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Key messages
The aquaculture sector is continuously growing and is expected to keep growing in the following
years. The horizon scan on aquaculture – covering the nexus of ocean, biodiversity, nutrition and
livelihoods – has identified the main opportunities and challenges in the future, on the topics of fish
feed, traceability, livelihoods, management practices and lastly marine spatial planning.
In regards of fish feed, there is a need for sustainable feed sources to feed the ever growing
aquaculture sector. The first steps in this process are (1) to continue the research efforts on the
sustainability of alternative feed sources, (2) to include local farmers in the developments regarding
feed efficiency and (3) to encourage the consumption and production of omnivorous and
herbivorous species.
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. Current challenges and opportunities lay in the improvement of traceability in aquaculture
through (1) coherence and governance, (2) certification and (3) control.
Many people rely on fish not only for their nutrition but also as a source of income.
In order for aquaculture to contribute to the improvement of people’s livelihoods it must (1) foster
the widespread inclusion of all stakeholders and their indigenous knowledge, (2) empower women
and their active participation and (3) encourage the establishment of cooperatives of small-scale
producers.
As the industry continues to grow, new techniques in aquaculture systems and processes are
constantly being developed. This means that yield, efficiency and sustainability of aquaculture
production can be increased by existing and newly appearing methods. However, it is important
that attention is paid to the abiding threats related to existing and newly appearing aquaculture
practices.
Marine Spatial Planning (MSP) is a global planning and management tool that ensures biodiversity
conservation of marine resources and sustainable economic development of marine industries,
including but not limited to aquaculture. Economic development without consideration for healthy
and functioning ecosystems will affect the livelihoods of both current and future generations. As
such, effective MSP must be (1) ecosystem-based, (2) area-based, (3) integrated, (4) adaptive, (5)
strategic, and (6) participatory.
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Introduction
In September 2015, the United Nations General Assembly adopted the most ambitious
global development framework in history. It was called ‘Transforming Our World: the 2030
Agenda for Sustainable Development’ and composed of 17 goals and 169 targets aiming
at eradicating poverty, fighting inequality and tackling climate change. It builds upon the
work of the Millennium Development Goals (MDGs), which ended in 2015 after a 15-year
agenda. The newly adopted Sustainable Development Goals (SDGs) provide a framework
up to 2030 that targets to, according to Secretary-General Ban Ki-moon, “end poverty in
all its forms” [1]. With the SDGs adopted, the focus now lies on implementation.
Referring to the Terms of References (ToR) set up by the Policy Analysis Branch of the
United Nations Sustainable Development Division, our team of externs from Wageningen
University (WU) and the State University of New York (SUNY) had to provide inputs on issues
related to the SDGs in the nexus of Oceans, Biodiversity, Nutrition and Livelihoods (OBNL).
The objective was to undertake a horizon scanning approach, which aims at finding high
impact scientific findings and technological solutions in the nexus of OBNL. It is a future
orientated approach, challenging current thinking and past assumptions, focusing on a
systematic examination of potential threats and opportunities, detecting early signs of
promising developments and analysing effects of new technologies. Focusing on
synergies and trade-offs between different sectors is of particular importance since lack of
integration among these had previously been one of the main pitfalls to implement
sustainable development.
Based on the request outlined in the ToR, the collaborative group from WU and SUNY
decided to focus on the topic of aquaculture. After preliminary research and expert
interviews, this topic proved to be highly relevant to the nexus of OBNL and the SDGs.
Aquaculture is increasingly important to relief pressure from wild fisheries for the production
of fish, supports more and more livelihoods in especially developing countries and
provides the necessary proteins in human food diets. Rising population growth and
corresponding increasing demand for proteins make that by 2030 there will be a gap
between demand and supply of 65 million tons of fish [2,3]. While wild fisheries possibilities
for growth are limited as 85% of the world’s wild fish stocks is currently fully exploited or
overfished [4], aquaculture is considered a promising option to feed the world with fish
and close this gap [2,3].
Currently 60% of all aquaculture in tonnage comes from freshwater production, 32.3% from
seawater and 7.7% from brackish water [5]. Aquaculture is highly concentrated in Asia,
since 88% of aquaculture products is produced there, with China as the dominant player
with 62% of global production [5]. However, while aquaculture production is dominant in
developing countries, in 2012 developed countries consumed over 73% of total available
seafood exports [6]. Over the past decades aquaculture has grown on all continents [7]
and with a global growth rate of 6.6% per annum it is the fastest-growing animal-foodproduced sector [8]. Projections are that aquaculture will continue to grow in the future; in
Asia but also in areas where there currently is little or no aquaculture, as Africa and Latin
America [9]. Increasing economic opportunities have induced an intensification of the
sector, causing a replacement of low-intensity ‘traditional’ culture methods with large
monoculture production systems, an increased use of pelleted feeds and introduction of
new species [10].
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However, key challenges lie ahead that could possibly undermine future growth in
aquaculture. Some perceive aquaculture still as a environmentally unsustainable
production method [11,12], while others see the expanding industry as an efficient and
sustainable way to produce food [13,14]. The key limitations to future growth would be the
negative environmental impacts and natural resource limitations [15]. This project focused
on analysing the key threats and opportunities, focusing on high-impact scientific findings
and new technologies as requested.
Approach
In order to give an overview of the future challenges, five separate topics were chosen:
fish feed, traceability, livelihoods, cultivation practices, and marine spatial planning. These
topics were chosen due to their cross-sector relevance, importance to aquaculture and
covering of the nexus of OBNL. Together they provide a comprehensive, although not
entirely covering, view on the future developments of aquaculture related to the SDGs.
For each subtopic, a horizon scanning method was performed. Data was collected in
three steps: (1) literature review, (2) expert interviews and (3) panel discussions. In the first
step, literature review, general information on the topic was gathered by reading scientific
articles, reports and other written documents. To complement the literature, interviews
were performed with experts in the field of aquaculture. In these interviews, there was a
focus on emerging trends and future outlooks. As the last step panel discussions were held,
leading to new insights by bringing experts with different backgrounds together to discuss
the current and future issues in aquaculture. For an elaborate explanation on the
methodology, please see Annex I: Methodology
A total of 61 experts were interviewed for this project or joined a panel discussion. A map
with their nationalities is presented in figure 1. Among the interviewed persons were
researchers, NGOs, professors, the industry and activists. Most people had a background
in aquaculture, but experts in related fields were interviewed as well to get a more
comprehensive overview and an outsider’s perspective. For a complete expert list, please
see Annex II: Expert list.
Figure 1. Map representing nationalities interview experts
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EXECUTIVE SUMMARY
This brief outlines the future trends in fish feed use in aquaculture. Fish feed is important because of its high
costs, the nutritional value for both the fish and humans consuming it, and the environmental impacts.
Contemporary feed mainly consists of two types of resources: marine and terrestrial. However, an increased
demand for fish species and more competition with other sectors limits the supply of conventional fish feed
resources for aquaculture. These factors make that the industry is more and more looking for alternatives
sources to provide the necessary nutrients. There are a lot of different alternative options, some of which are
more promising than others, but it is likely that in the future multiple ingredients will be used for the
formulation of feed pellets. Nevertheless, reliance on traditional sources will continue in the near future.
These trends will lead to that the interlinkage between aquaculture, wild fisheries and agriculture will
become more important. Important focal areas remain: guidance of small-scale farmers, communication
along the value chain, responsible harvest of fishmeal and fish oil, and use of local feed ingredients.
————————————————————————————————————————————————————
INTRODUCTION
The rapid growth of modern aquaculture has mostly been due to the advances made in fish feeds [1] and
its progress will be driving the expansion of the industry in the future [2,3]. Fish feed is very important for
aquaculture production because it usually constitutes over 50% of the production costs and it has a
significant impact on the quality, safety and nutritional value of farmed fish [4]. However, certain aspects of
feed can cause environmental impacts such as nutrient runoff and overexploitation of resources [5,6]. Feed
types can be divided into three groups: industrially compounded feeds, farm-made feeds and raw
organisms. The total use of industrially compounded feed in the production of major species is estimated at
39.62 million tons [7], while the use of farm-made aqua feeds is estimated to be between 15 and 30 million
tons, and direct use of raw organisms, mostly trash fish, is estimated to be between 3 and 6 million tons
[8,9,10,11,12]. South American and European aquaculture facilities mostly use high-performance
compounded feeds, while Asian aquaculture facilities still largely rely on trash fish and farm-made diets,
Africa’s aquaculture facilities mostly use locally made fishmeal [10]. The main considerations for a farmer to
decide upon the choice of feed are: feeding habit and market value of the produced species, the type of
culture system used, the availability of a feed type on the market and personal financial resources [1,2].
STATE
Feeds are made up of approximately forty essential nutrients such as amino acids, vitamins, minerals, and
fatty acids [13]. Contrary to people and livestock, fish species and shrimp do not require specific
ingredients, however, their diets need to contain these vital nutrients [14]. The exact diet differs per fish type
and species: Annex I contains a table that provides an overview of the differences in feed composition for
different fish types. A part of the species produced in the aquaculture sector do not need external food
supply [15,16]. For fed aquaculture species, the ingredients can be roughly divided into two categories:
marine resources and terrestrial resources.
Marine resources mainly consists of fishmeal and fish oil, as these provide the necessary energy inputs to
achieve optimal growth [4]. Aquaculture is depended on wild fisheries for the production of fishmeal and
fish oil: in 2012 16.3 Mt of fish landed by wild fisheries was used for this purpose [9]. Since production from
wild fisheries is stagnating [17,18] and competition for fishmeal and fish oil by other sectors is increasing [19],
fishmeal and fish oil are therefore only available in limited quantities. This is perceived as a threat to the
growth of the aquaculture sector [20]. Despite often given less attention in the feed debate than fishmeal
and fish oil, key terrestrial resources for feed include soybeans, maize and rice [21]. The availability of these
terrestrial resources for feeds is jeopardised due to increased competition with the human food market and
concerns about environmental degradation [21,22,23]. Key issues regarding the sustainability of these
sources need to be solved in order to ensure a secure supply in the future.
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Feed production grew with 10.3% per year between 2000 and 2012 [7], but if the current growth rate is to
be maintained in the future, the supply of nutrients and feed inputs will need to grow at a comparable rate
[24]. Alternative fish feed sources are needed to allow the aquaculture industry to increase production in a
way that does not put pressure on limited wild fisheries, maintains the human health benefits of seafood,
minimises negative environmental effects and is economically viable [13]. This policy brief will outline the
key trends in fishmeal, fish oil and terrestrial resources, analyse the accompanying threats and
opportunities, and investigate the possible use of alternatives that are necessary for a sustainable feed
production.

FUTURE TRENDS

Fishmeal and fish oil will stay important in future diets. However, the concerns about the sustainability of
these ingredients and their growing prizes on the global market incentivise a more efficient use of these
ingredients and the use of alternative feed sources [29,30]. Fish oil will remain a highly demanded ingredient
in the foreseeable future [31], but competition from industries that are often more financially capable
threatens its supply for the aquaculture industry [24,27]. The total use of fishmeal will likely decline due to
increased competition with the human consumption market for raw fish and availability of alternatives that
become more cost-effective [32,33]. Finite supply of fishmeal and fish oil may or may not become a major
constraint to aquaculture development [16,20,34], but the stagnating production from wild fisheries [17]
and growth of the aquaculture sector could lead to increased harvest of wild stock and unsustainable
fishery practices [5,24].
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The sustainability of the aquaculture sector is linked to the sustainable supply of terrestrial resources, since
herbivorous and omnivorous species are still dominating the aquaculture sector [26]. A lot of terrestrial
sources currently used in feeds, such as soybeans, maize, rice and wheat are also important for the
terrestrial livestock industry and for direct human consumption [21]. Due to the growing competition with
these markets the price for these commodities has increased dramatically [36]. Especially for the availability
of soybean this development is relevant, since this is the most common source of plant-based proteins in
compound feeds [26].
ALTERNATIVES
Competition for fishmeal and fish oil, stagnating fisheries and environmental concerns have driven the fish
feed industry to look for alternatives for both ingredients [27,37]. Figure 1 provides an overview of alternative
ingredients for fishmeal and fish oil, visualised by current level of production and its promise.
In order to be a suitable alternative to fishmeal or fish oil, the alternative ingredient should possess similar
nutritional properties. An alternative for fish oil should therefore contain sufficient levels of essential fatty
acids [39], while fishmeal replacements should be a protein source that is digestible by the species for
which the feed is meant [26,27]. However, not just the nutritional value of the alternative ingredients but
also the sustainability of the ingredients production process should be taken into account. According to the
triple bottom line theory the sustainability of a source is determined by whether in the long term its
production will not have a negative impact on the environment, livelihoods and whether it is economically
viable in the long term [39]. Increased use of an alternative source can have negative environmental
impacts; particular concerns include deforestation and global water shortages [29]. There is a lack of
knowledge about the potential impacts an increased production of alternatives sources could entail for
both the environment and livelihoods. These knowledge gaps make it difficult to determine the
sustainability of certain alternative ingredients.
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Perfect substitutes for fishmeal and fish oil
have not yet been identified [39,40]. There
is not yet an alternative source known that
both meets the nutritional and economical
requirements [39]. Fishmeal is still an
important ingredient in fish feed, in
particular for marine and carnivorous
species, while fish oil remains at this moment
an irreplaceable ingredient in feed for all
types of fish [29].
Formulated pelleted feed is becoming the
most significant source of nutrition for
farmed fish [41]. Pellets consist of a variety
of ingredients that are pressed together.
Even though there is not yet one alternative
source that can completely substitute
fishmeal or fish oil, it is likely that in the future
the use of substitute ingredients for fish oil
and fish meal in pellets will increase [40].
Figure 1. Overview of feed sources that could potentially be an alternative for fish
oil, fishmeal or both.Annexes III, IV and V provide more detailed information on the
alternative sources displayed in figure 1.

