In our globalized world, food supply chains have
become complex. To track and trace the food along
every step of this chain can be difficult or even
impossible. Food safety crises and sustainability
concerns have led to an emerging interest in
traceability. Low traceability in the supply chain can
lead to various problems: (1) mislabeling, (2) illegal
practices and (3) lower consumer trust. Benefits of
high traceability are (1) food safety, (2) sustainability
and (3) transparency. Three possibilities for
improving  traceability are: coherence and
governance by aligning standards through
knowledge exchange. Certification as they tend to
improve traceability and control via new
technologies and traceability systems.

Traceability is the ability to trace the origin of a
product at any step of the supply chain, in order to
ensure food safety, support sustainable fish farms
and fisheries and to fight illegal activities and fraud
[1, 2, 3]. As a result of the complex, globalized supply
chains and the many different species in aquaculture,
it becomes increasingly difficult to ensure
traceability.

Global attention for traceability in the food sector is
relatively recent. It first emerged because businesses
wanted to keep track of their products [3]. In the
mid-1990s, traceability became a key issue because
of several crises with food safety, most notably the
appearance of BSE, or “mad-cow disease” [1,4].

In recent years however, concerns about social and
environmental problems and the need to prevent
illegal practices have also led to an increased
attention for traceability [1,5,6,7].

Supply chains tend to be very complex in the
seafood sector. The simplest practices to test
traceability are ‘one up, one down’ business-to-
business systems, where the product is traced one
step up and one step down the supply chain. More
difficult to achieve is full-chain traceability, where the
entire supply chain has to be checked entirely for
traceability [3,6] (see figure 1).

Implementing traceability remains difficult. In the
seafood sector, scientific studies have shown that
low traceability results in mislabeling and lacking
knowledge about the source [8,9]. Aquaculture and
wild fisheries are facing the same problems for
traceability because processors and retailers often
handle both types [10]. Furthermore,
implementation of traceability is costly and requires
coordination. As a result, most utilized systems up to
now are located in the global North [3]. In developed
countries like the EU, the US and Japan, traceability in
food is already strongly regulated, while in many
developing countries there still is low traceability [1].
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This policy brief takes a look at the problems and
benefits of traceability in aquaculture and discusses
ways to improve.

Figure 1: Aquaculture Supply Chain
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Benefits of High Traceability

Food Safety

The Food and Agriculture Organization (FAO) states
that there is a “need to identify responsibilities
as well as to make sure that the source of, for
example contamination, is identified and removed”
[12]. Traceability does not confirm food safety but
strengthens food safety management through
increased pressure on the supply chain. The demand
for food safety is growing globally.

Transparency

There is an increasing concern of consumers about
where their food is coming from [12]. Food chains
need to be traceable from farm to fork. The EU and
the USA introduced regulation that ensures that
consumer and buyers can trace seafood along the
supply chain. Without the transparency, seafood
cannot be exported to the EU [13]. In addition,
transparency benefits the entire supply chain.

Sustainability

Consumers are increasingly aware of sustainability
issues in the sourcing or production of food.
Sustainability in seafood can stem from social,
economic or environmental aspects

Problems with Low Sustainability

Mislabeling

Mislabeling is a global problem related to voluntary
and involuntary misconduct when labeling fish
according to origin and species. The mislabeling of
fish can occur at any stage in the supply chain, from
the producer to the retailer. Research suggests that
30% of the global seafood market is mislabeled [9]. In
restaurants and specialized fish stores the percentage
mislabeled products is higher than in supermarkets
[9,14]. Many species are similar in taste and texture,
so restaurants and other retailers can substitute a
high- value species with a cheaper variant, and
making economic profit [8]. A report in December
2015 suggests that the percentage of mislabeled fish
in Europe has decreased to 5%, so there are positive
developments [15].

lllegal practices and fraud

Traceability is an important issue in wild fisheries to
prevent lllegal, Unreported and Unregulated (IUU)
practices. lllegal, Unreported and Unregulated
fishing threats about 85% of global fish stocks [16].
Aquaculture consumes about one quarter of the
global fisheries production as fish feed, straining fish
populations [17,18]. This has been difficult to control
until now, since in more than 80% of global fishmeal
there is low traceability and the species composition
is not clear [19].
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Mislabeling misleads the consumer and has a
negative impact on consumer trust and the industry.
Farmed fish already has a more negative consumers’
perception than wild fish. It is seen as less healthy,
less natural, less fresh and containing more antibiotics
[20]. Food safety scandals also lead to lower
consumer trust [21]. Transparency in the entire
supply chain can enhance the consumer perception
of food safety and food quality [22].

