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PREPARATION OF THIS STUDY

This report is based on a review of literature and experience relating to the integration of aquaculture
into coastal area management. It is divided into two parts:

1. Guidelines, designed for both policy makers and technical specialists, which provides broad
guidance on the principles and practice of more integrated planning to promote sustainable
coastal aquaculture development;

2. Tools, designed primarily for scientists and technical specialists, or those closely associated
with aquaculture development, which provides a more detailed scientific review of the tools
and methods which can be used to facilitate and inform the planning process.

The Guidelines (Part 1) are “stand alone” and can be read by policy makers, planners and
stakeholders without reference to Part 2. The guidance is necessarily general: the most effective
approaches will vary significantly between locations. Our review of planning approaches world-wide
revealed no models that were simple, effective and widely applicable. However, we were able to
identify broadly agreed principles, and a common framework for more integrated approaches. The
procedures and tools which can be used in support of better planning are also introduced in Part 1,
with some discussion of their application, strengths and weaknesses.

Part 2 (Tools) should be read in conjunction with Part 1, since the latter provides the context and
rationale for the former. The most important tools and methods that can be used to facilitate more
integrated planning are reviewed, particularly as they relate to aquaculture. It was beyond the scope of
this report to review all these tools in detail, and emphasis was therefore placed on those that have
been applied in practice to aquaculture development planning. Where appropriate the reader is
directed to other more comprehensive reviews and guidelines.

This report  should not be considered a simple tool box. The complexity of the issues, and the variety
of circumstances, precludes a standardised approach. Instead, the report provides realistic advice
based on practical experience made in the field of planning of coastal aquaculture development and
integrated coastal management throughout the world. Practitioners are encouraged to select, modify
and continuously adapt their own approaches and tools to specific circumstances. The report calls for
pragmatic, systematic and flexible planning and management efforts, which may need to be supported
with patience, endurance and adequate funding, for the benefit of sustainable aquaculture
development in coastal areas.

This document is an output from Working Group 31 of GESAMP, which met in Bangkok, Thailand,
from 1-5 December 1997. Contributions to the work of the Working Group by the following experts are
acknowledged with appreciation: John Hambrey (Chair), Piamsak Menasveta, Don Morrisey, Arthur
Neiland, Ong Jin-Eong, Michael Phillips, John Radull, Marguerite Rasolofo, Peter Saenger, Siri
Tookwinas, and Uwe Barg (Secretariat). The Working Group prepared the document “Integration of
Aquaculture into Coastal Management" (GESAMP/XXVIII/5 and XXVIII/5.1). Valuable comments and
suggestions on the draft study were received from Malcolm Beveridge, Dan Fegan, James Tobey and
Rolf Willmann. The document was presented to the 28th Session of GESAMP in Geneva, 1998, and to
the 29th Session in London, 1999, (as GESAMP/XXIX/5) for discussion and comments. The final
version was endorsed at the 30th Session of GESAMP held in Monaco,  22-26 May 2000.
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The Contributions of Science to Integrated Coastal Management (1996), and Towards Safe and
Effective Use of Chemicals in Coastal Aquaculture (1997).  The work of the Working Group was
jointly sponsored by the United Nations Environment Programme (UNEP), the Food and Agriculture
Organization of the United Nations (FAO),  the United Nations Educational, Scientific and Cultural
Organization of the United Nations - Intergovernmental Oceanographic Commission (UNESCO-IOC),
the World Health Organization  (WHO) and the  IUCN-The World Conservation Union. The Secretariat
was provided by FAO.

mailto:hambrey@.compuserve.com
mailto:mpiamsak@pioneer.netserv.chula.ac.th
mailto:d.morrisey@niwa.cri.nz
mailto:neilanda@pbs.port.ac.uk
mailto:jeong@usm.my
mailto:uwe.barg@fao.org
mailto:naca@mozart.inet.co.th
mailto:jradull@recoscix.com
mailto:soamex@bow.dts.mg
mailto:psaenger@scu.edu.au
mailto:sirit@fisheries.go.th


iv

 ABSTRACT

GESAMP (IMO/FAO/UNESCO-IOC/WMO/WHO/IAEA/UN/UNEP Joint Group of Experts on the
Scientific Aspects of Marine Environmental Protection), 2001. Planning and management  for
sustainable coastal aquaculture development. Rep.Stud.GESAMP, (68): 90 p.

The coastal zone is characterized by ambiguities of resource ownership, and complex
interactions between resources, ecosystems and resource users. It has been widely recognised
that to address these complexities, and to promote sustainable development in the coastal
zone, a more integrated approach is needed, ideally within the framework of Integrated Coastal
Management (ICM).

The rationale for more integrated approaches to aquaculture development is powerful: coastal
aquaculture has brought significant economic and employment benefits to both national
economies and coastal people throughout the world; aquaculture is highly vulnerable to
pollution caused by other resource users; if poorly designed or managed it may cause pollution
or the spread of disease; its impacts are often limited but incremental and cumulative; and it
often takes place in areas where resource ownership or use rights are ill defined and
ambiguous. Efforts to integrate aquaculture into coastal management can contribute to
improvements in selection, protection and allocation of sites and other resources for existing
and future aquaculture developments.

This report is based on a review of literature and experience relating to the planning and
management of aquaculture development and its integration into coastal area management. It
explores in detail how more planned and integrated approaches can be applied to aquaculture
development. These approaches range from “enhanced sectoral” initiatives, to incorporation
within comprehensive ICM programmes.

No simple, effective, and widely applicable models have been identified. The most appropriate
approach will depend upon a wide range of local factors, including available skills and
resources, the urgency of the problems or opportunities, and the nature of existing planning and
development frameworks. The less comprehensive approaches may be the only realistic option
in some situations, but should be seen as a starting point for, and stimulus to, more
comprehensive ICM. These approaches should contribute to more systematic planning and
improved management of individual aquaculture operations, as well as to the coastal
aquaculture sector as a whole.

Key words:  Aquaculture Development, Planning, Coastal Management, Sustainable
Development
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EXECUTIVE SUMMARY

Background and rationale

1. Aquaculture production is growing at more than 10% per year, compared with 3% for terrestrial
livestock and 1.5 % for capture fisheries. This growth is expected to continue. Asian aquaculture
farmers continue to contribute about 90% of the world’s aquaculture production, and more than
80% of total aquaculture yield is being produced in low-income food-deficit countries (LIFDCs).

2. Coastal aquaculture is dominated by the production of aquatic plants (seaweeds) and molluscs.
However, a wide range of diverse coastal aquaculture systems has been developed in Asia,
Europe, and the Americas, operating at different intensities and scales of production.

3. Aquaculture has great potential for the production of food, alleviation of poverty and generation of
wealth for people living in coastal areas, many of whom are among the poorest in the world. The
rapid growth of aquaculture in recent years has been consistent across sub-sectors, from low-
input systems generating low value products of importance for subsistence and direct food
security, to medium and high value products for national and international markets, which are
important for improved living standards and foreign currency earning. The great diversity of the
sector encompasses very small scale to very large-scale enterprise, implying that aquaculture can
contribute significantly to a wide range of development needs.

4. However, significant problems can be associated with coastal aquaculture development. These
include unsuccessful development, where the potential for development is not realised, especially
among the poorer sectors of society; the vulnerability of aquaculture to poor water quality and
aquatic pollution, caused by industrial, domestic, agricultural and aquacultural (i.e. its own)
wastes; and over-rapid development, where the undoubted successes of the sector have been
tarnished by environmental and resource use issues, social problems, disease, and in some
cases, marketing problems.

5. Although some of the social and environmental problems may be addressed at the individual farm
level, most are cumulative – insignificant when an individual farm is considered, but potentially
highly significant in relation to the whole sector. They are also additive – in the sense that they
may add to the many other development pressures in the coastal zone.

6. These cumulative and additive problems can only be addressed through better planning and
management of the sector - by government, in collaboration with producer associations or industry
organisations. A precondition for better and more effective planning is also better organisation and
representation of the sector.

7. Crucial elements in a more planned approach include:

•  improvements in siting, design, technology, and management at the farm level;
•  better location and spatial distribution of the sector as a whole;
•  better water supply for the sector as a whole;
•  better fish health management including disease and stock control at individual farm and sector levels;
•  improved communication and information exchange;
•  improved access to markets and trade opportunities;
•  more equitable distribution of the benefits derived from coastal aquaculture development.

8. In practice many of these are unlikely to be achieved without effective integration with planning
and management of other sectors. The framework normally proposed to achieve this is integrated
coastal management (ICM).

Review of experience

9. Some investors have responded to the problems associated with coastal aquaculture through
more rigorous project appraisal. Governments have responded mainly with specific regulations
relating to farm operation (such as effluent limits, design standards, best management practices,
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and codes of conduct). In some cases they have responded with more rigorous requirements for
social and environmental impact assessment.

10. These farm level measures have often been ineffective. Promotion of environmental assessment
in particular has failed to address the problem of over-rapid and unplanned development of
aquaculture in some countries. There are two reasons for this. Firstly, as noted above, the impacts
associated with aquaculture are often insignificant when a farm is considered in isolation.
Secondly, in the absence of any broadly agreed environmental quality standards, assessments of
the significance of impacts have been highly subjective and inconsistent.

11. A range of more comprehensive approaches to coastal resources management have been
proposed as frameworks for addressing the wider issues of sustainable coastal resource use, the
minimisation of conflict, and the optimal allocation of resources including in particular land and
water. These range from sector related environmental planning and management initiatives
(enhanced sector planning) to more ambitious integrated coastal management (ICM)
programmes.

12. There have been two main types of enhanced sectoral initiative for coastal aquaculture. The first
has used geographic information systems (GIS) and remote sensing as the basis for defining
suitable locations or zones for aquaculture. The second has focused on estimates of
environmental capacity in order to define appropriate scale and location for sustainable
aquaculture development. Both offer a useful practical focus for more integrated planning
initiatives. Unfortunately, these initiatives have often failed to translate the findings into practical
incentives and constraints to promote more sustainable development. This failure points to the
need for broader and more integrated planning frameworks.

13. There are many examples of more integrated coastal zone management (CZM) or integrated
coastal management (ICM) initiatives, some of which have encompassed aquaculture. The
objectives of such initiatives typically include: the optimal allocation of resources to competing
activities or functions; the resolution or minimisation of conflict; the minimisation of environmental
impact; and the conservation of natural resources. Given the problems listed above, it is clear that
they have great relevance to aquaculture.

14. Unfortunately the performance of regional or national level ICM initiatives has been disappointing
in practice, particularly in relation to aquaculture. This is related to the complexity of the process,
the difficulties associated with significant institutional and legal changes, and the time and cost
involved. For example, the problems associated with shrimp farm development have arisen mainly
when it has developed rapidly and uncontrollably in developing countries. Some major ICM
initiatives have failed to respond with the rapidity required.

15. In these circumstances, more locally focused initiatives (e.g. relating to an estuary or lagoon
system) may offer the most practical starting point, and are likely to lead to the identification of
specific needs in terms of greater vertical integration (i.e. with higher level policy or legislation).

16. In other situations, where the nature of the resources or existing resource management systems
precludes more locally based initiatives, enhanced sectoral approaches may be the most
appropriate. However, the lack of effective mechanisms for implementation has often been a
weakness of such approaches, and requires particular attention.

17. More comprehensive ICM may be effective as a starting point where coastal aquaculture is in the
early stages of development, where institutions for resource management are flexible or un-
developed, where appropriate legal and institutional frameworks are in place or can be developed
rapidly, and where scientific and technical capacity is substantial.

Guiding principles

18. Despite this lack of a universal model, it is possible to present a set of widely agreed guiding
principles which may be applied whatever the administrative level or scope of the planning
initiative.
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19. The first is the requirement for a clear planning objective. In broad terms, this would normally be to
promote or facilitate sustainable development. Although there are many definitions and more
interpretations, the most widely quoted and agreed, is: “Development that meets the needs of the
present without compromising the ability of future generations to meet their own needs”
(Brundtland Report; WCED, 1987). Ensuring that activities do not exceed the carrying capacity of
the environment is one practical interpretation of this objective. Ensuring that the sum total of
natural and economic capital is maintained or increased through time is another. Agreeing (at
national or local level) on a practical interpretation of this in relation to aquaculture must be one of
the first steps in any planning and management initiative.

20. Two principles were given emphasis at the Rio Summit and should be observed. The
precautionary approach means that we should more carefully plan and rigorously evaluate
developments that have uncertain and potentially damaging implications for the environment. The
polluter pays principle is subject to a range of interpretation, from a requirement upon polluters
to pay the costs of monitoring and management, through the requirement to pay the costs of
clean-up, to the responsibility to pay for the cost of environmental damage as well as that of clean-
up.

21. Integration or co-ordination with other sector activities or plans, with national sector plans, and
with integrated coastal management plans (where these exist) is essential.

22. Wide ranging public involvement is important, meaning not only consultation and information
exchange, but also direct involvement or participation of stakeholders in the decision making
process, especially in relation to defining overall objectives and associated targets and standards.
Related to this, particular attention should be paid to the promotion of effective representative
organisations.

23. Thorough assessment of costs and benefits (financial, economic, social, environmental) of
aquaculture in a specific area (e.g. estuarine or lagoon system) should be undertaken; as should
comparative assessment of costs and benefits of aquaculture relative to other resource uses.

24. Some assessment of environmental capacity is desirable. The scope and accuracy of this
assessment will depend critically on resources and time available.

25. Regulation is difficult, especially with respect to large numbers of small-scale developments, and
offers limited incentive for improved environmental performance. It may be made more effective if
responsibility for design, implementation and enforcement is located at the proper administrative
level, and full use is made of self-management and self-enforcement capacity by industry and
farmers’ associations.

26. Incentives (financial, market, infrastructure) can be designed to stimulate innovation and
improvements in environmental management, and should be used wherever possible. However,
incentives may need to be underpinned or reinforced through complimentary regulation.

27. Emphasis should be on the control of effects, rather than the scale of activity. This allows for
economic growth at the same time as providing an incentive for improved environmental
performance.

28. More integrated planning and management is extremely complex, and the outcomes from each
stage of the process are likely to be flawed or inadequate in some way. If the planning process is
not to fail, it must learn and adapt. This requires an iterative approach of action-monitor-evaluate-
adapt-action-monitor-… and so on.  This applies to all forms of action associated with the planning
process: research, setting objectives and targets, specific planning interventions, and designing
new institutional structures and procedures.

