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Preface

Let food be the medicine and medicine be the food. (Hippocrates of Kos (460 B.C.–377 
B.C.))

In 2015, world aquaculture production reached 106  million tonnes, while 
European aquaculture production reached 2.98 million tonnes of seafood, with a 
value over 11 billion USD (FAO, 2017). Although the world aquaculture production 
is still the fastest-growing food-producing sector in the world, the European one 
increased by about 136% in the last 10 years. Organic aquaculture represents 4.7% 
of the total EU aquaculture production, with six main species: salmon, trout, carp, 
sea bass, sea bream and mussels. In addition, organic aquaculture has experienced a 
significant increase in recent years. In 2015, compared to 2012, it grew by 24% for 
salmon, doubled for rainbow trout and tripled for sea bass and sea bream (EUMOFA, 
2017). Positive increase has also been observed for shellfish (mussels, oysters).

The main species produced under organic standards in 2015 were salmon, more 
than 16.000 tonnes (9% of EU total salmon production), the main producers being 
Ireland and the UK; mussel, almost 20.000 tonnes (4% of EU total mussel produc-
tion), Ireland, Italy and Denmark being the main producers; carp, about 6.000 
tonnes (8% of EU total carp production), the main producers being Hungary, 
Romania and Lithuania; trout, almost 5.000 tonnes (3% of EU total trout produc-
tion), the main producers being France and Denmark; and sea bass and sea bream, 
about 2.000 tonnes (1% of EU total production), the main producers being France, 
Greece and Spain.

Yet, the economic performance of EU organic aquaculture seems far from being 
satisfactory everywhere (EUMOFA, 2017). Notwithstanding the above, Europe is 
still heavily dependent on external markets to cover seafood demand. Indeed, EU 
seafood imports account to 148% of the EU production. Thus, EU aquaculture 
needs to increase its products’ competitiveness and respond to consumer demands 
for high-quality and safe food, in a challenging context of climate change, greater 
competition for natural resources and conflicting interests for space and markets. To 
ensure food and nutrition security by 2020, the food production sectors have to 
sustainably expand in terms of space use, production and new value chains, 
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 exploring and enhancing innovation opportunities offered by sustainable and resil-
ient aquaculture production systems, implementing the circular economy principles 
and increasing social acceptance of the corresponding activities and products. 
Future aquaculture needs to manage production of high-quality, safe food for a 
growing population, without harming the environment and without compromising 
animal health and welfare. To succeed, improvements are demanded along the 
whole value chain, including a sustainable, organic, resilient and friendly 
aquaculture.

Organic aquaculture is an alternative production approach driven by the growing 
interest in sustainable utilization of resources. It is a system of farm management 
and food production that combines best environmental practices, a high level of 
biodiversity, the preservation of natural resources, the application of high animal 
welfare standards and a production method in line with the preference of certain 
consumers for products produced using natural substances and processes. Thus, it 
plays a dual societal role, where on the one hand provides for a specific market 
responding to a consumer demand for high-quality organic products and on the 
other hand delivers public goods contributing to the protection of the environment 
and animal welfare, as well as to rural development (EC 834/2007).

Organic-certified aquaculture products include fish, molluscs, crustaceans and 
algae (seaweed and phytoplankton). This book addresses, reviews and evaluates key 
themes and is set out to show how these themes relate to the challenges and bottle-
neck for a sustainable organic aquaculture production in Europe. The key themes 
reflect the main challenges facing the organic aquaculture industry: guarantee and 
certification system, nutrition, reproduction, production system design and animal 
welfare. In addition, it assesses the impact of new and future potential development 
of new knowledge to update and modify the criteria and standards for organic aqua-
culture to provide high-quality products for the consumers.

The overview of the book is followed by eight chapters.
Chapter 1 provides an overview of the organic standards and certification sys-

tems worldwide and presents the organic principles. Organic systems are rooted in 
four principles of organic agriculture, “health, ecology, fairness and care”. The goal 
of the organic sector is to positively impact aquaculture production through the 
establishment of ecologically integrated systems that preserve the natural environ-
ment, maintain or enhance biodiversity, respect animal welfare and yield high- 
quality, healthy product. Organic standards and regulations, in order to guarantee 
and protect consumers, are based on a guarantee or assurance system, which focuses 
on assuring certain basic facets of the standards that have been met for the relevant 
products in the marketplace. The implication is that the processes (practices) fol-
lowed by the operators along the chain lead to products with a degree of certainty 
that they possess specific attributes, e.g. have been produced without deliberate use 
of genetic engineering, harmful pesticides and hormones and have respected aspects 
of animal welfare, biodiversity and, in the case of certain private standards in par-
ticular, social justice issues. Furthermore, most certification systems (e.g. EU regu-
lation) require traceability from final product back through the chain of custody.

Preface



ix

Chapter 2 deals with the European Regulation on organic aquaculture and goes 
into the details of the rules, with reference to (a) the origin of the aquaculture ani-
mals, (b) the husbandry practices, (c) the breeding, (d) the feed for fish and crusta-
ceans, (e) the bivalve molluscs and other species which are not fed by man but feed 
on natural plankton, (f) the disease prevention and veterinary treatment and (g) the 
cleaning and disinfection, products for cleaning and disinfection in ponds, cages, 
buildings and installations. In addition to the official controls along the agri-food 
chain applied to both organic and non-organic food and feed marketed, the EU 
organic aquaculture production, trade and labelling is subject to an additional con-
trol system established in the Regulation (EC) No. 834/2007 and its implementing 
regulations. Such control system aims at guaranteeing the production processes and 
not the products themselves, by verifying and certifying that each operator in the 
supply chain (farmers, processors, traders, importers) complies with the correct 
application of the production rules. After the first EU organic regulation entered in 
force, several amendments followed, in order to take into account of the dynamic 
evolution of the organic sector and the new technical-scientific knowledge. Then, 
after a long-lasting process, in June 2018, a new organic regulation (EU) 2018/848 
was published, with the provision of its entry into force from 1 January 2021.

Chapter 3 deals with economics and consumer aspects of the organic aquacul-
ture. The general picture emerging from the analysis of the production process 
shows higher costs and a differentiated situation in terms of productivity in organic 
aquaculture, which implies that overall profitability is strongly conditioned by pre-
mium prices. However, while a general consensus can be considered for what con-
cerns higher production costs for organic aquaculture, a more differentiated picture 
emerges for what concerns yields. As a consequence of a lack of knowledge, many 
consumers do not clearly distinguish between sustainable and organic aquaculture. 
The two terms are frequently mixed or used synonymously. Nevertheless, consumer 
perceptions of the product attributes typical of organic farmed fish are mostly in line 
with current organic aquaculture practices. Organic fish farming is perceived as a 
natural production method that combines eco-friendliness with fish welfare. 
Preferences and willingness to pay become of crucial relevance when asking for 
market opportunities of organic food and seafood.

Chapter 4 discusses aquaculture genetic selection and classic selective breeding 
programmes. Feed costs normally constitute the highest running expenses in aqua-
culture; therefore, selection for improved feed efficiency would greatly benefit the 
industry. Moreover, disease outbreaks pose serious challenges in aquaculture where 
in many occasions, efficient therapeutic agents are lacking. Selective breeding to 
prevent the detrimental effects of disease outbreaks is particularly relevant in the 
case of organic farming where there is restriction in the use of antibiotics and the 
available therapeutic agents are even more limited. One more element to be anal-
ysed is the contribution of potential GxE interactions among different environments 
and their implications in terms of lower-than-expected genetic gains of the selective 
breeding programmes carried out.

Chapter 5 emphasizes on hatchery operations in order to overcome the current 
problems of producing seed (larvae), especially of marine fish, according to organic 
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criteria. Most of the problems are related to the booster used to enrich phytoplank-
ton and zooplankton for larval feeding. Restrictions also exist on the methods to 
induce spawning, such as the use of hormones and/or the manipulation or ablation 
of eyestalks in crustaceans. Further research in the enrichment of live prey using 
only microalgae or combined with other organic products is also essential for a 
sustainable organic hatchery production.

Chapter 6 considers the aquaculture production systems, its recycling abilities 
and how technology solutions and science-based production systems and protocols 
can achieve sustainable and organic aquaculture systems that comply with circular 
economy principles and maintain healthy aquatic ecosystems. A wide overview of 
pros and cons in relation to the organic principles of flow-through, RAS, cage and 
pond systems and IMTA is presented.

Chapter 7 deals with welfare issues and veterinary treatment in organic aquacul-
ture. Farmed fish are exposed to a range of industry practices that may act as chronic 
stressors, which potentially compromise welfare. The effects of a wide range of 
aquaculture practices on the stress physiology of fish, including frequent handling, 
transport, periods of food deprivation, deteriorating water quality, suboptimal stock-
ing densities, fin-clips and environmental enrichment are analysed in this chapter. 
Effective biosecurity policy that minimizes the risk of introducing and spreading 
infectious diseases from/to the animals at a facility level, but also of spreading dis-
eases to other sites, is a key factor to reduce the stress of the fish, to prevent disease 
and veterinary treatments.

Chapter 8 covers aspects of current use of formulated feeds, feed composition, 
aquafeed technology, sustainable alternatives to common feed ingredients, nutri-
tional physiology and general nutritional principles and product quality in the con-
text of the organic aquaculture. It reviews new knowledge and presents research 
results to update and modify the criteria and standards for organic aquaculture in 
relation to nutrition and thus to provide high-quality products for the consumers. 
Recognition and effective communication on how the organic aquaculture products 
are developed will work towards greater consumer support.

Research efforts across disciplines worldwide by teams of researches work 
effectively to meet the future needs of organic aquaculture. As organic aquaculture 
moves forward, it is important that clear mechanisms are in place to ensure that 
progress against the outcomes is achieved and monitored.

Bari, Italy Giuseppe Lembo
Volos, Greece Elena Mente
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Chapter 1
Organic Aquaculture: Principles, 
Standards and Certification

David Gould, Antonio Compagnoni, and Giuseppe Lembo

 Introduction

IFOAM Organics International, the global umbrella organization for the organic 
sector, defines organic agriculture as “a production system that sustains the health 
of soils, ecosystems and people”. It relies on ecological processes, biodiversity and 
cycles adapted to local conditions, rather than the use of inputs with adverse effects. 
Organic agriculture combines tradition, innovation and science to benefit the shared 
environment and promote fair relationships and a good quality of life for all involved 
(IFOAM 2014).

Historically, systems and products using the term “organic” (or its equivalent in 
other languages, e.g. “biologique”, “ecológico”, etc.) have indeed focused on the 
health and stewardship of soils as their foundation for production. Soil gives rise to 
the crops and livestock grown as primary products, which then may be processed 
further before they reach the final consumer. These are in essence terrestrial, soil- 
based systems; without the basis of soil and without good soil stewardship, organic 
production of crops and livestock in a terrestrial setting does not exist.

Organic systems are rooted in four Principles of Organic Agriculture: health, 
ecology, fairness and care. “The Principles apply to agriculture in the broadest 
sense, including the way people tend soils, water, plants and animals in order to 

D. Gould (*) 
IFOAM – Organics International, Bonn, Germany
e-mail: d.gould@ifoam.bio 

A. Compagnoni 
IFOAM-EU, Rome, Italy
e-mail: acompagnoni@database.it 

G. Lembo 
Stazione Sperimentale per lo Studio delle Risorse del Mare,  
COISPA Tecnologia & Ricerca, Bari, Italy
e-mail: lembo@coispa.it

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-05603-2_1&domain=pdf
mailto:d.gould@ifoam.bio
mailto:acompagnoni@database.it
mailto:lembo@coispa.it


2

produce, prepare and distribute food and other goods. They concern the way people 
interact with living landscapes, relate to one another and shape the legacy of future 
generations (IFOAM 2014).”

In contrast to agriculture, aquaculture does not, as a rule, have soil stewardship 
at its heart, although production of certain aquatic species involves caring for the 
soil that either abuts or is submerged under a terrestrially located aquatic system 
such as a pond, river or estuary. Nonetheless, the organic principles may be applied 
to aquaculture systems, and there are good reasons to do so.

Globally, aquaculture continues to play an increasingly important role in the pro-
vision of animal protein in human diets. Yet, aquaculture production systems can 
put increasing strain on wild aquatic systems by depleting feed sources for wild 
populations or polluting surrounding areas with contaminated effluent.

The goal of the organic sector on the other hand is to positively impact aquacul-
ture production through the establishment of ecologically integrated systems that 
preserve the natural environment, maintain or enhance biodiversity, respect animal 
welfare and yield high-quality, healthy products. For example, aquaculture feeds 
produced through organic methods avoid the use of toxic substances that can have 
negative environmental and human health effects. Furthermore, organic health 
treatments do not use antibiotics and other drugs that can carry over into the human 
diet or encourage pathogenic resistance to such cures. While organic standards and 
certification currently cater to a growing market of goods specially labelled as 
organic, the sector also aims at contributing to the improvement of production 
practices more generally. Organic practices offer solutions and benefits for all kinds 
of agriculture and aquaculture operations regardless of the market claims involved 
(Arbenz et al. 2016).

The organic label distinction nonetheless remains an important vehicle for facili-
tating consumer choice, and consumer demand for organic goods increases annually 
(Willer and Lernoud 2017). Consumers who buy organic products do so for com-
mon reasons, including the quality of the final product both in terms of taste and 
expectation of lower or non-presence of toxic residues, concern for the environment 
and animal welfare. The year-on-year increase in demand is made possible in part 
because consumers have confidence in the credibility of the claims made on organic 
products. The guarantee has two main complementary facets: the rigour of the prac-
tices mandated by the standard (private sector standard or government regulation) 
and the rigour with which those practices are verified as having been carried out. 
Consumers must believe that the standard’s requirements are meaningful and that 
the checking is done in a serious and trustworthy manner.

It is thus important that when extending the scope of organic products beyond the 
more “traditional” range of agricultural goods, namely, crops, livestock and prod-
ucts derived therefrom, into the realm of aquatic systems, consumers retain their 
sense that these aquaculture products are compatible with what they expect 
“organic” to mean. In fact, some people, a minority by all accounts, deny that 
organic aquaculture is even a valid concept, usually citing either the lack of soil as 
a central focus. The fundamental question of whether or not the organic sector 
should include aquaculture in its scope of activities was debated through public 
consultation and then put to a vote by the General Assembly of IFOAM Organics 
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International in 2017, with the result in favour of inclusion. The “translation” of the 
Principles of Organic Agriculture to aquaculture systems thus requires some adjust-
ment of emphasis or re-contextualization in order to assure that organic aquaculture 
requirements reflect the intention of the Principles to the greatest degree possible.

Aquaculture has been practised in certain cultures and locations for many gen-
erations, centuries if not longer, integrated with certain agricultures, e.g. in parts of 
Asia and in natural estuaries in various places. The increase of aquaculture however 
to volumes of product that reflect its significant impact on total animal protein con-
sumption by humans is due to more intensive systems and technological innova-
tions in recent decades than has been done before. These newer, higher- producing 
systems are often done with practices that are not as clearly or wholly compatible 
with the Principles. Stakeholders have had to weigh positive and negative consider-
ations and make compromises in the spirit of meeting the needs, desires and expec-
tations of producers and consumers alike.

Ongoing analysis of the effects of organic aquaculture systems will help reveal 
how well such production systems meet the expectations of both consumers and 
producers in terms of environmental performance and productivity, product quality 
and nutritional value and economic viability of organic aquaculture enterprises.

 Organic Principles Applied to Aquaculture

The Principles form an integrated, holistic conception. The main aspects of aquacul-
ture practice, e.g. site location and design, breeding, feeding, species health and 
welfare and product handling and quality, do not manifest singly, but rather in con-
junction with each other and therefore impinge on multiple principles at the same 
time, as can be illustrated through the following discussion of each Principle:

 Principle of Health

Organic agriculture should sustain and enhance the health of soil, plant, animal, human 
and planet as one and indivisible.

This principle points out that the health of individuals and communities cannot be sepa-
rated from the health of ecosystems – healthy soils produce healthy crops that foster the 
health of animals and people.

Health is the wholeness and integrity of living systems. It is not simply the absence of 
illness, but the maintenance of physical, mental, social and ecological well-being. Immunity, 
resilience and regeneration are key characteristics of health.

The role of organic agriculture, whether in farming, processing, distribution or con-
sumption, is to sustain and enhance the health of ecosystems and organisms from the small-
est in the soil to human beings. In particular, organic agriculture is intended to produce 
high-quality, nutritious food that contributes to preventive healthcare and well- being. In 
view of this, it should avoid the use of fertilizers, pesticides, animal drugs and food addi-
tives that may have adverse health effects (https://www.ifoam.bio/en/organic-landmarks/
principles-organic-agriculture).
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In terms of aquaculture, the main implications of this Principle devolve to (i) the 
health of the species in question through proper nutrition and (ii) the nutritional 
quality of the product sold for human consumption. Because in aquaculture systems 
carnivorous fish often receive a portion of their diet in plant-based form, there is a 
reason to be concerned that the plant-based portion may provide a different balance 
of nutrients, which may in turn affect the health of the species and the nutritional 
profile of the final product. For example, salmonids require essential fatty acids in 
their diet. Being deprived of a more “natural” balance as they might get in open 
waters could lead to poor animal health, a practice which would be against organic 
principles and standards. Furthermore, fish with lower-than-normal omega-3 fatty 
acid levels might fall short of consumer expectations, a danger toward the credibility 
and market success of an organic label.

While the stewardship of the environment in which aquaculture species are 
raised is important to their health, the soil loses its primacy in aquaculture in contrast 
to agriculture operations. Nonetheless, the aquatic environment has significant 
implications for the safety of the food products involved. For example, naturally 
occurring bacterial blooms can make seafood products unsafe to eat, and waters 
contaminated otherwise by biological or chemical agents can pose risks that organic 
standards purport to minimize. Furthermore, postharvest handling is especially 
critical for aquatic animal products to assure that spoilage is avoided and the 
freshness and organoleptic qualities of these highly perishable products are 
maintained.

 Principle of Ecology

Organic agriculture should be based on living ecological systems and cycles, work with 
them, emulate them and help sustain them.

This principle roots organic agriculture within living ecological systems. It states that 
production is to be based on ecological processes and recycling. Nourishment and well- 
being are achieved through the ecology of the specific production environment. For example, 
in the case of crops, this is the living soil; for animals it is the farm ecosystem; and for fish 
and marine organisms, it is the aquatic environment.

Organic farming, pastoral and wild harvest systems should fit the cycles and ecological 
balances in nature. These cycles are universal but their operation is site-specific. Organic 
management must be adapted to local conditions, ecology, culture and scale. Inputs should 
be reduced by reuse, recycling and efficient management of materials and energy in order 
to maintain and improve environmental quality and conserve resources.

Organic agriculture should attain ecological balance through the design of farming 
systems, establishment of habitats and maintenance of genetic and agricultural diversity. 
Those who produce, process, trade or consume organic products should protect and benefit 
the common environment including landscapes, climate, habitats, biodiversity, air and 
water (https://www.ifoam.bio/en/organic-landmarks/principles-organic-agriculture).

The aquatic environment is specifically mentioned in this Principle, giving further 
credence to the idea that organic aquaculture indeed fits within the concept of what 
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“organic” encompasses. In line with the Principle, the integration of the production 
system with nature and its environmental impact are of significant concern with 
regard to practically every main facet of activity.

In terms of breeding and species chosen, organic operators should be wary of the 
introduction of any exotic or potentially invasive species to new locations. The 
chance of escape of such organisms from a contained aquaculture operation into 
open waters is an ongoing concern. Even within the boundaries of an established 
system, the possibility of a target species under production should not be allowed to 
overwhelm the biodiversity that otherwise exists.

Feeding species under production, in particular carnivorous species, remains an 
ongoing challenge for organic aquaculture operations. In the context of the Principle 
of Ecology, carnivorous species so far have to rely to a significant extent on fish and/
or fish trimmings from wild fisheries. Depletion of wild stocks of fish caught in 
order to feed fish in aquaculture operations can threaten the survival of the species 
that normally prey on them, disrupting natural marine food chains. Fishmeal derived 
from trimmings of fish caught for human consumption is a widely used source, but 
this is not often is not a sufficient supply in quantity and/or quality to maintain the 
cultured population. Furthermore, generally speaking, organic standards require 
that livestock raised to be organic products in the marketplace be fed with organic 
feed, which the wild fishery sources are by definition not. On the other hand, raising 
fish through organic aquaculture operations and then using them to feed other fish 
populations, while theoretically possible, proves so far not to be an economically 
viable option. The organic sector is pressing for the promotion of other protein 
sources, such as the cultivation of insects or microalgae, in order to use these 
products as a component of fish feed rations; the degree to which this may alleviate 
the aforementioned challenges remains to be seen.

One of the most controversial issues in the organic aquaculture debate has been 
about the recirculation or reuse of water in organic systems. With respect to the 
Principle of Ecology, there are advantages and disadvantages that stakeholders have 
had to weigh. The responsible use of water is an increasingly critical issue worldwide 
for all kinds of production systems. In most conventional operations that reuse 
water, recirculating aquaculture systems (RAS) are used. In several aspects, these 
systems pose ecological advantages: RAS have comparatively lower water 
consumption compared to other systems, and it is easier to disinfect and clear water. 
RAS increase the ability to recycle water and use effluent and nutrients productively. 
It is possible to design systems that are in contact with water, but save water and 
avoid pollution; much of the outcome in this respect depends on good management 
practices. A big disadvantage is that energy use by RAS is very high, which is a 
negative attribute especially when derived from non-renewable or greenhouse gas- 
emitting resources or otherwise having negative impact on the environment or food 
supply. Furthermore, RAS entail an almost total disconnection with natural 
environment, which is not in line with the Principle of Ecology (nor with the 
Principle of Fairness as relates to animal welfare, see below). This has been the 
overriding idea that has led the organic sector to reject RAS that are not integrated 
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into the natural environment. At its 2017 General Assembly, IFOAM Organics 
International reached the following resolution regarding system boundaries for 
organic aquaculture systems:

Organic aquaculture may include an environmentally integrated recirculation system only 
if it is primarily based on and situated in a natural environment. It does not routinely rely 
on external inputs such as oxygen, allows the raised species to spend the majority of their 
lives in outdoor facilities and preferably uses renewable energy. (IFOAM 2017)

With such connection to a natural environment, issues of water quality and effluent 
remain important concerns in terms of the ecosystem in which any given operation 
is situated.

 Principle of Fairness

Organic agriculture should build on relationships that ensure fairness with regard to the 
common environment and life opportunities.

Fairness is characterized by equity, respect, justice and stewardship of the shared world, 
both among people and in their relations to other living beings.

This principle emphasizes that those involved in organic agriculture should conduct 
human relationships in a manner that ensures fairness at all levels and to all parties – 
farmers, workers, processors, distributors, traders and consumers. Organic agriculture 
should provide everyone involved with a good quality of life and contribute to food 
sovereignty and reduction of poverty. It aims to produce a sufficient supply of good-quality 
food and other products.

This principle insists that animals should be provided with the conditions and opportu-
nities of life that accord with their physiology, natural behaviour and well- being.

Natural and environmental resources that are used for production and consumption 
should be managed in a way that is socially and ecologically just and should be held in trust 
for future generations. Fairness requires systems of production, distribution and trade that 
are open and equitable and account for real environmental and social costs (https://www.
ifoam.bio/en/organic-landmarks/principles-organic-agriculture).

The primary considerations with respect to this Principle relate to (i) the health and 
welfare of animals raised under aquaculture systems, including respecting their 
natural behaviours and (ii) how fair the production rules are with respect to the 
economic viability of aquaculture enterprises and the livelihoods of organic 
producers. Each of these considerations relates to multiple facets of aquaculture 
production systems, with a mix of pros and cons.

With respect to animal health and welfare, system design and living conditions 
have great impact. RAS totally disconnected from natural conditions violate the 
Principle of Fairness by sheer disrespect of the animal’s intrinsic right to exist and 
exhibit its “natural behaviour” under anything close to the conditions under which 
it evolved. Furthermore, the economic pressures of operating RAS demand higher 
stocking densities in order to produce greater amounts of product and generate 
adequate return on investment. Higher stocking densities also carry risk of 
accelerating spread of disease, should it arise. On the other hand, RAS offer the 
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possibility of controlling water quality against harmful extremes, as well as a degree 
of certainty to prevent escapes and protect against pathogens. Finally, consumer 
perception about organic aquaculture products is highly important to the overall 
well-being of the sector. Many consumers emphasize their priority that organic fish 
are, and should be, raised in some kind of “natural environment”.

From the standpoint of economic considerations for organic producers, RAS can 
outcompete less intensive aquaculture systems, i.e. those that are more integrated 
with nature, since it has higher production rates per unit. Other economic pressures 
include feed requirements of organic standards, which if overly strict or “purist” 
eliminate the possibility of using certain feed supplements, e.g. certain essential 
amino acids produced through fermentation, that could allow a higher portion of 
plant-based feed. In terms of sources of stock, the availability, or lack thereof, 
organic origin is significantly lacking in certain species; too strict requirements for 
organic juveniles thus so far simply make organic production unfeasible.

 Principle of Care

Organic agriculture should be managed in a precautionary and responsible manner to 
protect the health and well-being of current and future generations and the environment.

Organic agriculture is a living and dynamic system that responds to internal and exter-
nal demands and conditions. Practitioners of organic agriculture can enhance efficiency 
and increase productivity, but this should not be at the risk of jeopardizing health and well-
being. Consequently, new technologies need to be assessed and existing methods reviewed. 
Given the incomplete understanding of ecosystems and agriculture, care must be taken.

This principle states that precaution and responsibility are the key concerns in manage-
ment, development and technology choices in organic agriculture. Science is necessary to 
ensure that organic agriculture is healthy, safe and ecologically sound. However, scientific 
knowledge alone is not sufficient. Practical experience, accumulated wisdom and tradi-
tional and indigenous knowledge offer valid solutions, tested by time. Organic agriculture 
should prevent significant risks by adopting appropriate technologies and rejecting unpre-
dictable ones, such as genetic engineering. Decisions should reflect the values and needs of 
all who might be affected, through transparent and participatory processes (https://www.
ifoam.bio/en/organic-landmarks/principles-organic-agriculture).

The organic sector considers itself a promoter of innovation and strives to develop 
techniques and technologies through research and practical experimentation that are 
appropriate for organic systems. In the aquaculture context, innovations have been 
considered in several key areas, including feed formulation, as mentioned above 
with respect to insect production and fermentative sources of amino acids and other 
supplements, and water management, such as through alternative energy sources to 
move and reuse water. Because the organic sector has such a strong history and 
consumer reputation that animal breeding or rearing does not happen via use of 
hormones, breeding and production of juveniles of certain species remains elusive 
and bears additional research.

Prevention of adverse impacts of exotic and/or invasive species via their intro-
duction or through escapes also falls within the scope of consideration of the 
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Principle of Care. The overall impact of aquaculture on freshwater and marine life 
remains an ongoing consideration and merits monitoring on a continual basis.

 Organic Aquaculture Standards and Regulations Around the 
World

The term “standard” implies a set of practices and related performance require-
ments that must, in order to relate to a credible claim on a product or service, be 
coupled with some kind of certification or other assurance mechanism. The term 
“regulation” often includes the practice requirements as well as the control scheme, 
plus potentially other kinds of surveillance or data collection aspects. For the sake 
of this discussion about the practice and performance requirements involved in 
organic aquaculture, we shall use the terms “standard” and “regulation” inter-
changeably to refer to the practices operators must follow in order to comply with 
actual production requirements.

Standards serve two main purposes: (i) they describe a set of practices and/or 
outcomes that lead to a certain quality or classification of products and services, 
which can be used in and of themselves to guide production activities and (ii) as the 
basis for a verification of the described practices for the purposes of measuring 
performance or for the purposes of guaranteeing market claims on products made in 
accordance with the standard. In terms of “organic aquaculture”, the standards do 
serve both of these purposes. Like in other “organic” claims in the market, the pur-
pose is to distinguish those products from others which have been produced using 
practices and/or materials that are not allowed by the standards, the implication 
being that the organic goods reflect certain values, practices and qualities that 
certain consumers deem desirable.

Governments may set standards as a legal requirement for making organic claims 
in the marketplace; hence they become regulations. Private sector organizations 
may also create standards and operate assurance schemes as a service to a given 
sector based on geographical and/or activity scope. In the organic market sector, 
both types are essentially labelling schemes whose main purpose is to enable 
identification of products as organic based on a verification mechanism, usually 
third-party certification.

Whereas private schemes may operate potentially anywhere, there is a demand 
from operators or consumers and government permission or licence to do so; 
government regulations are enforced primarily within their respective legal 
jurisdictions, their focus being on protecting their citizens as consumers via a 
credible guarantee about the product’s label claims. If ingredients however originate 
in regions outside the government’s jurisdictional boundaries, they may still impose 
the requirements of their regulation on those relevant operators. This imposition 
occurs either by requiring direct compliance with the government’s own standard or 
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through their recognition of equivalence of a complementary assurance scheme, 
public or private, that covers those preceding links in the chain.

Some government regulations permit the operation of private schemes within 
their boundaries and allow those private claims in the market, while others do not. 
There are various permutations on this theme, which also change over time as 
government regulatory schemes make revisions. For example:

• The European Union’s regulation for organic aquaculture operates as a “base” 
regulation for organic aquatic products in the community’s market but allows 
other private standards schemes within its borders to also operate their own 
aquaculture standards and certification programmes with their own labels, as 
long as these at least comply with the EU regulation.

• The EU regulation has allowed foreign, so-called third country, organic certifica-
tions to demonstrate and receive recognition of equivalence so that products 
from those countries may enter the EU market with organic labelling. Production 
practices are deemed equivalent, but final labelling for the EU market complies 
with the EU regulation’s labelling requirements. The EU recently approved a 
revised regulation however, and equivalence by private schemes will no longer 
be an accepted avenue for importing organic goods. Only country-to- country 
equivalence arrangements will receive consideration for continued equivalence 
and those pre-existing may still be renegotiated.

• The US Department of Agriculture’s National Organic Program (NOP) does not 
currently cover aquaculture. Some aquaculture products are labelled as organic 
in the US market, but without any reference to the USDA NOP. The development 
of organic aquaculture standards remains on USDA’s work plan; should they 
come into force, under existing policies only regulations included in a US 
country-to-country agreement will be recognized as equivalent and gain entry to 
the use market; otherwise direct compliance with the NOP rules will be required.

• The China organic regulation only allows products in the Chinese market if they 
fully comply with the regulation. Private schemes are not recognized.

• In February 2018 Canada published its organic aquaculture standard, which in 
and of itself does not specify the allowance of imported organic aquaculture 
products or those certified by bodies not accredited to the Canada Organic 
Regime. These aspects presumably will fall under the broader terms of that 
country’s recognition agreements with other organic programmes.

Two main international efforts, namely, Codex Alimentarius and IFOAM 
Organics International, have strived to create a globally usable organic aquaculture 
standard aimed at enabling equivalence among standards and concomitant reduction 
of trade barriers that are caused by relatively minor differences among them. The 
Codex standard creation process was suspended at the 43rd meeting of the Codex 
Committee on Food Labelling (May 2016, Ottawa, Canada) after a failure of country 
delegations to agree on technical requirements for the standard, the issues of 
contention running the full gamut of difficult topics as outlineds at the beginning of 
this chapter. In 2017 the IFOAM process broke through a years-long stalemate 
regarding system boundaries and recirculation/reuse of water, paving the way for 
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including aquaculture as part of the global IFOAM Standard for Production and 
Processing, which aims to be globally applicable, allowing for regional variations 
based on the degree of sector development and technical limitations due to such 
factors as climate and day length.

Achieving actual global equivalence among organic standards, aquaculture and 
otherwise, remains elusive despite relatively small differences among most 
respective sets of requirements. Bilateral arrangements are becoming more common, 
with explorations into multilateral agreements also starting (Willer and Lernoud 
2017). The IFOAM Family of Standards (https://www.ifoam.bio/en/ifoam-family-
standards-0) serves as a working model for multilateral equivalence among private 
organic standards and governmental organic regulations and currently includes and 
recognizes approximately 60 different schemes, but has until now not included 
aquaculture in its scope. The benchmark for determining equivalence, namely, the 
Common Objectives and Requirements of Organic Standards (COROS), has not 
covered aquaculture, a situation that will change once the IFOAM Standard also 
includes aquaculture in its scope.

Globally organic aquaculture standards, although having existed in certain con-
texts many years, at least since 2000, are still not very broadly applied compared to 
agriculture, less than 1% of the organic total area (Willer and Lernoud 2017), and 
are a relatively new work area for many entities in the sector. As the foregoing 
discussion described, this slow development is reflective of the technical challenges 
of organic aquaculture practices, especially when taken through the lens of terrestrial 
agriculture systems. Expectations for raising terrestrial animals and aquatic ones are 
not, and need not be, necessarily fully congruent. Resolving the differences between 
these two lines of thinking, and production, has been a long and slow journey that is 
gaining momentum, with the recent decisions taken by IFOAM and the further 
evolution of private and government standards accelerating the process. The 
challenges in resolving key issues in the standards have also had implications for 
economic viability of certain kinds of organic aquaculture operations; finding 
adequate compromises remains a challenge in some cases, and there is 
correspondingly a call among certain practitioners for increased opportunity to 
innovate within an organic regulatory context.

Data collection on organic aquaculture is incomplete; certain countries either do 
not readily provide statistics on organic producers, and non-certified producers are 
so far generally not counted. The largest producer by volume of certified organic 
aquaculture products is by far China, which includes aquaculture as part of its 
national regulation (The National Standard of the People’s Republic of China, GB/T 
19630.1–2011) and comprises almost 80% of the recorded world total. The next 
most significant volume of certified production comes under the European Union 
regulations, covering most of the remaining 20% of the global total. Other 
government regulations include Brazil, Argentina and Canada, each with still quite 
low volumes. The East African Organic Products Standard, a regional standard 
owned by the East African Community, is currently under revision and aims to 
include a new chapter on aquaculture. As stated above, USDA and its National 
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Organic Standards Board has had the drafting of an aquaculture section of the NOP 
regulation on its work plan for some years.

Private organic standards schemes include, among the most active, Naturland 
(Germany-based but active globally), Soil Association (UK), Organic Agriculture 
Certification Thailand, and Krav (Sweden). Others include (https://www.ifoam.bio/
en/ifoam-accredited-certification-bodies) NASAA (Australia-based), Australian 
Certified Organic, Instituto Biodinamico (Brazil), Organic Food Development 
Center (China), Hong Kong Organic Resource Centre Certification Limited, JONA 
(Japan), AsureQuality Limited (New Zealand-based), CCPB (Italy-based) and 
Doalnara Certified Organic Korea. Volumes of this latter set are still quite low; this 
list is however not exhaustive.

 Scope and Content of Organic Aquaculture Standards

Organic aquaculture covers a full spectrum of aquatic species, including micro and 
macro algae, zoo plankton and animals (all kinds). To date, all standards are in 
unison in declaring that wild fish capture does not qualify for an organic certification 
or market seal. The East African Organic Products Standard revision currently 
proposes allowing wild fishery products into the scope of organic. In the United 
States, controversy over this issue blocked progress of aquaculture standards 
development even prior to the advent of the National Organic Program, with wild 
salmon fisheries in the state of Alaska arguing that their wild product merited an 
organic label as much as did a farmed version (Gould and Kirschenmann 2006).

Standards requirements, in order to be credible, must be verifiable. Since the 
Organic Principles are a basis of thought about what organic production and prod-
ucts should ideally represent, these Principles should therefore be “translated” into 
a set of required practices, i.e. an organic standard, that fully covers them. The 
Principles envision a more ideal world where humanity manifests the full socially, 
ecologically, economically and culturally accountable spectrum of behaviours. 
Their integrated, holistic narrative should then be dissected into enough detail to 
guide producers toward these desired outcomes, which in essence paint a picture of 
true sustainability for agriculture-based production.

Despite this ideal, all of the organic government regulations, and, generally 
speaking to a lesser degree, all of the private standards, fall short of fully covering 
the Principles. The history behind such compromises made in the evolution of 
organic standards reveals a complex set of considerations and circumstances, having 
to balance meaningfulness with achievability with the overall intention to create the 
maximum positive impact. A standard that is too difficult to achieve because its 
demands are too high does not reach enough operators or consumers to have much 
impact globally; on the other extreme, too easy requirements may not bring enough 
collective change even though more operators participate. Organic aquaculture 
standards are no exception and follow the same basic range of practice considerations 
as their terrestrial counterparts.
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Seeing the gap between organic standards on the whole and the ideal of the 
Principles, in 2012 IFOAM and its allies formed the Sustainable Organic Agriculture 
Action Network – SOAAN (IFOAM 2011. General Assembly Motion 57, https://
www.ifoam.bio/sites/default/files/minutes_in_action.pdf), a think tank with the 
intention to refresh the narrative and bring the message of the organic movement, 
i.e. the Principles, closer to message of the market (the guarantees brought through 
certification). This initiative reflected the IFOAM membership’s awareness that the 
impacts of the organic sector over the preceding decades had helped give rise to 
several competing social/environmental standards and labelling schemes and that 
the level of maturity of the organic market could withstand further demands of 
performance by its own expectations.

The first phase of the SOAAN think tank’s work (2012–2013) produced the Best 
Practice Guideline for Agriculture and Value Chains (IFOAM, Best Practice 
Guideline for Agriculture and Value Chains, 2013, http://www.ifoam.org/sites/
default/files/best_practice_guideline_v1.0_ratified.pdf), essentially a benchmark 
document describing in detailed terms the full spectrum of topics to be considered 
for a complete treatment of sustainability by organic operators along the value 
chain, from primary production all the way up to the final consumer.

While deliberately not a standard or set of mandatory requirements per se, the 
Guideline describes in a more practical and detailed manner how to actually manifest 
the Principles. Even though the fuller scope of practices described by the Guideline 
exceeds the demands of organic regulations and, to a lesser degree, most private 
standards, many certified operators’ performance already include at least some of 
the additional practice areas described. Private standards tend as a rule to encompass 
a broader set of sustainability dimensions, e.g. societal, ecological, economic, 
cultural and accountability, compared to government regulations. Their users and 
stakeholders are often more self-selecting, hold more values in common and are 
smaller in numbers, making for a less controversial and therefore streamlined 
process in creation and revision.

Certain aspects of production remain challenges for organic producers and con-
sumers to execute under current market and policy conditions. Dependence on non-
renewable energy sources, closing nutrient loops in production systems, use of 
packaging materials and waste reduction, limitations on processing methods that 
remove nutritive value of the final product and assuring a fair price for farmers and 
farm labourers are prominent examples. In organic aquaculture chains, the set is 
similar, with the aspects needing most improvement varying with a somewhat dif-
ferent focus, for example, on water over soil, animal welfare under production sys-
tems that may essentially “unnaturally accelerate” the domestication of certain 
species of fish, compared, for example, to the millennia-old practice of cattle 
husbandry, and considerations regarding maintenance of quality of relatively more 
quickly perishable final products.

While making improvements to organic operations carries its own inherent 
technical challenges, the main inhibiting factor is economic and political: organic 
products must compete against conventionally produced goods in the market. 
The additional requirements imposed by organic standards, let alone the full 
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spectrum described by the Best Practice Guideline, pose a greater economic bur-
den on producers and consumers. Simply put, policy and market conditions are 
such that it is economically more advantageous to exploit the environment in 
ecologically unsustainable ways and to detract the livelihoods of enterprises and 
labourers in the value chain than it is to do the opposite. While the organic market 
is now heavily regulated, and almost 90 countries with official organic rules, the 
market plays by its own rules, which are not founded on the Principles, - rather it 
is far from it. Organic products do as a rule sell for a higher price than conven-
tional ones, and the organic market share keeps growing worldwide (Willer and 
Lernoud 2017). Nonetheless, desires to keep improving organic market require-
ments toward better fulfilment of the Principles have limits under current condi-
tions, with consumer tolerance for the price increase being only so elastic. The 
cry from the organic sector is not that organic products cost too much, but rather 
that conventional ones are too cheap (http://www.hortidaily.com/article/27183/
Organic-isnt-too-expensive,-conventional-is-too-cheap).

Seeing this inequity, SOAAN convened a second phase of work in 2014 to better 
define the socio-political as well as the technical conditions to enable producers and 
consumers to adopt best practices. The result culminated in 2015 with the official 
global launch of Organic 3.0, a term initially coined by a group of German 
stakeholders as far back as 2009 (Arbenz et al. 2015), marking a new phase of the 
organic movement’s evolution. Organic 3.0 calls for continuous improvement by 
the sector in order to increase performance and global impact by innovating in terms 
of stakeholder engagement and participation among value chain actors, consumers 
and policymakers both inside the organic sector and otherwise. This conception is 
described as having six integrated features that act on all of agriculture-based 
production and consumption1:

One of the features of Organic 3.0 is to bring a fuller cost accounting of produc-
tion and consumption to the fore in order to reflect true value and fair pricing of 
goods and thereby place organic systems on an even playing field with conventional 
ones. Until there is more substantive progress in this regard, however, the organic 
sector remains constrained by current market competition conditions.

 Elements of Organic Aquaculture Standards

Notwithstanding variation among the technical details of different organic aquacul-
ture standards, they all deal more or less with a common set of aspects, including the 
following categories and their respective key considerations, which have been 
developed by technical experts and heeding studied consumer expectations.

1 ibid.
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 System Design and Location

• Avoidance of contamination of the aquatic production operation from outside 
sources of pollution.

• Adequate isolation from non-organic production systems and segregation of 
product all along the supply chain.

• Caution against introducing exotic species to the host environment.
• Control of effluent and nutrient deposition into the environment by the organic 

system so as to minimize negative impacts.
• Degree of integration into the natural environment so as to optimize effects on 

biodiversity and to provide as natural environment for fostering animal welfare, 
while controlling escapes.

• Protection of vulnerable wetland ecosystems (e.g. deforestation of mangroves 
for organic shrimp aquaculture is prohibited).

• Earthen ponds for certain species (liners are not allowed in grow-out ponds).
• Conditions for use and reuse of water and for maintaining water quality, includ-

ing flow rates, oxygen levels, energy sources for recirculation or temperature 
regulation. According to IFOAM, organic aquaculture may include an 
environmentally integrated recirculation system only if it is primarily based on 
and situated in a natural environment. It may not routinely rely on external 
inputs, such as oxygen, and must allow the raised species to spend the majority 
of their lives in outdoor facilities.

 Conversion to Organic Aquaculture

• Adequate cleaning of existing systems prior to use for organic production typi-
cally ranges from 3 to 12 months.

• Adequate time to establish and verify organic practices is in place, typically a 
full life cycle of the target species, sometimes a smaller fraction, but generally 
not less than 2/3 of the species’ life.

• Adequate conversion of existing non-organic stocks before they can be used for 
organic breeding or sold as organic product, typically at least 3 months before 
allowing for breeding, and at least 2/3 of the life cycle, or a correspondingly high 
percentage of weight gain, for sold product.

 Sources of Stock, Breeds and Breeding

• Preference for locally adapted species
• Breeding using organic stock, seed or juveniles, in preference to non-organic 

stock, with the entire life cycle of the harvested product having been grown 
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under organic conditions, although availability of organic juveniles or seed for 
certain species or in certain regions remains a challenge, so some tolerance for 
using non-organic sources and heeding a conversion period for juveniles

• Prohibition of polyploidy, artificial hybridization or non-manual means of creat-
ing monosex populations

• Prohibition on use of hormones
• Restrictions on artificially lengthening the daylight period

 Algae and Microalgae Production

• Restrictions on nutritional inputs to the production system
• Control of harvesting methods to assure long-term system productivity

 Production of Molluscs

• Restrictions on nutritional inputs to the production system
• Careful integration of molluscs with the rest of the production environment, i.e. 

appropriate polycultures and cultivation locations, e.g. bottom cultivation versus 
other scenarios

 Feeding and Nutrition of Aquaculture Animals

• Efficient use of feed, i.e. minimized loss to the environment.
• Restrictions on sources of feed especially for carnivorous species, which must 

rely on a significant portion of their diets from wild fishery sources, and 
hierarchies for choosing sources, e.g. (i) fish meal and fish oil from organic 
aquaculture trimmings; (ii) fish meal and fish oil derived from trimmings of fish, 
crustaceans or molluscs already caught for human consumption in fisheries that 
have been certified sustainable under a well-recognized scheme; (iii) fish meal 
and fish oil and ingredients of fish origin derived from whole fish, crustaceans or 
molluscs not caught for human consumption in fisheries that have been certified 
as sustainable under a well-recognized scheme; and (iv) organic feed materials 
of plant origin. The determination of what qualifies a fishery as sustainable can 
devolve to national or international governmental standards, or to private 
schemes, depending on the aquaculture standard in question.

• Restrictions on fish meal and fish oil percentages in the fish diet.
• Restrictions on feed supplements and additives in accordance with lists estab-

lished as part of the given standard.
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• As noted previously, the possibility to use alternative protein sources, such as 
microalgae or insects produced under organic methods, is a new work area that 
may bring helpful innovations to the topic of aquaculture feed and nutrition.

 Health and Welfare

• Emphasis on cultural practices and prevention, e.g. good system design, choice 
of species, optimum nutrition, minimized stress from problems related to 
stocking density appropriate to the species, contaminants or swings in water 
conditions, e.g. temperature and oxygen levels.

• Defined stocking densities per species.
• Routine cleaning of systems and fallow periods between production cycles as 

appropriate.
• Restrictions or prohibitions on mutilations.
• Appropriate veterinary treatments as necessary, with limits on frequency in order 

to label a product as organic. Prophylactic uses of veterinary drugs are prohibited, 
as are synthetic hormones and growth promoters.

• Use of antibiotics leads to decertification of treated animals.

 Harvest, Transportation and Slaughter

Many government regulations do not address these aspects, but most private stan-
dards do.

• Minimized stress pre-slaughter, via control of the environment and transport 
medium

• Minimized suffering during slaughter, usually by rendering animals insensate
• Maintenance of product quality post-slaughter via hygiene and temperature 

control

 Processing and Labelling

• Adequate segregation from non-organic product streams
• Transparent traceability system in place
• Restrictions on additives, processing aids and minor non-organic ingredients, 

based on lists established as part of the given standard
• Label indications in compliance with the standard and other relevant statutes
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 Guarantee Systems, Certifications, Market Access 
and Labelling

Like all other organic standards and regulations, in terms of consumer guarantee 
and protection, the guarantee, or assurance system, focuses on assuring certain basic 
facets of the standard have been met for the relevant products in the marketplace, 
namely:

 (i) The practices employed by the producers involved, i.e. producers, processors 
and other handlers, are known and verified, i.e. the who, what, when, where 
and why.

 (ii) Any input materials used are only those allowed by the standard.
 (iii) Operators take all required steps to avoid contamination of the production 

environment and the products.
 (iv) Documentation is maintained to attest to the veracity of operators’ stated activ-

ities including the traceability of products along the chain of custody.
 (v) Market claims and labelling are accurate and follow applicable laws.

 Certification

Virtually all third-party organic certifications are based on conformity with ISO 
Guide 17065: Conformity Assessment – Requirement for Bodies Certifying 
Products, Processes and Services. In the organic context these, there are process-
based certifications, i.e. the final product claim is not a guarantee of actual product 
content. The implication is that the processes (practices) followed by the operators 
along the chain lead to products with a degree of certainty that they possess specific 
attributes, e.g. have been produced without deliberate use of genetic engineering, 
harmful pesticides and hormones and have respected aspects of animal welfare, 
biodiversity and, in the case of certain private standards in particular, social justice 
issues.

The certification process is more or less consistent for individual operations. 
Operators describe their practices according to a formatted plan provided by the 
certification body, which then reviews the plan for supposed compliance with the 
standard. Such plans, if they appear compliant, are verified in person through an 
inspection, where deviations from the stated plan are noted along with non- 
conformities against the standard. The certification body reviews the inspection 
report and issues a decision, which has several possible outcomes: (i) the operation 
has irremediable non-conformities and cannot be certified at the present time; (ii) 
the operation can be certified provided it makes certain corrections ahead of being 
awarded with certification; (iii) the operation can be certified presently but must 
take certain corrective actions in due course along a decided timeline; and (iv) the 
operation is certified with no corrective actions needed. Renewal of the whole 
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process happens annually, although the new EU organic regulation is posing the 
option of less-than-annual inspection requirements of certain operators based on a 
risk assessment framework. Inspections may occur at any time and more than once 
per cycle, dependent on the certification body’s determination that such steps are 
needed to have adequate controls.