PROSPECTS
Although aquaculture today is more sustainable than terrestrial animal production, there will be some key
challenges in the production of fish feed. The growth in production of carnivorous, herbivorous, and
omnivorous species will most likely put increased pressure on both marine and terrestrial feed resources,
and competition from multiple sectors will probably drive up the price. The interlinkage between
aquaculture, wild fisheries and agriculture is growing and these sectors will become more depended
upon each other for future production. Research in the area of alternative lipid and protein sources in
feed are promising and will trigger the shift from the dominant use of one ingredient, like fishmeal, towards
multiple ingredients that can be formulated into feed pellets. Nevertheless, in the near future fishmeal and
fish oil will remain important due to their unique nutritional properties, which influence growth and survival
rates and the nutritional value of the final fish for human consumption [13].
In addition to these global challenges, there some other important focal areas:
• Communication along the value chain. Many consumers, producers, and purchasers remain unaware
about the suitability and sustainability of alternative feed sources [25].
• Responsible harvest of fishmeal and fish oil. As long as fishmeal and fish oil is derived from sustainable
fisheries, there is no problem with using it in fish feed [6]: any fishmeal and fish oil that comes from wild
fisheries should be managed under the FAO Code of Conduct for Responsible Fisheries and countries
should follow the guidelines on the use of wild fish as feed in aquaculture [26].
• Guidance small-scale farmers. Currently, little guidance is given to small-scale farmers to formulate and
manage their feeds, while they still form the backbone of (especially Asian) aquaculture [26]. Farmers
could be assisted to improve their feed formulation. This would reduce their production costs and
minimise use of unnecessary feed additives and chemicals to reduce waste [19].
• Use of local feed ingredients. The use of local feed ingredients that are safe, nutritionally sound and
sustainable, should be maximised to improve efficiency and reduce environmental impacts [39,42].
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Annex I
In Table 1 the different compositions of diets are outlined among the different fish types:
Table 1. Overview of general fish feed ingredients of aquaculture feeds for major fed species, derived from Tacon and Metian (2015).

Type of species

Aquatic
protein meals
& oils (%)

Terrestrial animal
protein meals &
oils (%)

Terrestrial plant
protein meals &
oils (%)

Other plant
meals and
fillers (%)

Feed
additives
(%)

Herbivorous and
omnivorous fish

4

14

29

49

4

Marine and
carnivorous fish

30

20

30

15

5

Penaeid shrimp
species

19

9

29

29

4

The total demand for commercial aquaculture feed is dominated by herbivorous and omnivorous carp
species (11.3 Mt), followed by shrimp (6.18 Mt), catfish (4.27 Mt), salmon (2.98 Mt), marine fish (2.98 Mt),
other miscellaneous freshwater and diadromous fish (1.31 Mt), freshwater crustaceans (1.80 Mt), milkfish
(1.14 Mt), and eel (370,000 t) [7]. However, despite the omnivorous species dominating the total demand
of fish feed, the majority of fishmeal is consumed by shrimp (27.2%) and marine and anadromous fish
(32.5%): omnivorous fish (i.e. carp, tilapia, catfish) are fed small amounts of fishmeal. Additionally, almost all
the fish oil is consumed by shrimp and marine and anadromous fish [26] For algae, oysters, clams and
scallops the feed issues are irrelevant, because they do not need external feed sources [15,16].
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Annex II: Improved fish feed efficiency
Demand in fish feed is not only driven by external factors, but also by the efficiency of feed use. In this
regard two terms are important: the feed conversion ratio (FCR) and fish in and fish out (FIFO) ratio. FCR
estimates the amount of feed needed to obtain 1 kg live, net weight of the culture species. FIFO shows the
ratio between the quantity of live fish needed to produce 1kg of aquaculture species. The FIFO ratio should
include both fishmeal and fish oil and depends on the FCR and the percentage of fishmeal and fish oil in
feed [43, 45]. FCRs have improved in recent decades [26]. Improvements can still be gained because on a
genetic level the FCR decreased with 4 percent per generation. [3, 27] Tacon and Metian (2015) [7] predict
that FCR will still decrease for many species between 2015 and 2025: Chinese fed carp species (from 1.7 to
1.6), tilapia (1.7 - 1.6), catfishes (1.4 - 1.3), other freshwater and diadromous fishes (1.8 - 1.7), salmon (1.3 1.3), trout (1.3 - 1.3), milkfish (1.8 - 1.5), eel (1.5 - 1.5), marine fish (1.7 - 1.5), shrimp (1.7 - 1.5), and freshwater
crustaceans (1.9 - 1.7). The FIFO ratio has fallen well below 1.0 [25] and several FIFO ratios for the global
aquaculture industry have been reported: 0.7 [44] 0.63 [25] and 0.52 [45]. The FIFO ratio of four species
decreased between 1995 and 2006: salmon (7.5 - 4.9), trout (6.0 - 3.4), marine fish (3.0 - 2.2), and shrimp (1.9
- 1.4). [44]

A HORIZON SCAN ON AQUACULTURE, DECEMBER 2015
Annex III: Alternative sources that could substitute both fish meal and fish oil
Table 2: Table of potential alternative sources, showing the advantages or disadvantage within different
categories. Nutrients refer to the level of nutrients that the alternative source provides for the replacement
of fishmeal (FM) or fish oil (FO). The environment refers to potential hazard on the environment. Livelihood
represent the possible effect of the alternative resource on people, for example providing jobs and health.
Economics refers to the potential benefits or disadvantages regarding the commercial viability of the
alternative source. The positive indicators are (+), a few positive impacts, (++) some positive impacts and
(+++) many positive impacts. The negative indicators are (-) a few negative impacts, (--) some negative
impacts and (---) many negative impacts. . For further explanation of the advantages and disadvantages
of the alternative see the table in the Annex and the further descriptions of alternatives in the Annex.

Source

Nutrients
A

By-products
fish

DA

Environment
A

DA

A

DA

Economics
A

DA

FM +++
+++

FO +++
Rendered
animal
proteïn

FM +++
FO +

--

Algae

FM ++

-

++

+

--

FO +++
Krill

Livelihood

--

+++

+

---

+

---

FM +++
FO +++

+

---

Fish by-products
Another way to tackle the limited supply of fish oil and fishmeal despite a growing demand is by finding
not-yet fully exploited opportunities. For example, at the moment about 25% of by-products and trimmings
that are left over from human consumption oriented wild fisheries are used to produce fishmeal and fish oil.
[34] Processing the waste of fish from wild fisheries, such as head, intestines and bones, could provide an
alternative source for fish meal and fish oil that is commercially available [3,21,27,46] The use of processing
fish waste is a good recycling method that potentially reduces the fishing pressure on wild populations. [27]
However, there are some challenges. By-products must be available in sufficient quantities and over a
sufficient period to justify investing in the construction and operation of processing factories to convert
them to meal and oil. Therefore, scaling up for processing remains a major constraint, particularly for small
scale fisheries [25]. On top of that, it is expensive to transport from remote location. A disadvantage of the
source is the possibility of fishmeal and fish oil produced containing contaminants dioxins or heavy metals
that have the potential to bio accumulate in farmed fish. [13,25,27,47].
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Rendered animal products/ terrestrial animal protein
Examples of rendered animal products are meat by-products produced from slaughtered farmed livestock,
poultry by-product meals and fats produced from slaughtered farmed poultry and blood by-products
produced from slaughtered farmed livestock converted into blood meal and dried plasma products [47].
Currently some countries, for example Australia and New Zealand, are already replacing fish oil with byproduct from terrestrial animals [27] In Europe there are strict regulations regarding the use of these
ingredients due to the concern of disease transmission through fish feed. [25]
Products that are rendered from terrestrial animals like, meat and bone meals, feather meals and poultry
by-products, are a good alternative source for fishmeal [25,27] Replacement of fishmeal with animal
rendering by-product meals may be a more suitable alternative for some species of fish, especially the
carnivorous species [48] than for others. Animal products contain a high level of amino acids, short chain
omega-6 fatty acids and lysine, they are easily digestible due to improvement of processing techniques
[27] thus it is, nutritionally speaking, a suitable candidate to replace fishmeal. Lipids derived from rendered
animal products are a good energy source for fish [49], however, they are low in omega-3 fatty acids. But
when they are not incorporated in the feed for more than 50% of the lipid level and if other feed sources
provide the fish with its essential fatty acid requirements, inclusion of terrestrial animal lipids in the diet will
not have a negative impact on the growth performance of the fish. [50, 51].
An economical advantage of rendered products is that they usually are a cost-effective source of
digestible protein and digestible energy, bio-available essential amino acids, fatty acids, and minerals for
most aquaculture species [51]. Although rendered animal products can contribute to the reduction of fish
oil in fish feed it is unlikely that it can be an total alternative because fish oil has still higher fatty acids
percentage [39]. Rendered Animal Protein products are also rich dietary sources of cholesterol, minerals
and trace elements, fat soluble and water soluble vitamins and other important nutrients, including
arachidonic acid, taurine, nucleotides and hydroxyproline. [39]
Algae
Microalgae, such as spirulina, chlorella and dunaliella, can be produced with lower-cost open-pond
technologies and marketed as dry powder products [47]. Currently only spirulina is commercially available,
but its inclusion is cost-prohibited in production diets for most species. It seems to provide some yet to be
defined nutrients in fishmeal-free diets for marine fish such as white sea bass [47].
Algal biomass could substitute both fishmeal and fish oil and could therefore contribute to the production
of high quality cultured fish in the future [6,52,53].The advantage of algae is that is contains a high level of
nutrients that are not found in terrestrial ingredients. And micro-algae oil contain high amounts of omega-3
fatty acids. [34,54,55]. The disadvantage is that algae are low in protein and it would therefore require
significant processing to produce concentrated nutrients for fish feed [13]. It is energy and technological
intensive to produce fish feed out of bacteria.
Due to high production costs and unpredictable supply as well as technical difficulties in incorporating the
algal material into palatable food preparations, the propagation of algal protein and lipid is currently
research based [6;55,56]. Further research into the efficiency in use and sustainable production of algae
could change that in the future. [57]
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Krill
The Antarctic krill is a potential source for alternative fish feed ingredients [6,13, 34]. The composition of krill is
55% protein, 10% moisture, 10-15% fatty acids and 15.2% ash [58]. Krill is a lower trophic level species that
can easily replace fish meal and oil because of its high quality and high palatability. Krill represents a larger
potential available source because of its enormous biomass, estimated over 700 million metric tons could
be harvested annual. [59]
However krill is at the base of the Southern Ocean food web and is also particularly sensitive to
environmental variables, including climate change [25,60] A multi-species management approach is
necessary to take into account potential impacts on krill-dependent predators and the Antarctic marine
environment as a whole, in case of an expansion of the krill fishery. Although krill catches in the southern
ocean are currently well below Commission for the Conservation of Antarctic Marine Living Resources
(CCAMLR), there is potential for a rapid expansion of the fishery in future years, as krill processing
technology develops and demand for krill products increases [61]
Another problem with krill is that it is widely dispersed in the Arctic and Antarctic regions and there is a lack
of harvest techniques [62]. It would require a tremendous outlay in capital land energy for the harvest [59].
Therefore, compared to fish oil it is expensive and not as available. So in the short term it will probably not
be a suitable alternative for fish oil and fishmeal. In the long term however, this availability could be
increased and costs could decrease due to a growing knowledge regarding utilization and technological
development.[56] Which would make it a very interesting source in the long hall.
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Annex IV: Alternative ingredients for fishmeal
Table 3: Table of potential alternative sources, showing the advantages or disadvantage within different
categories. Nutrients refer to the level of nutrients that the alternative source provides for the replacement
of fishmeal. The environment refers to potential hazard on the environment. Livelihood represent the
possible effect of the alternative resource on people, for example providing jobs and health. Economics
refers to the potential benefits or disadvantages regarding the commercial viability of the alternative
source. The positive indicators are (+), a few positive impacts, (++) some positive impacts and (+++) many
positive impacts. The negative indicators are (-) a few negative impacts, (--) some negative impacts and
(---) many negative impacts. . For further explanation of the advantages and disadvantages of the
alternative see the table in the Annex and the further descriptions of alternatives in the Annex.