29. Many integrated planning initiatives have foundered through lack of appropriate institutional
structures or capacity for developing or implementing the plan. Institutions and capacity must be
considered at all stages, but especially in relation to implementation.
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Legal and institutional frameworks

30. The importance of legal, procedural and institutional frameworks designed to facilitate sustainable
aquaculture development is emphasised in the FAO Code of Conduct for Responsible Fisheries.
Again, there are no universally applicable models. The nature of any improvements will depend on
existing laws, traditions, and institutional structures. The key point is to develop or adapt a system
that allows for the comprehensive application of the principles set out above.

31. Where the introduction of new legislation is difficult, or will cause excessive delay, guidelines for
developing new initiatives may be introduced prior to specific legislation, as a means of testing out
different approaches.

32. The ideal framework would allow for vertically (national to local) and horizontally (across sectors)
integrated policy-making and planning with a significant role for strategic, sector or regional
(integrated) environmental assessment as an input to the planning process. Such a framework
should allow for adaptation in both directions, i.e. national policy should inform local planning; local
planning and public involvement should inform the development or adaptation of policy at higher
levels.

The planning process

33. The planning process is broadly similar, irrespective of the degree to which it is integrated
(enhanced sectoral planning or ICM), and whether it takes place at local, district, regional or
national level:

I. Stage setting and planning involves the identification and analysis of issues; the definition of provisional
(working) goals and objectives; the selection of strategies and specific instruments to meet the
objectives; and the selection or design of implementing structures.

II. Formalisation involves the agreement and formal adoption of the plan or program, and securing of
implementation funding.

III. Implementation involves deployment of specific planning instruments and development actions, the
promotion, facilitation, and if necessary enforcement of policies and regulations, and monitoring of
the effects of the plan.

IV. Evaluation involves analysis of progress against targets and objectives, and problems encountered

34. In practice stage I. can be further broken down into a set of operational components:

•  Identifying the means/mechanism and level of planning;
•  Initiation;
•  Gaining the trust, involvement and commitment of key stakeholders;
•  Understanding the development context (natural and human resources and economy);
•  Understanding the development options;
•  Defining goals and objectives, and identifying corresponding performance criteria, including

environmental quality standards;
•  Identifying development priorities and acceptable practices;
•  Defining broad development strategies (strategic planning) to promote development priorities and

practices;
•  Designing/agreeing specific planning and management instruments (incentives and constraints) to

promote development priorities and practices;
•  Designing and agreeing monitoring, reporting, evaluation and response procedures;
•  Building necessary institutional capacity, and if necessary new institutions.

A variety of tools and methods are available to help inform and facilitate each of these
components.

35. Initiation must be done with great care. The “who and how” of planning is likely to have a
significant impact on support for the plan and compliance with its provisions. A variety of tools may
be used in this first exploratory phase, including stakeholder and institutional analysis. Public
involvement and participation from the outset is crucial.
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36. Understanding the development context can be extremely complex and great care should be
taken to avoid data collection for its own sake. There are several examples of very detailed
resource assessment for aquaculture development planning, which have fallen into this trap. The
collection of information and research about human and natural resources should be undertaken
in parallel with broad public involvement and issues identification, so that the research and
information collection can be focussed and steadily refined. Logically, this should be done within a
broader ICM, or locally integrated initiative, rather than within a sectoral planning framework.

37. The estimation of environmental capacity is of particular relevance to aquaculture, to the problem
of cumulative impact, and to promoting sustainable development in general. It is therefore
discussed in detail in part 2 of this report. An assessment of environmental capacity should be
undertaken, even if only at the most elementary level, if promoting sustainable development is to
have any practical meaning. Given its complexity however, and its relevance to other activities in
the coastal zone, it is better done within a broader ICM rather than sectoral planning framework.

38. Again it is important not to be too ambitious. A very rough estimation of environmental capacity,
followed by monitoring of key indicators so that the estimate can be steadily refined, may be much
more rapid and cost effective than a major research initiative.

39. Describing development options is rarely done thoroughly or objectively, despite the fact that this
is relatively straightforward. Financial analysis is essential, and if quantities as well as value of
inputs and outputs are included in financial models or projections, important indicators of resource
use efficiency and socio-economic benefit can be generated. This information, along with more
qualitative descriptions of site/location requirements, markets, risk, access and equity issues, can
be used to generate an analysis of comparative economic advantage and an overall “sustainability
profile”. This can be done at the sector level, but the information generated will also be invaluable
for broader ICM initiatives.

40. Defining goals and objectives again requires stakeholder participation. Agreement on goals and
objectives (before specific development cases are addressed) can be a significant factor in conflict
avoidance and resolution. It is also important to agree on specific targets and standards relating to
these objectives. These may then serve as the basis for more consistent social and environmental
assessment, as the rationale for specific planning interventions, and as a baseline against which
progress (in terms of improved performance of the sector) can be measured. Once again, this is
costly and difficult to do at the sector level.

41. Identifying development priorities and acceptable practices can be done using a range of formal
and informal tools including social and environmental assessment; cost benefit analysis; and
participatory/multi-criteria decision making. The success of these approaches, especially for
comparing economic and environmental costs and benefits, will depend critically on the
thoroughness of the issues identification; the quality of the technical-economic assessment; and
the existence of agreed objectives and targets/standards. It will also depend on effective
communication and exchange of information so that all those involved in the decision making
process are well informed.

42. The foregoing should provide the basis for a planning and management strategy, which might
include, for example:

•  zones with development and environmental objectives specifically related to aquaculture and other
compatible activities;

•  environmental quality standards associated with these zones;
•  allocation of environmental capacity, in terms of waste production/emission limits, for aquaculture and

other activities within these zones; and
•  production targets related to development potential, and social-economic objectives.

43. A set of planning interventions in the form of incentives and constraints (planning instruments) will
be required to implement the strategy and ensure that objectives are met, standards are not
breached, and environmental capacity is not exceeded. Incentives and constraints might apply to :

•  location and siting of aquaculture development;
•  waste emissions;
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•  the quantity or quality of inputs used (e.g. food, chemicals);
•  design, technology and management practices;
•  stock movement and disease management; and
•  the level of activity or production.

44. The incentives and constraints may take the form of:

•  rules and regulations, and associated enforcement measures;
•  economic instruments (e.g. grants, subsidies, tax breaks, taxes, bonds, price intervention, product

labelling);
•  infrastructure provision (such as water supply, effluent treatment); and
•  services (such as disease certification; marketing; training; advice; extension).

45. It is important that these are agreed with all stakeholders if compliance is to be maximised.
Particular attention is paid to economic and market instruments in the report, since these are more
likely to take the form of incentives rather than constraints (which are often difficult to enforce).

46. Monitoring and evaluation are of paramount importance with such a complex process. This should
be straightforward if clear planning objectives have been set, and associated performance criteria
(e.g. standards) agreed. However it is also important to monitor and evaluate these criteria,
especially environmental standards, since the link between them and people’s perception of the
quality of the environment may be weak. For example, water quality standards in receiving waters
are often based on national guidelines or international precedent, and rarely relate directly to local
environmental quality values and objectives. It may be useful to develop “state of the environment”
reporting in order to examine overall effects of development activities on the wider environment,
the relevance of particular standards, and the utility of indicators.

47. Monitoring should also apply at a more immediate level to the planning and implementation
process. There will be many indicators relating to the success of specific procedures or
interventions, and these should be set out in the monitoring programme. In addition, it is vital to
agree on the nature of the response if standards are breached, procedures fail, or targets are not
met.

48. The plan must be flexible. Procedures must be established for communicating the results of
monitoring and evaluation to stakeholders, and adapting and modifying the plan in the light of
experience. At minimum this may involve slight adjustments to planning interventions. In the
extreme it may involve developing completely new policy, laws and institutions.

49. The report presents policy guidelines for all the stages described above, describes and discusses
specific tools which can be used in support of the planning process, with emphasis on those of
particular relevance to coastal aquaculture development, and provides examples and case studies
relating to both the planning approaches and the application of specific tools. It has not been
possible to cover all areas in detail, and in this case the reader is referred to other guidelines or
reviews for further information.



1

PART 1

GUIDELINES FOR PLANNING AND MANAGEMENT
FOR

SUSTAINABLE COASTAL AQUACULTURE
DEVELOPMENT

Part 1 of this document contains guidelines designed to help policy makers, planners and
stakeholders in the coastal zone promote sustainable aquaculture development, and facilitate its
integration into broader coastal management initiatives.

The first part of the guidelines provides a background and rationale for improved planning of
aquaculture development, and integration of such planning as far as possible with other sectors. The
second part offers a brief review of the theory and practice of more integrated approaches to
aquaculture development planning, and coastal management more generally. The third part
summarises the main guiding principles that should be applied to any coastal aquaculture planning
initiative, irrespective of its scope, or the administrative level at which it takes place. The fourth part
deals with the need (and the obligation now resting on producer countries) for enhanced legal and
institutional frameworks to promote better-planned and more sustainable coastal aquaculture
development. The final part takes the reader through the various operational components of a more
planned and integrated approach to promoting sustainable coastal aquaculture development, and
introduces the various tools that may be used to facilitate or support these components. Brief case
studies are presented throughout the text to illustrate worldwide experience in the use of different
approaches and planning tools. Where appropriate the reader is referred to the more detailed
discussion of supporting tools and methods in Part 2.

Our review of actual planning approaches worldwide revealed no models that were simple, effective
and widely applicable. Nor did our review of the application of the various planning tools yield simple
general conclusions about how and when they should be used. Their suitability and utility will depend
on local circumstances and the type of aquaculture being considered. We have therefore identified as
far as possible the strengths and weakness of different planning approaches, and the tools which may
be used to facilitate them, so that practitioners can make a critical appraisal of these approaches, and
make informed choices in relation to their own circumstances.
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1 GUIDELINES

1.1 Background and rationale

1.1.1 The status of aquaculture development
Aquaculture is the farming of aquatic organisms, including fish, molluscs, crustaceans and aquatic
plants (FAO, 2000; FAO Fisheries Department, 1997; FAO/FIRI, 1997). Aquaculture has been the
world’s fastest growing food production system for the past decade (Muir, 1995; Tacon, 1997).

Aquaculture production increased from  7,4 million tonnes in 1980 and 16,8 million tonnes in 1990 to
more than  42 million tonnes in 1999 (Fig. 1), valued at over US$ 53 thousand million. The sector's
production is growing at an average rate of more than 10% per year, as compared with a growth of
about 3% for terrestrial livestock meat production, and 1,5% for capture fisheries production. The
contribution of aquaculture to world food fish landings has more than doubled since 1984. In 1997,
over 30% of food fish consumed by humans, from a total average per caput food fish supply of 16.1
kg, was provided by aquaculture. Global projections for future supplies from aquaculture production
include, for example, 47 million tonnes for the year 2010 (Pedini and Shehadeh, 1997).

Asian aquaculture farmers continue to contribute about 90% of the world’s aquaculture production
(Fig. 2), and in 1999 more than 82% of total aquaculture yield was produced in low-income food-deficit
countries (LIFDCs). The growth rate of the aquaculture sector in LIFDCs between 1984 and 1995 was
six times faster than that for non-LIFDCs (Rana, 1997;  Tacon, 1996).

The vast majority of finfish produced by aquaculture is based on extensive and semi-intensive
freshwater culture systems producing predominantly Chinese and Indian carps, and contributing more
than 44% of global total aquaculture production by weight in 1999. In contrast, marine and
brackishwater aquaculture systems employed in coastal areas inf 1999 yielded 23,4 million tonnes,
valued at US$ 30,3 thousand million, representing 55% of total volume and 56% of total value of
global aquaculture production (Fig. 3).

Coastal aquaculture is dominated by production of aquatic plants (seaweed) and molluscs. For 1999,
their shares of total coastal aquaculture production in terms of quantity and value are 40% and 19%
(seaweed) and 43% and 30% (molluscs). The production share of crustaceans (6%) and finfish (11%)

Figure 1. Global aquaculture production trends by major species groups 1970-1999 
(Source: FAO, 2001)
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is comparatively low, but their relative contributions to the value of total coastal aquaculture production
is significant, i.e. 24% (crustaceans) and 27% (finfish).

A wide range of very diverse coastal aquaculture systems has been developed in Asia, Europe, and
the Americas, operating with different intensities and scales of production. The potential for additional
growth and future expansion of coastal aquaculture is being recognised by many government
authorities, private sector (investors, aquaculturists and ancillary activities), financial institutions, such
as development banks, as well as aid agencies, at national and international levels.

Figure 3. Global aquaculture production by environments, 1970-1999 (Source: FAO, 
2001)
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Figure 2. Global aquaculture production trends by continents 1970-1999 (Source: 
FAO, 2001)
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1.1.2 Sustainable Development
During the last decade there have been increasing efforts, at national and international levels, to
address opportunities and needs for more sustainable aquaculture development1. Sustainability issues
associated with coastal aquaculture developments, in particular aquaculture of salmonids and shrimp,
have attracted the attention of government authorities, the private sector, environmental NGOs, the
academic community, international agencies, the media and the public in general2.

There have been many definitions of sustainable development. One of the most widely quoted and
agreed, is:

“Development that meets the needs of the present without compromising the ability
of future generations to meet their own need" (WCED, 1987)

Rather more specifically, and in relation to agriculture and fisheries, it has been defined by FAO as
follows:

Sustainable development is the management and conservation of the natural
resource base and the orientation of technological and institutional change in such a
manner as to ensure the attainment and continued satisfaction of human needs for
present and future generations. Such sustainable development (in the agriculture,
forestry and fisheries sectors) conserves land, water, plant and animal genetic
resources, is environmentally non-degrading, technically appropriate, economically
viable and socially acceptable (FAO Fisheries Department, 1997).

Other definitions have been developed by economists, which allow (in theory) for the actual
measurement or quantification of sustainability. These generally require that the sum total of different
resources and/or capital (natural capital; human capital; physical plant (equipment, machinery,
buildings) and infrastructure; financial capital; and other forms of capital valued by particular societies)
does not decrease over time (Hartwick, 1977; Solow, 1986).

The practical meaning of sustainable development will rarely be agreed in relation to particular
development decisions, because:

•  its component ideas may be contradictory, or interpreted in different ways by different interests;
•  the values or weights assigned to its various components by different interests may differ; and
•  it may conflict with short term financial viability3

The idea is nonetheless a powerful and constructive one, since it forces people to assess, research,
and discuss development opportunities from a broad range of perspectives. It also encourages
specific discussion of the trade-offs between different development and conservation objectives and
their associated activities.

