien, 2022, Tolenti-
no-Zondervan and Zondervan, 2022). In this study, text mining is used
to achieve the second research objective, which is to identify the gaps
and to recommend future prospect for the application of blockchain in
fishery in a quantitative manner.

Text mining involves several steps. First the pdf articles were con-
verted to text corpus using the pdftools R package version 3.0.1. The text
corpus was loaded and cleaned by removing stop words, numbers and
punctuation and further analysis were performed using the tm R library
version 0.7-8. Keywords were selected based on three categories:
Traceability, Payments, and De-fi. Time-based analysis is performed by
filtering the articles per year and by building the term-document matrix.
The relative frequency of these keywords was then plotted as a bubble
plot using ggplot2, to show the development and the gap of blockchain
use cases in fishery and aquaculture overtime. Frequently occurring
terms in the application of blockchain in fishery and aquaculture were
also identified and were presented in Supplementary Material 1.

4. Results

The results are presented in three sections. First, we present infor-
mation about the blockchain projects in the fishery and aquaculture
sector worldwide. Then, we zoom-in at the use cases of blockchain at the
vertical and horizontal dimensions of the value chain. This is followed

us:

- New England Fishery
Blockchain Seafood

- Fishcoin Alaska

Ecuador - Sustainable
Shrimp Partnership (SSP)

category

Developed

B Developing
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by identifying the potential use cases of blockchain in the fishery and
aquaculture value chains using text mining.

4.1. Overall implementation of blockchain in fishery and aquaculture
sector

Fig. 4 shows the worldwide implementation of blockchain in fishery
and aquaculture. The blockchain projects are mainly implemented in
developing countries such as Indonesia (Provenance, Bumble Bee Fair
Trade Yellowfin Tuna, This Fish, Jumbo Tilapia Blockchain), Pacific
Island nations (Pacifical-Atato, TraSeable), Philippines (Tracey),
Ecuador (Sustainable Shrimp Partnership), and Thailand (eMin). Most of
the participating fisheries in developing countries are small-scale fish-
eries, except for the cases of Pacifical-Atato and TraSeable. The devel-
oped countries that implement blockchain in their fisheries and
aquaculture include Australia (Open SC Patagonian toothfish & Spencer
Gulf King Prawn Fishery), Norway (IBM Blockchain Transparent), and
USA (New England Fishery Blockchain Seafood and Fishcoin in Alaska).
Developed country fisheries are implementing blockchain on large-scale
level, often, at industry level.

The specific purpose of each blockchain project shown in Fig. 4 is
further elaborated in Table 1. Most of the projects are in captured
fisheries such as tuna, Patagonian toothfish, wild salmon, scallops, while
a few are focused on aquaculture such as farmed shrimps, salmon and
tilapia. These species are mostly considered as high value products. The
presence of various entities that require transparency, sharing, and
auditing of data, such as NGOs, governments, private companies, and
the specific fisheries makes the use of blockchain suitable in the given
use cases. For instance, the Pacifical-Atato case helps different groups,
such as the PNA government, retailers (Thai Union), consumers, and
certification bodies (e.g., MSC), to track and to verify that the MSC
Pacifical canned tunas were sustainably caught, processed, and canned.
Similarly, blockchain facilitates trust in many projects such as the
Norwegian salmon fishery, Jumbo Tilapia, Bumble Bee Foods, and
Provenance by ensuring compliance of different supply chain actors on
the sustainability and transparency of information. Public blockchains
are used in fisheries especially those that are aided by NGOs and gov-
ernments (e.g. Pacifical case, Fishcoin), while private blockchains are

Norway - IBM Blockchain
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Philippines - Tracey
Thailand - eMin Project& !\

) Pacific Islands:
4 -Pacifical-Atato
Indonesia: \ &"'__ - TraSeable
-Provenance ~—
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Fig. 4. The implementation of blockchain in fishery and aquaculture worldwide.
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Table 1
Summary of use cases of blockchain in fisheries and aquaculture worldwide.
Cases Specific purpose Type of Species Lead Actors Sources
blockchain
Pacifical-Atato Support documentation for MSC chain of Public Skipjack tuna Gustav Gerig, Pacifical, Atato (Pacifical, 2018;
Custody, track purse seine-caught skipjack tuna  (Ethereum) Notary Cohem, 2020)
Provenance project Track and record caught fish, prevent double Public Yellowfin and skipjack Provenance, International Pole ~ (Provenance.org,
expenditure on certificates, and serve as basis (Ethereum) tunas & Line Foundation (IPNLF), 2015; Blaha and

TraSeable

OpenSC Patagonian
toothfish

Bumble Bee Foods
“Fair Trade”
yellowfin tuna

Fishcoin

Sustainable Shrimp
Partnership

Tracey

ThisFish

New England
Fishery
Blockchain
Seafood

Jumbo Tilapia
Blockchain

IBM Blockchain

for open system traceability.

Have transparent and traceable supply chain to
fight IUU and human rights abuses

Record data of tagged toothfish with RFID tags
from capture to end supply chain, to prove that
fish are caught in an MSC certified fishery
Provide transparency to consumers and
customers

Incentivize collection and input of data by
supply chain actors through token ecosystem

Provide transparency and traceability
information, through consumer app, fight fish
fraud and poor-quality products

Document and verify catch and traceability
data, financial institutions use provided data as
basis for providing microloans to fisherfolk
based on credit request assessment

Improve business efficiency and increase trust
and accuracy in supply chain data.

Promote food traceability, safety, and
sustainability among scallop supply chain

members.

Make chain more transparent through use of
QR code

Provide insights on the origin, quality of

Private (Treum-
Ethereum)

Public
(Ethereum)
Private (SAP)

Public
(Eachmile)

Consortium
/Private (IBM)

Private
(Streamr)

Private (Tally)

Private (IBM
Hyperledger)

Private (SIM
Powerchain)

Private (IBM

Tuna

Patagonian toothfish

Yellowfin tuna

Fish and seafood
products (Alaskan wild
salmon, shrimp, tuna,
etc.)