Source

Nutrients

Environment

A

DA

A

Insect

++

-

++

Mollusks

+

-

+++

Terrestrial crop

++

--

Seaweed

+++

-

SCP

++

-

waste sources

++

-

++

DA

Livelihood
A

DA

A

--

-

---

--

--

++

-

+

Economics
DA
--+
-+

-

+

Insects
Insect like worms and the black soldier flies could potentially be an alternative protein source for fishmeal
because of their high quality of protein [6,16, 52]. Compared to soya they also have a high level of
methionine, lysine and valine [63]. Sheppard (2007) states that minimal 25% of the fishmeal can be
replaced by insect meal without lowering the feed conversion
However it would be hard to produce the volume that is necessary for fish feed [55]. The price of the insect
PAP is more than €3,000 per ton, which is affordable for the pet feed market, but for fish meal it is not
competitive. In order to become a viable candidate to substitute fishmeal, the price should become
lower[64].
Mollusks (bivalves)
Mollusk species, more commonly known as shellfish, could be an alternative source for fishmeal, mainly
because they don’t need to be fed, they use natural resources as nutrients [21,52]. Mollusks are generally
farmed along coastlines where wild or hatchery-reared seeds are grown on the seabed or on suspended
nets, ropes or other structures. Carps and marine mollusks account for more than three-quarters of current
global aquaculture output. [34] Bivalve aquaculture may provide services as the bioremediation of
extensive nutrient runoff and can therefore be used to combat eutrophication symptoms [65,66]; mollusks
perform bio extraction. An example of a mollusk is the mussel. Mussels filter the nutrients form the oceanic
water and they are primarily farmed for human consumption. But they can also be used as a measure to
remove nutrients from the marine environment [67]. Mussels are a sustainable substitute to provide protein
to finfish [16]. They can also be used as a mitigation tool for nutrient runoff. The basic principle of mussel
farming as a mitigation tool is that by harvesting cultured mussels, the unidirectional flow of mineral nutrients
from land to sea is returned by bringing back the nutrients bound in the mussels from sea to land, and the
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emitted nutrients from land become a resource that can be recycled [68].
Mollusks can be produced in IMTA systems [16]. However, open water IMTA systems face constraints
regarding the efficient removal of nutrients from caged fish wastes. While there are reports of increased
growth of shellfish and seaweeds in the vicinity of fish cages, the effectivity of bivalve mollusks in reducing
the environmental impact of marine fish farming has been subject to doubt [41]. Long-line Mussel-farm
structures have effect on oceanic currents. The large structure of mussels act like blockages, that influence
the oceanic current resulting in lower dispersion of waste and nutrients [69]
Terrestrial crop
There has been an increase in the use of plant-based materials such as soybeans, tree pulp, corn, canola,
peas and wheat in fish feed. Terrestrial crop can be used to feed carnivorous, omnivorous and herbivorous
fish [26] Currently soy-protein concentrates dominate the commercial market and wheat-protein
concentrates are also suitable from a nutritional standpoint but have some processing constraints [6,27].
The complete replacement of fishmeal with plant based protein is possible without loss of growth
performance in some species [48]. In some carnivorous species replacement of fishmeal by plant based
sources affects the growth negatively [48].
Plant based feed tends to have a lower crude protein content than fish meal and more indigestible
organic matter in the form of insoluble carbohydrates and fiber, leading to higher levels of fish excretion
and waste [27]. Plant based protein can lack fatty Omega 3 acids. [70] As it is a relatively emerging
practice there is still little knowledge on the long-term effects of plant extracts on fish physiology as well as a
lack of homogenization in the extract preparation and fish administration of the plant extracts [71]. The
intensified use of terrestrial crop for fish feed will be in direct competition with other animal feed industries. In
addition, people also consume plant-based sources which implicates that fish feed based on terrestrial
resources also competes with the market for human consumption. Other disadvantages of plant-based
alternatives are the high input of nutrients and chemicals, the expansion and intensification of land use, an
increase of energy-dependency ratios, the anti-nutrients that most plants contain and the increased
greenhouse emissions. [27] Further it will significantly increase the pressure on freshwater due to the use of
water resources for the production of crop for aquaculture, thus affecting the water footprint. [72]
Seaweed
Seaweed is a very interesting alternative feedstock for fish feed [73,74]. Seaweed can provide fish culture
with three necessary sustainability features: financial diversity, environmental compatibility, and social
relevance. Seaweeds contain valuable amino acids and fatty acids, including omega-3 and omega-6
polyunsaturated fatty acids, these marine oils are part of the reason why seafood is considered healthy
[73]. Seaweed also contain minerals, vitamins and antioxidants as rich amounts of dietary fiber, however, it
is low in starchy carbohydrates, thus providing less glycemic load than ingredients derived from grains [13].
Seaweed is not particularly rich in lipids so an option would be to combine seaweed fermentation with MS
[6,53].
However, there are still improvements that could be made to increase the viability of seaweed as a fish
feed source, including:
• The processing (bio-refining) of seaweed to increase the availability of nutrients is currently too
inefficient to produce fish feed on a big scale [6]
• Species selection and breeding of seaweeds for fast growth and high concentrations of the most
valuable nutrients [13]
• Development of large-scale, deep water farming methods to increase the ocean area that can be
used for seaweed production [13]
Single-Cell proteins
Bacterial protein meal is produced by using natural gas (methane) as a carbon source. It can be an
excellent substitute for fishmeal in fish feed [3,6,75]. Single cell Proteins obtain nutrients through the
fermentation of a bacteria, for example Methylococcus capsulatus, by using methane gas as a carbon
and energy source. Currently a new series of SCP products have been developed from waste out of
industries namely, bioflocs [40] The proteins in bioflocs are SCP that are similar in the protein level to yeast
and algae. This single cell protein is compatible as a protein ingredient in fish feed. The bacterium has an
high percentage of protein and fatty acids [76,79] However the concentration of protein and fat depend
on the feedstock, the organisms and the processing conditions, thus the end product differs. [40] The use of
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bacteria like SCP are applicable but production cost are high and further research is required to improve
nutrient availability and digestibility and the further improvement of EAA [77]
Fuel industry
By-products from alternative fuels industries will increasingly be used for fish feed, due to the high volume of
products like ethanol [78,79] Two by-products from the ethanol industry have a large potential to become
a complement in fish feed.
The first potential candidate is Distiller’s Dried Grains with Solubles (DDGS) a co-product of the fuel ethanol
industry produced from products like maize. DDGS are high in protein [80] and lower in lysine and
methionine and have some anti-nutrients.
The other candidate is Grain Distiller’s Dried Yeast (GDDY), which is a single-cell protein source produced
from the co-product of corn [40]. This form of yeast has the potential for a dietary protein sources in fish
feed.
Nut products
Nuts that are not certified for human consumption are sold to the animal feed industry, these products are
not useful for fish feed. However, Adaptive Bio-Resources (ABR) developed a processed highly digestible
which could potentially replace a lot of ingredients for fish feed. [39,40]
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Annex V: Alternative ingredients for fish oil
Table 4: Table of potential alternative sources, showing the advantages or disadvantage within different
categories. Nutrients refer to the level of nutrients that the alternative source provides for the replacement
of fish oil. The environment refers to potential hazard on the environment. Livelihood represent the possible
effect of the alternative resource on human, like providing jobs and health. Economics refers to the
potential benefits or disadvantages of the alternative source. The positive indicators are (+), a few positive
impacts, (++) some positive impacts and (+++) many positive impacts. The negative indicators are (-) a few
negative impacts, (--) some negative impacts and (---) many negative impacts. . For further explanation of
the advantages and disadvantages of the alternative see the table in the Annex and the further
descriptions of alternatives in the Annex.

Source

Nutrients

Environment
A

DA

Livelihood

A

DA

Linseed

+

--

+

Rapeseed

+

--

+

Palm

+

--

+

Olive

++

GMO crops

++

++

A

DA

Economics
A

DA

+
--

+

--

Olive
Olive derived products such as olive pomace oil and olive pomace are promising partial substitutes for fish
oil due to their high nutritional value for fish. In fact a partial replacement of fish meal by OP has resulted in
an improvement in the fish’s nutritional ability to prevent heart diseases in people. However, olive pomace
is still low in essential fatty acids such as EPA and DHA. [81] Olive pomace and olive pomace oil are byproducts of olive oil production. [82]
Also, olive plants are, in contrast to many other plant oil crops, not water demanding. Nasopoulou &
Zabetakis [29] even state that olive oil is the plant oil resource least likely to be affected by climate change
in the Mediterranean region, even in the worst case scenario’s.
Rapeseed
Rapeseed oil can be an interesting partial substitute for fish oil. In itself it does not contain enough omega-3
fatty acids. [57] It can even have a negative impact on fish growth when more than 60% of the lipids in the
diet comes from rapeseed oil [83] However, in a fish oil finishing diet, where the fish gets 100% rapeseed oil
for the first 50 weeks and is switched to 100% fish oil in the last 20 weeks the omega-3 value of the fish is
approximately 80% compared to a fish that has been fed 100% fish oil for all 70 weeks. [84]
Linseed
Similarly to rapeseed oil, linseed oil is not able to produce levels of omega-3 in fish as high as fish oil.
However, in a fish oil finishing diet in which the fish were fed 100% linseed oil for 40 weeks and 100% fish oil
for the last 24 weeks the omega-3 levels were 88% of the omega-3 value of fish that had been fed 100% fish
during all 64 weeks. [57]
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Palm
Palm oil in itself is not a suitable too completely replace fish oil. [85] However, palm fatty acid distillate,
which is a by-product of the refining of palm oil can be used effectively in a fish oil finishing diet. [86]
GMO crops
Due to the low content of omega-3 fatty acids in terrestrial crops biotechnology is being used for the
creation of genetically modified oilseed crops that produce vegetable oils that contain higher levels of
omega-3 [27,87,88] The speed in which developments have been made so far indicate that concentrations
of omega-3 in GMO crop derived oil may be high enough to replace fish oil within the next decade. [89]
However, GMO’s remain a controversial topic amongst consumers, particularly when it comes to the use
these in the food industry due to their potential impact on the environment and human health. [87,88,90] In
a consumer driven market it is probable that, despite the potential benefits of GMO crops, this solution will
remain unfeasible in the short term. [56]

EXECUTIVE SUMMARY
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: certification schemes tend to improve traceability
Control: via new technologies and traceability systems

INTRODUCTION
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].
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

BENEFITS OF HIGH TRACEABILITY
High traceability in the seafood sector leads to
several advantages. The main ones are food safety,
transparency and sustainability [1,11].

Figure 2

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 TRACEABILITY
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 highvalue 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].
Illegal practices and fraud
Traceability is an important issue in wild fisheries to
prevent Illegal, Unreported and Unregulated (IUU)
practices. Illegal, 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].

Lower consumer trust
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
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).

Box 1: Case study European Carding System
The European “carding system”
The EU can give yellow or red cards to countries where the quality of exported food cannot be guaranteed [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 regulation.

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).
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 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. Thirdparty 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].

Box 2: Case study South East Asia
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 aquaculture 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].
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
prefered. 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 nextgeneration 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 visibility 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 smallholders and smaller companies this is not always the
case. In addition the processing of data requires
infrastructure and technical knowledge, which is not
y available.
always

Figure 3: Tracability System

KEY MESSAGES
•
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.
•
High traceability helps to achieve food safety, transparency and sustainability.
•
Demand for traceability is increasing but demand for sustainable certification will not grow substantially. However, food safety will become more important globally.
•
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.
•
Traceability should be tackled from a technical as well as policy angle in order to address the whole
supply chain effectively.
•
More communication and cooperation within the sector is vital for coherent and effective policy
outcomes (interplay between industry and public bodies).
•
Traceability is a means to achieve sustainable aquaculture but traceability in itself is not enough.
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ANNEXES - IMPROVING TRACABILITY
Annex 1
Decentralization in aquaculture: Case study China
The government is decentralizing in order to give local authorities more saying in processes involving fishing
and transportation of aquaculture produce [1].
The private sector incentivizes encouragement of investment in food safety. This should be an essential
co-requisite to increased governmental oversight. Therefore decentralization relies on overarching institutions
in order to reach markets, information platforms and technologies. Responsive regulatory approaches are
tailored to foreign market demands by Chinese authorities.
Due to the decentralization there are oversight gaps which challenge the integrity and efficacy of the Chinese surveillance system. These gaps are being filled by the private sector in combination with NGO’s acting
as interest mediators [2].
Annex 2
Innovation platforms (IPs) - Case study Egypt
Egypt aimed to increase productivity of small-scale farmers in order to promote the availability and affordability of food. The approach chosen was to build the capacity and space for innovation along the supply
chain. This was done through the facilitation of innovation platforms (IP’s) and other multi-stakeholder processes. Although this program was implemented across the food sector, will this case study focus on the effects it had on the aquaculture sector [3].
The discussion platform involved several stakeholders across the supply chain including fish farmers, retailers,
input suppliers, hatchers, authorities, experts and development partners. Only two retailers attended, but
these represented the largest share within their sector [3].
The IP aimed to: identify and improve the national and local institutional policy environment pertaining to the
aquaculture supply chain; facilitate a process of multi-stakeholder engagement to deliberate and develop
ideas to stimulate aquaculture growth; create an agenda for the development of the aquaculture sector in
Egypt.
Consensus on the following issues were identified: Access to land and water, access to quality inputs, production, access to markets. Direct output of the IP was to give farmers better representation in policy and
decision making and improve the image of fish farmers [3].
A general recommendation on IP’s is the includes of a range of stakeholders ranging from farmers to international development organizations. Four main elements to stimulate development of innovation are:
- Skills — scientific, entrepreneurial, managerial and other skills of the agents;
- Patterns of interaction — through partnerships, power and political relations, coalitions, alliances and networks;
- Ways of working — routines, institutions, organizational culture, traditional and new practices;
- Policies — clusters of supportive policies and the nature of the policy process;
- Learning — the ability to continuously learn (and unlearn) how to use knowledge and new values more effectively at the individual, household, community, organizational, sector and national level [3].
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EXECUTIVE SUMMARY
Including all stakeholders in aquaculture processes is very challenging. The exclusion of indigenous people’s
knowledge and women has led to disadvantaged policy-making affecting their livelihoods. Their lack of
involvement has resulted in uneven distribution of benefits, a disregard for local needs, detrimental effects on
human health, degradation of the environment and poor food security. Establishing cooperatives for smallscale producers would provide them with access to resources, food security, employment, skills, health
improvements, and recognition by institutional bodies resulting in higher small-scale efficiencies.