                                                     
1
 ADB/NACA, 1996; Bagarinao and Flores 1995; Bailey, 1988, 1989, 1997; Bailey and Skladany, 1991; Barg, 1992; Chua, 1997; Chua et al.,

1989; FAO, 1995a; FAO/FIRI, 1997; FAO/NACA, 1995; GESAMP,  1991a; GESAMP, 1996a; GESAMP, 1997; ICES, 1997; Makinen, et al.
1991; Mires, 1995; Muir, 1996; Munday et al., 1992; NACA, 1996; Barg and Phillips, 1997; Phillips and Macintosh, 1997; Pillay, 1997;
Pullin, 1993; Rosenthal, 1997; Saenger, 1993; Stewart, 1997; Videau and Merceron, 1992; Wu, 1995.
2
 Bardach, 1997;  Barg et al., 1997;  Beveridge et al., 1997;  Chamberlain and Rosenthal, 1995;  Clay, 1997;  Nambiar and Singh, 1997;

Naylor et al., 1998; Phillips and Barg, 1999; Phillips, 1995a; 1995b;  Pillay, 1996;  Reinertsen and Haaland, 1995;  Rosenthal and Burbridge,
1995; Tobey et al., 1998.

3
 It is for this reason that some development specialists include financial viability as part of any practical definition of sustainable

development
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1.1.3 The costs and benefits of coastal aquaculture development
Planning for sustainable development and improved natural resource management implies a thorough
examination of different development options in terms of their financial, economic, social, and
environmental costs and benefits, and the distribution of these costs and benefits through time and
space, and between different groups in society. This implies some form of valuation – either qualitative
or quantitative.

Despite the rapid growth of aquaculture and the growing awareness of environmental issues, few
studies have been made which address these issues objectively. In many cases the debate has
polarised between those who emphasise the economic benefits, and those who emphasise negative
environmental impact. The debate has also tended to generalise from specific examples, although the
sector is enormously diverse. For example, four major species groups are farmed in coastal areas,
including seaweed, molluscs, crustaceans and finfish, with a range of significant differences within and
between each of these groups.

A major purpose of this document is to help those involved in development decisions make a more
rational assessment of these issues in relation to particular circumstances.

1.1.4 The need for planning and management of the aquaculture sector
Experience has shown repeatedly that without some form of intervention, short term financial
perspectives will tend to dominate development decisions to the detriment of environmental and social
objectives. In the case of coastal aquaculture, and indeed many activities in the coastal zone, there is
a strong case for such interventions to be planned and strategic, rather than reactive and
uncoordinated.

The problems associated with coastal aquaculture development may be grouped into three broad
categories as follows:

•  unsuccessful development, where the potential for development is not realised, especially among
the poorer sectors of society;

•  the vulnerability of aquaculture to poor water quality and aquatic pollution, caused by industrial,
domestic, agricultural and aquacultural (i.e. its own) wastes;

•  over-rapid development, where the undoubted successes of the sector have been tarnished by
environmental and social problems, disease, and in some cases, marketing problems.

Investors have responded to these problems with more rigorous project appraisal: financial and
economic analysis, and in some cases cost benefit analysis. Governments have responded with
specific regulations relating to farm operation (such as effluent limits or design standards), and/or with
more rigorous requirements for social and environmental impact assessment (EIA). The market itself
is increasingly demanding sustainably produced goods, at least in western countries.

These responses have significant weaknesses. They arise mainly from the small scale and
incremental nature of most aquaculture (and agriculture) development. While individual developments
may have no significant impact on the environment or society, a large number of developments,
however small, may have significant impacts on the wider social and economic environment, and on
each other. Farm drainage in western countries, and shrimp farming in some regions of Asia are
classic examples of this problem. Project or enterprise level approaches cannot deal with this problem
(see for example Box 1.1), and the market is likely to respond only once damage is done.
Furthermore, EIA and economic/financial studies tend to be undertaken by different specialists,
ignoring the close links between the two, and commonly presenting contradictory conclusions.

Nor can these approaches facilitate or promote aquaculture development in those areas to which it is
most suited. This is a particular problem with aquaculture, because site requirements are frequently
much more demanding than those for other activities. Inadequate attention on the part of new entrants
to site selection is a major cause of failure in aquaculture development, and commonly exacerbates
environmental impacts.
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In practice, the problems and opportunities associated with coastal aquaculture development can only
be addressed or realised through:

•  improvements in siting, design, technology, and management at the farm level (requiring a set of
incentives and constraints  to promote these changes at the sector level);

•  better location and spatial distribution of the sector as a whole (implying some form of  zoning);
•  better water supply for the sector as a whole;
•  better fish health management, including disease and stock control at individual farm and sector

levels;
•  improved communication and information exchange;
•  improved access to markets and trade opportunities; and
•  more equitable distribution of the benefits derived from coastal aquaculture development.

This implies strategic intervention by government and producer associations or industry organisations
to allocate and use resources more equitably and efficiently in both time and space – in other words,
more effective and integrated planning and management of the sector.

1.2 Aquaculture and
and practice

Strategic planning has traditio
highlighted in the previous Sec
Reef in Australia), these appr
issues, which have traditionally
and Forestry Departments.

The importance of

In 1994 a private company sough
Bagamoyo, Tanzania. The farm si
mangrove in the Bagamoyo Distric

NORAD commissioned an initial E
and the final paragraph of the exec
“We believe that if such (mitigat
development of sustainable shrimp
the undoubted and substantial po
cautioned:

“If appropriately designed and m
impact on the environment. How
smaller scale satellite developm
the sustainability of shrimp farm
planning and regulatory framew
management practices. …Witho
development problem”

It would appear that this caution, 
seriously, and funding for the proje

This example demonstrates that E
as a positive planning or manag
dependent largely on the knowled
accepted decision criteria. If m
implemented, especially  if they ar

After Hambrey et al., 2000.
Box 1.1: EIA of a shrimp farm in Tanzania
 a broader environmental management framework for effective EA

t assistance from NORAD for the establishment of a  medium-large shrimp farm near
te was set adjacent to the mangroves of the Ruvu River, the largest single expanse of
t.

IA based on the NORAD Guidelines. The overall tone of the assessment was positive,
utive summary stated:

ion) procedures are followed, the proposed project might become a model for the
 culture throughout the world, and in this sense offers a unique opportunity for realising
tential benefits offered by well planned and managed farms”.However, it had already

anaged, and if considered in isolation, this farm is unlikely to have a significant
ever, in many other parts of the world successful farms have attracted uncontrolled

ents which in places have had a serious cumulative impact on the environment and
ing itself……. It is essential that this and future developments take place within a
ork which will prevent  uncontrolled development and ensure on-going responsible
ut such a framework, this development may simply become a small part of a wider

and the evident lack of any wider environmental management framework, was taken
ct was rejected.

IA in the absence of a broader environmental management framework cannot be used
ement tool. It will either allow or restrict development, on a relatively ad hoc basis,
ge or bias of the EIA contractor and the decision maker. It will be based on no broadly
itigation measures are recommended, there will be little chance of them being
e associated with additional costs.
 coastal management – a brief review of theory

nally addressed the inadequacies of the enterprise level approaches
tion. With some notable exceptions however (such as the Great Barrier
oaches have tended to place limited emphasis on natural resource
 been addressed by sectoral agencies such as Fisheries, Agriculture
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A range of more comprehensive approaches to coastal resources management have therefore been
proposed as frameworks for addressing the wider issues of sustainable coastal resource use, the
minimisation of conflict, and optimal allocation of resources, including in particular land and water.
These range from sector related environmental planning and management initiatives (referred to
below as enhanced sectoral management or ESM), to more ambitious integrated coastal management
(ICM) programmes.

The following Sections examine the various frameworks for coastal management which have been
used or proposed, and discuss their strengths and weaknesses. Brief case studies are presented in
boxes illustrating the application of different approaches in practice.

1.2.1 The scope of coastal management
Coastal management implies something broader than addressing the development or resource issues
associated with one particular activity or sector in the coastal zone. Olsen et al. (1997) have proposed
the following typology of coastal management:

Enhanced Sectoral
Management (ESM)

Coastal Zone Management
(CZM)

Integrated Coastal
Management (ICM)

Focus on a single sector or
topic but explicitly accounts
for impacts and
interdependencies with other
sectors, ecosystem functions,
and institutional capacity.

Multi-sectoral planning and
regulation focused upon the
characteristics and needs of
narrow, geographically
delineated, stretches of
coastline.

Expands the cross sectoral
feature of CZM to consideration
of the closely coupled
ecosystem processes within
coastal watersheds and oceans

In practice there is a broad range, or continuum, of coastal management initiatives relevant to
aquaculture which are more or less integrated in terms of geographical scope, horizontal (sectoral)
integration and vertical (policy) integration. CZM and ICM type initiatives in particular overlap
significantly in practice, and are difficult to assign to these sub-categories. For practical purposes they
are therefore grouped together in the discussion below.

1.2.2 Enhanced sectoral management (ESM)
Initiatives which seek to enhance the sectoral management of aquaculture and aquaculture
development are widespread in developed countries (Black, 1991; GESAMP, 1996a; ICES, 1997;
Ibrekk et al., 1993; Kryvi, 1995; PAP/RAC, 1996; PAP/RAC,1995; Rosenthal et al., 1993; Rosenthal
and Burbridge, 1995; Truscott, 1994). Interest in these approaches has been generated because of
heightened awareness of sustainability issues in general, and those related specifically to aquaculture,
as described above in Sections 1.1.2-4. Enhanced sectoral management tends to be conservative in
nature, the initiatives usually arising within existing institutions, and based on existing responsibilities
and powers.

These initiatives are diverse. They include the use of environmental impact assessment (EIA) at
sector or farm level, and/or a package of tools and incentives to promote better siting or more
sustainable practices (Box 1.3). In some cases assessments of environmental capacity and its relation
to the quantity or location of aquaculture production have been undertaken (Box 1.2). Other initiatives
focus on the identification of suitable sites or zones for aquaculture development, facilitated through
the use of GIS or remote sensing. In Tasmania, a more comprehensive approach is now in place that
requires the development of local marine farming development plans (Box 1.4)

Initiatives in this category have been funded by government at all levels, by development banks or aid
agencies, and by private companies. However, the lead institution is generally that with traditional
responsibility for fisheries and aquaculture.
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Box 1.2  Enhanced sectoral  management in Norway

 management programme for aquaculture, known as LENKA, was developed in Norway.

lopment of aquaculture while minimising conflict with other uses of coastal resources;
mental planning in the coastal zone;
cess of siting of aquaculture facilities.

astal environment in terms of sensitivity to organic loading and nutrients;
ral capacity of each category to tolerate organic loadings and nutrients;
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mum acceptable additional organic loading, which is converted into an aquaculture production

sical area available for aquaculture development, arrived at by subtracting all unsuitable areas
 occupied from the total area;
tional production possible without exceeding available area, or available nutrient capacity.

ntial, LENKA has not become a significant planning tool for the aquaculture industry, or for
eral.  It has not been brought into a wider planning framework where it could be used to clarify
tives and targets.

mportance of paying adequate attention to institutional issues, and ensuring that there is a
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Box 1. 3  Enhanced sectoral management
 in Hong Kong

In Hong Kong the rapid unregulated development of
marine cage culture in the 70’s led to water quality
problems and conflicts with recreational uses. As a
result a legislative framework for the management of
the industry was introduced, and a sector
environmental assessment undertaken.

The industry is now closely regulated with
management overseen by a government inter-
departmental working group. Legislation includes
zoning, licensing and production limits.  Production is
being steadily phased out in areas where there is poor
flushing, and environmental impacts of the industry
are now considered to be acceptable.

Unfortunately the industry has suffered in recent years
from fish kills and marketing problems related to “red
tides” suggesting that a broader approach is required
which takes account of all forms of nutrient load to the
water around Hong Kong.

Reference: Wong, 1995.
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Box 1.4   Tasmania – a more institutional approach to enhanced sectoral management

The Tasmania Marine Farming Planning Act 1995 provides for the development of Marine Farming Development Plans. The
plans consist of:

•  a (sector)  Environmental Impacts Statement
•  a Development Proposal, including maps of the area suitable/available for marine farming;
•  management controls and operational constraints affecting activities within the zones, including provision for a

comprehensive environmental monitoring programme.

The plans are developed following a process of public consultation that takes account of:

•  the physical suitability of the sites for aquaculture;
•  the current legal situation;
•  the desire to minimise impacts on other users of the coastal zone.

General management controls for the Marine Farming Zones are as follows:

•  environmental controls relating to carrying capacity;
•  environmental controls relating to monitoring (water quality, benthos, shellfish growth);
•  chemicals (must comply with legal requirements);
•  disposal of waste;
•  disease controls;
•  visual controls to reduce visual impacts;
•  access controls;
•  other controls, e g. controls related to other legal requirements (such as predator control, other environmental

management legislation).

This approach places more emphasis on the planning framework, and less on the science of environmental capacity than the
LENKA approach. It remains to be seen whether it is successful, but it has the great strength of a clear procedure for
implementation, supported by specific legal provisions.
1.2.3 Coastal zone and integrated coastal management
Coastal Zone Management, Coastal Area Management, and Integrated Coastal Management have
been widely proposed as more comprehensive approaches to coastal management which address the
limitations and difficulties associated with sectoral and enhanced sectoral approaches, particularly in
relation to aquaculture (Chua, 1997). Coastal zone management implies multi-sectoral planning and
regulation, and therefore some form of co-ordinating body or authority to assess and balance the
various sectoral interests. ICM also implies mechanisms for addressing trans-boundary issues (for
example between land, coast and ocean).

CZM and ICM initiatives have varied enormously in terms of specific objectives, overall approach,
geographical and sectoral scope, initiating or implementing institutions; and in terms of the influence
they have on decision making and resource use in coastal areas. They have arisen from academic or
political initiatives, aid funded projects, or directly in response to an environmental problem or
development need. Nonetheless, most ICM initiatives have certain key features in common.

The goals or objectives usually include reference to one or more of the following:

•  the optimal allocation of resources to competing activities or functions;
•  the resolution or minimisation of conflict;
•  the minimisation of environmental impact, and the conservation of natural resources.

In some cases ICM may also have more strictly social and political objectives, such as quality of life;
the more equitable distribution of derived economic benefits; social and inter-generational equity; and
poverty alleviation  (Chua, 1997; Gomez and McManus in GESAMP, 1996b; Yap, 1996).

There have been many reviews and guidelines related to ICM published in recent years  (Chua, 1997;
Chua and Fallon-Scura, 1992;  Cicin-Sain et al., 1995;  Clark, 1992; GEF/UNDP/IMO, 1996; GESAMP
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1996b;  OECD, 1993;  Pernetta and Elder, 1993; UNEP, 1995;  Post and Lundin, 1996;  Sorensen,
1997; Scialabba, 1998; Cicin-Sain and Knecht, 1998; Lowry et al., 1999). Although there is a broad
consensus as to the main components of ICM, emphasis and details vary widely. Cicin-Sain et al.
(1995) compared coastal management guidelines developed by five different international entities
(IPCC, 1994; OECD, 1991; Pernetta and Elder, 1993; UNEP, 1995; World Bank, 1993). Based on
their comparisons, the authors developed a “consensus set of ICM guidelines” (Table 1.1).