Farmed shrimps

Handline tuna fishery

Tuna, farmed shrimp
and fish sectors

Scallop

Farmed fish tilapia

Farmed fish and
seafoods, such as

World Wide Fund for Nature
(WWF)

WWEF, ConsenSys, Sea Quest
(Fiji) Ltd., TraSeable Solutions

OpenSC, WWF-Australia, BCG
Digital Ventures, Australia
fisheries

Bumble Bee Foods, Indonesian
yellowfin tuna fishery, SAP
HANA

Fishcoin, Eachmile
technologies

Sustainable Shrimp
Partnership (SSP), IBM Food
Trust, Ecuadorian shrimp
farms

WWF Philippines, UnionBank,
TX Streamr

ThisFish, Ecotrust Canada,
Canadian fishing industry
Slowfood, MDPI

IBM Food Trust, New England
scallopers, Raw Seafoods

Jumbo Supermarket, Regal
Springs, Seafood Connection
Mayonna

Norwegian Seafood
Association, IBM, Atea

Katafono, 2020;
Howson, 2020)
(Visser and Hanich,
2018; Cook, 2018;
Blaha and Katafono,
2020)

(AFR.com, 2019; Blaha
and Katafono, 2020;
Howson, 2020)

(SE, 2019; Blaha and
Katafono, 2020)

(Fishcoin, 2018)

(Insights, 2020; Blaha
and Katafono, 2020)

(Marttila et al., 2019)

(ThisFish, 2020)

(Dan McQuade, 2019;
Océane Elia Boulais,
2020)

(SIM, 2020)

(Mathisen, 2018;
Fgrsvoll and Andal,

Transparent seafood and feed the fish consume to ensure Hyperledger)
(Norwegian safer, better seafood to consumers worldwide
seafood)
eMin Project Use blockchain as existing farm monitoring tool ~ Public
(Thailand) (Eachmile)
Spencer Gulf King Fishcoin tokens Public
Prawn fishery (Eachmile)

salmon 2019; Altoukhov,
2020)

Shrimp aquaculture Diginex, Mekong Club (Océane Elia Boulais,
2020)

Spencer Gulf along the Eachmile & Fishcoin, Kolega (Océane Elia Boulais,

coast of South Fisheries, Singapore-based 2020)

Australia to Singapore hotels

used by industry associations, brands, and retailers coming from both
large- and small-scale fisheries.

4.2. Use cases of blockchain in fishery and aquaculture value chains

This section further analyzed the use cases of blockchain in the value
chain based on the specific purpose of each project (see Table 1). Table 2
shows an overview of the classification of use cases of blockchain pro-
jects in fishery and aquaculture using the horizontal and vertical di-
mensions of the value chains.

4.2.1. Blockchain application in the vertical dimension

Two main use cases of blockchain in the vertical dimensions were
identified. These include the use of blockchain (1) for traceability and
storytelling and (2) for payments/delivering incentives to fishers and
other chain actors. These two classifications are both market and busi-
ness driven.

In terms of traceability and storytelling, the aim is to address the
market requirements for fish and seafood products related to food safety,
mislabeling, seafood quality, and proof of sustainable origin. Most of the
fishery and aquaculture projects use blockchain for this purpose. They

often use QR-codes in the can or in the packaging to trace the journey of
fish and seafood products from bait-to-plate. Examples are Bumble Bee
Foods Fair Trade Yellowfin Tuna, Sustainable Shrimp Partnership,
Provenance, This Fish, and Jumbo Tilapia. All caught fish and aqua-
culture species in these projects are from developing countries and go to
high-end markets such as the EU, the USA, and Canada. Other projects,
such as Pacifical Atato and TraSeable, use traceability to not only track
the journey of tunas caught in the Pacific Islands, but also to deter IUU
fishing and human rights abuses in the tuna industry. The Norwegian
salmon fisheries use blockchain to communicate to consumers the
provenance and the story behind the water quality and feeds of the
farmed salmon. The New England scallop fishery uses traceability to
bring consumers in close contact to producers, such as by informing the
captain on the quality of caught scallops. Trust, which is measured in
terms of validity, reliability, and governance of data, is important factor
in traceability. The use of automation and IoT facilitates trust by
reducing human error in the traceability of information. For example,
ThisFish project integrates in the hardware like the weighing scales,
printers, and RFID scanners and readers the Tally software so that the
data can be anchored automatically to the blockchain. In terms of
governance, the IBM Blockchain platform enables Norwegian seafood
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Table 2
Classification of use cases of blockchain projects in fishery and aquaculture using the vertical and horizontal dimensions of the value chains.
Use cases Traceability & Storytelling (De)centralized Transfer
Finance incentives
Quality  Food Mislabelling or IUU Work
safety Fraud fishing* conditions**
Pacifical-Atato X X
Provenance project X X
TraSeable X X X
OpenSC X
Patagonian toothfish
Bumble Bee Foods - “Fair Trade” yellowfin X
tuna
Fishcoin X X X
Sustainable Shrimp Partnership X X
Tracey X X X
New England Fishery Blockchain Seafood X X X
Jumbo Tilapia Blockchain X X
IBM Blockchain Norwegian seafoods X X X
eMin Project X
Spencer Gulf King Prawn Fishery X X X X

" IUU fishing includes the use of sustainable fishing methods and providing catch data, as support for certification such as MSC.

Fight slavery and human rights abuses.

companies to manage their own membership and share traceability data
in a secured manner, thus enhancing trust among supply chain actors.

