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ABSTRACT 
 

Aquaculture is the keeping, breeding, hatching or culturing of fish. Fish used for aquaculture include non-
pearl oysters, mussels, yabbies, marron, crayfish, abalone, prawns, freshwater and marine finfish, trochus and 
algae for beta carotene (ie any marine organism other than reptiles, birds and mammals). Aquaculture has an 
important role in the development of many national economies and plays a key role in world development. As 
the expansion of aquaculture product, there is a growing concern over the impacts of aquaculture on the 
environmental sustainability and also over the requirements on quality and food safety by consumers and 
regulators. Global wild fisheries are in decline, with valuable habitat such as estuaries in critical condition. The 
aquaculture or farming of piscivorous fish, like salmon, does not help the problem because they need to eat 
products from other fish, such as fish meal and fish oil. Apart from fish and shrimp, some aquaculture 
undertakings, such as seaweed and filterfeeding bivalve mollusks like oysters, clams, mussels and scallops, are 
relatively benign and even environmentally restorative. Filter-feeders filter pollutants as well as nutrients from 
the water, improving water quality. Some profitable aquaculture cooperatives promote sustainable practices. 
New methods lessen the risk of biological and chemical pollution through minimizing fish stress, fallowing 
netpens, and applying Integrated Pest Management. Vaccines are being used more and more to reduce antibiotic 
use for disease control. Onshore recirculating aquaculture systems, facilities using polyculture techniques, and 
properly sited facilities (e.g. offshore areas with strong currents) are examples of ways to manage negative 
environmental effects. It is a need to improve aquaculture technology and management system to address the 
need for eco-friendly production process and food safety concerns in the sustainability of national aquaculture. 
Fisheries Management should be done for job opportunity, and for fisher, farmer and related community 
welfare, and also for fisheries resources and environmental sustainability. In addition, it is mentioned also that 
the product from both capture and aquaculture fisheries should meet quality standard and product safety.  

 
Key words: Environment, Aquaculture, Development, Sustainable.  

 
 Introduction 

 
The Food and Agricultural Organisation (FAO) 

of the United Nations defines aquaculture "Farming 
of aquatic organisms including fish, mollusks, 
crustaceans and plants, with some form of 
intervention in the rearing process to enhance 
production, such as regular stocking, feeding, 
protection from predators etc…. Aquaculture 
involves cultivating freshwater and saltwater 
populations under controlled conditions, and can be 
contrasted with commercial fishing, which is the 
harvesting of wild fish. Mariculture refers to 
aquaculture practiced in marine environments. 

Fish farming typically involves the enclosure of 
fish in a secure system under conditions in which 
they can thrive. Aquaculture is usually dependent on 
natural ecosystems. It can impact freshwater 
supplies, modify coastal habitats, compete with the 

commercial wild catch, or through escape, introduce 
non-indigenous organisms and disease to new 
environments. Successful aquaculture development 
involves a breadth of activities spanning areas such 
as engineering, environmental management, 
transport, education, marketing and R&D. 

The output, as reported, from aquaculture would 
supply one half of the fish and shellfish that is 
directly consumed by humans. However, there are 
issues about the reliability of the reported figures. 
Further, in current aquaculture practice, products 
from several pounds of wild fish are used to produce 
one pound of a piscivorous fish like salmon [12]. 

Domesticating aquatic species involve fewer 
risks to humans than land animals, which took a large 
toll in human lives. Most major human diseases 
originated in domesticated animals [3]. Through 
diseases such as smallpox and diphtheria that like 
most infectious diseases move to comparable 
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virulence have yet emerged from marine species 
humans from animals. No human pathogens of 
Harvest stagnation in wild fisheries and 
overexploitation of popular marine species, combined 
with a growing demand for high quality protein 
encourages aquaculturists to domesticate other 
marine species [9]. 

Three major challenges confront aquaculture: 
sustainable economic growth, environmental 
stewardship, and equitable distribution of benefits. 
An effective response to these challenges requires a 
coherent interplay of private investment and 
stewardship of public goods. By fostering 
partnerships and providing access to finance and 
resources, the international community can help 
developing countries meet these challenges along two 
intertwined axes of intervention: good governance 
and knowledge generation and dissemination [1]. 
 