Table 1.1: A consensus set of integrated coastal management guidelines

Source: Cicin-Sain et al., 1995.

Purpose of
ICM

The aim of ICM is to guide coastal area development in an ecologically sustainable
fashion.

Principles ICM is guided by the Rio Principles with special emphasis on the principle of
intergenerational equity, the precautionary principle and the polluter pays principle.
ICM is holistic and interdisciplinary in nature, especially with regard to science and
policy.

Functions ICM strengthens and harmonises sectoral management in the coastal zone. It
preserves and protects the productivity and biological diversity of coastal ecosystems
and maintains amenity values. ICM promotes the rational economic development and
sustainable utilisation of coastal and ocean resources and facilitates conflict
resolution in the coastal zone.

Spatial
Integration

An ICM programme embraces all of the coastal and upland areas, the uses of which
can affect the coastal waters and the resources therein, and extends seaward to
include that part of the coastal ocean which can affect the land of the coastal zone.
The ICM programme may also include the entire ocean area under national
jurisdiction (Exclusive Economic Zone), over which national governments have
stewardship responsibilities both under the Law of the Sea Convention and UNCED.

Horizontal
and vertical
integration

Overcoming the sectoral and intergovernmental fragmentation that exists in today’s
coastal management efforts is a prime goal of ICM. Institutional mechanisms for
effective co-ordination among various sectors active in the coastal zone and between
the various levels of government operating in the coastal zone are fundamental to the
strengthening and rationalisation of the coastal management process. From the
variety of available options, the co-ordination and harmonisation mechanism must be
tailored to fit the unique aspects of each particular national government setting.

The use of
science

Given the complexities and uncertainties that exist in the coastal zone, ICM must be
built upon the best science (natural and social) available. Techniques such as risk
assessment, economic valuation, vulnerability assessments, resource accounting,
benefit-cost analysis and outcome-based monitoring should all be built into the ICM
process, as appropriate.

ICM in practice
Integrated coastal management approaches have been widely promoted, and the approach has been
widely approved (with some recent exceptions: Davos, 1998; Nichols, 1999). Indeed it is difficult to
criticise the idea of ICM. Unfortunately implementation has been difficult, and success in practical
terms mixed. Sorensen (1997) has reviewed the rather disappointing achievements of coastal
management efforts in general. Very few of the many recent initiatives have been rigorously evaluated
according to specified criteria; there is little evidence of success; and many examples of failure. He
attributes much of this failure to a lack of genuine vertical and horizontal integration.

Aquaculture and integrated coastal management
In many ways aquaculture is a classic example of why ICM is needed:

•  coastal aquaculture commonly straddles the boundary between land and sea;



11

•  resource (land, water, and their products) ownership or rights allocation, and related
administration, is often complex or ambiguous in prime aquaculture locations4;

•  aquaculture may be seriously affected by water quality and habitat degradation caused by other
activities;

•  aquaculture itself may affect environmental quality and the interests of other users through
conversion of natural habitat, through pollution of recipient waters with nutrients, organic
substances, and potentially toxic (hazardous) chemicals, and through the spread of disease;

•  poorly sited or planned aquaculture may result in negative feed-back and self pollution.

Unfortunately, there are few clear examples of the successful integration of aquaculture into
comprehensive ICM. It is arguable that this is because there have been very few genuine ICM
initiatives, where aquaculture has been assessed alongside the full range of existing or potential
activities in the coastal zone using consistent and rational assessment criteria, agreed across a range
of interests and agencies. However, to do this thoroughly takes time, and this poses a dilemma in
many developing country situations where aquaculture is developing very rapidly. The case of
Ecuador, where population pressure, industrial development and shrimp farming have had significant
negative impacts on estuarine resources throughout a period in which a long term ICM project was
underway, is particularly notable. Shrimp farming has also recently developed uncontrollably in Sri
Lanka (Box 1.5), with adverse environmental consequences and self-pollution, despite a strong ICM
awareness, and a variety of ICM initiatives in place.

In other countries, where existing institutional and planning structures are favourable, and where the
development pressures are less extreme, ICM may be both desirable and feasible. An example is the
case of  New Zealand (Box 1.6).

Strengths
•  the values and concerns of the full range of stakeholders are specifically taken into account;
•  relevant institutions are encouraged to communicate, co-ordinate and co-operate;
•  a broader base of information and opinion is available to decision makers;
•  less technically driven than sectoral approaches;
•  more “bottom up” than “top down” (if correctly implemented);
•  potential development activities are assessed objectively, using a broad range of criteria, against

all other possible resource uses, not just those from the same sector;
•  the resolution of conflict and balancing of interests is usually a specific objective;

                                                     
4
 for example, aquaculture is commonly administered by Fisheries Departments, although it may take place in the inter-tidal zone, or on land

or forest areas administered by the Department of Agriculture or Forestry, or, as in the case of the UK, the Crown

Box 1. 5 Coastal zone management in Sri Lanka

In Sri Lanka, the need for some form of coastal resource and environmental management was recognised as early as the
mid 70’s, mainly as a response to the destruction of coral for building purposes. The Coastal Environmental Management
Plan (for the West Coast) was developed in 1984 with the objective of preventing the environmental degradation of
coastal areas. It included setback standards; EIA’s for development activities; and the prohibition of activities that would
degrade designated natural areas.

Since 1987 a Coastal Resources Management Programme has resulted in a range of measures, including a Coastal
Zone Management Plan. This seeks to promote sustainable yields from multiple uses of estuaries, lagoons and
mangroves in the region.  Under these initiatives and recent legislation, aquaculture operations must be registered, and
EIA’s, (assessed by a wide variety of government agencies and other interests) are normally required for farms over 4 ha
in size.

Despite these provisions, shrimp farming has developed rapidly and uncontrollably, resulting in self-pollution, disease,
user conflict in some areas, and significant mangrove destruction. The failure of these coastal management initiatives
relates largely to the difficulties of enforcing registration, and the inability of single enterprise EIA to cope with the
problems associated with small incremental, but substantial cumulative impacts.  In other words, despite its name, this
Coastal Zone Management Plan lacked a strategic approach to planning for aquaculture development, and depended
instead on a piecemeal and bureaucratic regulatory approach, which inevitably failed.

References: Nichols, 1999; Rohitha, 1997.
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•  should result in consistency of policy and legislation between different levels and sectors of
government.

Weaknesses
•  may make inadequate use of existing institutional memory and skills: new institutions need to

learn – they may repeat past mistakes or re-invent old solutions;
•  since it requires institutional change, it may carry institutional risks (e.g. confusion over powers

and responsibilities, and lack of institutional capacity);
•  takes much time, effort and cost;
•  may generate a wealth of assessment and research data with little consensus on how it should be

used (as for enhanced sectoral approaches);
•  may (at least in the early stages) exacerbate conflict by addressing and highlighting differing

values and perspectives on resource use in the coastal zone.

1.2.4 Lessons learned

Constraints to integration
The reasons for the rather limited success of ICM are not difficult to find. There are usually institutional
and political barriers to the key requirement for vertical and horizontal integration. There may be
significant political barriers to full participation, and the resource use issues are usually complex.
Control or ownership of land and water in the coastal and especially inter-tidal areas (commonly used
for aquaculture) is also ambiguous or inconsistent in many countries.

The scope of comprehensive ICM (as defined in Table 1.1) can make it a long and complex exercise.
Dealing with this complexity, and defining the level of detail or accuracy required for any resource
appraisal or participatory process is a great, and sometimes overwhelming, challenge for ICM
practitioners.

A further problem is that very detailed and comprehensive plans with specific development
prescriptions may be undermined by the sheer power of financial and political/economic interests

Box 1.6  Integrated coastal management and aquaculture in New Zealand

New Zealand now has a relatively comprehensive framework for integrated coastal management based on the “planning
cascade” (vertical integration) approach.

Under the Resource Management Act of 1991, broad policy and principles are defined in a national Coastal Policy
Statement. This is interpreted and implemented on the ground through more detailed and strategic Regional Coastal Plans.

Hearing committees operate at regional level to address specific problems, and an environmental court operates at
national level to deal with specific grievances arising from the implementation of legislation.

Two fundamental principles are defined in this hierarchy:
•  all coastal developments require a permit unless explicitly allowed (or prohibited) in the Regional Coastal Plan; and
•  the granting of permits should be related to the effects of the enterprise rather than to its scale.

The rationale for this is to encourage the adoption of improved technology to minimise environmental impact, rather than
restrict the scale of development per se. It should also allow ultimately for the allocation of environmental use rights, or the
allocation of a proportion of environmental capacity to particular users or user groups.

Applicants for permits must demonstrate environmental responsibility by undertaking EIA, and showing how they will
minimise and mitigate environmental impact. The main problems encountered so far are:

•  the difficulty of assessing environmental effects;
•  the traditional tendency for officials to opt for the (easier) regulation of activity; and
•  the difficulties of ensuring consistency and quality of EIA’s when they are sponsored by applicants themselves, and

administered by different councils with different resources and different social, environmental and political priorities.
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(Yap, 1996).  This may be a particular problem with those types of aquaculture, such as shrimp
farming, which are the most profitable.

Local ICM
Many of the problems associated with comprehensive ICM may be overcome by developing initiatives
at a local level. Although this may appear to undermine the principle of vertical integration, it should
reduce complexity and make stakeholder participation more manageable and effective. The locally
based schemes now evolving in Thailand (Box 1.7) to promote more sustainable shrimp farm
development appear to have considerable potential in this regard, since they retain integration but at a
much smaller scale, and since local planners or community leaders are well acquainted with more
integrated approaches. Once underway, specific problems related to lack of vertical integration may
become apparent, and pressure may be exerted from below to achieve change and/or integration at
higher administrative levels.  Aquaculture itself, and the potentials and problems associated with it,
may thus serve as a stimulus and starting point for a developing and evolving ICM process.
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readily to the economic approaches to implementation. Particular emphasis is therefore laid on these
alternative approaches in Part 2. However, these approaches epitomise the technocratic and
command and control approaches to resource management which have been criticised by some
authors (Davos, 1998).

The need for incentives
It is notable that very few initiatives, either enhanced sectoral or more integrated approaches, include
much in the way of incentives for implementation. They tend to be based on recommendations or
regulations. Given the nature of coastal aquaculture as a mainly small-scale activity, the
implementation of recommendations may be difficult for the farmer, and the enforcement of regulation
difficult for the authorities. Much greater attention needs to be given to financial incentives for better
siting and management of aquaculture.

Developed versus developing country experience
In the developed countries aquaculture development has often been singled out for restriction, partly
because it is a new activity in many areas, and also because of the high priority afforded to the
environment. In developing countries by contrast, there has been very little control of aquaculture. This
relates partly to the lack of institutional and administrative frameworks appropriate to the
implementation of coastal management, and also to the higher priorities afforded to development
rather than environment.

Australia, New Zealand and the USA exhibit well developed coastal management schemes, supported
by corresponding legislation, which are generally much more integrated and comprehensive in scope
than those of developing countries. In contrast the coastal management process in developing
countries has often been ad hoc, responsive, and commonly funded as a project, rather than being
implemented through existing planning and management frameworks. Coastal management initiatives
must build on existing institutions, or else change them (if this is both necessary and possible). They
cannot run in parallel.

1.2.5 Conclusions and recommendations

1. There is no single planning and management framework that can be applied universally to
promote more sustainable coastal aquaculture development. Policy makers and planners
must therefore critically appraise the options open to them, and make their own choices
depending on local circumstances.

2. Despite their theoretical qualities, the more comprehensive (national; regional) forms of ICM
are  unlikely to offer an effective solution to the immediate needs of improved planning and
management of existing or rapidly developing coastal aquaculture development. In these
cases it may be more appropriate to begin with more focused local coastal management
initiatives, or enhanced sectoral initiatives.

3. The more comprehensive forms of ICM should be more effective where coastal aquaculture is
in the early stages of development; where institutions for resource management are flexible or
undeveloped; where appropriate legal and institutional frameworks are in place or can be
developed rapidly; and where scientific and technical capacity is substantial.

4. Zoning (an allocation of space) offers a practical focus for more integrated planning of
aquaculture development. The allocation of environmental capacity provides an alternative,
which although sometimes difficult, should be efficient and adaptable, and links readily with
economic approaches to resource management. An approach which combines the two may
be particularly effective.

5. Implementation, and in particular the use of economic and financial incentives to influence the
nature and location of development, and the management of operations, should be given
much greater attention
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1.3 Guiding principles

Notwithstanding the diversity of experience and approaches, it is possible to present a set of core
principles, which should guide as far as possible the development of any aquaculture planning and
management initiative, whether it be a local initiative, an enhanced sectoral initiative, or more
comprehensive ICM. They may be summarised as follows:

1. the Rio principles: sustainable development; the precautionary approach; the polluter pays
principle;

2. integration or co-ordination: with other sector activities or plans; with national sector plans; with
ICM where such initiatives exist;

3. wide ranging public involvement;
4. thorough assessment of costs and benefits (financial, economic, social, environmental) of

aquaculture in a specific area (e.g. estuarine or lagoon system) and comparative assessment of
costs and benefits of aquaculture relative to other resource uses;

5. some assessment of environmental capacity;
6. use of incentives rather than regulation where possible;
7. emphasis on the control of effects, rather than the scale of activity;
8. evaluation, iteration and adaptation; and
9. effective institutions and representative organisations.

1.3.1 Adherence to Rio Principles
Agenda 21 generated at the Rio (Earth) Summit emphasises sustainable development, and in
particular its core value or principle of inter-generational equity. It also states a commitment to the
precautionary approach, and the polluter pays principle.

Inter-generational equity cannot be defined simply in practice, but needs to be incorporated as a
recurrent theme in the assessments, discussions and stakeholder exchanges related to different
development and resource use issues. Aquaculture, like other development activities, may change the
balance and distribution of different resources or capital. This capital includes natural capital; human
capital; physical plant (equipment, machinery, buildings) and infrastructure; financial capital; and other
forms of capital valued by particular societies. These changes must be assessed to ensure that the
sum total of this capital, or specific vital components, are sustained or increased in the long term, and
available for future generations.