The second use case of blockchain, related to payments and direct
delivery of incentives to fishers, has so far only limited applications.
First is the case of Fishcoin, which uses and transfers tokens or coins to
fishers as an incentive for providing data in the blockchain. Fishers can
then use the Fishcoins to pay their bills or to buy minutes for their
phones (Fishcoin, 2018). Another example is the Tracey project, which
provides income to fishers by monetizing their catch and trade data to
Streamr Marketplace. This marketplace sells data to third parties that
include retailers, end consumers, and micro-financing institutes. In the
case of new England fishery, consumers can directly transfer tips to boat
captains or fishers for their catch.

traceability -
data -
proof -

hash -
provenance -

origin -
story -
inventory -
real-time -
coin -
payment -
token -
incentive -
smart -

Term

contract -
transaction -
tip-
finance -
micro -
credit -
loan -
investments -
insurance -
defi -

20I19
year

1 1
2017 2018

4.2.2. Blockchain application in the horizontal dimension

So far, only one classification has been identified in terms of the use
of blockchain in the horizontal dimension. This is the use of blockchain
for Centralized- and Decentralized- Finance (CeFi and DeFi), which is
done in the project Tracey in Philippines. Here, fishers are encouraged to
anchor their catch data in the blockchain to improve the transparency in
the first mile of the chain. In exchange, information related to fishers’
catches are used by bank in assessing credit request of fishers (Marttila
et al., 2019; Howson, 2020).

prop_term_to_total_terms
e 00
@® 04
@ os
@ >
@ s

group
DeFi
® Traceability

® Value transfer & okenization
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Fig. 5. Time-based analysis of use cases of blockchain in fishery and aquaculture based on traceability, payment, and De-fi categories.
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4.3. Text mining analysis to identify prospects of blockchain in fishery
and aquaculture chains

The results of the text mining analysis further enrich the findings
related to the use cases of blockchain in the value chain discussed in
Section 4.2. Fig. 5 illustrates the applications of blockchain in fishery
and aquaculture under traceability, payment/incentive, and De-fi cate-
gories. The results show that overtime (2017-2021), most of the
blockchain projects in fishery and aquaculture chains are heavily
focused on traceability. The traceability part includes storytelling via
data, proof of species, and traceability of products within the chain.
Other uses of traceability such as real-time tracking and inventory show
less applications through time. The payment/incentive part of the
blockchain is generally present but less prominent than the traceability
aspect. The applications of incentive include tokens, smart contract, and
payments. Incentive keyword such as tip is underrepresented for all
years in literature. Finally, the De-fi use cases in fishery are rarely used
and keywords associated to financing only appear in 2020. De-fi related
use cases, such as loan, investments, insurance, micro-credits are also
rarely mentioned in literature.

5. Discussion

In this section, the learning from the use cases in the vertical and
horizontal dimensions of the value chain are discussed in more detail.

5.1. Blockchain use cases in the vertical dimension of the value chain

Consistent to the findings of many studies that analyze the use of
different sustainability instruments in the value chains such as certifi-
cations, labels, and voluntary (Nadvi, 2008, Mol, 2015; Mol and Oos-
terveer, 2015), this study illustrates that blockchain in the vertical
dimension of the fishery and aquaculture value chains are mostly used to
provide traceability and transparency of information to claim sustain-
able production. As can be seen in the results presented in Sections 4.2.1
and 4.3, almost all use cases of blockchain in fishery and aquaculture
apply traceability and storytelling to address the quality, food safety,
fraud, IUU fishing, and working condition issues. The use of blockchain
for transparency and traceability is needed as market requirements and
for business competitiveness (Rejeb, 2018, Gopi et al., 2019, Cruz and da
Cruz, 2020, Probst, 2020, Oliveira et al., 2021). The use of blockchain
for traceability could further grow based on the developments in the
macro-environment. For example, it is becoming a requirement at
regional and international level that products being imported cross
border should be traceable and is anchored on a database, as part of
consumer protection and fight against [UU fishing. In the USA, several
fish products that are imported need to be traceable as part of the cus-
toms requirement (NOAA, 2018). In the EU, seafood traceability at all
stages of production (including catching or harvesting, processing, dis-
tribution, and retail) is a requirement (Tsolakis et al., 2021). Current
systems used in EU vary per country while in some cases lack digitali-
zation. The EU recently called for a mandatory and more standardize
digital system for the traceability of fish and seafood products (Secur-
ingindustry.com, 2021). Blockchain fits very well to these needs. In
addition, blockchains are often applied on species, fishing gears, specific
country, or institution levels (Ricardo et al., 2015). With the current
need of standardization on the international level, standardization of
data will most likely push industries to move to blockchain. On market
aspect, many companies are gaining competitive advantage with the
implementation of blockchain (Carson et al., 2018). As a future conse-
quence, blockchain could become a potential standard for digitization in
supply chain and for managing the traceability of products.

Our study also shows that so far, only few use cases of blockchain
have moved beyond the traceability in the vertical dimension, by
focusing as well on payments and direct delivery of incentives to fishers.
The case of Fishcoin, New England fishery, and Tracey projects have
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shown a clear model of incentivizing fishers for anchoring their data in
blockchain, such as direct payment for the data they deliver. Literature
shows that incentives mainly drive participation of actors in adopting
blockchain in fishery value chain (Cook, 2018; Jardim et al., 2021).
Focusing on tangible incentives could be a future direction of blockchain
projects especially those being implemented in developing countries.
For example, consumers can directly give a tip to the producers to see
clear transfer of incentives to fishers for anchoring their data.

5.2. Blockchain use cases in the horizontal dimension of the value chain

The results of this study also indicate that there has been limited
focus on the use cases of blockchain at the horizontal dimension of the
value chain. Looking at the specific projects and the result of text min-
ing, De-Fi blockchain projects for improving capabilities of producers in
fisheries and aquaculture are rare. As such, there are opportunities to
move in this direction. As argued by Tolentino-Zondervan et al. (2016a,
2016b), supporting the capabilities of producers will enable them to
improve the sustainability in their practices and therefore comply with
the requirements in the GVC. Since most fish and seafoods come from
developing countries, the access to resources and financing are impor-
tant for fishers and aquaculture farmers to adopt blockchain technology.
This is well-aligned with the United Nations Sustainable Development
goal that aims to improve livelihoods and food security of marginalized
people (Tsolakis et al., 2021). For fisheries in developed countries, the
small-scale fisheries could be the relevant focus in terms of aiding their
compliance with market and government regulations via blockchain. To
improve blockchain application at horizontal level, fisheries can learn
from existing use cases of blockchain that focus on producer level such
as Decentralized Finance (DeFi) in agriculture, decentralized insurance
protections such as Etherisc, and micro-financing and loans for small
businesses or producers in developing countries (Chinaka, 2016;
Kamilaris et al., 2019).