Sustainability in aquaculture: 

 
Sustainable development is "development which 

meets the needs of the present without compromising 
the ability of future generations to meet their own 
needs.” Achieving sustainable development involves 
a different way of thinking and working. Such 
sustainable development (in agriculture, forestry, 
fisheries sectors) conserves land, water, plant, and 
animal resources, is environmentally non-degrading, 
technically appropriate, economically viable, and 
socially acceptable. Sustainable development is 
based on long-term considerations, being an 
integrative, not a sectoral approach.  

The term is usually presented in three 
dimensions: ecological, economic and social 
sustainability. Also in the field of aquaculture, 
aiming for sustainability requires not only the 
achievement of environmental objectives, but also to 
provide clear economic advantages for aquaculture 
farmers in the long term [13]. Often, stakeholder 
views are snapshot or present oriented. The multiple 
variables affecting sustainability and viability are 
considered from a here-and-now perspective rather 
than considering the effects that significant change 
in one or several variables might cause.  

Aquatic nitrogen loads generated from the 
sewage effluent of a growing, global human 
population (15 billion vs. 6 billion people) may 
prevent the legal discharge of any aqua cultural 
effluents. Much of the intensive aquaculture industry 
has a highly centralized structure with respect to 
production and distribution. 

Aquaculture, as with all other food production 
and also industrial practices, is facing the challenge 
of sustainable development. Aquaculture has grown 
exponentially over the last 50 years from the 
production of less than 1 million tones of product in 
the 1950s to 51.7 million tones in 2006. Whereas 
capture fishery production is static and has even 
been decreasing for years, aquaculture continues to 

grow more rapidly than any other animal food-
producing sector. Aquaculture will continue to play a 
large and increasing part in the world's fish 
production to meet the globally rising demand for 
fishery products [6]. 

On the basis of the experiences in a national 
aquaculture development program can be identified: 
Sector analysis and policy development. A thorough 
analysis of the sector, its potential, and its constraints 
forms the basis for a realistic aquaculture policy and 
strategic plan to be developed through a participatory 
process. The strategy will define a policy and 
institutional framework. It is likely to achieve the 
following: 
o Provide clarity on sector objectives (for example, 
a focus on export-driven commercial aquaculture, 
subsistence aquaculture directed at social objectives, 
or some combination of objectives). 
o Describe key policy principles Identify the 
respective roles of the public and private sectors and 
the role of and opportunities for export products. 
o Identify a participatory framework for 
development, including the means of setting common 
objectives, coordinating and mutually reinforcing 
activities, and structuring public-private partnerships. 
o Describe the coordination mechanisms in the 
public sector, including means of resolving 
jurisdictional overlap. 
o Outline a legal and regulatory framework that 
ensures environmental safeguards without imposing 
unnecessary restrictions on development, including 
means of internalizing environmental costs. 
o Establish clear principles for resource allocation, 
including zoning for aquaculture. 
o Identify sources of finance for aquaculture from 
public and private sources, from internal and external 
sources and seek to match those sources with the 
respective tasks. 
o Learn the lessons of the past and focus public 
interventions on catalytic actions, core regulatory 
activities, and essential tasks unattractive to the 
private sector. 

 
The strategy is likely to be implemented through 

an enabling framework with a number of mutually 
supportive components. A conductive investment 
climate: An investment climate suitable for an infant 
industry is highly desirable. Good governance, rule of 
law, and a clear vision of the role of the state all 
contribute. A favorable investment climate requires a 
coherent policy framework; attention to issues of 
tenure; coordination among public bodies and with 
private stakeholders; and support for science, 
technology, and capacity building.  

Aquaculture requires a policy and legal 
framework that creates clear title (for example, long-
term lease) over land and water. Titles need to be 
protected and freely transferable so that new 
investors can purchase established fish farms and so 
that titles can serve as collateral. To provide the 
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incentives to invest in restocking aquatic commons, 
community or individual rights may need to be 
created for fish harvesting in lakes and reservoirs. 

Some of the enabling conditions for sustainable 
aquaculture are as follows: Awareness and 
perception: Awareness of aquaculture as a viable 
commercial undertaking in the public and private 
sector and among financial institutions improves 
access to land, water, and financial resources. Recent 
experiences in Asia and Africa also indicate that 
farmers adopt aquaculture where certain predisposing 
conditions are met [5]: 

 (1) Perception of the value of fish as food and 
for generating income. 

 (2) Land ownership, ability to rent agriculture 
land, or in case of the landless poor, secure access to 
common property resources (water bodies, 
floodplains, irrigation canals, and/or coastal waters). 

(3) Knowledge of technologies suited to 
available resources and conditions. 

 (4) A supply of seed. 
 (5) Institutional support, in terms of initial 

support to new entrant farmers through advice and 
inputs–for example, extension, seed supply. 

A developed livestock industry enables spin off 
of a wide range of skills and experiences, ranging 
from animal health to effluent control [11]. 
 Urban markets: Major urban markets offer major 
opportunities for stable markets (for example, 
contracts with supermarkets, hospitals, and 
restaurants). In turn, stable markets allow planned 
production and create a basis for further investment. 
 Peri-urban commerce: The peri-urban zones 
offer particular opportunities for aquaculture. They 
have easy access to the urban markets or export 
channels. Wastes generated by other industries, such 
as breweries, or abattoirs may be recycled. Labor and 
service industries are available.  
 Critical mass: The vertically integrated 
commercial farms assume a large part of the risk of 
the venture. A mature industry has the critical mass to 
benefits from economies of scale, to spread risk to the 
service industries and specialist providers. Lower 
risks means investors can accept lower returns, 
allowing product price reductions and further market 
penetration.  
 Farmer associations: Strong farmer or fishing 
industry organizations can provide a platform for fish 
farmers. Experiences with contract farming, 
particularly for perishable export crops, may also 
provide a useful business model, while established 
rural finance mechanisms can facilitate farmer credit. 

 
Application of sustainable principles to aquaculture: 

 
The limited availability of natural resources 

coupled with increasing g energy prices emphasise 
the need to move forward in aquaculture to become 
more sustainable. Compared to other animal 
production systems, aquaculture is put under special 

pressure to become more sustainable, because of 
their use of important natural resources, such as 
freshwater, wetlands, coastal areas and also the wild 
catch of fish for fish feed production or stock 
recruitment. 

The sustainability of an activity and its 
measurement is not a static topic as, by definition, it 
incorporates economic, environmental and social 
considerations. Each approach to sustainability as 
well as being based on indisputable facts contains 
some level of attached societal values and value 
judgments, which may be under discussion or may 
change over time. This means it is not always 
possible to decide unambiguously whether a process 
is sustainable or not. Often there are transitions 
between non-sustainable to sustainable processes. 

In the following paragraphs, the principles of 
each sustainability area will be introduced. In 
addition, general suggestions are made on how to 
make an aquaculture system more sustainable by 
considering these principles.  

 
Improving Ecological Sustainability: 

 
Water, nutrients, the area used for the farm, and 

energy are the most important topics related to the 
ecological sustainability of aquaculture farms. 
Regarding water, both the amount needed and the 
quality are important aspects. Freshwater may be 
obtained from surface sources, such as lakes or 
rivers, or from the ground (aquifers) by the use of 
wells. One important goal in all systems is to reduce 
the amount of freshwater needed to relieve the 
natural ecosystems.  

In other aquaculture systems, it is possible and 
important to reduce the amount of energy by 
increasing the energy efficiency, e.g. through the use 
of more efficient pumps. With regard to energy use, 
the aim is to produce at least the same amount of fish 
with less energy or more fish with the same amount 
of energy. 

Aquaculture may have a diverse range of 
effects, both negative and positive, on the 
environment and also on the communities. 
Environmental impact assessment should be carried 
out before the promotion of rural aquaculture         
[4]. The negative impact of aquaculture on the 
habitat can be minimized through the use of good 
operational techniques and better farm management 
practices. Lucas and Southgate [8] describe the 
serious environmental impact of effluent discharged 
from land-based aquaculture. The environmental 
impact of untreated effluent into surrounding bodies 
of water increases with the production and intensity 
of aquaculture operations, and depends strongly on 
species, culture methods, stocking density, food 
composition, feeding techniques and hydrographic 
conditions. Intensive cage farm operations are not 
limited in their environmental impact. The 
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generation of wastes from cages can be viewed as a 
simple input - output process.  

 Cage culture can also introduce disease and 
parasite transmission in the natural water bodies. The 
major impacts include destruction of natural habitats, 
eutrophication and sedimentation in natural bodies of 
water and negative effects on native fisheries and 
biodiversity. The introduction of exotic species in 
aquaculture is also a contentious issue because it can 
alter the diversity of the natural flora and fauna [2].  