Certification carries a certain workload of documentation, time, effort and 
expense by all parties involved, and in developing economies often proves too costly 
to be affordable or worth the benefits of the certification itself. In such cases, 
smallholder producers may be certified as a group, provided they are collectively 
organized, have more or less similar production styles, market products collectively, 
and are internally controlled by their own structure. This so-called Internal Control 
System (ICS) essentially becomes responsible for doing the certification body’s 
work, with the certification body then focusing on the functionality of the ICS itself, 
especially in terms of assuring all relevant parts of the standard are adequately 
practised by the groups’ member producers and that non-compliant producers’ 
products are detected and effectively removed from the certified stream of commerce. 
This methodology, i.e. group certification, saves much money and expense for the 
producers in question but requires a serious undertaking on an ongoing basis to 
merit certification. The group that is certified and must sell as one entity, or fails as 
one entity if controls are not adequate. The new EU regulations foresee the option 
to certify groups within the EU’s own borders, which is a departure from the past. 
At the same time, too strict requirements on the mechanisms employed by ICS 
could end up becoming too much of a barrier to actually participate in this way.

Organic certification bodies’ competency is assured by accreditation bodies, 
which base their evaluations on ISO Guide 17011: Conformity Assessment – 
General Requirements for Accreditation Bodies  Accrediting Conformity Assessment 
Bodies. Accreditation bodies may be private or government entities but must be 
recognized by the scheme owner of the standard/regulation in question. The IFOAM 
Standard, for example, is accredited by IFOAM’s daughter company IOAS (www.
ioas.org), whereas in the United States, USDA itself is the accrediting body, and in 
many other countries, IAF members (International Accreditation Forum) situated in 
the country in question are the recognized entity (e.g. Inmetro in Brazil, CIQ in 
China, COFRAC in France, Accredia in Italy, etc.). Not all countries have an IAF 
member established in country, and in many of these cases, the government either 
has its own procedures for accreditation. Accreditation to certify organic operations 
generally entails a specification of scope or categories, of which aquaculture may be 
considered a separate category of competency, along with crops, livestock or pro-
cessing. Some accreditations recognize certification of producer groups as a sepa-
rate category as well.
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 Other Guarantee Systems

Third-party certification is the most dominant form of organic guarantee in the mar-
ket, but other methods are growing in their use. Perhaps most notable are Participatory 
Guarantee Systems (PGS), (https://www.ifoam.bio/en/organic-policy-guarantee/
participatory-guarantee-systems-pgs), which are mainly used for more local value 
chains and rely on horizontal, more intensive participation of producers, consumers 
and other stakeholders to mutually verify that a standard has been met. PGS afford 
a greater degree of transparency and familiarity among producers and consumers. 
Some government regulations formally recognize PGS as an equally valid form of 
guarantee, most notably Brazil and India, where these types of systems are included 
in the government regulation and continue to flourish. Other countries’ regulations 
have begun recognizing PGS as well, but in some cases, the approval of such groups 
to make organic claims is laden with the same kinds of requirements as are imposed 
on third-party certification, which can be overly burdensome and actually discour-
ages PGS from forming and marketing organic goods; Mexico is an example where 
this phenomenon has so far occurred (Gould, D., personal communication with Red 
Mexicana de Tianguis y Mercados Orgánicos 2018).

Direct sale of organic goods by producers to consumers also occurs; the greater 
the trust between the two, the less necessary an official certification. However, the 
term “organic”, or its recognized legal equivalent in other languages, may be con-
trolled by a national regulation, which may essentially force producers to describe 
their product in other ways.

 Labelling

Products sold as organic generally carry an explicit indication of such, in accor-
dance with the rules in force. The EU regulates not only the term “organic” and its 
equivalent terms in the different Union languages but also any other terms that sug-
gest that a specific food product has been produced in an organic way. The United 
States and Japan protect only the term “organic” and its Japanese 
equivalent respectively.

Some regimes require the use of recognized seals, such as the EU “leaf” logo or 
the China organic logo, while other regimes make such seal use voluntary, e.g. the 
USDA seal. Standards have specific requirements for how to use of the organic 
term, indications of certification, and  identification and percentage of organic 
ingredients in the product. Furthermore, most certifications require some manner of 
traceability from final product back through the chain of custody. Often this occurs 
as some kind of lot code or use-by date but can take other forms depending on the 
case, as determined by the certification body. Requirements for labelling organic 
goods in the market are also subordinate or otherwise must comply with broader 
laws pertaining to product labelling.
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 Import Requirements

The most relevant markets that are importing organic products are from the United 
States, European Union, Canada and Japan. Other Asian countries such as South 
Korea and China are fast-growing import markets for organic products. All these 
countries, together with a growing number of other countries, both in the global 
North and in the South, have strict rules to access their markets for organic products 
coming from “third countries”. Most of these import regimes recognize the approval/
accreditation of the originating product’s certification body’s respective competent 
authority, based on compliance or equivalence with the importing regime’s legal 
requirements. Approvals are achieved through either bilateral agreement between 
countries or direct recognition by the importing country. The United States, EU, 
Canada and Japan have such bilateral agreements with other countries based on 
political will and technical assessment that validate the exporting country standard 
and control system as aligned with that of the importing country. Many of these 
agreements are reciprocal, such as the one between EU and Canada. In some cases, 
such as the one between the United States and EU, there are some limitations to the 
equivalency. This happens by product category, e.g. wines or animal products from 
EU and pears and apple from the United States, which have additional compliance 
requirements beyond the equivalency arrangement, or because the whole category 
is excluded from the agreement. Aquaculture is so far excluded from the scope of 
these international agreements, with the United States and Japan still without 
standards on this topic and the Canadian standard only very recently published.

 Hints on the Control and Certification System in Europe

To complete the global picture of the control and certification systems, only some 
elements of the system in force in Europe are mentioned here, which are described 
in the next chapter. The certification and control systems in the European regulation 
on organic farming, including organic aquaculture, are complex and differ between 
member states, which may apply one of the following three types of certification 
systems: (a) system of private approved inspection bodies; (b) system of designated 
public inspection authority(ies) and (c) mixed system with designated public 
inspection authority(ies) and approved private inspection bodies.

Foods may only be marked as “organic” if at least 95% of their agricultural 
ingredients are organic. The EU organic logo and those of EU member states are 
used to supplement the labelling and increase the visibility of organic food and 
beverages for consumers. Products have to bear the name of the producer, the 
preparer or the vendor and the name or code of the inspection body.

Where the community logo is used, an indication of the place where the agricul-
tural raw materials were farmed must be mentioned, i.e. that the raw materials origi-
nate from “EU Agriculture”, “non-EU Agriculture” or “EU/non-EU Agriculture”.
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Organic imports from third countries represent an important part of organic 
products consumed in most EU member states. This is true also for organic 
aquaculture products. With the Council Regulation (EC) N° 834/2007 and the 
Commission Regulation (EC) N° 1235/2008, the framework conditions for imports 
into the EU changed considerably.

Currently, a system based on the “equivalence” concept has been implemented 
and is currently widely used. Namely, the EU recognizes imports as equivalent if:

 1. The third country in question has been included in the European Commission’s 
list of recognized third countries.

 2. The control body issuing the certificate is listed by the European Commission as 
an “equivalent” control body.
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Chapter 2
EU Regulation on Organic Aquaculture

Emanuele Busacca and Giuseppe Lembo

 Introduction

The first EU-wide regulation for the production and labelling of organic products 
was published in 1991. Council Regulation (EEC) No 2092/1991 was adopted when 
the European Union, at that time European Economic Community, was composed 
by 12 Member States.

The first EU Organic Regulation included only rules for plant production and 
food from ingredients of plant origin and was amended countless times over the 
following years. The most important addition was the inclusion of production rules 
for livestock in 1999. Even if, at private level, projects of organic aquaculture were 
starting in some countries, the new EU rules did not include yet requirements for 
organic aquaculture.

In 2005 the EU Commission presented a proposal for reviewing the Organic 
Regulation, and the legislative process begun. After just over 10 years from the first 
regulation, the organic production and market had grown considerably, the European 
Union had increased to 25 Member States and the time was ripe for a new organic 
regulation that would have also allowed the extension of the scope to new categories 
of products, such as aquaculture products and wine. In 2007 Regulation (EC) No 
834/2007 on Organic Production and Labelling of Organic Products was adopted 
and repealed 1991s Organic Regulation EC (2007).

Such Regulation was lately integrated by Regulation (EC) No 889/2008 laying 
down detailed rules for its implementation with regard to organic production, labelling 
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and control (EC 2008a). The new set of organic rules entered in force on January 1, 
2009, although without carrying detailed rules for organic aquaculture. Eventually, 
in August 2009, Regulation (EC) No 710/2009 laying down detailed rules on 
organic aquaculture animal and seaweed production was adopted, as amendment to 
Regulation (EC) No 889/2008, and applied from July 1, 2010 (EC 2009).

In 2009, in addition to the Regulation No 889/2008, there were a number of rec-
ognised private standards and two national standards (Denmark and France) for 
organic aquaculture in Europe.

Several amendments of the organic regulations followed, in order to take into 
account of the dynamic evolution of the organic sector, the experience gained from 
the application of these rules and the new technical-scientific knowledge. Then, at 
the end of 2011, a further wide revision of the organic regulations was announced 
by the Commission. This was a long-lasting process that reached a first milestone in 
2018 when a basic text was approved with the provision that the new regulation will 
enter into force from January 1, 2021 (EU 2018). This new regulation also provides 
that further details relating to some defined subjects will be issued with specific 
delegated acts. However, one new element to mention is the obligation for Member 
States to establish a free-of-charge public databases to check the availability of 
organic juveniles at national level. Other indications on how the control system and 
the import regime will change are described later in this chapter.

 Organic Aquaculture in Regulation (EC) No 834/2007

Regulation (EC) No 834/2007 establishes objectives and principles for organic pro-
duction, labelling, controls and international trade of organic products. The 
Regulation is composed of 40 recitals, 7 titles with 42 articles and 1 annex.

The recitals are the preambles to the text and set out the reasons for the contents 
of the articles which follow. The first recital is very important and summarises what 
organic production is and what it represents for the society: “Organic production is 
an overall system of farm management and food production that combines best 
environmental practices, a high level of biodiversity, the preservation of natural 
resources, the application of high animal welfare standards and a production method 
in line with the preference of certain consumers for products produced using natural 
substances and processes. The organic production method thus plays a dual societal 
role, where it on the one hand provides for a specific market responding to a con-
sumer demand for organic products, and on the other hand delivers public goods 
contributing to the protection of the environment and animal welfare, as well as to 
rural development”.

Recital 7 states that “a general Community framework of organic production 
rules should be established with regard to plant, livestock, and aquaculture produc-
tion, including rules for the collection of wild plants and seaweeds […]”. For the 
first time, aquaculture production was included in the EU Organic Regulation.
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Recital 17 states that “the implementing rules for livestock production and aqua-
culture production should at least ensure compliance with the provisions of the 
European Convention for the Protection of Animals kept for Farming purposes 
[…]”.

Article 1 clarifies that the Regulation applies also to aquaculture, while fishing of 
wild animals cannot be considered as organic production.

Article 2 sets the definitions for terms used in the Regulation. The definition of 
aquaculture makes a cross-reference with the definition in Regulation (EC) No 
1198/2006 according to which aquaculture is “the rearing or cultivation of aquatic 
organisms using techniques designed to increase the production of the organisms in 
question beyond the natural capacity of the environment; the organisms remain the 
property of a natural or legal person throughout the rearing or culture stage, up to 
and including harvesting”.

In Article 3 there are the general objectives that the organic production should 
pursue. Among these, it is important to highlight that a sustainable management 
system should be established that:

 (i) Respects nature’s systems and cycles and sustains and enhances the health of 
soil, water, plants and animals and the balance between them

 (ii) Contributes to a high level of biological diversity
 (iii) Makes responsible use of energy and the natural resources, such as water, soil, 

organic matter and air
 (iv) Respects high animal welfare standards and in particular meets animals’ 

species- specific behavioural needs

The regulation also lists, in Article 5, specific principles applicable to farming 
that organic production should follow. Many of these also apply to organic aquacul-
ture and some are aquaculture-specific:

• Organic aquaculture shall comply with the principle of sustainable exploitation 
of fisheries.

• Animal health should be maintained by encouraging the natural immunological 
defence of the animal, as well as the selection of appropriate breeds and hus-
bandry practices.

• The observance of a high level of animal welfare respecting species-specific 
needs.

• Breeds should be chosen having regard to the capacity of animals to adapt to 
local conditions, their vitality and their resistance to disease or health problems.

• Animals shall be fed with organic feed composed of agricultural ingredients 
from organic farming and of natural nonagricultural substances.

• Rearing artificially induced polyploid animals is excluded.
• The biodiversity of natural aquatic ecosystems, the continuing health of the 

aquatic environment and the quality of surrounding aquatic and terrestrial eco-
systems in aquaculture production shall be maintained.

2 EU Regulation on Organic Aquaculture
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• Aquatic organisms shall be fed with feed from sustainable exploitation of fisher-
ies or with organic feed composed of agricultural ingredients from organic farm-
ing and of natural nonagricultural substances.

After stating objectives and principles for organic production, the Reg. (EC) N° 
834/2007 establishes basic production rules for the categories of products covered 
by the scope of the Regulation, that is, plants, seaweeds, animals (including aqua-
culture species), processed food and processed feed. It also includes the criteria for 
the products and substances that can be used in those productions such as fertilisers, 
feed and food additives or products for cleaning and disinfection. Here, in Articles 
9 and 10, it is clearly stated that the use of genetically modified organisms “GMOs” 
and ionising radiation are prohibited in organic production, and this includes organic 
aquaculture.

According to Article 11, as general principle, the entire holding should be organ-
ically managed. However, it is still possible to split the holding into separated pro-
duction sites, not all managed under organic production, if there is adequate 
separation between the sites. Furthermore, in case of aquaculture, it is possible to 
raise the same species both in organic and non-organic. This is an exception that 
does not apply to terrestrial animals, where the same species cannot be raised both 
in organic and non-organic in the same holding.

In addition to the general farm production rules laid down in Article 11, basic 
production rules for seaweed are set in Article 13, while for aquaculture animals are 
set in Article 15. The main production rules for aquaculture animals are established 
having regard to:

 (a) The origin of the aquaculture animals
 (b) The husbandry practices
 (c) The breeding
 (d) The feed for fish and crustaceans
 (e) The bivalve molluscs and other species which are not fed by man but feed on 

natural plankton
 (f) The disease prevention and veterinary treatment
 (g) The cleaning and disinfection, products for cleaning and disinfection in ponds, 

cages, buildings and installations, shall be used only if they have been autho-
rised for use in organic production.

Additionally, the basic requirements for labelling, control and international trade 
are reported in the Regulation (EC) No 834/2007.

 Organic Aquaculture in Regulation (EC) No 889/2008

Regulation (EC) No 889/2008 lays down detailed rules for the implementation of 
Council Regulation (EC) No 834/2007 on organic production and labelling of 
organic products with regard to organic production, labelling and control.
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This regulation is composed of 5 titles with 97 articles and 20 annexes. It has 
been amended and integrated by other Commission regulations, eight of them were 
specifically on aquaculture: Reg. (EC) No 710/2009; Reg. (EU) No 505/2012; Reg. 
(EU) No 1030/2013; Reg. (EU) No 1364/2013; Reg. (EU) No 1358/2014; Reg. 
(EU) 2016/673; Reg. (EU) No 2017/838 and Reg. (EU) 2018/1584.

 Seaweed Production

Article 6 from (a) to (d) lays down detailed production rules for seaweed. The main 
provisions regard separation measures, which shall be based on the natural situa-
tion, separate water distribution systems, distances, the tidal flow, the upstream and 
the downstream location of the organic production unit.

Whether it is algae or animal’s production, an environmental assessment propor-
tionate to the production unit shall be required for all new operations applying for 
organic production and producing more than 20 tonnes of aquaculture products per 
year to ascertain the conditions of the production unit and its immediate environ-
ment and likely effects of its operation. The operator shall provide also a sustainable 
management plan proportionate to the production unit for aquaculture and seaweed 
harvesting.

Harvesting of wild seaweed shall be carried out in such a way that the amounts 
harvested do not cause a significant impact on the state of the aquatic environment. 
Measures shall be taken to ensure that seaweed can regenerate, such as harvest tech-
nique, minimum sizes, ages, reproductive cycles or size of remaining seaweed.

Seaweed culture at sea shall only utilise nutrients naturally occurring in the envi-
ronment or from organic aquaculture animal production. In facilities on land where 
external nutrient sources are used, the nutrient levels in the effluent water shall be 
verifiably the same, or lower, than the inflowing water. Only nutrients of plant or 
mineral origin and as listed in Annex I of the regulation may be used.

Article 6e claims that biofouling organisms shall be removed only by physical 
means or by hand and where appropriate returned to the sea at a distance from the 
farm. Moreover, cleaning of equipment and facilities shall be carried out by physi-
cal or mechanical measures. In any case, only substances as listed in Annex VII, 
Section 2 may be used.

 Animal Production: General Rules

The rules on animal production in aquaculture are provided in Article 25 from (a) to 
(t), which is divided into seven sections. The main provisions are set out in the fol-
lowing paragraphs.
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28

This chapter lays down detailed production rules for species of fish, crustaceans, 
echinoderms and molluscs and applies mutatis mutandis to zooplankton, micro- 
crustaceans, rotifers, worms and other aquatic feed animals.

Defensive and preventive measures taken against predators under Council 
Directive 92/43/EEC and national rules shall be recorded in the sustainable manage-
ment plan.

Farms shall be equipped with either natural filter beds, settlement ponds, biologi-
cal filters or mechanical filters to collect waste nutrients or use seaweeds and/or 
animals (e.g. bivalves) which contribute to improving the quality of the effluent.

The competent authority may permit hatcheries and nurseries to rear both organic 
and non-organic juveniles in the same holding provided there is clear physical sepa-
ration between the units and a separate water distribution system exists.

 Origin of Aquaculture Animal

Locally grown species shall be used, and breeding shall aim to give strains which 
are more adapted to farming conditions, good health and good utilisation of feed 
resources.

For breeding purposes or for improving genetic stock and when organic aquacul-
ture animals are not available, wild caught or non-organic aquaculture animals may 
be brought into a holding. Such animals shall be kept under organic management for 
at least 3 months before they may be used for breeding.

For on-growing purposes and when organic aquaculture juvenile animals are not 
available, the introduction into a holding of a quantity, yearly decreasing, of non- 
organic aquaculture juveniles was allowed by derogation. The derogation expired 
on December 2016 (EU 2016).

 Aquaculture Husbandry Practices

Stocking density and husbandry practices are set out in Annex XIIIa and vary, spe-
cies by species, from 10 to 25 k/m3, with the exception of sturgeon for which 30 kg/
m3 is allowed. In considering the effects of stocking density and husbandry prac-
tices on the welfare of farmed fish, the condition of the fish (such as fin damage, 
other injuries, growth rate, behaviour expressed and overall health) and the water 
quality shall be monitored.

The design and construction of aquatic containment systems shall provide flow 
rates and physiochemical parameters that safeguard the animals’ health and welfare 
and provide for their behavioural needs. Containment systems shall be designed, 
located and operated to minimise the risk of escape incidents.
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Closed recirculation aquaculture animal production facilities are prohibited, with 
the exception of hatcheries and nurseries or for the production of species used for 
organic feed organisms.

Containment systems at sea shall be located where water flow, depth and water- 
body exchange rates are adequate to minimise the impact on the seabed and the 
surrounding water body.

Handling of aquaculture animals shall be minimised, and grading operations 
shall be kept to a minimum and as required to ensure fish welfare.

The use of artificial light shall not exceed 16 h per day, except for reproductive 
purposes.

The use of oxygen is only permitted for uses linked to animal health require-
ments and critical periods of production or transport, in the following cases: (a) 
exceptional cases of temperature rise or drop in atmospheric pressure or accidental 
pollution; (b) occasional stock management procedures, such as sampling and sort-
ing; and (c) in order to assure the survival of the farm stock.

Slaughter techniques shall render fish immediately unconscious and insensible to 
pain. Differences in harvesting sizes, species and production sites must be taken 
into account when considering optimal slaughtering methods.

 Breeding

The use of hormones and hormone derivate is prohibited.

 Feed for Fish, Crustacean and Echinoderm

Feed for carnivorous aquaculture animals shall be sourced with the following priori-
ties: (a) organic feed products of aquaculture origin, (b) fishmeal and fish oil from 
organic aquaculture trimmings, (c) fishmeal and fish oil and ingredients of fish ori-
gin derived from trimmings of fish already caught for human consumption in sus-
tainable fisheries, (d) organic feed materials of plant or animal origin and (e) feed 
products derived from whole fish caught in fisheries certified as sustainable under a 
scheme recognised by the competent authority, in line with the principles laid down 
in Regulation (EU) No 1380/2013 of the European Parliament and of the Council (EU 
2013).

Astaxanthin, derived primarily from organic sources, and histidine produced 
through fermentation may be used in the feed ration for salmonid.

Where natural feed resources, in ponds and lakes, are not available in sufficient 
quantities, supplementary feed rations may be allowed, provided that (a) the feed 
ration of siamese catfish (Pangasius spp.) comprise a maximum of 10% fishmeal or 
fish oil derived from sustainable fisheries and (b) the feed ration of penaeid shrimps 
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comprise a maximum of 25% fishmeal and 10% fish oil derived from sustainable 
fisheries. Organic cholesterol, preferably, may be used (EU 2014).

In the larval rearing of organic juveniles, conventional phytoplankton and zoo-
plankton may be used as feed (EU 2014).

 Specific Rules for Mollusc

Bivalve mollusc farming may be carried out in the same area of water as organic 
finfish and seaweed farming in a polyculture system.

Provided that there is no significant damage to the environment and if permitted 
by local legislation, wild seed from outside the boundaries of the production unit 
can be used in the case of bivalve.

The introduction into a holding of a quantity, yearly decreasing, of seed from 
non-organic bivalve shellfish hatcheries was allowed by derogation. The derogation 
expired on December 2016.

Sorting, thinning and stocking density adjustments shall be made according to 
the biomass and to ensure animal welfare and high product quality. Shellfish may be 
treated once during the production cycle with a lime solution to control competing 
fouling organisms.

Bottom cultivation of molluscs is only permitted where no significant environ-
mental impact is caused at the collection and growing sites. The evidence of mini-
mal environmental impact shall be supported by a survey and report on the exploited 
area.

 Disease Prevention and Veterinary Treatments

The animal health management plan in conformity with Article 9 of Directive 
2006/88/EC shall detail biosecurity and disease prevention practices  (EC 2006a) 
including a written agreement for health counselling.

The competent authority shall determine whether fallowing is necessary and the 
appropriate duration which shall be applied and documented after each production 
cycle.

Ultraviolet light and ozone may be used only in hatcheries and nurseries.
When despite preventive measures a health problem arises, veterinary treatments 

may be used in the following order of preference: (a) substances from plants, ani-
mals or minerals in a homoeopathic dilution; (b) plants and their extracts not having 
anaesthetic effects and (c) substances such as trace elements, metals, natural immu-
nostimulants or authorised probiotics. The use of allopathic treatments is limited to 
two courses of treatment per year, with the exception of vaccinations and compul-
sory eradication schemes. However, in the cases of a production cycle of less than a 
year, a limit of one allopathic treatment applies.
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The withdrawal period for allopathic veterinary treatments and parasite treat-
ments according to paragraph 3 including treatments under compulsory control and 
eradication schemes shall be twice the legal withdrawal period as referred to in 
Article 11 of Directive 2001/82/EC.

 The Organic Control System

The controls of the compliance with EU food and feed laws are carried out by 
National Competent Authorities based on Regulation (EC) No 882/2004 (replaced 
by the Regulation (EU) 2017/625 of the European Parliament and of the Council) (EC 
2004; EU 2017).

Those official controls along the agri-food chain apply to both organic and non- 
organic food and feed marketed in the EU, and they aim to:

 – Prevent, eliminate or reduce to an acceptable level risks for the environment, the 
human beings and the animals

 – Guarantee fair practices in the trade of food and feed
 – Ensure protection of consumers’ interest

In addition to those general controls, organic food and feed and its production, 
trade and labelling are subject to an additional control system established in the 
Regulation (EC) No 834/2007 and its implementing regulations. Such control sys-
tem aims at guaranteeing the production processes and not the products themselves, 
by verifying and certifying that each operator in the supply chain (farmers, proces-
sors, traders, importers) comply with the correct application of the production rules. 
In practice, it means that the production, trade and marketing of organic products in 
the EU are subject to a double level of controls: the general official controls carried 
out to food and feed and the specific organic control system.

According to Regulation (EC) No 834/2007, all the EU Member States have to 
establish an organic control system (see Fig. 2.1) and designate one or more competent 
authorities responsible. These are usually the Ministries for Agriculture or the Ministries 
of Health, but the situation is very different from Member State to Member State.

As a second step, the designed competent authority may delegate the control 
activities to either a control authority or to one or more control bodies (commonly 
referred to also as certifiers or certification bodies).

Moreover, in this case, the situation is very diverse in the EU: in most EU coun-
tries, the control activities are delegated to private control bodies, while, in few 
cases, the public control authority stays responsible.

Currently, 6 EU countries left exclusive competence to public authorities 
(Denmark, Estonia, Finland, Lithuania, Malta, The Netherlands), and 3 EU coun-
tries have a mix system with both public authorities and private control bodies 
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(Luxembourg, Poland and Spain), while all the remaining 19 EU countries rely on 
a system based on delegation to private control bodies.1

If the competent authority chooses to delegate control tasks to private control 
bodies, those control bodies have to be accredited by the appointed National 
Accreditation Body. To be recognised as control body, many criteria have to be met, 
e.g. level of expertise, equipment and infrastructure, the qualification and experi-
ence of the staff and the impartiality. The competent authority has also to organise 
audit or inspection to supervise control bodies’ activities.

 Steps and Obligation for the Organic Operators

All the operators who want to start producing, preparing, storing or importing into 
the EU organic products, as first step and before placing any organic product on the 
market, have to notify their activities to the National Competent Authorities and to 
submit their undertaking to the organic control system (to public control authorities 
or to private control bodies depending on the EU country’s system).

The notification includes the communication of operators’ information like the 
name, the legal and operations’ addresses, the nature of operations and products, the 
undertakings, the date of last application of products and substances non-authorised 
in organic production and the name of the control body/authority chosen.

The operator has also to draw up and maintain a full description of the unit, the 
premises and the activity, including the specific characteristics of the production 
method used. In addition to this, also a description of all the practical measures that 
are to be taken to ensure compliance with the organic production rules and, very 

1 https://ec.europa.eu/agriculture/organic/consumer-trust/certification-and-confidence/controls-
and-inspections/control-system_en

Accreditation body

Private Control Body

Organic operator

Competent National/Regional authority/authorities

Member State

Public Control Authority

European Commission

Fig. 2.1 Flow chart of the EU organic control system
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important, a description of the precautionary measures to be taken to reduce the risk 
of contamination by products and substances that are not authorised in organic pro-
duction have to be prepared.

Such description has also to include a declaration signed by the operator which 
include a list of undertakings such as accepting the enforcement of the measures in 
case of infringement of irregularities or informing in writing the buyers when 
organic indications are removed from its production.

In the case of aquaculture operators, a full description of the aquaculture instal-
lations on land and at sea has to be accompanied, if relevant, by the environmental 
assessment and by the sustainable management plan of the operation as outlined in 
points (3) and (4) of Article 6b and, in case of molluscs, in point (2) of Article 25q 
of Regulation (EC) No 889/2008.

The above-mentioned documents have to be verified by the control authority/
body, and, after the verification, the operator has to countersign the verification 
report and, if necessary, take the corrective measures identified by the control 
authority/body.

The operator has to keep in the unit or premise all the relevant stock and financial 
records identifying, e.g. the suppliers, the buyers and the nature and quantity of 
products delivered to the unit and held in the storage.

According to Article 79b of Regulation (EC) No 889/2008, in the case of aqua-
culture operators, also a register has to be kept with the following information:

• The origin, date of arrival and conversion period of animals arriving at the 
holding

• The number of lots, the age, weight and destination of animals leaving the 
holding

• Records of escapes of fish
• For fish, the type and quantity of feed and in the case of carp and related species 

a documentary record of the use additional feed
• Veterinary treatments giving details of the purpose, date of application, method 

of application, type of product and withdrawal period
• Disease prevention measures giving details of fallowing, cleaning and water 

treatment

The operator has also to grant the control authority/body access to all the facili-
ties, provide any information necessary for the purpose of the control and, if rele-
vant, provide also the results of its own quality assurance system. When the operator 
also manages units for the production of non-organic animals, also those units will 
be subject to the controls of control authority/body. The operator has also the 
responsibility of verifying the organic certificate of the suppliers, called 
“Documentary Evidence” in the Regulation. Finally, the operator who suspects that 
a product, either produced by him/her or received by another operator, is not in 
compliance with organic production rules, has either to cancel any reference to 
organic from such product or to keep it separated. The operator can only continuing 
processing or selling that product as organic when the doubt has been eliminated. In 
case of doubt, the operator has to immediately inform the control body/authority.
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The control authority/body has to carry out minimum one physical inspection 
per year of every organic operator. The number of inspections can be increased to 
more than one per year according to the results of the evaluation of the risk of the 
specific operator. Additional random visits are carried out to minimum 10% of the 
operators, and at least 10% of all the inspections have to be carried out without pre- 
announcement, so called unannounced inspections.

Basing on the same risk evaluation, every control authority/body has to take and 
analyse a number of samples corresponding to at least 5% of the total number of 
operators under its control. Such analyses are needed to detect possible products, 
substances or production techniques non-authorised in organic production. In addi-
tion to that, sample-taking and analyses have to be done any time a suspect arises. 
In case if production of bivalve molluscs, the inspection visits has to take place 
before and during maximum biomass production.

When infringements and irregularities are found that affect the organic status of 
products, the control authority/body applies measures to the operators, according to 
a catalogue of sanctions adopted by the National Competent Authority.

The control authority/body has to issue a documentary evidence, commonly 
called “organic certificate” to the operators who meet the requirement of the organic 
regulations.

 The New Organic Control System

Both the general legislation on official controls for food and feed and the organic 
regulations have been revised over the last year. Regulation (EU) 2017/625 is com-
monly referred to as the official controls regulation “OCR” and has been adopted in 
April 2017. It entered into force in the same year and it becomes gradually appli-
cable. The main application date will be December 14, 2019. It is worth pointing out 
that this new regulation applies to all food and feed, including organic products (EU 
2017).

The scope of the new OCR was extended, and now it includes official controls to 
verify the compliance to food and feed law, animal health and welfare, animal by- 
products and plant health legislations. The new OCR also clearly includes organics 
in its scope. Other new aspects of the OCR include the focus on risk-based approach 
in order to minimise the burden for operators and the reinforcement for financial 
penalties for frauds and deceptive practices. The OCR has to be further developed 
and detailed by a high number of Delegated and Implementing Acts, which will 
mostly be adopted before December 2019.2

Considering the two new regulations (New Organic Regulation which will apply 
from 2021 and the OCR), the main changes for the organic control system relevant 
to aquaculture production can be identified as follows:

2 https://ec.europa.eu/food/safety/official_controls/legislation_en
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• There is a closer relation with Regulation (EU) 2017/625 on official controls, but 
additional control rules are described in the new organic regulation.

• The documentary evidence will be called “certificate”, and there will be an 
annex showing the model.

• Under certain conditions, operators, who sell pre-packed products directly to the 
final consumer, are excluded from notification and certification obligations.

• Member States may exempt operators who sell directly to the final consumer 
unpacked organic products, other than feed, if these operators sell up to 5,000 Kg 
of products per year or have an organic turnover not exceeding 20,000 Euro or 
have a potential certification cost exceeding 2% of the organic turnover. 
Notification in this case is anyway needed.

• Operators for which previous controls have not revealed any non-compliance 
affecting the integrity of organic products during the last 3 years and operators 
that are considered as presenting low likelihood of non-compliance can be veri-
fied every 24 months (derogation to the mandatory annual inspection).

• Group certification will be allowed everywhere in the EU and outside the EU for 
group of small operators, including the ones producing aquaculture animals. 
Certain criteria have to be met to be certified under this system.

 Labelling in the European Union

Since 2010, all prepacked organic food and food products, in compliance with the 
EU Organic Regulation, must be labelled with new EU organic logo (Euro-leaf). 
When the logo is used, it has to be accompanied by two additional mandatory 
information:

• The code number of the control body/authority which certifies the product
• The geographical origin of the agricultural raw materials/ingredients of which 

the product is composed (EU Agriculture or non-EU Agriculture).

The logo is optional for non-prepacked food, organic food imported from outside 
the EU and organic feed. The logo is forbidden for processed food and feed contain-
ing less than 95% organic ingredients, conversion products, products with main 
ingredients coming from hunting or fishing, and products not (yet) covered by the 
EU Organic Regulation (e.g. aquaculture species not yet regulated at the EU level). 
The logo is also forbidden for non-food or feed products, such as seeds for repro-
duction, ornamentals, cosmetics and textile. According to the new EU organic regu-
lations, which will apply from 2021, the terms “EU/non-EU Aquaculture” will be 
allowed for indicating the geographical origin of ingredients in the case of aquacul-
ture products.
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36

 The Import Regime

While the basic rules are in Regulation (EC) N° 834/2007, the Implementing 
Regulation (EC) No 1235/2008 lays down detailed rules for imports of organic 
products from outside the EU (EC 2008). In this regulation, the definition of aqua-
culture products refers to point 34 of Article 4(1) of Regulation (EU) N° 1380/2013 
that is aquaculture products’ means aquatic organisms at any stage of their life 
cycle resulting from any aquaculture activity or products derived therefrom.

The organic import regulation covers all kinds of organic products imported into 
the EU and designates a code to each category of organic products that goes from A 
to F. The product category “Unprocessed aquaculture products and algae” is desig-
nated by the code C.

For organic products produced outside the EU, four different import regimes are 
provided for (see Table 2.1). However, only two of them are currently applied.

 System 1: Recognised Equivalent Third Countries

Non-EU countries whose system of organic production complies with the principles 
and production rules set out in the EU Organic Regulations and whose control mea-
sures are of equivalent effectiveness to those laid down in EU Organic Regulations 
are eligible for this system. In few words, it means that the EU recognises the 
organic legislations and the organic control systems of such non-EU countries as 
equivalent to the EU ones. Currently, specific categories of products from 13 coun-
tries are deemed to meet these conditions: Argentina, Australia, Canada, Chile, 
Costa Rica, India, Israel, Japan, Republic of Korea, Switzerland, Tunisia, the United 
States and New Zealand. For each country, the regulation specifies which product 
categories, origin and production standards are accepted, as well as the competent 
authority and recognised control bodies in that country.

Table 2.1 Import regimes for organic products

Import regime systems Managed by Application status

1 List of recognised equivalent 
third countries

The EU 
Commission

Yes

2 List of recognised control 
bodies/authorities for the 
purpose of equivalence

The EU 
Commission

Yes, since 2012 onward

3 List of recognised control 
bodies/authorities for the 
purpose of compliance

The EU 
Commission

No, continuously postponed

4 Import authorisations The EU 
Member States

Expired in 2012. After receiving an 
application, Member States carried out an 
evaluation and released an import 
authorisation to the EU importers

E. Busacca and G. Lembo
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In the case of aquaculture, unprocessed aquaculture products are not included in 
any of the above-mentioned recognitions, also because in many cases, organic aqua-
culture standards are not yet been developed in many non-EU countries.

It means that the import of unprocessed aquaculture products cannot be done 
through this import system.

 System 2: Control Bodies/Authorities Recognised 
for the Purpose of Equivalence

For non-EU countries that have not yet adopted a national organic legislation or for 
the ones for which the national organic legislation and/or the organic control system 
are not considered equivalent to the EU ones, system 2 applies.

This system is based on a list of control bodies and control authorities competent 
to carry out controls and issue certificates in specific non-EU countries. Those con-
trol bodies/authorities can be EU or non-EU based and apply a private standard to 
certify organic operators operating in non-EU countries. The private standard of 
every control body/authority is evaluated by the EU Commission and, if deemed 
equivalent to the EU Organic Regulations, is approved.

Every control body/authority operating outside the EU is recognised for certain 
non-EU countries and for certain categories of products. All the information related 
to the recognition of each control body/authority can be found in Annex IV of 
Regulation (EC) N° 1235/2008. This regulation has been amended several time, 
therefore it is advisable to refer to the consolidated version.

At the moment, Annex IV includes 57 recognised control bodies/authorities, 13 
of them can certify, in specific non-EU countries, operators producing organic 
unprocessed aquaculture products that can be imported into the EU.

This system came into force on July 1, 2012.

 System 3: Control Bodies/Authorities Recognised 
for the Purpose of Compliance

A third system based on control bodies/authorities recognised for the purpose of 
compliance was supposed to enter into force in 2011/2012 but has been continu-
ously postponed. Currently it is foreseen to enter into application in 2019.

This approach differs from system 2 only for the fact that the approved control 
bodies/authorities will have to apply the EU Organic Regulations instead of their 
own private standards.

2 EU Regulation on Organic Aquaculture
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 System 4: Import Authorisations

Organic food products were also imported on the basis of import authorisations 
released, by the Member State’s competent authority, according to procedures and 
timing unequal between the various EU Member States, thus creating uneven import 
conditions. In fact, most organic food products were imported based on such import 
authorisations.

In 2006 the import regime was changed to simplify procedures by the adoption 
of Council Regulation (EC) No 1991/2006. The import certificates issued by the 
competent authorities in the Member States were gradually phased out, and the new 
import system was based on the establishment of a Third Countries List with equiv-
alent production and inspection procedures, as well as a list of control bodies/
authorities competent to carry out inspections and issue certificates in third coun-
tries (EC 2006b).

 The Organic Import System in the New Organic Regulation

A new EU Organic Regulation will apply from January 1, 2021. Therefore, also the 
organic import system will be subject to changes. The new import regime will be 
based on two systems, although a transitional period of validity is foreseen for the 
current import systems.

The two systems in the organic import system of the New Organic Regulation are 
(1) trade agreements with Third Countries and (2) control bodies/authorities recog-
nised for the purpose of compliance.

The first system will be similar to the system 1 (see section “System 1: recog-
nised equivalent third countries”) applied today, with the difference that all the 
agreements will be bilateral (the EU recognises as equivalent the non-EU country’s 
organic products only if the non-EU country’s recognised the EU organic products, 
this was not the case today) and all the agreements negotiated by the EU Commission 
with non-EU countries will have to be confirmed by both the EU Parliament and the 
EU Council.

The recognition of equivalent countries under the current regime will expire 
5 years following the date of application of the new Regulation, and therefore they 
have all to be renegotiated.

The second system will be very similar to the system 3 (see section “System 3: 
control bodies/authorities recognised for the purpose of compliance”) applied today. 
The recognition of “equivalent” control bodies under the current regime will expire 
by up to a maximum of 3  years following the date of application of the new 
Regulation.
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Chapter 3
Organic Aquaculture: Economic, Market 
and Consumer Aspects

Danilo Gambelli, Simona Naspetti, Katrin Zander, and Raffaele Zanoli

 Background

The total fish supply around the world has shown a constant increasing trend over 
the last decades, with growth from less than 20 million metric tonnes in 1950 to 
more than 169 million metric tonnes in 2015. The main species that are captured are 
anchovies, Alaska pollock and skipjack tuna, while the main farmed species are 
finfish (mainly carp) and molluscs (mainly clams). The supply of fish for human 
consumption was about 142 million tons in 2013 (FAOSTAT 2017). Table 3.1 shows 
the highly differentiated situation for fish production and the dominant position of 
the Asian countries in general, where China alone accounts for just over a third of 
the total world production.

Fish represent an important source of food worldwide as they account for 6.9% 
of animal protein consumption and 3.5% of total protein consumption (FAOSTAT 
2017). Also in this case, there are relevant differences according to geographic area 
(Fig. 3.1). Despite its high population, China is the country with by far the largest 
per capita availability of fish, while the availability of fish in Africa and Latin 
America and the Caribbean is about half of the world’s average.
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In this context, the contribution of aquaculture to total fish production has grown 
constantly over more recent years. According to FAOSTAT (2017), ‘the definition 
of aquaculture is understood to mean the farming of aquatic organisms including 
fish, molluscs, crustaceans and aquatic plants. Farming implies some form of inter-
vention in the rearing process to enhance production, such as regular stocking, feed-
ing and protection from predators. Farming also implies individual or corporate 
ownership of the stock being cultivated’. Aquaculture production has been charac-
terised by high, although decreasing, annual growth rates that have ranged from 
10.8% in the 1980s to 5.4% for 2010–2015. These growth rates are now declining 
(although they remain more than double those for captured fish production), and the 
total production from aquaculture has nearly reached that of captured fish produc-
tion, accounting for 76.6 million tons and representing 45% of total fish production 
worldwide (FAOSTAT 2017). By far the largest share of fish production from aqua-
culture is again China (58%), followed by Indonesia (14.8%). Chinese aquaculture 
is strongly concentrated on carp farming, which accounts for about 73% of the total 
freshwater production, while molluscs account for 78% of the marine production 
(FAO 2014). Asian countries in general are among the most important producers of 

Table 3.1 World fish production in 2013 by area [live weight, millions of tons (share, %)]

Measure World Africa
North 
America

Latin 
America Asia

Europe OceaniaCaribbean Total China

Total production of 
fish

162.8 
(100)

9.6 (6) 7.0 (4) 15.0 (9) 113.4 
(70)

59.8 
(37)

16.3 
(10)

1.4 (1)

Non-food fish 
production

21.4 
(100)

0.5 (2) 1.6 (7) 7.0 (33) 9.3 
(43)

3.4 
(16)

2.6 
(12)

0.2 (1)

Total production of 
fish for food

141.4 
(100)

9.1 (6) 5.4 (4) 8.0 (6) 104.1 
(74)

56.4 
(40)

13.7 
(10)

1.2 (1)

Total supply of fish 
for food (Including 
import-export)

142.1 
(100)

11.2 
(8)

7.7 (5) 6.3 (4) 99.8 
(70)

52.4 
(37)

16.2 
(11)

1.0 (1)

Source: Calculated from data from FAOSTAT (2017)
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 ChinaFig. 3.1 Per capita supply 
of fish (kg/year) for 2013. 
(Source: Calculated from 
data from FAOSTAT 
(2017))
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seafood from aquaculture, while the European Union contributed 1.2% to the total 
world aquaculture production in 2015. Production from aquaculture has increased 
in terms of volumes, and even more so in terms of value (Fig. 3.2).

The average world price of aquaculture products for farmers ranged from 1.4 to 
2.0 USD/kg for about 20 years and then showed substantial growth from 2008. The 
price trend does not appear to be conditioned by any particular relationship to infla-
tion and might instead be due to growth in the demand for aquaculture products 
(Fig. 3.3).
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Fig. 3.2 Volumes and value of fish production from aquaculture worldwide. (Source: Calculated 
from data from FAO – Fisheries and Aquaculture Department – Global Production Statistics 2018)
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Fig. 3.3 Average world prices of fish from aquaculture and world inflation. (Source: Calculations 
from data from FAO – Fisheries and Aquaculture Department – Global Production Statistics, and 
World Bank)
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 Organic Aquaculture Production

The adoption of an organic system for aquaculture requires compliance with gen-
eral principles of organic farming, which include specific regulations and certifica-
tion schemes. The general standards for organic aquaculture were defined by 
IFOAM (2006). Provisions for organic standards for aquaculture were also defined 
in Regulation (EC) N° 834/2007, with more detailed regulations in Regulation (EC) 
N° 889/2008 (amended by Regulation [EC] N° 710/2009) and respective Annexes. 
European Union regulations define the guidelines and requirements on fish origins, 
husbandry, breeding, feeding, veterinary treatments and disease prevention.

About 80 different private organic aquaculture standards have been defined, 
many of which relate to the European countries (Prein et al. 2012). A description of 
the evolution of certification standards for organic aquaculture is available in 
Bergleiter et al. (2009). Although organic standards share common principles, some 
differences are however encountered (Mente et al. 2011). The main aspects to con-
sider at the farm level relate to the conditions for the aquatic environment, breeding, 
nutrition, husbandry practices (e.g. stocking density requirements) and animal wel-
fare (e.g. veterinary treatments).

Production from organic aquaculture has grown rapidly over recent years but 
remains at relatively low volumes at the world level. Data on volumes of organic 
aquaculture production worldwide are available from 2017 (Lernoud and Willer 
2017 2018). Total world production from aquaculture in 2016 was 415,554 mt, with 
an increase of 8.2% with respect to 2015. Despite the relevant growth rates, the 
share of organic aquaculture with respect to total aquaculture remains at around 
0.5%. It is necessary to specify, however, that data on organic aquaculture are still 
very sparse and are missing for many countries. Therefore, these data need to be 
interpreted with caution.

Figure 3.4 summarises the situation for organic aquaculture production in the 
world in 2015–2016 and shows the highly differentiated situation both in terms of 
volumes and growth rates. Despite the limited share for China for organic aquacul-
ture (0.5% in 2015), it still maintains the dominant position for volume of organic 
aquaculture production, with over 74% of total organic aquaculture products. 
European countries account for about 20% of the world organic aquaculture. Ireland 
is the most relevant producer in Europe, with 40,873 metric tonnes produced in 
2016, and with an annual growth rate of 31% from 2015 to 2016.

Information concerning the type of species farmed organically is particularly 
scarce, with any sort of detailed breakdown of data from the main statistical sources 
only available for 17% of the total organic aquaculture production. These data also 
refer mainly to the European countries. Details concerning the relative weights for 
organic aquaculture in China are available from Xie et al. (2013). We have used 
these data to provide an estimate of the organic aquaculture volume per species in 
2016 (Fig. 3.5).

Detailed information of the economic aspects of organic aquaculture in Europe 
is available from EUMOFA (2017), and from reports of the OrAqua project 
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(www.oraqua.eu) for an economic analysis (Prins et al. 2015). Despite the gen-
eral positive trend for organic aquaculture in Europe, production is not evenly 
distributed, and some countries have even reduced their production over recent 
years, particular for Belgium, Croatia, Germany and the UK. The share of organic 
aquaculture is very variable across the European countries, with Ireland and east-
ern European countries showing the highest values (Table  3.2). Surveyed data 
from EUMOFA and EUROSTAT in some cases are different, with the latter show-
ing in general higher values for organic aquaculture volumes. The main organi-
cally farmed species in Europe in terms of volumes are salmon (strong 
concentration of production in Ireland), mussels (mainly produced in Italy and 
Ireland), trout (mainly produced in France and Denmark), carp (mainly produced 
in Hungary, Poland and Romania), sea bass and sea bream (mainly produced in 
Italy and Greece) (Fig. 3.6).
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Fig. 3.5 Estimated organic 
aquaculture production by 
species in 2016. (Source: 
Calculated from Lernaud 
and Willer (2018) and Xie 
et al. (2013))

3 Organic Aquaculture: Economic, Market and Consumer Aspects

http://www.oraqua.eu


46

 The Economics of Organic Aquaculture

Conversion to organic aquaculture is a complex process that involves a multidimen-
sional approach that covers social, economic and environmental issues (Bellon and 
Lamine, 2009). Any decision to convert is of course influenced by context-specific 
issues that can be extremely different for different countries. Following Padel (2001) 
and Stofferahn (2009), we can argue that reasons to convert to organic aquaculture 
might be mainly classified as farming aspects, such as technical and production 
issues, economic and financial evaluations, and personal motivation of farmers, 
such as personal health. Motivation to convert to organic aquaculture in Asian coun-
tries, for instance, might include the need for alternative trade opportunities that are 
more oriented towards sustainability and social inclusion (Omoto and Scott 2016; 
Ahmed et al. 2018) or the possibility to exploit economically efficient integration 

Table 3.2 Organic aquaculture: volumes and share of the main European Union producers (2015)

Country

Total aquaculture 
(tons) Organic aquaculture (tons)

Main species(FAO) (EUROSTAT) (EUMOFA)
Share 
(%)

Ireland 39,650 31,227 22,000 55.5–
78.9

Salmon, mussels

Italy 148,763 5492 8500 3.7–5.7 Sea bass/bream, trout, 
mullet, mussels

Hungary 17,337 3498 3498 20.0 Carp
UK 206,834 n.a. 3382 1.6 Salmon
France 206,800 n.a. 3000 1.5 Salmon, trout, sea bass/

bream, mussels
Denmark 35,867 2934 2864 8.0–8.2 Trout, mussels, sea 

bass/bream
Romania 11,042 6384 2042* 18.5–

57.8
Carp

Spain 289,821 2709 1353 0.5–0.9 Trout, mussels, sea 
bass/bream

Portugal 9322 1300 1300 13.9 Mussels
Lithuania 4450 1300 1117 25.1–

29.2
Carp

Germany 29,909 621 621 2.1 Carp, trout
Greece 106,118 720 400 0.4–0.7 Sea bass/bream
Croatia 15,572 300 300 1.9 Sea bass, mussels
Austria 3503 n.a. 120 3.4 Carp
Bulgaria 13,537 80 80 0.6 Mussels
Slovenia 1607 32 32 2.0 Mussels
Poland 36,971 18 19 0 Carp, trout
Latvia 863 7 9** 0.8–1.0 Carp
Total 1,177,966 56,622 50,637 3.9–4.4

Source: Calculated from EUMOFA (2017); *2014; ** 2016
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with other farming production (Nair et al. 2014). Organic aquaculture is considered 
an opportunity for rural development and poverty reduction in developing countries 
(Prein et al. 2012). In the western context, obstacles to convert to organic aquacul-
ture might also depend on the perception of organic farming practices as not ori-
ented to efficient production systems (Home et al. 2018). For the particular economic 
motivations to convert to organic aquaculture production, the main aspects to take 
into consideration are those of production at the farm level, the processing and mar-
keting and market conditions and demand and consumer attitudes.