5.3. Challenges and prospect of blockchain in fishery and aquaculture

Despite the use cases found in literature, overall, there is still limited
application of blockchain in fisheries and aquaculture. The fish pro-
duction worldwide reached approximately 179 million tons in 2018
(FAO, 2020), and only a handful of these fisheries use blockchain based
on the number of use cases. There are challenges that need to be over-
come and opportunities that need to be developed, as identified in the
results of this study. In terms of challenges, firstly, there needs to be
greater awareness on how blockchain can be applied in seafood and
fishery. As identified in literature (e.g. FAO, 2020; Ghode et al., 2020),
the limited adoption of blockchain could be attributed to three factors:
(1) suitability of blockchain to solve a given problem, (2) incentive(s) to
motivate fishers and other chain actors to adopt blockchain, and (3)
trust in blockchain technology use.

In terms of suitability, the first step is to understand whether
blockchain is needed in fishery or not based on a decision tree presented
in Fig. 6. The need for a ledger technology is determined by factors such
as the need for data storage of multiple entities, tamperproof and need
for auditing, more than one entity contributes to data and shared visi-
bility. If all these elements are present in the given fishery case, it is more
likely that blockchain could be a solution to address fishery problems.
The various use cases presented in this study show that the multiple
parties ranging from government, NGOs, retailers and producers in
fishery and aquaculture, require sharing and validating of data in the
blockchain. If there is a need for blockchain adoption, the next step is to
identify configurations such as the type of blockchain and the platform
to be used. Next is to conduct a Costs-Benefit Analysis of the designed
blockchain solution to determine the long-term gain or loss, and if
implementing blockchain is beneficial or not as compared to other al-
ternatives. The final step is to identify who makes the decision in the
blockchain. Somebody must design the blockchain, often the
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Is there a need for Yes
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data storage for
multiple parties?

Is there a need for Yes

Use Private
Blockchain

tamper-proof data
storage?

More than one party

Use a Database contributes data?

No Yes
Is there an issue of

Is public verifiability

Use Blockchain important?

trust?

there a need
No visibility of data e

Use Public
Blockchain

across multiple
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Fig. 6. Decision tree related to the adoption of blockchain and its type (based on Gartner and Chowdhury et al., 2018).

independent parties outside the value chain. Depending on the type of
blockchain, the participants can give a vote in validating the trans-
actions that happen in the blockchain.

In terms of incentives, it is both a challenge and at the same an op-
portunity for future adoption of blockchain. Many use cases of block-
chain in various industries failed and only reached pilot phase, because
of the lack of tangible incentives for the chain actors, especially the
producers (Collart and Canales, 2022, Nodehi et al., 2022). The adoption
rate of blockchain for improving the sustainability of fishery and
aquaculture will more likely become higher if the incentives for
participating in blockchain is tangible.

Finally, improving trust in the use of blockchain can improve its
adoption in fishery and aquaculture. As seen in various studies on the
implementation of blockchain in fishery (Cook, 2018; Blaha and Kata-
fono, 2020; FAO, 2020; Tsolakis et al., 2021), the authenticity and ac-
curacy of data that enters the blockchain has been a challenge. Most
fisheries are reliant on human input and lots of paperwork, making the
data that enter the blockchain prone to error. In addition, different
technologies, which vary from data format and required data, are used
by actors at different stages of the value chain. This makes it difficult to
harmonize blockchain use among chain actors. To address the challenge
of data authenticity and accuracy, the use of automated data entry
through IoT devices in fishery could be anchored on a blockchain. The
case of ThisFish addresses this issue well. Other methods include the use
of fishing boxes with sensors, identifiers that generate the DNA and
chemical properties of product or species, Automatic Identification
System, and blockchain that can reconciliate real-time data and check
for fraudulent information.

6. Conclusions

This paper provides a review of use cases and future prospects of
blockchain in fishery and aquaculture. The main findings can be sum-
marized in three parts. First, blockchain in fishery and aquaculture value
chains are mostly applied in the vertical dimension, in the form of
traceability and payment/incentive to a lesser extent. Second, the
application of blockchain in the horizontal dimension of the value chain
is still limited. More attention could be given to De-fi blockchain projects
since majority of the fishery and aquaculture producers are from
developing countries. Access to financing can motivate developing
country producers to adopt blockchain, and as such, enable them to
improve their production practices. And third, challenges such as the
suitability, incentives, and trust in the adoption of blockchain technol-
ogy pose opportunities for future implementation of blockchain in
fishery and aquaculture. Being able to identify whether a blockchain is
needed or not, designing blockchain that focus on tangible incentives,
and anchoring blockchain on automated technologies can improve
adoption of blockchain in the future.

The analysis of this study is limited to the application of blockchain
in fishery and aquaculture value chains. Nevertheless, this framework
could also be applied in investigating the use of blockchains in other
sectors, such as agri-food and healthcare logistics. Future research may
also investigate the anchoring of the physical assets and data in fishery
and aquaculture value chain using automation, robotics and IoT among
others. Finally, on applied level, future research can look at the actual
perceptions of fishers, aquaculture farmers and other chain actors
related to the adoption of blockchain technologies in their practices.



F. Tolentino-Zondervan et al.

Author statement

Details of each author with their contribution in this paper:

Frazen Tolentino-Zondervan: Conceptualization, Methodology,
Acquisition of Literature, Formal Analysis, Visualization, Writing —
original draft, Writing — review & editing.