INTRODUCTION
Aquaculture is continuously expanding at a global
scale and therefore leading to both, opportunities
and threats for local communities. It generally
contributes to the overall welfare of people engaged
in the sector, particularly in Asia, where 89% of the
world’s aquaculture production takes place [1-3].
Different stakeholders, from the small-scale farmer,
to a retailer, up to an employee at the supermarket
and finally the consumer, benefit from the livelihoods
aquaculture is providing them [4-5]. The sector offers
the benefits of employment, it offers food security
by providing fish and other aquatic products as a
major source of protein for a balanced and nutritious
diet for a healthy well-being, and ultimately secures
the income of individuals or whole families [6].
Aquaculture in Asia provides the poor rural farmers
and their households with the opportunity of poverty
alleviation and access to domestic markets [3, 7].

potential for the aquaculture sector that is currently
not being fully exploited. The private aquaculture
sector and involved policy-makers are encountering
challenges to manage adequate inclusion of the
three groups and utilization of indigenous knowledge.

INVOLVEMENT AND INCLUSION OF SMALL-SCALE
STAKEHOLDERS - THE CHALLENGES AHEAD
Aquaculture and its accompanying positive
socioeconomic effects on livelihoods and nutrition
have large potential to spill-over to the (more
marginalized) groups identified; which are currently
not fully enjoying all of its benefits. In order to increase
the benefits distribution, foster a spill-over effect and
achieve improved well-being and livelihoods, the
following challenges have to be tackled [16].
Figure 1 above shows the knowledge gap between

Small-scale farmers and microenterprises in
aquaculture show a large potential to enhance
people’s livelihood, if all stakeholders are included in
the aquaculture sector and if their knowledge and
skills are taken into account [8-10]. Another aspect
of major importance is the fact that communities
are highly vulnerable and little resilient to all kind
of shocks, fluctuations and (natural, personal)
disasters [11-13]. Aspects of vulnerability arise from
social, physical, economic and environmental
factors and are often paired with low abilities of
Resilience. The latter is broadly defined as the ability
of a system or community exposed to hazards
to resist, absorb, accommodate and recover
from impacts effectively and efficiently [14]. High
vulnerability - in the aquaculture context - is low
level assets’ protection, lack of public information
and awareness, limits of official recognition of risks
and preparedness measures, and negligence for
environmental management [15].
The challenge now is to decrease or even overcome
this high vulnerability and low resilience in order to be
able to include all stakeholders, in both aquaculture
practices and decision-making. This policy brief will
look at the involvement and inclusion of women,
indigenous peoples and small-scale farmers in
aquaculture. These three groups provide large

the local (small-scale) farmer and the policy-maker.
The gap is caused by lack of communication or
miscommunication by both sides. Consequently,
indigenous knowledge of the farmer, as well as
the involvement of the policy maker, are being
weakened dueto lack of and/or mis-communication
and therefore, it tends to arrive at the respective
other end

Ignored Indigenous Knowledge and Lack of Inclusion

Ignored indigenous knowledge goes hand in hand with the lack of inclusion of small-scale farmers. If there is
no inclusion of farmers, then the other actors in the aquaculture sector automatically miss out on indigenous
knowledge that in cooperation could lead to higher productivity.
Scientists and policy-makers have continuously been overlooking fisher’s indigenous knowledge and its
importance, which is based on oral traditions and their experience of generations of fishing at sea [1718]. Local small-scale aquaculture producers are aware of the seasonality of activities and the finiteness
of resources based on their comprehensive year-round observations [17,19]. Nevertheless, their knowledge
and traditional labor-intensive operations have been unable to keep up with the pace of globalization
and economic pursuit for growth of their respective countries. Since the aquaculture sector presents the
opportunity to access the global market and to enhance national economic growth and development,
many developing countries prioritize the development of capital-intensive aquaculture. Governments
support public regulations for low taxation, credit facilities, or coastal access in order to foster production
growth and support larger aquaculture businesses. As a result, many poor coastal communities with a weak
investment capacity have been marginalized or forced to leave the sector [20-21]. With the withdrawal of
small-scale producers from the aquaculture sector, their indigenous and traditional knowledge as well as
skills of ecological (marine) resource management are lost. Consequently, developing countries have been
performing unsuccessful marine resource management due to lack of understanding by resource users, and
the ecological settings in which they operate [22]. Apart from devastating environmental degradation that
is caused by this ignorance, it additionally enhances the knowledge gap between aquaculture industry and
policy-makers that is regularly underscored as the accumulated wisdom of fisher folk and often ignored even
though it is a source of time-tested unrecorded knowledge [18, 23].

Women’s Exclusion

Increasingly important actors in aquaculture processes are women [24, 25]. Their participation in aquaculture
and fisheries is essential, although the widespread problem of gender inequality often diminishes or ignores their
roles. Often, much of women’s work is informal, unpaid and unreported, which is common in both developing
and developed countries. Women constitute a high proportion of workers in subsistence aquaculture, artisanal
and industrial processing, in fresh fish trading and retailing, environmental organizations and administrative
positions [3, 10]. In the table 1 below, it can be seen that approximately 70% of the aquaculture industry consists
of women. On the other hand, there are very few women in industrial fishing and in leadership positions [3].
% of women in
% of aquaculture workers
aquaculture producby region
tion

% women in
total

Total est.

70%

18 500 000

13 088 500

Asia

72%

18 000 000

12 960 000

Americas

25%

250 000

62 500

Africa

20%

230 000

46 000

Europe

20%

100 000

20 000

Table 1: Women active in aquaculture around the world [3]

Table 2 that in certain countries such as Denmark and Norway, women are able to hold directors positions.
However, there is still evidence that in certain countries, mostly developing countries, women’s participation
is constrained by strong cultural tabloid, societal conventions and even discriminatory laws. Women are
barred from seafood harvest related jobs, such as going on-board fishing vessels. Moreover, they may be
denied ownership rights, and thus be discouraged from fish farming business, without allowance to access
finances and insurance services. These barriers limit their capacity to improve their knowledge and skills.
Lack of inclusion of women’s role and work in seafood industry leads policy-makers to develop policies that
discriminate women, which ultimately prevents them from accessing public resources [3].

Signs of future deterioration of women’s roles include
the on-going changes in globalization and its desire
for cheap inputs including labor, widespread decline
in marine resources, deterioration of coastal habitats
and climate change which generates severe
consequences on the economically vulnerable
women population [3]. Women’s exclusion in the
seafood industry leads policy-makers to develop
policies that discriminate women, which ultimately
prevents them from accessing public resources and
actively participating in the decision-making process
[3]. Ignoring fishing activities by women leads to
underestimating the pressure on on family livelihoods
and income distributions, the marine ecosystem,
and distorting scientific advice based on biased
knowledge.

Table 2: Percentage of women holding director’s
position in the seafood industry in 2014
Denmark

27%

Norway

21%

China

13%

Iceland

7%

Thailand

5%

France

5%

Japan

2%

Chile
2%
Retrieved and adjusted from [3]

The Role of Aquaculture Cooperatives

Small-scale producers in developing countries are often not economically efficient because of the relatively
high input costs outweigh the profits. Moreover, they are unable to take advantage of economies and often
lack the financial resources such as credits and loans to make their farms profitable [26]. As the aquaculture
industry continues to grow and change, its leaders must respond to new demands, they must create new
opportunities, and they must work together towards their shared goals [27]. Establishing cooperative farms
will allow farmers to share capital and reduce input costs thereby increasing production and income. A
“cooperative” is the unification of farms belonging to many smallholder farmers.
There are different types of cooperatives (See
Annex II). The Wisconsin Aquaculture Association
is an example of a cooperative association.
Farmers
producing
a
common
product
formed a cooperative to ensure widespread
education about production techniques, market
developments, legislative activities, and other
issues that affect their industry. In addition, they
promote their products and conduct market
research to encourage the industry’s expansion
[27-29].
On the contrary, The Noank Aquaculture
Cooperative in Connecticut is an example of small-scale marketing cooperative that sells and distributes
clams and oysters for its members. The cooperative sells to servers in order to coordinate supply among many
producers to meet larger buyers’ demands for quantities and service, provide the economies of scale to
break into new markets and establish high quality standards for all members to follow [30]. Depending o nthe
service and purpose of the cooperative, it can have different benefits (see Annex II)
Lastly, there are numerous NGO’s, one of them is WorldFish, that establish cooperatives with small-scale
producers in developing countries. In 2007, WorldFish started a project with aquaculture farmers with its
purpose to supporting its members in technical and financial aspects to ensure sustainable and responsible
shrimp farming. The project was successful in increasing both productivity and profitability of small farmers.
The new more sustainable business approach fostered investments by providing technical knowledge transfer
and capacity building. The approach combines business- and management skills and therewith contributes
to improving community incomes, gender equality, and wealth creation for the region.
Through diversification and innovative, sustainable, renewable and climate adaptive engineered structures
they try to protect local communities and its environment by providing employment, food security, partnerships
with multiple stakeholders, technology platforms, and most importantly employee owned franchises [31]. This
bottom-up approach effectively contributes to the empowerment of small-scale farmers, who are in charge
of the management all accompanying responsibilities, while sharing their resources helps to meet the growing
demand for aquaculture products.
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ANNEX I WOMEN IN AQUACULTURE

Figure 2: Gender roles in aquaculture along the supply chain Source [10]
The illustration above shows the supply chain of aquaculture and the gender differentiated roles. It can be
seen that the roles and work spaces overlap. Moreover, there are broad patterns in both marine and inland
sectors. Women are more present than men, both in harvest and post-harvest sectors. However, just like any
other sector, gender differentiated roles depend on the types of activity being performed.
Although women are largely present along the chain, there are numerous constrains and obstacles to women’s participation which are listed below.
Societal
constraints/obstacles

Impact

Male dominant society

•
limited access to influential networks
•
Lower chances to occupy intermediate and leading
positions

Time spent on family caring

•
Less time for all other productive activities
•
Less time for making money
•
Less time for upgrading knowledge, participating in
training courses
•
Unpaid undeclared support to the family business

Specific to the industry
Constraints/obstacles

Impact

Barred from certain activities

•
•

Not allowed to go at sea
Glass seciling effect: hindered from accessing top positions

No ownership rights

•
•

Less possibility to run own business
Less possibility to access finances, insurances, services

Prejudices against women limit their •
Limited access to credit, financial services
access to capital
•
More stringent rules to borrow compared to men
•
Hinders investing in modern technology for fishing, farming,
processing
Policy makers’ gender blindness

•
•
•

Low visibility of women
Disadvantageous policies or less access to support policies
Non-women friendly support programmes (training, etc.)

Lack of women’s organizations

•
•

Low lobbying power
Low representation at decision making levels

Source [3]

ANNEX II COOPERATIVES
What is a cooperative?
A cooperative is a group of farmers who act together to achieve some common business objective. Two aspects of cooperatives are that they (a) are a legal, institutionalized
device which permits group action that can compete within the framework of other types
of business organization; and (b) are voluntary organizations set up to serve and benefit
those who are going to use them [28].
Differences between other businesses
1) Ownership and control of the cooperative must be by those who utilize its services.
2) Business operations shall be concluded so as to approach a cost basis.
3) Returns above cost will be returned to members on an equitable basis. Return on the
owner’s invested capital shall be limited. [28]
There are numerous types of cooperatives that could work for the aquaculture industry:
association, service, purchasing, marketing, processing and marketing.
Type of Cooperative
Cooperative Association

Service Cooperatives

Purchasing cooperatives

Description
Farmers producing a common product will
form cooperatives to ensure widespread
education about production techniques,
about market developments, about legislative activities, and about other issues that
affect their industry. The cooperative associations they form to provide this member
education may also do general product
promotion and/or market research to encourage expansion of the industry.
Provide their members with specific business services (such as tax reporting or record keeping) or with services they could
otherwise not obtain, such as credit and
insurance.
Members buy the inputs or supplies they
need in bulk. By purchasing goods together
in bulk, it provides members often with secure volume discounts and thereby reduce
costs of inputs for their individual members.

Marketing cooperatives

Members sell a large part or their entire
product to the cooperative who markets
the product on their behalf. They mainly
serve to coordinate supply among many
producers to meet larger buyers’ demands
for quantities and service, provide the
economies of scale to break into new markets and establish high quality standards for
all members to follow This way producers
can spread the costs of running effective
promotions and hiring competent managers and sales people to market their products. These cooperatives can often secure
higher and/or more stable prices than
members could achieve individually.

