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Executive Summary

 2 Managing the environmental costs of aquaculture

Aquaculture is among the fastest growing food 
production sectors in the world and this trend 
is set to continue. However, with increasing 
production comes increasing environmental 
impact. For aquaculture to remain sustainable this 
future growth must be met in ways that do not 
erode natural biodiversity or place unacceptable 
demands on ecological services.

This study is a review and analysis of global 
aquaculture production across the major 
species and production systems. It compares 
the aggregate biophysical resource demands of 
each system and their cumulative environmental 
impacts. The study then compares these results 
with those from other animal food production 
systems before examining the consequences of 
likely future trends. Finally, the policy implications 
���������	���
��������������������������������
the research agenda that should be pursued to 
meet the challenges involved in producing food 
sustainably.

Worldwide, aquaculture production has grown at 
�����������������������������������������
reached 65.8 million tonnes in 2008. The growth 
���������������		�!��������������!����	�����
growth in world population. China supplies 
61.5% of global aquaculture production; a further 
"��#�������������������������$���&�'�(�������
Europe, 2.2% from South America, 1.5% from 
North America, 1.4% from Africa and 0.3% from 
Oceania. Production in China and the rest of Asia 
is predominantly freshwater, from other continents 
predominantly coastal. The annual average growth 
rate in aquaculture between 2003 and 2005 in 
North America and Europe is slow (1.4–1.6%); it is 
rapid in China, Asia and South America (6, 11.2, 
��������	�������!+�����-	���������$������/�(�"�+&�
albeit from a very low baseline.

Carp dominates production in both China and 
the rest of Asia. In contrast, for Europe and South 
America it is salmonids; African aquaculture 
	��������������������-��������!��������&�	�������!�
tilapias. For Oceania, shrimps and prawns 

dominate while in North America production is 
more even across the species groups. Aquaculture 
����������������������������		�����������7�
between 2003 and 2008 the proportion of 
�9����������������������	���������/�����������������
industrial purposes) increased from 34 % to 42%. 
:���	��	��������������������		�����<!��9����������
��"�������������=�		�!�������9����������������
dominant for seaweeds, carps and salmonids. 

The rapid growth of aquaculture witnessed 
over the last forty years has raised questions 
concerning its environmental sustainability. To 
answer those questions satisfactorily requires 
quantitative analyses. This study, based on 
2008 data, compares the global and regional 
demands of aquaculture for a range of biophysical 
resources across the dominant suite of species 
and production systems in use today. The units 
of analysis were the elements of a six dimensional 
matrix comprising 13 species groups, 18 countries, 
3 production intensities, 4 production systems, 2 
��<���������#�������!	����:����������#�	��������
matrix elements that accounted for 82% of 
estimated total world aquaculture production in 
that year.

The assessment method chosen to analyse the 
data was Life Cycle Analysis (LCA). This method 
required estimates of both the biophysical 
resource inputs to and outputs from each of the 
�#��	�����>	����������!�����������������:���
input resources estimated were the amount of 
land, water, feed, fertilizers and energy required 
on-farm. The outputs (emissions) considered 
were nitrogen, phosphorus and carbon dioxide. 
From these data the LCA produced estimates of 
the impact of these species-production systems 
for each of six impact categories: eutrophication, 
�����������&��������������&����������������!�
demand, land occupation and biotic depletion (use 
�����������������������������+��B��������������
set to exclude environmental costs associated with 
building infrastructure, seed production, packaging 
and processing of produce, transport and other 
factors.
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3Managing the environmental costs of aquaculture

Sensitivity analyses were run to determine the 
��<�������������������&�������	�������
were made with other LCA studies. Although 
most variations tested gave results that differed 
little from the model in use, some notable 
deviations occurred. Most of these were related to 
assumptions associated with on-farm energy use 
and feed supply indicating that improved data in 
these areas are required.

There is a growing demand for animal source 
foods, driven partly by population growth but 
mainly by rising standards of living and prosperity 
in developing countries. The study continues with 
a comparison of the environmental impacts of 
aquaculture with those from other animal food 
production sectors. This is important because 
without a balanced picture of the environmental 
impacts of producing animal source foods through 
different systems, it is not possible for governments 
or consumers to understand the true costs of 
production.

The comparative analysis draws heavily on studies 
of the environmental impact of livestock produced 
by the FAO and considers four key aspects: 
�������������������&���������������������
(nitrogen, phosphorus and carbon dioxide), land 
use and water use. 

Fish convert a greater proportion of the food they 
eat into body mass than livestock and therefore 
the environmental demands per unit biomass or 
protein produced are lower. The production of 1 
D����������	��������9����������������'�#�D�����
grain compared to 61.1 kg of grain for beef protein 
and 38 kg for pork protein. However, although 
�������������!��������������������������!�����
livestock there are important issues with respect 
�������������������	�����&�������	���������!�
��������������������������������������!J
�������������	�������������������������������
Unfortunately, simply substituting a vegetable-
<���������������������������������	����<������
present.

K������&��������	������!&��������������������#�
species-production systems reviewed showed a 
positive relationship between overall production 
levels and impact. The levels of impact were then 
compared across production system, species 
group and country. 

Inland pond culture is the predominant production 
system and it contributes the greatest impact 
across all the six impact categories, with demand 
�������������/<��������	�����+���������<�������
marine cage and pen culture. Similarly carps, as a 
�	����������	&�������������������	�������Q������
the fact that carp production is greater than that of 
other species groups. Eel production stands out 
as highly environmentally demanding, largely due 
to high energy consumption, and salmonid, and 
shrimp and prawn production are notable for their 
��������������������B��������������������	�����
low demands on the environment and actually 
reduce eutrophication.