Pham Thi Anh Ngoc: Conceptualization (initial to end), Writing —
review & editing, Finalizing of the manuscript.

Jamal Luka Roskam: Conceptualization (initial to end), Writing —
review & editing, Finalizing of the manuscript.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

The data is publicly available literature and reports. For the used
sources, refer to Table 1 of the article.

Acknowledgements

This paper is presented on the 26th International Academy of Global
Business and Trade — Korea International Trade Research Institute
(IAGBT-KITRI) conference in July 22-24, 2021. The authors would like
to gratefully acknowledge N.A. (Niels) Zondervan for providing his in-
sights about blockchain technology and for helping in the text mining
analysis. The authors also thank the two reviewers for their feedback in
improving this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.aquaculture.2022.739158.

References

AFR.com, 2019. Blockchain, Patagonian toothfish and saving the planet. What could go
wrong? [online]. Available from. https://www.afr.com/companies/blockchain-pata
gonian-toothfish-and-saving-the-planet-what-could-go-wrong-20190118-h1a7vo
[Accessed 4 May 2021].

Altoukhov, A.V., 2020. Industrial product platforms and blockchain in aquaculture. In:
I0P Conference Series: Earth and Environmental Science, 421, p. 4.

Bano, S., Sonnino, A., Al-Bassam, M., Azouvi, S., McCorry, P., Meiklejohn, S., Danezis, G.,
2019. SoK: consensus in the age of Blockchains. In: Proceedings of the 1st ACM
Conference on Advances in Financial Technologies, pp. 183-198.

Blaha, F., Katafono, K., 2020. Blockchain Application in Seafood Value Chains.

Bonanomi, S., Pulcinella, J., Fortuna, C.M., Moro, F., Sala, A., 2018. Elasmobranch
bycatch in the Italian Adriatic pelagic trawl fishery. PLoS One 13 (1), e0191647.

Busse, C., Meinlschmidt, J.A.N., Foerstl, K.A.L,, 2017. Managing information processing
needs in global supply chains: a prerequisite to sustainable supply chain
management. J. Supply Chain Manag. 53 (1), 87-113.

Carson, B., Romanelli, G., Walsh, P., Zhumaev, A., 2018. Blockchain beyond the hype:
what is the strategic business value? McKinsey & Company, 1.

Chang, Y., Iakovou, E., Shi, W., 2020. Blockchain in global supply chains and cross
border trade: a critical synthesis of the state-of-the-art, challenges and opportunities.
Int. J. Prod. Res. 58 (7), 2082-2099.

Chauhan, A., Malviya, O.P., Verma, M., Mor, T.S., 2018. Blockchain and scalability. In:
Proceedings - 2018 IEEE 18th International Conference on Software Quality,
Reliability, and Security Companion, QRS-C 2018, (July), pp. 122-128.

Chinaka, M., 2016. Blockchain Technology- Applications in Improving Financial
Inclusion in Developing Economies. Case Study for Small Scale Agriculture in Africa.
MIT Sloan School of Management. Massachusetts Institute of Technology.

Chowdhury, M.J.M., Colman, A., Kabir, M.A., Han, J., Sarda, P., 2018. Blockchain versus
database: A critical analysis. In: Proceedings - 17th IEEE International Conference on
Trust, Security and Privacy in Computing and Communications and 12th IEEE
International Conference on Big Data Science and Engineering, Trustcom/BigDataSE
2018, (December), pp. 1348-1353.

Cohem, A., 2020. The Impact of Blockchain Technology on Ecolabelling Schemes: A
Study in the Fishing Industry.

10

Aquaculture 565 (2023) 739158

Collart, A.J., Canales, E., 2022. How might broad adoption of blockchain-based
traceability impact the fresh produce supply chain? Appl. Econ. Perspect. Policy 44
(1), 219-236.

Cook, B., 2018. Blockchain: Transforming the Seafood Supply Chain.

Crosby, M., Pattanayak, P., Verma, S., Kalyanaraman, V., 2016. Applied innovation
review. Appl. Innovat. Rev. 2.

Cruz, E.F., da Cruz, A.M.R., 2020. Using blockchain to implement traceability on fishery
value chain. In: ICSOFT 2020 - Proceedings of the 15th International Conference on
Software Technologies, (Icsoft), pp. 501-508.

Dagorn, L., Holland, K.N., Restrepo, V., Moreno, G., 2013. Is it good or bad to fish with
FADs? What are the real impacts of the use of drifting FADs on pelagic marine
ecosystems? Fish Fish. 14 (3), 391-415.

Dujak, D., Sajter, D., 2019. Blockchain applications in supply chain. In: SMART Supply
Network. Springer International Publishing, pp. 21-46.

FAO, 2020. The State of World Fisheries and Aquaculture 2020. Sustainability in Action.
Fao.

Fishcoin, 2018. Fishcoin A Blockchain Based Data Ecosystem For The Global Seafood
Industry.

Forsvoll, J., Andal, S.F., 2019. The Application of Blockchain Technology for Supply
Chain Visibility - a Case Study of the Fish Farming Industry. BI Norwegian Business
School - campus Oslo.

Ganne, E., 2018. Can Blockchain Revolutionize International Trade? WTO Publications,
Geneva.

Gardner, T.A., Benzie, M., Borner, J., Dawkins, E., Fick, S., Garrett, R., Godar, J.,
Grimard, A., Lake, S., Larsen, R.K., Mardas, N., Mcdermott, C.L., Meyfroidt, P.,
Osbeck, M., Persson, M., Sembres, T., Suavet, C., Strassburg, B., Trevisan, A.,
West, C., Wolvekamp, P., 2019. Transparency and sustainability in global
commodity supply chains. World Dev. 121, 163-177.

Gereffi, G., Humphrey, J., Kaplinsky, R., Sturgeon, T.J., 2001. Introduction:
globalisation, value chains and development. IDS Bull. 32 (3), 1-8.

Gereffi, G., Humphrey, J., Sturgeon, T., 2005. The governance of global value chains.
Rev. Int. Polit. Econ. 12 (1), 78-104.

Geroni, D., 2021. Hybrid Blockchain: the best of both worlds [online]. In: 101
Blockchains. Available from: https://101blockchains.com/hybrid-blockchain/.
Accessed 14 May 2021.

Ghode, D.J., Yadav, V., Jain, R., Soni, G., 2020. Blockchain adoption in the supply chain:
an appraisal on challenges. J. Manuf. Technol. Manag. 32 (1), 42-62.

Gilman, E., Kobayashi, D., Swenarton, T., Brothers, N., Dalzell, P., Kinan-Kelly, 1., 2007.
Reducing sea turtle interactions in the Hawaii-based longline swordfish fishery. Biol.
Conserv. 139 (1-2), 19-28.

Gopi, K., Mazumder, D., Sammut, J., Saintilan, N., 2019. Determining the provenance
and authenticity of seafood: a review of current methodologies. Trends Food Sci.
Technol. 91 (May), 294-304.

Hamida, E. Ben, Brousmiche, K.L., Levard, H., Thea, E., 2017. Blockchain for Enterprise:
Overview, opportunities and challenges. In: The 13th International Conference on
Wireless and Mobile Communications, p. 7.

Helyar, S.J., Lloyd, H., de Bruyn, M., Leake, J., Bennett, N., Carvalho, G.R., 2014. Fish
product Mislabelling: failings of traceability in the production chain and
implications for illegal, unreported and unregulated (IUU) fishing. PLoS One 9 (6),
e98691.

Howson, P., 2020. Building trust and equity in marine conservation and fisheries supply
chain management with blockchain. Mar. Policy 115 (February), 103873.

IBM, 2021. IBM food trust. In: A New Era for The World’s Food Supply [online].
Available from: https://www.ibm.com/blockchain/solutions/food-trust?cm_sp=Sch
eduler- -CopyChng2- -C. Accessed 4 Jun 2021.

Insights, L., 2020. Sustainable Shrimp Partnership Launches Blockchain Traceability app
using IBM Food Trust [online]. Available from: https://www.ledgerinsights.com/s
ustainable-shrimp-partnership-blockchain-traceability-ibm-food-trust/ [Accessed 20
Dec 2020].

Jardim, L., Pranto, S., Ruivo, P., Oliveira, T., 2021. What are the main drivers of
Blockchain adoption within supply chain? — an exploratory research. Procedia
Comp. Sci. 181, 495-502.

Kamilaris, A., Fonts, A., Prenafeta-bold, F.X., 2019. Trends in Food Science & Technology
the rise of blockchain technology in agriculture and food supply chains. Trends Food
Sci. Technol. 91, 640-652.

Kaushik, A., Naithani, S., 2016. A comprehensive study of text mining approach. IJCSNS
Int. J. Comp. Sci. Network Sec. 16 (2), 69-76.

Kouhizadeh, M., Saberi, S., Sarkis, J., 2021. Blockchain technology and the sustainable
supply chain: theoretically exploring adoption barriers. Int. J. Prod. Econ. 231 (May
2020), 107831.

Marttila, J., Nousiainen, M., Sheppard, B., Malka, M., Karjalainen, R., 2019. Tracey —
Your Traceability and Trade Data Companion, (December), pp. 1-52.

Mathisen, M., 2018. The Application of Blockchain Technology in Norwegian Fish
Supply Chains - A Case Study. Norwegian University of Science and Technology,
pp. 1-75. June.

McQuade, Dan, 2019. Blockchain-traced seafood: Helping historic New England fisheries
thrive [online]. Available from: https://www.ibm.com/blogs/blockchain/2019/10/
blockchain-traced-seafood-helping-historic-new-england-fisheries-thrive/ [Accessed
20 Dec 2020].

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 6 (7),
€1000097.

Mol, A.P.J., 2015. Transparency and value chain sustainability. J. Clean. Product. 107,
154-161.

Mol, A., Oosterveer, P., 2015. Certification of Markets, Markets of Certificates: Tracing
Sustainability in Global Agro-Food Value Chains. Sustainability 7 (9), 12258-12278.


https://doi.org/10.1016/j.aquaculture.2022.739158
https://doi.org/10.1016/j.aquaculture.2022.739158
https://www.afr.com/companies/blockchain-patagonian-toothfish-and-saving-the-planet-what-could-go-wrong-20190118-h1a7vo
https://www.afr.com/companies/blockchain-patagonian-toothfish-and-saving-the-planet-what-could-go-wrong-20190118-h1a7vo
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0010
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0010
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0015
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0015
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0015
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0020
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0025
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0025
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0030
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0030
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0030
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0441
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0441
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0040
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0040
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0040
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0045
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0045
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0045
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0050
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0050
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0050
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0055
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0055
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0055
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0055
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0055
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0060
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0060
http://refhub.elsevier.com/S0044-8486(22)01276-5/optMp319ePNAB
http://refhub.elsevier.com/S0044-8486(22)01276-5/optMp319ePNAB
http://refhub.elsevier.com/S0044-8486(22)01276-5/optMp319ePNAB
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0065
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0070
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0070
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0075
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0075
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0075
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0080
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0080
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0080
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0085
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0085
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0090
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0090
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0095
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0095
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0100
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0100
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0100
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0105
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0105
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0110
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0110
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0110
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0110
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0110
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0115
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0115
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0120
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0120
https://101blockchains.com/hybrid-blockchain/
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0130
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0130
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0135
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0135
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0135
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0140
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0140
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0140
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0145
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0145
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0145
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0150
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0150
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0150
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0150
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0155
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0155
https://www.ibm.com/blockchain/solutions/food-trust?cm_sp=Scheduler-_-CopyChng2-_-C
https://www.ibm.com/blockchain/solutions/food-trust?cm_sp=Scheduler-_-CopyChng2-_-C
https://www.ledgerinsights.com/sustainable-shrimp-partnership-blockchain-traceability-ibm-food-trust/
https://www.ledgerinsights.com/sustainable-shrimp-partnership-blockchain-traceability-ibm-food-trust/
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0170
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0170
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0170
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0175
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0175
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0175
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0180
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0180
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0190
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0190
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0190
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0195
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0195
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0200
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0200
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0200
https://www.ibm.com/blogs/blockchain/2019/10/blockchain-traced-seafood-helping-historic-new-england-fisheries-thrive/
https://www.ibm.com/blogs/blockchain/2019/10/blockchain-traced-seafood-helping-historic-new-england-fisheries-thrive/
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0210
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0210
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0210
http://refhub.elsevier.com/S0044-8486(22)01276-5/optOYjfjzKtAg
http://refhub.elsevier.com/S0044-8486(22)01276-5/optOYjfjzKtAg
http://refhub.elsevier.com/S0044-8486(22)01276-5/opth8W7Nb23EF
http://refhub.elsevier.com/S0044-8486(22)01276-5/opth8W7Nb23EF

F. Tolentino-Zondervan et al.

Nadvi, K., 2008. Global standards, global governance and the organization of global
value chains. J. Econ. Geogr. 8 (3), 323-343.

NOAA, 2018. U.S. Seafood Import and Monitoring Program [online]. Available from:
https://www.iuufishing.noaa.gov/RecommendationsandActions/RECOMM
ENDATION1415/FinalRuleTraceability.aspx. Accessed 2 Feb 2021.

Nodehi, T., Zutshi, A., Grilo, A., Rizvanovic, B., 2022. EBDF: The enterprise blockchain
design framework and its application to an e-Procurement ecosystem. Comp. Industr.
Eng. 171, 108360.

Nofer, M., Gomber, P., Hinz, O., Schiereck, D., 2017. Blockchain. Bus. Inf. Syst. Eng. 59
(3), 183-187.

Océane Elia Boulais, 2020. Emerging Computational Methodologies for Transparency in
Fisheries. Massachussetts Institute of Technology (MIT).

Oliveira, J., Lima, J.E., da Silva, D., Kuprych, V., Faria, P.M., Teixeira, C., Ferreira
Cruz, E., Rosado da Cruz, A.M., 2021. Traceability system for quality monitoring in
the fishery and aquaculture value chain. J. Agricult. Food Res. 5.

Pacifical, 2018. Pacifical MSC Sustainable Tuna Now Traceable Via Ethereum Blockchain
[online]. Available from: https://www.pacifical.com/pacifical-msc-sustainable-
tuna-now-traceable-via-ethereum-blockchain/ [Accessed 22 Dec 2020].

Probst, W.N., 2020. How emerging data technologies can increase trust and transparency
in fisheries. ICES J. Mar. Sci. 77 (4), 1286-1294.

Provenance.org, 2015. Blockchain: the solution for transparency in product supply
chains [online]. Available from: https://www.provenance.org/tracking-tuna-on-th
e-blockchain. Accessed 22 Dec 2020.

Rejeb, A., 2018. Blockchain Potential in Tilapia Supply Chain in Ghana. Acta Technica
Jaurinensis 11 (2), 104-118.

Ricardo, F., Génio, L., Costa Leal, M., Albuquerque, R., Queiroga, H., Rosa, R., Calado, R.,
2015. Trace element fingerprinting of cockle (Cerastoderma edule) shells can reveal
harvesting location in adjacent areas. Sci. Rep. 5 (December 2014), 1-9.

Riisgaard, L., Bolwig, S., Toit, A., 2010. Integrating poverty and environmental concerns
into value- chain analysis : a conceptual framework integrating poverty and
environmental concerns into value-chain analysis : a conceptual framework. Dev.
Policy Rev. 28 (2), 173-194.

Sander, F., Semeijn, J., Mahr, D., 2018. The acceptance of blockchain technology in meat
traceability and transparency. Br. Food J. 120 (9), 2066-2079.

SE, S., 2019. Bumble Bee Foods and SAP Create Blockchain to Track Fresh Fish from
Ocean to Table [online]. Available from: https://news.sap.com/2019/03/bumb
le-bee-foods-sap-create-blockchain-track-fish/.

Securingindustry.com, 2021. WWF says EU traceability could help sustainability
[online]. Available from: https://www.securingindustry.

11

Agquaculture 565 (2023) 739158

com/food-and-beverage/wwf-says-seafood-traceability-is-needed-to-preserve-
species/s104/a13250/#.YL-Bk77itPY.

SIM, 2020. Learn more about the lake and the people of Jumbo’s Tilapia [online].
Available from: https://www.simsupplychain.com/about_powerchain_tilapia_case/.

Strehle, E., 2020. Blockchain for Supply Chain : From Promise to Practice Blockchain for
Supply Chain : From Promise to Practice.

Takacs, V., O’Brien, C.D., 2022. Trends and gaps in biodiversity and ecosystem services
research: A text mining approach. Ambio 1-14.

ThisFish, 2020. Simple software to make work easy [online]. Available from: https://th
isfish.info/tally/how/ [Accessed 11 Nov 2020].

Tolentino-Zondervan, F., 2017. Towards Sustainable Tuna Fishing: Understanding the
Role of Private Incentive Mechanisms. Wageningen University and Research.

Tolentino-Zondervan, F., Berentsen, P., Bush, S.R., Digal, L., Lansink, A.O., 2016a.
Fisher-level decision making to participate in fisheries improvement projects (FIPs)
for yellowfin tuna in the Philippines. PLoS One 11 (10).

Tolentino-Zondervan, F., Berentsen, P., Bush, S., Idemne, J., Babaran, R., Lansink, A.O.,
2016b. Comparison of private incentive mechanisms for improving sustainability of
Filipino tuna fisheries. World Dev. 83, 264-279.

Tolentino-Zondervan, F., Zondervan, N.A., 2022. Sustainable fishery management trends
in Philippine fisheries. Ocean Coast. Manag. 223, 106149.