EXECUTIVE SUMMARY
This brief addresses management practices in aquaculture by looking at the targets they serve, the tools they use
and the associated threats. There are five main production methods in marine aquaculture today; some are conventional while others are not yet widely adopted. Additionally, there are different promises and limitations associated with each method. The goals for developing new systems predominantly entail increasing yield, enhancing
farm efficiency and environmental sustainability aspects.
Higher yields are currently acquired by applying selective breeding techniques. These techniques are regarded as
very promising by the majority of scientists and industry stakeholders. Contrary to this consensus, the use of GMOs
is a contested technology that serves the same purpose, but it is heavily scrutinised by stakeholders and in public
opinion. An associated risk to the alteration of species through either technique is pollution of the natural gene
pool, through interbreeding of escapees with native species.
The efficiency of the farming practices are addressed through automation and monitoring technologies. These
technologies increase the efficiency of the feeding processes and simultaneously cut on-farm labor costs. Anticipating minor changes in water conditions through close monitoring enhances better management practices with
regard to water quality and fish health.
Closer monitoring can also contribute to battling the major constraint on intensification of aquaculture practices,
the potential risk of an epidemic disease outbreak. Past experiences justify such fears and these risks must be
taken seriously. The present day medicinal solutions still need further refinement, despite widespread use. The use
of antibiotics is in decline and preventive medicinal substances like vaccines and probiotics offer a responsible
alternative.

INTRODUCTION
Globally, a wide range of different management practices are used in aquaculture. The organization of aquaculture farms and which methods and technologies are used determine their impacts on the environment, and varies
considerably throughout the world.
This policy brief focuses on the targets, tools and threats of management practices. The three tools of production
methods automation and selective breeding and GMOs are explained, their targets and threats made clear. After
the tools there is more elaboration on the threats of diseases and medicine, escapees and water quality.

PRODUCTION METHODS
Over the past decades the development of alternative
more sustainable cultivation systems in aquaculture has
been given high priority. The reuse of nutrients is a potentially high impact method. Nutrient recycling creates
a cyclic method by using the waste of one species as
the input for the other. Shellfish cultivation can play a
large role in this, like in IMTA (Integrated Multi-Trophic
Aquaculture) [1, 2]. It has led to some successes on a
small scale level, but so far has not been proven viable
for upscaling and industrialization.
The main targets of the production methods mentioned
are to achieve sustainability and overall efficiency. This
could be efficiency in the use of nutrients as is the case
with IMTA and RAS (Recirculating Aquaculture Systems),
but also space efficiency in for example multi purpose
offshore. Multi purpose off shore aquaculture attempts
to combine cultivation practices with energy generating, using the same infrastructure.

The infographics illustrate the most important production methods and briefly point out their prospects and
challenges.
A bifurcation amongst scientists seems to occur. One
group promotes further research in multi-trophic cultivation systems to make it suitable for upscaling, the other
is convinced that even if it were to be found practically
viable, economically it would not function. The incentives to deviate from current practice and to source nutrients elsewhere is too low considering the risk involved
[3]. Monoculture systems at present are more profitable
than polyculture systems and require less effort. This is
however not the case in small communal cultivation
practices where Aquaponics systems and IMTA schemes
successfully could be used for sustainable cultivation.
Threat
One of the main threats posing the cultivation of fish in
farms is the spread of disease. The fish are kept in ‘unnatural’ close proximity of each other, which enhances
the possible outbreak of epidemics. The contemporary
solution in many countries is still the administration of antibiotics; excess use however poses a serious threat to
food safety and thus, human health. A more responsible
alternative is preventative medicinal use like probiotics
and vaccines.

AUTOMATION
Automation is a management practise that is especially useful in countries where labor costs are high [4,5].
The main target of automation is to increase efficiency in the production process. The improved technology also contributes to mitigating environmental effects
and therefore improves the sustainability of a farm. The
feeding process has already been automated at larger
farms for an efficient fed diet.
Tools for automation are mentioned in the textbox. All
can contribute on decreasing labor costs, effective
and efficient monitoring, management and accessing
remote places [6].
Poor water quality is an important threat to aquaculture that has a strong relationship with technology and
automation. Organic waste like leftover fish feed can
affect the water quality as well as environmental conditions like pH and dissolved oxygen. These effects can be
monitored more efficiently with automated technology
and thereby mitigating the negative impacts.

Prospects of automation
There are several reasons why automated systems are
not being used yet on a more global scale. These are:
(1) accessibility to the technology; (2) no market; (3) low
labor costs in some regions that reduce the return of investment of automation [3]

SELECTIVE BREEDING & GENETICALLY MODIFIED ORGANISMS (GMO)
Selective breeding
Selective breeding is the deliberate mating of animals with specific desirable traits. The main target for both selective breeding and GMOs is increasing the yield.
Specifically, salmon has been a success in selective breeding[8,9,10]. The genetically improved farmed tilapia
(GIFT) also has been applied throughout the world, especially in Asia [9].
Breeding programmes can hold a lot of potential, like improved growth and disease resistance. Upscaling has not
yet occurred because efficient breeding programs are capital intensive and small scale farmers may not be willing
to invest in improved breeds [11]. For low production species breeding programmes are also not feasible. Some
countries are also against using through selective breeding improved strains because they could be different from
their native strains.

Threat
A threat in aquaculture that is closely linked to selective
breeding are escapees. Genetically improved farmed
fish can show aggressive behavior towards wild fish and
possibly affect the wild strain [12].
Prospects of selective breeding
The future development of selective breeding depends
on many local and international factors. One important
challenge is the high number of aquaculture species
farmed [13]. Under the most optimistic scenario at least
one breeding program would be developed for each
species. The highest returns would be gained by focusing on establishing breeding programs for the species
with the highest production and value [9].
GMOs
The use of GMOs in aquaculture industry is at this moment not generally accepted globally, mostly as a consequence to the controversy surrounding the topic and the consumer power. In the figure below the arguments of
proponents and opponents for GMOs in aquaculture are stated.
Threat
There are great concerns with GMO escapees. These
escapees could outcompete wild populations [14] or
even wipe them out entirely by the Trojan Gene effect
[15]. They are also viewed as being more unstable in
their behavior than selective bred farmed fish.
Prospects of GMOs
The discussion about GMOs will most likely increase
when the aquaculture sector will take an even larger position in the world food market. Large producing
countries can have a big influence on this subject.

THREATS
DISEASES AND MEDICINE
A major threat to aquaculture is fish disease, in particular epidemic diseases [17]. A rapid widespread outbreak of
any infectious disease could jeopardize an entire industry. The amount of prevention measures could also carry
implications regarding food safety and environmental responsibility. In recent decades a number of reference
cases have unfolded in which a farmed species and its industry got affected with a disease. As a response to these
events, it has lead to less sustainable practices in that sector [18]. These diseases could also gravely impact wild
populations.
Antibiotics are used to fight pathogens and work as growth promotants, yet have many negative effects on the
environment and human health. As awareness of the effects on human immunity arose, regulations were set in
place and the rising trend of antibiotics use reversed. A focus on preventative measures has received higher attention amongst academia, the aquaculture industry as well as in the pharmaceutical industry. Norway has taken
the lead in diminishing the use of antibiotic, however, in other parts of the world it is still in development.
At present focus lies on utilisation of probiotics, vaccines and less stressed animals. Especially vaccines are now
common practise for some species [10]. The challenge is to make species specific solutions to obtain the desired
results.
Preventive measures however face the restraint that farmers cannot always predict when the onset of disease
would occur and therefore anticipation is difficult. Raised awareness, certification schemes and legislative regulation combined steer for the decline in use of antibiotics. This trend however is globally not evenly covered.
ESCAPEES
With offshore marine aquaculture the risk of fish escaping from pens could increase, as conditions are much
rougher in the open ocean [12]. Management practices should encourage better design, installation and operation of offshore marine aquaculture farms to reduce
the overall number of escapes. Monitoring of fish movement is also important to reduce escapees. It is also
imperative that management practices support better risk assessment of non native species; it is important
that there is thorough understanding of escape risk on
a per species basis, wild spawning sites and migration
routes. This will enable farms to be sited better, away
from sensitive areas. Existing research on escapees is
heavily weighted towards Atlantic salmon, and there
is still little information on the potential effects of interbreeding for most other species. Applying alternative
methods to managing escapees should also be considered, for example by producing sterile triploidy specie,
or reducing species their fertility, to eliminate opportunities for breeding with wild populations [19]. In the figure
the causes, effects and possible prevention techniques
of escapees are listed.

WATER QUALITY
Good water quality is essential for the long term viability
of aquaculture farms, and will become even more important as the number of farms and their environmental
impacts increase.
Water quality is affected by organic waste, (fish feed)
nutrients, diseases, pharmaceuticals, pesticides, and
antifoulants (toxic paints). The water quality could also
be affected by other industries close to aquaculture
sites [20]. In the figure the possible negative impacts of
aquaculture activities are listed. In order to minimize the
negative effects of these factors on the quality of water,
as well as benthic ecosystems, it is important to enforce
management practices that take these factors into account. These help to mitigate environmental risks by managing complex ecological interactions [21].
Management practices should also help to mitigate the adverse effects of climate change, which has a negative
effect on aquaculture. Increased storm events could for example damage aquaculture infrastructure. Implementation and enforcement of better management practices is critical to mitigate these high impact threats.

FUTURE PROSPECTS
- Selective breeding has large potential. Only 10-12% is based on breeding programmes [11, 22], so there is a lot of
space for improvement. Sound government policy could facilitate research on high-production species that are
currently working without a breeding programme. Research suggest there is much to be gained that would deliver
return on investment.
- Escapees and preventive solutions should get more attention from policy makers, as it is an abiding problem
within mariculture especially. The number of escapees is likely to increase parallel to the expansion of mariculture.
Implementation of preventative measures should be adopted as standard practice.
- Preventive medicines deserve priority because treatment of diseases could potentially harm humans through the
consumption of the end product, contaminated by medicinal residues.
- Awareness on fish welfare is a consumer driven demand that is expected to call for changes in cultivation practices.
- The debate on GMOs should not be restrained by preconceived ideas but open and evidence based. The results
of this debate could be very influential for aquaculture on a global scale. Acceptance of GMOs in European markets will be challenging, but if GMOs are accepted in large production countries in Asia, this could have substantial
effects on the world aquaculture market.
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LABELLING THE TRENDS
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Aquaculture industry can benefit
from understanding importance of
ecological balance, use of seaweed
in feed, and culture of low‐trophic
species
the demand for significantly
increased amounts of feed is
expected to drive the development
of new feed sources and products,
some of which may not yet be
known to date, and is also
expected to lead to a change in the
species we culture and methods we
use for production
Enrichment of live feed with
probiotics as encapsulations is an
interesting idea, in which probiotics
can remain viable or even
proliferate on the live feed.
Therefore, live feed can convey
probiotics into the hosts effectively
technologies that require
substantial energy inputs—
including RAS, offshore
aquaculture, algae‐based systems,
and SCO‐based feeds— are likely to
be hampered by rising electricity
generation and fuel costs
Feed conversion ratios in salmon
decreased by 20% over five
generations in breeding programs
focused on growth rate
Selective species cultivation could
improve nutrition
Algae's and shellfish cause too
much disruption in open water
systems, it is hard to cultivate them
in oceans.
Gene transfer technology, a form
of GM, is currently under
development for several fish to
modify specific traits, although no
commercial fish have gained
regulatory approval
Shrimp farming is a high reward
industry (very fast growing animal,
yields 2‐3 times/year) which may
encourage people to focus on quick
earnings rather than sustainable
business practices.
If you want to achieve
sustainability it is much easier to
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have a few big companies rather
than a lot of small farms
Another concern with escapees is
the transmitting of diseases
between farmed fish and wild fish.
RAS, IMTA, aquaponics are unlikely
to make a significant contribution
to global fish supply
The integration of aquaculture,
fisheries, agriculture and other
productive or ecosystem
management activities has an
integral role to play in the future of
the aquaculture industry.
Screening probiotic process for
particular fish species plays a vital
role to make them species specific
for obtaining desired results
The use of antibiotics in Salmon
farming is decliining in most of the
World and is close to zero in
Norway
The main factors limiting marine
aquaculture include the relatively
high costs (e.g. investments in
infrastructure, maintenance,
transport of feed), limited areas
sheltered from ocean swells, and
the high developmental costs and
risks associated with off‐shore
aquaculture technologies. Despite
these factors we will show that the
largest potential for future
expansion of aquaculture lies in the
marine environment.”
Open sea aquaculture is at risk for
storm damage, is difficult to repair
Promising aquaculture practices for
sustainable intensification such as
modern polyculture systems, and
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systems with zero effluent
discharge, are likely to become
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were sustainable on a small scale,
but increasing numbers of farms
and the growing intensity of
culture caused environmental
damage
There is not a large growth for
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water contamination or off‐flavour
taints
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Promosing cultivation systems are
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(PAS) and raceways‐in‐pond
systems
Stunning the fish before harvested
is a rising trend and is promoted by
the animal welfare community
Animal welfare is not included in
the majority of certification
standards
Focus of development should be
less off shore, it has been spoken
about a lot thoughnothing really
happened. Fresh water is easier to
control and has more herbivoes
and omnivores species
The chance of eutrophication is
very much diminished in open
ocean cage systems
You will see bigger farms in the
future, more industrialisation,
fewer systems producers.
Polyculture is better for the
environment but not in economic
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dominate
Robotic fish are being used more
frequent and will become more
and more important.
The UMV market is suspected to
grow tremendously in the
upcoming 5 years. Numbers of
AUV’s are going to triple in a
decade
Selective breeding and genetic
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With present growths, tilapia will
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Fish escapees are quite a worry
with marine aquaculture. A lot of
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topic
Emerging remote sensing
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DOCUMENT’S STRUCTURE