$����	��������������������������������������
countries gave a variable picture. For example, 
for the salmon producing nations of north Europe, 
Canada and Chile, the impact from eutrophication 
was moderate and biotic depletion high, but they 
����������������������V�������$�����������
the other four environmental impacts. Perhaps 
more interestingly however, were the differences in 
������������������	�����>	��������������������
between countries suggesting scope for improving 
environmental performance. For shrimp and prawn 
�������&������-��	��&�V������������������������&���
relative terms, than other producer countries when 
������������	�����������������&���������������
and energy demand. 

A look at the drivers of impact, i.e. those attributes 
of the production system that contribute most to 
environmental impact, showed that the aquaculture 
production system itself contributed most to 
eutrophication, but impacts on climate change and 
�������������������	������������������������
national energy supply; a factor outside the control 
of the local operator.
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 4 Managing the environmental costs of aquaculture

Extensive livestock production places heavy 
demands on land use through deforestation and 
land degradation. However, land use demands 
per unit of protein production appear broadly 
similar across other animal food production 
systems. Intensive livestock production is 
noteworthy, however, for the high levels of nitrogen, 
phosphorus, carbon dioxide and methane 
produced. Comparatively, aquaculture systems 
perform well with respect to the emissions 
produced from beef and pork production. 
Livestock rearing, especially in intensive systems, 
also places heavier demands on the use of fresh 
water.

There are, however, a number of issues concerning 
the calculations which make true comparisons 
����������������������������������������	��	���!�
compare the different intensities and methods 
of animal production, so the results must be 
viewed as ‘broad-brush’. Certainly there are some 
������������������������������������	������������
is cold blooded and feeds near the bottom of the 
food chain but much depends on the species, 
production system and management used. And 
there are trade-offs between extensive systems 
that place higher demands on land use, and 
ecological services such as water, fuel, nutrient 
cycling, and intensive systems that require higher 
levels of fossil fuels, feed, and produce more 
��Q����

X�������������������������������<���Q!������������
drivers of demand and environmental constraints 
to aquaculture production, along with published 
predictions of future trends for the aquaculture 
sector. Driven largely by increasing wealth and 
urbanization, published estimates suggest 
production will reach between 65 and 85 million 
�����<!�"�"�����<�����������������������
tonnes by 2030. As an illustration of the potential 
environmental impact of this growth, in the absence 
��������������������������	�����������
management and technology, a production level of 
100 million tonnes by 2030 (excluding seaweeds) 
will lead to environmental demands that will be 
between 2 and 2.5 times greater than 2008 levels 
for  all the impact categories studied.

A number of key conclusions and 
recommendations arise from the analysis, and 
point the way towards improved productivity for 
aquaculture with reduced environmental impact. 
These include the following points.

Z� As the degree of environmental impact is 
largely determined by the level of production, 
with carp production from inland ponds 
in China and Asia creating the largest 
environmental footprint, this is an important 
����������������������������<��������D��
to develop measures to reduce overall 
environmental impact. 

Z� The variety in impact measured by the same 
species-production system operating in 
different countries suggests strongly that 
the potential to improve performance exists, 
such as through regional learning networks 
for both policies and technologies. Much 
of the aquaculture industry in developing 
countries provides opportunities for improved 
�����������

Z� Feed constraints are key to aquaculture 
development. Reducing the dependency 
����������������������������9��������
innovations in technologies and management 
but the payoffs may be spectacular both in 
���������	�����<����!&������������������������!�
and reduced environmental impact.

Z� Analysis shows that reductions can be made 
to the sector’s impact on both climate change 
���������������<!���	����������!��������!�
throughout the production and value chains. 
The use of water and energy audits and better 
practices should lead to reduced resource 
demands.

Z� It is apparent from this study that aquaculture 
���&��������������������������!����
environmental impact perspective, clear 
<��������������������������������������������
production for human consumption. In view of 
this, where resources are stretched, the relative 
<���������	�������������	������������������
over other forms of livestock production should 
be considered.
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5Managing the environmental costs of aquaculture

Z� The growing need for aquaculture to contribute 
to food security, especially in African and Asian 
countries will require governments to actively 
support growth of the sector and stimulate 
private sector investment. 

Z� Aquaculture affects climate change and 
climate change will affect aquaculture. To 
minimise the potential for climate change, 
energy consumption should be kept as low 
as possible and new aquaculture enterprises 
should not be located in regions that are 
already high in sequestered carbon such as 
mangroves, seagrass or forest areas.

Z� There are measures that policy makers can 
take which include providing support to 
innovative and technological developments, 
ensuring a suitable regulatory framework 
that captures environmental costs within 
aquaculture processes, building capacity for 
monitoring and compliance, and encouraging 
�����������������		�!������������������
�������	��������

:��������!����������������	������������<���	����������
������������������������D����������������
resources using Life Cycle Analysis. It illustrates 
the opportunities and challenges that lie ahead for 
aquaculture. The key messages for policy makers, 
NGOs, entrepreneurs and researchers are that 
there must be a wider exchange of knowledge and 
technology, with policies and action to promote 
�������<����!�����������������������������������
knowledge gaps. These efforts can lead to a more 
�����������!��������<���������!J����	������
goal, given the likely rapid growth in aquaculture 
production. They will also help ensure that 
aquaculture contributes fully to meeting our future 
��������������


