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In Danube area
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Abstract— The importance of water for life, as a component
of the global ecosystem, is becoming clearer and clearer. Water
resources are influenced by many activities such as those
belonging to agriculture and industry as well as domestic
activities. This paper has contributed to the modeling
aquaculture business domain and to improve some of quality
indicators of the Danube’s corps of water. The aims of this
study is to integrate in aquaculture business model the
aquaculture production system with agricultural production
system (aquaponics) and to reconcile and achieve social,
economic and environmental objectives with processing and
marketing action to add more value to end aquaponics
products.
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1. Introduction

Aquaculture will continue to play an important role in
world production over to meet the growing global demand
for products based on fish. There are many ways to group
and to describe the various types of freshwater aquaculture
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production. But from the point of view of sustainability,
production methods can be the most reasonable basis for
description. Aquaculture already supplies approximately 50
percent of the fish and seafood consumed worldwide, and
production is steadily increasing.

The success of land-based aquaculture in improving
fishery production and the quality of product has caused this
practice to rapidly grow. There are good tendencies shown
by aquaculture practices in many countries. Integrated
Multi-Trophic Aquaculture (IMTA) is one solution that
encourages greater environmental stewardship while
increasing economic benefits for growers and communities.
IMTA is a different way of thinking about aquatic food
production that is based on the concept of recycling.
Integrated aquaculture has two principle objectives: to
reduce pollution and to increase productivity.

There is a new concept developed from polyculture
called Integrated Multi-trophic Aquaculture (IMTA), which
is known as a strategy for reducing environmental load from
aquaculture ponds.

This approach is based on Ecosystem-Based
Management (EBM) that expects people to maintain
environment quality while utilizing the resources on it.
IMTA uses biofilters, specific species such as seaweed and
oyster, that have the ability to recycle nutrient or load
produced by the main species grown (1).

Studies on integrated systems have primarily focused on
inland freshwater systems, and only a few have investigated
the possibilities of integrated farming in marine systems. In
the past two decades, integration of seaweeds with marine
fish culture has been examined and studied in Canada,
Japan, Chile, New Zealand, and USA (2, 3, 4, 5, 6, 7). The
FAO Technical Paper “Integrated mariculture: a global
review” (8, 9, 10) reviewed integrated systems in the latter
areas, but there almost no information on Chinese systems
was probably due to limited availability of accurate
information (11). In China, integration of cultures is a
common practice for inland production systems, while
integrated mariculture is a recent development expanding at
a fast rate. It is essential for sustainable development of
mariculture to define ecological rationales and draw lessons
from various integrated culture techniques in inland waters.
Furthermore, for further development of integrated
production systems in the coastal zones of China it is
important to show its effectiveness in comparison to
monocultures. Such a comparison should include production
and economic revenues on one side, and environmental
benefits on the other side.
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Parallel to aquaculture industry development, knowledge
of its effects on the surrounding environment is increasing.
Several studies have been conducted to assess the
environmental impact (12, 13) due to aquaculture. Organic
enrichment is recognized as the most important problem
associated to aquaculture (14, 3) as a direct result of the
release of dissolved and particulate nutrient loads, especially
organic phosphorous and nitrogen in the form of ammonia
that might easily induce eutrophication (15). Uneaten pellet
and fresh food supplied at fish cages, together with the
excretion products from cultured fishes are the source of the
nutrient loads released (16).

The growing concern on aquaculture’s environmental
impact has led to an increasing research into feed
formulations and digestibility, better conversion efficiency
and improved management (17, 3). Since the last decade, the
emphasis has been placed on the practice of integrated
multi-trophic aquaculture (IMTA), with a potential to
mitigate some of the environmental problems associated
with mono-specific aquaculture (10). Originally used in
freshwater practices, it involves the culture of two or more
species from different trophic level; generally finfish being
simultaneously cultured with both organic and inorganic
extractive species, such as shellfish and seaweeds,
respectively; in which by-products from one species are
recycled to become inputs for another. Thus, the organic
matter released in aquaculture systems might represent a
source of available food for filter-feeding organisms, such as
bivalves, reducing its impact on the environment (18) and
can represent a potential economic income.

Filter feeders bivalves are essentially generalist
consumers, and it has been demonstrated that they can
exploit organic matter from several sources, as a function of
its availability (19). In a conceptual open water integrated
aquaculture, filter feeder bivalves are cultured adjacent to
fish floating cages, reducing nutrient loadings by filtering
and assimilating particulate wastes (uneaten food and
faeces) as well as phytoplankton. In this way, bivalves
would perform as biological filters. Previous studies have
determined that bivalves can be successfully incorporated
into integrated multitrophic aquaculture systems, based on
the increased growth displayed and the feeding efficiency on
pellet feed and fecal products (20, 21).

IMTA has been proposed for mitigating aquaculture
waste release, and has advantages that may include a
reduced ecological footprint, economic diversification and
increased social acceptability of culturing systems. IMTA
has the promise to contribute to the sustainability of
aquaculture. However, most studies have focused on land-
based systems, and only a few have to-date investigated the
possibilities of IMTA farming in open water. In the past
fifteen years, the integration of seaweeds with marine fish
culturing has been examined and studied in Canada, Japan,
Chile, New Zealand, and USA (2, 3, 4, 5, 6, 7). IMTA have
been commercially successful at industrial scales in China
for many years.

. Materials and Methods

The methodology for assessment of the model of multi-
use aquaponics production platforms entails the following
general steps:
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- The socio-economic characterization of the model
of multi-use aquaponics production platforms in
terms of agriculture, aquaculture and social

services.
- The production and demand structures of the
proposed model of multi-use aquaponics

production platforms are investigated. This is done
by the identification and quantification of costs and
benefits of suggested multi-use aquaponics
production platforms by using market and non-
market methods in order to capture private, social
and ecological effects.

- Policy recommendations are based on economic

tools such as Cost-Effectiveness Analysis, Cost-
Benefit Analysis and other approaches to
socioeconomic analysis such as Multi-Criteria
Decision Analysis.

The suggested methodology for socio-economic
analysis consists of a baseline profiling of case and socio-
economic characterization with regard to future economic
activities (agriculture production, aquaculture and social
services). Then, production and demand functions of the
model of multi-use agquaponics production platforms are
identified. A decision on whether full or limited data should
be collected for an impact assessment is taken. Thereafter
data on the site is collected and costs and benefits are
quantified. The assessment of impacts and evaluation of the
assessment based on limited data approach, integrating
results on Impact Assessment Analysis are conducted.
Finally, policy recommendations based on impact
assessment results and sensitivity analysis are provided.

This part of the framework focuses on gathering
information about the socio-economic environment and
context of the proposed development with regard to
aquaponic production, aquaculture and social services.
Hence, before achieving the evaluation of the
socioeconomic impact it is necessary to start with the
baseline profiling of the case study areas in order to identify
who is going to be impacted. Thus, this approach is expected
to enable the identification of the production and demand
functions of the model of multi-use aquaponics production
platforms.

In order to assess indirect and induced impacts a
regional profiling is necessary. The information typically
gathered as part of a regional profile includes the population
characteristics, the political and social resources, a
description of historical factors, identification of the
relationships with the biophysical environment, culture,
attitudes and social-psychological conditions, the current
status of operations (aquaculture, aquaponic production,
social services) and the identification of the people who will
be impacted by the project (22). The initial assessment must
include economic and social analysis of the use of waste
waters under current use and future autonomous
developments. This assessment should include both market
and non-market costs and benefits. The scope is the profiling
of all current uses and identifying businesses, households
and individuals that may be impacted by the future
installation of the model of multi-use aquaponics production
platforms. Furthermore, broader social and environmental
issues related to current and future operations should be
highlighted.
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The following subsections identify economic issues,
environmental issues and social issues concerning level of
employment, regional development and overall attitude of
the population towards the technologies and specific options
proposed. The production and demand analysis is based on
economic data, environmental valuation surveys and Benefit
Transfer techniques.

This analysis is based on proposed financial costs of the
model of multi-use aquaponics production platforms
structures as well as social and environmental costs. The
identification of the private costs of the suggested model of
multi-use aquaponics production platforms structures with
regard to aquaculture and social services is the first step of
the production-side analysis. Training costs are expected to
cover the training of people who will run the platforms with
regard to the safety, financial and environmental
implications of the project.

Since the scope of the developed methodology is to
integrate private, social environmental costs of the suggested
model of multi-use aquaponics production platforms it is
equally important to consider the latter in the suggested
framework of analysis.

The analysis here is focused on proposed financial,
social and environment benefits of the platform structures.

m. Results and Discussions

IMTA involves cultivating organisms in a way that
allows the uneaten feed, wastes, nutrients and by-products of
one species to be recaptured and converted into fertilizer,
feed and energy for the growth of the other species. IMTA
farmers combine species that need supplemental feed such
as fish, with “extractive” species.

Essentially, extractive species act as living filters. The

natural ability of these species to recycle the nutrients (or
wastes) that are present in and around fish farms can help
growers improve the environmental performance of their
aquaculture sites. In addition to their recycling abilities, the
extractive species chosen for an IMTA site are also selected
for their value as marketable products, providing extra
economic benefits to farmers.
Sustainability of aquaculture not only requires that it has a
neutral effect on the environment but also that it be
economically feasible. A further condition is that of social
acceptability; that attitudes towards the sector are at least
neutral.

Economic analyses will have to recognize and account
for the values of the environmental/societal services of
extractive crops to estimate the true value of these IMTA
components. They will have to include the impacts of
organic and other ecolabelings, the value of biomitigating
services for enhanced ecosystem resilience, the savings due
to multi-trophic conversion of feed and energy that would
otherwise be lost, and the reduction of risks through crop
diversification and increased societal acceptability. This
would create economic incentives to encourage
aquaculturists to further develop and implement sustainable
marine agronomy practices such as IMTA.

The future development of Integrated Multi Trophic
Aquaculture (IMTA) will depend on both how financially
profitable it is for farmers and how it is regulated. From the
perspective of farmers, IMTA offers a number of potential
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economic advantages in comparison with non IMTA,
including increased physical production from a given site,
greater diversity of production, and more intensive use of
facilities, labor and sites. These must be balanced against
potential economics disadvantages such as greater
complexity, more risks, and greater challenges in site
selection. From a public perspective, IMTA offers
significant potential public benefits in comparison with non
IMTA, including reduced negative environmental impacts
and positive ecosystem services. Although methodologies
exist to estimate the economic value of these benefits, they
can be expensive and imprecise.

The synergistic cultivation and rearing of plants and
animals is an ancient practice and continues to be used for
extensive food production in many parts of the world.
However, the intensification of terrestrial and aquatic food
production—the so-called green and blue revolution,
respectively—has been characterized by a monocultural
approach along with the partitioning of feed, fertilizer, and
food production components. The recognition of significant
and deleterious environmental effects of this intensive and
industrialized food production approach has led to a more
recent reexamination and application of traditional practices
of integrating multiple trophic levels in terrestrial and
aquatic systems.

There was strong concurrence on five factors listed
under this topic (that is, factors with value sums of mid-
range or higher). In the area of strengths, the respondents
agreed strongly on the importance of a benefit or service to
the environment that could be provided by IMTA (nutrient
recycling especially in closed systems). Strong concurrence
on one weakness qualified the enthusiasm for the
environmental service that had been seen as a strength, by
pointing to the lack of thorough understanding of
environmental impacts of IMTA. The threats upon which
the respondent group agreed most strongly were not directly
in the area of ecology, but rather expressed concern about
the economic feasibility of IMTA, and the impact that
environmental issues could have on the necessary social
license to operate (potentially lower profitability compared
to existing aquaculture systems; not enough public funding
for developing a network of demonstration and research
sites to examine the feasibility of IMTA, and larger scale
applications may have greater environmental impact and
thus less social license).

The weaknesses have to do most importantly with the
complexity of IMTA (complexity: marketing, operations,
juveniles, business planning; and regulatory complexity),
and that the economic threats would be lack of social
acceptance/public  perception; susceptibility to natural
hazards (disease, parasites, storms), and greater regulatory
requirements for IMTA.

Strengths of IMTA that could help move aquaculture
forward appear to be that it is a new approach that could be
more acceptable to the general public and to local
communities because it can supply environmental services
to clean up environmental contaminants where it is practiced
in open systems, and can in closed, recirculation systems
isolate cultured species and potential contaminants, diseases,
etc., from the natural environment. There is a positive
perception of the sustainability of IMTA systems, and of its
ability to use alternative feeds rather than those made
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entirely from fish. Further, there would be economic
advantages from the multiple products that can be sold in
new market areas, including niche markets, and IMTA
would open many opportunities for research, innovation,
partnerships, and education.

Strengths and opportunities are manifold. Concerns seem
to center on IMTA’s complexity at various levels—for
example, conceptual, including the difficulty of explaining it
to the public and to regulators; and operational, including
extra costs for setup, construction, and maintenance; and
regulatory, such as in policy, funding, and licensing issues.
There is a concern that there is not adequate funding to
expand current demonstration efforts, or to expand to new
demonstration sites to carry research results forward into
practical, commercial-scale application.

Even if aquaculture in the form of IMTA is technically,
environmentally, and economically viable, it will not be
successful unless it is accepted by society in general, and by
the local community and other stakeholders in particular,
based on their beliefs, perceptions, and opinions. They must
be convinced that IMTA has value and a positive role to
play, and that the business is a part of the community, rather
than an intruder or burden to it.