To enhance a clear reading structure, the relation between Targets, Tools and Threats is illustrated in
the graph below
Targets

Tools

Threats

Higher yield

Production
methods

Disease and
Medicine

Efficiency

Automation

Escapees

Sustainability

Selective
breeding and
GMO

Water Quality

Policy Brief: Aquaculture & Marine Spatial Planning
Last edited: December, 2015
Executive Summary
This policy brief highlights the need for, and the benefits of Marine Spatial Planning (MSP) and an ecosystem-based approach to aquaculture for facilitating
sustainable development of the industry, whilst it continues to expand and intensify over the coming years
towards the Sustainable Development Goals in 2030,
and beyond.
MSP is an ecosystem-based management tool that
coordinates the human activities in shared marine areas to achieve both ‘biodiversity conservation and
sustainable economic development’ [1], as illustrated
in Fig.1. This is necessary for the sustainable development of aquaculture, as single sector management
and planning alone cannot effectively mitigate: a)
the conflict and violence due to increased competition for natural resources [2], b) the effects of climate
change and resultant loss of biodiversity, c) wetland
destruction and coastal degradation, including but
not limited to Mangrove wetlands, d) the effects of
nutrient rich waters due to excess fish feed and increasing algae blooms, and e) spread of diseases,
bacteria, and other harmful biological and chemical
pollutants - without impacting other industries and
stakeholders sharing the same marine resources.
MSP is not a substitute for single sector management
and planning, but rather a supplement. In aquaculture, it is also important that spatial management and
planning adopts an ecosystem-based approach. This
ensures that every country analyzes their own aquaculture-specific issues in terms of those common to
other countries, regions, industries, and users of the
same marine resources [3]. It offers a holistic and inclusive approach to “natural resource management
at different scales and for ecosystems that cross administrative boundaries” [3, p. iv].
It is important to understand that while MSP offers a
global approach to marine resource management,
an ecosystem-based approach to aquaculture offers a national and/or regional approach to marine
resource management.
MSP and an ecosystem-based approach to aquaculture are not new concepts, but both have yet to
be fully implemented on a global scale. Currently,
MSP remains nationally oriented with minimal joint
planning [4]. As a result, there is a lack of integration

Fig.1
and harmonisation between existing national management frameworks [4]. The resultant effect is that
some countries have more developed MSP processes
than others, where MSP remains at very early stages
of implementation. Cooperation amongst countries
will remain difficult as long as MSP differs in political
priorities [5]. Factors that help overcome these inequalities include: “policy convergence; common
conceptualisation of planning issues; joint vision and
strategic objectives; shared experience; and existing
transboundary institutions” [4, p. 87].
In the future, successful implementation of MSP will
be largely determined by the political and institutional conditions affecting transboundary cooperation.

The importance of Marine Spatial Planning
for Sustainable Aquaculture

Fig. 2

What is MSP?
MSP is an ecosystem-based planning and management tool that assumes a global approach to marine
resource management; it is a public process where
countries come together to analyse and allocate
human activity in shared marine areas – in terms of
time and space – “to achieve ecological, economic
and social objectives” common to all users [1]. Its key
characteristics are illustrated in Fig.2.
MSP supports single-sector management of competing marine industries on both a national and international
scale. This is necessary in order “to increase compatibilities and reduce conflicts across sectors, balance development and conservation interests, increase management effectiveness and efficiency, and address the
cumulative effects of multiple human uses of the same marine space” [1].
By adopting a global approach, MSP is able to connect various types of data and information, collected at
different points in time and using multiple collection methods [6].
Why is it necessary?
MSP provides a framework to marine resource management that encourages sustainable development of all
marine industries. This framework is necessary because marine resources are “common property resources”
with open or free access to users. Without adequate planning and management amongst single-sectors, free
access results in excessive use, and eventual exhaustion of marine resources. [3] Fig. 3 illustrates the various
factors that result in different approaches to single sector planning and management, and cause for conflict
across-sectors and jurisdictional borders. Fig. 4 illustrates the anticipated benefits of MSP.
MSP provides, maintains, and restores ecosystem services and ecosystem function for long term livelihood.
Fig. 3

Fig. 4 [7]

The Importance of an Ecosystem-Based Approach
According to the FAO, “total fish supply will increase from 154 million tons in 2011 to 186 million tons in 2030.
Aquaculture’s share in global supply will likely continue to expand to the point where capture fisheries and
aquaculture will be contributing equal amounts by 2030” [8|.As the aquaculture industry continues to expand and intensify in the coming years – “filling the global fish supply-demand gap and potentially reducing
the pressure on capture fisheries” – it is important that the industry adopts an ecosystem-based approach
to planning and managing aquaculture; first to understand the ecological processes at stake, and then to
effectively mitigate the negative environmental effects of human activity [8].
An ecosystem-based approach advocates “ecologically and socially responsible planning and management of aquaculture” [9]. It takes into account the different environmental, economic, social and political
objectives of regulators, operators and other stakeholders. This way, stakeholder interests are not prioritized
over conservation needs for ecosystem services and function [10].
It is a comprehensive multi-level governance approach that includes aquaculture stakeholders along with
competing sectors and users of the same marine resources [9]. It serves as a tool to overcome regulatory confusion in the management of marine resources, which has been observed in several countries [11,12].
An integral part of an ecosystem-based approach to spatial planning is integrated ecosystem research. This
is necessary to understand and manage the effects of an aquaculture system on its immediate surrounding
habitat, the geographic zone in which it is located, the industry and commodity market it is part of, and the
macro level of policy formulation. It requires “interdisciplinary teams of scientists to collaborate to investigate
the full breadth of ecosystem processes and interactions” [9]. It also relies on high input observations and
surveillance technologies to adequately evaluate the effect of human activities on terrestrial and marine
ecosystems, as well as comprehensive regulations on monitoring and evaluation.

Current application of MSP
The following two case studies illustrate real world application of MSP in two different contexts. This is to show
how MSP can fulfil different stakeholders’ objectives whilst also achieving economic development and improving socio-economic well-being without further environmental degradation. Both case studies however,
are limited to the theory of MSP and do not give conclusive answers on the success of these approaches. But
what they do show is that the implementation of MSP encourages the simultaneous development of several
sectors, including aquaculture.

Case Study:

Marine Functional Zoning in China
China is the major producer of aquaculture and has adopted a comprehensive approach to zoning of
marine areas in order to harmonize development efforts of different sectors and most importantly preserve
healthy ecosystems. Figure A (see annex) is an example of the sector activities which are zoned in a wider
context. Marine Functional Zoning (MFZ) has been applied since the early 1990s and is now an important
tool to manage conflict related to marine areas in China. China has a well-implemented system which
takes into account multiple economic sectors as well as ecosystem relevant considerations. It is based on
5 principles:
•
•
•
•

Consideration of both environmental characteristics as well as social realities of an area
Coordination between exploitative and protective activities, balancing of short- and long-term costs
and benefits
Accept trade-offs between economic development and environmental protection
Create an anticipative framework for any exploitation and protection activity which takes into account
economic, social, scientific and technological development

These principles imply constant collection and analysis of data sets (environmental, economic and social)
which will then give policy makers different options to harmonize economic development and environmental protection.
The implementation of a plan, which will ultimately originate from MFN, is up to the policy maker. There is
little comprehensive data which shows the impacts of MFZ in China, which makes it difficult to assess the
effects of such an approach in China [13]. (For explanatory map see annexes)

Case Study:
Marine Spatial Planning in the Belgium Part of the North Sea (BPNS)
The BPNS offers space for a number of activities (shipping, fishery, military exercise, resource extraction and
tourism among others). The Belgium government has also forced the agenda of off-shore wind farm development and mariculture. Several of these activities result in negative externalities affecting the ecosystem,
which has encouraged the Belgium government to address these externalities through MSP. Belgium has
implemented a masterplan which emphasizes mineral extraction, wind parks and marine protected areas
as the three key sectors to be developed in the BPNS. Moreover the government identified key stakeholder-groups which were then invited to participate in workshops in order to address present and anticipate
future conflicts and find sustainable solutions. The plan was based on three core values, which trace back
to the three issues (environment, people, economy) that are addressed in this brief:
1. Wellbeing - which argues for a reservation of coastal areas for recreational use, i.e. tourism
2. Ecological and landscape - this refers to the environmental dimension, e.g. marine protected areas
3. Economic development - this encourages the use of all marine resources that create an economic
surplus
The workshops gave key input to policy makers and helped bring consensus among key stakeholders on different questions regarding the development of specific sectors (i.e. wind farms, resource extraction, etc.).
This case study is a good example of how MSP can be a tool to solve current- and prevent future conflict
among stakeholders in relevant, resource-rich marine areas [14].

The Future
In the coming years, as the aquaculture industry continues to develop, “expanding and intensifying in almost
all regions of the world,” it is important that marine spatial planning and management is used to facilitate
technological advancements in sustainable aquaculture practices [15]. Integrated ecosystem research for
example, an integral part of MSP and an ecosystem-based approach to aquaculture, will help further develop and determine the viability (for possible commercialization) of circular aquaculture systems and processes. Examples of such systems include:
• Wind-driven reverse osmosis membrane technology for waste treatment
• Natural waste treatment through constructed wetlands
• Integrating aquaculture systems and waste management practices using multi-trophic species
• Multipurpose offshore platforms for energy extraction, aquaculture and platform related transport [16]
Integrated ecosystem research will also improve gap analyses and environmental impact assessments, to
identify gaps and opportunities in mitigating adverse ecological and environmental effects in the future; to
protect vulnerable livelihoods and fragile ecosystems. Thorough research will also support the development
of “policies and strategies that contain aquaculture, climate change adaptation and disaster risk management aspects”.
In the future, marine spatial planning and management is necessary to stimulate transnational harmonization
among industries and users of the same marine resources [17]. This is not only necessary for the preservation of
vital ecosystems and natural resources, but also to prevent (predatory) aquaculture businesses, for example,
from supplying produce varying in quality and safety standards depending on the origin of their consumer
target group. This means that irrespective of whether imported aquaculture products are consumed in the
Netherlands or Mozambique, all consumers must be offered the same standard in safe and nutritious food. It
is important that peoples’ health and safety, and nutrition is not based on a corporate approach [18].
Marine spatial planning and management will also play an important role in zoning and site selection of marine activities, including but not limited to aquaculture. Zones divide common property for the development
of marine businesses and are enforced by local and/or national governmental bodies. Taking aquaculture
as an example, adequate planning and management is necessary to ensure site selection beyond intertidal
zones, home to delicate ecosystems and vulnerable to anthropogenic influences resulting in loss of species
and biodiversity.
The future holds growing potential in open-ocean aquaculture for commercial fish production, with oceans
covering 71% of the Earth’s surface [19]. However, this will require further integrated ecosystem research in
zoning and site selection, and ecological carrying capacity modeling [20].
It is important to remember that while aquaculture does show potential for further development, it is to be
developed in supplement to fisheries and not as a replacement [21]. Efforts in planning and management
must also be geared towards restoring overextended ecosystem services and function of the oceans as a
result of exhaustive marine practices.
Planning and management in the future will need to rely on a mixture of citizen-based science, accounts of
local experiences, and science and technology-based methods for input, but also as a basis to challenge
unsustainable and exploitive aquaculture practices [22]. Currently, many small-scale producers and other local stakeholders are not provided enough personal protection from threat or harm to be able to safely report
such behaviour or do not have the necessary technical skills (i.e. literacy) to do so [21]. Processes need to
exist to overcome these difficulties, as citizen-based science remains essential to integrated and participatory
MSP.

Marine spatial planning and management can also play an increasing role in relieving pressure off of regional
ecosystems. While global aquaculture output is growing, the proportion of output by “industrialized regional
major producers has fallen in recent years,” resulting in increasing demand for imports for fish consumption
[23]. A large proportion of these imports come from Asia, which accounts for two-thirds of global aquaculture
production [24]. Research, planning and management can be used to identify the opportunities in domestic
production where aquaculture is imported most. “The European Union is, by far, the largest single market for
imported fish and fishery products.” Whilst the United States of America and Japan are the largest single importers[23]. If research, planning and management prove insufficient, educational efforts to reduce demand
for imported fish and fishery products can also play a significant role.