It is clear that high traceability has important
advantages for the sector and has the potential to
improve it. However, traceability in itself cannot
relieve all the problems mentioned. How
transparency in the food chain should be organized
and arranged in order to achieve food safety and
sustainability needs to be considered [23].



Improving Traceability
This section gives an overview of the most promising
initiatives across the globe to improve traceability.

Coherence and Governance

International standard practices for collecting/
sharing traceability information do not exist for the

In addition aquaculture falls globally under different
departments, causing misalignment of expertise and
priorities.

Effective policy and regulation need coherency across
sectors and borders, which can be achieved through
dialogue. On a global scale there are platforms such
as ‘This Fish’ and ‘Seafish’ addressing the issue of
information exchange between the public and private

The European “carding system”

The EU can give yellow or red cards to countries where the quality of exported food cannot be guar- anteed [6].
Examples of infringements are weak traceability, catch certification system, for a lack of control of fishing activities

[13].

A yellow card is a warning and entails cooperation with the EU of about 6 months in order to improve the situation
causing the infringement. Green cards given to countries that have improved their practices. Red cards can result in

economic sanctions or consequences on trade [13].

This system helps develop improvements to public as well as private areas of the supply chain. This ‘carrot and stick’
approach reaches out to producers but maintains strict requlation.

seafood sector [24]. A global framework of practices,
technology and standardized requirements would
enable the creation of a traceability system in the
seafood sector. However, there is no blueprint for
policy or regulation. Geographic regions,
cultural/historical backgrounds, moral rules and
many other aspects influence to what extent policy is
going to be successful. Nevertheless, regulatory
bodies are necessary to control food traceability.
Currently, national bodies are responsible for the
regulation and enforcement of seafood [25] (see box
1)

Governance tends to be shared and inclusive with
a decentralized structure. This suggests ‘consensus
rather than consent’, indicating that outcomes
are agreed upon rather than accepted [26]. Thus,
as situations change, there must be continual
institutional and legislative adaptation. For example,
in addition to ongoing regulatory adjustments,
governance reforms may incorporate stakeholder
participation and decentralization if these processes
increase effectiveness and efficiency (see Annex 1).

sector as well as on an intergovernmental stage. On
the national level there is a need for more interaction
between farmers, industry and the government. It is
therefore crucial that stakeholders across the supply
chain exchange knowledge and interests (see annex
2). Within segments of the supply chain data transfer
platforms are very effective. System software and
media allow for rapid exchange of information and
aid in the creation of traceability systems [11].

Certification

Certification is a tool to stimulate the aquaculture
sector in becoming more sustainable. Certified
products tend to improve traceability as well. The
amount of certified seafood in aquaculture is growing
over the last years, with around 5% of the market
being currently certified [27].

Certification is mostly carried out by private actors,
but public bodies also play a role. Private actors
generally aim for the most sustainable 15-30% of the
sector — rewarding the best farmers [28,29]. These
schemes aim at the international trade market.




Certification schemes that are run by the state set a
minimum standard that farmers have to obtain, or
sanctions will follow. They are therefore aiming at
the worst performers in terms of sustainability [29].
An interesting observation is that the average part in
between these extremes - which is always the biggest
part - is not targeted within the current schemes [6].
Most of the certified products are sold in developed
regions such as Europe and the US, where
the demand for sustainable certification is highest.
In developing countries, by far the largest aquaculture
producers and consumers in the world, there is less
demand for sustainable certification [27,29]. The
demand for sustainability will probably not change
in the near future but in some countries, e.g. China,
food safety is becoming a main concern and could be
a reason for traceability and certification [30]. Seafood
consumption is expected to increase in
developing countries. This can affect export to the
global North; also hampering the possibilities for
developed countries to demand producing countries to
have sustainable practices with certification
schemes [30].

Certification companies are continuously striving to
improve the auditing of their member farms. Third-
party auditors are independent actors that test farms
for the certification standards. As aquaculture farms
can have different certificates at the same time,
certification companies are currently looking into
possibilities for joint auditing [28]. One perceived
disadvantage of certification is that it mostly targets
the richer, and therefore larger farms that can afford
to buy the certificate. Small-scale farmers often do
not have the means to get certified by themselves but
are finding ways to enter the market and obtain
certification by forming clusters, reducing the costs for
each member (see box 2). Certification companies
want to stimulate this involvement of smallholders
and programs to achieve this are being launched [28].
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Figure2: Traceability System

Inclusion of small-holders: Case study of South
East Asia

"Small-scale aquaculture producers in developing
countries are facing new opportunities and
challenges related to market liberalization,
globalization and increasingly stringent quality
and safety requirements for aquaculture
products, making it harder for small scale
producers to access markets” [31]. The
government of Indonesia has successfully
promoted the inclusion of smallholders through
the clustering of farms/communities as well as
providing financial incentives [12].

