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Abstract. In the past, when the aquaculture industry was just beginning to
develop in the world, the main goal of fish farming was to provide the population
with food. The development of fish farming led to the emergence of
environmental problems, which made it necessary to include the factor of
environmental safety, along with economic and social factors, into the agenda of
the development of the aquaculture sector. The purpose of this study is to
determine the conceptual basis for the implementation of environmental safety
principles for the development of the aquaculture sector. The article examines
the peculiarities of aquaculture development in terms of modern ecological
concepts, the mutual influence of factors of ecologically safe market-oriented
development of aquaculture, the sustainable development model of the
aquaculture sector is proposed, the tools for ensuring ecologically safe market-
oriented development of the aquaculture sector are systematized.

1. Peculiarities of aquaculture development in terms of modern ecological concepts.

The development of the aquaculture sector contains a significant potential in terms of the
implementation of the Sustainable Development Goals, which determines the inseparable unity
of the economic, ecological and social components of the development of the sector
Understanding these components and their interactions is a prerequisite for the application of
effective organizational and economic mechanisms for the development of the aquaculture
sector. The dominant ecological concept in the world is the concept of sustainable development.
The development of aquaculture corresponds to the vast majority of Sustainable Development
Goals:

Goal 1. No poverty:

- Aquaculture development contributes to poverty reduction by creating employment
opportunities in all links of the added value chain (preparation, production, processing, sale).

- Medium- and large-scale production have a transformative effect by making fish more
accessible to consumers.
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Goal 2. Zero hunger:

- Aquaculture meets the growing global demand for food. The limited stocks of traditional
fishing facilities and the reduction in the number of the most valuable species of fish (sturgeon,
salmon) determine the urgency of the development of artificial reproduction of aquatic living
resources.

- Aquaculture provides affordable and nutritious food for poor communities.

- Ensuring agrobiodiversity.

Goal 3. Good health and well-being:

- Due to the intensive use of biological resources of the hydrosphere, humanity annually
receives 20-25% of protein of animal origin.

- Available foods derived from aquaculture are a source of protein, omega-3 fatty acids and
other micronutrients (e.g. calcium, iron, zinc, vitamins A and B12). This is especially important
for reducing micronutrient deficiencies in vulnerable populations, improving cognitive abilities
and longevity.

- Achieving the population's consumption of fish within medically recommended norms will
contribute to the introduction of a healthy diet throughout the world.

Goal 4. Quality education:

- The development of aquaculture determines the demand for relevant specialists, in
particular, such as: fish farmers, biologists, technologists, veterinarians, biotechnologists, land
reclamationists, ecological technologists, ichthyologists, engineers of hydrotechnical structures,
hydrobiologists, etc., as well as entrepreneurs, marketers, sellers, developers of software for the
implementation of digital tools, etc.

Goal 5. Gender equality:

- Emerging aquaculture sectors provide livelihoods and employment opportunities for
women who may previously have been limited to traditional activities.

Goal 6. Clean water and sanitation:

- Aquaculture is an efficient and non-consumptive use of available water resources that can
be integrated with related activities, including irrigation, recreation, agriculture (aquaponics).

- The possibility of using organic methods of cleaning fish ponds, for example, single-celled
green algae - chlorella.

Goal 8. Decent work and economic growth:

- Aquaculture, in contrast to fishing, is a profitable activity, and is one of the directions of
the world economy that is developing at the fastest pace, providing a growing contribution to
the provision of food to the population.

- Aquaculture development create opportunities for productive employment.

- Fish farming ensures continuity of value chains and related industries.

- The taxes from aquaculture entities contributes to the growth of state budget revenues.

Goal 9. Industry, innovation and infrastructure:

- The aquaculture sector determines the development of related industries.

- Investments in infrastructure (e.g. communications, electricity, water supply and drainage,
roads) contribute to the development of aquaculture, which in turn provides government
revenues to support improved infrastructure.

- The maturity of the aquaculture sector promotes innovation.

Goal 10. Reduced inequalities:

- Growing the aquaculture sector stimulate social and economic development in poor
countries and rural communities.
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- The formation of farmer cooperatives and clusters contributes to the involvement of small
producers in value chains.

- Domestic and international trade in aquaculture products increase the amount of aquatic
food products available to poor consumers.

Goal 11. Sustainable cities and communities:

- New opportunities for economic development in coastal and rural areas.

- Spatial planning includes natural solutions and "blue" infrastructure for aquaculture,
creation of open spaces for leisure.

Goal 12. Responsible consumption and production:

- Consumption of artificially grown fish in aquaculture conditions does not affect
biodiversity and does not damage ecosystems.