Concluding Remarks
Concepts like Marine Spatial Planning (MSP) and an ecosystem-based approach to aquaculture are not
new concepts per se, but presently, both have yet to be widely applied in the field. If aquaculture is going
to develop sustainably, as the industry expands and intensifies over the coming years, a working framework
for an ecosystem-based approach is essential. The importance of healthy and functional ecosystems for
future sustainable economic development cannot be stressed enough, and will remain at the heart of any
sustainability debate. Exhaustive pressure on the world’s ecosystems will affect the livelihood of both current
and future generations. It is therefore of vital importance that marine economic developments are planned
and managed in accordance with preservation, conservation, and restoration efforts.
While an ecosystem-based approach to aquaculture possesses numerous advantages, it should also be
mentioned that it remains questionable whether it is applicable to less regulated and professionalized regional aquaculture infrastructures as seen in many producer countries. Moreover, it only works if it does not
cause further injustice and marginalization of local interests. For this reason, it is important that the aquaculture industry applies a comprehensive planning approach that is mindful of all stakeholders, including local
and indigenous communities, and other industries competing for the same marine resources. Aquaculture
growth without an ecosystem approach to aquaculture “may cause regional asymmetries and social conflicts, and pose a threat to food security as a whole” [25].
Marine spatial planning and management, along with an ecosystem-based approach to aquaculture, will
help build resilient marine infrastructures that provide and protect livelihoods without causing further destruction to surrounding ecosystems. The success in applying these concepts will lay in an adaptable, integrated and participatory approach.
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Annex 1: The Ecosystem Approach to Aquaculture [1]
What it is?
An Ecosystem Approach to Aquaculture is a comprehensive approach that takes into account the different
ecological, economic and social objectives of key stakeholders. It is also a multilevel approach that applies
to the aquaculture farm level, the geographic zone, the industry and commodity level and the macro level
of policy formulation.
In order for it to be successfully established the EAA needs to follow a certain timeline of organization.
Moreover a variety of stakeholders need to deliver at certain key dates of the process. Despite the constant
development of new knowledge through scientific research, an ecological environment is still prone to a
great degree of uncertainty. This causes for a high input of observation and surveillance technology in terms
of the effect that human activities have on the ecosystem. The regulatory establishment of marine spatial
planning, especially following an ecosystem approach, should therefore always be accompanied by comprehensive regulations on monitoring and evaluation.
How it works - A three step approach

Box 1.
The Ecosystem Approach to Aquaculture (EAA) in
3 steps
1. Zoning Zones divide common property for the
development of aquaculture businesses. Enforced by local and/or national governmental
bodies.
2. Site Selection
3. Division of Aquaculture Management Areas
(AMA). Within delineated areas, strict production limits are set to protect local ecosystems

The first step to be undertaken is zoning, which is especially important for common properties. The division of zones, which will enable aquaculture farmers
to develop their business, can only be made by local/national governmental bodies. It would however
be advisable to integrate different stakeholders (scientists, civil society, and different private sectors) in
order to achieve a sustainable outcome right from
the start.

The second step will be the individual site selection,
which would typically be undertaken by the private
sector, however supported by government through
comprehensive, transparent and clear regulations in
regards of the site licensing process.
The third step is the division of aquaculture management areas (AMA) within a certain delimited zone. Those
AMAs enable the setting of production limits, in order to prevent negative effects on the eco-system diversity
in which the farm is set. Limits can be set in regard of total production for a certain time period, density of fish
within a cage/pen.
Principle 1: Aquaculture development and management should take account of the full range of ecosystem
functions and services, and should not threaten the sustained delivery of these to society.
Principle 2: Aquaculture should improve human well-being and equity for all relevant stakeholders.2
Principle 3: Aquaculture should be developed in the context of other sectors, policies and goals. (FAO, 2010b)
The EAA as a “strategy” should be the means to achieve or fulfil a higher policy level that reflects relevant
national, regional and international development goals and agreements.

Box 2.
Ecosystem Approach to Aquaculture (EAA)
Opportunities
• Fish disease minimization and better response
to outbreaks
• More sustainable and comprehensive use and
management of natural resources
• Better understanding of user impact on the
environment
• Improved yield and productivity of different
species
• Conflict reduction through better involvement
mechanisms of all stakeholders
• Increased access to post-harvest processes
• AMA can be a governance and risk-sharing
tool to increase sustainability
• Increase of information on areas that are
available for investment in aquaculture
• The sector becomes more resilient to shocks
and externalities
• More effective mechanisms to assure effective service delivery for governments and
manage their commitments to sustainable
development of the sector

Box 3.
Ecosystem Approach to Aquaculture (EAA)
Threats
• Lack of integration of existing (informal)
aquaculture farms into regionally sustainable
approach
• Questionable whether EAA is applicable to
less regulated and less professionalized regional set-ups, as in seen in many developing
countries
• The challenge for these setting will be the
proper inclusion into an EAA, without causing
injustice and marginalization of local interests

Annex 2: The Environmental Perspective
Climate Change & Biodiversity
Adopting an ecosyvstem-based approach to managing and planning aquaculture is especially important
given the adverse environmental effects of climate change. Changes in average temperature, sea level, water availability, and ocean acidification will have significant impact on both terrestrial and marine biodiversity.
•

•

•
•

Changes in sea surface temperature – due to changes in the location and timing of ocean currents –
will alter local ecosystems and require changes in aquaculture infrastructure. Local ecosystems can be
affected by changes in species composition and potential species loss, but also changes in competitors,
predators and invasive species, and changes in plankton composition [2].
Changes in atmospheric temperatures will change traditional weather patterns, and result in more extreme weather with increased storms, drought and/or flooding [3]. With increasing occurrence of extreme
weather, one needs to consider the potential damage to fragile aquaculture infrastructures and the
consequences thereof. Coastal, offshore and open ocean aquaculture structures unable to withstand
extreme weather and located in sensitive ecosystems can carry significant (genetic) effect on local species due to escapees. Inland aquaculture can experience flooding, and cause salinization of freshwater
bodies. This may in turn result in an aquaculture shift towards brackish water species. Flooding will also
increase susceptibility of aquaculture facilities to disease and predators [2].
Changes in sea level will alter salinity levels of freshwater bodies. This will increase pressure on freshwater
species, and force diversification of all marine species.
Ocean acidification – a direct effect from higher levels of atmospheric carbon dioxide as a – will affect
coral reef ecosystems which “serve as a breeding habitat and protect shores from wave action”. As coral
reef ecosystems suffer from increased bleaching due to ocean acidification, there will be a significant loss
of breeding habitat and in turn species and biodiversity, and waves will cause greater damage to coastal
infrastructures both natural (i.e. mangroves) and man-made [2].

Coastal Planning & Restoring Coastal Ecosystems
The increased demand from international market for fish production made farmers in Asia leave traditional
sustainable systems that have been practiced for years and, as a result, practice unsustainable aquaculture
[4]. Unsustainable practices of aquaculture led to wetland destruction, such as the mangrove wetlands [5].
The mangrove deforestation contributed to the second largest carbon emission release to the atmosphere,
which was around 8-20% of the total emission after fossil fuel combustion made the earth’s temperature
warmer [6,7,8]. Another negative impact of aquaculture to the environment is using fishmeal and fish oil as
aquaculture feed [5]. Additionally, inorganic dissolved waste of aquaculture enhances algae bloom [9].
These practices also produced chronic disease and water quality problems.
Based on these conditions, there is an effort globally to maximize aquaculture production in a sustainable
way [10]. The meaning of sustainable according to the Agenda 21 principles of the United Nations Conference on Environment and Development (UNCED; the ‘Earth Summit’) which was held in Rio de Janeiro in
June 1992, is “Development that meets the needs of the present without compromising the ability of future
generations to meet their own needs” [11, p. 84]. Therefore, reducing waste that pollutes the environment,
such as water and soil, is one way to achieve sustainable aquaculture [10]. For instance, using wind-driven
reverse osmosis membrane technology for waste treatment [12], using conventional waste treatment through
constructed wetland [5,13], and using integrated aquaculture system and waste management practice [14]
are ways to practice sustainable aquaculture. Designing and managing coastal infrastructure are other ways
to create green aquaculture, known as “blue revolution”. It is a new way to consider the management of the
sea, particularly the coastal [15]. Examples of blue revolution are eco-design of wind turbine foundations to
create fish habitats or sea grass settlements [15], offshore wind energy for coastal aquaculture farms [16, 17,
18] the renewable energy driven reverse osmosis system [19] , and integrated aquaculture [20].

While trying to practice sustainable aquaculture, another factor that should be considered is the effect of
global warming such as ocean acidification where carbon dissolves into the ocean, making seawater more
acidic. Ocean acidification reduces the ocean pH of 0.3-0.4 units [21] and contributes to the decrease of
carbonate ions which are needed by corals, oysters, mussels, and other marine habitats to build shells and
skeletons. The changes in ocean chemistry will impact the biological ecosystem, including distribution and
productivity of aquaculture [10, 22].
Environmental Impact Assessment
Environmental Impact Assessment concentrates on process of development of an environmental management plan, including appropriate mitigation measures and monitoring [23] (FAO, 2009). Aquaculture, as any
other culture, impacts the environment in a multitude of ways and degrees. Traditionally, environmental diversity surveys, or in other words, an assessment species diversity, of are crucial for the bioassessment of anthropogenic impacts on marine ecosystems. That process of inventorying microfaunal communities, though,
is normally expensive, time-consuming and expertise-demanding. High-throughput sequencing of environmental DNA barcodes (metabarcoding) offers a much cheaper and easier alternative to describe diversity of
biological communities, depending only on a thorough sediment sampling process. Molecular data faithfully
collect from the sediment reflects accurately the morphology-based indices and provides an equivalent
assessment of the impact associated with fish farms activities. This new and emerging technology has the
potential to turn this environmental impact assessment on aquaculture much faster and simpler.
Since there is multi forms of aquaculture, concerns on environmental regarding aquaculture practices has
different impacts. Environmental Impact Assessment which reflects excellent landscape planning on freshwater aquaculture will ensure the aquaculture sites will not disturb the water quality. These upland water quality
is influential to coastal water quality, Additionally, landscape planning in regards to aquaculture will prevent
the practices established in high conservation value area. Seascape planning on brackish water aquaculture will minimize the environmental effect such as sedimentation and erosion so the productivity also will be
maximized.
Moreover, environmental impacts to coastal areas may affect livelihood community. Consequently, spatial
planning is essential to deal with livelihood issues through minimize environmental impact. In mariculture, seascape planning is essential to mapping the population of fish to avoid overfishing. It is also concern on climatic
condition monitoring (waves, current, water quality, weather, etc) which very important for the fish farmers
productivity. Furthermore, oil-spill effect to marine aquaculture could be minimized through careful seascape
planning. Concept of zoning in certain sea areas could address of these environmental impacts.

Annex 3: The Technological Perspective
Monitoring Technology
There is need to integrate spatial planning more and more in aquaculture so as to make rational management decisions that reconcile the impacts of multiple users with management goals in a sustainable fashion.
Such planning is particularly important for integrating new and ongoing activities in coastal areas [24]. Virtual
technologies encompass the essential tools for spatial planning, whether they are Geographic Information
Systems (GIS), satellite remote sensing, dynamic models or others [25]. They are invaluable tools for data management, analysis and modelling, and play an important role in addressing the physical, productive, ecological, and social and economic categories of carrying capacity as well as assisting spatial planning through
sound decision-making [25]. For instance, GIS has been used to comprehensively assess and direct aquaculture development worldwide, both inland in ponds and reservoirs, and in coastal areas in Ireland and China
[26]. As a way to provide some decision-support to the complex issues of aquaculture and coastal planning,
GIS is often used as a tool to develop spatially explicit approaches to natural resource decision-making scenarios [26]. In marine planning there is need to process and analyse spatial data so there are obvious benefits
to implementing marine planning within a Geographic Information System (GIS) framework [27]. Geographic
Information Systems (GIS) approaches can provide decision-support to different actors in the aquaculture
sector. GIS is useful for manipulating spatial aspects of aquaculture planning due to the ability to bring together many diverse and complex factors to facilitate development and administrative decisions [28].
•

•
•
•

•
•
•
•
•

The use of spatial planning tools such as Geographic information systems (GIS) and remote sensing for
fisheries and aquaculture can greatly help in the identification, analysis and possible allocation of specific
geographical areas to be used for fisheries and aquaculture, particularly in those countries that have limited natural resources that are in high demand by competing users [29].
Spatial tools can also simplify the process of zoning and site selection for aquaculture and can match
other demands on the marine space. These tools, therefore, become important considerations in bridging
the future supply and demand gaps in fishery products [29].
However, data products that can support aquaculture decision-making across multiple stakeholder interests are generally unavailable, with the ones that do exist often developed for a specific client, thereby
limiting the use of GIS as data product that can be used by a range of different stakeholders [26].
Furthermore, there are a number of drawbacks that have limited the usefulness of GIS data products to
date, including: (1) the amount of technical expertise required; (2) poor levels of interaction among GIS
analysts, subject matter specialists, and end users of the technology; (3) continuity of GIS products and
results; (4) communication of results back out to the community; and (5) the disconnect of researchers
from the actual systems under study [26].
Although such limitations have been identified, there is a need for GIS to play a larger role in enhancing
the participation of community members in management decisions [26].
The availability of high-definition remotely sensed imagery provides an important and relatively inexpensive data source for this issue. Also one stop portals such as National Aquaculture Sector Overview (NASO)
map collection, AquaGIS, GISFish, AkvaVis [29].
Build on emerging trends such as Open source GIS, data collections by phones, tablets, GPS and drones
[30].
a renewed algorithm for producing maps for the Aquamaps project was suggested, with higher spatial
resolution and including more freshwater species habitats (for the African continent first) [31].
The International Oceanographic Commission (IOC) of UNESCO is developing an ECO-GIS Viewer that will
support collation and dissemination of spatial data within the Canary Current Large Marine Ecosystem.
The Viewer will provide access to the first inventory made available by IOC for the region. [31].