Tsolakis, N., Niedenzu, D., Simonetto, M., Dora, M., Kumar, M., 2021. Supply network
design to address United Nations sustainable development goals: a case study of
blockchain implementation in Thai fish industry. J. Bus. Res. 131 (August 2020),
495-519.

Viriyasitavat, W., Hoonsopon, D., 2019. Journal of industrial information integration
Blockchain characteristics and consensus in modern business processes. J. Ind. Inf.
Integr. 13, 32-39.

Visser, C., Hanich, Q.A., 2018. How blockchain is strengthening tuna traceability to
combat illegal fishing. The Conversation 1-4.

Wei, X., Hu, Q., Ma, J., 2021. Evaluation on the Effect of Fishery Insurance Policy:
Evidence Based on Text Mining. Fishes 6 (3), 41.

Yang, R., Wakefield, R., Lyu, S., Jayasuriya, S., Han, F., Yi, X., Yang, X., Amarasinghe, G.,
Chen, S., 2020. Public and private blockchain in construction business process and
information integration. Autom. Constr. 118 (February), 103276.

Zabarenko, D., 2013. Fish piracy costs $10 billion to $23 billion a year -report [online].
In: Reuters.com. Available from: https://www.reuters.com/article/us-piracy-fish
/fish-piracy-costs-10-billion-to-23-billion-a-year-report-idUSBRE94703R20130508.
Accessed 14 Jun 2021.

Zeadally, S., Abdo, J.B., 2019. Blockchain: trends and future opportunities. Internet
Technol. Lett. 2 (6), e130.


http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0215
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0215
https://www.iuufishing.noaa.gov/RecommendationsandActions/RECOMMENDATION1415/FinalRuleTraceability.aspx
https://www.iuufishing.noaa.gov/RecommendationsandActions/RECOMMENDATION1415/FinalRuleTraceability.aspx
http://refhub.elsevier.com/S0044-8486(22)01276-5/optU9MCjDEU2t
http://refhub.elsevier.com/S0044-8486(22)01276-5/optU9MCjDEU2t
http://refhub.elsevier.com/S0044-8486(22)01276-5/optU9MCjDEU2t
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0225
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0225
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0230
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0230
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0235
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0235
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0235
https://www.pacifical.com/pacifical-msc-sustainable-tuna-now-traceable-via-ethereum-blockchain/
https://www.pacifical.com/pacifical-msc-sustainable-tuna-now-traceable-via-ethereum-blockchain/
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0245
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0245
https://www.provenance.org/tracking-tuna-on-the-blockchain
https://www.provenance.org/tracking-tuna-on-the-blockchain
http://refhub.elsevier.com/S0044-8486(22)01276-5/optwt8fcCmkz0
http://refhub.elsevier.com/S0044-8486(22)01276-5/optwt8fcCmkz0
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0255
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0255
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0255
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0260
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0260
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0260
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0260
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0265
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0265
https://news.sap.com/2019/03/bumble-bee-foods-sap-create-blockchain-track-fish/
https://news.sap.com/2019/03/bumble-bee-foods-sap-create-blockchain-track-fish/
https://www.securingindustry.com/food-and-beverage/wwf-says-seafood-traceability-is-needed-to-preserve-species/s104/a13250/#.YL-Bk77itPY
https://www.securingindustry.com/food-and-beverage/wwf-says-seafood-traceability-is-needed-to-preserve-species/s104/a13250/#.YL-Bk77itPY
https://www.securingindustry.com/food-and-beverage/wwf-says-seafood-traceability-is-needed-to-preserve-species/s104/a13250/#.YL-Bk77itPY
https://www.simsupplychain.com/about_powerchain_tilapia_case/
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0285
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0285
http://refhub.elsevier.com/S0044-8486(22)01276-5/optIW9mt4J5Uv
http://refhub.elsevier.com/S0044-8486(22)01276-5/optIW9mt4J5Uv
https://thisfish.info/tally/how/
https://thisfish.info/tally/how/
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0300
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0300
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0305
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0305
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0305
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0310
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0310
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0310
http://refhub.elsevier.com/S0044-8486(22)01276-5/optGP1bIWyWWN
http://refhub.elsevier.com/S0044-8486(22)01276-5/optGP1bIWyWWN
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0315
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0315
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0315
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0315
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0320
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0320
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0320
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0325
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0325
http://refhub.elsevier.com/S0044-8486(22)01276-5/optdrWuFTGAen
http://refhub.elsevier.com/S0044-8486(22)01276-5/optdrWuFTGAen
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0330
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0330
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0330
https://www.reuters.com/article/us-piracy-fish/fish-piracy-costs-10-billion-to-23-billion-a-year-report-idUSBRE94703R20130508
https://www.reuters.com/article/us-piracy-fish/fish-piracy-costs-10-billion-to-23-billion-a-year-report-idUSBRE94703R20130508
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0340
http://refhub.elsevier.com/S0044-8486(22)01276-5/rf0340

	Use cases and future prospects of blockchain applications in global fishery and aquaculture value chains
	1 Introduction
	2 Blockchain in global value chains
	2.1 Blockchain
	2.2 Types of blockchain
	2.3 Blockchain in global value chains

	3 Methodology
	3.1 PRISMA
	3.2 Text mining

	4 Results
	4.1 Overall implementation of blockchain in fishery and aquaculture sector
	4.2 Use cases of blockchain in fishery and aquaculture value chains
	4.2.1 Blockchain application in the vertical dimension
	4.2.2 Blockchain application in the horizontal dimension

	4.3 Text mining analysis to identify prospects of blockchain in fishery and aquaculture chains

	5 Discussion
	5.1 Blockchain use cases in the vertical dimension of the value chain
	5.2 Blockchain use cases in the horizontal dimension of the value chain
	5.3 Challenges and prospect of blockchain in fishery and aquaculture

	6 Conclusions
	Author statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