Goal 13. Climate action:

- Aquaculture products can potentially replace food products that produce more
greenhouse gas emissions, contributing to the fight against climate change.

- Aquaculture production systems contribute to resilience to climate change by providing
food and job security and help communities adapt to the effects of climate change.

Goal 14. Life below water:

- Aquaculture can be developed on the surface, in the water column, or on the bottom of
marine, brackish, and freshwater ecosystems, creating a variety of opportunities for efficient use
of available land and water areas in terms of food produced per unit surface area.

- The development and large-scale implementation of aquaculture allows to increase the
volume of fish farming in the shelf zone of the seas and oceans and in internal reservoirs, to
manage the processes of increasing the overall productivity of ecosystems, to preserve and
expand their biological diversity.

- Cultivation of bivalve molluscs and seaweed can bring direct benefits to the aquatic
ecosystem.

Goal 15. Life on land:

- Aquaculture integrated with land-based farming systems (e.g. rice fish and rice shrimp
farming) produce nutritious and valuable crops of aquatic products, which has a positive impact
on food security, healthy nutrition, and overall socio-economic development.

Goal 16. Peace, justice and strong institutions:

- The creation of producer groups and clusters can help ensure the widespread adoption of
best practices, as well as the resolution of water sharing, disease control and other issues in
accordance with jointly agreed plans.

- Tax revenues and foreign currency revenues from the sale of aquaculture products have a
positive effect on increasing state budget revenues.

Goal 17. Partnerships for the goals:

- Creation of international and regional institutions and discussion forums for the
aquaculture sector contribute to the establishment of partnerships between interested
stakeholders.

- Scientific research and the policy of attracting investments to the aquaculture sector
should be oriented towards sustainable development.

- National and international partnerships address gaps in institutional support for
aquaculture development.
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- Substantial private sector investments and partnerships contribute to the achievement of
the Sustainable Development Goals, while profitability motivates further investment and
business scaling [1, p. 12-13].

The development of aquaculture is aimed at achieving the goals of food security (SDGs 2, 3,
12) and poverty alleviation (SDGs 1, 8, 10). Education (SDG 4), gender equality (SDG 5),
industry, innovation, infrastructure (SDG 9), opportunities for economic development in coastal
and rural areas (SDG 11), institutional environment (SDG 16, 17) also benefit from development
of the aquaculture sector. All these socio-economic benefits are provided alongside
environmentally-oriented goals, including clean water (SDG 6), mitigation of climate change
(SDG 13), conservation of marine resources (SDG 14), protection and restoration of terrestrial
ecosystems (SDG 15), which determines the socio-economic-ecological value of the aquaculture
sector. All this makes the aquaculture sector one of the strategic sectors of the national economy.

On the other hand, ensuring the sustainable development of the aquaculture sector itself
requires the application of an ecosystem approach as a strategy for the development of the
sector. The ecosystem approach is based on the Convention on Biological Diversity (UNCBD,
1993), which defines this approach as a strategy for the integrated management of land, water
resources and means of livelihood, which involves their conservation and sustainable
(ecologically rational) use. The main goals of applying the ecosystem approach to aquaculture
include the following:

- guarantee of social well-being: aquaculture should increase the well-being of society,
including food security, without harming the interests of any social strata;

- guarantee of ecological well-being: ensuring better use of natural resources;

- effective management: taking into account the interests of all parties, harmonious
combination with other production sectors [2].

World practice has developed various concepts of ecologically safe development of
aquaculture, which are proposed to be considered within business processes of the sector
(Figure 1).

This approach corresponds to the European concept "From Farm to Fork", which is built on
the implementation of ecologically safety principles at each stage of the value chain. At the same
time, it should be added that the distribution of concepts by business processes is conditional,
as their influence is systemic for the sector as a whole.

In parallel with the Sustainable Development Goals, the concept of Sustainable Blue
Economy was developed within the framework of the United Nations, which is based on the
goals of using and preserving the natural capital of the seas and oceans in the interests of food
security, the development of coastal regions and economic activities, and biodiversity.

The implementation of the blue economy meets the SDG 14. In the European Union, the
blue economy together with the Green Deal forms the EU's strategic course for the coming
decades. In 2012, within the framework of new approaches to maritime activity, the European
Commission developed the Blue Growth Strategy. This initiative is aimed at the effective use of
the economic potential of the sea waters and coastal areas of the European Union to create new
jobs and ensure socio-economic development. The main goal is to achieve smart, sustainable
and inclusive growth in maritime sectors with an emphasis on innovation [3].

Aquaculture is one of the sectors of the blue economy [4]. A character feature of
aquaculture is the use of water resources at the stages of product preparation and production,
which requires considering the principles of the blue economy concept, in particular, conducting
aquaculture activities without harming aquatic ecosystems.



ISCES-2024

IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1429 (2024) 012004

doi:10.1088/1755-1315/1429/1/012004

Production
(growing, breeding fish)

/ Preparation

Marketing\

Processing

- Blue economy
- Organic production

- Integrated systems of aquaculture
and agriculture

o
- Circular economy

\ Sustainable Development Goals
he concept of ecosystem approac

Figure 1. Concepts of ecologically safe development within business processes in the aquaculture sector.

- «Blue Food»
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From an ecological point of view, the most important component of aquaculture is the
reproduction of aquatic biological resources and the replenishment and restoration of their
natural populations, as well as decrease of industrial catch due to the expansion of commercial
cultivation of hydrobionts in aquaculture. Considering the ecologically safe concepts is
necessary within the fisheries and aquaculture sector development policy (Table 1).

Table 1. Core ideas of the key ecologically safe concepts for the aquaculture development [5-10].

Concepts Preparation Production (growing, Processing Marketing
breeding fish)
Sustainable The inseparable unity of the economic, ecological and social components of the
Development sector development
Goals
The concept of Social welfare, ecologically rational use of natural resources, effective management
ecosystem
approach

Sustainable use and preservation of the

Blue econom .
y natural capital of the seas and oceans

Organic Rational use of water bioresources,
production prohibition of the use of GMOs
Expanding the resource base without
harming the natural environment and
Integrated . . . .
biodiversity, reducing environmental
systems of . o .
pollution by optimizing the metabolic
aquaculture and . . .
. functioning of integrated systems of fish
agriculture . .
farming, animal husbandry and crop
production
. Reusing by-products, reducing waste and
Circular economy 7 :
preventing it from the environment

Increasing the
consumption of
seafood as an

«Blue food»
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affordable
healthy
and
minimal
negative impact
on the
environment

food
causing

Inclusive markets

Ensuring  the
availability  of
aquaculture
products for the
poorest
consumers and
vulnerable
sections of the
population

Equal opportunities for mutually beneficial development of market participants at
all stages of the value chain

In order to take into account the ecological component in the state policy for the
aquaculture sector, it is necessary to research the factors of the model of ecologically safe its

development.

2. Interaction of factors of ecologically safe market-oriented development of aquaculture

In 2023, the world volume of production of aquaculture products increased by 4.3% and
amounted to 96 million tons, which accounted for 51.4% of the total volume of fish production.
The share of aquaculture in world fish production is growing steadily. Thus, in 2023, compared
to 2007, the growth of the aquaculture share amounted to 16 percentage points (Figure 2).
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Figure 2. Global fisheries and aquaculture production in 2007-2023, million tons [11].

The study of ecologically safe development of the aquaculture sector must be carried out
in the aspect of mutual influences of aquaculture activities and the environment. The factors
of ecological interactions of the aquaculture sector and the environment, systematized by
business processes, are presented in Figure 3.
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Figure 3. Factors of adverse ecological impact of the environment and anthropogenic factors on the
aquaculture sector

On the one hand, aquaculture facilities are sensitive to changes in environmental
conditions:
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- water pollution (pollutants, radioactive waste, pesticides, heavy metals, industrial and
domestic effluents, etc.);

- unsatisfactory indicators of water quality: temperature, salinity, pH, dissolved oxygen
content, presence of toxic metabolites;

- evaporation and significant lowering of the water level in rivers and ponds, drying up of
ponds (consequences of climate change and technogenic influence, for example, water
withdrawal and creation of artificial reservoirs);

- pollution and destruction of natural objects suitable for aquaculture as a result of
hostilities;

- unfavorable conditions for the natural reproduction of industrial fish, the improvement
of which is a fishery reclamation: improvement of the natural paths of migration of fish for
spawning and construction of fish passage facilities, improvement of natural spawning
grounds, creation of artificial spawning grounds, fish protection constructions, etc.;

- unsatisfactory quality of aquatic biological resources, due to fish diseases, pollution of
the habitat of biological resources, biological impact of invasive alien species, etc.;

- illegal fishing that disrupts the biobalance.