Map of Marine Functional Zoning [32, p. 658]
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Limitations
During this research project we encountered a number of difficulties along the way. From the onset
of this horizon scanning project, we wanted to address the topic of aquaculture from a global
perspective. This proved difficult in practice given our geographic location and project time line.
With our expert interviews and panel discussions for example, most of the consulted experts
originate from Europe whilst aquaculture is most active in Asia, Latin America, and Africa
respectively. To address this limitation we consulted a broad range of sources during our literature
review, to ensure thorough understanding of region-specific challenges and opportunities in
aquaculture. And while most of the experts interviewed were based in Europe, many have working
knowledge on aquaculture in Asia, Latin America, or Africa.
Moreover, aquaculture is a large sector producing more than 240 species and in different stages of
development throughout the world. As a result, our research and findings focus more on
mariculture than inland aquaculture. This enabled us to narrow down the scope of our project, and
ensure feasibility within the given time frame and available resources at our disposal. But inland
aquaculture has not been ignored entirely because it still represents the larger part of total
aquaculture today. Without considering inland aquaculture at all, included high impact trends
could have been overlooked.
Another limitation we encountered due to the sheer size of the industry and our limited resources
was the ability to conduct a true horizon scanning exercise. One will notice that the final
deliverable focuses more on current trends and problems affecting aquaculture in the future than
uncovering unknown future opportunities and challenges. Whilst not a true horizon scan, our
findings are still valuable as they highlight current challenges that if left unaddressed, may hinder
the development of aquaculture in the future.
Discussion
We approached the topic of aquaculture by addressing a number of key topics singled out by
both the literature and expert interviews. These topics include: Fish Feed, Cooperatives, Traceability,
Management Practices, and Marine Spatial Planning. These topics took time to develop, as ideas
for focus points changed over time as we tried to encompass everything we learned from the data
collection and analysis period. These topics have some overlap with each other. For example,
automation in Management Practices talks about replacing manpower with technology, which
has socio-economic implications and is therefore also addressed under cooperatives. Also certain
monitoring techniques from spatial planning can contribute greatly to the traceability of fish on
farm level. We, however, deemed these overlaps acceptable and perhaps even desirable since
they show the interlinkages between the topics. It also shows how aquaculture fits between the
larger nexus of OBNL. There may be disagreement in our choice of key topics, but the decision to
focus on these five areas was based on the literature and expert interviews. If different literature
was read and different experts were spoken to the topics may have differed slightly. We tried to
control this factor by interviewing a large number of experts from a variety of different
backgrounds. Several validations have also shown us that we did not exclude any major
challenges in aquaculture and managed to capture the essence and future of aquaculture in
these briefs. We hope these briefs open the discussion on all levels so that the challenges and
opportunities in aquaculture can be adequately attended to in the future.
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Annex I: Methodology
The methodology consists out of three chapters
1. Horizon scanning
2. Expert interviews and literature review
3. Panel discussions
1. Horizon Scanning
The group has conducted research on the basis of the horizon scanning method. This
method entails “a systematic examination of potential threats and opportunities, with
emphasis on new technology and its effects on the issue at hand” [1]. The method
“searches for issues that are new and emerging as opposed to those who are widely
known and have already been acted upon” [2]. In the context of this group project, the
priority was on “potentially high impact scientific findings and technological solutions” [3]
in the focal area of oceans, biodiversity, nutrition and livelihood.
The method has two functions: alerting and creative. The alerting function helps to
identify and analyse emerging trends for better adaptive practices. The creative function
focuses on the collection of issues or the creation of emerging issues on basis of the
collected data [4]. The objective of the horizon scanning method is not to predict the
future or have a prescriptive nature, but to assist policy makers in producing flexible and
adaptable strategies in line with possible future scenarios [5].
Our horizon scanning approach consisted of three phases, based on the ‘Three Horizon
Model’ [6]:
1. Analysis: Identify and analyze the current state
2. Exploration: Determine emerging trends
3. Imagination: Collect weak signals and combine them into future emerging trends
During each phase, the horizon scanning method is of an exploratory nature. This method
entails the collection of a wide variety of emerging issues from a broad range of sources
[4]. It is inherently a bottom-up approach, during which group members undertake
individual research but develop holistic and comprehensive trends collectively. Our
exploratory method is based on three important actions, as described by Sami Consulting
[6]: look ahead (beyond usual timescales), look across (beyond usual data and experts)
and look around (beyond usual cultures and technologies).
There are potential risks associated with the horizon scanning method. Bunn and Salo [7]
identify that because of the bottom-up process, the final list of prioritized issues might not
be coherent. Könnölä [8] propose to synthesise issues in a small number of themes to
avoid this risk. Another risk can be that there is a scarcity of data, or the collected data is
too widespread to be properly analysed. Finally there might be a lack of emerging trends
in the studied field to appropriately assist policy makers in developing scenarios.
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2. Expert interviews and literature reviews
During this project, the group divided itself amongst five different subtopics in order to
address the most relevant topics in aquaculture . Each group conducted expert interviews
and preformed literature interviews.
Expert interviews
A total of 61 experts were interviewed, excluding the discussion panels. The expert
interviews were open interviews that were often done over Skype. Other times, phone
calls were made and experts were visited at their offices. The expert interviews provided
valuable data on new and emerging issues on aquaculture. As the number of interviews
progressed, trends obtained from previous interviews were validated in the following
interviews to determine whether or not experts shared similar views on the outlook of
aquaculture. Efforts were made to ensure global coverage; this was done by interviewing
experts from all over the world and from different sectors such as universities, research
institutes, NGOs, aquaculture businesses and investment firms, consultants and farm
owners. Expert interviews were driven to obtain future perspectives of aquaculture; this
was important given that literature often focused only on existing issues and challenges.
Literature reviews
Conducting thorough literature review was important in obtaining information on the
current situation of aquaculture and validating our findings. It also clarified where the
current academic focus lies within aquaculture. Findings from the literature were used to
formulate trends and used as starting point for every expert interview.
3. Panel discussion
Two panel discussions were held. One at Wageningen University and the other at IMARES
in IJmuiden, the Netherlands.
During the Wageningen panel nine experts discussed three themes in three separate
roundtable discussions. The three chosen themes were socio-economic impacts, spatial
planning and traceability. At each roundtable discussion, a general introduction was
provided on the topic by one of the hosting students after which each participant was
asked to write down one threat and one opportunity within one minute. Then, each
participant was given the floor to discuss their ideas. A time limit was defined to ensure
each participant had enough time to speak. After 20-25 minutes each group advanced
to the next round table discussion. No intermediate summary was given. Once all three
groups discussed every topic, concluding statements and feedback was given by the
students. Each roundtable discussion was facilitated by a chair; the chair ensured that
participants kept their comments brief and did not talk over one another.
If the topic at hand aligned with the expertise of a specific participant, they were better
allowed to open debate.
The IMARES panel did not differ much in methodology. Four students were invited to the
IMARES office in IJmuiden, the Netherlands, where the panel discussion was held. It
consisted of one roundtable discussion with five experts. The five subtopics of the project
were discussed, in a similar fashion to the Wageningen panel, where each expert was
asked to define one opportunity and one threat. Once all topics were discussed, a
general discussion on aquaculture took place to address anything not covered under the
chosen topics.
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Annex II: Expert List
Organization

Name

Background

Country of residence Male / Female

Aqua Spark

Stephanie Rakels

Investment manager

The Netherlands

Female

Aquaculture
Experience

Hans Boon

Director

The Netherlands

Male

Aquarius Lawyers

Katherine Hawes

Marine Lawyer

Australia

Female

ASC

Bas Geerts

ASC standards director

The Netherlands

Male

Biomar

Vidar Gundersen

Group Sustainability manager

Norway

Male

Centre for Autonomous
Marine Operations and Arne Fredheim
Systems

Research Manager

Norway

Male

Deeptrekker

Kaira Vallier

Industry Expert

Canada

Female

Deltares

Jan Joost
Schouten

Project manager

The Netherlands

Male

Research Scientist

Canada

Female

Indonesia

Male

Department of Oceans Dounia
and Fisheries, Canada Hamoutene
Diponegoro University

Sahala Hutabarat Professor of Oceanography

European Aquaculture
Alistair Lane
Society

Executive director

Belgium

Male

European Commission

Eoin Mac Aoidh

Aquaculture specialist

Belgium

Male

FAO

José AguilarManjarrez

Aquaculture officer

Italy

Male

Fisheries and
aquaculture research
center

Alayu Yalew

Expert in Aquaculture (Msc
and Phd)

Ethiopia

Male

Former FAO

Carlo Travaglia

GIS and Remote Sensing
Expert

Italy

Male

Friends of the Sea

Paolo Bray

Founder and CEO

Italy

Male

Gent University

Patrick Sorgeloos

Researcher

Belgium

Male

Director

United Kingdom

Male

Global Alliance Against Don Staniford
Industrial Aquaculture
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Global Aquaculture
Alliance

Daniel Lee

Coordinator best aquaculture
practices

United States

Male

Good Fish Foundation

Tatiana Lodder

Project officer Seafood Guide

The Netherlands

Female

Guangzhou Luxe
Seafood Enterprise

Gel Liu

Sales employee

China

Male

Harvard Kennedy
School of Government

Sidrotun Naim

Sustainable aquaculture

United States

Female

Jinan University

Yang Yu Feng

Researcher

China

Male

Joint Research Center
Johann Hofherr
FISHREG

Manager Aquatrace

United States

Male

Louisiana State
University

Chunyan Li

Professor, department of
Oceanography and Coastal
Science

United States

Male

Mangrove Action
Project

Alfredo Quarto

Executive director

United States

Male

Merck

Luc Grisez

Global Director Vaccine
development

The Netherlands

Male

Ministry of Agriculture,
Iain Bbole
Zambia

Researcher

Zambia

Male

Neeli Aqua

Consultant

India

Male

Thailand

Male

Ajaya Kumar

Network of
Aquaculture Centres in Simon Wilkinson Communications manager
Asia-Pacific
New Protein Capital

Marie-Anne
Dupin

Investment Company

Singapore

Female

NOAA Fisheries
Service, US

Lisa Milke

Research Fishery Biologist

United States

Female

Nutreco

Jose Villalon

Head of corporate
sustainability

The Netherlands

Male

Offshore Shellfish ltd,
NSRAC

Nicki Holmyard

Journalist

United Kingdom

Female

Open Blue

Brian O’Hanlon

Founder

Panama

Male

Professor at Akvaforsk Trygve Gjedrem Selective breeding expert
Genetics Center

Norway

Male

Research Institute of
Fisheries, Aquaculture Zsigmond Jeney Researcher aquaculture
and Irrigation, Hungary

Hungary

Male

Scottish Association of
Adam Hughes
Marine Sciences

Sustainable Aquaculture Expert United Kingdom

Male
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Scottish Association
of Marine Sciences

Kenny Black

Scottish Association
of Marine Sciences

Researcher

United Kingdom

Male

Karen Alexander Marine Social Sciences

United Kingdom

Female

Stanford University

Dane Klinger

Postdoc scholar

United States

Male

Stirling University

David J. Little

Aquatic resources and
development Sustainable
Aquaculture Division

United Kingdom

Male

SUNY-Morrisville
State College

Professor at school of
Elise J Livengood Agriculture, Sustainability, United States
Business & Entrepeneurship

Female

Supreme Seafood
Syracuse University

Mohamed Farook Founder & CEO
Susan Parks
Department of Biology

India
United States

Male
Female

U.S. Depart of
Agriculture

Rick Barrows

Research Nutritionist

United States

Male

University of Aveiro

Miguel Leal

Postdoc researcher

Portugal

Male

University of
California

Peter Klimley

Professor Wildlife, Fish &
Conservation Biology

United States

Male

University of Florida James Anderson

Professor and Director of
sustainable food systems

United States

Male

University of Leiden Patrik Henriksson

PhD LCA and Environmental
The Netherlands
impact aquaculture

Male

University of Twente Markus Pahlow

Postdoct researcher

The Netherlands

Male

University of Zambia

Hangoma
Mudenda

Researcher

Zambia

Male

Vissenbescherming

Paul Denekamp

Board member

The Netherlands

Male

Wageningen
University

Christos Giatsis

PhD fishfeed

The Netherlands

Male

Wageningen
University

Mandy Doddema PhD traceability

The Netherlands

Female

Wageningen
University

Martin Scholten

Director Animal Sciences
Group

The Netherlands

Male

Wageningen
University

Simon Bush

Aquaculture researcher

The Netherlands

Male

Wageningen
University

Willem
Brandenburg

Researcher Seaweed

The Netherlands

Male

World Wildlife Fund

Jason Clay

Action Leader, Scientific
officer

United States

Male

World Wildlife Fund

Piers Hart

Aquaculture policy officer

United Kingdom

Male

WorldFish

Froukje Kruijssen Post doct fellow

The Netherlands

Female