The requirements for organic aquaculture have specific consequences according 
to the following economic aspects:

• Stocking density: Organic standards might require reduced stocking rates (see, 
e.g. Naturland 2017), which will result in higher average fixed costs per unit of 
output.

Fig. 3.6 Main organic aquaculture producers in Europe (icon sizes are approximatively propor-
tional to volumes of production). (Source: Adapted from Prins et al. (2015) and EUMOFA (2017))
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• Livestock/juveniles: Availability of organic juveniles might be limited, which 
will lead to higher prices.

• Feed: This represents the main production costs in aquaculture in general, and it 
is particularly critical for organic aquaculture.

• Labour: Labour units per output might increase due to lower stocking rates and 
longer growth periods.

• Welfare: The extensive nature of organic aquaculture might increase the fish wel-
fare and reduce the necessity for treatments. However, specific standards might 
significantly constrain the use of antibiotics and chemical treatments.

• Investments and general costs: Ponds and cages are mostly used in organic aqua-
culture. A stocking density constraint might require increased production capac-
ity, which will result in higher fixed costs. Certification costs might also be an 
issue for smallholders.

• Processing and distribution: Processing requires dedicated facilities or the inter-
ruption of processing of conventional products, which will reduce the economy 
of scale when the organic volumes are not adequate.

Few studies have report detailed cost analyses for organic aquaculture (Bergleiter 
et al. 2009; Disegna et al. 2009; Prins et al. 2015). The cost of organic feed is usu-
ally higher than conventional feed (Prins et al. 2015), particularly due to extensive 
organic practices (Prein et al. 2012). Lower amounts of feed and reductions in feed 
wastage can be considered in organic systems (Mente et al. 2011), but these do not 
compensate for higher purchase costs. Better growth performance for organic aqua-
culture might be considered (Di Marco et al. 2017) and might contribute to reduc-
tion in feed costs.

Figure 3.7 shows a synthesis of the main results from case studies regarding 
production costs at the farm level. The countries considered in the analysis are 
among the main producers in the respective fish species: Norway, the UK and 

Fig. 3.7 Cost-price structure for selected organically farmed species in selected European coun-
tries (average values, % of total costs) (Source: Calculated from Prins et al. (2015))
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Ireland for salmon; Denmark, France and Italy for trout; France, Italy and Spain for 
sea bass and sea bream; and Romania, Poland and Germany for carp. Simple arith-
metic averages across the countries have been calculated to summarise the data on 
the cost share. While such averages might be conditioned by specific conditions for 
an individual country, these results provide an initial insight into the value chain of 
organic aquaculture. Although differences in the cost structures are evident across 
species, the feed share is predominant in all cases. Other costs (e.g. general costs, 
energy, maintenance, financial costs) and labour costs have relevant but differenti-
ated importance according to the type of species, while the livestock (e.g. cost of 
juveniles) is particularly relevant for sea bass/bream.

Table 3.3 shows a comparison of the costs and other relevant economic factors 
for organic aquaculture with respect to conventional aquaculture. The increase in 
the general costs is particularly disadvantageous for organic salmon production, 
given the need for larger facilities as a consequence of reduced stocking rates. 
Similar or lower requirements for feed are observed for all species. The reduction in 
the quantity is, however, more than compensated for by the price differences, par-
ticularly in the case of organic carp. Given the relevance of the share of feed to total 
costs (Fig. 3.7), 65% of the total difference in cost for organic carp farming with 
respect to conventional systems is a result of the feed costs. About 35% of the higher 
production costs for organic sea bass/bream are due to the price difference for 
organic juveniles (Prins et al. 2015). The purchase prices for organic feed and juve-
niles are also relevant for sea bass/bream farming. An extra cost of 60% for sea bass 

Table 3.3 Main productivity and cost categories for selected species in Europea: relative changes 
(%) of organic vs conventional aquaculture where not differently specified

Factor Measure
Change in costs from conventional to organic aquaculture 
(%)
Salmon Trout Sea bass/bream Carp

Stocking density −40 −15 −15 =
Daily growth −35 = −20 −10
Feed Quantity −15 = = −10

Price +12.5 +30 +50 +100
Livestock Quantity = = = +50 to +100

Price = = +50 =
Labour +15 +15 +15 +10
Mortality rates = = = =
Health costs = = = =
Other costsb +150 = = +7
Certification (€3000/year) (€600/year) (€600/year) (€600/year)
Overall cost difference +23 to +40 +15 to +18 +29 to +42 +31 to +81

Source: Prins et al. (2015)
aSalmon, Norway, the UK, Ireland; trout, Denmark, France, Italy; sea bass/bream, France, Italy, 
Spain; carp, Romania, Poland, Germany
bDepreciation, maintenance, financial costs
= no difference
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organic farming was also reported by EUMOFA (2017). The combination of these 
factors leads to a generalised increase in the production costs for organic aquacul-
ture with respect to conventional systems, which will normally range between 15% 
and 81% across the different species and countries.

The cost differences reported in Prins et al. (2015) are lower for trout production, 
while they are particularly high for organic carp production in Romania. For organic 
trout farming in Italy, Disegna et al. (2009) consider 20–30% cost increase com-
pared to conventional aquaculture, which was mainly due to higher costs for feed 
and monitoring, and to an increase in the unitary fixed and general costs due to 
lower stocking density. Higher cost differences (35%) were reported by EUMOFA 
(2017) for a case study in France.

While the general consensus can be considered as higher production costs for 
organic aquaculture, a more differentiated picture emerges in terms of yields. Prins 
et al. (2015) showed a generally negative situation for productivity of organic aqua-
culture, due mainly to reductions in the stocking rate, which is particularly relevant 
for salmon, and the daily growth, which might be related to lower feed conversion 
rates. Stocking rates are 40% lower for organic salmon farming, and 15% lower for 
trout and sea bass/bream. The reductions in daily growth have been reported as 35% 
for salmon, 20% for sea bass/bream and 10% for carp, with no significant reduction 
for trout (Prins et al. 2015). Disegna et al. (2009) also considered yield reductions for 
organic trout farming in Italy due to the lower stocking rates. However, Di Marco 
et al. (2017) carried out a comparison of organic and conventional farming of sea 
bass in Italy and indicated good performance for the organic system. In particular, the 
growth of organic sea bass was more rapid, mainly due to their higher feed intake, an 
improved protein/fat ratio and higher protein availability in the organic feed. For 
prawn and shrimp farming, organic systems appear to obtain higher yields than con-
ventional farming. Paul and Vogl (2012) reported comparatively higher average 
yields for organic shrimp farming in Bangladesh, particularly for small farms where 
animal welfare is better due to more frequent water exchange and better quality of 
feed. Reported yield improvements ranged from 80 to 260 kg/year/ha in Bangladesh 
and India. Nair et al. (2014) analysed an integrated rice-prawn system in India that 
provided lower rice yields, which were compensated for by 10% higher prawn yields.

The general picture that is emerging from this analysis of the production process 
shows higher costs and a differentiated situation in terms of productivity in organic 
aquaculture. This implies that overall profitability is strongly conditioned by the 
higher prices obtained. These premium prices at the farm level are positive and 
range from 20% to 200%, depending on the farmed species and the country 
(Table 3.4). Higher prices for farmers are reported for China, which is particularly 
relevant given that Chinese production of organic trout and carp is the largest around 
the world. Conversely, price premiums for European countries are generally lower 
and are not always sufficient to ensure adequate profitability for the organic sector.

Prins et al. (2015) showed a critical situation for carp and sea bass/bream farm-
ing in particular. For some countries (e.g. Poland for carp; Italy, Spain for sea bass/
bream), total costs exceeded the farm gate prices, which resulted in negative mar-
gins. Where available (e.g. France for sea bass/bream; Germany, Romania for carp), 
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positive margins are however entirely dependent on the subsidies that are available, 
which represent the main condition for farm profitability. While conventional carp 
farming provides adequate profitability, the premium prices for organic aquaculture 
are still not sufficient to compensate for the extra costs.

Salmon and trout production are characterised by better economic performances. 
Here, the margins are positive for all species, even without considering the subsi-
dies, with the exception of an Irish case study that showed a slightly negative mar-
gin, excluding subsidies.

Comparing the profitability of organic aquaculture with the conventional system, 
the differences in the relative margins relating to total costs (including subsidies) for 
organic and conventional systems are shown in Table 3.4. Conversion to organic 
production is particularly critical for carp, while the differences for sea brass/bream 
margins are more limited, also due to the scarce profitability reported in the conven-
tional case studies considered for these comparisons. For salmon, the comparisons 
of the profitability indicate a better performance for UK organic farming only and 
negative differentials particularly for the Irish case. Organic trout farming provides 
the best performance if compared to the conventional aquaculture. These data were 
confirmed by Ankamah-Yeboah et  al. (2017), who analysed the profitability of 
organic farming of trout in Denmark by measuring the rate of profitability based on 
the net return (operational profit, i.e. owner remuneration) on assets over 3 years. 
For 1 of the 3 years considered, they reported negative results for profitability, which 
was attributed to the specific inclusion of investment costs. A comparison with the 
profitability of conventional aquaculture, and for conventional dairy and agriculture 
farming, showed a globally positive performance for organic trout farming.

Nair et al. (2014) showed some considerable increases in profitability for organic 
farming, such as the combination of rice and prawn organic production. This system 
is particularly effective for prawns, where the net margin increased by 117% with 
respect to the conventional system.

For the distribution costs, Figs.  3.8, 3.9, 3.10 and 3.11 show the make-up of 
price, i.e. unitary revenue, along the main stages of the supply chain in relative 
terms. These data are based on Prins et al. (2015), based on a calculation model 
including production and processing costs, yields and losses, revenues for nonedi-
ble parts and sale prices. As a general consideration, the component of price obtained 
by farmers is always lower in relative terms for organic aquaculture, although this is 
counterbalanced by higher gains at the distribution level. Conversely, the costs of 
gutting and fillet processing are higher for the conventional system. In absolute 
terms, the distribution margins are highest for salmon, which is considered a luxury 
product, and particularly as smoked salmon. Indeed, the distribution margins for 
smoked salmon are the highest both in relative and absolute terms, while they are 
the lowest for carp fillets.

The highest processing and distribution costs for all organic cases provides an 
indication of the effects of diseconomies of scale, due to the limited market size for 
organic aquaculture. Higher costs at the processing and distribution levels are the 
main source for the premium consumer prices for organic aquaculture, which appear 
not to be distributed proportionally to the farmers.
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 Consumer Awareness and Product Knowledge

Products from organic aquaculture have only recently gained importance in the 
market. This is why little attention has been directed so far towards consumer 
knowledge and perception of organic aquaculture (Schlag and Ystgaard 2013). 
However, in the policy actions to define organic aquaculture, consumer perception 

Fig. 3.8 Make-up of price for farmed fish along the supply chain (% of total unitary price at con-
sumer level): salmon. (Source: Calculated from (Prins et al. 2015))

Fig. 3.9 Make-up of price for farmed fish along the supply chain (% of total unitary price at con-
sumer level): trout. (Source: Calculated from (Prins et al. 2015))

Fig. 3.10 Make-up of price for farmed fish along the supply chain (% of total unitary price at 
consumer level): sea bass/bream. (Source: Calculated from (Prins et al. 2015))
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is mentioned as ‘the key factor that policy makers should take into account when 
defining the regulatory framework of organic aquaculture’ (Lembo et al. 2018).

Before considering consumer perceptions further, it should be noted that con-
sumers are mostly unfamiliar with aquaculture (Aarset et al. 2004; Arvanitoyannis 
et  al. 2004; Verbeke et  al. 2007; European Commission Directorate-General for 
Maritime Affairs and Fisheries 2009; Altintzoglou et al. 2011; Schlag and Ystgaard 
2013; Gutierrez and Thornton 2014; Feucht and Zander 2015; Zander et al. 2018). 
Many consumers are even not able to distinguish between wild-caught fish and fish 
from aquaculture (Zander et al. 2018). Consumer knowledge about the sustainabil-
ity in aquaculture production is even lower. This limited knowledge can result in a 
‘romanticised’ and misleading image of aquaculture, and it gives room for the 
potential to influence consumer ideas and concerns about intensive terrestrial ani-
mal husbandry (Honkanen and Ottar Olsen 2009; Stubbe Solgaard and Yang 2011; 
Vanhonacker et al. 2011; Pieniak et al. 2013; Zander et al. 2018). Due to this lack of 
knowledge and awareness, the consumer perception of aquaculture can be driven 
more by emotions than by reason (Verbeke et al. 2007; Vanhonacker et al. 2011; 
Feucht and Zander 2015).

Interestingly, this lack of consumer knowledge does not automatically mean that 
consumers are asking for more information. Feucht and Zander (2015) reported that 
some consumers are aware of their lack of knowledge and want more transparency 
and information concerning aquaculture in general. They ask for standardised and 
comprehensible information on the packages. In contrast, other consumers do not 
wish to know more about the fish farming because they fear that more information 
might be confusing, as they already have information overload; it might even cause 
them to stop consuming these organic aquaculture fish altogether.

 Labels and Label Knowledge

Labels are an important means for communicating the various attributes of a prod-
uct to the consumer. These are of particular relevance in the case of ‘credence 
goods’, where the specific characteristics cannot be verified during or after purchase 

Fig. 3.11 Make-up of price for farmed fish along the supply chain (% of total unitary price at 
consumer level): carp. (Source: Calculated from (Prins et al. 2015))
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and even during consumption. Several labels exist in European markets that indicate 
the use of sustainable aquaculture practices. These include the Aquaculture 
Stewardship Council (ASC), the Friends of the Sea (FOS), and also European and 
national organic labels. The low consumer knowledge of (sustainable) aquaculture 
also corresponds to low knowledge of sustainability labels in general. Consumer 
confusion is generally enhanced by the proliferation of too many ‘eco-labels’ 
(Langer et  al. 2007), and this also applies to organic aquaculture products 
(Altintzoglou et  al. 2010; Feucht and Zander 2015; EUMOFA 2017). However, 
consumer knowledge about organic labels is relatively high, as these are used on all 
food products, and not only on farmed fish, like for the ASC and FOS labels (Grunert 
et al. 2014; Zander et al. 2015, 2018; Ankamah-Yeboah et al. 2016).

Similar data have been reported relating to consumer trust: organic labels are 
trusted more compared with other sustainability labelling of products, although 
some consumers have low confidence in the certification process and compliance 
with respect to organic standards (Feucht and Zander 2015; Ankamah-Yeboah et al. 
2016). Indeed, trust in a logo is an important mediator between labels and consumer 
choice (Zanoli et al. 2015). Distrust of organic labels and certification has, however, 
been reported for all categories of organic products, especially by the occasional 
consumer (Zanoli and Naspetti 2002; Zander et al. 2015). According to Feucht and 
Zander (2015), the consumer who is interested in sustainability issues appears to 
prefer organic aquaculture products and products from sustainable wild fisheries, 
even though a general lack of label knowledge has been reported.

According to EUMOFA (2017), organic aquaculture needs to be clearly differen-
tiated from other competing schemes, such as eco-labelled or ‘sustainable’ aquacul-
ture. Therefore, the ‘credibility and readability of organic labels in front of 
eco-labels’ should be increased by improved communication, with stressing of the 
‘high-level principles of sustainability and animal welfare (in addition to food qual-
ity objectives)’ (EUMOFA 2017).

 Consumer Attitudes

As a consequence of the relative lack of knowledge, many consumers do not clearly 
distinguish between sustainable and organic aquaculture (Feucht and Zander 2015; 
EUMOFA 2017). Indeed, the two terms are frequently mixed or used synonymously. 
Sustainable aquaculture is expected to avoid drug use as far as possible and to work 
without artificial additives and hormones (Stubbe Solgaard and Yang 2011; 
Kalshoven and Meijboom 2013; Almeida et  al. 2015; Feucht and Zander 2015; 
Zander et  al. 2018). Consumers believe that sustainable aquaculture should be a 
‘natural’ way of production that respects the fish welfare and the environment 
(Schlag and Ystgaard 2013; Feucht and Zander 2015). ‘Mass production’ is not 
perceived as sustainable, and fish feed should also be sustainable and species- 
appropriate (Zander et al. 2018). Moreover, full transparency along the supply chain 
and outstanding quality are demanded by the consumer. This would imply greater 
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collaboration along the supply chain (Naspetti et al. 2017), although organic sys-
tems do not appear to perform better than other systems in this respect (Naspetti 
et al. 2011). With regard to closed recirculation systems, there are some associations 
with ‘mass animal husbandry’. The welfare of the fish is not generally believed in 
these systems, and the ecological advantages with respect to nutrient run-offs are 
frequently outweighed by the lack of naturalness and the assumed deficiencies 
towards fish welfare (Feucht and Zander 2015). A lack of product knowledge might 
also be the reason for the unclear attitudes of the consumer (EUMOFA 2017).

Despite a general lack of knowledge, some consumers have relatively clear con-
ceptions and expectations of organic aquaculture. Whereas sustainability is a more 
or less vague term with an unclear definition for most consumers, on the other hand, 
organic is perceived as a fixed term that is familiar to many consumers. Some con-
sumers (mainly those who regard themselves as organic consumers) know that there 
is a regulatory framework that defines organic aquaculture (Feucht and Zander 
2015). Those who know about organic aquaculture perceive it to be the ideal aqua-
culture practice, and they appreciate seafood from organic aquaculture. They argue 
that all sustainable aquaculture should follow organic standards in order to avoid 
misunderstandings (Feucht and Zander, 2015; Risius et al. 2017; Zander et al. 2018).

Consumer perceptions of what the product attributes are that make farmed fish 
organic aquaculture are mostly in line with current organic aquaculture practices. 
Organic fish farming is perceived as a natural production method that combines eco- 
friendliness with fish welfare: ‘[…] organic, the fish is happy […]’ (Feucht and 
Zander 2015). The following summary defines the attributes that consumers associ-
ate with organic aquaculture:

• Exclusive breeding of native fish species (Feucht and Zander 2015)
• Pesticide-free (O’Dierno and Myers 2006)
• Medication-/antibiotics-free (O’Dierno and Myers 2006; Feucht and Zander 

2015)
• Environmentally friendly (Aarset et al. 2001; O’Dierno and Myers 2006)
• Better taste (O’Dierno and Myers 2006)
• Better animal welfare (Aarset et al. 2001; O’Dierno and Myers 2006)
• Safer (O’Dierno and Myers 2006)
• More nutritious (O’Dierno and Myers 2006)

Organic aquaculture is meant to be a more traditional aquaculture (the term ‘fish 
farming’ might apply better to this kind of production), with a low level of technical 
input. According to these expectations, organic aquaculture should use earth ponds 
or flow-through systems, and not closed recirculation systems, as these were 
 perceived as too technical and artificial. In the case of sea species, open-sea cages 
are preferred (Stefani et al. 2011). Sometimes, organic fish farms are assumed to be 
small to medium sized, as larger production is often associated with industrial live-
stock farming, which contradicts the idea of organic production (Feucht and Zander 
2015). These product attributes and farm characteristics might explain why certified 
organic seafood has been reported to be preferred by consumers who are particu-
larly concerned about sustainability in their food choices (Zander et al. 2018). In 

D. Gambelli et al.



57

agreement with the findings of Aarset et al. (2004) and Zanoli and Naspetti (2002), 
among the motives for buying organic fish, there is the avoidance of potential nega-
tive consequences associated with the production and consumption of conventional 
products. However, in most studies, compared to the attributes such as origin, and 
even relatively unspecific (sustainability) claims, organic certification turns out to 
be less important (O’Dierno and Myers 2006; Stefani et al. 2011; Mauracher et al. 
2013; Zander and Feucht 2017; Zander et al. 2018).

 Consumer Preferences and Willingness to Pay for Organic 
Seafood in Europe

Preferences and willingness to pay are of crucial relevance when defining market 
opportunities for organic food and seafood. A number of studies have analysed con-
sumer preferences and their willingness to pay (WTP) for seafood with different sus-
tainability attributes (Budak et  al. 2006; Olesen et  al. 2010; Stefani et  al. 2011; 
Mauracher et al. 2013; Ankamah-Yeboah et al. 2016; Risius et al. 2017; Zander and 
Feucht 2017; Zander et  al. 2018). Ankamah-Yeboah et  al. (2016) showed that in 
Denmark, consumers are willing to pay a price premium of almost 20% for organic 
salmon compared to conventional salmon. They used real market data from a household 
panel and carried out a hedonic price analysis. They reported that consumer WTP was 
higher for seafood with the organic logo than for seafood labelled with the MSC logo. 
Olesen et al. (2010) reported additional WTP of 15% on average for organic salmon as 
long as the fish colour was comparable. By using experiments based on consumer 
choice, they analysed this WTP. According to Risius et al. (2017), smoked trout labelled 
with the organic ‘Naturland’ logo was preferred over products with the ASC label.

In a recent contingent valuation study, more than 4000 consumers in 8 European 
countries were asked about their WTP for different sustainability attributes of 
farmed fish (Zander and Feucht 2017). The consumers were asked for their addi-
tional WTP for seven different product attributes, all of which were related to sus-
tainability: ‘sustainably produced’, ‘organically produced’, ‘locally produced’, 
‘produced according to higher animal welfare standards’ and ‘produced in Europe’. 
On average across all countries, the additional WTP was highest for ‘organic pro-
duction’ (+14.8%), followed by ‘sustainably produced’ (+14%), ‘produced with 
higher animal welfare standards’ (+14%), ‘locally produced’ (+12.6%) and 
 ‘produced in Europe’ (+9.4%). Thus, organic and sustainable production and also 
higher animal welfare standards appear to be the most promising attributes with 
respect to product differentiation in the European fish market.

Consideration of these results by country, which were particularly variable, is 
more interesting than the overall average (Fig. 3.12). The highest overall level of 
additional WTP was in Germany, followed by Italy. In Finland, Germany, Spain and 
the UK, WTP was highest for higher animal welfare standards, while ‘organic pro-
duction’ was the most important attribute in France, Ireland and Poland. ‘Local 
origin’ was particularly important in Finland, while in all other countries, ‘local 
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origin’ was outperformed by specific production practices, such as ‘sustainably’, 
‘organic’ or ‘animal welfare’ aspects.

These data confirm earlier studies that stressed the importance of animal welfare 
considerations for consumer demand (O’Dierno and Myers 2006; Kupsala et  al. 
2013; Feucht and Zander 2015). The preference for local or domestic aquaculture 
products, which was also reported for previous studies (Stefani et al. 2011; Claret 
et al. 2012; Mauracher et al. 2013; McClenachan et al. 2016; Risius et al. 2017), is 
confirmed only for Finland and France. The low additional WTP for ‘European 
origin’ confirms earlier data from Pieniak et al. (2013) on consumers in the Czech 
Republic, Germany, Greece, Italy, Portugal, Romania, Sweden and the UK, although 
this contradicts Altintzoglou et al. (2010), who reported that indications of European 
origins enhanced the image of fish.

Figure 3.13 shows the distribution of the consumer WTP in the eight study coun-
tries indicated. A very small share of the participants have an additional WTP as 
high as 100%, as those who would be willing to pay double the price for organic 
seafood. Some differences become obvious when looking at the share of partici-
pants who are willing to pay 50% more: this share is about 10% in Finland but 
nearer 20% in Germany. About 25% of the Finnish participants and 30% of the 
German participants were willing to pay a price premium of 20%.

 Concluding Remarks

The context of organic aquaculture is very diverse worldwide. Relevant macro- 
trends indicate:

• Aquaculture production is nearly reaching yields of wild-caught fish.
• A strong positive trend in aquaculture production over the last 10 years.
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other sustainability attributes indicated. (Source: Adapted from Zander and Feucht (2017))
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• Consumption of organic food is expanding rapidly, particularly in Europe, and 
organically farmed fish are more in demanded, again, particularly in Europe.

• Organic aquaculture appears to be particularly suitable for developing countries 
under specific climate conditions, which provides positive stimulus in terms of 
rural development.

This framework might suggest positive expectations for the expansion of organic 
aquaculture. However, substantial limitations must be taken into consideration. The 
data available on the economics of organic farming in Europe show an ambiguous 
situation, where real profitability relative to conventional aquaculture is dependent 
on the fish species and the country. Profits are not always guaranteed, and conver-
sion to organic might be an opportunity only for already established farms. The 
regulatory framework for organic aquaculture appears to be particularly complex, 
with over 80 national and private standards, and producers from developing coun-
tries might face difficulties in marketing their products in western countries. From 
an economic perspective, the very limited size of the sector implies obstacles for 
operators, such as diseconomies of scale, limited availability and high prices for 
purchased inputs, major limitations for processing and high costs of distribution.

The growing demand for organically farmed fish is of course the main solution 
in the medium term. However, given the potential consumer confusion between 
wild-caught and organic fish, and between organic labels and other eco-labels, 
increasing consumer awareness and knowledge through improved marketing and 
communication is paramount to sustain the growth of this demand. Also, increased 
supply should result in a decreased price premium (Ankamah-Yeboah et al. 2016). 
However, as long as the demand for organically farmed fish continues to grow, the 
price premium is likely to remain relatively high. The limited market size is often 

Fig. 3.13 Distribution of consumer willingness to pay (WTP) for ‘organically produced’ seafood 
according to country. (Source: own calculations)
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associated with low product differentiation and limited product range, which might 
represent major obstacles for consumers (Castellini et al. 2012).

According to various studies, consumers associate organic aquaculture with 
small-scale, natural production methods, as preferably in natural ponds and lakes or 
open-sea cages. Studies show that most consumers do not consider closed recircula-
tion systems to be ‘organic’. Although this is sometimes far from the reality, their 
concerns and expectations need to be considered carefully when designing organic 
production systems. As the consumer knowledge of these products and their label-
ling is low, communication is again very important, to avoid consumer cognitive 
dissonance. Also, it is important that the organic aquaculture sector maintains and 
improves its high production standards and aligns these further with consumer 
expectations.
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Chapter 4
Genomics Era on Breeding Aquaculture 
Stocks

Petros V. Martsikalis, Georgios A. Gkafas, Christos Palaiokostas, 
and Athanasios Exadactylos

 Aquaculture Selective Breeding Background

 Introduction

The animal- and plant-related agriculture sector has realized over the years tremen-
dous benefits due to breeding programs. Since presently only ~10% of the total 
production is derived from genetically improved stock (Gjedrem and Robinson 
2014), selective breeding can significantly boost the quality of aquaculture products 
improving traits of economic and welfare importance.

The definition of a breeding program is quite flexible incorporating different 
breeding and selection practices. Nevertheless, breeding programs are intercon-
nected with pedigree records especially in the last 50  years. Though technically 
speaking a selection scheme based only on the phenotype of the candidate could be 
classified as a breeding program, the inclusion of pedigree information was a criti-
cal factor behind the worldwide application of selective breeding. The first family- 
based breeding program in aquaculture originated from Norway in 1975 and proved 
to be highly successful, reporting 14% of average genetic gain per generation with 
an estimated 15-fold benefit to cost ratio (Gjedrem 2010). Since that time, several 
breeding programs have been successfully deployed in aquaculture targeting several 
traits like growth, fillet yield, deformities, late maturation, and disease resistance.
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Overall, application of selective breeding in aquaculture is less common com-
pared to plant or livestock breeding; this is partly explained because aquaculture is 
a more recent activity, at least in the industrial form. Additionally, the high fecun-
dity in many aquaculture species (e.g., in sea bream and sea bass) could have cre-
ated, at least in the early years of aquaculture booming, the false impression that 
selective breeding is not a priority. Last but not least, another critical factor behind 
the delayed application of breeding programs in aquaculture lies on the inherent 
nature of this activity, which constitutes pedigree recording far more challenging 
than in terrestrial animals and plants.

However, the technical limitations (pedigree analysis) have nowadays been over-
come (Palaiokostas et al. 2018), and it is expected that in the following years selec-
tive breeding programs will play a more active role toward increasing the global 
aquaculture production. Particularly in Europe, nowadays it is expected that over 
80% of the aquaculture production originates from selective breeding programs 
aiming to improve several traits simultaneously (Chavanne et al. 2016).

 Impact of Aquaculture Breeding Programs

The estimates of genetic gain in aquaculture species for body weight vary from 
2.3% to 42% per generation, with an overall average of approximately 14%. The 
above-average genetic gain for animal growth implies that production can be dou-
bled in six generations as has been the case in tilapia and salmon (Gjedrem and Rye 
2016). Regarding the main European aquaculture species, the realized cumulative 
genetic gain in growth performance over the number of selected generations varies 
from +65% for turbot to +900% for trout in terms of harvest weight and from +25% 
for turbot to +200% for trout regarding thermal growth coefficient.

Furthermore, major genetic gains have been recorded for disease resistance with 
the most highlighted case being the IPNV resistance in Atlantic salmon. In the 
above, the identification of a major quantitative trait locus (QTL) greatly assisted 
the industry toward breeding for infectious pancreatic nervous virus (IPNV)-
resistant Atlantic salmon (Houston et al. 2008; Moen et al. 2009). In addition, it has 
to be stressed that in the vast majority of cases growth exhibit positive genetic cor-
relation with disease resistance (Gjedrem and Rye 2016) with the only exceptions 
originating from shrimp farming (Gitterle et al. 2005)

 Aquaculture Breeding Program Design

Different designs of aquaculture breeding programs have been attempted over the 
years. The initial predominant design based simply on individual selection has grad-
ually given its place in more elaborate schemes in which pedigree information is 
utilized as well. Additionally, aquaculture breeding programs could also be 
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classified as to whether multiplier stations are utilized in order to enhance commer-
cial production. However, the practice of multiplying stations is characteristic of 
salmonid breeding programs, while in contrast it is not common in Mediterranean 
aquaculture. Interestingly, a recent cost-benefit analysis for aquaculture breeding 
program designs based on gilthead sea bream identified as the most profitable the 
design without a multiplier station (Janssen et al. 2018). However, we also need to 
stress the biological differences regarding reproduction and fecundity levels between 
the salmonids and the main Mediterranean aquaculture marine fish like the gilthead 
sea bream and the European sea bass.

 Inbreeding Management

The risks of negative performance elevate significantly when inbreeding rate is 
above 1% per generation (Meuwissen and Wooliams 1994). Maintaining a breeding 
nucleus of high genetic diversity is therefore essential for every breeding program. 
Particularly for organic aquaculture, it would be essential to strive for greater num-
bers of contributing sires and dams in each generation of the breeding program. As 
a rule of thumb, a minimum size of at least 50 broodfish should be guaranteed to 
minimize potential negative effects due to inbreeding (Gjedrem and Robinson 
2014). However, this last number represents an absolute minimum, with numbers 
above 100 being advisable for guaranteeing the long-term sustainability of the 
breeding program. This is further documented from data coming from aquaculture 
breeding programs in Europe which showed that the number of broodfish involved 
in each generation greatly varies from less than 100 to more than 800 (Chavanne 
et al. 2016).

 Estimation of Breeding Values

Developments in statistical tools were crucial for the successful implementation of 
breeding programs. A most crucial point was the framework establishment of statis-
tical models which allowed the efficient estimation of breeding values like the best 
linear unbiased prediction (BLUP) methodology (Henderson 1975). In its tradi-
tional form, BLUP utilizes pedigree information circumventing the limitation of 
classic linear models regarding the maximum number of estimated parameters. 
Additionally, BLUP allows breeding value estimation by utilizing the pedigree 
information even for animals with no phenotypic records. Obviously, reliable pedi-
gree recordings are of paramount importance for the accurate calculation of breed-
ing values.

Nevertheless, limitations of BLUP are apparent especially for traits where no 
phenotypic records are available for the selection candidates per se (e.g., disease 
challenge experiment where records are only available for the sibs of the candidate) 
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since BLUP utilizes only the between-family genetic variation. The modern 
approach upon which accuracy improvement of the estimated breeding values is 
based utilizes information from genetic markers allowing for higher resolution of 
the actual relationship between selection candidates. In recent years, both animal 
and plant breeding witnessed an immense amount of research aiming at increasing 
the accuracy of breeding values using genome-wide genetic markers. Termed as 
genomic selection (Meuwissen et al. 2001), this has been widely adopted both by 
industry and academia. Particularly, for aquaculture the usage of genetic markers 
also allows the circumvention of the prior necessity of separate tank rearing for each 
family of the breeding program.

 Important Selection Traits for Organic Aquaculture

 Feed Efficiency

Feed costs normally constitute the highest running expenses in aquaculture. 
Excluding shellfish farming, feed costs in an intensive aquaculture activity would 
typically account for approximately 50–60% of the total running costs. Therefore, 
selection for improved feed efficiency would greatly benefit the industry, but this has 
proven to be a challenging task mainly due to the difficulty of obtaining accurate 
phenotypic measurements that are actually representative of the trait (Daulé et al. 
2014). Prior experience demonstrated that selection for higher growth could favor 
animals with high feed intake. However, the last does not necessarily guarantee that 
these animals have the highest genetic value for feed efficiency. Since feed effi-
ciency positively correlates with feed intake, up to a threshold, a suboptimal feeding 
strategy would easily result in increased feed intake and reduced feed efficiency (de 
Verdal et al. 2017). Particularly in organic aquaculture, selecting for increased feed 
efficiency is of paramount importance, since apart from the obvious economic ben-
efits, an increase of feed efficiency would simultaneously result in a reduced envi-
ronmental impact through the proportional reduction of wasted (not consumed) feed.

 Disease Resistance

Disease outbreaks pose serious challenges for any animal- or plant-related activity 
and particularly in aquaculture where in many occasions efficient therapeutic agents 
are lacking. This is even more relevant in the case of organic farming where there 
are restrictions in the use of antibiotics and the available therapeutic agents are even 
more limited. In addition, the inherent environment of an aquaculture activity (e.g., 
net pens) is a great challenge to tackle disease outbreaks. Here again, selective 
breeding might be a valuable tool to prevent the detrimental effects of disease out-
breaks (Bishop and Woolliams 2014). For example, in shrimp farming where the 
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species innate immune system constitutes vaccines inefficient, selective breeding 
together with strict biosecurity and effective management practices are the only 
tools available for handling disease outbreaks.

On the positive side, moderate to high heritabilities for disease resistance have 
been reported in numerous aquaculture species, indicating that rapid genetic prog-
ress could be achieved through selective breeding (Ødegård et al. 2011). Particularly 
for disease resistance traits, approaches utilizing genomic information have proven 
invaluable. Several studies have demonstrated the potential of breeding for disease 
resistance like for IPNV (Houston et al. 2008; Moen et al. 2009), pancreas disease 
(Gonen et al. 2015), and sea lice (Ødegård et al. 2014; Tsai et al. 2016; Correa et al. 
2017) in Atlantic salmon. Additional studies have been also conducted in rainbow 
trout (Vallejo et al. 2016, 2017), gilthead sea bream (Palaiokostas et al. 2016), cat-
fish (Zhou et al. 2017), Asian sea bass (Wang et al. 2017), and European sea bass 
(Palaiokostas et al. 2018).

 Selection for Skewed Sex Ratio Stocks

Phenotypic sex is generally labile in fish with a number of aquaculture fish species 
exhibiting sexual dimorphism in a range of traits of interest such as age at maturity. 
Some of the most important cases with considerable sexual dimorphism regarding 
growth include the Nile tilapia and European sea bass. In the case of Nile tilapia, 
sexual dimorphism favors males (Mair et al. 1997), and several studies have identi-
fied genomic regions with strong influence in sex determination (Lee et al. 2011; 
Eshel et al. 2012; Palaiokostas et al. 2013, 2015; Wessels et al. 2017), demonstrating 
that despite the complexity of the trait, selective breeding could be of value. 
Additionally, taking into account that hormonal sex reversal is still widely practiced 
in tilapia farming, selective breeding appears as a necessity. In the case of European 
sea bass, females demonstrate superior growth, and sex determination is suspected 
to be polygenic with a particularly high heritability of 0.62 (Vandeputte et al. 2007), 
implying that there is plenty of margin upon which selection can achieve a rapid and 
substantial improvement.

 Genotype by Environment Interaction (GxE) in Selective 
Breeding Programs

The GxE interactions simply imply that organic, as well as conventional, fish 
derived from the single nucleus of a selective breeding program might show lower- 
than- expected genetic gains in different environmental conditions, e.g., other 
organic/conventional aquaculture sites. Therefore, it is imperative to understand the 
key contribution of potential GxE interactions among different environments and 
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their implications to the economic and sustainable development of commercial 
aquaculture.

GxE interaction is defined as the difference in the response of genotypes across 
various macro-environments (Hammond 1947; Falconer and Mackay 1996; Lynch 
and Walsh 1998; Lin and Togashi 2002). When the existence of GxE interaction is 
confirmed, we are expecting an unpredictable variation of a single genotype perfor-
mance among different environments (Evans and Langdon 2006). GxE interaction 
can appear in two forms: first, as heterogeneity of genetic variance, where there is a 
difference in genetic variance concerning a trait across various environments 
(Falconer and Mackay 1996; Lynch and Walsh 1998; Ponzoni et al. 2008), and sec-
ond as genotype re-ranking across different environments. The latter is the most 
serious since it implies that selection gains could significantly deviate from the 
expected ones.

Moderate re-ranking has been observed for survival traits (mean genetic correla-
tion 0.54), while re-ranking was lower for traits like age at maturity and appearance 
(mean genetic correlation 0.86). However, most of the recorded genetic correlations 
on different environments are positive, implying that performance on a different 
environment would still infer an advantage though potentially of different magni-
tude from the expected one (Sae-Lim et al. 2016). The presence of GxE interactions 
in selective breeding programs was detected in several aquaculture species such as 
rainbow trout (Kause et al. 2003; Sae-Lim et al. 2014), Atlantic cod (Kolstad et al. 
2006), Arctic charr (Nilsson et  al. 2010; Chiasson et  al. 2013), shrimp (Li et  al. 
2015; Lu et al. 2017), Asian and European sea bass (Saillant et al. 2006; Dupont- 
Nivet et al. 2010; Domingos et al. 2013; Le Boucher et al. 2013), gilthead sea bream 
(Navarro et al. 2009), turbot (Guan et al. 2016), sole (Mas-Muñoz et al. 2013), and 
Nile tilapia (Bentsen et al. 2012; Trong et al. 2013; Turra et al. 2016).

Taking into account the obtained results of the aforementioned studies, it can be 
concluded that the GxE interaction effect seems to be more significant (in terms of 
commercial aquaculture) when the production environments present substantial dif-
ferences in environmental factors such as their hydrological and physicochemical 
attributes. This fact was also supported by Luan et al. (2008), who confirmed the 
existence of GxE interaction in traits between reared fish populations in freshwater 
and brackish water, respectively. In contrast, the GxE interaction was nonexistent 
when there was a great extent of similarity between the rearing environments 
(Nguyen 2016; Sae-Lim et al. 2016).

Consequently, the assessment of the GxE interaction magnitude through the 
quantification of genotype re-ranking effect is critical for the proper design and 
optimization of a selective breeding program in aquaculture. Therefore a breeding 
program should establish separate test stations across different production environ-
ments simulating the specific environmental conditions of the target markets or in 
the case of strong re-ranking occurrence establish separate breeding programs 
focusing on the site-specific environmental conditions of each production environ-
ment. Nevertheless, all of the above could only be possible if justified by a cost- 
benefit study. Taking into account the usually considerable running costs of a 
breeding program, it could be particularly hard to justify the need for simultane-

P. V. Martsikalis et al.



71

ously running additional ones. A potential solution would be the creation and fund-
ing of European/national breeding programs in collaboration with the private 
sector.

 Novel Omics Technologies in Organic Aquaculture

Recent genomic experiments have established a new potential in aquaculture indus-
try. New methodologies and advanced state-of-the-art facilities have provided a bet-
ter understanding of the farmed species molecular profile. Next-generation 
sequencing (NGS) techniques have resulted in the annotation of many teleost 
genomes of interest, and omics are becoming a powerful multidisciplinary strategy 
in aquaculture programs. These methodologies include genomics to study DNA 
variations, transcriptomics to study gene expression, proteomics to assess protein 
expression, and metabolomics for metabolite variability.

The produced huge amount of data by omics techniques may require weeks or 
even months to analyze and process data generated. The demand for high- 
performance computing in terms of speed and reliability is subject to the increasing 
data in size through the NGS techniques of the last decade. High-performance clus-
ters have emerged lately as promising technology drivers in the “big data” era. Due 
to the complexity of these biological big data, bioinformatics skills are required, 
bringing together multidisciplinary fields such as computer science, biology, math-
ematics, medicine, etc. Nowadays, genomic studies benefit of high-performance 
computing (HPC) in conjunction with parallelism infrastructures, providing bioin-
formatically speaking interesting opportunities for research initiatives.

 Genomics

A number of various genomic and cost-efficient tools have been developed in the 
last decade. Restriction site-associated DNA sequencing (RAD-seq) and shotgun 
sequencing are widely used in genomic-wide association studies (GWAS) providing 
relatively low-cost discovery and genotyping of thousands of single nucleotide 
polymorphisms (SNPs) (Robledo et al. 2017). SNPs are becoming the marker of 
choice in genetic selection programs, due to their direct association between fitness- 
related traits and genotype. In farmed stocks, variability provides a key role tool to 
study genetic diversity with regard to differential fitness-related traits. The latter 
relationship is called heterozygosity-fitness correlation. The definition of a 
heterozygosity- fitness correlation (after David 1998) is “the empirical observation 
of a correlation between heterozygosity measured at a marker locus, or at a set of 
marker loci, and a fitness-related trait.” Three main hypotheses have been proposed 
to explain the heterozygosity-fitness correlation: (a) the direct effect hypothesis, 
i.e., heterozygote advantage due to overdominance at the specific locus scored; (b) 
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the local effect hypothesis, i.e., heterozygote advantage detected at marker loci that 
are closely linked to fitness loci; and (c) the general effect hypothesis, i.e., hetero-
zygote advantage due to genome-wide effects (high level of heterozygosity at the 
marker loci reflecting a high level of heterozygosity in the genome as a whole).

The apparent genotype-fitness association mapping is becoming crucial for addi-
tional genome scans for quantitative trait loci (QTL) in marker-assisted selection 
(MAS) programs. However, more recent studies into other traits in aquaculture have 
highlighted that polygenic architecture is indeed the norm in aquaculture species 
too, with each QTL explaining only a very small percentage of the genetic variation, 
further indicating that MAS is likely to have very limited success (Palaiokostas and 
Houston 2018).

 Transcriptomics

Transcriptomics comprises one of the crucial assessments for the improvement of 
husbandry practices in aquaculture (Chapman et al. 2014). Nutrition is one of the 
most important phases in an aquaculture scheme, and therefore feed efficiency 
should be optimized. This is often subject to the expression of genes involved, and 
the analysis of transcripts is a fundamental methodology to quantify the expression 
level change under different conditions (Kavouras et al. 2017). Various methodolo-
gies have been developed for this purpose based on hybridization (e.g., high-density 
oligo-microarrays) or sequencing (e.g., Sanger sequencing of complementary DNA 
(cDNA) or expressed sequence tag (EST)) using real-time PCR. The main limita-
tions of these techniques are either the reliance upon existing knowledge for genome 
sequence or expensive and generally not quantitative (see review in Wang et  al. 
2009). Nowadays, RNA-sequence (RNA-seq) allows exploring genomic resources 
profiles using NGS to reveal a far more precise measurement of levels of presence 
and quantity of transcripts to a better understanding of the development of an altera-
tion in phenotype.

 Proteomics

High-throughput proteomics can be a useful tool to determine protein expression 
profiles in exploring unresolved questions such as host-pathogen interactions at the 
individual level with respect to fitness association analyses. More broadly, it is 
important to understand the consequences of host-pathogen interactions in the con-
text of other regulatory mechanisms, such as nutrition, reproduction, competition, 
and behavioral factors, as well as ecological/environmental factors, such as habitat 
use and climate changes (Irvine 2006). In general, fitness impacts due to pathogen 
load can also impact on demographics and therefore indirectly on factors that can 
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determine genetic diversity, leading to the identification of new vaccine targets and 
novel therapeutics in marine aquaculture.

 Metabolomics

Innovative methodologies, such as metabolomics, are emerging to discover physi-
ological responses to their altering biotic and abiotic environments. Their applica-
tions hold a great potential to gain insight into mechanisms with valuable information 
to recognize the metabolites present within tissues and organs. Metabolite profiling, 
for example, in three different gilthead sea bream (Sparus aurata) aquaculture sys-
tems shows different levels of glycogen (stress indicator), histidine, alanine, and 
glycine, using chemometrics and H-1 NMR technique (Savorani et  al. 2010). 
Moreover, a decrease in succinate and an increase in alanine were observed after 
water exchange in the metabolic profile of hatchery-reared mussel (Perna canalicu-
lus) larvae (Young et al. 2016).

 Conclusion

Particular attention should be paid to the continuous enhancement and development 
of the scientific knowledge in the field of selective breeding, so that the EU legislative 
framework on organic aquaculture is always up to new challenges toward sustainabil-
ity. Bearing in mind the potential existence of GxE interactions, the genotypes selected 
in a conventional aquaculture site through a MAS program are often not optimal for 
organic aquaculture conditions. Therefore, we suggest that MAS programs can be 
successful provided that the genotypes selection will focus on their performance 
under site-specific organic farming conditions. This involves the creation and funding 
of European/national breeding programs in collaboration with the private sector.

Moreover, the selection criteria for traits apart from feed efficiency, product 
quality, and sexual differentiation should include vitality and resistance to diseases. 
Potential alternatives to the use of antibiotics could be the adoption of homeopathic 
treatments. Hence, the aquaculture industry has to make efforts to adopt selective 
breeding programs which will further promote fish performance and robustness 
increasing their tolerance against environmental changes. Nevertheless, economic 
growth in organic aquaculture can be acceptable in condition that fish welfare, envi-
ronmental protection, and sustainability are not neglected.

The implementation of production rules and best practices for the organic aqua-
culture should be regularly reviewed, and in case potential issues should arise, these 
should be addressed by the scientific community in close cooperation with pertinent 
stakeholders and public authority, in order to ensure the sustainable development of 
organic aquaculture and consequently increase the organic logo credibility for the 
consumers.