On the other hand, aquaculture activities have an impact on the environment, both
positive (Sustainable Development Goals, Table 1) and negative. In particular, the negative
impact of the aquaculture sector on the environment is characterized by the following factors:

- irrational use of resources, overcoming which is a global trend through the introduction
of intensive technologies based on the principles of ecology safety, in particular, the
introduction of an innovative aquaponic model, the development of ecological engineering and
complex biotechnology (mathematical models to increase the biological production of
aquaculture farms and reduce the damage caused by them to the environment), development
systems of multipurpose rational use of the bioproduction potential of inland water bodies.
Spatial competition also takes place - plots of recreational value can be allocated for
aquaculture farms;

- pollution (chemical, organic) of water bodies, in particular, as a result of the application
of fertilizers: bacteria, sediment, the formation of sapropel in the locations of farms, the
accumulation of various organic substances, medicines, chemical compounds, etc., the
concentration of large numbers of representatives of the microflora, sometimes pathogenic, a
sharp change in the chemical composition of water, an increase in the number of parasites and
predators. As a result - self-pollution of water areas and loss of commercial value of the crop.
The first information about the negative impact of the development of mariculture on the
environment appeared in Japan in the 60s. For example, in some areas of the Inland Sea of the
Japanese archipelago, self-pollution began to be observed, which leads to a decrease in the
growth rate of cultivated objects, deterioration of the quality of the water environment or (as
a result) to sharp outbreaks of the growth of toxic microalgae that cause "red tides". Cultivated
molluscs, feeding on toxic microalgae, lose their nutritional value and cause cases of severe
food poisoning (mollusk toxicosis syndrome). The desire of farmers to protect the cultivation
facilities from storms led to the deterioration of water exchange and self-pollution of water
areas and the loss of the commercial value of the crop. Reduction of damage can be achieved
through careful and better selection of places for marine aquaculture (state regulation), use of
a feeding strategy with control of feed quality and quantity, development of recirculating
systems, strict control of veterinary services for fish health, conducting research to reduce
pollution pressure on the genetic structure of fish populations and the cultivated organisms
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themselves, the cultivation of brown algae, gracilaria, which absorb harmful substances due to
their sorption capacity. Getting rid of excess organic matter accumulated in the zone of
mariculture farms can be ensured by the organization of bicultural farms: molluscs -
detritophagous fish, kelp - molluscs. The use of artificial upwelling - the rise of deep waters
saturated with organic matter [12]. Restoration of the quality of polluted water can be carried
out according to the concept of integrated multitrophic aquaculture, which consists in the use
of by-products formed in the process of growing the main object as a nutrient substrate for
other organisms cultivated in the system;

- genetic pollution - fish grown in aquaculture can escape and compete with wild fish and
interbreed with local wild herds, worsening genetic diversity;

- infectious diseases and parasites that can be transmitted to wild populations. In Norway,
a website has been created with up-to-date, constantly updated information on the health of
Norwegian fish;

- energy consumption by aquaculture production;

- depletion of natural resources, especially under conditions of intensive methods of
aquaculture management;

- CO2 emissions: activities in the field of aquaculture make a significant contribution to
greenhouse gas emissions during production activities, as well as transportation, processing
and storage of fish. Particularly high emissions are at the transportation stage. International
fish trade, which provides export earnings for many countries, is constantly growing, which
will increase the contribution of fisheries to CO; emissions;

- pollution of sewage and underground water;

- unproductive losses of fish, including fish waste and fish products. The solutions to this
and the following problems are provided by the implementation of the principles of the
circular economy;

- generation of other waste: used containers and packaging, fishing gear, etc.

The considered factors are general, and depending on the form of aquaculture (extensive,
semi-intensive, intensive) have their own characteristics. The impact of aquaculture on the
environment depends on the species grown, the intensity of production and the location of the
farm. The more complex and intensive the system, the greater the impact on the environment
[4].

The essence of the model of sustainable development of the aquaculture sector is that the
development of the sector should be accompanied by the improvement of economic and social
indicators while simultaneously reducing the negative impact on the environment.

The indicators for this model are presented in the Table 2.

Table 2. Indicators for the sustainable development model of the aquaculture sector [13].

Indicators of the positive impact of aquaculture | Indicators of the negative impact of aquaculture
(»max) (—»min)
Economy Environmental

The ratio between net income and initial Energy use

investment

Net profit Use of nitrogen

Annual income Use of phosphorus

Diversification of markets CO; emissions

Actual consumed products Pollution by hormones

The ratio between consumers’ spendings in the Heavy metal pollution
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domestic market and spending as a whole by the
sector

Investments in new technologies and innovations Accumulation of organic substances

Pollution by chemical substances

Social

The share of local workers in the total number of
workers in the sector

Payment of labor per unit of production

Share of self-employed persons

The share of consumption of the sector's products
in the total volume of consumption

The development of the aquaculture sector must be accompanied by the improvement of
economic and social indicators while simultaneously reducing the negative impact on the
environment.