Ecosystem approach to aquaculture is a strategy for the
integration of the farming activity within the wider
ecosystem in such a way that it promotes sustainable
development, equity and resilience of interlinked social and
ecological systems (10). Integrated farming is one of the
best paradigms of ecosystem approach to aquaculture with
advantages of increment of carrying capacity,
bioremediation, diversified products, and prevention of
diseases.

Aquaculture developments raise issues of concern in
terms of environmental impacts and ecosystem health. For
aquaculture systems to be sustainable, they should not cause
damage to natural systems by critically increasing (e.g.
nutrients) or decreasing the concentrations of natural
substances (e.g. chlorophyll). Other potential impacts relate
to increasing concentration of man-made substances, such as
persistent chemicals and through physical disturbance
leading to habitat changes.

Aquaponics is a food production system that combines
soil-less vegetable growing (hydroponics) and fish farming
(aquaculture) within a closed re-circulating system. This
combination of food production methods (hydroponics and
aquaculture) removes the problems associated with the
individual production methods.

For aquaculture, the main problem with Recirculating
Aquaculture Systems is the production of Nitrate rich waste
water that must be treated or dumped, creating major
environmental problems. For hydroponics, the main problem
is the complete reliance on chemical fertilizers to grow the
vegetables.

When both methods are combined in an aquaponic unit,
the nutrient-rich wastewater from the fish tanks, which
would normally need to be treated or dumped, is used as an
organic fertilizer for plant production. In turn, this removes
the need for chemical fertilizers for plant growth using
hydroponics.

The main benefices of aquaponics:

1. Two agricultural products can be produced from only one
input (fish food)
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2. High density crop production is possible as no real
competition for nutrients among the plants

3. Aquaponic food production is very water-efficient (units
use less than 20% of the water needed for normal soil
farming) and units can be installed in urban or peri-urban
environments

4. Aquaponic food production creates zero waste and no
chemical fertilizers or pesticides are used making it a very
environmentally friendly method of producing food

Advantages for aquaponic food production:

+ Uses organic waste as the plant fertilizer

+ Uses natural pest controls

* Tends to produce better tasting and at times more
nutritional crops

* Potential for
environment can
be controlled (i.e. greenhouse)

* Imitates a natural eco-system thus making it a highly
sustainable

food production method

* Increasing population & Urbanization

* Declining land agricultural productivity

* Increasing demand for healthy, pesticide free produce

It is considered that the model multi-use aquaponics
production  platforms  have  socio-economic  and
environmental impacts on aquaculture, recreational fishing,
yachting and boating and other water-based activities. They
also have an impact on land-based activities, agricultural
tourism, water waste management, regional employment
(direct and indirect) and training opportunities.

The ecosystem services approach can be employed in
order to perform the socioeconomic analysis and integrate
environmental impacts. Ecosystem services are defined as
services provided by ecosystem services approach the
natural environment that benefits human welfare.

The ecosystem services approach establishes an
environmental baseline, identifies and provides a qualitative
assessment of the potential impacts of policy options on
ecosystem services and quantifies the impacts of policy
options on specific ecosystem services. Finally, the
ecosystem services approach assesses the effects on human
welfare and values the changes in ecosystem services. When
assessing the impact of ecosystem services on human
welfare, it is critical to focus on the benefits generated by
these services, as this is what affects human welfare directly.
It is, therefore, the benefits rather than the services per se
that are valued.

Due to the multidimensional character of the impacts
leading to welfare gains and sometimes losses, a range of
different information is needed in order to assess them.
Thus, market data, secondary data for the performance of
simulations, survey based primary data, data provided from
literature review, consultation with experts and stakeholders
and information coming from environmental impact
assessments is all deemed as very important in the
framework of integrated environmental and socio-economic
assessment.

The tremendous impact of aquaponic in aquaculture has
been particularly obvious in recent years. However,
aquaponic needs to overcome a lack in standardization of
methodologies and procedures.

year-round production if growing
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iv. Conclusions

The conversion of conventional aquaculture farms in
sustainable and ecologically aquaculture farms help
aquaculture businesses to achieve economic viability and
competitiveness. Green aquaculture is undoubtedly the
management technique that has most contributed to support
aquaculture businesses to adopt aqua-environmental
measures for protection of the environment, natural
resources and landscape. Private and financial benefits of
suggested model of multi-use aquaponics production
platforms could result from the sale of vegetable,
aquaculture products and services. Additional benefits could
be derived from saving of fuel consumption and reduction of
energy expenditure or by product sales (or displaced costs),
greater productivity (macro scale) and higher real disposable
income (macro scale). Environmental benefits include:
mitigated global warming, avoided emissions compared,
improved water quality.
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