4 Genomics Era on Breeding Aquaculture Stocks



74

References

Bentsen HB, Gjerde B, Nguyen NH, Rye M, Ponzoni RW, Palada de Vera MS et al (2012) Genetic 
improvement of farmed tilapias: genetic parameters for body weight at harvest in Nile tila-
pia (Oreochromis niloticus) during five generations of testing in multiple environments. 
Aquaculture 338–341:56–65

Bishop SC, Woolliams JA (2014) Genomics and disease resistance studies in livestock. Livest Sci 
166:190–198

Chapman RW, Reading BJ, Sullivan CV (2014) Ovary transcriptome profiling via artificial intel-
ligence reveals a transcriptomic fingerprint predicting egg quality in striped bass, Morone saxa-
tilis. PLoS One 9:e96818

Chavanne H, Janssen K, Hofherr J, Contini F, Haffray P et al (2016) A comprehensive survey on 
selective breeding programs and seed market in the European aquaculture fish industry. Aquac 
Int 24:1287–1307

Chiasson M, Quinton M, Pelletier C, Danzmann R, Ferguson M (2013) Family x environment 
interactions in the growth and survival of Arctic charr (Salvelinus alpinus) grown in brackish 
and fresh water. Aquac Res 45:1953–1963

Correa K, Bangera R, Figueroa R, Lhorente JP, Yanez JM (2017) The use of genomic informa-
tion increases the accuracy of breeding value predictions for sea louse (Caligus rogercresseyi) 
resistance in Atlantic salmon (Salmo salar). Genet Sel Evol: GSE 49:15

Daulé S, Vandeputte M, Vergnet A, Guinand B, Grima L et al (2014) Effect of selection for fasting 
tolerance on feed intake, growth and feed efficiency in the European sea bass Dicentrarchus 
labrax. Aquaculture 420–421:S42–S49

David P (1998) Heterozygosity-fitness correlations: new perspectives on old problems. Heredity 
80:531–537

de Verdal H, Komen H, Quillet E, Chatain B, Allal F et al (2017) Improving feed efficiency in fish 
using selective breeding: a review. Rev Aquacult 10:833–851

Domingos JA, Smith-Keune C, Robinson N, Loughnan S, Harrison P, Jerry DR (2013) Heritability 
of harvest growth traits and genotype-environment interactions in barramundi, Lates calcarifer 
(Bloch). Aquaculture 402–403:66–75

Dupont-Nivet M, Karahan-Nomm B, Vergnet A, Merdy O, Haffray P, Chavanne H et al (2010) 
Genotype by environment interactions for growth in European seabass (Dicentrarchus labrax) 
are large when growth rate rather than weight is considered. Aquaculture 306:365–368

Eshel O, Shirak A, Weller JI, Hulata G, Ron M (2012) Linkage and physical mapping of sex region 
on LG23 of Nile Tilapia (Oreochromis niloticus). G3 Genes|Genome|Genetics 2:35–42

Evans S, Langdon C (2006) Effects of genotype x environment interactions on the selection of 
broadly adapted Pacific oysters (Crassostrea gigas). Aquaculture 261:522–534

Falconer, D. S., Mackay, T. F. C., 1996 Introduction to quantitative genetics. Longman, Essex
Gitterle T, Salte R, Gjerde B, Cock J, Johansen H et al (2005) Genetic (co)variation in resistance 

to white spot syndrome virus (WSSV) and harvest weight in Penaeus (Litopenaeus) vannamei. 
Aquaculture 246:139–149

Gjedrem T (2010) The first family-based breeding program in aquaculture. Rev Aquac 2:2–15
Gjedrem T, Robinson N (2014) Advances by selective breeding for aquatic species: a review. Agric 

Sci 5:1152–1158
Gjedrem T, Rye M (2016) Selection response in fish and shellfish: a review. Rev Aquacult 

10:168–179
Gonen S, Baranski M, Thorland I, Norris A, Grove H et al (2015) Mapping and validation of a 

major QTL affecting resistance to pancreas disease (salmonid alphavirus) in Atlantic salmon 
(Salmo salar). Heredity:1–10

Guan J, Hu Y, Wang M, Wang W, Kong J, Luan S (2016) Estimating genetic parameters and 
genotype- by-environment interactions in body traits of turbot in two different rearing environ-
ments. Aquaculture 450:321–327

P. V. Martsikalis et al.



75

Hammond J (1947) Animal breeding in relation to nutrition and environmental conditions. Biol 
Rev 22:195–213

Henderson CR (1975) Best linear unbiased estimation and prediction under a selection model. 
Biometrics 31:423–447

Houston RD, Haley CS, Hamilton A, Guy DR, Tinch AE et al (2008) Major quantitative trait loci 
affect resistance to infectious pancreatic necrosis in Atlantic salmon (Salmo salar). Genetics 
178:1109–1115

Irvine RJ (2006) Parasites and the dynamics of wild mammal populations. Anim Sci 82:775–781
Janssen K, Saatkamp H, Komen H (2018) Cost-benefit analysis of aquaculture breeding programs. 

Genet Sel Evol 50:2
Kause A, Ritola O, Paananen T, Mantysaari E, Eskelinen U (2003) Selection against early maturity 

in large rainbow trout Oncorhynchus mykiss: the quantitative genetics of sexual dimorphism 
and genotype-by-environment interactions. Aquaculture 228:53–68

Kavouras M, Tsilika K, Exadactylos A (2017) A computer algebra system approach in gene 
expression analysis. Prog Ind Ecol 11(1):49–60

Kolstad K, Thorland I, Refstie T, Gjerde B (2006) Genetic variation and genotype by location inter-
action in body weight, spinal deformity and sexual maturity in Atlantic cod (Gadus morhua) 
reared at different locations off Norway. Aquaculture 259:66–73

Le Boucher R, Vandeputte M, Dupont-Nivet M, Quillet E, Ruelle F, Vergnet A et al (2013) Genotype 
by diet interactions in European sea bass (Dicentrarchus labrax L.): nutritional challenge with 
totally plant-based diets. J Anim Sci 91:44–56. https://doi.org/10.2527/jas.2012-5311.

Lee B-Y, Coutanceau J-P, Ozouf-Costaz C, D’Cotta H, Baroiller J-F et  al (2011) Genetic and 
physical mapping of sex-linked AFLP markers in Nile tilapia (Oreochromis niloticus). Mar 
Biotechnol 13:557–562

Li W, Luan S, Luo K, Sui J, Xu X, Tan J, Kong J (2015) Genetic parameters and genotype by envi-
ronment interaction for cold tolerance, body weight and survival of the Pacific white shrimp 
Penaeus vannamei at different temperatures. Aquaculture 441:8–15. https://doi.org/10.1016/j.
aquaculture.2015.02.013

Lin CY, Togashi K (2002) Genetic improvement in the presence of genotype by environment 
interaction. J Anim Sci 73:3–11

Lu X, Luan S, Cao B, Meng X, Sui J, Dai P et al (2017) Estimation of genetic parameters and 
genotype-by-environment interactions related to acute ammonia stress in Pacific white shrimp 
(Litopenaeus vannamei) juveniles at two different salinity levels. PLoS One 12(3):e0173835. 
https://doi.org/10.1371/journal.pone.0173835

Luan TD, Olesen I, Ødegård J, Kolstad K, Dan NC (2008) Genotype by environment interaction 
for harvest body weight and survival of Nile tilapia (Oreochromis niloticus) in brackish and 
fresh water ponds. In: Proceedings of the 8th international symposium on Tilapia in aquacul-
ture. Cairo, Egypt, October 12–14, 2008. Cited 21 January 2013. Available from URL: http://
ag.arizona.edu/azaqua/ista/ISTA8/ProceedingsISTA8.htm

Lynch M, Walsh B (1998) Genetics and analysis of quantitative traits. Sinauer Associates, 
Sunderland

Mair GC, Abucay JS, a Abella T, a Beardmore J, Skibinski DOF (1997) Genetic manipulation of 
sex ratio for the large-scale production of all-male tilapia Oreochromis niloticus. Can J Fish 
Aquat Sci 54:396–404

Mas-Muñoz J, Blonk R, Schrama JW, van Arendonk J, Komen H (2013) Genotype by environment 
interaction for growth of sole (Solea solea) reared in an intensive aquaculture system and in a 
semi-natural environment. Aquaculture 410–411:230–235

Meuwissen THE, Woolliams JA (1994) Effective sizes of livestock populations to prevent a decline 
in fitness. Theor Appl Genet 89(7–8):1019–1026

Meuwissen THE, Hayes BJ, Goddard ME (2001) Prediction of total genetic value using genome- 
wide dense marker maps. Genetics 157:1819–1829

4 Genomics Era on Breeding Aquaculture Stocks

https://doi.org/10.2527/jas.2012-5311.
https://doi.org/10.1016/j.aquaculture.2015.02.013
https://doi.org/10.1016/j.aquaculture.2015.02.013
https://doi.org/10.1371/journal.pone.0173835
http://ag.arizona.edu/azaqua/ista/ISTA8/ProceedingsISTA8.htm
http://ag.arizona.edu/azaqua/ista/ISTA8/ProceedingsISTA8.htm


76

Moen T, Baranski M, Sonesson AK, Kjøglum S (2009) Confirmation and fine-mapping of a 
major QTL for resistance to infectious pancreatic necrosis in Atlantic salmon (Salmo salar): 
population- level associations between markers and trait. BMC Genomics 10:368

Navarro A, Zamorano MJ, Hildebrandt S, Ginés R, Aguilera C, Afonso JM (2009) Estimates 
of heritabilities and genetic correlations for growth and carcass traits in gilthead seabream 
(Sparus auratus L.), under industrial conditions. Aquaculture 289:225–230

Nguyen NH (2016) Genetic improvement for important farmed aquaculture species with a ref-
erence to carp, tilapia and prawns in Asia: achievements, lessons and challenges. Fish Fish 
17:483–506. https://doi.org/10.1111/faf.12122

Nilsson J, Brännäs E, Eriksson L-O (2010) The Swedish Arctic charr breeding programme. 
Hydrobiologia 650:275–282

Ødegård J, Baranski M, Gjerde B, Gjedrem T (2011) Methodology for genetic evaluation of dis-
ease resistance in aquaculture species: challenges and future prospects. Aquac Res 42:103–114

Ødegård J, Moen T, Santi N, Korsvoll SA, Kjøglum S et  al (2014) Genomic prediction in an 
admixed population of Atlantic salmon (Salmo salar). Front Genet 5:402

Palaiokostas C, Houston R (2018) Genome-wide approaches to understanding and improving 
complex traits in aquaculture species. CAB Rev: Perspect Agric Vet Sci Nutr Nat Res. https://
doi.org/10.1079/pavsnnr201712055

Palaiokostas C, Bekaert M, Khan MGQ, Taggart JB, Gharbi K et al (2013) Mapping and valida-
tion of the major sex-determining region in Nile Tilapia (Oreochromis niloticus L.) using RAD 
sequencing. PLoS One 8:e68389

Palaiokostas C, Bekaert M, Khan MGQM, Taggart JBJ, Gharbi K et  al (2015) A novel sex- 
determining QTL in Nile tilapia (Oreochromis niloticus). BMC Genomics 16:171

Palaiokostas C, Ferraresso S, Franch R, Houston RD, Bargelloni L (2016) Genomic prediction of 
resistance to pasteurellosis in gilthead sea bream (Sparus aurata) using 2b-RAD sequencing. 
G3 6(11):3693–3700

Palaiokostas C, Cariou S, Bestin A, Bruant J-S, Haffray P et  al (2018) Genome-wide asso-
ciation and genomic prediction of resistance to viral nervous necrosis in European sea bass 
(Dicentrarchus labrax) using RAD sequencing. Genet Sel Evol 50:30

Ponzoni RW, Nguyen NH, Khaw HL, Ninh NH (2008) Accounting for genotype by environment 
interaction in economic appraisal of genetic improvement programs in common carp Cyprinus 
carpio. Aquaculture 285:47–55

Robledo D, Palaiokostas C, Bargelloni L, Martínez P, Houston R (2017) Applications of genotyp-
ing by sequencing in aquaculture breeding and genetics. Rev Aquac 0:1–13

Sae-Lim P, Komen H, Kause A, Mulder H (2014) Identifying environmental variables explain-
ing genotype-by-environment interaction for body weight of rainbow trout (Oncorhynchus 
mykiss): reaction norm and factor analytic models. Genet Sel Evol 46:16

Sae-Lim P, Gjerde B, Nielsen HM, Mulder H, Kause A (2016) A review of genotype-by- 
environment interaction and micro-environmental sensitivity in aquaculture species. Rev 
Aquac 8:369–393

Saillant E, Dupont-Nivet M, Haffray P, Chatain B (2006) Estimates of heritability and genotype- 
environment interactions for body weight in sea bass (Dicentrarchus labrax L.) raised under 
communal rearing conditions. Aquaculture 254:139–147

Savorani F, Picone G, Badiani A, Fagioli P, Capozzi F, Engelsen S (2010) Metabolic profiling 
and aquaculture differentiation of gilthead sea bream by 1H NMR metabonomics. Food Chem 
120:907. https://doi.org/10.1016/j.foodchem.2009.10.071

Trọng TQ, Mulder HA, van Arendonk JAM, Komen H (2013) Heritability and genotype by 
environment interaction estimates for harvest weight, growth rate, and shape of Nile tilapia 
(Oreochromis niloticus) grown in river cage and VAC in Vietnam. Aquaculture 384–387:119–127

Tsai H-Y, Hamilton A, Tinch AE, Guy DR, Bron JE et al (2016) Genomic prediction of host resis-
tance to sea lice in farmed Atlantic salmon populations. Genet Sel Evol 48:47

Turra EM, Toral FLB, Alvarenga ER, Raidan FSS, Fernandes AFA, Alves GFO (2016) 
Genotype × environment interaction for growth traits of Nile tilapia in biofloc technology, 

P. V. Martsikalis et al.

https://doi.org/10.1111/faf.12122
https://doi.org/10.1079/pavsnnr201712055
https://doi.org/10.1079/pavsnnr201712055
https://doi.org/10.1016/j.foodchem.2009.10.071


77

recirculating water and Cage systems. Aquaculture 460:98–104. https://doi.org/10.1016/j.
aquaculture.2016.04.020

Vallejo RL, Leeds TD, Fragomeni BO, Gao G, Hernandez AG et al (2016) Evaluation of genome- 
enabled selection for bacterial cold water disease resistance using progeny performance data 
in rainbow trout: insights on genotyping methods and genomic prediction models. Front Genet 
7:96

Vallejo RL, Leeds TD, Gao G, Parsons JE, Martin KE et al (2017) Genomic selection models dou-
ble the accuracy of predicted breeding values for bacterial cold water disease resistance com-
pared to a traditional pedigree-based model in rainbow trout aquaculture. Genet Sel Evol 49:17

Vandeputte M, Dupont-Nivet M, Chavanne H, Chatain B (2007) A polygenic hypothesis for sex 
determination in the European sea bass Dicentrarchus labrax. Genetics 176:1049–1057

Wang Z, Gerstein M, Snyder M (2009) RNA-Seq: a revolutionary tool for transcriptomics. Nat 
Rev Genet 10(1):57–63

Wang L, Liu P, Huang S, Ye B, Chua E et al (2017) Genome-wide association study identifies loci 
associated with resistance to viral nervous necrosis disease in Asian seabass. Mar Biotechnol 
19:255–265

Wessels S, Krause I, Floren C, Schütz E, Beck J et al (2017) ddRADseq reveals determinants for 
temperature-dependent sex reversal in Nile tilapia on LG23. BMC Genomics 18:531

Young T, Alfaro AC, Villas-Bôas SG (2016) Metabolic profiling of mussel larvae: effect of han-
dling and culture conditions. Aquac Int 24:843. https://doi.org/10.1007/s10499-015-9945-0

Zhou T, Liu S, Geng X, Jin Y, Jiang C et al (2017) GWAS analysis of QTL for enteric septicemia of 
catfish and their involved genes suggest evolutionary conservation of a molecular mechanism 
of disease resistance. Mol Gen Genomics 292:231–242

4 Genomics Era on Breeding Aquaculture Stocks

https://doi.org/10.1016/j.aquaculture.2016.04.020
https://doi.org/10.1016/j.aquaculture.2016.04.020
https://doi.org/10.1007/s10499-015-9945-0


79© Springer Nature Switzerland AG 2019 
G. Lembo, E. Mente (eds.), Organic Aquaculture, 
https://doi.org/10.1007/978-3-030-05603-2_5

Chapter 5
Early Life Stages and Weaning

Alicia Estévez, Nikos Papandroulakis, Mathieu Wille, and Patrick Sorgeloos

 Development, Feeding, and Nutritional Requirements 
of Marine and Freshwater Fish Larvae

High differences exist between freshwater and marine fish in terms of reproduction, 
larval development, nutritional requirements and feeds, as well as in culture 
methods.

 Marine Fish Larval Development, Feeding, and Nutritional 
Requirements

In the case of marine fish, reproduction involves the collection of large numbers of 
small (average 1–2 mm diameter) buoyant eggs which, after being released into the 
water and fertilized, drift to the surface with no parental attention. Newly hatched 
larvae, also known as eleuthero embryo or prelarvae, carry an elliptical yolk sac 
containing an oil globule that functions as nutrient store (mostly glycogen and free 
amino acids in the yolk and triacylglycerol in the oil globule) for further 
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development of the larva. At hatching the larva is very little developed, it does not 
have functional eyes, and the digestive system is just a histologically undifferenti-
ated tube (Govoni et al. 1986). After a short period of endogenous nutrition using its 
yolk reserves, the larva develops the vision and digestive system, the eyes become 
pigmented, the jaw and mouth are functional, and the digestive system includes a 
tube-like alimentary canal, liver, pancreas, and gall bladder. Feeding starts on live 
prey, a process which depends on zooplankton density. As the larvae progress 
toward becoming a juvenile, the digestive system will continue to differentiate with 
the formation of pyloric caeca and differentiation of the stomach during the 
metamorphosis.

Apart from the small size and the undeveloped digestive system, marine fish 
larvae have a high requirement for several fatty acids, considered essential (EFA), 
for a proper development and growth. Among these fatty acids, docosahexaenoic 
acid (DHA, 226n-3) is needed for neural and visual development (Mourente and 
Tocher 1992); eicosapentaenoic acid (EPA, 20:5n-3), and in general all the omega-3 
fatty acids, is needed for growth; and arachidonic acid (ARA, 20:4n-6) is needed 
for eicosanoid production and plays an important role in the pigmentation pro-
cesses of flatfish (Estevez et al. 1997; Villalta et al. 2005) and in the resistance to 
handling stress (Koven et al. 2001). Marine fish larvae cannot elongate or desatu-
rate the precursor fatty acids α-linolenic (ALA, 18:3n-3) and α-linoleic (LA, 18:2n-
6) into these long chain fatty acids, and they need to be provided in the diet 
(Figs. 5.1).

Fig. 5.1 Larval development of gilthead sea bream Sparus aurata from hatching (a) to 50 days 
post-hatch (g) showing mouth opening (b), swim bladder inflation (c, 10 dph), flexion (d, 20 dph), 
and tail (e) and fins (f, 30 dph and g, 50 dph) formation
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In the wild, larvae feed on different types of microalgae, ciliates, copepods, 
mollusk eggs, polychaetes, larval decapods, and other marine fish larvae (Fortier 
and Harries 1989), visually (most of marine fish larvae are visual feeders) selecting 
the prey of the right size, slow movement (motion is a needed stimuli for many 
marine fish larvae to elicit a feeding response), and with a good nutritional profile, 
especially in terms of EFA, that cover larval requirements. For most marine fish 
larvae, copepods are the main live prey in the wild with the best nutritional profile 
(May 1974; Last 1979), but in aquaculture copepods have not been frequently used, 
and other prey such as rotifers (Brachionus sp., 50–250  m length) and nauplii 
(Artemia spp., 200–500 m) are widely used. Furthermore, in order to keep water 
quality conditions, live prey enriched, good visual conditions for the larvae, and a 
proper bacteriological environment, different microalgae (genus Tetraselmis, 
Isochrysis, Nannochloropsis, etc.) are added to the rearing tanks at least during the 
period of rotifer feeding. These live prey are added to the rearing tanks in sufficient 
amounts to be captured by the larvae in increasing numbers1 per day. Depending on 
the marine fish species, a precise protocol for larval feeding is adopted.

Rotifers (Brachionus sp.) are commercially available and can be cultured in suf-
ficient numbers to satisfy the needs of a marine fish hatchery (Dhert 1996; Lubzens 
and Zmora 2003; Dhont et al. 2013). They can be cultured with live algae, yeast, or 
algal paste to simplify the process and decrease the production costs. However, their 
composition in EFA cannot cover nutritional requirements of marine fish larvae and 
lack the most important fatty acids DHA, EPA, and ARA. Rotifers lack the ability 
to elongate or desaturate shorter chain fatty acids, and they must be enriched, to 
satisfy these EFA requirements, before they are fed to marine fish larvae (Sargent 
et al. 1999). Commercially available enrichment products are used to feed the roti-
fers, retaining adequate levels of EFA for several hours if kept cool. The process of 
enrichment is also known as bioencapsulation, and it is used not only to enrich live 
prey in fatty acids but in various kinds of nutrients. Several commercial and/or 
experimental enrichment diets have been used and include unicellular algae, emul-
sions, liposomes, and microencapsulated diets. The live prey are passive filter feed-
ers and thus incorporate the enrichment/bioencapsulation products in their digestive 
tract, generally in the form of triacylglycerols, acting as live vehicles.

The quantity of rotifers in the larval rearing tanks must be constantly monitored 
to ensure that they are ingested by the larvae and that their density and nutritional 
quality is enough to ensure a good larval growth (Fig. 5.2).

The anostracan brine shrimp Artemia is the most widely used form of live food 
to culture larvae in the world. Artemia is harvested from natural hypersaline lakes as 
dormant cysts, which are easily collected, stored, and marketed. The cysts can be 
stored for long periods of time, and the rate of hatching can be predicted, making 
Artemia an attractive live food for the culture of many marine species. When the 
cysts are introduced into 28 °C saline water, they hatch within 24 h, and nauplii can 
be collected (Dhert 1996; Dhont et al. 2013). They are fed to the larvae after the 

1 It is estimated that a gilthead seabream larvae consumes apx 70 rotifers at first feeding, and this 
number is increased to 700 per day at 25 days post-hatching (Papandroulakis 2000).
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rotifer feeding phase and up to the transition to an artificial diet. Some larger marine 
fish larvae (i.e., European sea bass, Dicentrarchus labrax, or Senegalese sole, Solea 
senegalensis) can be fed directly on Artemia nauplii at first feeding. Like rotifers 
they have insufficient levels of DHA, EPA, and ARA and need to be enriched as 
well, and same or similar products used for rotifer enrichment can also be used for 
Artemia.

As in the case of rotifers, the quantity of Artemia nauplii or enriched metanauplii 
in the larval rearing tanks must be constantly monitored to ensure that they are 
ingested by the larvae and that their density and nutritional quality are enough to 
ensure a good larval growth (Fig. 5.3).

Fig. 5.2 Rotifer 
Brachionus sp. (www.
gettyimages.com)

Fig. 5.3 Development of brine shrimp Artemia sp. from cysts to newly hatched nauplii, metanau-
plii, and adult stage. (www.zootecniadomestica.com)
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Copepods are a major component of the marine zooplankton community and in 
the wild constitute a major link in the nutrient pathway from primary producers 
(microalgae) to marine fish larvae. Marine fish larvae eat copepod nauplii, whereas 
juvenile fish consume adults, being their role in the marine trophic system essential 
to the survival of many marine fish species. Their use for feeding marine fish larvae 
improves their growth and survival (Shields et  al. 1999), contributes to reduce 
 malpigmentation and impaired eye migration in flatfishes (Hamre et  al. 2007), 
reduces stress, and increases larval fitness (Oie et al. 2015; Vanacor-Barroso et al. 
2017). They are able to synthesize EFA, maintain an appropriate DHA/EPA ratio, 
and most of these EFA are present in copepods as phospholipids that can be more 
easily digested and used by the larvae. Apart from fatty acids and phospholipids, 
copepods are rich in astaxanthin (Dhont et  al. 2013), a precursor of vitamin A. 
Astaxanthin working together with vitamin E suppress lipid peroxidation, being 
very important to fish with high levels of omega-3 polyunsaturated fatty acids (Bell 
et al. 2000). Although copepods are the preferred prey of wild marine fish larvae, 
their use in marine fish hatcheries remains sporadic (Ajiboye et  al. 2011). Their 
attributes, especially in terms of nutritional composition, have increased the interest 
in large-scale culture, and recent literature has discussed culturing techniques and 
the use of copepods as live prey in marine fish aquaculture (see Franco et al. 2017). 
Copepod life cycles are long (Stottrup, 2003), with different phases (nauplii, copep-
odites, adults) that need to be kept in separated tanks due to adult cannibalism on 
eggs and nauplii (Drillet et  al. 2014; Gallucci and Olafsson 2007). The culture 
methods are species- specific; they cannot be cultured using any other diet than live 
microalgae and require more space, equipment, and time than for culturing rotifers 
or Artemia; and the number of nauplii produced sometimes is not enough to cover 
industrial needs (Lee et al. 2005). Recently some private companies (CFeed AS) 
also offer copepod eggs, easy to hatch, and produce nauplii for commercial hatcher-
ies that can be fed on microalgae in case that copepodites or adults are needed 
(Fig. 5.4).

Fig. 5.4 Image of a 
Calanoid (planktonic) 
copepod Acartia sp. (www.
CFeed.no)
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 Weaning Marine Fish Larvae onto Artificial Diets

One of the main problems in marine fish larval rearing is the transfer from live prey 
to formulated microdiets. It is carried out when the larva has a fully developed 
digestive system, the larva produces digestive enzymes for a better utilization of dry 
feeds, and the feed is formulated to be attractive to the fish (color, shape, size, pres-
ence of attractants, sinking behavior) and covers all their nutritional requirements 
(Person Le Ruyet 1989; Kolkovski 2008). Inert feeds must be processed to have a 
correct nutritional balance. Selection of high digestible components is very impor-
tant particularly because the larvae digestive system is not completely functional, 
and since growth is rapid, any nutritional deficiency may cause disorders, malfor-
mations, and/or growth retardation (Fig. 5.5).

Depending on the species, different strategies for weaning marine fish larvae are 
being used: (1) co-feeding live prey together with microparticulate diets increasing 
the amount of feed given at the same time that Artemia nauplii supply is being 
reduced or (2) using a direct/drastic change from Artemia to microdiets. Nowadays 
commercial weaning diets are formulated using different attractants (mostly free 
amino acids), hydrolyzed proteins and peptides ready to be digested by the larvae, 
immune-stimulants (pre- and probiotics and other products) to protect digestive and 
immune systems, and other additives to avoid skeletal deformities. Although wean-
ing is still a bottleneck, a better knowledge of nutrient requirements, digestive func-
tion of marine fish larvae and a wider selection of ingredients have increased the 
survival rate during this phase.

For organic aquaculture feed, the most salient issue is the existing bottleneck in 
supply of certified organic feed. Global demand for certified organic feed  ingredients 

Fig. 5.5 Factors affecting feed utilization by marine fish larvae. (Kolkovski 2008)
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for aquaculture and agriculture far outstrips supply, resulting in very high prices and 
consequently, high production costs. In a country with only one or a few organic 
aquaculture farms, the initiation of organic agriculture feed projects and the estab-
lishment of the first local organic aquaculture feed mill are a challenging process, 
requiring high levels of commitment by and cooperation between different sectors 
(e.g., aquaculture, agriculture, feed production). In many countries, existing feed 
mill operators hesitate to undertake the part-time production of relatively low 
amounts of feed due to the stringent requirements in preparing machines between 
runs of organic and nonorganic feed to avoid contamination.

As a consequence, if weaning diets for marine fish tend to be expensive, for 
organic aquaculture, the use of certified organic ingredients will increase the cost 
enormously, although recently new ingredients are considered acceptable in organic 
feeds (see Table 8.1, Chap. 8) and a reduction in the weaning feed prices is 
envisaged.

 Freshwater Fish Larvae

Freshwater fish produce significantly larger and fewer eggs than marine fish, a dif-
ference that is not attributable to differences in body size (Elgar 1990). Freshwater 
fish larvae, compared to marine fish larvae, have a higher weight at hatch, have 
shorter larval stage durations, and have lower metabolic requirements, although 
growth rates and growth efficiencies are similar (Houde 1994). They also have 
lower probability of episodic mortalities and lower mortality due to starvation 
(mostly because marine fish larvae are smaller and have higher metabolic demands 
and higher ingestion requirements), and their mean survivorship is 44 times higher 
than that of marine fish larvae. The fatty acid requirements of freshwater fish larvae 
is different to that of marine fish; they need a certain proportion of LA and ALA to 
achieve maximal growth, whereas marine fish need ARA, EPA, and DHA derived 
from the elongation and desaturation of these two precursors (Tocher 2010). The 
ability of freshwater fish to elongate and desaturate dietary provided LA and ALA 
into long chain fatty acids of both n-3 and n-6 families is similar to that of birds and 
mammals. Most of them (salmonids, cyprinids, silurids, etc.) also have a functional 
stomach before yolk sac absorption that allows the larvae to easily adapt to a dry 
compound diet (Dabrowski 1984). Thus, in most of the freshwater farms, no live 
food is used, and the larvae are directly fed artificial diets formulated to cover their 
nutritional needs and ensure maximal growth and survival.

The only exceptions are several species of percids (i.e., pike perch, Sander 
lucioperca) that need to be fed on live prey, similar to marine fish larvae, mostly 
using enriched rotifers or small-sized Artemia nauplii, followed by enriched Artemia 
metanauplii (Lund et al. 2012) and common carp (Cyprinus carpio) that needs to be 
fed on non-enriched rotifers and copepod nauplii (Fig. 5.6).
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 Crustacean Larval Development, Feeding, and Nutritional 
Requirements

Penaeid shrimp farming is dominated by only two species: Pacific or whiteleg 
shrimp, Litopenaeus vannamei, which is indigenous to the eastern Pacific (Mexico 
to Peru) and black tiger shrimp, Penaeus monodon, which is indigenous to the Indo- 
Pacific region (eastern Africa to Australia). Because of a number of characteristics 
considered favorable in farming conditions, L. vannamei was introduced into Asia 
and nowadays represents 80% of global shrimp aquaculture output (FAO 2018a), 
largely at the expense of P. monodon. Apart from these two species, a number of 
other species (P. indicus, P. japonicus, P. sinensis) are also still cultured in some 
regions.

Unlike fish larvae, crustacean larvae, and thus also penaeid shrimp larvae, grow 
discontinuously as they develop through a number of distinct larval stages. Each 
time, the larvae have to go through a molting or metamorphosis process in order to 
develop to the next stage. Each step in the development also involves considerable 
changes in terms of morphology, feeding behavior, physiology, etc.

Larval development of all farmed penaeid shrimp species is fairly similar. 
Females release eggs directly into the water as penaeids don’t display brood care. 
After approximately 12–18 h (depending on incubation temperature), the eggs hatch 
out into a nauplius larvae, which is a nonfeeding stage that still thrives on the yolk 
reserves derived from the egg. In most penaeid species, there are five or six nauplii 
substages, called N1, N2, N3, etc. After about 48–72 h (depending on temperature), 
the nauplius develops into a zoea larva, which start exogenous feeding, and is pri-
marily a herbivorous filter-feeder, feeding on microalgae and small particles. In 
hatchery operations, some ten algae species are commonly used. Typically, some 
smaller species such as the diatoms Skeletonema or Chaetoceros and/or Isochrysis 
are used initially. Later on larger cell size, microalgae like Tetraselmis may be intro-
duced. A mixed algal diet seems to be preferred as it offers the best guarantee for a 
balanced nutrition (i.e., in terms of fatty acid profile). The zoea stage is also 

Fig. 5.6 Newly hatched 
larva of salmon showing an 
opened mouth and 
pigmented eyes. (www.
esacademic.com)
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 subdivided into three substages (Z1, Z2, and Z3). The Z3 stage then develops into a 
mysis larvae (three substages M1, M2 and M3) which become carnivorous. Feeding 
behavior also shifts from a passive filter-feeder to a visual predator. Since develop-
ment in a population is never homogenous, zooplankton, normally Artemia nauplii, 
is usually introduced at the Z3 stage. In order to facilitate prey uptake, Artemia 
nauplii are often frozen or heat-killed in the 1st days of feeding. Later on live Artemia 
nauplii and sometimes also enriched metanauplii are fed. In some regions (i.e., 
Ecuador), rotifers (Brachionus spp.) are also used in the feeding schedule as an ini-
tial zooplankton, but this practice seems less common nowadays. When zooplankton 
is introduced, the amounts of algae fed are gradually reduced, but quite often a cer-
tain background level is maintained throughout the whole larval rearing phase as it 
stabilizes water quality. Apart from live food, most hatcheries also use different 
formulated feed as co-feed/partial live food replacement almost through the com-
plete hatchery phase. Once the last mysis stage has passed metamorphosis to the 
postlarval (PL) stage, formulated feeds are almost exclusively used. In general, for-
mulated feeds are rather easily accepted by penaeid shrimp larvae, and weaning 
doesn’t cause any special problems (like it does for larvae of certain fish species). 
The complete larval development is also rather short and only takes 10–14 days to 
the postlarval stage. Because of the growing amounts of Artemia needed in that 
stage, the proportion of formulated feeds used become more important in order to 
reduce costs. In most places, postlarvae leave the hatchery to the grow-out ponds at 
PL10–PL12 stage (10–12  days after metamorphosis to PL). Because of disease 
issues, in certain places, it however seems to become popular to have an extended 
indoor nursery phase (e.g., in high-density biofloc systems) until the shrimp reach 
1 g before they are transferred outdoors. In this way biosecurity is maximized, and 
the duration of the risky outdoor phase is reduced to the minimum (Fig. 5.7).

 Nutritional Requirements and Feeding

Establishing exact nutritional requirements for shrimp larvae has been hampered by 
the lack of effective formulated feeds as a sole diet. Most research therefore has 
focused on testing optimal live food regimes, comparing different mixtures of algal 
species, alternative live foods, etc. (Wilkenfeld et al. 2009; Hadi Jamali et al. 2015). 
Quantitative requirements are mostly derived from studies in the postlarval or juve-
nile stage, considering that requirements during the larval stage are likely to be 
higher and digestive capabilities more limited. A recent review of shrimp nutritional 
requirements is provided by Christian Larbi Ayisi et al. (2017). As for fish, shrimp 
have specific requirements for protein: 25–35% crude protein might be sufficient for 
normal growth, but higher levels might be required at specific age/stage or in func-
tion of rearing conditions. Also, amino acid composition and protein digestibility 
are of utmost importance. The sulfur-containing methionine and lysine are usually 
the first limiting amino acids. For larvae and other young stages, partially hydro-
lyzed proteins may be advantageous in view of the limited digestive capabilities. 
Total lipid requirements of shrimp are overall lower than for fish. Nevertheless, a 
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qualitative requirement for phospholipids, which are often included in formulated 
feeds at approximately 1.5%, has been documented for several species. Typically, 
shrimp also have a high requirement for cholesterol (0.5–1%). Furthermore, as for 
fish, a lot of research also focused on fatty acid and more specifically polyunsatu-
rated fatty acid (PUFA) requirements of shrimp. It has been shown that feeding n-3 
HUFA-rich diets results in improved survival, growth, and/or stress tolerance of 
several species. Bioencapsulation, also called Artemia enrichment or boosting, 
which is widely applied in marine fish hatcheries for enhancing the nutritional value 
of Artemia with essential fatty acids is much less common in shrimp larviculture, 
even though the benefit of feeding enriched Artemia nauplii to shrimp postlarvae 
has also been documented (Wouters et al. 2009; Mutti et al. 2017).

Essential nutrients may also be provided through live food supplements and for-
mulated feeds, which are commonly used as co-feeds along the live food in shrimp 
hatcheries. In its simplest form, substitutes/partial replacements for live food used 
in shrimp hatcheries consist of dried algae or algal concentrates (pastes) and flakes 
made of Artemia or other organisms (i.e., krill). Complete formulated feeds exist in 
different forms: These include microbound diets, flakes, granulated feeds, microen-
capsulated feeds, and liquid feeds. Microbound feeds use a variety of binders to 
produce a small particle that is crumbled to the appropriate size. Flakes are com-
monly used in Asia and the Americas. To produce flakes, dietary ingredients are 
added to water to obtain a dense soup, with the resulting suspension pumped onto a 
steam drum dryer. Large flakes can be crushed and passed through an appropriate 

Fig. 5.7 Larval stages of penaeid shrimp: nauplius, zoea, mysis, and postlarva (with Artemia 
nauplii). (Courtesy: Roeland Wouters)
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mesh screen immediately prior to use. Granulated feeds are produced using liquid 
binders and water sprayed onto the feed mix, resulting in granules with a raspberry- 
like structure. Microencapsulated feeds have an outer capsule coating that retains 
the ingredients inside. Liquid feeds are essentially slurry of particles in a suspension 
medium. Replacement of Artemia with formulated feeds has met variable success. 
The use of microbound feeds decreases survival or growth when fed at levels of 
40–50% or higher. In controlled laboratory conditions, however, the results are gen-
erally better than in commercial hatcheries (Wouters et al. 2009) (Table 5.1).

Table 5.1 The effect of Artemia replacement

Species Diet

Artemia 
replacement 
(%)

Larval 
stages

Result compared 
to Artemia control References

Penaeus 
monodon

Crumbled 
experimental 
microbound diet

100 Z-PL Similar survival 
but lower growth

Kanazawa 
et al. 
(1982)

P. monodon Crumbled 
experimental 
microbound diet

100 Z-PL Similar survival 
and growth

Kanazawa 
(1985)

P. monodon Microencapsulated 
diet FRIPPAK

100 Z-PL Similar survival 
and growth

Jones et al. 
(1989)

Litopenaeus 
vannamei

Microencapsulated 
diet

70–100 Z-PL 80% survival 
compared to 90% 
survival in live 
food control 
(commercial 
scale)

Jones et al. 
(1997)

L. vannamei Crumbled 
experimental 
microbound diets

100% M Reduced 
development in 
experiment 1; 
reduced growth in 
experiment 2; 
similar survival, 
growth and 
development in 
experiment 3

D’Abramo 
et al. 
(2006)

L. vannamei Crumbled 
microbound diets 
microfeast

25, 50, 75, 
100

M-PL Decreased growth 
rates at 50, 75 and 
100% and 
decreased survival 
at 100%

Samocha 
et al. 
(1999)

Litopenaeus 
setiferus

Crumbled 
experimental 
microbound diets

40, 60, 100 Z-M Decreased 
survival, growth, 
development, and 
stress resistance 
(but similar 
survival at 40 and 
60% in the 
presence of algae)

Gallardo 
et al. 
(2002)

(continued)
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 Larval Culture Systems

 Fish Larval Culture

For successful propagation of any marine fish species, larval rearing is a crucial 
phase and is often problematic. Unsuccessful methodologies for larval rearing of 
more-than-a-few species have delayed, for a long time, the diversification in marine 
finfish production. Today, the range of available hatchery techniques is diverse 
(Divanach and Kentouri 2000). The main classifications are based on the rearing 

Table 5.1 (continued)

Species Diet

Artemia 
replacement 
(%)

Larval 
stages

Result compared 
to Artemia control References

P. monodon Microencapsulated 
diet FRIPPAK® 
FRESH

100 Z-PL Increased 
survival, growth, 
and development 
(one single dose 
of live algae in 
zoea1)

Wouters 
et al. 
(2003b)

P. monodon Crumbled 
microbound diet 
FRIPPAK® FLAKE

40, 100 PL Lower survival, 
similar (100%), or 
improved (40%) 
growth

Wouters 
et al. 
(2003c)

L. vannamei Crumbled 
microbound diet 
FRIPPAK® RW+

100 PL Similar survival 
and growth in trial 
1, lower survival 
and higher growth 
in trial 2 (98% 
survival in 
Artemia shell-free 
control)

Wouters 
et al. 
(2003a)

Farfantepenaeus 
aztecus

Liquid feeds 
EpifeedTM and 
LiqualifeTM

50, 100 M-PL Decreased 
survival (except 
LiqualifeTM at 
50%), growth and 
stress resistance

Robinson 
et al. 
(2005)

F. aztecus Microbound diets 
ZeiglerTM E-Z 
larvae, ZeiglerTM 
Z-plus and E-Z 
Artemia

50, 100 M-PL Decreased 
survival, growth 
and stress 
resistance

Robinson 
et al. 
(2005)

Fenneropenaeus 
chinensis

Crumbled 
experimental 
microbound diets

100 M-PL Reduced growth 
and development

Wang and 
Mai (2006)

From Wouters et al. (2009)
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density (intensive, semi-intensive, extensive) and the use of phytoplankton in the water 
(clear, green, pseudo-green) (Papandroulakis et  al. 2002). All of them, however, 
share a common characteristic, i.e., the use of plankton (phyto- and zooplankton) 
during the period of first larval feeding.

In any applied method, there are three distinct phases during larval rearing: 
(i) egg hatching and autotrophic phase when larvae consume their yolk sac reserves, 
(ii) the heterotrophic phase when larvae are fed on zooplankton, and (iii) the wean-
ing to artificial diets. During these phases larvae complete their transformation to 
juveniles. Juveniles usually remain in the hatchery, for pre-growing, until reaching 
2–5 g in weight. In cases where on-growing is performed in open sea conditions, 
the pre-growing period is extended until individuals reach a weight of 10–30 g. This 
general scheme applies for both marine and freshwater larvae. A more detailed 
description of the applied techniques is presented in the following paragraphs.

 Rearing Systems for Marine Larvae

Industrial production requires intensification in all the stages of the production pro-
cess. In intensive hatcheries, larvae are reared at high densities under controlled 
conditions, and success is highly dependent on the level of knowledge of the larvae- 
specific biological needs. Growth and survival depend, to a great extent, on food 
availability and environmental conditions during rearing. Understanding the rate of 
food consumption and assimilation efficiency is of paramount importance to estab-
lish successful methodologies of larval rearing for aquaculture industry. The rate of 
consumption depends on food availability and the developmental stage of the 
organism.

The most commonly applied methods are (1) the “clear water” technique (Coves 
and Gasset 1993; Papandroulakis 2000), with no use of phytoplankton in the rearing 
medium, and (2) the so-called “pseudo-green water” technology (Papandroulakis 
et al. 2002) which is based on the frequent addition of phytoplankton and zooplank-
ton in the larval rearing tanks, where phytoplankton is not produced, nor bloom, but 
its concentration remains constant by daily additions. (3) The “green water” tech-
nique that was based on the creation of optimum conditions for endogenous phyto-
plankton bloom of specific organisms in the larval tanks (Saroglia et al. 1989) is not 
further applied due to the difficult control of the tank environment. These methods 
are applied during the most critical segment of the rearing process, at the beginning 
of larval rearing (until the 20th–30th day post-hatching for the Sparidae, i.e., until 
the formation of the caudal fin), when the larvae are still extremely weak, sensitive 
to alterations in the rearing environment, easily stressed, and difficult to feed. After 
this period, the “clear water” methodology is applied. However, the biological 
requirements of only a few marine species are known enough to be reared at an 
industrial scale with intensive rearing methods.
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In contrast, extensive hatcheries use large tanks or ponds under more natural 
conditions; larvae are reared at low densities, feeding on endogenous blooms of 
wild marine zooplankton. As a result, the probability of success is much higher than 
using the intensive approach, and the extensive method has been already employed 
for more than 20 fish species (Divanach and Kentouri 2000). Still, the challenge for 
industrial application of extensive methods is to increase their low productivity 
(Table 5.2).

 The Mesocosm System

As an intermediate approach between the intensive and extensive method, semi- 
intensive techniques, like the so-called mesocosm technology (Divanach and 
Kentouri 2000), have been developed and are applied for the rearing of several spe-
cies and can thus be considered as a semi-intensive technique of mass production. 
The actual form of the mesocosm technology was defined in the early 1990s after 
studying the originally applied models of extensive rearing (Grice and Reeve 1982; 
Divanach 1985; Lalli 1990). It requires indoor or semi-outdoor infrastructures. The 
most important characteristic is the size of the larval tanks, which should range 
between 20 and 60 m3. Both natural and artificial conditions are combined during 
the rearing, thus making the method independent of any climatic and/or seasonal 
changes. There is a partial control of the light conditions (intensity and photophase) 
and a minimal control of the temperature. Two variants of the mesocosm exist 
according to the origin and quality of the food chain.

In the extensive variant, the food chain is basically endogenous and comple-
mented with exogenous input when symptoms of overgrazing appear. In the inten-

Table 5.2 Main differences between hatchery techniques

Parameters
Techniques
Extensive Mesocosm Intensivea

Rearing enclosures Ponds or bags Tanks or bags Tanks
Localization Outdoor Indoorb Indoor
Rearing volume (m3) >100 30–100 <20
Rearing density (ind/l) 0.1–1 2–8 30–200
Food chain Endogenous Mixed Exogenous
Infrastructures Light Medium Sophisticated
Environment Natural Mixed Controlled
Autonomy and autarky High Medium Low to nil
Dependence on man and technique Light Medium High to very high
Need for specific biological knowledge Light Medium High to very high
Validity for new species Very high High Medium to low

Divanach and Kentouri (2000)
aIntegrate semi-intensive, intensive, and hyper-intensive techniques
bSometimes outdoor (with bags) or semi-outdoor
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sive variant, the food chain is basically exogenous but exhibits a limited capacity of 
endogenous production, due to both the low density of larvae and the presence of 
phytoplankton in the environment. In both cases, the technology is characterized by 
a partial food autarky, and human error during rearing is less likely to have lethal 
effects on the larval population. Food, from both endogenous and exogenous origin, 
ensures a good matching of larval energy requirements, while avoiding any possi-
bility of quality deficiencies or any risk of over grazing of the food chain. This 
partial autarky is very important for the effective application of the technology.

The initial egg density in the mesocosm ranges from 4 to 7 eggs/l, depending on 
species, and should never exceed 20 eggs/l. Tanks are filled with natural seawater 
filtered mechanically, and wild plankton is thus introduced in the system offering a 
capacity for endogenous production. Phytoplankton is added daily to maintain the 
green medium for a period of 2–4  weeks after hatching. Exogenously produced 
enriched rotifers, enriched Artemia sp. metanauplii and artificial diet are added 
when required. Application of the above procedure allows a zooplankton concentra-
tion higher than 1.5 and 0.1 individuals ml−1 for rotifers and Artemia, respectively, 
during the rearing period. In most cases, endogenously produced copepods 
(Harpacticoida, Tisbidae) are developed on tank walls contributing also as food 
items for the larvae.

A main difference between mesocosm and standard intensive methods, apart 
from the higher stocking density of the larvae and the smaller rearing volumes in the 
intensive method, is related to the food availability in terms of quality and quantity 
(Divanach and Kentouri 2000). Food quality differs between the two systems as, 
depending on the origin of water, a natural food chain can be developed during a 
mesocosm rearing that, in turn, can contribute to the diet of the larvae, significantly 
affecting the final results (Papandroulakis et al. 2005). Also larval growth/develop-
mental rates differ between the two systems. In general, European sea bass reared in 
mesocosm have faster growth rates during the larva and early juvenile stages, with 
shorter time to and faster metamorphosis, less vertebrae deformities, and higher 
female to male ratio (Papadaki et al. 2005).

The mesocosm methodology results in high survival rates (about 55% from the 
initial eggs incubated after 50–70 days of rearing) and low percentage of individuals 
with developmental abnormalities (less than 2%), while, in general, larval growth 
performance is better than in the classical intensive systems. A technology, how-
ever, is only accepted for industrial application if it is proved economically feasible. 
The production cost per individual is comparative to standard methods or even 
lower (Papandroulakis et al. 2004).

Similar semi-intensive methods, like the above described, are also applied in dif-
ferent parts of the world, under different names such as “large volume rearing” 
(Prestinicola et al. 2013; Dhert et al. 1998) where the size of tanks, the rearing den-
sity, and the presence of wild plankton are critical factors of the process. Recent 
studies (Prestinicola et  al. 2013) concluded that large volume rearing leads to a 
significant improvement of the morphological quality (i.e., lowered incidence of 
severe skeletal anomalies and meristic count variability) of gilthead seabream juve-
niles reared under semi-intensive conditions.
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Mesocosm methodology may also result in alternate behavior during on grow-
ing. In particular, European sea bass coming from mesocosm systems, under some 
conditions (e.g., high temperature period), reacted more actively than the inten-
sively reared group, as expressed by the observed displacements in the cage 
(Papandroulakis et  al. 2011). Bearing in mind that the mesocosm conditions are 
more natural compared to the intensive ones, the individuals of mesocosm origin 
may be closer to the wild pattern than their counterparts from intensive rearing.

 Crustacean Larval Culture

 Hatchery Systems

In contrast to the limited number of species being farmed, hatchery systems being 
used for penaeid shrimp are quite divers and differ largely with geographical area, 
country, and even region within a country.

In a historical perspective, three types of hatcheries can be distinguished (Wickins 
and Lee 2002). In Southeast Asia, small-scale “backyard hatcheries” were quite 
common. These hatcheries use a low-technology, low-cost approach, with small 
tanks (less than 10 tons), and relatively low stocking densities. They are rather flex-
ible and can adapt to market conditions (demand for PL) quickly. They often spe-
cialize in only one part of the life cycle (e.g., growing nauplii to PL) and purchase 
nauplii and microalgae from other small specialized companies. With this system 
survival rate can vary from 0% to 90%, but as operating costs are low, occasional 
failure is not a big problem.

Another type of shrimp hatchery technique is often referred to as the Eastern, 
Japanese/Taiwanese large tank technique. It was first developed in Japan (for 
Penaeus japonicus) and later on improved in Taiwan. It uses very large tanks (even 
up to 150 tons). Breeders are spawned within the larval rearing tanks. The water in 
the tanks is fertilized to stimulate algal blooms and zooplankton growth. Additional 
plankton (whether wild or cultured) may be added if natural productivity proves too 
low. This technique uses a kind of ecosystem approach, which could in part be com-
pared with the mesocosm system described above for fish larvae. The main disad-
vantage is that this system is rather difficult to control, but survival can nevertheless 
be rather high (40% to PL). One could argue that this hatchery system in a number 
of aspects complies best with the philosophy of organic farming.