3. Tools for ensuring ecologically safe market-oriented development of the aquaculture
sector

On the basis of the conducted analysis, the following main tasks of implementing the policy of
ecologically safe development of the aquaculture sector are defined: water use: regulating the
volume of water use and ensuring water quality in aquaculture production; purification of water
used in aquaculture production; optimization of energy use, including the involvement of
alternative energy sources, the use of geothermal water, warm industrial water, etc.; reduction of
CO2 emissions; waste processing.

The tools for achieving the specified tasks of ecologically safe development of the
aquaculture sector are systematized according to the following groups: monitoring, institutional,
financial, technological innovations, organizational and economic:

Monitoring. The introduction of any environmental-oriented tools is based on primary
information. Indicators of the impact of the aquaculture sector on the environment should be
subject to monitoring, in particular, those listed in Table 3. Also, the assessment of water quality
is necessary for determining the quality and safety of aquaculture products, ensuring the
principles of organic production.

Institutional. The ecological component should be integral in the development of strategies
and programs for the development of the aquaculture sector. adoption of the Code of
Responsible Fishing at the national level will contribute to the implementation of the principles
of sustainable development of fisheries and aquaculture. At the global level, the Code of Conduct
for Responsible Fisheries was developed and adopted by FAO in 1995. Designed to promote a
responsible approach to fishing and aquaculture, the Code covers all aspects of the sector, from
responsible fishing and aquaculture practices to trade and marketing. It serves as a reference
point for the development of public policy measures on all continents.

Financial. Stimulation of environmentally-oriented activities of enterprises in the
aquaculture sector through preferential taxation, lending on the basis of environmental
licensing. The accumulation of financial resources at the regional level is possible with the help
of the regional fund for the development of aquaculture. The functioning of the Fund will ensure
financing of the aquaculture sector according to the European model, according to which the
funds generated by the sector are directed to its development. In Ukraine local, regional
environmental protection funds, which are formed by compensation for damage caused to fish

10
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stocks, were previously used for the construction and reconstruction of fish breeding
enterprises, and now they are directed to environmental protection measures that are not
related to the replenishment of fish stocks and fish farming.

Technological innovations. Modern technologies are capable of increasing the productivity
of aquaculture farms while simultaneously reducing their negative impact on the environment.
These are, in particular, technologies of mechanization and automation of production processes,
water treatment technologies, integrated and combined production technologies, in particular,
aquaponics, etc.

Organizational and economic. A comprehensive approach to solving the problem of
minimizing the negative impacts of the development of the aquaculture sector on the
environment could be provided through the mechanism of eco-industrial parks.

An eco-industrial park is a special zone of industrial purpose with social, economic, and
ecological parameters in the processes of location selection, planning, management, and day-to-
day functioning. Within the framework of eco-industrial parks, a high level of cooperation is
achieved in matters of joint use of resources and waste management. These parks represent a
high level of cooperation, ensuring industrial symbiosis, which is a way of implementing the
principles of the circular economy, when the waste of some enterprises becomes raw material
for others. Natural resources such as water, energy, aquatic bioresources are the most significant
for aquaculture. Eco-industrial clusters should be built around these resources, ensuring their
rational, waste-free use.

The practice of forming an eco-industrial park with the participation of fish farming exists
in the Danish city Kalundborg: the energy company supplies residual steam to an oil refinery,
which, in turn, supplies gas that was previously burned to a power plant. In turn, the power
plant directs steam to the centralized heating system of a fish farm, a pharmaceutical enterprise
and 3,500 residential buildings. Sludge from ponds and waste from pharmaceutical production
are used by local farmers as fertilizers. The ash produced at the power plant is used to produce
cement, and the gypsum obtained as a result of desulfurization at the power plant goes to a
company that produces plasterboard. An oil refinery removes sulfur from natural gas and sells it
to a company producing sulfuric acid [14].

The implementation of this model into practice will contribute to the increase of
environmental standards of aquaculture products, the attraction of foreign investments, carbon
neutrality of production, the development of industrial and high-quality social infrastructure,
and the creation of new jobs with high labor standards.

4. Conclusions

It is defined that conceptual principles of ecologically safe development of aquaculture are
sustainability, ecosystematicity, organicity, integrity, circularity, inclusiveness.

Ecologically safe development of the aquaculture sector takes place in conditions of mutual
influence of aquaculture activities and the environment. Sustainable development is a
necessary condition for meeting the growing demand for aquatic food products. This means that
the development of the economic potential of aquaculture should be inextricably linked with the
preservation of ecosystems, the reduction of pollution, the protection of biodiversity and the
social equality.
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