Clusters or farmers organizations (FOs) are
conglomerates of farmers or communities working
together to facilitate production processes and
information exchange. Cluster management is
used to implement appropriate better management
practices (BMPs), which can be an effective tool to
improve the aqua- culture management of the
concerned cluster. Better disease control, access to
market, empowerment/ bargaining power and
exchange of knowledge are some of the examples
showing improvement [31].

Sometimes clusters are formed too fast eventually
leading to failure. Three main reasons that
determine the success of the cluster are: (1) there
should be a match between the existing capacity,
skills and experience of members and what is
required to undertake joint activities; (2) internal
cohesion and a membership-driven agenda; and (3)
successful, commercially oriented integration of
the FO into the wider economy [32].
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Control

The control of traceability needs to answers three
questions: (1) what species it is; (2) where it is from
and (3) whether it is wild or farmed [34]. New
technologies are emerging to make control more
specific and faster. Costs are a factor to take into
account in order to allow these technologies to trace
across the whole supply chain.

Technologies

There is a large number of different technologies
available to test for the authenticity of fish [33]. It
depends on the purpose of testing which option is
preferred. DNA-based techniques have been widely
used over the last years [9,34]. This technique is very
helpful for identification of species, even when they
are closely related. DNA shows high stability and can
still be used for identification in highly processed foods
[9,35]. PCR sequencing is the most common method
currently used [35].

An emerging technology in genetics is next-
generation sequencing  (NGS) or high-throughput
sequencing. It comprises several recent technologies
that are able to identify separate species in mixtures
of different fish as well [25,36,37]. Also, NGS can be
used for species identification in fish feed, to test
whether endangered species were used and prevent
illegal fishing [37]. A disadvantage of using DNA is the
relatively high price, but this is already decreasing
and is expected to decrease further [38].

The DNA of species within a region often does not
show enough differences to ascertain the exact
geographical origin. Biochemical techniques are better
suited for this purpose, testing hard tissues, mostly the
fish ear-stones (otoliths), for chemical properties that
are unique to a geographical area [38,39]. Even over
relatively short  geographical distances, the
discrimination power of otolith chemistry has been
shown [34].

To test for antibiotic and pesticide residues, mass
spectrometry is used. With this very accurate
technology quantities up to picogram levels are
detected[25].

Traceability systems

The concept of traceability systems is relatively new,
especially regarding the marine environment.
Internal traceability systems are simpler and cheaper
to implement as they focus on a specific part of the

supply chain. External systems are more extensive
but allow tracing along the whole supply chain.

New technologies allow for increased efficiency. One
important trend in the food sector is the use
electronic traceability and monitoring using Radio
Frequency Identification (RFID) and Wireless Sensor
Networks (WSN) [40]. RFID and WSN technologies
are in use in all stages, starting from fish farms up to
the delivery to the retail [41].

RFID in traceability systems improves management by
tracking quality problems, improving management
recalls, improving Vvisibility of products and
processes, automate  scanning, reduce labor,
enhance stock management and reduce operational
costs [42,43,44].

Traceability systems can process a lot of information/
data, necessary to create output. This is an advantage
for companies who can afford this system. For small-
holders and smaller companies this is not always the
case. In addition the processing of data requires
infrastructure and technical knowledge, which is not
always available.

Key Messages

e Traceability is an emerging topic, relatively new
to the seafood sector. Complex supply chains in a
globalized world pose challenges for tracking and
tracing seafood.

e High traceability helps to achieve food safety,
transparency and sustainability

e Demand for traceability is increasing but demand
for sustainable certification will not grow
substantially. However, food safety will become
more important globally

e Consumption will increase in producing
countries, limiting export to the global North.
This can have implications for the influence
certification schemes of developed countries can
have

e Traceability should be tackled from a technical as
well as policy angle in order to address the whole
supply chain effectively

e More communication and cooperation within
the sector is vital for coherent and effective
policy outcomes (interplay between industry and
public bodies).

e Traceability is a means to achieve sustainable
aquaculture but traceability in itself is not
enough.
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