Polyculture systems and integrated agri-
aquaculture systems (IAAS) can also have positive 
effects on the environment [2]. Polyculture and 
integrated aquaculture systems are environmentally 
friendly aquaculture methods. These methods can 
raise diverse organisms within the same farming 
system, where each species utilizes a distinct niche 
and distinct resources within the farming complex. 
One option for sustainable aquaculture is the 
development small scale integrated agriculture-aqua-
culture systems. Integrated agriculture-aquaculture 
offers special advantages over and above its role in 
waste recycling and its importance in encouraging 
better water management for agriculture and 
forestry. Fish are efficient converters of low-grade 
feed and wastes into high-value protein. In integrated 
farming, the waste of one enterprise become input to 
another and, thus, optimise the use of resources and 
lessens pollution. The system refers to the 
production, integrated management and 
comprehensive use of aquaculture, agriculture and 
farm animals, with an emphasis on aquaculture. 

Positive effects include the recycling of 
nutrients and organic wastes [2]. Integration involves 
growing a variety of aquatic species, water re-use, 
and integration of aquaculture with other farm 
production. The basic premise of IAAS is the 
multiple use of water for both traditional terrestrial 
farming and aquaculture in a profitable and 
ecologically sustainable manner [4].  

The IAAS has been practiced with success for 
many centuries in many parts of the world in many 
developing and developed countries. In Asian 
countries, fish, rice, crops and ducks have been 
integrated to better utilise available water, land and 
nutrients. In developed countries, such the USA, 
Australia and in Europe IAAS technology has been 
limited to small-scale system linked to irrigation 
farming [8]. Traditional polyculture systems describe 
the deliberate culture together of complementary 
species (species occupying complementary niches 
especially in regard to their food and feeding).  

The relationship between different species, grass 
carp (a), wushang fish (b) feed upon terrestrial 
vegetation and aquatic macrophytes; silver carp (c) 
graze upon phytoplankton; bighead carp (d) consume 
zooplankton; tilapia (e) feed upon both kinds of 
plankton, green fodders and benthic organic matter; 
black carp (f) feed on molluscs; and common carp 
(g) and mud carp (h) consume benthic invertebrates 

and bottom detritus. This system not only restores 
the quality of the effluent water, but also produces a 
commercial crop from the effluent treating organism. 

 
Improving Economical Sustainability: 

 
Economic considerations play an important role 

in the survival and development of aquaculture. An 
aquaculture venture will be economically viable if a 
fish or fisheries product can be produced at a cost, 
which is competitive with other animal protein 
sources and can be sold at a reasonable profit. 
Economic considerations can be divided into 
demand, finance, production, and marketing. Product 
demand involves the relationships between the 
quantity of product that consumers will get, the 
selling price, the price of competing products, the 
size of the consuming population, and the income of 
the consuming population Financing and capital for 
aquaculture are a very important economic 
consideration. 

An aquaculture is economically sustainable and 
viable, if the farm is profitable, the farm revenue is 
reliable and the farm system and products are 
accepted by the consumer. In many cases, improving 
environmental sustainability can be connected to the 
optimization of economic sustainability. For 
instance, a more efficient use of feed and nutrients or 
the reduction of the use of freshwater is not only 
positive for the environment, it can also reduce costs. 
Depending on national laws, reducing wastewater 
contributes also to the lowering of production costs. 
The same is true for all energy dependent processes. 
A more local or regional distribution of products will 
decrease the transport costs, which are partly energy 
costs. The diversification of the aquaculture can 
buffer market fluctuations. Polyculture or the 
additional production of renewable resources, garden 
plants or fish fry. Production of traceable high 
quality products can both increase realised prices 
and consumer confidence. Last, but not least, fully 
endorsing sustainability (and not just adopting under 
duress as a necessary chore) can be a valuable 
argument to increase consumer acceptance. 

Production economics involve various direct 
costs, which can be divided into systems costs, 
production costs, and processing costs. Systems 
costs include the initial facilities investment, 
maintenance, taxes, and interest of working capital. 
Production costs focus the culture techniques used 
and the cost of inputs to the production process such 
as feed, fish stock, water quality management, 
additional fertilizer antibiotics, labour, harvesting, 
and transport facilities. Processing cost is also an 
important factor, and involves direct cost to the 
producer and transport to the processing facilities. 
Processing can be considered a production cost if 
there are existing processing facilities [7]. Marketing 
involves the movement of goods from the producers 
to the consumers. The marketing network for food 
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items involves processors, distributors, and outlets. 
Marketing of new aquaculture products can be 
difficult especially in the absence of appropriate 
marketing networks. Profitability is influenced not 
only by the market but also by the costs of 
production. Production costs vary according to 
whether the business is involved in the hatchery 
phase, the grow out phase or both [8]. 

However, all these aspects need to be evaluated 
very individually, because the availability of all 
resources needed for an aquaculture (water, land, 
nutrients, and energy) vary greatly between the 
different European countries and regions. In the 
vicinity of a big city, for instance, a highly intensive 
recirculation system might be very much sustainable, 
especially if it can be heated by waste heat; whereas 
in rural areas, as is the case in many areas of 
Hungary, it might be economically much more 
sustainable to run a large extensive carp pond, as 
land and water is relatively cheap and available. 

 
Improving Social Sustainability: 

 
The issue of social sustainability is also very 

complex. It includes employment opportunities in 
the sector, the conditions of employment on the 
aquaculture farm (hygiene, safety, training), but also 
the general public in connection with e.g. recreation, 
health and nutritional issues. Important aspects are 
also the attractiveness of aquaculture to the younger 
generation or in which way an aquaculture system 
preserves culture and traditions, for example with 
pond fish farming in Eastern Europe. Social 
sustainability was not a primary focus of 
SustainAqua, which concentrated more on technical 
solutions to directly increase economic and 
environmental sustainability, but which, nonetheless, 
if achieved support social sustainability (securing 
jobs, ensuring functional environment for recreation, 
contributing to high-quality and healthy nutrition, 
etc.). 

Aquaculture development has a number of 
advantageous social impacts, particularly in rural 
areas. Small-scale aquaculture in developing 
countries is often given priority as it offers 
opportunities for employment, which help in 
sustaining rural populations and reducing the drift of 
populations to urban centres [10]. This employment 
includes production processing, transport and 
marketing. However, aquaculture development can 
also result in social problems such as:  
o Displacement of traditional local industries like 
captures fisheries [8]. 
o Reduction in employment because of intensive 
and relatively skilled aquaculture activities.  
o Depletion in the seed required for aquaculture.  
o Changes in traditional water use and 
consumption.  
o Reducing the possibility of other uses.  

o Increased farm intensity, which may lead to 
differential increases in income and social 
stratification.  
o Competition for spaces, traditional fishing.  
o Restriction of access to land. 
o Reduction in property values.  
o Reduction in the amenity value of freshwater for 
recreational fisheries, recreation and tourism;  

 
Before implementing an aquaculture project, 

priority has to be given to the study of local 
communities. For appropriated project design it is 
necessary to know about the level of human, 
economic and infrastructure development, and the 
cultural and political context. The technology or the 
farming system to be adopted has to be carefully 
selected, not only on the basis of the climatic and 
hydrological conditions of the area, but also on the 
skills and educational background of the target 
population and their socio-cultural system [8].  

 
Conclusion: 

 
The potential of aquaculture is rising for 

economic growth, poverty alleviation, food security, 
and environmental services. Concurrently stress the 
need for good governance to counter the threats 
posed by unsustainable aquaculture practices to the 
environment and the poor. Improve aquaculture 
governance through informed policies based on 
science-based diagnostics and coordinated public and 
private activities and working from a plan formulated 
through participation and consultation. 

An environment for private sector investment, 
innovation, and expansion at both corporate and 
smallholder levels is being programmized. Best 
practices to ensure environmental sustainability of 
aquaculture, take measures to internalize the 
environmental costs, and use market mechanisms 
such as certification and ecolabeling to forge an 
economic backbone for and social awareness of 
environmentally friendly and healthy aquaculture. 

Aquaculture infrastructure must be not only in 
terms of roads and other “hardware,” but also in 
terms of communications, institutions, and support 
services.  Aquaculture and consider means of 
countering these threats, including the rigorous 
application of core biodiversity-related guidelines. 

Through collaboration between client countries 
and development partners, prepare specific safeguard 
policies and guidelines for aquaculture for 
consideration by international financial institutions 
with a view to extending.Legal instrument for the 
sustainability of aquaculture and hence for the 
quality assurance and food safety of aquaculture 
products has already available with the existence of 
Fisheries. Fish health management has already left 
disease treatment with all the negative environmental 
impacts and other consequences, but move to a 
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future of disease prevention with the application of 
best management practice. 

For the sustainability Aquaculture, there are still 
many tasks need to be done especially working on 
the empowering of small scale farmers which 
include to provide better quality assurance and safety 
food of aquaculture products to meet consumer and 
regulator demands, to produce product quality and 
safety in aquaculture like seed and feed, and to 
extend more the implementation of sustainable 
practices and management schemes to preserve the 
aquaculture environment. 
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