A last hatchery technique is referred to as the Western or Galveston (in Texas, 
USA, where it was first developed) technique. It uses relatively large tanks (10–
30 tons). A high-tech approach is applied and everything is very much controlled. 
Water is treated effectively and exchanged at high rates. Spawning and hatching 
happens in separate tanks. Live food is cultured separately and densities in the larval 
rearing tanks managed well. Survival can be as high as 80%, but (because of disease 
issues) total failure also happens.
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More recently, the difference between these types of hatcheries has become 
increasingly blurred, and overall there is a tendency for more controlled high-tech 
intensive-type hatchery techniques. Backyard hatcheries still do exist in certain 
regions, but they usually serve the supply of small-scale farms. Bigger companies 
quite often became vertically integrated and consist of a number of grow-out farms, 
one or more hatcheries, and sometimes their own feed mill or processing plant. In 
Latin America, for example, in Ecuador, big hatcheries have always been the trend.

More advanced techniques for water pretreatment (i.e., ozonization or UV treat-
ment), disease diagnosis, and/or use of pure oxygen are becoming more and more 
adopted, especially in larger hatcheries. Recently, also application of intensive zero- 
exchange rearing systems based on RAS and biofloc technology is being tested for 
larval rearing (de Lourdes Cobo Barcia 2013; de Lorenzo et al. 2016). In the latter, 
a carbon source is added to stimulate growth of heterotrophic bacteria, trapping the 
nitrogenous waste accumulating in the system and converting it in microbial bio-
mass. The microbial floc may then be consumed by the fish or shrimp and in this 
way improve feed efficiency of the system considerably. Ekasari and Bossier (2017) 
provided a review on the application of biofloc technology in aquaculture. Although 
biofloc systems are been tested for larval rearing of shrimp as mentioned above, 
they seem to be more readily adoptable to nursery and on-growing culture since 
larger floc may physically trap young larvae and are not efficiently ingested by the 
small larvae. Therefore, it seems to be necessary to steer the system to smaller floc 
size if intended for larval stages. Moreover, although RAS and biofloc technology 
aim to improve impact on the environment/feed efficiency, and in this sense corre-
spond very well with the principles of organic production, they require high oxy-
genation and/or agitation of the water and thus have extra energy requirements, 
which is considered in the current EU regulation (Reg. EC 889/08, Article 25g) an 
acceptable compromise for organic hatchery and nursery but not allowed for the 
on-growing phase. A special type of hatchery exists in the more inland regions of 
the Mekong delta in Vietnam, which uses concentrated brine to make up seawater 
and apply low-tech recirculating systems to culture shrimp larvae in order to save on 
water consumption (Thanh et al. 2005).

 Rearing Fish Larvae Under Organic Regulations

 For Freshwater Fish

As indicated above the advantage of the freshwater fish larvae is that most of them 
already have pigmented eyes and an almost totally developed digestive system after 
hatching; this allow them to feed directly artificial diets instead of live prey after 
completion of yolk sac resorption. In the case of trout, yolk is depleted about 
120 day degrees (14–20 days at 7 °C, Jokumsen and Svendsen 2010), and the fry 
can be moved to the tanks or ponds where the on-growing will take place. In the 
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case of tilapia (Milstein and Lev 2004), most of the organic production is based on 
genetically selected lines that result in a high male proportion, and as in trout the 
larva can be fed directly on artificial diets. For other freshwater fish, like carp or 
catfish, similar methods are used, and once the larvae have hatched, they are main-
tained in the hatchery until yolk resorption and then transferred to the tanks or 
ponds, where the on-growing will take place. For most of the freshwater fish, the 
on-growing takes place in polyculture systems in ponds at low densities.

For organic culture of these freshwater fish, apart from being cultured at low 
densities in extensive or semi-intensive systems, (i) in the larval stage, the fish can 
be fed with conventional phytoplankton and zooplankton (Reg. EC 889/08, Article 
25la); (ii) in the weaning stage, feed mixes are different from those for on-growing. 
It may also be technically possible to produce organic feeds for weaning consider-
ing the different nutritional requirements for freshwater larvae, and manufacturers 
would be interested to produce such feeds if there is sufficient demand.

 For Marine Fish

As indicated previously in this chapter, marine fish larvae at hatching cannot see, 
detect, or ingest any artificial food, and only few days after hatching, when the eyes 
become pigmented, the gut is opened, and the larvae began to swim, they are able to 
follow, capture, and ingest small live prey (zooplankton). In conventional aquacul-
ture, enriched rotifers and Artemia nauplii and metanauplii are often used for larval 
feeding. When the larvae are reared using a mesocosm system, they are kept at low 
densities, with seawater filtered only mechanically in order to allow the entrance of 
other zooplankton apart from the rotifers and Artemia nauplii administered by the 
producers; thus a natural food chain can be developed during a mesocosm larval 
rearing. Due to the similarities of this technique with those observed in the wild, this 
method has been evaluated by the EU Expert Group for Technical Advice on 
Organic Production (EGTOP) as the most adequate for organic production of marine 
larval fish (EGTOP 2014). However, the use of fatty acid enrichment, which is 
essential for a normal larval development, remains an unresolved problem because 
most of commercial enrichment products are made up with synthetic antioxidants 
and emulsifiers that do not comply with organic standards. Similarly, phytoplankton 
needs to be cultured on a medium based on commercial nutrient solutions of macro- 
and micronutrients, silicates, and vitamins in easily soluble, mineral form. All these 
substances would need to be approved and included in the specific positive lists of 
the EU organic regulation in order to allow the organic certification of phytoplank-
ton. Due to these two handicaps, the use of nonorganic zooplankton (enriched or 
bioencapsulated) and phytoplankton is, at present, allowed by EU organic regula-
tion (Reg. EC 889/08, Article 25la).
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 For Penaeid Shrimp

As mentioned earlier, because of some advantageous characteristics, Litopenaeus 
vannamei has become the preferred species for farming, also in Asia. L. vannamei 
is however not indigenous to Asia, and therefore, according to regulations for 
organic production, farming in Asia would have to be restricted to Penaeus mon-
odon (or another indigenous species).

P. monodon has however the disadvantage that domestication and controlled 
breeding is far less developed as compared to L. vannamei. Where for L. vannamei 
special brood stock companies providing domesticated and selected breeding lines, 
which are traded internationally, exist, this is far less the case for P. monodon. For 
P. monodon it is still very common to resort to wild caught animals to serve as brood 
stock (Debnath et al. 2016). However, in the medium-long term, also for P. mon-
odon, the target is to provide domesticated and selected breeding lines as organic 
brood stock although periodically wild caught animals will be used in order to avoid 
inbreeding.

Moreover, where maturation and spawning conditions are far better mastered for 
L. vannamei, in part also because with continuing domestication natural maturation 
and spawning seems to improve, reproduction is still less understood and controlled 
for P. monodon. In this sense, especially for P. monodon, it is also still a common 
practice to apply eyestalk ablation (removal of one of the eyes and eyestalks) in 
order to speed up maturation and spawning (Debnath et al. 2016). Eyestalk ablation 
of the females removes the X-organ-sinus gland complex that is the source of one of 
the reproductive inhibitory substances, and as a result maturation, spawning success 
and fecundity are enhanced. This practice is however questionable in terms of ani-
mal welfare and therefore not allowed in organic farming.

From the above, it is clear that, with the current knowledge and state of technol-
ogy, the prerequisite to use P. monodon for organic shrimp farming in Asia, due to 
difficulties in terms of brood stock sourcing and control of reproduction, makes 
production of organically grown postlarvae very difficult.

As explained earlier, microalgae are an important live food for the early shrimp 
larval stages. Reliable production of microalgae however largely relies on the use of 
inorganic nutrients (nitrates, phosphates, silicates), which can be dosed precisely in 
the optimal ratio for the different algal species. As mentioned earlier, the use of 
these commercial inorganic nutrients is still an unresolved problem for the organic 
regulation that would prefer organic fertilizers as nutrient source. It is however not 
sure if the use of organic fertilizers would allow to produce microalgae reliably on 
a large scale. Replacement of autotrophically grown algae with heterotrophically 
grown algae or other heterotrophic marine protists, such as Thraustochytrids (e.g., 
Schizochytrium spp.), could potentially solve this issue. This however needs further 
research.

Although less common than for fish larvae, the Artemia nauplii used as live food 
for later shrimp larval stages are also some times enriched with special enrichment 
products in order to boost the level of PUFA and other nutrients. Also, in this case 
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enrichment products based on yeasts, heterotrophically grown algae or thraustochy-
trids may provide a solution. Sprague et al. (2017) provide a good review on the use 
of microbial oils as replacement for fish oil in aquaculture. As mentioned for fish 
larvae, these commercial enrichment products may also potentially contain several 
synthetic ingredients such as emulsifiers, ethyl esters of fatty acids, synthetic carot-
enoids, antioxidants, and vitamins, which would be in conflict with organic 
requirements.

Similarly, formulated feeds used as supplement or partial replacement of the live 
food may contain several ingredients or substances that are not allowed under 
organic regulations. Because of the high digestibility and optimal composition in 
terms of amino and fatty acids, formulated feeds moreover may contain a relatively 
large proportion of protein and lipid from marine animal origin (fish meal and fish 
oil). In view of sustainability issues regarding fish meal and fish oil use, organic 
farming regulation however recommend minimal use of these ingredients. Possible 
alternatives for fish oil were already mentioned earlier. In the last decades, consider-
able research effort was directed to replace FM by alternative protein sources, 
including plant proteins (soybean, canola meal, etc.), microbial proteins (so-called 
single cell proteins), and alternative animal proteins such as meat and bone meal, 
poultry by-product meal, and more recently also more innovative sources such as 
mealworm (Panini et al. 2017) and black soldier fly meal (Cummins et al. 2017). It 
seems most alternative protein sources can successfully replace part of the fish 
meal, but to date none can replace FM 100% without negative effects on either sur-
vival or growth performance.

 Conclusions

Organic agriculture (and by extension organic aquaculture) is still a young sector 
but one of the most dynamic in Europe. Recent advances on EU regulations have 
been made by EGTOP regarding the authorization of products, substances, and 
techniques for use in organic aquaculture, but there are several subjects, especially 
related to marine larval fish production that need further attention and solutions. 
Most of the problems are a consequence of the use of phytoplankton (microalgae) 
and zooplankton for larval feeding, instead of commercially balanced feeds, formu-
lated using ingredients approved by organic production rules and produced under 
these principles, like those used for organic freshwater larvae.

Thus, further research and/or solutions are needed for the following topics:

 1. Domestication and brood stock management. This is especially urgent for P. 
monodon in support of organic shrimp farming in Asia.

 2. The use of water-soluble fertilizers for phytoplankton, such as pure inorganic 
salts, needs to be reviewed and considered.

 3. Research on the use of organic fertilizers that can be combined with microalgae 
production.
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 4. In the case of rotifer and Artemia enrichment (bioencapsulation), most of the 
commercially available products contain oils, emulsifiers, and supplements that 
do not comply with organic standards. In this case emulsifiers like lecithin 
derived from organic raw material and vitamins A, D, and E derived from vege-
table oils/products are permitted by EU regulations (EU Regulation 2016/673). 
Also new enrichment products, rich in omega-3 fatty acids (mostly DHA), 
derived from the culture of heterotrophic microalgae such as Schyzochytrium sp. 
can be considered as substitutes for emulsions.

 5. Research in the enrichment of live prey using only microalgae or combined with 
other organic products is also a need.

 6. Effective formulated diets (including brood stock and weaning diets) that com-
ply with organic regulations: reduced levels of fish meal and fish oil, free of 
synthetic ingredients. This includes research into alternative protein and lipid 
sources, alternatives for synthetic emulsifiers, vitamins, pigments, antioxidants, 
etc.

 7. The use of essential amino acids produced through fermentation should be 
reviewed and considered, as for the histidine for salmon (Reg. EC 889/08, Article 
25k).

References

Ajiboye OO, Yakubu AF, Adams TE, Olaji ED, Nwogu NA (2011) A review of the use of copepods 
in marine fish larviculture. Rev Fish Biol Fish 21:225–246

Ayisi CL, Hua X, Apraku A, Afriyie G, Kyei BA (2017) Recent studies toward the development 
of practical diets for shrimp and their nutritional requirements. Hayati J Biosci 24:109–117

Bell JG, McEvoy LA, Tocher DR, Sargent J (2000) Depletion of α-tocopherol and astaxanthin in 
Atlantic salmon (Salmo salar) affects autoxidative defense and fatty acid metabolism. J Nutr 
130:1800–1808

Coves D Gasset E (1993) Gilthead seabream (Sparus aurata) intensive larva rearing in closed sys-
tems. In: Proceeding of the World Aquaculture 93. Special Publication European Aquaculture 
Society no. 19:342

Cummins VC, Rawles SD, Thompson KR, Velasquez A, Kobayashi Y, Hager J, Webster CD (2017) 
Evaluation of black soldier fly (Hermetia illucens) larvae meal as partial or total replace-
ment of marine fish meal in practical diets for Pacific white shrimp (Litopenaeus vannamei). 
Aquaculture 473:337–344

D’Abramo LR, Perez EI, Sangha R, Puello-Cruz A (2006) Successful culture of larvae of 
Litopenaeus vannamei fed a microbound diet exclusively from either stage PZ2 or M1 to PL1. 
Aquaculture 261:1356–1362

Dabrowski K (1984) The feeding of fish larvae: present “state of the art” and perspectives. Reprod 
Nutr Dev 24:807–833

de Lorenzo MA, Poli MA, Candia EWS, Schleder DD, Rodrigues MS, Vieira FD (2016) Hatchery 
performance of the pacific white shrimp in biofloc system using different stocking densities. 
Aquacult Eng 75:46–50

de Lourdes Cobo Barcia M (2013) Intensification of white shrimp Litopenaeus vannamei (Boone) 
larviculture. PhD thesis, Ghent University, 200 p

Debnath P, Khan SH, Karim M, Belton B, Mohan CV, Phillips M (2016) Review of the history, sta-
tus and prospects of the black tiger shrimp (Penaeus monodon) hatchery sector in Bangladesh. 
Rev Aquac (2016) 8:301–313

5 Early Life Stages and Weaning



100

Dhert P (1996) Roifers. In: Lavens P, Sorgeloos P (eds) Manual on the production and use of live 
food for aquaculture, FAO Fish Tech Paper 361. FAO, Roma, pp 49–78

Dhert P, Divanach P, Kentouri M, Sorgeloos P (1998) Rearing techniques of difficult marine fish 
larvae. World Aquac 29(1):48–55

Dhont J, Dierckens K, Stottrup J, Van Stappen G, Wille M, Sorgeloos P (2013) Rotifers, Artemia 
and copepods as live feeds for fish larvae in aquaculture. In: Advances in aquaculture hatchery 
technology. Woodhead Publishing Limited, pp 157–202

Divanach P (1985) Contribution a la connaissance de la biologie et de l’ élevage de 6 sparides 
Méditerranéens: Sparus aurata, Diplodus sargus, Diplodus vulgaris, Diplodus annularis, 
Lithognathus mormyrus, Puntazzo puntazzo (Poissons téléostéens). Thèse de doctorat dès 
Sciences, Université de Sciences et Techniques du Languedoc, Montpellier, 479 p

Divanach P, Kentouri M (2000) Hatchery techniques for specific diversification in Mediterranean 
finfish larviculture. Cah Options Mediterr 47:75–87

Drillet G, Maguet R, Mahjoub M-S, Roullier F, Fielding MJ (2014) Egg cannibalism in Acartia 
tonsa: effects of stocking density, algal concentration, and egg availability. Aquac Int 
22:1295–1306

EGTOP (2014) Final report on aquaculture (part B). https://ec.europa.eu/agriculture/organic/
eu-policy/expert-advice/documents/final-reports_en

Ekasari J, Bossier P (2017) Biofloc technology application in aquaculture to support sustainable 
development goals. Microb Biotechnol 10(5):1012–1016

Elgar MA (1990) Evolutionary compromise between few large and many small eggs: comparative 
evidence in teleost fish. Oikos 59:283–287

Estévez A, Ishikawa M, Kanazawa A (1997) Effects of arachidonic acid on pigmentation and fatty 
acid composition of Japanese flounder Paralichthys olivaceus (Temmink and Shlegel). Aquac 
Res 28:279–289

FAO (2018a) Fisheries statistical collections. Global Aquaculture Production. Online query: http://
www.fao.org/fishery/statistics/global-aquaculture-production/en

FAO (2018b) The State of World Fisheries and Aquaculture 2018 - Meeting the sustainable devel-
opment goals. Rome. Licence: CC BY-NC-SA 3.0 IGO

Fortier L, Harries RP (1989) Optimal foraging density-dependent competition in marine fish lar-
vae. Mar Ecol Prog Ser 51:19–33

Franco SC, Augustin CB, Geffen A, Dinis MT (2017) Growth, egg production and hatching suc-
cess of Acartia tonsa cultured at high densities. Aquaculture 468:569–578

Gallardo PP, Pedroza-Islas R, García-Galano T, Pascual C, Rosal C, Sánchez A, Gaxiola G (2002) 
Replacement of live food with a microbound diet in feeding Litopenaeus setiferus (Burkenroad) 
larvae. Aquac Res 33:681–691

Galluci F, Olafsson E (2007) Cannibalistic behaviour of rock-pool copepods: an experimental 
approach for space, food and kinship. J Exp Mar Biol Ecol 342:325–331

Govoni JJ, Boehlert GW, Watanabe Y (1986) The physiology of digestion in fish larvae. Environ 
Biol Fish 16:59–77

Grice GD, Reeves MR (eds) (1982) Marine mesocosms, biological and chemical research in 
experimental ecosystems. Springer-Verlag, New York

Hamre K, Holen E, Moren M (2007) Pigmentation and eye migration in Atlantic halibut 
(Hippoglossus hippoglossus L.) larvae: new findings and hypotheses. Aquac Nutr 13:65–80

Houde ED (1994) Differences between marine and freshwater fish larvae: implications for recruit-
ment. ICES J Mar Sci 51:91–97

Jamali H, Ahmadifard N, Abdollahi D (2015) Evaluation of growth, survival and body composi-
tion of larval white shrimp (Litopenaeus vannamei) fed the combination of three types of algae. 
Int Aquat Res 7(2):115–122

Jokumsen A, Svendsen L (2010) Farming of freshwater rainbow trout in Denmark. DTU Aqua 
Report no. 219-2010. ISBN 978-87-7481-114-5

Jones DA, Amjad S, Chitravadivelu K (1989) Comparison of artificial feeds used in penaeid shrimp 
hatcheries. In: Nour AM (ed). Proceedings of the 3rd Egyptian-British Conference on Animal, 
Fish and Poultry Production. University College of North Wales, Bangor, UK, pp 15–20

A. Estévez et al.

https://ec.europa.eu/agriculture/organic/eu-policy/expert-advice/documents/final-reports_en
https://ec.europa.eu/agriculture/organic/eu-policy/expert-advice/documents/final-reports_en
http://www.fao.org/fishery/statistics/global-aquaculture-production/en
http://www.fao.org/fishery/statistics/global-aquaculture-production/en


101

Jones DA, Yule AB, Holland DL (1997) Larval nutrition. In: D’Abramo LR, Conklin DE, Akiyama 
DM (eds) Crustacean nutrition. Advances in world aquaculture, vol 6. World Aquaculture 
Society, Baton Rouge, pp 353–389

Kanazawa A, Teshima S, Sasada H, Rahman SA (1982) Culture of prawn larvae with micro-par-
ticulate diets. Bull Jpn Soc Sci Fish 48:195–199

Kanazawa A (1985) Microparticulate diets. In: Yone Y (ed) Fish nutrition and diets. Koseisha-
Koseikatu, Tokyo, pp 99–110

Kolkovski S (2008) Advances in marine fish larvae diets. In: Avances en Nutricion Acuicola 
IX. Univ. Autónoma de Nuevo León, Monterrey, pp 20–45

Koven W, Barr Y, Lutzky S, Ben-Atia I, Weiss R, Harel M, Behrens P, Tandler A (2001) The effect 
of dietary arachidonic acid (20:4n-6) on growth, survival and resistance to handling stress in 
gilthead seabream (Sparus aurata) larvae. Aquaculture 193:107–122

Lalli CM (1990) Enclosed experimental marine ecosystems: a review and recommendations, 
Coastal and marine studies. Springer-Verlag, New York

Last JM (1979) The food of larval turbot Scohpthalmus maximus L. from the west central North 
Sea. J Cons Int Explor Mer 38:208–313

Lee CS, O’Bryen PJ, Marcus NH (2005) Copepods in aquaculture. Blackwell Publishing, Ames. 
269 pages

Lubzens E, Zmora O (2003) Production and nutritional value of rotifers. In: Stottrup JG, McEvoy 
LA (eds) Live feeds in marine aquaculture. Blackwell Science Publishing Ltd, Oxford, 
pp 17–64

Lund I, Skov PV, Hansen BW (2012) Dietary supplementation of essential fatty acids in larval 
pikeperch (Sander lucioperca); short and long term effects on stress tolerance and metabolic 
physiology. Comp Biochem Physiol A 162:340–348

May RC (1974) Larval mortality in marine fishes and the critical period concept. In: Blaxter JHS 
(ed) The early life history of fish. Springer-Verlag, New York, pp 1–19

Milstein A, Lev O (2004) Organic tilapia culture in Israel. In: Bureau of fisheries and Aquatic 
Resources (BFAR) & American tilapia Association (ATA) (ed) 6th international symposium on 
Tilapia in aquaculture, ISTA 6. ATA. Philippines, Manila

Mourente G, Tocher DR (1992) Effect of weaning onto a pelleted diet on docosahexaenoic (22:6n- 
3) levels in brain of developing turbot (Scophthalmus maximus L.). Aquaculture 105:363–377

Mutti DW, Ballester ELC, Martino RC, Wasielesky W Jr, Cavalli RO (2017) Feeding n-3 HUFA 
enriched Artemia to the larvae of the pink shrimp Farfantepenaeus paulensis increases stress 
tolerance and subsequent growth. Lat Am J Aquat Res 45(1):18–24

Oie G, Galloway T, Soroy M et al (2015) Effect of cultivated copepods (Acartia tonsa) in first-
feeding of Atlantic cod (Gadus morhua) and Ballan wrasse (Labrus bergylta) larvae. Aquac 
Nutr 23:3–17. https://doi.org/10.1111/anu.12352 

Panini RL, Freitas LEL, Guimaraes AM, Rios C, da Silva MFO, Vieira FN, Fracalossi DM, 
Samuels RI, Prudencio ES, Silva CP, Amboni RDMC (2017) Potential use of mealworms as an 
alternative protein source for pacific white shrimp: digestibility and performance. Aquaculture 
473:115–120

Papadaki M, Piferrer F, Zanuy S, Maingot E, Divanach P, Mylonas CC (2005) Growth, sex dif-
ferentiation and gonad and plasma levels of sex steroids in male- and female dominant popula-
tions of Dicentrarchus labrax obtained through repeated size grading. J Fish Biol 66:938–956

Papandroulakis N (2000) Influence of the rearing conditions on the development and food con-
sumption of sea bream (Sparus aurata) during the early developmental stages. Mathematical 
simulations. Biology dept, School of Positive Sciences, University of Crete, Heraklion, 196 p. 
(in Greek, with English abstract)

Papandroulakis N, Divanach P, Anastasiadis P, Kentouri M (2002) The pseudo-green water tech-
nique for intensive rearing of sea bream (Sparus aurata) larvae. Aquac Int 9:205–216

Papandroulakis N, Kentouri M, Maingot E, Divanach P (2004) Mesocosm a reliable technology 
for larval rearing. Application with Diplodus puntazzo and Diplodus sargus sargus. Aquac Int 
12:345–355

Papandroulakis N, Mylonas CC, Maingot E, Divanach P (2005) First results of greater amberjack 
(Seriola dumerili) larval rearing in mesocosm. Aquaculture 250:155–161

5 Early Life Stages and Weaning

https://doi.org/10.1111/anu.12352


102

Papandroulakis N, Lika K, Kristiansen T, Oppedal F, Divanach P, Pavlidis M (2011) Behaviour of 
European sea bass, Dicentrarchus labrax L., in cages – impact of early life rearing conditions 
and management. Aquac Res. https://doi.org/10.1111/are.12103

Person-Le Ruyet J (1989) Early weaning of marine fish larvae onto microdiets: constraints and 
perspectives. Actes de Colloque 9:625–642

Prestinicola L, Boglione C, Makridis P, Spano A, Rimatori V, Palamara E, Scardi M, Cataudella S 
(2013) Environmental conditioning of skeletal anomalies typology and frequency in gilthead 
seabream (Sparus aurata L., 1758) juveniles. PLoS One 8(2):e55736. https://doi.org/10.1371/
journal.pone.0055736

Robinson CR, Samocha TM, Fox JM, Gandy RL, McKee DA (2005) The use of inert artificial 
commercial food sources as replacements of traditional live food items in the culture of larval 
shrimp, Farfantepenaeus aztecus. Aquaculture 245:135–147

Sargent J, Bell JG, McEvoy L, Tocher DR, Estévez A (1999) Recent developments in the essential 
fatty acid nutrition of fish. Aquaculture 177:191–199

Saroglia M, Ingle E, Marino G, Del Vecchio ML, Porrello S (1989) Produzione commerciale 
di avannotti di spigola in Italia. Contributo della tecnologia acque verdi. Nova Thalassia 
10:309–317

Samocha TM, Matsumoto T, Jones ER, Torano M (1999) Use of artificial diets to reduce Artemia 
nauplii requirements for production of Litopenaeus vannamei postlarvae. The Israeli Journal of 
Aquaculture – Bamidgeh 51:157–168

Shields RJ, Bell JG, Luizi FS, Gara B, Bromage N, Sargent JR (1999) Natural copepods are 
superior to enriched Artemia nauplii as feed for halibut larvae (Hippoglossus hippoglossus) in 
terms of survival, pigmentation and retinal morphology: relation to dietary essential fatty acids. 
J Nutr 129:1186–1194

Sprague M, Betancor MB, Tocher DR (2017) Microbial and genetically engineered oils as replace-
ments for fish oil in aquaculture feeds. Biotechnol Lett 39:1599–1609

Støttrup JG (2003) Production and nutritional value of copepods. In: Støttrup JG, McEvoy LA 
(eds) Live feeds in marine aquaculture. Blackwell Science, Oxford, pp 145–205

Thanh T, Trong Nghia T, Wille M, Sorgeloos P (2005) Recirculation systems: Sustainable alterna-
tives for backyard shrimp hatcheries in Asia? Aquac Asia Mag. July–September, pp 32–33

Tocher DR (2010) Fatty acid requirements in ontogeny of marine and freshwater fish. Aquac Res 
41:717–732

Vanacor-Barroso M, Carvalho CVAD, Antoniassi R, Ronzani-Cerqueira V (2017) The copepod 
Acartia tonsa as live feed for fat snook (Centropomus parallelus) larvae from notochord flex-
ion to advanced metamorphosis. Lat Am J Aquat Res 45:159–166

Villalta M, Estevez A, Bransden MP (2005) Arachidonic acid enriched live prey induces albinism 
in Senegalese sole (Solea senegalensis) larvae. Aquaculture 245:193–209

Wang X, Mai K (2006) A successful microbound diet for the larval culture of Chinese shrimp 
Fenneropenaeus chinensis. J Ocean Univ China 4:267–271 

Wickins JF, Lee DO’C (2002) Crustacean farming ranching and culture, 2nd edn. Blackwell 
Science Ltd., Oxford. 445 pp

Wilkenfeld JS, Lawrence AL, Kuban KD (2009) Survival, metamorphosis and growth of penaeid 
shrimp larvae reared on a variety of algal and animal foods. J World Aquacult Soc 15(1–4):31–49

Wouters R, Van Horenbeeck T (2003a) Larval shrimp feeds: current status. In: Jory DE (ed). 
Responsible Aquaculture for a Secure Future: Proceedings of a Special Session on Shrimp 
Farming. World Aquaculture 2003, Recife, Brazil. The World Aquaculture Society, Baton 
Rouge, Louisiana USA, pp 90–109

Wouters R, Van Horenbeeck T, Merchie G, Bridson P (2003b) Shrimp larval diets: dry diets made 
with fresh marine ingredients. Global Aquaculture Advocate 5(6):72–74

Wouters R, Van Horenbeeck T, Merchie G (2003c) Nutritional flakes for shrimp postlarvae. Asian 
Aquaculture Magazine, January/February 2003, pp 25–27

Wouters R, Cobo ML, Dhont J, Wille M (2009) Developments in feed formulations, feeding prac-
tices and culture techniques for marine shrimp larvae. In: Browdy CJ, Jory DE (eds) The ris-
ing tide: proceedings of the special session on sustainable shrimp farming, Aquaculture 2009. 
WAS, Baton Rouge, pp 79–91

A. Estévez et al.

https://doi.org/10.1111/are.12103
https://doi.org/10.1371/journal.pone.0055736
https://doi.org/10.1371/journal.pone.0055736


103© Springer Nature Switzerland AG 2019 
G. Lembo, E. Mente (eds.), Organic Aquaculture, 
https://doi.org/10.1007/978-3-030-05603-2_6

Chapter 6
Aquaculture Production Systems 
and Environmental Interactions

Dror Angel, Alfred Jokumsen, and Giuseppe Lembo

 Introduction

The strategic guidelines for the sustainable development of European aquaculture 
(COM(2013) 229 final) indicate that aquaculture can contribute to the overall objec-
tive of filling the gap between European Union (EU) consumption and production 
of seafood in a way that is environmentally, socially and economically sustainable. 
To fulfil this aim, each member state is encouraged to indicate in the multiannual 
national strategic plan its own aquaculture growth objective (volume and value) 
for the period covered by the plan. Also the current Common Fisheries Policy (CFP) 
aims to encourage aquaculture development in all European states, based on the 
strategic guidelines and the national multiannual strategic plans, identifying com-
mon objectives and, where possible, indicators to measure success.

One of the key factors to successful aquaculture is the availability and maintenance 
of high-quality marine and fresh waters. The Marine Strategy Framework Directive 
(MSFD) stipulates that EU aquaculture must comply with high health, consumer 
protection and environmental sustainability standards. These have cost implications 
for producers but can be turned into a competitive advantage if the products are 
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marketed under an eco-label (and priced accordingly) and can also contribute to 
improved social acceptance of aquaculture.

The Blue Growth Initiative is a long-term programme to achieve the goals of the 
Europe 2020 strategy for smart, sustainable and inclusive growth to the benefit of all 
segments of society and the environment. Developing sectors that have a high 
potential for sustainable jobs and growth, such as aquaculture, is one of the three 
components on which the Blue Growth Strategy relies. The widespread acceptance 
of the ocean economy and Blue Growth ideas have moved them up in the interna-
tional policy agenda.

At the Rio+20 Summit, for the first time, the conservation and sustainable use of 
the oceans were addressed along with the world’s other most pressing sustainability 
challenges. One of the Sustainable Development Goals drafted by the Summit was 
to protect the oceans and to use marine resources sustainably (SDG 14).

The EU is committed to adopt this approach and to improve the way that oceans 
are managed. This will ensure that marine resources are used sustainably, for healthy 
marine ecosystems and a strong blue economy (SWD (2017) 128 final).

Indeed, aquaculture, which has a lower carbon footprint when compared to cat-
tle, pork and even poultry husbandries (Sonesson et al. 2009), has the potential to 
effectively address the sustainability challenges and to increase social acceptance of 
aquaculture production systems and products. Nonetheless, EU organic aquaculture 
needs to emphasize the choice of technological solutions and science-based produc-
tion systems and protocols in order to consolidate those sustainable aquaculture 
systems that comply with circular economy principles and maintain healthy aquatic 
ecosystems.

The most widely used production systems in aquaculture are “flow through” 
(FT) where water quality is maintained in the cultivation systems by continuous 
flushing/flow through of new water. These systems include (i) floating or submers-
ible net cages or pens that may be placed in the sea, rivers or lakes; (ii) ponds that 
receive water from an adjacent river, or tidal areas, or coastal lagoons; (iii) raceways 
that receive fresh water or seawater; and (iv) tanks of various shapes and sizes, made 
mostly from fibreglass and plastic and used in hatcheries and nurseries where water 
quality is maintained by a continuous supply of new water.

In tanks or ponds, the water exchange rate is usually set to maintain the optimal 
water quality to enable the reared species to grow and to remain healthy. The water 
quality variables that determine the flushing/water flow rate vary as a function of the 
requirements of the species and may include water temperature, pH, alkalinity, dis-
solved oxygen, turbidity, ammonia, etc.

The farmed species in land-based FT systems generally benefit from an ample 
supply of dissolved oxygen and removal of wastes. However, the quality and the 
quantity of the available in-flow water may vary due to seasonal variations, weather 
conditions, etc. In many areas where space is a limiting factor, aquaculture has tran-
sitioned to marine aquaculture or mariculture where the space and supply of good 
quality water are less limiting. Sea cages or net pens exploit the ecosystem services 
provided by the sea where they are moored, and the farmed species benefit from the 
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marine environment, which provides (dissolved) oxygen and disperses/transforms 
the wastes in the surrounding water.

The primary concern of net-cage farmers is the selection of the optimal site, 
which should be characterized by minimal environmental and other risks (ships, 
predators, rough seas, harmful algal blooms, pollution), optimal water exchange 
(currents) to provide good water quality in the cages and avoidance of self- pollution, 
i.e. to avoid re-entry of the water that was flushed out of the cage. Optimal aquaculture 
site selection was the focus of the EU AquaSpace project (http://www.aquaspace-
h2020.eu/), involving modelling technology as a major approach used to select the 
best sites for this purpose.

Recirculation technology offers the potential both for improved farming opera-
tions and for reduced environmental impact. Recirculating aquaculture systems 
(RAS) are therefore considered to be a promising technology for sustainable fish 
farming, making it possible to increase production volumes and simultaneously 
reduce the environmental impact from aquaculture (Dalsgaard et al. 2012).

One of the major issues that remains to be solved is the maintenance and 
management of water quality in the cultivation systems. In RAS, as in all farming 
operations, stable and controllable water quality is of paramount importance for fish 
performance and welfare. A few studies (e.g. Pedersen et al. 2012) have investigated 
the effect of feed loading on water quality, and recent studies (e.g. Bentzon-Tilia 
et al. 2016; Dalsgaard et al. 2017; Rojas-Tirado et al. 2017) consider microbial fac-
tors that affect water quality in RAS.

RAS are generally intensive and often hyperintensive systems, i.e. they rely on 
substantial input of external energy, high stocking densities and disconnection of 
the aquaculture production from the natural aquatic environment. As such, they are 
not in line with the principles of organic farming but will be described below 
because they are very popular aquaculture production systems.

Integrated multi-trophic aquaculture (IMTA) is a relatively recent innovation in 
Europe, and one of its objectives is to employ extractive species, such as macroalgae 
and shellfish to take up and absorb particulate and dissolved matter from the aquacul-
ture effluents. In this way, waste products (nutrients) from one species (e.g. finfish) 
enable the cultivation and harvest of a second and/or third species while reducing 
the load of nutrients and particles in the surrounding water and on the seafloor. This 
is often described as a “win-win” system, which enables farmers to comply with 
regulations regarding waste effluents. It also enables the producers to basically 
“reuse” the expensive feed offered to the “fed” species, i.e. there are environmental, 
regulatory and economic incentives in employing IMTA.

 Flow-Through Systems

Flow-through systems are the most common systems currently used for intensive 
rearing of a wide variety of farmed species. Traditional land-based flow-through 
farms use water that is taken from an adjacent river or lake, by gravity or by pumps. 
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The water may have a wide variety of residence times in the system, and various 
water treatment units are subsequently used for mechanical (micro-sieves, settling 
ponds) and biological filtration of the farm water before discharging this into the 
receiving waters, downstream.

Originally, ponds were dug directly into the soil of river valleys close to the river 
or stream banks, but nowadays most farms have replaced earthen ponds with con-
crete tanks or other waterproof materials (e.g. in raceways).

The construction of fish ponds, tanks or raceways is designed to provide optimal 
water flow rates and physiochemical parameters to safeguard animal health and 
welfare and provide animals with sufficient space for their needs. Organic contain-
ment systems, where fresh water species are reared, require that the bottom type be 
as close as possible to natural conditions and, in the case of, e.g. carp and some 
mullet species, the bottom should be natural soil.

Land-based FT systems have undergone significant technological improvements 
in terms of reducing fresh water intake and reducing the environmental impact from 
the released effluents. Farms can therefore be classified, as is the case in Denmark, 
into three different types, according to the level of water consumption and wastewa-
ter treatment.

Type 1 is an extensive farm with mechanical water treatment and relatively low 
stocking density. It includes a minimal reuse of water (maximum use of 40 m3 of 
water per kg of fish produced) and efficient internal (natural) assimilation of nutri-
ents. Water treatment takes place partly by natural processes and partly via sludge 
cones, micro-sieves or contact filters, plant lagoons and sludge basins (Jokumsen 
and Svendsen 2010). This type of farm is clearly in line with the principles of 
organic farming.

Type 2 is a more intensive farm with both mechanical and biological water treat-
ment, lower water consumption and increased reuse of water compared to farm type 
1. In addition to mineralization of nutrients, water treatment occurs via sludge 
cones, micro-sieves, biofilters and sludge basins, but no plant lagoons are required. 
This type of farm might still be in line with the principles of organic farming pro-
vided that a series of obligations are met (e.g. the raised species spend the majority 
of their lives in outdoor facilities, at stocking density on average lower than in inten-
sive aquaculture systems).

Farm type 3 is a hybrid – not really a FT farm as it is characterized by signifi-
cantly lower water consumption (<3.6 m3 water per kg of fish produced) than in 
traditional flow-through systems. This type of farm employs a high degree of recir-
culation technology, i.e. water reuse and wastewater treatment, which makes the 
system less reliant on the surrounding natural environment (Jokumsen and Svendsen 
2010). As a result, reliance on local or adjacent water sources and on natural “puri-
fication” processes is minimal, and the impact of such farms on natural fauna/flora 
is therefore reduced.
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 Recirculating Aquaculture Systems (RAS)

Intensive recirculating aquaculture systems use a wide range of wastewater treat-
ment devices (Martins et al. 2010; Dalsgaard et al. 2012). A sketch of a RAS is 
given in Fig. 6.1.

The water supply for an intensive RAS fresh water farm is typically groundwa-
ter; in the case of marine farms, the water used is pumped directly from the sea by 
means of submersible pumps or may be artificial seawater. RAS can be equipped 
with different technologies depending on specific contexts and requirements. A pos-
sible operating mode is described below. The production water from the fish tanks 
(1) passes through a mechanical filter (2), i.e. a micro-sieve (mesh size generally 
about 60 μm). The micro-sieve separates particulate matter, which is flushed as 
sludge to a sludge storage tank until it can be used as agricultural fertilizer or for 
production of biogas. From the micro-sieve (2), the water is pumped (3) to the bio-
filters (4), where the dissolved fractions, especially ammonia (NH4

+), are converted 
into nitrate (NO3

−). In a separate biofilter (5) with anoxic conditions (a denitrifica-
tion filter), the NO3

− is converted into N2 gas in the presence of easily degradable 
organic matter (Van Rijn et al. 2006). The recirculated water passes on to a trickling 
filter (6) for degassing (N2, CO2) and aeration (oxygenation) before it enters (7–8) 
the fish tanks. Before entering the fish tanks, the water passes through an UV radia-
tion device (9) to kill microorganisms, especially bacteria, in order to minimize 
disease. Some of the aerated water from the trickling filter is pumped through an 
oxygen cone (7–10) for additional oxygen enrichment before it enters (11) the fish 
tanks. In addition, pure oxygen may be added to each tank/section (Chen et al. 2006, 
Pedersen et al. 2012; Van Rijn 2013), and the temperature can be adjusted using 
devices for heating or cooling the water. The amount of new water added to the RAS 
corresponds to the amount required to flush the micro-sieves (2) and the biofilters 
(4), to compensate for evaporation and to keep the temperature and salinity at an 

Fig. 6.1 Sketch of a recirculating aquaculture system (RAS). The numbers in the figure are 
referred to (in brackets) in the text. (Source: Billund Aquakulturservice ApS, Denmark)
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appropriate level. The water consumption in RAS is more than 100 times less, i.e. 
less than 500  l/kg feed fed to the fish than in traditional flow-through systems 
(Jokumsen and Svendsen 2010).

Feed is the main source of nutrients and organic matter in RAS. Those fractions of 
the feed that are not utilized by the fish end up as a waste (dissolved or particulate) in 
the system and need to be processed by the recirculation technology and/or are dis-
charged. The composition of the feed, the feeding management and the utilization of 
the feed by the fish and the concomitant wastewater treatment are therefore of utmost 
importance for RAS water quality and for the final discharge from these systems.

RAS rely on the input of external energy for circulating water within the system, 
water treatment and aeration of the water, as well as that required in the building that 
houses the RAS. The advanced technologies, management, comprehensive surveil-
lance systems, working processes and hygienic procedures in a RAS farm require 
well-educated and well-trained personnel with the competence required to achieve 
optimal productivity. The high degree of recirculation makes it critical to continu-
ously monitor and control the water quality within narrow limits, and the extensive 
use of alarm systems is necessary to monitor several key water quality parameters 
(Jokumsen and Svendsen 2010).

In Table 6.1, a comparison has been set up between a traditional flow-through 
system in organic farming and a recirculating aquaculture system (RAS).

Table 6.1 Advantages and disadvantages of a flow-through organic system and a recirculated 
aquaculture system

Flow-through organic system RAS

Advantages Advantages
Production in common with nature Low water consumption
Favours biological diversity and animal welfare Recycling of water
Natural temperature and light conditions Stable farming conditions/water 

quality
Lower stocking density Control of water temperature
Behavioural needs can be met No environmental impact
Renewable energy use, e.g. for aerators Prevents ingress of pathogens
Environmentally sustainable Prevents escapes
− Recycling/collection of waste 

nutrients (fertilizer)
− Easy to disinfect/clean
Disadvantages Disadvantages
Dependent on external conditions (weather, temperature 
fluctuations, water quality)

Energy consumption

Risk of escape Use of costly pure oxygen
Risk of ingress of pathogens Risks related to high stocking 

densities
− In case of disease, risk of boosting 

prevalence

Source: EGTOP Aquaculture Report (Part B)
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As shown in Table 6.1, RAS have several environmental advantages but require 
a significant input of external energy, relying on high stocking densities (for eco-
nomic reasons), advanced wastewater treatment devices, use of UV radiation and 
use of pure oxygen. All the above, in addition to the disconnection of the aquacul-
ture production from the external natural aquatic environment, makes RAS not in 
line with the provisions of the majority of the organic aquaculture standards and the 
EU regulations on organic aquaculture.

However, due to the limitations of water resources, an alternative strategy might 
be the so-called reuse of water, which, to some extent, combines the advantages of 
both flow-through systems and RAS, without compromising organic principles. 
Reuse of water means a kind of extensive recirculation in outdoor systems (Colt 
2006). Instead of being discharged, the water is pumped back to the inlet and reused 
in the fish ponds, tanks or raceways after passing wastewater treatment devices such 
as natural filter beds, settlement ponds and mechanical or biological filters to collect 
waste nutrients and/or using seaweeds and/or bivalves and algae, which contribute 
to improving the quality of the effluent. The types and capacity of wastewater treat-
ment devices depend on the specific conditions of the farm, the related production 
capacity/intensity and the fulfilment of water quality requirements.

In order to comply with the above-mentioned organic standards and regulations, 
the proper oxygen saturation in the aquatic environment should be achieved by 
using mechanical aerators. This requires careful planning of such farming systems 
so that a well-balanced equilibrium is established between the stocking density, the 
efficiency of the wastewater-nutrient removal and the amount of water reused for 
the proper operation of the organic farm.

 Extensive Pond Systems

The most traditional extensive aquaculture system is based on fish ponds, i.e. a man- 
made aquatic ecosystem that is an integral part of the landscape (Kořínek et al. 1987; 
Adámek et al. 2012). Fish ponds are an integral part of the rural economy in some 
regions and are an almost natural part of the landscape because of their large number 
and often large size. Ponds were often established in low-lying wetlands or in areas 
with soil conditions that were too poor to support conventional agriculture.

Fish ponds initially relied on the natural pond ecosystem to provide the stocked 
fish with feed, and production levels were low. Modern fish ponds have greatly 
increased production levels through a variety of management practices (e.g. fertil-
ization and supplementary feeding). These practices, in addition to the influence of 
agriculture and other human activities, have led to an eutrophic state of many 
ponds in Central Europe (Pechar 2000; Potužák et al. 2007; Všetičková et al. 2012). 
As a result, fish pond farmers must face the challenge of not only maintaining good 
health and nutritional status of fish but also the challenge of maintaining pond 
biodiversity as well as good water quality (Dulic et al. 2010; Máchová et al. 2010; 
Filbrun and Culver 2013).
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Carp aquaculture is very popular in Central Europe. Carp ponds are carefully 
designed to match the needs of the carp at different life stages. Nursery ponds may 
be as large as 1 ha, with a water depth of only 0.5 m, and are used to rear carp up to 
the age of 1 year. Grow-out ponds are larger, up to 10 ha, and are used for fish from 
age 1–2 years. Carps are generally marketed when they reach 1.5–3 kg (3–4 years 
old), and marketing ponds are even larger (e.g. 50–100 ha).

In order to address some of the ecological problems that develop in ponds with 
considerable stocks of fish and an abundance of food and waste products, additional 
species of finfish may be stocked, and the monoculture carp pond becomes a polyc-
ulture pond. In addition to the common carp (Cyprinus carpio), often stocked at 
50–90% of the species mix, bighead carp Hypophthalmichthys nobilis, grass carp 
Ctenopharyngodon idella and silver carp Hypophthalmichthys molitrix are stocked 
at 10–30% of the total abundances. In some cases, predators (e.g. pike Esox lucius, 
pikeperch Stizostedion lucioperca, European catfish Silurus glanis) and other 
species such as tench (Tinca tinca) may be added as a minor species so that all the 
components in the pond food web are efficiently exploited.

In addition to the better utilization of land resources, fish ponds may contribute 
to the management of water resources. Fish ponds are suitable not only for the pro-
duction of fish but also to accumulate water, which can be used for irrigation during 
dry periods. Moreover, ponds support nature in the surrounding biotopes. Fish pond 
sediments accumulate organic matter and nutrients, and these can serve as an 
agriculture fertilizer that may be harvested when ponds are dried between growing 
cycles. In this manner fish farming can support horticulture or the production of 
other terrestrial plants.

In addition to the above, polyculture ponds can be integrated with intensive rearing 
of other fishes in adjacent facilities. In this case, effluents from flow-through 
raceways of intensive systems, e.g. for trout cultivation, may be discharged into 
polyculture ponds where the fish faeces and nutrients may increase the natural fish 
food production in the same way as manure application. If the ratio of supply from 
the intensive unit to the polyculture pond area is designed properly, a high level of 
water purification can be achieved.

 Cage Systems

By far the largest proportion of European aquaculture biomass production takes 
place in cage and raft systems in the sea. Benefits of cage rearing are relatively low 
investment costs, low energy costs, efficient utilization of environmental resources 
(such as space and natural flushing of the cages) and a low carbon footprint com-
pared to other protein production systems.

Cage farms were traditionally situated in safe (in terms of exposure to rough 
seas) and easily accessible locations, generally near shore. Whereas these locations 
were great for the farmers, the selection of shallow sites with limited flushing often 
resulted in organic overloading of the sediments under the farms and substantial 
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negative effects (e.g. hypoxia, anoxia, sulphide and methane degassing, etc.) on 
seafloor biogeochemistry and on biodiversity. In addition to geochemical problems, 
parasitic and pathogenic outbreaks in fish farms may occur, challenging the farmers 
and potentially threatening wildlife outside the net pens (e.g. Thorstad and Finstad 
2018). Moreover, intensive cage farming of salmon has led to significant increases 
in the density and occurrence of two sea lice species Lepeophtheirus salmonis and 
Caligus elongatus, which are ectoparasites infecting salmonids in seawater and 
causing severe mortalities in sea cages (Nilsen et al. 2017; Jackson et al. 2017).

Numerous studies have documented the negative environmental impacts associ-
ated with sea-cage aquaculture (e.g. Cole 2002; Nash et al. 2005; Huntington et al. 
2006; International Union for Conservation of Nature 2007).

Further analyses of the impacts associated with fish farms, including meta- 
analysis of 30 peer-reviewed articles (Sarà 2007), found that dissolved oxygen was 
generally not affected by aquaculture operations. It has been shown that improve-
ments in feed formulations, feed delivery (husbandry) and feeding efficiency are 
key factors for reducing nutrient loading and impacts to the quality of water close to 
sea-cage farms. Moreover, siting fish farms in areas of high hydrodynamics and 
strong water currents, with depths at least twice that of the net pen, is an additional 
factor that may contribute to a good water quality (Beveridge 2004; Belle and Nash 
2008).

The response of marine benthic communities to enrichment is a function of site- 
specific environmental factors (e.g. Pearson and Rosenberg 1978), which should be 
considered prior to the selection of an aquaculture site. Indeed, the accumulation of 
fish and feed waste below cages and the associated geochemical changes can induce 
changes to the micro- and macrofauna that live in the sediments below sea-cage 
farms.

Sea cages should be designed and maintained in accordance with ambient condi-
tions and operated so that there is a minimal risk of cage failure and fish escapes. 
The nets should routinely be inspected, and all necessary repairs or adjustments to 
anchors, ropes and nets should be carried out without delay. Access, proximity to 
hatcheries or fishing harbour, security, economic, social and market considerations 
should also be taken into consideration. In order to keep birds, seals and other pred-
ators away from cages and other aquaculture gear, non-lethal antipredator measures 
should be implemented, such as overhead netting or screens to exclude sea birds 
from cage areas (Nash 2001; Huntington et al. 2006; Halwart et al. 2007).

Antifouling measures are essential to limit the growth of marine organisms 
which attach to aquaculture cages, ropes and structures. Heavy and persistent bio-
fouling impedes water flow-through cages, increases biological oxygen demand in 
the cages, causes net drag and can shorten the effective lifespan of nets and ropes. 
An alternative to chemical antifouling methods is to manage biofouling by letting 
the nets air-dry in order to kill the biofouling organisms. The nets can also be 
 manually cleaned on land using large-scale net washers, or high-pressure spray, or 
scraping to remove encrusted organisms. The employment of grazers, cleaner fish, 
sea urchins and mechanical robots has also been proposed as some alternative to 
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chemical treatments inside fish cages to remove attached organisms (Willemsen 
2005; International Union for Conservation of Nature 2007).

Fallowing is a practice that has been recommended to prevent cumulative dam-
age to the benthic environment and for reducing risks related to fish pathogens and 
parasites. Fallowing refers to the practice of relocating marine fish cages or discon-
tinuing the production, for a certain time, after each production cycle, to allow the 
sediment below the cages to undergo natural recovery, both geochemically and eco-
logically, from the impacts of organic matter and nutrient loading.

Although sea cages are often associated with negative effects, these may also 
provide benefits to the local and regional environment by providing shelter and 
foraging habitat for wild fish (International Union for Conservation of Nature 2007; 
Grigorakis and Rigos 2011), serving as hatcheries and nurseries (Ozgul and Angel 
2013). A further significant role that sea-cage farms may play in marine fisheries 
conservation, e.g. buffer against fishery mismanagement (such as overfishing), is 
that the farms may be designated as marine protected areas or no-take zones 
(Dempster et  al. 2006) providing wild fish with safe havens from fishing 
operations.

 Integrated Multi-trophic Aquaculture (IMTA)

Integrated aquaculture has been practised for centuries in fresh water systems, par-
ticularly in Asia, as an efficient means to rear several products simultaneously. There 
has been some confusion between polyculture (several species of finfish generally 
cultivated in ponds) and integrated multi-trophic aquaculture (IMTA – see definition, 
below), but this concept is not new. Although the potential benefits of such systems 
are now well known, IMTA is currently only practised to a limited extent in the EU.

IMTA may be applied to land-based (Gordin et al. 1981), coastal (Fang et al. 
2016) and offshore (Buck et al. 2018) aquaculture systems in both marine and fresh 
water environments. IMTA offers a balanced ecosystem management approach that 
could benefit the farmers, consumers and environment.

IMTA represents a solution for a greater environmental stewardship and poten-
tially better economic performance of aquaculture. It is a different way of thinking 
about aquatic food production that is based on the concept of circular economy. 
Instead of growing only one species (monoculture) and focusing primarily on the 
needs of that species, IMTA mimics a natural ecosystem by combining the farming 
of multiple, complementary species from different trophic levels in the food web. 
For example, fish, invertebrates (e.g. mussels, oysters, etc.) and seaweeds might be 
farmed in the same area, in a way that allows the uneaten feed, wastes, nutrients and 
by-products of one species to be recaptured and converted into feed and energy for 
the growth of the other species.

The natural ability of these species to recycle the nutrients provides environmen-
tal service improving the ecological performance of the aquaculture system. 
Moreover, in addition to their recycling abilities, the farmed species provide extra 
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economic benefits to the farmers in terms of added value as marketable products. 
The added value is both the result of added biomass and diversity, and if the prod-
ucts are labelled as ecologically friendly, this may increase their retail market value 
and provide farmers with even greater profits.

The selected species and system design should be optimized in order to maxi-
mize recycling abilities, in both space and timing of culture. Indeed, larger organic 
particles, such as uneaten fish feed and faeces, may be consumed by deposit feeders, 
such as sea cucumbers and sea urchins placed below the sea cages. The fine sus-
pended particles can be extracted from the water column by filter-feeding species, 
like mussels and oysters, on long lines situated around the farm. In order to effi-
ciently capture dissolved nutrients (nitrogen, phosphorus) released from sea cages, 
seaweeds should be placed in the water column at a distance downstream from the 
farm. All of these “filtration” functions may be modelled to optimize the uptake of 
farm effluents for maximal growth and nutrient delivery.

IMTA also offers the potential to reduce the use of drugs involved in disease 
prevention and management. It has been shown, for example, that shellfish (e.g. 
mussels) may effectively reduce viral, bacterial and/or parasitic diseases in the cul-
tured fish, due to their filtration activities. While this aspect is promising, there is 
also the risk that some IMTA species could act as intermediate hosts for disease 
agents and thus increase the risk to fish health.

In many monoculture farming systems, the fed aquaculture species (e.g. finfish) 
and the extractive aquaculture species (bivalves, herbivorous fishes and aquatic 
plants) are independently farmed in different locations. According to Barrington 
et al. (2009), IMTA is the practice which combines, in the appropriate proportions, 
the cultivation of fed aquaculture species (e.g. finfish/shrimp) with organic extrac-
tive aquaculture species (e.g. shellfish/herbivorous fish) and inorganic extractive 
aquaculture species (e.g. seaweed) to create balanced systems for environmental 
sustainability (bio-mitigation), economic stability (product diversification and risk 
reduction) and social acceptability (better management practices).

The multi-trophic subsystems are integrated in IMTA that refers to the more 
intensive cultivation of the different species in proximity of each other, linked by 
nutrient and energy transfer through the water (Fig. 6.2).

A number of issues arise in attempting to satisfy basic IMTA requirements in a 
commercial system. Environmental sustainability is the major consideration in 
IMTA; therefore the criteria guiding species selection are the imitation of natural 
ecosystems. Combinations of cocultured species will have to be carefully selected/
balanced according to a number of conditions and criteria as described in Angel and 
Freeman (2009):

Complementary roles with other species in the system. Species should be able to 
feed on the other species’ wastes in order to improve the quality of the water and 
grow efficiently. Not all species can be efficiently grown together.

Adaptability in relation to the habitat. Native species that are well adapted within 
their normal geographic range should be selected. This will help to prevent the 
risk of invasive species impacting the local environment and economic 
activities.
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Culture technologies and site environmental conditions. The background levels of 
particulate organic matter and dissolved inorganic nutrients should be consid-
ered, as well as the size range of particles, when selecting a farm site.

Ability to provide both efficient and continuous bio-mitigation. Species that are 
capable of growing to a significant biomass should be selected. This feature is 
important if the organisms are to act as a biofilter that captures the excess of 
nutrients emitted from the farm.

Market demand for the species and pricing as raw material or for their derived 
products. Farmers should select species that have an established or perceived 
market value and be able to sell the extractive species in order to increase their 
economic outcome. Therefore, they should explore the markets in advance before 
investing too heavily.

Commercialization potential. Farmers should select species, for which regulators 
and policymakers will facilitate the development of new markets, and not impose 
new regulatory impediments to commercialization.

The beneficial environmental effects of sea-cage mariculture of finfish, inte-
grated with filter-feeding bivalves, such as mussels and oysters, and seaweed are 
well documented (Angel and Freeman 2009):

Effluent bio-mitigation. Mitigation of effluents through the use of biofilters, which 
are suited to the ecological niche of the aquaculture site, can solve a number of 
environmental challenges posed by monoculture aquaculture.

Fig. 6.2 Integrated multi-trophic aquaculture (IMTA) flow chart. (Source: IDREEM EU project – 
final report)
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Increased profits through diversification. Increased overall economic value of an 
operation from the commercial by-products that are cultivated and sold. To make 
environmentally friendly aquaculture competitive, it is necessary to raise its rev-
enues. By exploiting the extractive capacities of cocultured lower trophic level 
taxa, the farm can obtain added value products that can outweigh the added costs 
involved in constructing and operating an IMTA farm. The waste nutrients in 
integrated aquaculture are not considered a burden but rather a resource, for the 
auxiliary culture of the extractive species.

Improving local economy. Economic growth may be realized through employment 
(both direct and indirect) in production, processing and distribution.

Form of “natural” crop insurance. Product diversification may offer financial pro-
tection and decrease economic risks when price fluctuations occur or if one of 
the crops is lost to disease or inclement weather.

Disease control. Prevention or reduction of disease among farmed fish can be pro-
vided by certain seaweeds due to their antibacterial activity against fish patho-
genic bacteria.

Increased profits through obtaining premium prices. Potential for differentiation of 
the IMTA products through eco-labelling or organic certification programmes.

Nonetheless, there are also some challenges in the IMTA approach (Angel and 
Freeman 2009):

Higher investment. Integrated farming in open-sea settings requires a higher level of 
technological and engineering sophistication and upfront investment.

Difficulty in coordination. If practised by means of different operators (e.g. indepen-
dent fish farmers and mussel farmers) working in concert, farm operation would 
require close collaboration and coordination of management and production 
activities.

Increased requirement of farming area. While aquaculture has the potential to 
decrease pressure on natural fisheries and IMTA has specific potential benefits 
for the enterprises and the environment, fish farming competes with other users 
over coastal and marine habitats. Stakeholder conflicts are common and range 
from concerns about pollution and impacts on wild fish populations to site allo-
cation and local priorities. The challenges for expanding IMTA practice are 
therefore significant although it can offer a mitigation opportunity to those areas 
where mariculture has a poor public image and competes for space with other 
activities.

Difficulty in implementation without open water leasing policies. Few countries 
have national aquaculture plans or well-developed integrated management of 
coastal zones. This means that decisions on site selection, licencing and regula-
tion are often ad hoc and highly subject to political pressures and local interests. 
Moreover, as congestion in the coastal zone increases, many mariculture sites are 
threatened by urban and industrial pollution and accidental damage.
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All of these issues must be addressed when designing and planning IMTA opera-
tions so that sustainability of this concept truly encompasses the full spectrum of 
social, economic and environmental considerations.
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Chapter 7
Welfare Issues and Veterinary Treatments

Giuseppe Lembo, Pierluigi Carbonara, Andrea Fabris, Amedeo Manfrin, 
and Walter Zupa

 Introduction

Among public and governments, there is increasing interest in the welfare of farmed 
fish. In addition, among farmers, there is growing awareness that good welfare 
equates to increased success of production activities (Lembo and Zupa, 2010). 
However, animal welfare is not easy to be defined. It is generally referred to the 
physical and mental state of the animal that is interacting with its environment and 
its associated variations (Chandroo et al. 2004).

The primary basis for the concept of “animal welfare” is the belief that animals 
are sentient being capable to experience good or bad feelings or emotional states 
(Dawkins 1990). Stress and stress-related responses should be considered as an 
adaptive condition of the organism that has the fundamental function of preserving 
the individual’s life. In addition, it is increasingly clear that individuality in stress 
reactions has to be included in the concept of animal welfare. Such differences often 
take the form of suites of traits, or stress coping styles (SCS), where traits like sym-
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pathetic reactivity, aggression and the tendency to follow and develop routines show 
positive relationships.

Most animal welfare definitions can be categorized into “function-based” or 
“feeling-based”.

“Function-based” definitions basically assume that welfare is correlated with 
biological functioning, including physiological stress responses (Duncan 2005). 
This definition implies that if an animal is in good health and has proper functioning 
of bodily systems, it is experiencing good welfare.

“Feeling-based” definitions assume that the animal is in a good welfare if “…is 
free of negative experiences, such as pain, fear and hunger and has access to positive 
experiences, such as social companionship…” (Huntingford and Kadri 2008, 2009). 
Indeed, welfare barely equals the current emotional state of the animal (Duncan and 
Dawkins 1983) and, in the longer term, it represents the balance between positive 
and negative subjective experiences (Martins et al. 2012).

According to the Reg. (CE) 834/2007, recital 17, organic stock farming should 
respect high animal welfare standards and meet animals’ species-specific behav-
ioural needs, while animal-health management should be based on disease preven-
tion. In this respect, particular attention should be paid to housing conditions, 
husbandry practices and stocking densities. Moreover, the choice of breeds should 
take account of their capacity to adapt to local conditions. The implementing rules 
for livestock production and aquaculture production should at least ensure compli-
ance with the provisions of the European Convention for the Protection of Animals 
kept for Farming Purposes (T-AP) and the subsequent recommendations adopted by 
its standing committee on 5 December 2005.

Moreover, according to Reg. (CE) 834/2007, Art. 15 1(b)(ii), husbandry prac-
tices, including feeding, design of installations, stocking densities and water quality 
shall ensure that the developmental, physiological and behavioural needs of animals 
are met.

The five welfare domains specified by Mellor and Stafford (2001) and reworked 
by FSBI into a form that is more appropriate for fish are currently considered an 
acceptable framework for evaluating suffering of farmed fish (FSBI 2002 – Fish 
welfare; Lembo and Zupa, 2010). However, determination of animal welfare 
requires the selection, collection and interpretation of different parameters and vali-
dated indicators. The aspects of the fish’s condition that are often used in this con-
text are its health status, its physiology and its behaviour. A set of simple, nonintrusive 
signs or danger signals that can be easily used as indicator, without needing access 
to laboratory apparatus, is provided in Table 7.1.

How well these signs work in any given case will depend on the species con-
cerned, on circumstances and also on individual status.

Farmed fish are exposed to a range of industry practices that may act as chronic 
stressors which potentially compromise welfare. The effects of a wide range of 
aquaculture practices on the stress physiology of fish are well documented and have 
been reviewed by Conte (2004) and Pickering (1991). Some of these practices 
include frequent handling, transport, periods of food deprivation, deteriorating 
water quality, suboptimal stocking densities, fin-clips and environmental enrich-
ment (Ashley 2007; Huntingford et al. 2006; Schram et al. 2010).
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 Water Quality

Aquaculture production systems, such as ponds, raceways, sea cages, flow-through 
(FT) and recirculating systems (RAS), all differ one from each other for the charac-
teristic of the water, in terms of quantity, quality, temperature, etc. Water is the 
medium in which farmed fish have to meet both their physiological and spatial 
needs. The waste derived from fish feed and its metabolic end products, such as 
uneaten feed, faeces and excretions and dissolved inorganic nutrients, can seriously 
impair water quality and can cause stress, reduced growth and increased incidence 
of diseases to the point of being lethal for fish themselves.

Water quality is often referred to chemical and physical parameters, such as con-
centration of dissolved oxygen, carbon dioxide, un-ionized ammonia-nitrogen, 
nitrite-nitrogen, pH, nitrate concentration alkalinity and temperature (Masser et al. 
1999; Losordo et al. 1999; Conte 2004).

Table 7.1 Welfare indicators of fish welfare

Welfare indicators for 
fish Interpretation

1 Changes in colour Stress-induced changes in skin or eye colour (with a complex 
hormonal background) could be a sign of exposure to adverse events 
and/or social stress/subordinate status

2 Changes in 
ventilation rate

A high oxygen demand is reflected by rapid irrigation of the gills. 
The rate of opercular beats may be increased by stress and can be 
counted automatically or by eye

3 Changes in 
swimming and other 
behaviour patterns

Fish may respond to unfavourable conditions by adopting different 
speeds of swimming and by using different regions of a tank or cage. 
These include excessive activity or immobility, body positions that 
protect injured fins, escape attempts in confined conditions and 
chafing movements to dislodge ectoparasites

4 Reduced food intake Loss of appetite is potentially a sign of impaired welfare
5 Slow growth/loss of 

condition
Fish change shape and/or slow growth or sustained reductions in 
growth may be indicative of chronic stress or a possible sign of 
trouble

6 Morphological 
abnormalities

The occurrence of morphological abnormalities can be used as an 
indicator of poor larval rearing conditions

7 Injury Injury (e.g. dorsal fin injury, scales dislodged rather than lying flat) 
may be a direct consequence of an adverse event and a sign of poor 
welfare. In addition, because immune responses can be suppressed by 
cortisol, slow recovery from injury (or a high incidence of injury) 
may be a sign of generally poor conditions

8 Disease status Increased incidence of disease in any population of fish may be a 
warning signal that there may be other underlying problems

Reworked from FSBI (2002)

7 Welfare Issues and Veterinary Treatments



122

Oxygen concentration is surely the most important environmental parameter for 
all fish species, in both freshwater and marine habitats. A reduced availability of 
dissolved oxygen in the rearing environment, together with higher presence of un- 
ionized ammonia, can be ascribed to a high fish density and to the feeding practices, 
as well as to algal blooms and elevated temperatures (Ellis et al. 2002). This lack of 
oxygen can induce the typical metabolic adjustments caused by the hypoxic stress 
in order to maintain oxygen concentration in the critical organs and to reduce its 
consumption (Heath 1995). Low dissolved oxygen and high un-ionized ammonia 
levels can act as chronic stressors, elevating plasma cortisol levels (Pickering et al. 
1991) and modifying physiological, as well as morphological condition in farmed 
sea bass (Saroglia et al. 2002).

The demand of oxygen increases with increasing temperature. Dissolved oxygen 
is the first water quality parameter that may limit production both in freshwater and 
marine aquaculture. Its availability is dependent on temperature and CO2, but the 
usual recommendation for cold-water species is that they will have adequate oxygen 
concentration as long as the dissolved oxygen does not fall below 80% (Wedemeyer 
1996). The threshold oxygen concentration for growth in rainbow trout has been 
shown to be about 75% saturation (Pedersen 1987). For Atlantic salmon, the opti-
mal concentration is from 80% to 100%, but they can cope with 60%, although for 
shorter periods.

Dissolved oxygen concentration is surely among the most important environ-
mental parameters also for European sea bass and above all for gilthead sea bream. 
Its concentration contributes also to modulate fish sensibility to other water quality 
parameters. It was demonstrated, for example, that juveniles of gilthead sea bream 
exhibit increased sensitivity to ammonia in case of oxygen saturation drops below 
85% of saturation, while increased mortality occurs when the saturation is below 
40% (Wajsbrot et al. 1991; EFSA 2008).

Temperature is a limiting factor for fish growth through the effects on feeding 
and metabolism, which can be also differently expressed according to the life stage. 
Acute temperature changes represent a realistic risk in aquaculture facilities where 
temperature may act as a stressor, particularly due to accentuated diurnal tempera-
ture cycles in shallow ponds or tanks or due to accidental temperature shocks during 
water turnover. Under such conditions, the dissolved oxygen in the intensive cul-
tures becomes a further interacting limiting factor.

Temperature could also influence the typical management operation in aquacul-
ture facilities, such as sedation and anaesthetization. Mylonas et al. (2005) demon-
strated that lower temperature resulted in significantly longer anaesthesia induction 
and recovery time, presumably due to the positive relationship between temperature 
and opercular ventilation rates and metabolism. Evidences were reported by 
Barnabé (1991) who observed that sea bass juveniles cease growing at 11–15 °C 
and grow fast at 22–25 °C. It has also been shown that fin condition may be affected 
by metabolic activity under the control of ecological factors, such as temperature 
and O2 concentration acting as limiting factors (Person-Le Ruyet and Le 
Bayon 2009). In sea bass, fins result more eroded at elevated temperature than in 
cold water, as fish are less active, especially when feeding: meal duration is shorter 
and daily feed intake is lower that, in turn, is responsible of lower growth rate 
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(Person-Le Ruyet et al. 2004). This requires trade-off solutions because lowering 
temperature leads to lower fin damages but also to lower growth rates. Adult sea 
bass can withstand temperatures ranging from 2 to 32 °C (Barnabé 1990), although 
Claireaux and Lagardère (1999) quantified the metabolic performances as depen-
dent by temperature. Thus temperature range 20–25 °C corresponds to the thermal 
optimum for better growth performance of the species.

Optimal rearing temperature in salmon production ranges between 8 and 14 °C 
(Marine Harvest 2014). Hyperthermic conditions, especially in the first stages of the 
salmon life, may lead to spinal deformities. In a study by Ytteborg et al. (2010), they 
documented spinal deformities in fish that hatched at 10 °C and were exposed to 
16 °C during first feeding, as opposed to fish that hatched at 6 °C and were exposed 
to 10 °C at first feeding.

 Stocking Density

According to the “Recommendation concerning farmed fish”, adopted on 5 
December 2005 by the Standing Committee of the European Convention on the 
Protection of Animals kept for Farming Purposes, the husbandry environment of 
aquaculture animals shall be designed in such a way that the animals shall be kept 
in water of good quality, with sufficient oxygen levels, in accordance with their 
species-specific needs. More specifically, the Commission Regulation (EC) N° 
889/2008 establishes that fish shall be kept in temperature and light conditions that 
respect the requirements of the species, having regard to the geographic location. 
Furthermore, in order to consider the effects of stocking density on the welfare of 
farmed fish, the condition of the fish (such as fin damage, other injuries, growth rate, 
behaviour expressed and overall health) and the water quality shall be monitored.

Actually, rearing density encompasses a complex web of interacting factors, 
such as water quality, social interactions, fish-to-fish interaction and fish-to-housing 
interaction that can have an effect on many aspects of welfare (Ashley 2007; 
Turnbull et al. 2008). Although stocking density is a parameter that can be easily 
documented and controlled, it is considered only an indirect indicator of fish wel-
fare, while a combination of welfare indices (e.g. behavioural and water-quality 
monitoring) would be a better way to monitor fish welfare in aquaculture than moni-
toring just one index (i.e. stocking density). Therefore, the compliance with stock-
ing density threshold values in combination with optimal water quality parameters, 
e.g. oxygen and carbon dioxide concentrations, would make the fish welfare condi-
tions more reliable in the rearing environment.

It is very difficult to make generalizations about how rearing density affects wel-
fare in all situations, because a great interspecific variability could be associated 
with the responses to this factor (Turnbull et al. 2008; Ellis et al. 2002; Conte 2004). 
Nevertheless, high rearing densities induce in many teleost the increase of the ener-
getic expenditure for basal life functions that in turn could become detrimental for 
growth and immune-resistance and could also affect the social interaction between 
fish (Huntingford 2004; Martins et al. 2012).
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There is a large number of biotic and abiotic factors that may influence the meta-
bolic rate of fish. Among the other physiological (e.g. digestion, reproduction) and 
environmental factors (e.g. circadian or seasonal cycles), the most relevant are body 
mass, water temperature and oxygen availability. The aerobic scope is a meaningful 
parameter indicating the global amount of energy available for living in fish and may 
be considered as a sort of measure of individual physiological state and well- being 
(Carbonara et al. 2010; Korte et al. 2007; Zupa et al. 2015). Indeed, fish approaching 
the aerobic scope during their life may impair their growth and survival (Claireaux 
et al. 2000; Norin and Clark 2016). In Table 7.2 is reported a summary of the litera-
ture data on standard metabolic rate (SMR), active metabolic rate (AMR) and scope 
for activity (SFA) of sea bass, sea bream, rainbow trout and Atlantic salmon.

Table 7.2 Standard metabolic rate (SMR), active metabolic rate (AMR) and scope for activity 
(SFA) values for sea bass, sea bream, rainbow trout and Atlantic salmon

Specie
Temperature 
(°C)

Weight 
(g)

SMR (mg/
kg/h)

AMR 
(mg/kg/h)

SFA (mg/
kg/h) References

Sea bass 20 200 ± 10 85.55 ± 
7.05

509.09 ± 
12.35

413 ± 8.83 Chatelier et al. 
(2006)

19 147.16 ± 
2.68

91.84 337.92 246.08 Claireaux et al. 
(2006)

18 258 ± 
51.1

115.99 598.81 482.81 Zupa et al. 
(2015)

18 420 ± 
41.6

162.56 826.8 664.24 Zupa et al. 
(2015)

Sea bream 18 100–199 189.23 664.36 475.13 Zupa et al. (pers. 
comm.)

18 200–299 118.71 650.27 531.56 Zupa et al. (pers. 
comm.)

18 300–399 117.33 597.25 479.92 Zupa et al. (pers. 
comm.)

18 400–600 84.64 498.78 414.14 Zupa et al. (pers. 
comm.)

Rainbow 
trout

10±1 230–631 126.02 705.59 579.57 Zupa et al. (pers. 
comm.)

14 ± 0.1 205 ± 11 144 ± 2.24 684.48 ± 
16.96

540.48 McKenzie et al. 
(2007)

492 ± 44 118.4 ± 
2.7

595.7 ± 
34.5

477.3 Skov et al. 
(2011)

Atlantic 
salmon

3 479 ± 18 44 ± 5 212±7 Hvas et al. 
(2017)

23 413 ± 13 231 ± 5 421±12 Hvas et al. 
(2017)

4 1.114 ± 
208

36.7 ± 8.4 250.6 ± 
40.2

213.9 Lucas (1994)

10 1.114 ± 
208

72.8 ± 
11.9

423.6 ± 
25.2

350.8 Lucas (1994)
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However, in order to correctly interpret the metabolic scope values, rather than 
the magnitude of these values, it is more relevant to assess how often fish use com-
pletely its own amount of metabolic scope during its life.

From a physiological point of view, high-density condition increases red muscle 
activity leading to a rise of the global scope for activity (Lembo et al. 2007). At a 
density of 50 kg/m3, sea bass muscle activity measured as electromyogram activity 
(EMG) was on average twofold higher than in fish reared at 10 kg/m3 (Carbonara 
et al. 2013). Haematological parameters are indicators of fish oxygen demand to 
maintain the basal metabolism. Haemoconcentration is, indeed, reported as a strat-
egy for increasing oxygen-carrying capacity of blood during periods of high energy 
demand (Houston 1990), such as a stress event or an important swimming activity. 
Haematocrit, haemoglobin and red blood cell count have generally the higher levels 
at the higher densities (Carbonara et al. 2013). Physiological responses to stress are 
driven by an increase of plasma cortisol levels. There is evidence that, within certain 
limits, the cortisol concentration increases proportionally with the stress levels, just 
before downregulation control and saturation of the cortisol receptors occur 
(Mommsen et al. 1999). Santos et al. (2010) showed that increased density levels 
reduce feed intake and growth and that feed intake reduction is partially compen-
sated by a decrease in maintenance requirements for energy at the highest density. 
Another feature of intensively reared sea bass is reported by Roncarati et al. (2006), 
for which plasma triglycerides, total cholesterol and transaminases were found to be 
always significantly higher than in semi-intensively maintained fish.

Some authors observed that, under high rearing density, both adult and juvenile 
sea bass grow slowly than under low rearing densities (Saillant et  al. 2003a, b, 
D’Orbcastel et al. 2010). Montero et al. (1999) described the effects of high rearing 
density on juvenile sea bream reporting, as a consequence of the stressful condition, 
an increase of haematocrit, haemoglobin and red blood cell concentration and the 
decrease of the alternative complement pathway (ACP), an important component of 
the immune system of fish. This effect, in salmonid species, has been reported to be 
a consequence of an elevation of plasma cortisol. Indeed, high plasma cortisol levels 
produce an immunosuppressive effect in fish, reducing circulating lymphocytes and 
increasing the susceptibility of fish to disease. Moreover the authors observed the 
decrease in hepato-somatic index and an altered liver fatty acid composition. These 
alterations reflected the effect of stocking density on lipid metabolism channelled to 
increase the energy demand.

Differences in growth and welfare have been also reported for fish farmed in sea 
cages at high densities, which has been related with increase of plasma cortisol. 
Variations on fish interactions towards the net pen are associated with both rearing 
density and the condition of the net. Increasing stocking density results also in an 
exponential increase of the escape rate from cages. Particularly, sea bream increases 
net inspection and biting in relation to the rearing density and, in situation of limited 
feeding, is more attracted by damages on the net structure, presenting higher escape 
rate (Glaropoulos et al. 2012; Papadakis et al. 2013).

It is worthwhile to highlight that even low densities can affect welfare and behav-
iour. Indeed, Batzina et  al. (2014) showed that sea bream reared at 4.9  kg m−3 
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 exhibited aggressive behaviour and size distribution, indicating that such low den-
sity created a less favourable social environment than specimens reared at 9.7 kg 
m−3. The author reported also that the use of blue liner in the tanks enhanced growth, 
suppressed aggression and reduced brain serotonergic activity, demonstrating that 
substrate and density effects are socially induced.

Oppedal et al. (2011) compared the effect of normal (5.6–14.5 kg m−3) and high 
(15.7–32.1  kg m−3) stocking densities on production and welfare parameters of 
Atlantic salmon. As a result, fish under normal density had better condition factor, 
better SGR and better feed intake throughout the experiment. There were no differ-
ences in fin damage or body lesions until the last sample point (more fin damage and 
lesions in fish under the higher stocking density). Fish under the high stocking den-
sity had more cataracts than fish under normal densities.

The overall picture arising from the studies performed to date investigating the 
effects of stocking density on different parameters suggests that both low and high 
densities are potentially detrimental to welfare. Furthermore, the results of these 
studies clearly illustrate the complex nature of the interaction between stocking 
density and fish welfare, with several environmental factors. As a consequence, it is 
a complex undertaking to model these multiple interacting and confounding influ-
ences of stocking density on measures of welfare (Turnbull et al. 2008), in an effort 
to gain an overall understanding.

 Transport, Killing and Slaughtering

The transport of live fish involves the transfer of large numbers (or biomass) of fish 
in a small volume of water. Some important environmental parameters could 
severely change during long transport, such as water temperature, oxygen and CO2 
concentration (Delince et al. 1987). Handling and confined spaces could generate 
hyperactivity conditions that could result in lactate accumulation and affect blood 
oxygenation capacity. Aquaculture practices, such as handling, crowding and trans-
port, stimulate a response  to stress that occurs with plasma catecholamines and 
corticosteroids, as well as with changes in the characteristics related to metabolism, 
hydromineral balance and cardiovascular, respiratory and immune functions (Barton 
2002). The catecholamine and corticosteroid productions are also responsible, at 
cellular level, for the expression of heat shock or stress proteins.

Stocking density has a large effect on social interactions between fish. This is the 
passive nonaggressive behavioural interactions, such as fin erosion, body injury, 
collision and abrasion with conspecifics and the physical tank environment, as well 
as aggressive behavioural interactions between conspecifics that can be detrimental 
to welfare (Ellis et al. 2002).

Iversen and Eliassen (2009) looked at the effects of sedation (isoeugenol 2.5 mg 
L−1) on the primary (plasma cortisol), secondary (osmoregulation) and tertiary 
(mortality) stress responses of Atlantic salmon smolts during transport. As a result 
of the experiment, control fish had significantly higher plasma cortisol levels than 
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sedated fish, for up to 6 h after transport. Cortisol levels were significantly higher 
than pre-transport levels in both groups, until 12 h after transport. Control fish had 
significantly higher lactate than sedated fish, up to 1 h after transport, and signifi-
cantly higher plasma magnesium levels than sedated fish, up to 168 h after trans-
port. Mortality was 11.3% for control fish and 2.5% for sedated fish and stopped 
16 days after transport. Authors concluded that isoeugenol is a promising stress- 
reducing sedative for Atlantic salmon smolts and if used properly could improve 
animal welfare and survivability during and after common aquaculture-related inci-
dents. Iversen et al. (2008) also demonstrated similar results to above when using 
clove oil (90–95% eugenol).

An optimal slaughter method should render fish unconscious until death, without 
avoidable excitement, pain or suffering prior to killing. Welfare evaluation at time 
of slaughter is difficult to measure because it requires a multidisciplinary approach 
examining various indicators such as brain functions, endocrine responses, behav-
iour and post-mortem tissue biochemical condition (Poli et al. 2005).

The biochemistry of the muscle post-mortem and the onset of rigour are influ-
enced by the method used in preslaughter handling, stunning and killing of fish 
(EFSA 2009a; Lowe et al. 1993), which can compromise the organoleptic qualities 
and marketability of the final product.

Short starvation before slaughter (generally 1–3 days) is commonly performed to 
empty the gut and to reduce the probability of fish being contaminated with feed and 
faeces during the subsequent slaughter procedure. This practice also induces a 
reduction in ammonia excretion by the fish, which could reduce the water quality 
deterioration occurring during crowding and transport to slaughter facilities (EFSA 
2009b), while prolonged starvation can lead to immune depression, which makes 
fish more susceptible to stress-mediated diseases during the preslaughter period 
(EFSA 2009b). In sea bass long starvation periods could induce a decrease of the 
intestinal microvilli length with change in permeability of intestinal mucosa to 
amino acids. This induces also loss of weight and condition and loss of intestinal 
fats and plasma protein, together with a precocious involution of gonad tissue, with-
out any variation in the chemical composition of muscle (EFSA 2009b).

Fish welfare is strongly affected during preslaughter phase because vigorous 
movements are induced by crowding conditions. Nevertheless, during preslaughter 
handling operations, crowding and confinement represent unavoidable practices, 
required to rapidly remove fish from rearing units.

EFSA report (2009a) concluded that stunning either percussive or electrically is 
the most humane method and that preslaughter treatment as crowding and pumping 
may cause harm to the fish. When percussion is applied, it should be measured 
whether the air pressure, which drives the bolt, is sufficiently high to induce imme-
diate loss of consciousness and sensibility (Van de Vis et al. 2014).

In sea bass and sea bream, field recognition for unconsciousness or death includes 
absence of breathing and opercular movements, eyes fixed (i.e. eye roll absent), 
absence of response to painful stimuli (pin-prick) and loss of balance (EFSA 2009a).

The onset and development of rigor mortis is widely used as indicator of pre- 
mortem stress and is influenced by many factors, such as species, age and size of the 
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specimen and preslaughter procedures (Lowe et al. 1993; Nakayama et al. 1999). 
Bagni et al. (2007) reported that rigour starts earlier in crowded fish. Indeed, the 
post-mortem metabolism varies considerably between stressed and unstressed fish, 
where ATP is more or less depleted, respectively (Berg et al. 1997).

In sea bream immersed in ice slurry, the response to handling and breathing all 
stops after 15–20 min, whereas carbon dioxide-stunned fish appear dead after 5 min 
(Giuffrida et al. 2007). Body temperature decreases faster in liquid ice than in con-
ventional ice. Hence, this method results to be effective and faster than conventional 
ice, fish may be stressed less, and the method is easily adaptable to the farms need-
ing (Urbieta and Ginés 2000). Moreover, the fish slaughtered with liquid ice show 
better texture and freshness characteristics (Zampacavallo et al. 2015).

Ice slurry method, although commonly used for both sea bass and sea bream, is 
not considered to be welfare-friendly because it does not induce immediate brain 
dysfunction. Electrical stunning can induce immediate loss of consciousness and 
sensibility in fish. However, reported data show that fish cannot be killed by the use 
of electricity, as the fibrillation of the heart is not permanent (Van de Vis et al. 2014). 
This implies that electrical stunning should be followed by a killing method to avoid 
recovery of the stunned fish. Because stunning and killing are procedures that take 
some time, it is normally necessary to apply the electrical current for a certain dura-
tion of time, so as to allow subsequent killing before the fish have recovered.

A problem of electrical stunning, especially when fish are immersed in water 
during stunning, is that carcass damage might occur, such as muscle haemorrhages 
or a broken vertebral column. Roth et al. (2009) found that this problem could be 
overcome by exposing fish to the electricity after draining the water, so-called dry 
stunning. In this method, the fish are exposed to an electrical current via a series of 
rows of positive-plate electrodes and a conveyor belt acting as the negative elec-
trode. Correct voltage, current or electrical field depends on species, orientation of 
the fish and also conductivity of the water, duration of exposure, electrical field 
strength and frequency. Recommended amperages to achieve an instantaneous stun 
in Atlantic salmon are in Robb and Roth (2003), Roth et  al. (2003, 2004) and 
Lambooij et al. (2010). However, the electrical stunning/killing methods, even if 
they reduced the time to stun, still do not appear to satisfy all quality requirements 
for Mediterranean species, such as sea bass and sea bream, as revealed by the early 
rigor mortis onset/release and the shortage of shelf life (Zampacavallo et al. 2015). 
Further studies are needed in order to make electrical stunning a suitable method 
also for the Mediterranean species. Indeed, the EFSA Animal Health and Welfare 
panel recommended the urgent development of commercial stunning methods to 
induce immediate (or rapid) unconsciousness in sea bass and sea bream (EFSA 
2009b).

Electrical stunning/killing methods show a positive effect on the quality, with a 
very low incidence of injuries, if applied on Atlantic salmon and trout. In the UK 
many freshwater trout are electrically stunned before being placed directly in ice 
where they die by asphyxia before recovery (Lines and Spence 2012). Percussive 
stunning is done by giving a fish a blow to the head with a wooden or plastic club or 
by using an instrument.
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According to the “Recommendation concerning farmed fish” delivered by the 
Standing Committee of the European Convention on the Protection of Animals kept 
for Farming Purposes, if fish are ill or injured to such an extent that treatment is no 
longer feasible and transport would cause additional suffering, they must be killed 
on the spot and without delay by a person properly trained and experienced in the 
techniques of killing, except in an emergency when such a person is not immedi-
ately available. The choice of the emergency killing method to be used depends on 
the farming system, on the species, on the size and on the number of fish to be 
killed.

 Veterinary Treatments

Antimicrobial resistance (AMR) is an increasing problem for humans and terrestrial 
animals, while at the moment the use of antibiotics in aquaculture has led to limited 
development of antibiotic-resistant bacteria. On the other hand, the accumulation of 
antibiotics in the environment, resulting in water and soil pollution, is a real prob-
lem that must be fought. Thus, vaccination is the most effective and environmen-
tally friendly approach to prevent diseases in aquaculture to manage fish health. As 
only a few commercial vaccines are available, autogenous vaccines, produced with 
the specific pathogen isolated from diseased animal in a farm, are a cost-effective 
opportunity to prevent disease outbreaks ensuring aquatic animal health and 
welfare.

The use of plants for vaccine production also offers several advantages such as 
low cost, safety and easy scaling. To date a large number of plant-derived vaccines, 
antibodies and therapeutic proteins have been produced for human health, of which 
a few have been made commercially available. The use of plants for the develop-
ment and production of recombinant vaccines offers several advantages. Indeed, 
plant-based systems are more economical, as plants can be grown on a larger scale 
than in other systems. Moreover, natural plant products present a viable alternative 
to antibiotics and other banned drugs being safer for the reared organism and 
humans, as well as the environment (Kolkovski, 2011).

Recently, increasing attention is being paid to the use of plant products for dis-
ease control in aquaculture as an alternative to chemical treatments. Plant products 
have been reported to stimulate appetite and promote weight gain and be stress 
resistance boosters, to act as immunostimulant and to have antibacterial and anti-
parasitic (protozoans, monogeneans) properties in fish and shellfish aquaculture, 
due to active molecules such as alkaloids, terpenoids, saponins, flavonoids, pheno-
lics, polysaccharides and proteoglycans.

The use of medicinal plants in aquaculture has attracted a lot of attention glob-
ally and has become a subject of active scientific investigations (Bulfon et al. 2014). 
The most investigated herbs are those widely used in folk medicine in China, India, 
Thailand and Korea, such as Achyranthes aspera, Angelica sinensis, Astragalus 
membranaceus, Azadirachta indica, Cynodon dactylon, Echinacea purpurea, 
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Massa medicata, Punica granatum, Solanum nigrum, Withania somnifera and 
Zataria multiflora.

Other plants are used all over the world for both curative and culinary purposes, 
such as garlic, green tea, cinnamon, turmeric, lupine, mango, peppermint, nutmeg, 
basil, oregano, rhubarb, rosemary and ginger.

The herbal remedies consist in plant materials (seeds, bulbs, leaves) or plant- 
derived products, including extracts obtained using a range of extraction procedures 
and different aqueous or organic solvents (ethanol, methanol, ethyl acetate, hexane, 
butane, acetone, benzene, petroleum ether, etc.), or other preparations such as essen-
tial oils, concoctions and decoctions (Bulfon et al. 2013). Herbs such as S. triloba-
tum, A. paniculata and P. corylifolia were found to reduce Vibrio in P. monodon 
three times when supplied in enriched Artemia. Several plant products found to 
have potent antiviral activity against fish and shrimp viruses.

Antifungal properties were also found in many plants. Herbal compounds have 
the ability to inhibit the generation of oxygen anions and scavenge free radical, 
hence reducing stress effects. Other herbs such as Astragalus membranaceus, 
Portulaca oleracea, Sophora flavescens and A. paniculata and many others are 
known to have specific and non-specific antistress effects.

Nowadays, only few commercial herbal products are available at a global level 
for large-scale use in aquaculture. In many countries a review of the current legisla-
tion should be undertaken to allow a greater flexibility in their use taking into con-
sideration the benefits that they might have in intensive farming conditions, in terms 
of fish welfare and public health. Plants and plant bioactives might be proposed in 
aquaculture primarily as feed additives or immunostimulants, rather than therapeu-
tics, as the registration of herbal remedies to be used in this field is a time- consuming 
process and implies higher economic costs (Bulfon et al. 2013).

Previously, studies have indicated that ginger (Zingiber officinale) and/or garlic 
(Allium sativum) is effective for the control of a range of bacterial, fungal and para-
sitic conditions. They also have an anti-inflammatory and anti-oxidative activity, as 
well as being effective as immunomodulatory agents in animals, including fish. 
Furthermore, they have been studied for their potential to control Aeromonas 
hydrophila infection in rainbow trout. Ginger and garlic are recognized to have 
broad-spectrum activity including activation of phagocytic cells, which is an impor-
tant component of the non-specific immune system of fish.

The results of those studies reinforce the growing view that some plants are ben-
eficial to fish by conferring protection against disease and stimulating the immune 
response (Nya and Austin 2009).

A study suggest that salinomycin with amprolium may be a promising treatment 
for myxosporean infections in intensively cultured warm-water fish, exhibiting 
action partially via the enhancement of host, innate immune functions and leading 
to parasite elimination (Karagouni et al. 2005).

Neem (Azadirachta indica) is effective and qualifies as safe and efficient in the 
prevention of ichthyophonosis in fish. Based on aforementioned results, the follow-
ing conclusions could be recommended as the effective role of neem in the treat-
ment of ichthyophonosis in O. niloticus fish since neem stimulated both humoral 
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and cell-mediated immunity and succeeded for the first time to eradicate all the 
Ichthyophonus spores in fish after 3  months of treatments (Abd El-Ghany et  al. 
2008).

Marine organisms are potentially prolific sources of highly bioactive secondary 
metabolites that might represent useful leads in the development of new pharmaceu-
tical agents. Antibacterial activity of methanolic extracts from 20 species of mac-
roalgae (9 Chlorophyta, 3 Phaeophyta and 8 Rhodophyta) was evaluated against 
Escherichia coli, Staphylococcus aureus and Enterococcus faecalis (Zbakh et al. 
2012).

The extracts of the studied 26 marine Rhodophyceae (8 Ceramiales, 7 Gelidiales, 
9 Gigartinales, 1 Bonnemaisoniales and 1 Rhodymeniales) (Bouhlal et  al. 2010) 
inhibited considerably the growth of the three tested bacterial strains and gave inhi-
bition zones between 20 and 24 mm. Staphylococcus aureus was the most suscep-
tible microorganism (10–35  mm of inhibition). The results indicate that these 
species of seaweed present a significant capacity of antibacterial activities, which 
makes them interesting for screening for natural products (Zbakh et  al. 2012; 
Bouhlal et al. 2010).

Immunostimulants such as glucan, chitin, lactoferrin, levamisole and some 
medicinal plant extracts or products have been used to control fish and shellfish 
diseases. The immunostimulants mainly facilitate the function of phagocytic cells, 
increase their bactericidal activities and stimulate the natural killer cells, comple-
ment, lysozyme activity and antibody responses in fish and shellfish which confer 
enhanced protection from infectious diseases.

Administration of herbal extracts or their products at various concentrations 
through oral (diet) or injection route enhances the innate and adaptive immune 
response of different freshwater and marine fish and shellfish against bacterial, viral 
and parasitic diseases (Harikrishnan et al. 2011).

The development of nonantibiotic and environmentally friendly agents is one of 
the key factors for health management in aquaculture.

Consequently, with the emerging need for environmentally friendly aquaculture, 
the use of alternatives to antibiotics in fish nutrition is now widely accepted. In 
recent years, probiotics have taken centre stage and are to be used as an unconven-
tional approach that has numerous beneficial effects in fish and shellfish culture: 
improved activity of gastrointestinal microbiota and enhanced immune status, dis-
ease resistance, survival, feed utilization and growth performance. As natural prod-
ucts, probiotics have much potential to increase the efficiency and sustainability of 
aquaculture production.

The concept of biological disease control, particularly using microbiological 
modulators for disease prevention, has received widespread attention. A bacterial 
supplement of a single or mixed culture of selected non-pathogenic bacterial strains 
is termed probiotics.

Probiotics thus are opening a new era in the health management strategy from 
human to aquatic species including fish and shellfish.

Probiotics were found to stimulate the feed conversion efficiency, augment live 
weight gain in fish and shrimp culture and confer protection against pathogens by 
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competitive exclusion for adhesion sites, production of organic acids, hydrogen per-
oxide, antibiotics, bacteriocins, siderophores and lysozyme and also modulate phys-
iological and immunological responses in fish. Moreover, probiotics are also being 
used as biological control agents in highly stocked intensive aquaculture ponds 
(Bidhan et al. 2014; Martinez Cruz et al. 2012; Lazado et al. 2014). A wide range of 
microalgae (Tetraselmis), yeast (Debaryomyces, Phaffia and Saccharomyces), 
Gram-positive bacteria (Bacillus, Lactococcus, Micrococcus, Carnobacterium, 
Enterococcus, Lactobacillus, Streptococcus, Weissella) and Gram-negative bacteria 
(Aeromonas, Alteromonas, Photorhodobacterium, Pseudomonas and Vibrio) has 
been evaluated as probiotics.

Several microalgae, yeasts and Gram-positive and Gram-negative bacteria have 
been isolated from the aquatic medium. Likewise, probiotics have been characterize 
as new eco-friendly alternative measures of disease control in aquaculture. 
Generally, probiotics have proven their promising growth results in fish by enhanc-
ing the feed conversion efficiency, as well as conferring protection against harmful 
bacteria by competitive exclusion, production of organic acids, hydrogen peroxide 
and several other compounds (Bidhan et al. 2014).

In various experiments, probiotics administered to tilapia (Oreochromis niloti-
cus) increased non-specific immune response, determined by parameters such as 
lysozyme activity, neutrophil migration and bactericidal activity, which improved 
the resistance of fish to infection by Edwardsiella tarda. Other researchers isolated 
a strain of Carnobacterium sp. from salmon bowel and administered alive to rain-
bow trout and Atlantic salmon, demonstrating in vitro antagonism against known 
fish pathogens: Aeromonas hydrophila, A. salmonicida, Flavobacterium psychroph-
ilum, Photobacterium damselae and Vibrio species. There is also evidence on the 
effect of dead probiotic cultures consisting on a mixture of Vibrio fluvialis A3-47S, 
Aeromonas hydrophila A3-51 and Carnobacterium BA211, in the control of furun-
culosis in rainbow trout.

For shrimp, studies have focused on the evaluation of probiotics such as Bacillus 
cereus, Paenibacillus polymyxa and Pseudomonas sp. PS-102 as biocontrol agents 
against pathogens of various Vibrio species.

Probiotic strains isolated from the gastrointestinal tract of clownfish (Amphiprion 
percula) have been used to inactivate several pathogens such as Aeromonas hydroph-
ila and Vibrio alginolyticus among others. Probiotic promotes the development of 
healthy microbiota in the gastrointestinal tract of ornamental fishes from the genera 
Poecilia and Xiphophorus, decreasing the amount of heterotrophic 
microorganisms.

It was reported that the use of Vibrio alginolyticus strains as probiotics increases 
survival and growth of white shrimp. 

Antibiotic are used, in some cases, as a part of conventional intensive animal 
farming and finfish aquaculture. Increased public concern about antibiotic resis-
tance and the need to preserve the ever-diminishing arsenal of antimicrobials that 
work in humans for as long as possible have brought about increased scrutiny of the 
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use of antibiotics – especially for prophylactic and growth-enhancing purposes. In 
accordance with European regulations and to limit the phenomenon of antibiotic 
resistance, studies are being implemented on the use of herbal or homeopathic med-
icine and probiotics, which are administered in addition to the feed.

A revision of the European Regulation relating to veterinary medicinal products 
is currently under way (proposal for a regulation of the European Parliament and of 
the Council – COM 2014 558 final). In this proposal, article 4 states:

“Veterinary medicinal product” means any substance or combination of substances which 
fulfils at least one of the following conditions:

(a) it is presented as having properties for treating or preventing disease in animals;
(b) its purpose is to be used in or administered to animals with a view to restoring, cor-

recting or modifying physiological functions by exerting a pharmacological, immunologi-
cal or metabolic action, or to making a medical diagnosis;

(c) its purpose is to be used for euthanasia of animals.
“Substance” means any matter of the following origin: (a) human, (b) animal, (c) veg-

etable, (d) chemical.
“Homeopathic veterinary medicinal product” means a veterinary medicinal product pre-

pared from homeopathic stocks in accordance with a homeopathic manufacturing proce-
dure described by the European Pharmacopoeia or, in the absence thereof, by the 
pharmacopoeias used officially in Member States.

In recent years there is increasing experimental evidence and studies of probiotics 
and herbal medicine, and the first results seem to confirm their effectiveness in the 
prevention and management of diseases affecting aquatic animals breeding (Bulfon 
et al. 2016).

The use of these substances is permitted in accordance with article 25(t) of 
Regulation 889/2008 but does not describe in what way and in what quantities are 
to be administered and they are authorized. It would be appropriate to make a list of 
such microorganisms and plants which can be used in the composition of the feed, 
for example, as shown in the register of animal feed additives of the Annex to 
Regulation 2003/1831 (* extracts and microorganisms).

The extracts of the following plants have been tested to prove their effectiveness 
against diseases that primarily affect livestock, particularly if they are effective 
against bacteria, such as Aeromonas sp. and Vibrio sp., other microorganisms, 
viruses, fungi and parasites. The plants tested were Solanum trilobatum, 
Andrographis paniculata (*), Psoralea corylifolia, Astragalus membranaceus (*), 
Portulaca oleracea, Sophora flavescens, Zingiber officinale (*), Allium sativum, 
Origanum vulgare (*), Azadirachta indica (*), marine algae, Rhodophyceae, 
Achyranthes aspera, Angelica sinensis (*), Cynodon dactylon, Echinacea purpurea 
(*), Massa medicated, Punica granatum (*), Solanum nigrum, Withania somnifera 
(*) and Zataria multiflora.

The probiotics most tested and which have given the best results in the trials were 
microalgae (Tetraselmis), yeasts (Debaryomyces, Phaffia, Saccharomyces), Gram- 
positive bacteria (Bacillus (*), Lactococcus (*), Micrococcus, Carnobacterium, 
Enterococcus (*), Pediococcus (*), Lactobacillus (*), Streptococcus (*), Weissella) 
and Gram-negative bacteria (Aeromonas, Alteromonas, Pseudomonas, Vibrio).
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There are initial investigations and tests with regard to the preparation of vac-
cines derived from the study of genetic engineering, such as DNA-recombinant 
vaccines (Regulation 2003/1829 article16), and proteins produced from GMOs. 
From the first studies, we can see how it is possible to produce new solutions for 
disease prevention obtaining vaccines and immunostimulants with low-cost and low 
environmental impact. It would be interesting to continue to do studies and tests in 
this direction, since the Regulation 834/2007 Article 4 allows for the use of GMOs 
to produce veterinary medicinal products.

 Biosecurity

Biosecurity consists of practices that minimize the risk of spreading an infectious 
disease among the animals within a facility, but also the risk that diseased animals 
or infectious agents are spread to other sites, to other susceptible species or can 
contaminate the environment. These practices also reduce stress to the animals, thus 
making them less susceptible to disease. Good biosecurity measures will reduce the 
risk of relevant losses from infectious disease and low-level losses that, over time, 
can also greatly affect the bottom line.

A comprehensive biosecurity plan in aquaculture farming should include the fol-
lowing activities:

• Monitoring system of water quality and fish health.
• Obtaining healthy animals from a reputable supplier.
• Good preventive practices like quarantine, routine observation and vaccination, 

access control, foot baths and handwashing in critical facilities (hatchery and 
nursery).

• Isolating sick fish and removing dead and moribund fish.
• Updated knowledge about diagnostics to be used and which treatments are legal 

and available.
• Good husbandry and feeding practices to reduce stress.
• Daily maintenance and disinfection of equipment and disinfection of trucks/

vehicles accessing the farm.
• Always check product characteristics for appropriate concentrations, use, shelf 

life and safety precautions.
• Training of personnel and information to visitors so that they understand and 

follow biosecurity protocols.
• Keeping good records and documentation of biosecurity protocols.
• When necessary, consult with the state environmental control agency or the haz-

ardous waste representative at the nearest EPA regional office for guidance on 
the proper disposal of each product (Oidtmann et  al. 2011; Galli et  al. 2014; 
Pietrak et al. 2014; Manual of Diagnostic Tests for Aquatic Animals OIE 2009; 
Southern Regional Aquaculture Centre (SRAC) 2013).
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Effective biosecurity plans must be tailored to a specific farm site, be adaptable, 
address local disease threats and avoid environmental insult. The biosecurity poli-
cies and practices of an aquaculture company are controlled directly by the farmer. 
The goals of these policies and practices match those of the various levels of 
government- regulated biosecurity, i.e. to reduce the probability that a pathogen will 
infect one or more animals under the farmer’s care or negatively impact the sur-
rounding farms or environment.

A good biosecurity plan, consistently implemented, functions as a type of insur-
ance policy against disease. The routine use of biosecurity measures (secure water 
supply, healthy fish or shellfish stock, good hygiene practices for all entering and 
exiting the farm) can reduce the risk of introduction and economic impact of these 
diseases on the farm (Pietrak et al. 2014).

The washing and disinfection procedures should at least include the following 
stages:

 (a) Removal of solid waste, etc. followed by prewashing
 (b) Deep cleaning and washing
 (c) Disinfection
 (d) Rinsing

The process should be monitored throughout by a technically competent person, 
and records need to be kept (Manual of Diagnostic Tests for Aquatic Animals OIE 
2017).

For carp breeding, when hygienic measures are necessary, quick lime (CaO) is 
permitted to be applied onto the humid pond bottom (max. 200 kg ha−1). Its applica-
tion into the pond (max. 150 kg ha−1) for the purposes of pH stabilization and for 
precipitating of suspended organic matter is permitted in critical weather situations 
(Adámek et al. 2014; Horváth et al. 2015).

For the culture of Salmonidae, Coregonidae, Gadidae and croakers/drum for 
controlling sea lice in marine net cages, stocking with wrasse as “cleaner fishes” is 
recommended; for the protection of net cages against growth of algae and coloniza-
tion by invertebrates, environment-friendly methods shall be employed.

Health status of animals shall be monitored and documented on a regular basis. 
Special efforts shall be made to detect correlation between management measures, 
manifestation of viral diseases, causes of mortality, individual growth and yields/
biomass development.

Good hygiene practices and farm management prevent the onset of diseases. 
General guidelines are provided by the OIE-World Organization for Animal Health 
Aquatic Animal Health Code, 2017, but a specific biosecurity protocol, to be used 
in the most important species farmed in Europe, is available only at national level at 
the moment. It would be appropriate in the next future to share at European level the 
same good hygiene practices in compliance with Council Directive 2006/88 and the 
new Regulation EU 2016/429 on transmissible animal diseases and amending and 
repealing certain acts in the area of animal health (“Animal Health Law”).
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Chapter 8
Nutrition in Relation to Organic 
Aquaculture: Sources and Strategies

Elena Mente, Alfred Jokumsen, Chris G. Carter, Efi Antonopoulou, 
and Albert G. J. Tacon

 Introduction

Organic production is a system of farm management and food production that com-
bines best environmental practices, a high level of biodiversity, the preservation of 
natural resources, the application of high animal welfare standards and a production 
method in line with the preference of certain consumers for products produced 
using natural substances and processes. Mie et  al. (2017) reviewed existing evi-
dence on the impact of organic food on human health and compared organic versus 
conventional food production with respect to parameters important to human health. 
The review emphasised several documented human health benefits associated with 
organic food production and production methods and concluded that it is likely to 
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be beneficial within the conventional agriculture, for example, in integrated pest 
management and antibiotics. This chapter covers aspects of current use of formu-
lated feeds, feed composition, aquafeed technology, sustainable alternatives to com-
mon feed ingredients, nutritional physiology and general nutritional principles and 
product quality in the context of the organic aquaculture. It reviews new knowledge 
and presents research results to update and may modify the criteria and standards 
for organic aquaculture in relation to nutrition and thus to provide high-quality 
products for the consumers. This chapter is based on the current European regula-
tion on organic aquaculture, as well as on the proposed revision of the European 
regulation, which is currently being approved after a long process for getting the 
agreement of the European Parliament, European Council and the European 
Commission.

 Feeds in Organic Aquaculture

Organic aquaculture reflects a specific production approach (Cottee and Petersan 
2009) driven by the growing interest in sustainable utilisation of resources (Mente 
et al. 2011, 2012). The discussion and the debate on organic feeds for organic aqua-
culture is still open due to the balance that needs to be achieved between the funda-
mental rules in organic culture and the reality of the supply of the feed sources for 
aquafeeds. Nutrition of organically farmed aquatic animals implies that feeding 
shall be performed in a way that allows natural food intake and ensures that the 
developmental, physiological and behavioural needs of animals are met (KRAV 
2009; Soil Association 2009; EC 2007, 2009, 2014). In addition, feeds must be bal-
anced according to the nutritional requirements of the farmed organisms, promote 
animal’s growth and health, ensure high quality of the final edible product and cause 
low environmental impact (KRAV 2009, 2010; Soil Association 2009; EC 2007, 
2009, 2014).

Aquatic animals that are cultured in inland waters (i.e. ponds and lakes) should 
be provided by food materials, such as aquatic plants, algae, plankton, small inver-
tebrates, detritus, etc., that are naturally available in the culture media (EC 2009). In 
semi-intensive production systems, where higher nutrient availability is required, 
the natural food productivity of the cultivated water can be enhanced by external 
inputs such as fertilisers, both of inorganic and organic nature (i.e. livestock 
manures, plant material and inorganic phosphate, nitrogen and potassium products), 
but they need to be certified as organic. If supplementary feeds as natural or natu-
rally derived substances are offered in the above systems, they should be well docu-
mented, and evidence of the need to use them as an external input will be needed 
(EC 2007, 2009). In the case of omnivorous-carnivorous species cultured in inland 
waters, such as penaeid shrimps and freshwater prawns (Macrobrachium spp.), the 
EU production rule for organic aquaculture has set that their ration of supplemen-
tary organic feed may comprise a maximum of 25% of fishmeal and 10% of fish oil 
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derived from sustainable fisheries (EC 2009, 2013, 2014). The feed ration of 
Siamese catfish (Pangasius spp.) may consist of a maximum of 10% fishmeal or fish 
oil derived from sustainable fisheries. In addition, with regard to bivalve molluscs, 
which are filter-feeding animals for the European organic aquaculture regulation 
and other species which are not fed by humans but instead feed on natural plankton, 
the following rules shall apply: (a) they shall receive all their nutritional require-
ments from nature, except in the case of juveniles reared in hatcheries and nurseries; 
and (b) the growing areas shall be suitable from a health point of view and shall 
either be of high ecological status as defined by Directive 2000/60/EC or of good 
environmental status as defined by Directive 2008/56/EC or of equivalent quality to 
the production zones classed as A in Regulation (EC) No. 854/2004, until 13 
December 2019, or the corresponding classification areas set out in the implement-
ing acts adopted by the Commission in accordance with Article 18(8) of Regulation 
(EU) 2017/625, from 14 December 2019.

In intensive aquaculture systems, feed is provided in the form of pellets that meet 
the animal’s nutritional requirements at the various stages of its development (Mente 
et al. 2011). There is increasing concern about the consumption of fishmeal and fish 
oil for aquaculture feed due to the increasing demand from the expanding aquacul-
ture industry and concerns about decreasing wild stocks. The use of fishmeal and 
fish oil contradicts to the organic principle of sustainability due to the decline of 
fisheries and overexploitation of wild stocks though; it is now possible for salmon 
farming to be a net producer of fish protein and oil (Crampton et  al. 2010). 
Genetically modified organisms (GMOs) and products produced from or by GMOs 
as well as growth promoters are not in line with the concept of organic production 
and consumers’ perception of organic products, EC 834/2007. Organic cultivated 
seaweed or sustainably harvested wild seaweed, including all multicellular marine 
algae or phytoplankton and microalgae, may be used as feed ingredients. Synthetic 
feed ingredients are not allowed, except feed additives, such as vitamin and mineral 
supplements, that are identical to natural and essential for nutritional purposes. The 
use of such additives should be used to a minimum extent and should not exceed 
requirements of the specific species. Synthetic antioxidants are not allowed, and 
only natural antioxidant substances should be used. Feed ingredients of mineral 
origin, trace elements, vitamins or provitamins shall be of natural origin. In case 
these substances are unavailable, chemically well-defined analogic substances may 
be authorised for use in organic production, EC 834/2007.

Feed for carnivorous organic aquaculture animals shall be sourced with the fol-
lowing priorities according to the EU regulation: (a) organic feed products of aqua-
culture origin; (b) fishmeal and fish oil from organic aquaculture trimmings; (c) 
fishmeal and fish oil and ingredients of fish origin derived from trimmings of fish 
already caught for human consumption in sustainable fisheries; (d) organic feed 
materials of plant or animal origin and especially plant material shall not exceed 
60% of total ingredients; and (e) fishmeal and fish oil and ingredients of fish origin 
derived from whole fish, crustaceans or molluscs caught in fisheries certified as 
sustainable under a scheme recognised by the competent authority in line with the 
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principles laid down in the EU Regulation 1380/2013 of the European Parliament 
and of the Council Regulation (EC) 889/2008 and not used for human consumption. 
Furthermore, the organic regulation does not allow balancing the dietary amino acid 
profile by supplementing with synthetic free amino acids to fulfil the dietary require-
ments of the specific organically produced species. However, the amino acid histi-
dine produced through fermentation may be used in the feed for salmonid fish in 
case available feed sources do not provide a sufficient amount of histidine to meet 
the dietary needs of the fish and prevent the formation of cataracts, EC 1358/2014. 
The plant fraction of the feed shall originate from organic production and the feed 
fraction derived from aquatic animals shall originate from sustainable exploitation 
of fisheries. Nonorganic feed materials from plant origin, feed materials from ani-
mal and mineral origin, feed additives, certain products used in animal nutrition and 
processing aids shall be used only if they have been authorised for use in organic 
production under EC 834/2007. A summary of the acceptable and not acceptable 
materials in feeds for organic aquaculture according to the EU regulation is pre-
sented in Table 8.1.

All rules in relation to the nutrition of organically farmed aquatic animals sug-
gest that the organic diet will meet the nutritional requirements of the farmed aquatic 
animal and will be offered to them in a way that allows natural feeding behaviour, 
with minimum loss of feed to the environment. In addition, the feed is comprised of 
natural products, in situ nutrient sources or organically produced products and by- 
products from organic food processing and waste products from the fisheries. 
Table  8.2 summarises the main similarities and differences to specific rules that 
apply to the feeding practices of aquatic animals reared in organic aquaculture as 
they have been defined in various international standards.

 Alternatives Feed Ingredients to Overcome Bottlenecks 
in Organic Aquaculture

The demand to identify alternative sources of dietary protein and lipids for organic 
feeds in organic aquaculture and to reduce the use of fishmeal and fish oil in organic 
feeds is an ongoing effort due to the fact that wild fisheries are stagnated. However, 
the alternative ingredient quality and the ingredient certification to be used in 
organic aquaculture require increased attention. Research continues to evaluate 
novel formulated alternatives ingredients and assess product quality to meet the 
challenges for the production of the organic feeds.
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Table 8.1 Acceptable and nonacceptable materials in feeds for organic aquaculture

Acceptable Materials

1. Feed materials of animal origin
1.1 Fish, other marine animals, their products and by-products
 Under the following restrictions: products origin only from sustainable exploitation of fisheries 
resources under Common Fisheries Policy and to be used only for species other than herbivores
   • Fish
  •  Fish oil and cod liver oil not refined
   • Fish molluscan or crustacean autolysates
  •  Hydrolysate and proteolysates obtained by an enzyme action, whether in soluble form, 

solely provided to aquaculture animals
  •  Fishmeal
  •  Crustacean meal
  •  Fishmeal and fish oil ingredients of fish origin derived from trimmings of fish, 

crustaceans or molluscs already caught for human consumption
  •  Fishmeal and fish oil ingredients of fish origin derived from whole fish, crustaceans or 

molluscs caught in sustainable fisheries and not used for human consumption
  •  Feed products derived from whole fish caught in fisheries certified as sustainable under a 

scheme recognised by the competent authority in line with the principles laid down in 
Regulation (EU) No. 1380/2013 of the European Parliament and of the Council 
Regulation (EC) no. 889/2008, art. 25k (1)

 Under the following restrictions: authorised under the above regulations for use in organic 
production and intended only for feeds of other farmed species or taxa
  •  Zooplankton, microcrustaceans, rotifers, worms and other aquatic feed animals
  •  Supplementary feed used in accordance with point 1.3 for penaeid shrimps and 

freshwater prawns (Macrobrachium spp.) may comprise a maximum level of 25% 
fishmeal and 10% fish oil derived from sustainable fisheries (Amendment Reg. 
1358/2014)

   •  Conventional phytoplankton and zooplankton culture may be used as feed in larval 
rearing of organic juveniles (Amendment Reg. 1358/2014)

  •  Organic feed products of aquaculture origin
   • Organic feed materials of animal origin
   • Fishmeal and fish oil from organic aquaculture trimmings
1.2 Bivalve molluscs and other species which are not for human consumption but instead feed 
on natural plankton, the following rules shall apply:
   •  Such filter-feeding animals shall receive all their nutritional requirements from nature, 

except in the case of juveniles reared in hatcheries and nurseries
  •  The growing areas shall be either of high ecological status as defined by Directive 

2000/60/EC or of good environmental status as defined by Directive 2008/56/EC or of 
equivalent quality to (a) the production zones classed as A in Regulation (EC) No 
854/2004, until 13 December 2019, or (b) the corresponding classification areas set out in 
the implementing acts adopted by the commission in accordance with Article 18(8) of 
Regulation (EU) 2017/625, from 14 December 2019

(continued)
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Table 8.1 (continued)

Acceptable Materials

1.3 Specific rules on feed for certain aquaculture animals
In the grow-out phase, fish in inland waters, penaeid shrimps and freshwater prawns and tropical 
freshwater fish shall be fed as follows
  •  (a) They shall be fed with feed naturally available in ponds and lakes
  •  (b) Where natural feed referred to in point (a) is not available in sufficient quantities, 

organic feed of plant origin, preferably grown on the farm itself, or algae may be used. 
Operators shall keep documentary evidence of the need to use additional feed

   •  (c) Where natural feed is supplemented in accordance with point, (b) the feed ration of 
Siamese catfish (Pangasius spp.) may consist of a maximum of 10% fishmeal or fish oil 
derived from sustainable fisheries

1.4 Milk and milk products
Produced under organic principles or nonorganic materials that have been authorised for use in 
organic production
   • Raw milk
   • Milk powder
   • Skimmed milk, skimmed milk powder
   • Buttermilk, buttermilk powder
   •  Whey, whey powder, whey powder low in sugar, whey protein powder (extracted by 

physical treatment)
  •  Casein powder
   • Lactose powder
   • Curd and sour milk
2. Feed materials of plant origin
Plant products shall not exceed 60% of total ingredients in the feed ration of carnivorous 
aquaculture animals
2.1 Aquatic origin
Produced under the organic principles
  •  Seaweed
   • Multicellular marine algae or phytoplankton
   • Microalgae
2.2 Land origin
Produced under the organic principles or nonorganic materials that have been authorised for use 
in organic production
2.1 Cereals, grains, their products and by-products:
   • Oats as grains, flakes, middlings, hulls and bran
   • Barley as grains, protein and middlings
   • Rice germ expeller
   • Millet as grains
  •  Rye as grains and middlings
   • Sorghum as grains
   • Wheat as grains, middlings, bran, gluten feed, gluten and germ

(continued)

E. Mente et al.



147

Table 8.1 (continued)

Acceptable Materials

   • Spelt as grains
   • Triticale as grains
   • Maize as grains, bran, middlings, germ expeller and gluten
   • Malt culms
   • Brewers’ grains
2.2 Oil seeds, oil fruits, their products and by-products
   • Rape seed, expeller and hulls
   • Soya bean as bean, toasted, expeller and hulls
   • Sunflower seed as seed and expeller
   • Cotton as seed and seed expeller
   • Linseed as seed and expeller
   • Sesame seed as expeller
   • Palm kernels as expeller
   • Pumpkin seed as expeller
   • Olives, olive pulp
   • Vegetable oils (from physical extraction)
2.3 Legume seeds, their product and by-products
   • Chickpeas as seeds, middlings and bran
   • Ervil as seeds, middlings and bran
   • Chickling vetch as seeds submitted to heat treatment, middlings and bran
   • Peas as seeds, middlings and bran
   • Broad beans as seeds, middlings and bran
   • Horse beans as seeds middlings and bran
   • Vetches as seeds, middlings and bran
   • Lupin as seeds, middlings and bran
2.4 Tuber, roots, their products and by-products
   • Sugar beet pulp
   • Potato
   • Sweet potato as tuber
   • Potato pulp (by-product of the extraction of potato starch)
   • Potato starch
   • Potato protein
   • Manioc
2.5 Other seeds and fruits, their products and by-products
   • Carob
   • Carob pods and meals thereof
   • Pumpkins,
   • Citrus pulp
   • Apples, quinces, pears, peaches, figs, grapes and pulps thereof
   • Chestnuts

(continued)
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Table 8.1 (continued)

Acceptable Materials

   • Walnut expeller
   • Hazelnut expeller
   • Cocoa husks and expeller
   • Acorns
2.6 Forages and roughages
   • Lucerne
   • Lucerne meal
   • Clover
   • Clover meal
   • Grass (obtained from forage plants)
   • Grass meal
   • Hay
   • Silage
   • Straw of cereals
   • Root vegetables for foraging
2.7 Other plants, their products and by-products
   • Molasses
   •  Seaweed meal (obtained by drying and crushing seaweed and washed to reduce iodine 

content)
   • Powders and extracts of plants
   • Plant protein extracts (solely provided to young animals)
   • Spices
   • Herbs
3. Feed materials of mineral origin
Of natural origin or nonorganic materials of mineral origin that have been authorised for use in 
organic production
3.1 Sodium
   • Unrefined sea salt
   • Coarse rock salt
   • Sodium sulphate
   • Sodium carbonate
   • Sodium bicarbonate
   • Sodium chloride
   • Sodium formate
3.2 Potassium
   • Potassium chloride
   • Potassium iodine
3.3 Calcium
   • Lithotamnion and maerl
   • Shells of aquatic animals (including cuttlefish bones)

(continued)
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Table 8.1 (continued)

Acceptable Materials

   • Calcium carbonate
   • Calcium lactate
   • Calcium gluconate
   • Calcium magnesium phosphate
3.4 Phosphorus
   • Defluorinated dicalcium phosphate
   • Defluorinated monocalcium phosphate
   • Monosodium phosphate
   • Calcium-magnesium phosphate
   • Calcium-sodium phosphate
3.5 Magnesium
   • Magnesium oxide (anhydrous magnesia)
   • Magnesium sulphate
   • Magnesium chloride
   • Magnesium carbonate
   • Magnesium phosphate
3.6 Sulphur
   • Sodium sulphate
4. Feed additives
4.1 Nutritional additives
4.1.1 Vitamins
   • Vitamins derived from raw materials occurring naturally in feeding stuffs
   • Synthetic vitamins identical to natural vitamins for aquaculture animals
4.1.2 Amino acids
   • Histidine (produced through fermentation) may supplement salmonid diets when the feed 
sources do not provide a sufficient amount of histidine to meet the dietary needs of the fish and 
prevent the formation of cataracts (Amendment Reg. 1358/2014)
4.1.3 Cholesterol
  • Organic cholesterol may supplement shrimp diets where organic cholesterol is not 
available; nonorganic cholesterol derived from wool or shellfish or other sources may be used 
(Amendment Reg. 1358/2014)
4.1.4 Trace elements
   • E1 iron: ferrous (II) carbonate, ferrous (II) sulphate monohydrate and/or heptahydrate 

ferric (III) oxide
   • E2 iodine: calcium iodate, anhydrous calcium iodate, hexahydrate sodium iodide
   • E3 cobalt: cobaltous (II) sulphate monohydrate and/or heptahydrate, basic cobaltous (II) 

carbonate, monohydrate
   • E4 copper: copper (II) oxide, basic copper (II) carbonate, monohydrate copper (II) 

sulphate, pentahydrate
   • E5 manganese: manganous (II) carbonate, manganous oxide and manganic oxide, 

manganous (II) sulphate, mono- and/or tetrahydrate

(continued)
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Table 8.1 (continued)

Acceptable Materials

   • E6 zinc: zinc carbonate, zinc oxide, zinc sulphate mono- and/or heptahydrate
   • E7 molybdenum: ammonium molybdate, sodium molybdate
   • E8 selenium: sodium selenate, sodium selenite
4.2 Zootechnical additives
    • Enzymes and microorganisms
4.3 Technological additives
4.3.1 Preservatives
   • E 200 sorbic acid
   • E 236 formic acid (*)
   • E 260 acetic acid (*)
   • E 270 lactic acid (*)
   • E 280 propionic acid (*)
   • E 330 citric acid
(*) For silage: only when weather conditions do not allow for adequate fermentation
4.3.2 Antioxidant substances
   • E 306 – Tocopherol-rich extracts of natural origin used as an antioxidant
   •  Natural antioxidant substances such as astaxanthin derived from organic crustacean shells 

may be used in the feeds for salmon and trout within the limit of their physiological 
needs

4.3.3 Binders and anticaking agents
   • E 470 calcium stearate of natural origin
   • E 551b colloidal silica
   • E 551c kieselgur
   • E 558 bentonite
   • E 559 kaolinitic clays free from asbestos
   • E 560 natural mixtures of stearites and chlorite
   • E 561 vermiculite
   • E 562 sepiolite
   • E 599 perlite
   • Conventional molasses
4.3.4 Silage additives
   • Enzymes, yeasts and bacteria can be used as silage additives
   •  The use of lactic, formic, propionic and acetic acid in the production of silage is only 

permitted when weather conditions do not allow for adequate fermentation
   • Emulsifying and stabilising agents
   • Lecithin of organic sources
4.4 Certain substances used in animal nutrition
Substance listed must have been approved under Council Directive 82/471/EEC concerning 
certain products used in animal nutrition
   • Organic yeast
   •  Yeasts: Saccharomyces cerevisiae, Saccharomyces carlsbergensis (fermentation 

by-products from microorganisms the cells which have been inactivated or killed)

(continued)
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Table 8.1 (continued)

Acceptable Materials

   •  Phaffia yeast (as a source of astaxanthin – limitation not to exceed 10 ppm in fish) (not 
permitted for shrimp feed)

4.5 Substances for silage production
   • Sea salt
   • Coarse rock salt
   • Whey
   • Sugar
   • Sugar beet pulp
   • Cereal flour
   • Molasses
Not acceptable
1. Feed materials of animal origin
   • Fishmeal and fish oil from dedicated operations that are not independently certified as 

sustainable
   • Fishmeal or other processed ingredients from the same taxa
   • Meal and other processed ingredients from terrestrial animals
2. Feed materials of plant origin
   •  Nonorganic feed materials of plant origin, not listed here, that they have not been 

authorised for use in organic production
   •  Feeding stuffs that have been solvent extracted (except those extracted using ethanol and 

water)
   • Genetically modified organisms or products and ingredients delivered from them
3. Artificial, synthetic or nature-identical pigments
4. Growth regulators, hormones and appetite stimulants
5. Synthetic binders

Adopted and modified from Mente et al. (2011); Council Regulation (EC) 2007, 2008, 2010, 2014; 
Regulation (EU) 2013

Table 8.2 A selection of similarities and differences to specific rules that apply to the feeding 
practices of aquatic animals reared in organic aquaculture as they have been defined in various 
international standards. For each standard/regulation, it is also reported the issue date and the 
country of origin

Similarities
  Feed sources shall be based on the natural diet of the species to be certified and shall enable 

browsing and variety to mimic as much as feasibly possible the natural diet of the organisms 
being certified. Australian Certified Organic Standard – ACOS (2016)

  Organic aquatic animals shall receive their nutritional needs from good quality, organic and 
other sustainable sources. Feeds for aquatic animals shall be formulated taking into account 
of the natural feeding habit, using organic ingredients, with appropriate ration size, to satisfy 
the nutritional requirements of the aquatic animal. Hong Kong Organic Production, 
Aquaculture and Processing Standard (2015)

  Organic aquatic animals receive their nutritional needs from good-quality, organic sources, 
and aquatic animals shall be fed organic feed. The IFOAM NORMS for Organic 
Production and Processing (2014) (International)

(continued)
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  Organic aquaculture production provides a good quality diet balanced according to the 
nutritional needs of the organism. Feed is only offered to the organisms in a way that allows 
natural feeding behaviour, with minimum loss of feed to the environment. Feed is comprised 
of organically produced products, in situ nutrient sources, by-products from organic food 
processing and waste products from the fish industry. Aquaculture feeds shall contain 100% 
certified organic components or waste products only of aquatic origin. NASAA Organic and 
Biodynamic Standard (2016) (Australia)

  Type, quantity and composition of feed must take into account the natural feeding methods of 
the concerned animal species. The activity level and the condition of the animals mainly give 
indications in this respect (e.g. corpulence factor, fat tissue). Naturland Standard (2016) 
(Germany)

  The biological diversity of areas that are managed and adequate representation of naturally 
occurring organisms should be maintained. Operators should design feed rations to supply 
most of the nutritional needs of the animal from organic plants and animals appropriate for 
the digestive system and metabolism of the species. OFDC Organic Certification Standards 
(2016) (China)

  Aquatic organisms should be provided with balanced dietary feeds to meet their nutritional 
needs. Feed stuffs shall come from materials not suitable for human consumption so that 
aquaculture production does not compete for human food. Feeding shall be performed in a 
way that respects the natural feeding behaviour of the stocks and mitigates the impact on the 
environment. ACT Organic Standards (2016) (Thailand)

  Food programme: A food programme must be designed that meets the following requirements 
for organic aquaculture (a) that covers the nutritional needs of the animals in the different 
stages of their development. The plant material used in aquaculture feeds must be obtained 
from organic crops. ARTÍCULO 86.- Ministry of Agro-Industry of Argentina, Resolution 
SENASA 374/2016

  Feeding and feed rations supplied to aquaculture animals shall be compatible with diets 
occurring in the natural environment and be designed according to the specific nutritional 
needs of each species. Organic Aquaculture Standards (2012) (Canada)

  Οrganic aquaculture standards comply completely with the EU regulation for organic 
production. KRAV Standards (2016) (Sweden)

  Organic aquaculture standards comply completely with the EU regulation for organic 
production. Soil Association Standard (2016) (UK)

  Organic aquaculture standards comply with the IFOAM NORMS for Organic Production and 
Processing. Organic Crop Improvement Association – OCIA (2013) (USA and Canada)

Differences
  For carnivorous animals, no more than 60% of the diet may comprise of plant products. Feed 

of agricultural origin shall be from sources produced and certified organic. Where such 
sources are not available, up to 5% of agricultural dry matter intake may be from nonorganic 
sources. Where marine food sources are used, a minimum of 50% of the total diet shall be 
comprised from by-products (not harvesting) of wild fish or marine organisms caught for 
human consumption. Australian Certified Organic Standard – ACOS (2016)

  Where certified organic components or waste products are not available feed of conventional 
origin up to a maximum of 5% (by dry weight) including commercial fishmeal may be used. 
NASAA Organic and Biodynamic Standard (2016) (Australia)

  In cases of scarcity or special conditions, according to the organic management plan, it will 
be allowed to use nonorganic food, a daily supply of 20%. Interministerial Regulation n ° 
28, of June 8, 2011. Minister of State for Agriculture, Livestock and Supply and the 
Minister of State for Fisheries and Aquaculture of Brazil

(continued)
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Table 8.2 (continued)

  If certified organic ingredients are inadequate due to the early stage of local development of 
organic agriculture, raw materials of plant origin from conventional production or wild 
harvest may be used, but in any case, no more than 5% of the total dry weight of feeds for the 
entire year. The producer should use raw materials of plant origin as ingredients in 
aquaculture feed. But in case of carnivorous species, ingredients of plant origin shall not 
exceed 60% to prevent nutritional problems in the animals. ACT Organic Standards (2016) 
(Thailand)

  If feed ingredients of animal origin (particularly fishmeal/oil) have to be used for the culture 
of carnivorous species with higher protein requirements, the following basic principles shall 
be respected: the animal components in feed shall, where acceptable for nutritional 
physiological reasons, be replaced by vegetable products. Where feed is used which is not 
produced in the course of the farm’s aquatic food chains, the proportion of animal 
components in the feed shall be lower than 100%. Provisional maximum values are set in Part 
B. II. (Supplementary regulations for specific farming systems and animal species). 
Naturland Standard (2016) (Germany)

  When the organic feed is not available, fishmeal and fish oil from by-products of conventional 
aquaculture or by-products of fish caught for human consumption may be used during a 
transitional period to be determined by SENASA. Such matters may not exceed (30%) of the 
daily ration. The feed ration may comprise up to a maximum of 60% of organic plant 
materials. Ministry of Agro-Industry of Argentina, Resolution SENASA 374/2016

  When organic fishmeal or fish oil is not commercially available, it shall be preferentially 
sourced from trimming of fish already caught for human consumption in sustainable fisheries. 
Note: See Implementation of the 1995 FAO Code of Conduct for Responsible Fisheries. 
When nonorganic feed sources are used, they shall not exceed 80% of the action levels of the 
contaminants in feed. Organic Aquaculture Standards (2012) (Canada)

  When organic feed is of inadequate quantity or quality, other feeds may be used under 
permission of HKORC-Cert and comply with the duration and conditions prescribed by 
HKORC-Cert and the requirements: (a) nonorganic aquatic animal protein and oil sources can 
only be used if the following conditions are satisfactorily implemented, 4.6.4.1, they are 
harvested from independently verified sustainable sources, and 4.6.4.2, they are verified to 
have contaminants below safety limits, and (b) animals may be fed with vitamins, trace 
elements and supplements from natural sources. Hong Kong Organic Production, 
Aquaculture and Processing Standard (2015)

  Operators may feed a limited percentage of nonorganic feed under specific conditions for a 
limited time in the following cases: (a) organic feed is of inadequate quantity or quality; (b) 
areas where organic aquaculture is in early stages of development. The IFOAM NORMS 
for Organic Production and Processing (2014) (International)

 Fishmeal Replacement

 Salmonids and Marine Species (Sea Bream and Sea Bass)

It is well known that high-quality fishmeal provides a balanced amount of all essen-
tial amino acids, minerals, phospholipids and fatty acids reflected in the normal diet 
of fish (Hardy 2010; Lund et al. 2012) and hence ensures high utilisation by the fish 
and minimum discharge of nutrients to the environment. Hence, replacing fishmeal 
in diets for organic farming of salmonids and other marine fish species is not 
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straightforward due to its unique characteristics including high protein content, 
excellent amino acid profile, high nutrient digestibility, high palatability, adequate 
amounts of micronutrients as well as general lack of anti-nutrients in fishmeal 
(Gatlin et al. 2007; Kaushik and Seiliez 2010; Krogdahl et al. 2010; Lund et al. 
2012). Moreover, compared to salmonids, protein requirements of sea bass and sea 
bream are higher, reflecting their highly carnivorous nature (Oliva-Teles 2000; 
Peres and Oliva-Teles 2009).

Many studies have investigated the effects of replacing fishmeal with various 
plant protein ingredients (Carter and Hauler 2000; Altan and Korkut 2011; Borquez 
et al. 2011; Glencross et al. 2011; Lanari and D’Agaro 2005; Pereira and Oliva- 
Teles 2002; Pratoomyot et al. 2010; Sitjà-Bobadilla et al. 2005; Torstensen et al. 
2008; Yang et al. 2011). Complete replacement by plant proteins has usually not 
been successful due to problems related to the anti-nutrient factors, altered patterns 
of amino acid uptake when replacing fishmeal with plant-based protein ingredients, 
lack of micronutrients and impairment of immunocompetence (Bendiksen et  al. 
2011; Borquez et al. 2011; Espe et al. 2006; Francis et al. 2001; Gatlin et al. 2007; 
Geay et al. 2011; Lanari and D’Agaro 2005; Larsen et al. 2012; Lund et al. 2011; 
Sitjà-Bobadilla et al. 2005). Concerning marine carnivorous species, studies on gil-
thead sea bream showed that 75% of protein could be provided by a large range of 
vegetable sources (corn gluten, wheat gluten extruded peas and rapeseed) without 
compromising digestive process, but the nutrient uptake significantly decreased up 
to this percentage (Santigosa et  al. 2011b). A total substitution induced a strong 
reduction of the protease activity.

Experiments with plant proteins (soybean, rapeseed, corn gluten, wheat gluten, 
pea and lupin meals) have shown potential replacement of fishmeal with up to 
25–35% (Negas and Alexis 1995; Carter and Hauler 2000; Pereira and Oliva-Teles 
2003; Lanari and D’Agaro 2005; Hardy 2010; Enami 2011; Kaushik et al. 2004). In 
sea bream, it was observed that diets containing high levels (no more than 75%) of 
plant ingredients (corn gluten meal, wheat gluten, extruded peas, rapeseed meal and 
extruded whole wheat) did not affect fish growth performance and had only minor 
effects on quality traits of marketable fish (De Francesco et al. 2007). The organic 
feed ration may comprise a maximum of 60% of organic plant products, EC 889/2008. 
High replacement ratios require that anti-nutrients (such as trypsin inhibitors, tan-
nins, lectins or glucosinolates) (Chebbaki et al. 2010) are efficiently removed from 
alternative plant protein ingredients to meet the high protein requirement of fish. The 
dietary content of indigestible substances should be minimised to optimise the effi-
ciency of the feed. However, supplementation with synthetic amino acids is not 
allowed in feeds for organic aquaculture, EC No 834/2007. Furthermore, procedures 
for the removal of anti-nutrients have to follow organic rules. Finally, there is less 
availability of relevant organic plant sources to optimise the amino acid profile in 
comparison to conventional plant sources (Lund et al. 2011; Rembiałkowska 2007).

Extrusion processing could be used to obtain vegetable products with low levels 
of heat sensitive anti-nutritional factors and to increase the nutritional value of 
protein- containing ingredients (Chebbaki et  al. 2010). Not all anti-nutrients are 
destroyed by heat treatment. Gossypol from cottonseed, glucosinolates in rapeseed 
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meal and phytic acid in soybean, rapeseed and cottonseed meals are examples of 
harmful substances that need to be controlled by other means (Hardy and Barrows 
2002). Furthermore, it is necessary to ensure that the dietary amino acid profile is 
optimised, for example, by adding free amino acids (only conventional feeds) and/
or by combining available aquatic and plant protein sources with different amino 
acid composition (Francis et al. 2001; Kaushik and Seiliez 2010; Wilson 2002).

Nutrient requirements are most recently summarised in NRC (2011) “Nutrient 
Requirements of Fish and Shrimp”. However, most of the data were obtained with 
juveniles under conditions regarded optimal including using high-quality experi-
mental ingredients. Thus, there were no surpluses in the requirement data reported. 
A further safety margin is needed for nutrient loss in feed production, variation in 
content in feed ingredients and interactions between nutrients and ingredients. 
Further, research is needed to redefine nutrient requirements under suboptimum 
conditions such as due to climate change and environmental stressors or disease 
(Carter et al. 2010). Requirements also vary in different life stages of the fish. The 
requirements for amino acids, fatty acids, vitamins and minerals were determined 
with diets containing purified and chemically defined ingredients highly available to 
the fish. Nutrient bioavailability is variable in different feed ingredients and needs 
to be evaluated for every feed ingredient. Fish do not have absolute protein require-
ments but require the amino acids that compose the proteins. Atlantic salmon has 
documented requirements for the amino acids Arg, His, Ile, Leu, Lys, Met, Cys, 
Phe, Tyr, Thr, Try and Val, while Tau is not regarded as required (NRC 2011). 
Recent publications indicate higher requirements of lysine and threonine at the 
smolt stage (Grisdale-Helland et al. 2011, 2013) than the requirements reported as 
mean values by NRC. This may also be the case for other amino acids. The essential 
amino acid (EAA) requirements for optimal growth of Mediterranean fish species, 
such as sea bass, were Lys, Arg, Met, Cys, Try and Thr (Tibaldi and Kaushik 2005).

Dietary amino acid imbalance may be regarded as a primary cause of changes in 
feed consumption, and there is some evidence that voluntary feed intake in sea bass 
may be partially conditioned by limiting or excessive levels of certain diet EAA 
(Tibaldi and Kaushik 2005). Diets with lower proportions of tryptophan resulted in 
loss of appetite to juvenile sea bass, while diets lacking in methionine induced a 
reduction in feed intake (Thebault et al. 1985). Diets lacking in tryptophan could 
also be responsible of spinal deformities in sea bass fingerlings, as well as crystal-
line lens opacity and increased levels of Ca++ and Mg++ in the liver (Tibaldi and 
Kaushik 2005). Lysine and methionine are often the most limiting amino acids 
when fishmeal is replaced by plant protein sources (Mai et al. 2006). Farmed fish 
need a balanced dietary amino acid profile and especially the essential amino acids 
have to be provided in the diet in specific proportions (Carter and Houlihan 2001). 
If this is not the case, the surplus amino acids will be metabolised rather than used 
for protein synthesis and growth. A possible outcome is compromised fish welfare 
and environmental impact (due to increased nitrogen discharge) conflicting the 
organic principles, instead of being converted to fish meat. Therefore, a carefully 
balanced amino acid profile is important for the growth of the fish, as well as the 
minimisation of nitrogen discharge. Hence, production of well-balanced feeds for 
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organic aquaculture is challenged by the limited options of only combining avail-
able aquatic and plant protein sources to balance the dietary AA profile.

The replacement of fishmeal by vegetable proteins is further complicated in fin-
fish species because not only the overall dietary amino acid profile is important for 
efficient utilisation of amino acids but also the timing by which amino acids from 
different protein sources appear in the bloodstream after a meal (Larsen et al. 2012). 
Larsen et al. (2012) investigated differences in amino acid uptake, i.e. plasma free 
amino acid concentration patterns in juvenile rainbow trout (Oncorhynchus mykiss) 
fed either a fishmeal-based diet (FM) or a diet (VEG) where 59% of fishmeal pro-
tein (corresponding to 46% of total dietary protein) was replaced by a mixture of 
plant proteins from wheat, peas, field beans, sunflower and soybean. Results showed 
that the appearance of most amino acids (essential and non-essential) in the plasma 
was delayed in fish fed the VEG diet compared to those fed the FM diet. Essential 
and non-essential amino acids furthermore appeared more or less synchronously in 
the plasma in fish fed the FM diet, while the appearance was less synchronised in 
fish fed the VEG diet. Further there were 2.7 times more indigestible carbohydrates 
in the VEG diet than in the FM diet, which suggested that the uptake of amino acids 
was affected by dietary carbohydrates. In conclusion, the study showed that amino 
acid uptake patterns were affected when replacing fishmeal with plant-based protein 
ingredients.

A specific issue in replacing fishmeal by plant protein ingredients is that they 
contain significantly less phosphorus than fishmeal and the phosphorus is largely 
present as phytate phosphorus. Phytate phosphorus is not bioavailable to the fish as 
they lack the enzyme (phytase) necessary for releasing the phosphorus. Nonetheless, 
the use of phytase in fish feeds can help to reduce phosphorus waste (Lazzari and 
Baldisserotto 2008; Carter and Sajjadi 2011). Higher phytase levels in the feed were 
found to increase phosphorus, as well as nitrogen bioavailability and utilisation in 
plant-based diets used in sea bream aquaculture (Morales et al. 2013). However, the 
use of phytase in organic aquaculture could await authorisation of fermentation 
products produced by organic procedures for its permission in organic aquaculture. 
Phosphorous from fishmeal may have low bioavailability, and diets with theoreti-
cally adequate or surplus P levels, whatever vegetable and/or fishmeal based, may 
give P deficiency in salmon (Albrektsen et al. 2009).

According to EC 889/2008 fishmeal and fish oil from trimmings is prioritised as 
ingredient for feed for aquaculture animals, whether it is from organic aquaculture 
trimmings or ingredients of fish origin derived from trimmings of fish already 
caught for human consumption in sustainable fisheries. However, using fishmeal 
from trimmings in fish feed implies as well potential nutritional and environmental 
concerns. Fishmeal derived from trimmings might conflict with national environ-
mental legislations due to too high P-concentrations. Fishmeal from trimmings is 
lower in protein and higher in phosphorus content compared with high-quality fish-
meal (Eurofins; www.ffskagen.dk). The presence of carcass remnants (head, skin, 
bones) in trimmings also increases the phosphorus content of the fishmeal. Using 
this meal for feeding fish puts limitations on the inclusion level so as to comply with 
environmental legislation. F. ex. Danish environmental legislation only allows the 
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phosphorus content of fish feed to be max. 0.9% (max. 1% on dry weight basis) 
(www.retsinformation.dk/Forms/R0710.aspx?id=140333). There are different 
chemical forms of phosphorus in the diet. Very significant differences were observed 
on the digestibility of the various forms (bone, phytin or organic phosphorus). Other 
factors, such as particle size and feed processing techniques, are also known to 
affect its digestibility (Azevedo et al. 1998).

Fishmeal and fish oil from organic aquaculture trimmings are not allowed in the 
feed for aquaculture animals of the same species. Hence, only limited quantities of 
trimmings from organic farming may be available and may only be sufficient for a 
very limited organic production, which may be below the critical level needed for 
sustainable manufacturing processes. The manufacturing process to obtain fishmeal 
and oil from trimmings is similar to that of wild-caught industrial fish (sand eel, 
blue whiting, etc.). However, due to the carcass remnants and the little remaining 
meat, the protein content of the meal from trimmings may be 67–70% and an ash 
content of about 15%. Further, the digestibility may be below 90% (pers. comm. 
Klaus Christoffersen, FF, Skagen, Denmark), while it should be at least 90% in a 
high-quality fishmeal. Carnivorous fish requires relative high dietary protein con-
tent, i.e. 38–48% of the diet, depending on fish size, with the highest requirement 
and quality for fry and broodstock. Indeed, the optimum protein level in the diets for 
sea bass juveniles was estimated to be around 50% (Hidalgo and Alliot 1988; Peres 
and Oliva-Teles 1999), independently from water temperature, while optimum pro-
tein level in the diet for gilthead sea bream fingerlings has been estimated to around 
51% at 25 °C and 46% at 10–14 °C (Fountoulaki et al. 2005). This means that, to 
produce an adequate feed, the inclusion rate of fishmeal from trimmings should be 
high, which conflicts with the limitations of max. 0.9% dietary phosphorus content. 
Furthermore, the available organic plant sources are limited, and their amino acid 
profiles are not adequately balanced to make an optimum fish feed (Lund et  al. 
2011).

 Crustaceans

 Shrimps

The most important shrimp species in aquaculture are Litopenaeus vannamei (white 
shrimp) and P. monodon (giant tiger shrimp). Although they are all benthivore spe-
cies, they have different diets in their natural habitats. Thus, L. vannamei is an 
omnivorous benthivore and mainly feeds on living preys and detritus (FAO 2011), 
and P. monodon is a carnivorous benthivore and mainly feeds on worms, crusta-
ceans and molluscs (Tacon 2002; Piedad-Pascual 1984). These differences in feed-
ing habits are due to the amount of enzymes in the digestive tract of the different 
shrimps. Carnivorous shrimps have proteolytic enzymes like trypsin and chymo-
trypsin, whereas herbivorous species have more glycolytic enzymes like amylase. 
This is why carnivorous shrimp have a greater ability to digest protein and herbivo-
rous shrimp have greater ability to digest plant material.
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Although it was estimated that optimum protein level for giant tiger shrimp was 
40–50% of meal content (Conklin 2003; Mahmood et al. 2005), protein needs could 
change to sustain shrimp’s maturation, reproduction and offspring quality (Wouters 
et al. 2001). Furthermore, the need for protein varies among species and the life 
stage of the animals. Juvenile stages have higher needs than older stages (subadults 
and adults), due to the different growth rate (Weir 1998). According to the available 
scientific literature, the needs for protein can vary for:

• L. vannamei between 20 and 30% of the dry matter in feed (Velasco et al. 2000; 
Cruz-Suárez et al. 2000; Kureshy and Davis 2000)

• P. monodon between 35% and 50% of the dry matter in feed (Fox et al. 1998; 
Cousin 1995; FAO 2011; Dayal et al. 2003; McVey 1993)

• M. rosenbergii between 30 and 38% of the dry matter in feed (Freuchtnicht et al. 
1988; Reed and D’Abramo 1989)

Research on fishmeal substitution have also been conducted on carnivorous spe-
cies of penaeid shrimps. Both partial and total substitutions of fishmeal with soy-
bean meal (SBM) in the form of soy protein concentrate (SPC, 65% protein) were 
tested on giant tiger shrimp (Penaeus monodon) by Paripatananont et al. (2001). 
Generally, high dietary concentrations of soybean products in some species of 
shrimp negatively affected palatability. Anyway, Paripatananont et  al. (2001) 
showed that up to 17.5% inclusion of SPC in shrimp feed did not adversely affect 
the feed intake and the growth rate, while further progressive levels of substitution 
lead to impaired body weight gain until the severe effects showed up at 100% sub-
stitution level. Other studies were conducted to substitute fishmeal and soybean 
meal (SBM) in shrimp aquaculture with microbial floc meal, produced in sequenc-
ing batch reactors (SBRs) (Kuhn et al. 2009; Emerenciano et al. 2012). Microbial 
biofloc has shown favourable nutritional quality and enhanced growth and produc-
tion of shrimps (Kuhn et al. 2009; Emerenciano et al. 2012). Moreover, biofloc tech-
nology (BFT) showed to create economical and environment benefits via reduced 
water use, effluent discharges, artificial feed supply and improved biosecurity 
(Emerenciano et al. 2012). The EU production rule for organic aquaculture has set 
that their ration of supplementary organic feed may comprise a maximum of 25% 
of fishmeal and 10% of fish oil derived from sustainable fisheries (EU 2009, 2013, 
2014).

 Alternative Feed Ingredients Sources for Organic Aquafeeds

In addition to the plant proteins, there are several other potential feed ingredients, 
such as microbial organisms (bacteria, fungi, microalgae), terrestrial animal by- 
products (PAP, blood meal), wild-harvested and/or cultured annelid worms, insect 
larvae/pupae and gastropods (e.g. golden apple snail) which also may be candidates 
to replace fishmeal in aquaculture feed in the future (Perera et al. 1995; Bergleiter 
et al. 2009; Sørensen et al. 2011; Van Huis and Oonincx 2017).
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Microbial ingredients, i.e. products from bacteria, yeast and microalgae, are 
expected to have an important potential in future salmonid and other carnivorous 
fish species (such as sea bass and sea bream) feed. A special aspect of some of these 
products is that they can be produced with different kinds of waste as raw material 
and thus contribute to circular economy by recycling of valuable nutrients. A large 
number of products, produced from various single cell organisms grown on differ-
ent materials, have been investigated (e.g. Anupama and Ravindra 2000; El-Nawwi 
and El-Kader 1996; Mathews et al. 2011; Rajoka et al. 2006). Depending on type of 
organism, the proximate composition and amino acid profile can be much similar to 
that of fishmeal (Øverland et al. 2010). A number of products have been tested as 
protein sources in fish feeds, and the suitability varies among the different products, 
inclusion levels and fish species tested (Oliva-Teles and Gonçalves 2001; Li and 
Gatlin 2003; Berge et  al. 2005; Aas et  al. 2006; Palmegiano et  al. 2009a, b; 
Romarheim et al. 2011; Øverland et al. 2013).

Microalgae as raw matter or a feed ingredient for fish have also gained interest, 
as they are the natural start of the food chain in the oceans. Microalgae are fed on 
by zooplankton, which again is fed on by fish. The idea is to harvest from the first 
trophic level or cultivate in closed systems and provide feed ingredients for farmed 
fish by culturing microalgae. Although the benefit of different microalgae in an 
organic feed use should be demonstrated scientifically for each aquaculture species, 
a mass production and an economic model should be developed. Living microalgae 
are used in aquaculture for fish feeding during the early stages, and the benefit of 
addition of marine Isochrysis sp. to cultivated zooplankton for European sea bass 
was demonstrated on immune and digestive system (Cahu et al. 1998). Modern pro-
cess and algae cultivation in photobioreactors or fermentation systems can provide 
algae under a flour form, which can be used with the same form as fishmeal to pro-
duce formulated pellets. The chemical composition of microalgae varies depending 
on species, cultivation parameters and the potential as a feed ingredient varies 
accordingly (Skrede et al. 2011). Diets containing the microalga T-Iso (Isochrysis 
spp.) resulted in improved growth of gilthead sea bream juveniles, and the chemical 
composition of sea bream fillets also met the needs of consumers, although the level 
of proteins was lower compared to a conventional diet and the level of fats was 
higher. T-Iso resulted in high digestibility and supported the best performance of 
fish fed on a diet based on 70% of microalgae, probably due to its high protein effi-
ciency (Palmegiano et al. 2009a, b).

Algal addition in diets have been conducted with rainbow trout fry (Oncorhynchus 
mykiss) using a biomass of photosynthetic microorganisms composed by a mixture 
of Scenedesmus sp. and Chlamydomonas (29.6% of crude protein) from a fish farm 
sedimentation pond. The results showed that a maximum of 12.5% of algal biomass 
could be incorporated in the feed for rainbow trout fry (O. mykiss) without negative 
effects on growth and body content of lipids and energy of fish (Dallaire et al. 2007). 
The evaluation of the microalgae Isochrysis sp. in partial substitution of fishmeal in 
gilthead sea bream (Sparus aurata) pellets showed better performances than control 
diets. The best performances of fish fed on 70% algae diet were probably due to the 
protein composition and the amino acid profile in comparison to other diets 
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(Palmegiano et  al. 2009a, b). Other algae species as Tetraselmis suecica could 
replace up to 20% of European sea bass protein without hampering growth perfor-
mance and major quality traits fish (Tulli et al. 2012).

Processed animal protein (PAP) is an important ingredient in feeds and provides 
a valuable source of animal by-product utilisation (Karapanagiotidis et al. 2018). 
Nutritional quality of rendered animal protein ingredients is affected by composi-
tion, freshness of raw materials and processing conditions. PAP has a high nutri-
tional value making it an excellent alternative to imported proteins such as soya. It 
has a significantly higher protein value (45–90% on a fed basis) than plant feed 
ingredients. PAP contains 10% phosphorus, which is low in relation to the content 
of amino acids. Blood meal is also a feed ingredient with high protein content (80% 
in full blood) and excellent protein digestibility (Bureau et al. 1999). It has high 
content of lysine and histidine, while the content of isoleucine is low (El-Haroun 
and Bureau 2007; Breck et al. 2003). While there may be consumer and producer 
concerns about the feeding of PAP to fish, due to the potential transmission of pri-
ons, the scientific panel opinion published by the European Food Safety Authority 
(EFSA) in 2011 concluded that processed animal protein in feed for food producing 
non-ruminants, respecting the proposed ban on intraspecies recycling, presents a 
negligible risk to human health (EFSA 2011). In addition, Commission Regulation 
(EU) No. 56/2013 of 16 January 2013 amending Annexes I and IV to Regulation 
(EC) No. 999/2001 of the European Parliament and of the Council laid down rules 
for the prevention, control and eradication of certain transmissible spongiform 
encephalopathies.

The use of insects as a source of protein in fish and crustaceans diets is also being 
explored (Karapanagiotidis et al. 2014; Henry et al. 2015; Cummins et al. 2017; 
Magalhães et al. 2017; Devic et al. 2018; Piccolo et al. 2017; Iaconisi et al. 2017; 
Gasco et  al. 2018; Rumbos et  al. 2018). The chemical composition of prepupae 
larvae varies with species, age, method of processing and the substrate the maggot 
is produced on (St-Hilaire et al. 2007a, b; Aniebo and Owen 2010; Sealey et al. 
2011). The nutritional value of insects as feeds for fish, poultry and pigs has been 
recognised for some time in China, where studies have demonstrated that insect- 
based diets are cheaper alternatives to those based on fishmeal. The insects used are 
the pupae of silkworms (Bombyx mori), the larvae and pupae of houseflies (Musca 
domestica) and the larvae of the mealworm beetle, Tenebrio molitor. Feeding exper-
iments with T. molitor have shown that insect meal obtained from this species can 
be included at various percentages without negative effects on growth performance 
in the diet of the European sea bass, Dicentrarchus labrax L. (Gasco et al. 2016), 
and the gilthead sea bream, Sparus aurata L. (Piccolo et al. 2017). Silkworm pupae 
are an important component of cultured carp diets in Japan and China. Dried ground 
soldier fly larvae have been fed to chickens and pigs with no detrimental effects 
(Newton et al. 1977; Hale 1973). In recent years there has been some interest in the 
use of housefly maggot meal as a substitute for fishmeal in tilapia and African cat-
fish diets (Adesulu and Mustapha 2000; Fasakin et  al. 2003; Ajani et  al. 2004; 
Ogunji et al. 2006). Bondari and Sheppard (1987) observed that channel catfish and 
blue tilapia fed on soldier fly larvae for 10 weeks were acceptable as food by con-
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sumers. Sealey et al. (2011) indicated that black soldier fly prepupae reared on dairy 
cattle manure, and trout offal can be used to replace up to 50% of fishmeal in the diet 
of rainbow trout for 8 weeks without significantly affecting fish growth or the sen-
sory quality of rainbow trout fillets. Comparison of amino acid profiles in the test 
diets that were replacing fishmeal with black soldier fly larvae for the Pacific white 
shrimp L. vannamei presented limiting amino acids in black soldier fly larvae meal 
suggesting future strategies for increasing its dietary fishmeal substitution (Cummins 
et al. 2017). Growth and organoleptic quality was not affected when common carp 
were fed on non-defatted silkworm pupae, a major by-product of the sericulture 
industry in India (Nandeesha et  al. 2000). Ng et  al. (2001) demonstrated that T. 
molitor larvae meal was highly palatable to the African catfish (Clarias gariepinus) 
and could replace up to 40% of the fishmeal component without reducing growth 
performance.

St-Hilaire et al. (2007a, b) described a study in which they determined if black 
soldier fly (Hermetia illucens) prepupae and housefly pupae could be used as a par-
tial replacement for fishmeal and fish oil in rainbow trout (Oncorhynchus mykiss) 
diets. Their data suggested that a rainbow trout diet in which black soldier fly pre-
pupae or housefly pupae constituted 15% of the total protein had no adverse effect 
on feed conversion efficiency over a 9-week feeding period. However, rainbow trout 
fed on black soldier fly diets low in fish oil had reduced levels of n-3 fatty acids in 
the muscle. According to the researchers, modifying the diet of the fly larvae could 
improve digestibility and fatty acid content of the prepupae, which in turn could 
enhance the fatty acid profile of the fish fed on the fly prepupae. The use of the black 
soldier fly in manure management yields abundant numbers of fly prepupae. The 
authors of the study suggested that fly prepupae may be an economical and sustain-
able feed ingredient for carnivorous fish diets. However, before fly prepupae can be 
used commercially in rainbow trout diets, a larger trial over a longer period should 
be conducted to confirm their preliminary results. Yellow mealworm meal could 
partially (35%) replace fishmeal in the diet of European sea bass (Dicentrarchus 
labrax) without affecting mortality or growth, but replacing 70% of the fishmeal did 
depress growth (Gasco et al. 2016).

 Fish Oil Replacement

 Salmonids and Marine Fish (Sea Bream, Sea Bass)

Fish oil is a major natural source of the long-chain n-3 HUFAs eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA), which can be synthesised by salmo-
nids and by other carnivorous marine species only at a limited rate and thus are 
required in the diet. Omega-3 (n-3) HUFAs are produced by marine phyto- and 
zooplankton, which are consumed by the wild marine fish larvae (Baron et al. 2013). 
Hence, fishmeal and fish oil are “strategic ingredients” to be used at critical stages 
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of the lifecycle, when optimum performance is required. Furthermore, farmed lar-
vae and broodstock need the “strategic ingredients” to secure optimum develop-
ment, growth and reproduction.

Atlantic salmon and rainbow trout can convert ALA to EPA and DHA, but the 
conversion is not very efficient for marine stages (Ruyter and Thomassen 1999, 
2000a, b, c; Tocher et al. 2000; Bell et al. 2001; Bell and Dick 2004). Therefore, 
their essential fatty acid (FA) requirements must be provided by dietary EPA and 
DHA to obtain good growth and health (Ruyter et al. 2000a, b, c). It is also shown 
that the ability to convert 18:3 n-3 to EPA and DHA may be induced by plant oil 
inclusion in fish diets (Moya-Falcon et al. 2005) and that the conversion is higher in 
the freshwater stage prior to smoltification, than at later post smolt life stages in 
seawater (reviewed by Bell and Koppe 2011). Bell and Dick (2004) showed that 
DHA synthesis was at its highest in rainbow trout in the period immediately after 
start feeding and then declined over a period of a few weeks. It has also been shown 
that the capacity for conversion of ALA to EPA and DHA and the gene expression 
of the Δ5- and Δ6-desaturase activities in salmon were depressed when fed high 
dietary levels of fish oil (FO), while vegetable oils to a certain degree increased the 
capacities (Ruyter et al. 2003; Moya-Falcon et al. 2005; Kjær et al. 2008). Several 
studies have shown that there are species differences in the capacities for the con-
version of essential FAs (Sargent et al. 2002). A recent study (Berge, personal com-
munication) showed that rainbow trout had apparent retention of 22:6 n-3  in the 
range 129–194%, while the salmon obtained values in the range 86–120%. It is well 
known that rainbow trout can synthesise DHA from ALA (Buzzi et al. 1996; Bell 
et al. 2001; Bell and Dick 2004), and this process is also taking place when fish are 
fed with diets high in 22:6 n-3 (Buzzi et al. 1996). The studies indicated that rain-
bow trout had better ability than Atlantic salmon to convert the shorter vegetable n-3 
FAs to the important long-chain EPA and DHA.

Diets based on vegetable oils have generally shown good growth results in 
salmon but with major challenges in the body lipid composition (Thomassen and 
Røsjø 1989; Sargent et  al. 2002; Grisdale-Helland et  al. 2002; Torstensen et  al. 
2005). Altered FA composition may affect the fish health. Omega-3 (n-3) fatty acids 
have important biological functions in the fish (Montero et  al. 2010; Torstensen 
et al. 2013), and a change in dietary fatty acid composition is expected to affect fish 
performance and health. The n-3 fatty acids serve as the building blocks of cell 
membranes, regulate gene expression and are precursors of a range of bioactive 
substances that regulate inflammation, physiology and satiation. By optimising 
dietary fatty acid composition, the retention of EPA+DHA can be optimised and 
thereby improving fish health as well as securing the farmed salmon as a good 
source of EPA+DHA for human consumption. The balance between n-6 and n-3 
FAs in the diet seems to be important, as the pro-inflammatory eicosanoids from the 
n-6 family are more abundant and have greater biopotency than their n-3 homo-
logues (Lands 1992). This may have impact on several aspects of fish health. 18:2 
n-6 and 18:3 n-3 also compete for the same enzyme systems, for synthesis of long- 
chain PUFAs. However, the optimal n6/n3 ratio for conversion of 18:3 n-3 to EPA 
and DHA in salmonids is not known. The feed oils for the future may consist of a 
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mix of different oils that provide an optimal dietary ratio between groups of FAs 
(C18 n-6/C18 n-3/C20 n-3/C22 n-3) and utilises the innate ability of the fish to 
produce EPA and DHA. The optimal mix will be defined by the trade-off between 
high rate of deposition (retention) of dietary long-chain n-3 HUFAs and high abso-
lute level of these fatty acids, which are to some extent conflicting aspects. The 
optimal oil mix (FA combination) may vary for different life stages and in different 
environments.

Salmonids prior to smoltification have higher Δ5- and Δ6-desaturase activities 
than fish in seawater (Sargent et al. 2002). Oils that contain appropriate levels of 
C18 n-3 fatty acids, but relatively low content of C18:2 n-6, are preferred. Linseed 
oil, as well as less commonly used oils like camelina oil and chia oil, are candidates 
that are rich in C18 n-3. However, one must be aware that it is shown that high 
dietary levels of ALA seemed to inhibit its own conversion to DHA in Atlantic 
salmon, and the dietary level must therefore be optimised (Ruyter et al. 2000a, b). 
Camelina oil has been tested in diets for Atlantic salmon (Hixon et al. 2014), and 
100% exchange of fish oil with camelina oil caused a small but not significant drop 
in growth rate. Salmon lipid composition reflected the dietary fatty acid profile, with 
a higher content of 18:3 n-3 in fish fed the camelina oil diet. Echium (Echium plan-
tagineum) oil is another promising oil, with high content of C18:4 n-3, one step 
further to a long-chain n-3 FA compared to 18:3 n-3. Echium oil has been tested in 
diets for Atlantic salmon (Miller et al. 2008; Codabaccus et al. 2011); there was 
higher biosynthesis of eicosatetraenoic (20:4 n-3) and 20:5 n-3 by salmon parr and 
smolts in the Echium oil group compared to FO and canola oil groups.

For the replacement of fish oil, marine fish species, such as sea bass and sea 
bream (Geay et al. 2011), have lower tolerance to vegetable oil compared to fresh-
water or anadromous fish species such as salmonids. This lower adaptation of 
marine fish species to vegetable oil can be linked to their lower efficiency in synthe-
sising LC-PUFA from n-3 to n-6 precursors present in plants (Geay et al. 2011). A 
high or total substitution of fish oil by plant oils induced decreases in growth rate of 
gilthead sea bream and European sea bass (Geay et al. 2010; Montero et al. 2010). 
Studies on sea bream showed that a replacement up to 66% of fish oil can be oper-
ated by a vegetable source with comparable results. Nutrient absorption in fish 
intestine was negatively modified for a total substitution of fish oil by vegetable oil. 
An impaired digestion was observed induced by an accumulation of lipidic droplet 
in the fish intestine (Santigosa et  al. 2011a) probably due to a saturation of fish 
assimilation sites. Indeed, LC-PUFA, used as structural components of cell mem-
branes, are also the principal precursors of eicosanoids that are involved in many 
physiological processes such as osmoregulation, immune responses, blood coagula-
tion and reproduction (Bell et  al. 1997; Geay et  al. 2011). The lower nutritional 
value in the flesh of marine fish fed vegetable diet is generally due to the low content 
in EPA end DHA.

Isochrysis sp., partially substituted in sea bream diets, showed to be a good 
source of polyunsaturated fatty acids and in particular of docosahexaenoic acid 
(DHA) (Palmegiano et al. 2009a, b).
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Progressive substitutions of fish oil with cottonseed oil (CSO) did not affect fish 
growth, feed conversion ratio and protein utilisation, but hepatosomatic and visceral 
fat indexes increased with increasing dietary CSO (Eroldogan et al. 2012). CSO, 
being a rich source of n-6 PUFA, may affect hepatocyte vacuolation and lipid infil-
tration, and this could be likely ascribable to the reported lipogenic effect of 18:2 
n-6, as suggested by Montero and Izquierdo (2010).

Partial substitution (50%) of fish oil, respectively, with sesame oil (SO), canola 
oil (CO) and soybean oil (SBO) in sea bass did not influence the whole body fatty 
acid composition in terms of saturated fatty acids (SFA), polyunsaturated fatty acids 
(PUFA), eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 
22:6n-3) contents (Özşahinoğlu et al. 2013). The diet that showed the best growth 
performances was the one using sesame oil as substitute. Also, the partial substitu-
tion (50%) of fish oil with soybean oil in both sea bass and rainbow trout had no 
effects on either hepatic lipid droplets accumulation or the degree and pattern of 
vacuolisation (Figueiredo-Silva et al. 2004).

Higher levels of fish oil substitution were applied in both sea bass and sea bream 
by Izquierdo et al. (2003) using, respectively, soybean oil (SO), rapeseed oil (RO) 
and linseed oil (LO) or a mixture (Mix) of them. Feed intake was not influenced by 
the vegetable oils as well as fish growth. Fatty acid composition of the liver and 
muscle reflected that of each single diet, but utilisation of dietary lipids differed 
between these two tissues and was also different for the different fatty acids. Sea 
bass liver showed much higher lipid contents than seabream, due to a greater accu-
mulation of saturated (mainly 16:0) and monounsaturated (mainly 18:1n-9) FAs. 
Muscle lipid contents were very similar for both species.

Mourente et al. (2005) showed that vegetable oils such as rapeseed, linseed and 
olive oil can potentially be used as partial substitutes for dietary FO in European sea 
bass culture, during the grow out phase, without compromising growth rates, but 
may alter some immune parameters. Indeed, an alteration of the non-specific 
immune function was observed, and the number of circulating leucocytes was sig-
nificantly affected, as well as the macrophage respiratory burst activity. Accumulation 
of large amounts of lipid droplets were observed within the hepatocytes in relation 
to decreased levels of dietary n-3 HUFA, although no signs of cellular necrosis were 
evident. Inclusion of vegetable oils (rapeseed, linseed and olive oil), up to 600 g 
kg−1 of dietary oil, significantly reduced EPA and DHA and increased linoleic and 
linolenic presence in sea bass flesh. The time required to restore individual fatty 
acids to values like those in fish fed fish oil were different for each fatty acid. In the 
same study, Mourente et al. (2005) also observed that some fatty acids are selec-
tively retained or utilised. There was a selective deposition and retention of DHA 
because flesh DHA concentrations were always higher than diet concentrations, as 
observed also for salmonids. Linolenic (LNA; 18:3 n-3), linoleic (LA; 18:2 n-6) and 
oleic (OA; 18:1 n-9) acids concentration significantly increased in flesh lipids fol-
lowing the fish oil substitution with vegetable oils. This should be considered, as 
reducing n-6 PUFA, largely as linoleic acid, has benefit implication in the human 
diets.
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Microalgae and especially marine species are promising alternative fatty acid 
sources of interest in aquaculture feed. It was shown that microalgae oils from 
Isochrysis, Nannochloropsis, Phaeodactylum, Pavlova and Thalassiosira contain 
sufficient n-3 LC-PUFA to serve as an alternative for fish oil (Ryckebosch et al. 
2014). However, culturing microalgae, by fermentation like yeasts under controlled 
conditions that give a higher production efficiency for production of n-3 LC-PUFA, 
is still regarded as being in the development stage resulting in low production vol-
umes and higher costs which, at present, are far more expensive than for fish oil and 
meal (Sprague et al. 2016). Evaluation of microalga Isochrysis sp. in partial substi-
tution of fishmeal revealed a positive effect on gilthead sea bream (Sparus aurata) 
performances and chemical composition of fillets. Best fish performances were 
observed when fish fed on 70% algae diet probably due to highest amount of satu-
rated fatty acids, mainly due to myristate and palmitate acid (Palmegiano et  al. 
2009a, b). The use of heterotrophic algae source Schizochytrium or Crypthecodinium 
cohnii in the early sea bream stage showed an important potential of these strains as 
alternative DHA sources for fish feed in microdiets and also pointed out the neces-
sity of EPA sources to completely replace fisheries-derived oils (Atalah et al. 2007; 
Ganuza et al. 2008). Further alternative marine sources of n-3 LC-PUFA include the 
use of krill or calanoid copepods, although again production volumes are expected 
to be low and there is concern over the possible effects that harvesting down the 
trophic chain may have on higher trophic species that are normally reliant on these 
zooplankton (Sprague et al. 2016).

 Crustaceans

 Shrimps

Lipids are also essential components of the diets for shrimps and are mainly used 
for direct energy production and cell membrane building. Typically, crustaceans 
have limited ability to ex novo synthesise HUFA, as observed in marine fish 
(Mourente 1996), at least at the beginning of maturation. Similarly, there are diffi-
culties for the ex novo synthesis of cholesterol (Kanazawa et al. 1985), useful to 
synthesise steroid hormones (Kontara et al. 1997). For L. vannamei and P. mon-
odon, the optimal lipid level was between 6 and 8% of the feed dry matter (Alday- 
Sanz 2011; Tiwari and Sahu 1999) but should not be above 10% (Glencross et al. 
2002) or below 2% (Chen 1998). Some lipids are more important than others 
because they cannot be synthesised de novo or not in sufficient amounts by shrimps. 
Phospholipids (e.g. lecithin) and cholesterol are the two main categories of essential 
lipids for shrimps. They are also used as emulsifiers for lipid digestion. Without 
phospholipids in their diet, shrimps are unable to digest lipids properly.

According to the available scientific literature, the need for phospholipids for P. 
monodon is 1% of the diet for post-larvae (Paibulkichakul et al. 1998) and 1.25% 
for juveniles (Chen 1993); and for L. vannamei the requirements for lecithin and 
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cholesterol are linked together. Cholesterol is a ring compound, which is part of cell 
membranes and is also necessary in the moulting process. According to the litera-
ture, the need for cholesterol varies among the different species of shrimps and 
according to the different life stages. For P. monodon, cholesterol need is lower, but 
it is crucial and cannot be replaced. Requirements were 1% of the diet for post- 
larvae (Paibulkichakul et al. 1998) and 0.17% of the diet for juveniles (Smith et al. 
2001).

Though, for M. rosenbergii, cholesterol needs were high, 0.3–0.6% of the diet 
(Sahu 2004), but this species is able to use phytosterols contained in plant instead of 
cholesterol as ecdysone precursors, so the amount added in the diet can be reduced 
significantly (Mitra et al. 2005).

For L. vannamei, there is a relationship between cholesterol and phospholipids. 
A diet with no phospholipids required 0.35% cholesterol, whereas a diet with 5% 
phospholipids required only 0.05% cholesterol (Gong et al. 2000). A good combi-
nation seemed to be 0.15% of cholesterol for 1% or more phospholipids.

It is important to keep focus on human health related to eating (organic) aquacul-
ture products, including high content of long-chain n-3 fatty acids (EPA and DHA) 
currently sourced from fish oil. However, there seems to be a challenging conflict 
between organic principles and the health aspects of n-3 fatty acids in fish (human 
health), as well as the performance of fish and shrimps, and the regulation request-
ing exchange of fish oil with plant oil mostly low in n-3 fatty acids, which compro-
mises the promotion of (organic) fish as healthy. An option might be development 
of plant oils rich in n-3 fatty acids. However, non-GMO plants are not able to pro-
duce n-3 fatty acids longer than 18C and cannot supply EPA and DHA.

 Minerals

 Salmonids and Marine Species (Sea Bream, Sea Bass)

Information on requirements of minerals and vitamins for salmonids is limited, but 
these species are still among the best documented in comparison to marine finfish 
such as sea bass and sea bream.

Minerals are divided into macrominerals (P, Ca, Mg, K, Na, Cl; required in rela-
tively large amounts) and micro-minerals (Zn, Cu, Se, Mn, Mb, Fe, I, Cr, Co). 
Phosphorous and calcium are needed in large amounts for skeletal tissue, as well as 
other functions. In Atlantic salmon, skeletal deformities are seen occasionally 
because of mineral (P) deficiency. There are few available data on the mineral 
requirements of marine finfish such as sea bass and sea bream. For sea bream Oliva- 
Teles (2000) reported a dietary phosphorus requirement around 0.75%. 
Bioavailability of phosphorus is highly variable among feedstuffs and is higher in 
animal than in plant feedstuffs (Oliva-Teles 2000). This is due to the major propor-
tion of phosphorus in plants being stored as phytate, which is not available to ani-
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mals. Gomes da Silva and Oliva-Teles (1998) estimated the apparent digestibility 
coefficients (ADC) of phosphorus for sea bass juveniles: the ADC of phosphorus of 
animal feedstuffs averaged 81% while that of soybean was only 38%. Substituting 
fishmeal with plant meal can markedly affect the mineral composition of feeds and 
may require additional mineral supplementation. Dietary minerals supplemented in 
the organic form in diets for sea bream could be reasonably considered more effec-
tive than the inorganic and encapsulated forms of supply (Domínguez et al. 2017).

Dietary supply in organic production is preferably from natural origin, but chem-
ically well-defined analogic substances may be authorised for use if the natural 
substances are unavailable (EC 834/2007). There are factors that complicate the 
assessment of dietary requirement of minerals and vitamins. Fish may absorb some 
of these nutrients from the water, and nutrients may leach from diet to water, diffi-
culties in producing good test diets, and lack of knowledge on bioavailability of the 
nutrients. The current practice is to add nutrients to the diet, based on existing 
knowledge, but with a significant safety margin. Because of the weak evidence, 
dietary requirements may be underestimated for some of these nutrients.

 Crustaceans

 Shrimps

Calcium and phosphorus are two of the major constituents of the inorganic portion 
of feed for shrimps (Davis et al. 1993). Shrimp can absorb calcium from the water 
via drinking or absorption from the gills, epidermis or both. On the other hand, 
phosphorus concentration in natural water is generally too low, making the dietary 
phosphorus income essential for shrimps. Davis et al. (1993) observed in L. van-
namei that in absence of dietary calcium supplementation, the adequate dietary 
phosphorus amount was 0.34%, although the minimum level of dietary phosphorus 
for maximum growth of L. vannamei is dependent on the calcium content in the 
diet. In addition, shrimp diet containing 3% or more of calcium should be avoided. 
In P. monodon Ambasankar et al. (2006) estimated that the best zoo technical per-
formances were recorded by the diets supplemented with 1.0 and 1.5% 
phosphorus.

 Vitamins

 Salmonids and Marine Species (Sea Bream, Sea Bass)

Vitamins are needed in trace amounts in the diet to maintain normal growth, repro-
duction and health. Characteristic deficiency signs are seen in mammals in the 
absence of vitamins, but in fish the deficiency signs are less specific. The 
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requirements are affected by size, age, growth rate, environmental factors and nutri-
ent interactions. Of the water-soluble vitamins, the B-complex is needed in rela-
tively small amounts, while choline, inositol and vitamin C are needed in larger 
amounts. Status on vitamin requirement knowledge is reviewed by NRC (2011) for 
salmonids and marine species. Various marine microalgae strains might provide 
excess or adequate levels of the vitamins for aquaculture food chains (Brown et al. 
1999; Coutinho et al. 2006).

Available data on vitamin requirements of marine finfish such as sea bass and sea 
bream are very scarce. A dietary requirement for vitamin B6, pyridoxine, has been 
demonstrated in several species of freshwater and marine fish. Kissil et al. (1981) 
reported that signs of pyridoxine deficiency were manifested in sea bream as growth 
retardation, high mortality, poor feed conversion, hyperirritability coupled with 
erratic swimming behaviour and degenerative changes in peripheral nerves. The 
authors also estimated the dietary pyridoxine level at and above which no deficiency 
signs appeared: 1.97 mg/kg dry diet. Bioavailability of ascorbic acid (AA) esters, 
such as the phosphate forms, has been found to be high in several fish. The mini-
mum dietary ascorbic acid stable phosphate forms requirement reported in literature 
was in the range of 10–20 mg of AA/kg for freshwater fish and 12.6–47 mg of AA/
kg for some marine fish (as reviewed by Fournier et al. (2000)). Ascorbic acid is 
necessary for the hydroxylation of proline, leading to hydroxyproline (HyPro), 
which is involved in collagen synthesis. Except for some Cyprinids and some 
Acipenserids, most finfish cannot synthesise AA. Documented pathological effects 
of vitamin C (ascorbic acid) in sea bream are reported by Alexis et al. (1997). Such 
pathological signs appeared in all fish fed the vitamin C-deficient diet, extensive 
tubular damage, glomerulonephritis, and inflammatory response of the haemopoi-
etic tissue producing granuloma, while the gross deficiency signs observed were 
anorexia, scale loss, depigmentation and internal and external haemorrhages. 
Henrique et al. (1998) estimated that the ascorbic acid requirements for sea bream 
were less than 25  mg/kg. While for juvenile European sea bass, the minimum 
dietary AA requirement reported by Fournier et al. (2000) to maintain normal skin 
collagen concentration and maximal growth was 5 mg of AA/kg, apparently below 
the requirement of other fish, although higher levels were required based on whole 
body hydroxyprolin and liver ascorbic acid concentration. Kaushik et  al. (1998) 
tested the recommendations for salmonids of NRC (1993) for vitamin requirements 
in sea bass. The authors confirmed the applicability of the NRC salmonids recom-
mendations in diets for sea bass, although in semi-purified diets a slightly higher 
supply was necessary to allow satisfactory growth rates. Among natural antioxi-
dants, vitamin E has been found to offer a protective role against the adverse effects 
of reactive oxygen and other free radicals. Gatta et al. (2000) demonstrated that a 
level of 942 mg kg−1 in the diet was sufficient for sea bass.
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 Crustaceans

 Shrimps

Vitamins have pivotal roles to ensure good survival rates in aquaculture also in 
shrimp’s dietary. Indeed, vitamin C-deficient diets in L. vannamei caused reduced 
survival rates, while growth was not affected (He and Lawrence 1993a). Moreover, 
it was observed that whole-body ascorbic acid content in shrimp increased as dietary 
vitamin C increased. He and Lawrence (1993a) estimated also that the minimum 
dietary vitamin C levels required for normal survival of L. vannamei specimens of 
0.1 g and 0.5 g were, respectively, 120 mg ascorbic acid equivalent (AAE)/kg and 
90  mg AAE/kg, showing that dietary vitamin C requirement of L. vannamei 
decreased with increased size. Furthermore, there are evidences that dietary ascor-
bate enhances immune responses in L. vannamei (Lee and Shiau 2002). Vitamin E, 
as a fat-soluble compound, is the most effective lipid-soluble antioxidant in biologi-
cal membranes, where it contributes to membrane stability (He and Lawrence 
1993b). Moreover, it protects cellular structures against oxidative damages from 
oxygen-free radicals and reactive products of lipid peroxidation. Lee and Shiau 
(2004) demonstrated that a level of 85–89 mg kg−1 of vitamin E was required for 
maximal growth and non-specific immune responses of P. monodon, while 179 mg 
kg−1 of vitamin E was required to maximise tissue vitamin E concentration.

 Pigments: Astaxanthin

 Salmonids and Shrimps

Astaxanthin is the preferred carotenoid for pigmentation in salmonids causing the 
red colour of the muscle and is found naturally in potential feed ingredients like 
shrimp, krill, calanus, capelin oil and some yeasts and algae. It is also known as a 
potent antioxidant. The carotenoids are mobilised from muscle to skin and ovaries 
in maturing fish, but the role in reproduction is not fully understood. According to 
Torrissen and Christiansen (1995), dietary carotenoids are required in fish diets, 
suggestively with a metabolic role like that of vitamin E and A. Astaxanthin from 
microalgae, mainly extract by a green microalgae Haematococcus pluvialis, attracts 
considerable attention for its biological properties such as the antioxidant activity, 
colouring agent and lipid sources for farmed fish feed (Choubert et al. 2006; Fujii 
et  al. 2006). Main supply for salmonid culture is synthetic astaxanthin. An eco- 
efficiency study performed by Gensch et al. and published by BASF around 2004 
indicated that the sustainability in production of astaxanthin for pigmentation of 
salmon was best in synthetic production and poorer in yeast and algae products. The 
factors considered were surface use, energy use, emissions, raw material use, risk 
potential and toxicity potential. The pigmentation of shrimps, as well as for 
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salmonids, is influenced by astaxanthin dietary intake. Indeed, an optimal pigmen-
tation in P. monodon is guaranteed by dietary levels of 50 mg kg−1 of astaxanthin 
(Menasveta et  al. 1993). Also, survival and growth rates of post-larvae increase 
according to dietary astaxanthin in Penaeus monodon (Merchie et al. 1998) and in 
L. vannamei up to supplementation levels of 200 and 400 mg kg−1 (Niu et al. 2009). 
Astaxanthin derived primarily from organic sources, such as organic crustacean 
shells, may be used in the feed ration for organic salmon and trout within the limit 
of their physiological needs. If organic sources are not available, natural sources of 
astaxanthin (such as Phaffia yeast) may be used, EC 889/2008.

 Nutritional Strategies for a Make-Up of Feeds

Developing a better understanding of the molecular mechanisms controlling nutri-
ent utilisation will help us to generate sustainable and functional diets and improve 
the efficiency of organic and conventional aquaculture (Mente et  al. 2017). 
Proteomic studies have examined protein responses to dietary stimulations and pro-
vided information of the relationships between diet composition, protein metabo-
lism and nutrient utilisation in aquatic animals (Rodrigues et  al. 2012, 2018). 
Research has greatly enhanced knowledge of the metabolic pathways influenced by 
dietary changes in both liver and muscle in rainbow trout, Atlantic salmon, gilthead 
sea bream and white sea bream (Carter et al. 2012; Mente et al. 2017). Changing 
dietary sources that farmed fish are now fed and understanding their nutritional 
physiology and identifying key proteins that function in response to the different 
dietary nutrients will aid in formulating new aquafeeds and provide better fish 
growth performance and less environmental impact in both organic and conven-
tional aquaculture.

Microorganisms’, mostly bacteria, major roles lay in the nutrition of the animal 
host through various metabolic processes and the protection of the host against 
other pathogenic microorganisms. These bacterial communities tend to be rather 
diverse, and, thus, the identification of the exact role of each bacterium remains a 
challenging task. Diet is a major factor driving the composition and metabolism of 
the gut microbiota, while gut microbiota is actively involved in nutrient assimilation 
and immunity of the host organism. A nutrient is required in the diet if endogenous 
production from precursors is absent or insufficient to meet physiological needs. 
Fish cannot synthesise various compounds required for their metabolism and growth 
and derive these essential nutrients from their diet. Nevertheless, it is still unknown 
whether, and how, the supply of these nutrients is regulated. Research recently aims 
to examine which are these symbiotic microorganisms in the fish gut that can be 
controlled by the ingested feed and how the diet induces changes in the structure 
and function of the fish intestinal microbiota that accompany changes in their nutri-
tion/welfare and health. The fish gut microbial communities, the gastrointestinal 
tract microbiota (GIT), can contribute nutrients and energy to the host via the fer-
mentation of non-digestible dietary components and maintain a balance with the 
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fish’s metabolism and immune system. Changes in diet composition can be seen as 
a perturbation factor for the GIT microbial communities of the host organism caus-
ing shifts in these microbial communities. However, the extent to which microbial 
function varies with host demand and the underlying mechanisms are largely 
unknown. Ideally, any diet substitution should impose the minimal gut bacterial 
changes, or, at least, if any bacterial shifts occur, these should be functionally simi-
lar to those before the substitution, or, in a more eco-friendly/sustainable view, the 
new bacterial communities should be functionally similar to the ones of the wild 
fish populations.

The knowledge of fish and crustaceans’ gastrointestinal tract microbiota (GIT) 
has progressed considerably over the past three decades (Ringø et al. 2016), with 
studies examining both natural as well as commercially reared populations (Meziti 
et al. 2010, 2012; Kormas et al. 2014; Mente et al. 2016) and the effect of different 
diets on GIT communities and the impact on fish growth and health. Studies exist 
on the effect of the diet on the fish intestinal microbiota, structure and morphology 
(Dimitroglou et al. 2009; Desai et al. 2012) and the effect of dietary components on 
fish gut microbiota (Ringø et al. 2016; Gatesoupe et al. 2014). High bacterial rich-
ness, determined by 454 pyrosequencing, has been found in the gut of wild and 
organic reared sea bream (Sparus aurata) compared to the conventional reared ones 
(Kormas et  al. 2014) and in wild-caught vs. domesticated black tiger shrimps 
(Penaeus monodon) (Rungrassamee et al. 2014). In order to clarify this, along with 
the prevailing metabolic pathways related to fish nutrition, further research is 
required on the metabolic capacities of these GIT microorganisms. A novel approach 
called “engineering approach” to improve animal performance is to artificially 
select upon microbiomes, and thus engineering evolved microbiomes with specific 
effects on their host. This method selects upon microbial communities indirectly 
through the host and leverages host traits that evolved to influence microbiomes. A 
predictive framework can be developed for microbiome engineering that organises 
research around principles of microbiome selection, quantitative genetics and 
microbial community-ecology. The unravelling of intricate host-microbe symbioses 
and identification of core microbiome functions through metagenomics are essen-
tial to our ability to use the benefits of a healthy microbiome to our advantage in 
aquaculture, as well as gain deeper understanding of bacterial roles in vertebrate 
health (reviewed by Tarnecki et al. 2017). The future of organic aquaculture nutri-
tion will benefit from a better understanding of the nutritional strategies and the 
fish’s gut/microbe interactions and gut microorganism’s diversity to allow the pro-
duction of top-quality aquafeeds.

 Potential Feed Produced in Aquaponics

EU organic regulation does not allow the certification of aquaponics products up to 
present since they use fertilisers to grow hydroponically the plants and do not use 
soil for the plants cultivation. It is clearly stated in the EU rules that recirculating 
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technology and hydroponics are not permitted in organic production. If however 
you produce your plants in soil, and feed the fish with organic fish feed, and use 
those fertilisers listed in Annex I (Reg. 889/08), you can have your plants certified 
organic. A further harmonisation of terms and definitions used in the EU organic 
aquaculture and organic plant culture would enhance the strengthening of the 
organic system and food security.

 Sustainable Fisheries

Towards ensuring the sustainability of fisheries, different systems have been intro-
duced at different levels, like the United Nations Convention on the Law of the Sea, 
the FAO Code of Conduct for Responsible Fisheries, the United Nations Fish Stocks 
Agreement and different regional organisations (FAO 2011). The Common Fisheries 
Policy (CFP) regulation (EU Reg. 1380/2013) has established that the maximum 
sustainable yield should be reached for the target stocks and fishery should be con-
ducted preserving also ecosystem functioning and integrity. The maximum sustain-
able yield (MSY) is the theoretical largest amount of fish that can be harvested from 
a stock over time without reduction in population size. This is the management tool 
that EU has committed to reach within 2020 for all commercially harvested fish 
stocks. There are also several independent organisations working on fish stock 
assessments and giving advice, e.g. FAO (UN Food and Agriculture Organization), 
that publish comprehensive statistics and information in order to provide politicians 
and other decision-makers with facts. Scientific, Technical and Economic Committee 
for Fisheries (STECF) is the official scientific body of the European Commission 
that revises annually the assessments performed at the level of advice/management 
bodies. Research on fish stock assessments and fishery management are currently 
carried out by means of “fishing effort regulation” or “total allowable catch (TAC)” 
both at national and international level. Examples of such organisations are ICES 
(the International Council for the Exploration of the Sea), GFCM (General Fisheries 
Commission for the Mediterranean) that is instrumental in coordinating efforts by 
governments to effectively manage fisheries at regional level, ICCAT (International 
Commission for the Conservation of Atlantic Tunas), Regional Fisheries 
Management Organizations (RFMOs), IMARPE (Peru  – Institute of Fisheries 
Research) and IFOP (Chile – Institute of Fisheries Research). Advice from ICES is 
the basis for fisheries management in the EU, Iceland and Norway, while advices 
and recommendations from GFCM are the basis for the fisheries management in the 
Mediterranean (EU and non-EU). The European Commission establishes the rules 
of fisheries management and approves the management plans produced by member 
states, which then have to comply with them; otherwise they risk an infringement 
procedure. Private standards and certification schemes are developed to contribute 
to sustainability and responsible fisheries management (FAO 2011). The interna-
tional fishmeal and fish oil organisation (IFFO) is represented by the major 
European, South American and a few other countries fishmeal and fish oil 
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producers. IFFO has developed their IFFO-RS standard for responsible sourcing of 
raw materials (IFFO 2010), and an increasing number of production plants are certi-
fied in this system. With regard to the certification of the available ingredients for 
aquafeed and other animal feeds available, it is interesting to note that the global 
supply of fishmeal and fish oil significantly outperforms other feed ingredient sup-
ply when it comes to the volumes of certified product available (http://www.iffo.net/
iffo-rs-statistics).The industry can quote a volume of certified product supply that 
currently exceeds 40% with a continued upward trend that is supported by the use 
of Fisheries Improvement Projects (FIPs) as a mechanism that brings advances in 
fisheries management and progression in marine ecosystem and socio-economic 
sustainability. In this way, the developing industry is actually enhancing the marine 
environment.

Marine Stewardship Council (MSC) is an independent, global, non-profit organ-
isation with certification and eco-labelling programmes for fisheries and sustainable 
seafood (http://www.msc.org/). The MSC set science-based standards, and the cer-
tification process is performed by an accredited third party to ensure independence. 
Friend of the Sea is a non-profit non-governmental organisation (NGO), whose mis-
sion is the conservation of the marine habitat. Friend of the Sea’s mission is to 
promote international certification project for products originated from both sus-
tainable fisheries and aquaculture.

There are also other certification schemes for fisheries products; however, even 
if the quantity of marine ingredients obtained from sustainable sources increases, 
the global supply of fishmeal and fish oil is no longer able to meet the increasing 
demand from an expanding aquaculture industry. Nevertheless, the aquaculture sec-
tor has done relevant progress in research for alternative ingredients including plant 
products (Gatlin et al. 2007; Hardy 2010).

 Food for Thought

Sustainable organic food production includes best environmental practices, a high 
level of biodiversity, the preservation of natural resources, the application of high 
animal welfare standards and a production method in line with the preference of 
certain consumers for products produced using natural substances and processes. 
Feed for organic fish is currently produced according to the EU regulations 
834/2007, 889/2008 and 710/2009, 1358/2014 and 673/2016. However, due to the 
limited amount of adequate options of ingredients to better match amino acid and 
fatty acid profiles and covering the dietary needs of other essential nutrients for the 
full organic production cycle, i.e. broodstock, fry, juveniles and for on-growing, it 
is challenging for the feed industry to comply with organic regulation (Table 8.3).

It is well defined that for organic fish and shrimp production, we need to supply 
dietary nutrients either through the exogenous supply of organic feed inputs (rang-
ing from the use of organically produced and certified live and/or processed animal 
or plant feed items to the use of commercially formulated feeds composed of mix-

8 Nutrition in Relation to Organic Aquaculture: Sources and Strategies
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tures of different organically certified feed ingredient sources blended so as to sat-
isfy the precise dietary nutrient requirements of the cultured species) or through the 
endogenous production of live food organisms (including plankton, benthic organ-
isms, biofloc, etc.) within the culture system for the target species. Simple as this 
statement is, most commercially formulated feeds currently used to produce organi-
cally certified finfish (including salmonids, sea bass, seabream, etc.) and crusta-
ceans (shrimp) rely on a significant proportion of feed ingredients derived from wild 
sustainable capture fisheries (fishmeal, fish oil). These wild fisheries are stagnated. 
There has been considerable pressure by the commercial aquaculture feed manufac-
turing sector and organic aquaculture certification bodies to assure an appropriate 
level of the above feed ingredient sources, as they are natural sources of feeds for 
these higher-value carnivorous fish and crustacean species. However, as within 
humans and terrestrial farm animals, fish and shrimp do not have a dietary require-
ment for fishmeal or fish oil but rather have a dietary requirement for the essential 
nutrients contained within these feed ingredient sources (Tacon and Metian 2015). 
Furthermore, in a more eco-friendly/sustainable view, the better understanding of 
how intestinal microbiota can contribute nutrients and energy to the fish for better 
growth and health is one of the key research topics for organic aquaculture 
development.

The ongoing positive growth trend of the aquaculture industry is expected to 
continue, reflecting the rising demand for healthy human food products. Hence, 
since 2000 there has been an increasing demand for seafood that has been farmed 
according to certified organic standards, notably in European countries. Organic 
certification relates to the production of organic food products such as fish and 
shrimp in a protected environment where we can control feed inputs, the quality of 
the environment and the husbandry practices. It follows, therefore, that like the ter-
restrial organic livestock production sector, the onus is on the aquatic nutritionist to 
formulate an organic feed close to the feed that each fish and shrimp species are 
consuming in their natural environment. The organic feed formulation could use 
certified organic feed ingredient sources to stimulate bacterial communities to be 
functionally similar to the ones of the wild fish populations in order to meet the 
essential dietary nutrient requirements of the target species.
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