The precautionary approach implies that we should more carefully plan and rigorously  evaluate
developments that have uncertain implications for the environment. Under conditions of great
uncertainty developments may have to be delayed or halted. This principle is controversial, since its
widespread application could slow or halt much development activity. Furthermore, the most
successful development has often been associated with substantial financial and environmental risk
and uncertainty. This principle should therefore be applied with care, taking full account of both the
magnitude and likelihood of adverse environmental impacts. This implies some form of risk
assessment.

The polluter pays principle is now widely agreed, and is a central tenet of much environmental
policy. It is subject to a range of interpretation, from a requirement upon polluters to pay the costs of
monitoring and management, through the requirement to pay the costs of clean-up, to the
responsibility to pay for the cost of environmental damage as well as that of clean-up. Applying the
principle may be simple or complex, depending on the nature of the environmental effects.
Environmental economic assessment, and some form of economic planning instrument, are required
in order to meet this principle.

1.3.2 Integration and co-ordination
By definition integrated coastal management implies a greater level of integration than is typical of
more conventional approaches. The rationale for this, especially in relation to aquaculture, has been
clearly stated above.

Integration implies the involvement of a broad range of institutions in the decision making process. It
implies the involvement of a wide range of stakeholders, with differing values, dealing with a wide
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range of development issues. It implies the facilitation of a broadened perspective on the part of these
stakeholders. It implies an holistic analysis and synthesis of complex technical, social, economic and
ecological information. It implies a correspondence between local initiatives and regional or national
level policies, and vice versa. It implies better co-ordination between different sector policies. It implies
increased cross-links between institutions, and/or new institutions.

Increased integration therefore implies increased complexity. Decision-making is likely to be slower
and more difficult as the degree of integration increases.  Figure 4 is a schematic representation of
this problem, and offers some pointers as to how this complexity can be reduced, and decision making
facilitated. Key requirements are:

•  high quality, well presented and effectively communicated/exchanged  information;
•  clear and widely agreed decision criteria;
•  clear and transparent decision making processes; and (if necessary)
•  a clearly designated (and widely agreed) final authority and arbiter (whether individual or

committee).

In the case of less ambitious local or enhanced sectoral initiatives, these problems are reduced, but
the potential for real integration more limited.

1.3.3 Public involvement
Significant public involvement is a desirable and necessary part of any planning initiative. It takes
different forms, all of which are important:

•  communication of information: from decision makers, planners or technical specialists to other
stakeholders, and vice-versa;

•  participation: shared responsibility and decision making

Comprehensive public involvement is increasingly emphasised in any assessment or planning
exercise for the following reasons  (adapted from UNEP, 1996):

•  planning  makes assessments and judgements about issues of widespread public concern: the
quality of life, the value of resources, and the trade-offs between different resource uses;

•  many of the assessments are subjective, and can only be agreed and/or validated through the
widest possible consultation;

•  local people can provide essential information about local natural resources, their status, use and
value (sometimes referred to as indigenous technical knowledge);
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•  early exchange of views on key issues allows for the identification of information needs and
improved focus of survey or research;

•  public involvement may also reduce conflict through the early identification and resolution of
potentially contentious issues;

•  widespread consultation may generate new ideas for development alternatives, and possibilities
for zoning/siting, design, and mitigation of adverse environmental effects;

•  the more participatory forms of public involvement allow otherwise under-represented groups
access to the decision making process;

•  public involvement may contribute to, and/or reduce, the costs of monitoring and quality control;
•  by engaging all stakeholders in the evaluation and decision making processes, it creates a sense

of accountability, ownership and responsibility; and
•  it increases transparency and accountability in decision-making, and ultimately increases

confidence in decision makers.

1.3.4 Assessment of costs and benefits
The costs and benefits associated with aquaculture or other developments are rarely assessed
objectively or comprehensively. If planning is to have any success in terms of optimal resource
allocation to aquaculture and other activities, assessments of this kind must be thorough.

This principle implies the need for risk assessment, as well as comparative and environmental
economic appraisal of the full range of alternative development (or conservation) options or strategies,
including non-aquaculture developments.

1.3.5 Estimation of environmental capacity
Environmental capacity is much quoted in relation to coastal aquaculture development. Although it is
often difficult to quantify accurately, the concept is useful, and serves as a framework for the
discussion of issues such as environmental standards, ecological processes, and the environmental
values and perceptions of different stakeholders. It is dealt with briefly below (Section 1.5.5) and in
detail in Section 2.4.

1.3.6 Emphasis on incentives rather than constraints
Regulatory approaches to the planning and management of aquaculture development often have
limited impact, especially where aquaculture is small scale and widely distributed. Policing is in many
cases difficult, costly, and unpopular. It may be made more effective if responsibility for design,
implementation and enforcement is located at the proper administrative level, and full use is made of
self-management and self-enforcement capacity by industry and farmers’ associations.

Incentives, on the other hand, do not suffer from the problems of evasion and non-compliance, and in
some cases can be used to stimulate innovation leading to more environmentally friendly
technologies.

The use of economic instruments to influence both siting and operation holds considerable promise.
Although some positive incentives may be costly, it should be possible to pay for them with negative
incentives (e.g. taxes on undesirable locations, activities, technologies). However, regulation may
nonetheless be necessary, and a balanced approach is required.

1.3.7 Control of effects rather than scale of activity
Many forms of regulation of aquaculture (and indeed other coastal activities) are related to scale –
either the area of land or water directly used by aquaculture, or the total production. For example, in
line with the precautionary principle, an upper limit may be placed on aquaculture production in a bay,
estuary or lagoon.

This limits the potential economic development, while providing no incentive to improve the
environmental efficiency of the operation. It would not, for example, provide an incentive for the use of
low pollution diets. A limit on effects (for example the concentration of nitrogen in the water at critical
times of year) would provide an incentive for improved environmental efficiency through technology or
management, while also allowing for increased production.
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However, there are some difficulties with this approach. The relationship between cause and effect
may be only partly known or understood especially where multiple uses of the resource already exist.

1.3.8 Evaluation, iteration and adaptation
Evaluation, iteration (repeated cycles of research, assessment, consultation and planning) and
adaptation are required to:

•  allow for a steady refinement and improved understanding of physical, ecological, social and
economic parameters and processes over time;

•  allow for a steady refinement and improvement of the planning instruments (incentives and
constraints) used to meet the objectives of the plan.

Integration implies the need to understand a wide range of physical, ecological, economic and social
processes. These cannot all be addressed in a comprehensive manner at the start of a planning
initiative – it could take many years. Public involvement and expert consultation must be used in the
first place to help focus research and data collection. Once the plan is implemented, the need for new
research or data, or the redundancy of some research or data, should be assessed, and research and
monitoring adapted accordingly.

It is also likely that some of the planning instruments themselves will fail or be inefficient in terms of
meeting the objectives of the plan, and they will need to be adjusted or changed.

In general it is better to build from modest and widely agreed initiatives and adjust or expand the
scope of activities as required, in the light of thorough evaluation. This also allows for much more rapid
implementation of the most important elements of the plan.

1.3.9 Effective institutions and representative organizations
The importance of institutional structures, roles and capacity cannot be over-emphasised. However, it
is impossible to provide simple prescriptions for appropriate institutions and procedures without
reference to specific contexts. An important part of any integrated planning initiative should therefore
be an institutional analysis.

Institutional change is difficult and risky, especially where many different organisations are involved.
Significant structural change should therefore be approached with caution.  More modest changes to
procedures, both within and between existing institutions, may be the most appropriate first step. Once
the initiative is underway, the need or otherwise for more institutional change can be assessed. This
again reinforces the principle of evaluation and adaptation discussed above.

Effective stakeholder representative organisations should facilitate the process of public involvement.
Furthermore, such organisations may take active roles in the exchange and dissemination of
information, and policy development. They are particularly important for minority or highly dispersed
groups whose opinions may be difficult assess in public meetings or through survey.

1.4 Legal and institutional frameworks

The importance of legal, procedural and planning frameworks designed to facilitate sustainable
aquaculture development is emphasised in the FAO Code of Conduct for Responsible Fisheries (FAO,
1995; FAO Fisheries Department, 1997):

9.1.1 States should establish, maintain and develop an appropriate legal and administrative framework,
which facilitates the development of responsible aquaculture.

9.1.3 States should produce and regularly update aquaculture development strategies and plans, as
required, to ensure that aquaculture development is ecologically sustainable and to allow the rational
use of resources shared by aquaculture and other activities.
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The need for a clear and comprehensive legal framework has been explicitly recognised by all those
countries that have become significant producers of farmed shrimp. At the FAO Technical
Consultation on Policies for Sustainable Shrimp Culture (FAO, 1998) the following recommendation
was made:

“Governments should have a legal framework which applies specifically to coastal
aquaculture, including shrimp culture”

and appropriate objectives for such a framework should be to:

•  “facilitate and promote the development of sustainable aquaculture practices;
•  promote the protection of coastal resources;
•  promote the contribution of aquaculture to food security, national and international wise.”

The approach adopted will depend on existing laws, traditions, and institutional structures. For
example, an enhanced legal and institutional framework to promote planning for sustainable coastal
aquaculture development could be built up around existing legislation and/or procedures for:

•  sector planning;
•  regional or district planning;
•  watershed or coastal zone planning and management;
•  environmental assessment.

The key point is to develop or adapt a system that allows for the comprehensive application of the
principles set out in Section 1.3. Where the introduction of new legislation is difficult, or will cause
excessive delay, guidelines for developing new initiatives may be introduced prior to specific
legislation, as a means of testing out different approaches.

1.4.1 Ideal frameworks
The ideal is perhaps a “tiered” system, sometimes known as a “planning cascade” and exemplified in
the coastal management policy and legislation of countries such as Australia and New Zealand (Box
1.6). Broad national level policies define the scope, power, and responsibilities for lower level
assessment and planning initiatives relating to aquaculture, coastal, or aquatic resources. These more
local initiatives (at district, coastal bay, estuarine system or watershed levels) may in turn define or
feed back into higher level policy. National and local level policy and planning should evolve steadily in
parallel, each informed by the other, and be progressively adapted and refined, with the overall
objective of promoting or facilitating sustainable development, and/or constraining or preventing
unsustainable development. Enhanced sector plans or more comprehensive ICM plans could be
developed at national, regional or local level, depending on national circumstances. In general
however, more locally developed initiatives will tend to be both simpler and more integrated. Such a
framework would contribute significantly meeting the principles presented in Section 1.3.

1.5 The planning process

1.5.1 Main stages

The planning process is broadly similar irrespective of the administrative level at which it takes place,
or the degree to which it is integrated.

A major international workshop on ICM in tropical countries, held in 1996 in Xiamen, China P.R.,
discussed lessons learned from successes and failures experienced with ICM efforts
(GEF/UNDP/IMO, 1996). The workshop generated an overview of the processes of formulating,
designing, implementing and extending ICM within the East Asian region as well as to other regions,
and a set of Good ICM Practices. Their summary of the main stages of ICM is presented in Box 1.8.
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This agrees closely with the outline presented
by GESAMP (1996b). It is applicable to local
and enhanced sectoral initiatives as well as to
more integrated approaches. The whole
process should be seen as part of a dynamic
and repetitive cycle leading steadily toward
more sustainable forms of coastal
development in general, and coastal
aquaculture development in particular.

1.5.2 Operational components
The first stage (stage setting and planning)
can be broken down into a more detailed set of
operational components, each of which may
draw on a range of tools (Table 1.2). These
components are not necessarily in
chronological order. Indeed, it is highly
desirable that components 1 to 5  take place in
parallel, since each should serve to inform the
scope and focus of the others. The tools
associated with each stage may or may not be
used according to local circumstances and the
scope of the initiative.

The operational components, and the tools applic
themselves, and their application to aquaculture de

It is apparent that the inclusion of all these compo
Attempts at more integrated planning for aquac
general, have rarely encompassed all these 
development are to be realised, the main operat
where appropriate by the various tools available. 
the research/information collection more focussed
iteration and adaptation, as described in the previo
Massive technical research and assessment exe
sufficient basis for solving resource management p
input to a rolling and adaptive planning process.

The following Sections provide an introduction a
involved in the development of integrated approa
Detailed descriptions and scientific review of the
italics), and their specific application to aquaculture
Box 1.8: Main stages of Integrated Coastal
Management

1. Stage setting and Planning
•  Issue identification and analysis
•  Definition of goals and objectives for

this generation
•  Selection of strategies
•  Selection of implementing structures

2. Formalisation
•  Formal adoption of the program
•  Securing of implementation funding

3. Implementation
•  Development actions
•  Enforcement of policies / regulations
•  Monitoring

4. Evaluation
•  Analysis of progress and problems

encountered
•  Redefinition of the context of coastal

management

Reference: GEF/UNDP/IMO, 1996
able to them, are described briefly below. The tools
velopment, are reviewed in more detail in Part 2.

nents in any planning initiative is a formidable task.
ulture development, and indeed ICM initiatives in
elements. However, if the ideals of sustainable
ional components must be included, and facilitated
The process can be made more manageable, and
, if the principles of public involvement, evaluation,
us Section, are applied at all stages of the process.

rcises, however thorough, are unlikely to provide a
roblems, and should be used rather as an on-going

nd outline of the main processes and procedures
ches to coastal aquaculture development planning.
 various tools referred to (introduced here in bold
 development, can be found in part 2.
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Table  1. 2.  Stage setting and planning:
al components and associated activities and tools

components Possible associated activities and tools

ntifying the
eans/mechanism
d level of planning

•  Review of relevant policy and legal
framework;

•  Institutional analysis;
•  Stakeholder analysis

ining the trust,
olvement and
mmitment of key
keholders

•  Communication, consultation, participation;
•  Preliminary identification of funds

derstanding the
velopment context:
tural and human
sources and
onomy

•  Description and mapping
•  Analysis of  physical and ecological

processes
•  Assessment of environmental capacity and

limits to change
•  Review of sector/regional economy
•  Understanding human resources, needs and

values: public involvement and social survey;
derstanding the
velopment options

•  Technical-economic assessment
•  Sector Environmental Assessment
•  Cost-Benefit Analysis
•  Environmental economic analysis

efining goals and
jectives

•  Stakeholder consultation;
•  Public involvement/participation

ntifying
velopment priorities
d acceptable
actices

•  Economic approaches to decision making
•  Consultative and participatory approaches to

decision making
•  Conflict resolution

fining broad
velopment
ategies (strategic
nning)

•  Production and environmental targets
(quantity and quality);

•  Criteria for locating activities;
•  Criteria for assessing activities;
•  Definition of zones (identification and/or

allocation of suitable space/locations)
signing/agreeing
nning and

anagement
truments
centives and
nstraints)

•  Infrastructure development
•  Training, education and awareness raising
•  Economic instruments
•  Regulatory instruments
•  Codes of practice
•  Markets and labelling
ilding institutions
d institutional
pacity

•  Defining institutional arrangements
•  Institution building
•  Procedures

onitoring,
porting, evaluation
d response
ocedures

•  Physical and ecological monitoring
•  Social and economic monitoring
•  Synthesis and analysis of monitoring data;
•  State of the environment reporting;
•  Public consultation and participation;
•  Performance evaluation;
•  Management capacity assessment;
•  Outcome assessment
•  Mechanisms for adjustment and adaptation
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1.5.3   Identifying the mechanism and level of planning
Any attempt to improve the planning and management of aquaculture, either from a sectoral
perspective or as a component in a broader integrated management exercise, must be initiated with
great care. Such initiatives are likely to be seen as threatening to some stakeholder interests. The
“who” and “how” of initiation can have a major impact on long term success.

There are four key elements or pre-conditions:

•  a policy or legal framework which requires, facilitates, or (at minimum) allows for improved and
more integrated planning and management;

•  an organisation or body which can lead or oversee the planning process, which is widely
respected and trusted by the stakeholders, and which can effectively “deliver” on the guiding
principles presented in Section 1.3;

•  an awareness of the need for improved planning and management on the part of the stakeholders;
and

•  adequate funding and/or staff time to undertake the process.

Where these conditions do not already exist, they must be created before any form of improved
planning or management can be initiated.

A review of relevant policy and legal framework should be undertaken to determine what is possible,
and how the initiative is to be taken forward. In the case of enhanced sectoral initiatives the analysis
would normally identify the most appropriate mechanisms for consultation, exchange of information,
and policy integration within the existing legal/institutional framework. It would also consider how the
outcomes of the initiative could be implemented.

In the case of more ambitious and integrated initiatives, it may be useful to undertake institutional
analysis and a preliminary stakeholder analysis5 to help in the choice or definition of an appropriate
body to co-ordinate and oversee the planning and management process. This may be some form of
committee, working group, or steering group including representatives of relevant government
departments and agencies, industry and user groups and community representatives. It must be able
to integrate technical and socio-economic information, including the needs and aspirations of
stakeholders, and co-ordinate or implement interventions to meet coastal and aquaculture
management objectives. This body would normally be convened and chaired by local or regional
government, depending on the scale of the planning exercise.

The main tasks and responsibilities of the co-ordinating body would be to:

•  clearly delineate the responsibilities of all involved in the different stages of the planning process,
especially with regard to implementation;

•  facilitate, and set in place procedures, for consultation between agencies and between agencies
and other stakeholders;

•  set in place procedures for the exchange of relevant information between different interests;
•  set in place procedures for defining and implementing planning interventions;
•  set in place procedures for monitoring the effectiveness of interventions in terms of overall ICM

objectives;
•  set in place procedures for adapting interventions in the light of experience;

Clearly funds must be identified, preferably from a range of cross-sectoral sources to maximise
ownership of the initiative. In some cases a re-allocation of staff time (again, preferably cross sectoral)
may be all that is required for the initial stages. Identification and raising of further funds would also
normally be a responsibility of the co-ordinating body. In principle however, once the planning and
management system is set up, and in the long term, it should be largely self-financing. The ways in
which this can be done are dealt with in relation to specific management interventions discussed
below.

                                                     
5
For more detail see Section 2.1
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1.5.4 Gaining the trust, involvement and commitment of key stakeholders
The trust and support of key stakeholders is essential from the outset. This can be gained through
consultation and public involvement (Section 2.2) and is closely related to the establishment of the co-
ordinating or advisory body, and the openness of its deliberations.

Trust and support is likely to be lacking if the need for improved planning and management is not
widely accepted, particularly by aquaculturists themselves. A series of public meetings and/or focus
group discussions related to problems and potentials in aquaculture development, with a strong
emphasis on more strategic development, may help gain support for the process, and serve as a
useful input to any stakeholder and institutional analysis.

1.5.5 Understanding the development context
Key issues for improved management of coastal aquaculture may be social, environmental, technical,
or economic. Identifying these issues implies a thorough understanding of both the development
context (natural resources and ecology; human resources and economy), and the nature of actual and
potential activities or developments (technical, economic, social and environmental characteristics).
This can only be done effectively using an iterative and adaptive approach:

•  assimilate existing information;
•  identify key issues;
•  identify further information and research needs;
•  collect information and undertake research;
•  refine key issues;
•  etc.

Public involvement
Four basic approaches/tools6 can be used to identify key players, collect information, identify issues
and possible conflicts, and encourage participation and ownership:

•  social survey, supplemented with public information campaigns and limited public meetings;
•  rapid appraisal (relatively informal but structured interviews and discussions with a wide range of

stakeholders to gain information and understanding);
•  participatory appraisal (wide-ranging exchange of views and information, with direct involvement

of stakeholders in the decision making process);
•  stakeholder consultative committees

The first approach is the most traditional, but is difficult, costly, and sometimes misleading. The
second and third approaches avoid many of the problems associated with social survey, especially in
relation to values and quality of life issues. Rapid appraisal is by definition rapid and relatively cheap.
Participatory approaches, since they directly involve people in the planning process, should lead to a
greater and wider sense of ownership and responsibility, and therefore increase compliance with
planning provisions or regulations at a later stage. However, participatory approaches have their own
problems, including the cost and time required, and the difficulty of involving all relevant stakeholders.

More effective participation of coastal resource users may be facilitated through the establishment of
user groups or organisations to represent particular interests on consultative committees, or in higher
level decision making processes. It is notable that an ICM initiative in Ecuador (Robadue, 1995;
Ochoa, 1995), by setting up consultative committees of resource user representatives, actually
stimulated the establishment of user organisations. It is also notable that in Thailand the establishment
of shrimp farmer associations has greatly enhanced shrimp farmer representation at meetings and on
committees charged with developing aquaculture development policy. Even where a significant new
planning and management initiative is lacking, the establishment of consultative committees may
provide a basis for enhanced planning and decision making through existing procedures (Box 1.9).

                                                     
6
for more detail see Section 2.2.1



24

Description and mapping
The collection and assimilation of data relating to natural and human resources has received
widespread attention, and has been facilitated through the use of remote sensing (RS) and
geographic information systems7 (GIS). The latter can be used to assimilate effectively pre-existing
information (for example relating to soil or water), any new information collected using the social
survey techniques described above, or any more specific information collected in response to
identified research needs. GIS can also be used as an accessible database for monitoring information
both before and during plan implementation. The scope of GIS is usually restricted to physical
parameters, but attempts have been made to extend it to financial and economic parameters.

In the case of aquaculture, this stage or component is commonly closely linked to issues of site
suitability and possible zoning.

It is essential that mapping, description, RS and GIS are carefully focussed, and undertaken in parallel
with, and guided by, discussions relating to issues identification and the setting of goals and objectives
(see below). This is an example of the iterative and adaptive process described above: RS and GIS
may help in the identification and clarification of key issues; but equally, the identification and analysis
of key issues (e.g. through public consultation) should serve to define the focus and scope of RS and
GIS. This can then further illuminate the key issues. Without constant feedback and adaptation of this
kind, RS and GIS can get out of hand, and become themselves costly ends, rather than  planning
tools. There must also be a clear rationale and mechanism for their use and maintenance (Box 1.10).

                                                     
7
Section 2.3

Box 1.9  Stakeholder involvement and natural resource inventories in the UK

In the United Kingdom there is no comprehensive coastal management framework. At least 240
organisations or institutions are involved, and 80 Acts of Parliament are relevant. Salmon farming has been
treated as a rather unique activity because of its relation to the seabed, which is owned by the Crown Estate. It
has not featured as a significant part of any comprehensive forward planning process, although desirable and
undesirable zones for aquaculture have been defined, with specific requirements in terms of consultation.

However, a variety of local coastal management initiatives have been set up in recent years, supported
by the government conservation agencies or local or regional councils. They have sometimes taken the form of
“fora” for discussion, debate, and exchange of information between a wide range of organisations and
stakeholders with an interest in a particular coastal area or estuarine environment. These fora have served as a
stimulus to the collection and organisation of natural resource data in a variety of formats, including GIS.

Box 1. 10  ODA/Dinas Perikanan North East Sumatra Prawn Project : use of GIS/RS

A project whose focus was largely on shrimp disease evolved naturally into one with a focus on coastal
management, through the recognition that the problems and potentials associated with shrimp farm development
could not be tackled in isolation, but required a more integrated and planned approach, based on sound
information about natural resources.

The project was effective in assimilating a large amount of relevant information on natural resources, socio-
economic conditions, and financial and economic profiles of alternative coastal activities. It developed a
comprehensive GIS, based on maps, ground survey and remote sensing.

Unfortunately, its initiation within Dinas Perikanan (the Fisheries Department) limited its influence in terms of
wider coastal management issues, and the costs and skills associated with the GIS have been difficult to maintain
since project completion. It has had little long term impact on coastal aquaculture development planning.

In this case GIS/RS became an (expensive) end in itself, rather than a carefully focussed tool used in support
of a broader planning and management initiative.

References: McPadden, 1993; Hambrey, 1993.
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Understanding physical and ecological processes
The coastal environment is dynamic. A static description of resources must be supplemented with an
understanding of processes, dynamics, and interactions. This is particularly important for coastal
aquaculture, which is often dependent on tidal regimes and hydrography, plankton communities and
water quality, and soil, water and nutrient fluxes. This relates closely to issues of environmental
capacity discussed below and in detail in Section 2.4.

In many cases a descriptive synthesis of existing knowledge will be adequate in the first instance. In
the longer term, and relating to critical components in the system, it may be useful to develop physical
models (such as nutrient flux models), ecological models, and ultimately systems models.

The development of the more sophisticated of these models is usually difficult and time consuming,
and cannot be considered as a pre-condition for either enhanced sectoral or fully integrated coastal
management. Rather, the scientific research, and any associated modelling effort, must evolve and
focus in parallel with, and informed by, participatory approaches to issues and problem identification.
Once a plan is implemented, thorough and regular evaluation should help identify or focus specific
research and modelling needs, which can then be used as a direct input to the planning and
management process.

Where physical or ecological issues are complex, or modelling capacity limited, it may be more
convenient and cost effective to invest in an environmental monitoring programme, with basic
parameters to be recorded (related to environmental objectives discussed below), and clearly defined
(and widely agreed) response procedures.

Environmental capacity
Environmental capacity is a key concept in the idea of sustainable development (see, for example,
Agenda 21, 1992 UN Conference on Environment and Development; GESAMP, 1991b; IUCN/UNEP/
WWF, 1991) and must therefore be addressed in any initiative designed to promote sustainable
development.

Environmental capacity (otherwise referred to as assimilative capacity) is “a property of the
environment and its ability to accommodate a particular activity or rate of an activity...without
unacceptable impact”. Different mechanisms of impact can be identified for a particular situation, and
the capacity of the environment to absorb each of these can be estimated.

Environmental capacity measures the resilience of the natural environment in the face of impact from
human activities, and must be measured against some established standard of environmental quality.
Understanding and measuring environmental capacity allows for the determination of the scale of
activity (using a specified technology) which can be accommodated without threat to an environmental
standard.

In the case of aquaculture, environmental capacity in relation to a specified area (e.g. a bay, lagoon,
estuary, fjord or loch) might be interpreted as:

•  the rate at which nutrients can be added without triggering eutrophication;
•  the rate of organic flux to the benthos without major disruption to natural benthic processes; or
•  the rate of dissolved oxygen depletion that can be accommodated without causing mortality of the

indigenous biota (GESAMP, 1996a).

If environmental capacity can be determined, this opens the door to controls on effects, rather than
activity – a key principle presented in Section 1.3. Furthermore, there arises the possibility of
allocating or selling a share of environmental capacity, or a share of something which affects it (e.g.
total acceptable pollution loading) to a particular user or user group. This is likely to offer an incentive
to producers to modify technology or management so that production may be increased without
exceeding the target. This contrasts with the use of area or production limits, which are directly
restrictive, and offer no such incentive.

Environmental capacity is much easier to estimate for small semi-closed marine and brackishwater
systems. Methods for estimating environmental capacity are reviewed in more detail in Section 2.4.
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1.5.6 Understanding the development options
A comprehensive description of the technical, economic and resource use characteristics of different
technical production systems or species (technical-economic assessment8) is a prerequisite for the
rational appraisal and comparison of the sustainability of different development options. It is essential
for the clarification of key issues, and as a basis for any kind of strategic planning or market
intervention.

The objectives for such an assessment are:

•  to identify financially viable  aquaculture and alternative production systems (in the short, medium,
and long term);

•  to provide resource use/transformation information which can be used for accurate environmental
and social assessment, and cost benefit analysis;

•  to provide “sustainability” profiles of alternative development options (summaries of social,
economic and environmental characteristics) which can be used to inform participatory
discussions and decision making.

Ideally such assessments would include, for each type of development:

•  screening for technically feasible development options;
•  market assessment;
•  a description of suitable location and site requirements;
•  standard financial analysis, investment appraisal and sensitivity analysis;
•  a profile of resource use and waste output, including temporal or seasonal variations;
•  a profile of socio-economic characteristics, including potential employment generation, labour

seasonality, income generation and distribution, and barriers to entry (skills, capital, natural
resources requirements);

•  risk analysis
•  synthesis - comparative economics and technical appraisal of different options;

This kind of information is commonly generated in respect of individual projects through feasibility
studies and investment appraisal, although resource use and socio-economic characteristics are
rarely specifically or adequately addressed. Nor are these studies commonly applied to a whole
sector, or to a range of possible development options. Information is therefore usually inadequate for
comprehensive and comparative environmental assessment, cost benefit analysis, and other formal
decision making processes or techniques.

Each development option should also be assessed in terms of how, and to what extent, it might
contribute to the objectives of the planning and management initiative. This will be easier if clear
criteria for measuring progress against objectives have been agreed.

Site/location  requirements
The identification and selection of suitable coastal aquaculture sites is critical not only to successful
aquaculture practice, but also to the overall management of the coastal ecosystem.

Assessment of location and site suitability9 is a key factor in technical, economic and environmental
assessment of the aquaculture sector and individual aquaculture projects.

Site suitability, according to specified criteria, may form the basis for the control and management of
aquaculture development and is discussed further under planning instruments below.

Key issues in practice
Although many different issues are likely to be identified, depending on local circumstances, resource
allocation (of water, land, forest, reef etc) is a key issue that must be addressed as coastal resources
become more and more scarce. This has both a technical and socio-economic dimension:

                                                     
8
Section 2.5

9
Section 2.5.2



27

•  what are the important resources?;
•  how are they affected by aquaculture and other developments?;
•  how should resources be allocated (to activities, individuals, organisations)?; and
•  how should interactions and conflicts be resolved or controlled?

Resource use rights in many coastal areas are notoriously ambiguous, and clarifying rights and
allocation procedures will commonly be a significant component in the planning process. Box 1.11
provides an example of what can happen in the absence of clear allocation procedures.

Rights allocation can be used not only as a tool for social development, but also as a means of
regulation of aquaculture development, and should be thoroughly addressed early on in the planning
process.
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Box 1.11  Coastal aquaculture and resource allocation: the case of India
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tions were placed on brackish-water aquaculture. The conflict then spread to other States, and culminated
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g coastal zone regulation which banned all non-traditional aquaculture within 500m of the high water mark,
 of Lakes Chilka and Pulicat. Existing farms within these zones were to be demolished by March 31st 1997.
 set up comprising environmental and aquaculture interests led by a judge to administer the ruling, and
ation for pollution impacts. Workers laid off from demolished farms were also to be paid compensation

bour laws.
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This implies agreement on the criteria (e.g. nutrient concentration) that will be used for measuring
progress or assessing impact, and specific targets or standards (e.g. xmg/l) to aim for over a
specified time frame. These criteria and targets should relate to social, economic and environmental
objectives While some may be very simple, others may be complex; for example, criteria for
measuring optimal allocation of resources would be required if the first objective in Box 1.12 were to
be adopted.

Standards and targets related to the various objectives of the planning initiative are essential if there is
to be rational and consistent social, economic and environmental appraisal of alternative activities and
possible planning interventions. They are also essential for monitoring and performance evaluation10.

Economic targets may relate for example to per capita GDP, disposable income, trade surplus.
Social targets may relate to health, education, equity or other quality of life indicators. Sector targets
will typically refer to the levels of activity in different sectors (such as aquaculture) required to meet the
broader social and economic targets. Environmental targets may constrain economic and sector
targets, and may be a component in social targets. They may be of two kinds: area based, or quality
based. Area related environmental targets (such as natural reserves) have been widely used, and
represent the commonest form of zoning11. Environmental quality standards, such as acceptable
concentrations of nutrients or pesticides in receiving waters, presence or absence of indicator species,
species diversity, and other indicators of environmental quality, may also serve as planning targets.

Environmental quality standards are an essential component in the application of the concept of
environmental capacity, and its use to define sector targets (see Box 1.13 below). Monitoring of
environmental quality against targets and standards is also an essential component in State of the
Environment Reporting12, which is required, for example, from individual States in Australia, and
other forms of performance evaluation. Standards and targets are also a precondition for consistent
assessment of significance in environmental impact assessment.

1.5.8 Identifying development priorities and preferred options
The information collected and assimilated, relating to both the development context and the nature of
existing activities or development options, should provide a sound basis for the assessment of
development alternatives (activities, technologies, operational practices) against planning objectives,
standards and targets, and the selection of preferred options. This assessment should identify:

•  undesirable or low priority activities/developments;
•  desirable or high priority activities/developments;
•  design, technology and management practices likely to maximise social, economic and

environmental benefits from different activities;
•  mitigation measures to minimise any adverse social or environmental impacts related to otherwise

desirable activities or developments;
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Section 2.6
11

Section 2.11
12

Section 2.13

Box 1.12: Goals for planning and management initiatives designed to promote more sustainable
aquaculture development

•  to optimise the allocation of resources (especially land, water and labour) to aquaculture
and competing activities or functions;

•  to maximise the economic returns from aquaculture and other coastal activities;
•  to  minimise the environmental impact of aquaculture and other coastal activities;
•  to minimise and/or resolve conflict; and
•  to promote a more equitable distribution of benefits from aquaculture and other coastal

development.
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There are three main techniques or approaches for presenting, analysing, comparing and prioritising
the alternatives:

•  Environmental assessment;
•  Cost Benefit Analysis;
•  Participatory decision making

Ideally, all three approaches should be used, each informing the other.

Environmental  Assessment (EA)
Environmental assessment13 is a comprehensive format for the assessment of a development or set of
developments. It brings together information about the development context and development issues
with the technical-economic appraisal, allowing for a comprehensive assessment of the environmental
and social effects of a proposed development, or development option, in a particular location. It has
become a standard planning tool, with a significant impact on development decisions, and has been
used widely in coastal management. In recent years increasing emphasis has been placed on
integrating social and economic considerations into the EA process.

Unfortunately EA has commonly been applied on a project basis (usually referred to as EIA), and
normally only to larger projects. Although such an approach is useful, and indeed essential for large
business or infrastructure, it cannot address the incremental but cumulative social and environmental
problems associated with large numbers of small agricultural or aquaculture developments. It has also
often been applied in the absence of clear and agreed criteria (such as environmental quality
standards) against which impacts can be assessed.

To be effective as a tool for more integrated coastal management, EIA should be applied to all sectors
in the form of Integrated Environmental Assessment14. If this is beyond the scope of the planning
exercise (e.g. in the case of enhanced sectoral initiatives) EA should be applied to the whole
aquaculture sector, and should be used as a tool for strategic planning rather than as a regulatory
instrument. If the resource and technology assessment as described above has been done
thoroughly, this process should be relatively straightforward. The likely environmental and social
impacts of a range of technologies or development options in different locations can be compared, and
planning interventions to minimise environmental impact devised. Sector environmental assessment
has the potential to become a standard tool for strategic planning.

EA typically assigns “significance” to social and environmental impacts. The level of significance is
typically used as a decision criterion. It is therefore important that significance itself is measured
against some consistent and objective standard. This implies the existence of social and
environmental standards or targets against which significance can be measured.

The principles and practice of EA are similar whether applied to individual projects or to a “sector” and
are now well established.

Economic analysis
Economic analysis provides a formal framework for comparing the multiple functions and uses of the
coastal zone. In particular, it allows for a systematic evaluation of alternative uses, which in turn can
lead to the identification of options for planners and decision-makers with regard to the allocation of
resources  (Gittinger, 1982;  Mishan, 1982; Pearce and Nash, 1981). It may also provide a framework
for a rigorous assessment of the costs and benefits of interactions between activities. In its more
sophisticated forms it seeks to aggregate social, environmental and financial values relating to a
particular enterprise or sector into a single index of  total economic value, allowing for a standardised
comparison of development alternatives. Cost Benefit Analysis15 provides an overall framework for
the comparison of development options and is widely described in the literature. Environmental
economic techniques allow for the inclusion of non-market or traded goods and services.
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Section 2.7
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See for example the frameworks proposed by GESAMP (1991a) and Chua (1997).
15

Section 2.8
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Although there are many advantages in bringing together all the diverse values within a single overall
framework, these approaches should be treated with caution. They commonly require complex and
sometimes questionable sets of assumptions. They should only be used when the methodology and
underlying assumptions can be clearly explained to decision-makers. This may be difficult in the case
of more participatory decision making, involving many individuals and interests with radically different
educational levels.

Where comprehensive CBA and environmental economics are not used, simpler economic analyses can
nonetheless shed light on specific issues such as the “costs” of pollution or habitat degradation associated
with particular activities. Where such figures are difficult to estimate, it may be possible to provide
information on the “opportunity costs” associated with not developing or polluting resources. In other
words simple economic analysis can provide information on the nature of the “trade-off” between
competing uses of coastal resources, which is vital for economically sound and well informed decision
making.

Participatory approaches
There are a variety of decision-making techniques that avoid the problems of aggregating dissimilar
values and quantities noted above. These rely on meetings, discussions or interviews to determine
(and in some cases aggregate) values, and examine the trade-offs between different options. For
example, some options may yield higher environmental benefits, while others yield higher financial
benefits. Decision makers will generally seek to balance the two, essentially trading environmental
benefit for financial benefit up to a point which reflects their relative valuation of financial and
environmental benefit.

There are a variety of group/participatory tools that facilitate decision making of this kind, commonly
referred to as multi-objective decision analysis16. Most are based on ranking (which is usually much
easier than assigning absolute values), or paired comparisons of development options against
different decision criteria. Financial or money values are used to a variable degree according to the
nature of the alternatives.

These approaches rely heavily on:

•  effective communication of the various characteristics or possible values and impacts (economic,
social, environmental) of different development alternatives - and the trade-off between them (i.e.
how much is lost or gained of different benefits as the options are changed);

•  clarification of development/environmental  objectives and targets, so that development
alternatives can be measured  (and therefore valued) against them.

The use of such approaches necessarily encourages a more integrated assessment, and allows for a
wide range of stakeholders to make an input to the decision making process.

Transparency
Given the technical difficulty and cultural subjectivity of assigning values, especially in respect of social
and environmental issues, the key to both approaches is transparency. The assumptions lying behind
any aggregate figures or trade-off calculation must be clearly understood by those involved in the
decision-making process.

1.5.9 Conflict identification and resolution
Conflict between different resource users may already exist in the coastal zone. Indeed, an integrated
planning initiative may be a response to this conflict. Where conflict does not already exist, it may actually
arise during the planning process. Public involvement and participatory decision making, environmental
assessment, cost benefit analysis, and other techniques which seek to identify and compare social,
economic and environmental values, may bring into the open previously hidden differences in terms of
development needs, and values and aspirations between different resource users and other stakeholders.
For example, public consultation in relation to shellfish farming in Sweden, and shrimp farming in India
and East Africa has led to serious conflict  (Ellegard, 2000;  Hambrey et al., 2000;  Murthy, 1997).
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Clearly this kind of conflict should be avoided as far as possible, and the way in which issues are
presented for public consultation should be handled with great sensitivity. One important rule is to
establish broad public agreement on overall development objectives, strategy, and decision criteria,
before addressing specific development cases or projects. Trying to establish decision criteria on an ad
hoc basis in relation to individual projects will inevitably polarise opinion.

This reinforces the need for comprehensive stakeholder participation in the initial setting of planning
objectives, which should reduce the likelihood of conflict arising during the formulation and implementation
of the plan. It may be that the outcome of any conflict resolution is in fact a tightening or reformulation of
the planning objectives.

Should conflict nonetheless arise, a variety of approaches are available for its resolution17, including
litigation, arbitration, mediation, and negotiation. The second two are usually more desirable than the
first two. Litigation and arbitration both involve the imposition of a solution, and may not address or resolve
the underlying causes of conflict, which may therefore re-surface at a later date. Mediation and
negotiation on the other hand seek to resolve differences through an emphasis on common objectives.

1.5.10 Defining broad management strategy
The process of public involvement, agreeing broad objectives, and evaluating alternative development
(and conservation) options, should provide a comprehensive information base for defining an overall
planning strategy or framework.  

Sector/activity targets
A significant part of strategic planning is the setting of targets relating to particular sectors or activities.
Sector targets may be set in terms of total output (production and/or value), or total allocation of
resources (e.g. zoning of land or water; allocation of environmental capacity). They may be set in
relation to an entire coastal area, or in relation to specific zones as defined above.

Output targets have commonly been associated with planning in centrally planned economies, but with
rather little emphasis on land or resource use, environmental effects and environmental capacity. In
contrast, they have generally had a minor role in integrated coastal management, where the emphasis
is typically on the resource base and environmental conservation.

As discussed above, environmental capacity assessment attempts to define the relationship between
sector activity levels and environmental quality, and should therefore be of particular interest in
strategic conservation planning. It is an important tool for integrating aquaculture into broader coastal
planning and management initiatives.  An outline for the use of environmental capacity as the basis for
setting different kinds of sector target is presented in Box 1.13, and is discussed in more detail in
Section 2.4.

Output targets may be associated with a resource allocation target – for example a particular level of
production from a specific zone.

Criteria for locating aquaculture
A key component in the integration of aquaculture in strategic planning is an understanding of the
specific needs of aquaculture in terms of site and location18 requirements. These should have been
defined during the technical and economic assessment phase of the planning process. These
requirements may be developed into a set of criteria which can be used as the basis for a variety of
planning and management interventions (such as zoning, or screening development proposals) to
influence location and siting of aquaculture activities.
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Appropriate siting of aquaculture and other development activities in coastal areas will:

•  minimise the risks to, and maximise the returns from, coastal aquaculture;
•  maximise the overall economic return from all activities in the coastal zone;
•  minimise conflict between aquaculture and other resource uses; and
•  minimise environmental impact.

Criteria for assessing aquaculture
A variety of other criteria for assessing the social, economic and environmental impact of individual
projects or proposals should be developed, based on the planning objectives. They might, for
example, relate to scale, design, technology, management, or labour relations. These might be used
in support of the various planning instruments described below. For example, the assessment criteria
could be used as the basis for credit or grant aid, for the issuing of permits, for screening proposals for
environmental assessment, or as standard criteria to be used when undertaking environmental
assessment.

Zoning
Zoning (Section 2.11) implies bringing together the criteria for locating aquaculture and other activities
in order to define broad zones suitable for different activities or mixes of activities. GIS is particularly
well suited to facilitating this task.

Zoning may be used either as a source of information for potential developers (for example by
identifying those areas most suited to a particular activity); or as a planning and regulating tool, in
which different zones are identified and characterised as meeting certain objectives (see for example
Box 1.14).

Zoning of land (and water) for certain types of aquaculture development may:

•  help to control environmental deterioration at the farm level;
•  reduce adverse social and environmental interactions;
•  serve as a focus for estimates of environmental capacity (see Box 1.13)
•  serve as a framework for the provision or improvement of water supply/drainage infrastructure to

small scale farmers.

Box 1.13: Using environmental capacity and EQS as the basis for planning interventions

The following is an example of how environmental capacity can serve planning needs:

1. Define a specific area or zone in which aquaculture and compatible activities are to be allowed or promoted;
2. Set environmental quality standards (EQS) in terms of acceptable nutrient concentrations;
3. Estimate environmental capacity (e.g. total quantity of nutrients which can be released into the area without

breaching EQS);
4. Calculate acceptable nutrient loads (the environmental capacity) that will not lead to breach EQS;
5. Develop incentives or regulations to prevent aquaculture and other activities exceeding the acceptable load. These

might include:

•  allocation or sale of a portion of environmental capacity;
•  cessation of issue of permits once a critical total production threshold is reached;
•  cessation of issue of permits once an environmental quality standard is reached;
•  pollution tax related to quantity of discharge

The first of these has several significant advantages. The rules are clear. There is a cost associated with pollution, and a
strong incentive to develop more environmentally friendly technology, which will allow for higher levels of production and
economic activity while maintaining environmental quality.

The second and third are likely to cause frustration and possible conflict when they are introduced.

The fourth  will be universally unpopular, and will be difficult to fine-tune to achieve the desired EQS.
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The strength of zoning lies in its simplicity, its clarity, and its potential in terms of streamlining
procedures. For example, once a zone is established and objectives defined, then developments that
meet the objectives and general conditions for the zone may need no further assessment (such as
EIA). What is allowed and what is not allowed is clear, and developers can plan accordingly. Any
monitoring required can be applied to the whole zone rather than individual farms.

Its weakness lies in its rigidity. No zone is perfect, land/water capability assessment may have been
inadequate, boundaries are frequently arbitrary, and conditions may change. There may be small
pockets of land or water of high potential for aquaculture, which were not recognised in the resource
assessment process, which are not part of an aquaculture zone, and which are therefore prevented or
subject to severe regulation. In some situations this could restrict access of poor people to the
opportunities for aquaculture development. Furthermore, it may actually be undesirable to encourage
a concentration of aquaculture in one particular area, however suitable it may be, because of the
increased risk of rapid spread of disease.

1.5.11 Planning instruments: incentives and constraints
A wide range of actions may be undertaken to influence the nature, direction and location of
development, so that the strategy can be implemented, and the planning objectives met. To be
effective, these must be capable of serving as incentives for, or constraints to particular activities,
forms of development, or the location of development. They might  include (OECD, 1993):

•  infrastructure development;
•  training, education and awareness raising;
•  economic instruments;
•  regulatory instruments;
•  codes of practice;
•  markets and labelling; and
•  improved institutional linkages

Many of these instruments work best in combination. Infrastructure, tax incentives, and regulations
may all work together to achieve some particular objective. They may be associated with zoning to
provide differential incentives (e.g. applied in some zones but not in others) and thus reinforce the
zoning system.

Box 1.14   An example of zoning for aquaculture

The Republic of Korea offers an interesting example of coastal management stimulated by the need to protect an
aquaculture industry threatened by land based pollution. Environmental degradation  in coastal waters led to
significant problems in the oyster industry beginning in the 1970s. Habitat destruction affected spat settling areas, and
eutrophication led to reduced water quality, red tides, reduced production, and occasionally direct toxic and health
effects on shellfish and consumers. Oysters became difficult to sell for high quality export market.

These problems have been addressed in some areas through the declaration of Clear Zones, and establishment of
appropriate water quality standards. The Clear Zones include four “Blue Zones”, associated with water quality
standards  designed specifically for the protection of aquaculture. The designation of these zones is integrated with
controls on developments immediately adjacent to the zone, in addition to controls on development and land-use
upstream within the watershed, ensuring the achievement of water quality standards required for the production of
export quality oysters. Oyster producers may seek legal compensation from polluters for any related losses, and may
seek compensation from government for losses related to  wider environmental problems such as algal blooms or
natural events. Equally, oyster producers are required to have a license and abide by siting and operational rules
related to environmental  capacity (in this case related to available food).

Whilst the zoning appears to have worked to a point, resulting in production and economic benefits from export quality
oysters, there have been some problems to the oysters caused by red tides, arising from coastal eutrophication from
non-aquaculture sources. This is an indication that - even with initially successful integration of aquaculture into
coastal management - ultimate success may depend upon a much wider and more horizontally integrated coastal
management process.

Reference Kim, 1995
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Box 1.15  Infrastructure and services to promote sustainable aquaculture in Thailand

ng Krabaen Bay Royal Development Sudy Centre in Chantaburi province, Thailand, was founded in 1981 with
ective of increasing villager’s income through the application of integrated environmental management practices.
ea is surrounded by a mangrove fringe, behind which numerous small-scale shrimp farms have been
hed. In the high land between the bay and hill, rice fields and fruit orchards form the major component of the
osystem. The upland area is still covered with mixed forest, orchards and rubber plantations.

ficant activity of the project was to provide local poor farmers with the land and extension support to develop
farming. A 1.6 ha plot was granted to each of 100 farmer households, of which 0.96 ha was for three ponds
a each), 0.16 ha for dikes and ditches and 0.48 ha on the seaward side for houses and mangrove plantation.

f the farmers have been successful, with production rates generally in the range of 5-10MT/ha/yr, providing a
h net income relative to their previous agricultural activities. The incidence of disease has however increased in

years, with declining earnings and significantly increased risk.

s been blamed in part on poor water quality, causing stress and increased susceptibility to disease. It may also
ted to the partial mixing of influent and effluent, allowing for the rapid spread of disease.

ntre provides a variety of services to farmers, including seed, veterinary services, and technical advice.
ly, a  sea-water irrigation system has been completed, comprising a water intake on the open coast (outside the
d pumping facility to supply a network of supply canals. It also includes provision for rationalizing effluent canals,
ter treatment prior to discharge into the Bay. The objective is to provide high quality, low pathogen water to all
ithin the project, thus maximizing shrimp health and minimizing disease. Water treatment, and an overall
 of water, should also lead to improved water quality within the bay, thus reducing possible environmental
on fish and shrimp nursery grounds in the bay.
cture and services
ture development may be used to improve the performance of aquaculture in particular
 minimise environmental impact, and reinforce zoning by offering a comparative advantage
s who operate within the zone19.

ple, new or improved water supply and wastewater treatment for aquaculture (such as that
 in Box 1.15) may make a significant contribution to sustainability. They may:

e problems associated with existing aquaculture developments (such as exposure to
ion from upstream industry, agriculture and domestic sources; the rapid spread of disease
en farms; downstream pollution associated with aquaculture effluents);

mpt such problems arising in relation to new developments; and
nce the location of new aquaculture development, with a view to ensuring that it is located in
 where it is most likely to succeed, and where conflicts with other activities or resource users
inimised.

ision of improved marketing and processing facilities, or the provision of infrastructure to
more rapid development of private sector services, may also have a significant influence on
ss and location of new aquaculture development. Access to credit (see below) may also be
d as a form of infrastructure or service.

 education and awareness raising
rowing awareness of the importance of environmental issues, but this awareness is “patchy”

 be inadequate in areas experiencing very rapid development. Raising environmental
s will reinforce the impact of specific incentives or constraints.

, extension services and training can be used to influence the sustainability of the sector, by
formation and advice about environment friendly technology and practice, or advising on site

c approaches and instruments
 increasing interest in the use of economic incentives and constraints to promote
entally and socially friendly aquaculture siting, design and operation. Most measures of this
                                      
11 and 2.12
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kind require legislation and implementation at provincial or national government levels. Their use in
relation to aquaculture (which has been limited to date) is therefore discussed in some detail in
Section 2.12.2

Economic instruments include:

•  access charges (e.g. to sites or space);
•  pollution charges;
•  tradable permits for resource use, harvesting rights, pollution/emission rights (the latter may take

the form of rights to a share of environmental capacity);
•  various forms of subsidy and/or credit for environment friendly location, technology or

management;
•  refundable deposits and bonds laid against possible environmental damage, or set aside for

restoration purposes;
•  process or product standards linked to labelling and marketing initiatives.

Economic instruments appear to have many strengths. They:

•  can be used to directly implement the polluter/user pays principle;
•  require little in the way of enforcement (they influence farmers directly through their effect on

profits);
•  promote innovation (since less pollution is associated with lower costs);
•  are flexible and efficient;
•  may not require farm specific information on operation or discharge (a major problem with many

regulatory approaches);
•  can be linked to environmental capacity;
•  can be used to address cumulative problems; and
•  can generate government revenue for environmental management.

They also have weaknesses:

•  the actual effects on farmer behaviour are not very predictable;
•  they may need sophisticated institutions (to define; monitor; adjust, adapt etc);
•  they are not always popular with government agencies, since they imply less direct control;
•  they are not always popular with industry, since (negative instruments) imply  extra costs.

To date these instruments have been little used to influence the course of aquaculture development
and deserve serious consideration. It is probable however that regulatory instruments will still be
required to complement these approaches.

Regulatory instruments
Regulation has been commonly used in an attempt to manage the development of and impacts from
aquaculture. This has succeeded in many instances, especially in developed countries, but has a
rather poor record in many developing countries where the enforcement of regulation may be
particularly difficult.

Regulation may include any or all of the following:

•  restrictions on location. For example some zoning schemes may explicitly bar certain types of
development or activity;

•  prohibition of specific activities, materials or technologies (for example prohibition on the use of
specific chemicals or antibiotics);

•  requirements for specific activities, technology or design (for example, requirement for settling
ponds in intensive shrimp culture; prescribed feed quality);

•  effluent standards (e.g. acceptable N, P, BOD; TOC, chemical residues etc);
•  receiving water standards (e.g. acceptable N, P, BOD; TOC, chemical residues etc);

These may be stand-alone regulations, or may be directly linked to registration, licensing or the issue
of permits.
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Many regulations are difficult to implement in practice, and may lead to an attitude of limited
responsibility by the farmer. Their use should be limited as far as possible, but they remain an
important last resort, and may serve to reinforce more positive incentives and economic instruments.

Codes of practice
Where the rationale for regulation is clear, and particularly when it relates to the interests of farmers
themselves (for example where it is designed to minimise self pollution, or exchange of pathogens
between farms), every effort should be made to promote self-regulation through codes of practice.
These may be reinforced through peer pressure, and in some cases actually enforced by associations
of farmers themselves. In Thailand for example (Box 1.16), the Surat Thani Shrimp Farmers
Association has agreed to its own set of standard procedures related to water quality and disease
management for a group of neighbouring farms with common water supply.

Codes of practice, including best management practice, may be used as a basis for certification and
quality labelling20 .

Markets and labelling
Farm gate price has a major impact on farmer behaviour. If this price can be linked in any consistent
way to better siting and management of aquaculture operations, change will follow rapidly. Quality or
“green” certification and product labelling offer significant opportunities, albeit relatively untested, in
this regard.

However, the benefits from such schemes may accrue largely to the wholesaler or retailer rather than
the producer, and directly linking farm gate price to environmental management will not be easy.
Furthermore the process of certification is difficult and costly, and the impact on price will depend on
consumer trust of the certification system. These approaches may also be easier for larger scale and
well organised producers, with consequent difficulties for small scale producers.

1.5.12 Monitoring, reporting, evaluation and response/adaptation procedures
These four activities are brought together in this Section because they are intimately related and
cannot be considered in isolation from each other.

Monitoring
A broad range of monitoring is required to provide information for evaluation of the overall success or
otherwise of the plan, and the reasons for success or failure of individual components. The former
may be relatively straightforward, but the latter implies a thorough understanding of the operation of
the plan in practice, and the functioning of physical, ecological and human systems.
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Box 1.16: Farmer associations and self regulation

The Surat Thani Shrimp Farm Association have agreed to set regulations to minimise the impact among the members
of their shrimp farm cluster area:

(i) The timing for pumping and discharge water into the canal are set daily. This practice has the benefit of maximising
seawater quality and minimising the impact of discharge water.

(ii) The national regulation concerning pond sludge disposal, allows the association to prohibit any farmer from using
pumps for pond sludge disposal.

(iii) In case of an occurrence of disease, especially virus disease, in culture ponds, the farmer must clean the ponds
and settle suspended solids before pumping or discharging water. This practice should reduce the likelihood of a
wider disease outbreak.
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A monitoring program may collect information on:

•  Indicators relating to specific objectives of the plan (for example, environmental quality;
biodiversity; living standards; productivity; income distribution; economic activity). These are
sometimes known as outcome indicators;

•  Indicators relating to the efficiency or effectiveness of the planning procedures. These may relate
more directly to the performance of individual components and implementing mechanisms of the
plan and those associated with them (performance indicators).

If the latter are found to be wanting, it may be appropriate to initiate some form of management
capacity assessment21.

The outcome indicators should be designed and serve not only to measure success in meeting
objectives, but also to enhance understanding of physical, ecological and economic systems , and the
causal links between development activity and environmental effects. Many gaps in knowledge and
understanding in these areas will have been highlighted in the assessment phase, and long term
monitoring of key variables and parameters may be required to better understand the dynamics of
physical, ecological and economic systems, so that planning and management can be further
improved.

More detailed discussion of ecological and other forms of monitoring in relation to aquaculture can be
found in Section 2.13.

Public involvement
The general public, and other stakeholders, should be encouraged to take an active part in monitoring,
and may effectively supplement more formal monitoring procedures. This will also maintain the
participatory dimension of the plan, and encourage broad responsibility for meeting the objectives of
the plan.

Response procedures
Monitoring of specific environmental or socio-economic indicators is of limited use if it is not linked to a
pre-determined management response in the event that the monitored variables are found to lie
outside their acceptable limits.  There should be a priori agreement about the action that will be taken
if, for example, environmental impacts exceed predicted levels. This action might take the form of a
reduction (where monitoring indicates that environmental capacity has been exceeded) or increase
(where capacity is under-utilised) in (for example) number of farms, allowable waste emissions;
stocking density, or production.

Synthesis and reporting
It is equally clear that monitoring must include effective synthesis, analysis, reporting, and effective
communication of monitored parameters and variables, so that agreement can be gained on any
specific response, or adaptation of the plan. Reporting procedures and response mechanisms must be
clearly spelt out in the plan.

State of the Environment  reporting is desirable in order to synthesise, rationalise, integrate and
communicate the wide range of monitoring information generated from different activities and
environmental management initiatives. It is a key component of more integrated approaches.  It should
be developed as a format for reporting, which may also be used at higher levels of government or as a
guide to research activity.

Evaluation and adaptation
As noted repeatedly, any new plan is likely to be inadequate and in some cases flawed, and clear
procedures must be established for more general evaluation, including subjective assessments,
coupled with specific procedures for adapting or changing the plan. This could take the form of
“stakeholder committees”, public meetings or other specified consultation procedures, and possibly
periodic evaluations by external consultants. Once again it is clear that these committees must have
access to well presented and analysed monitoring data, as well as more subjective assessments and
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submissions. They must also have the power to modify the plan as required, on a regular (and clearly
defined) basis.

1.5.13 Institutional arrangements and implementing structures
Although institutional issues will have been addressed at the outset, it will be necessary to reconsider
institutional needs for effective implementation, following detailed consideration of development
options and planning and management needs.

As noted above and in many other publications (e.g. Chua, 1997;  FAO, 1996;  Post  and Lundin,
1996), institutional arrangements for implementing, monitoring and adapting a coastal management
plan are rarely afforded sufficient emphasis. Actual arrangements will vary tremendously according to
local and national circumstances, but there are a few simple rules:

•  responsibilities for implementation must be clearly allocated to particular institutions and
individuals;

•  overlapping responsibilities between agencies should be minimised;
•  institutions must be able, willing and allowed  to implement or administer the incentives and

constraints contained in the plan;
•  there must be co-ordinating and integrating institutions - which may take the form of institutional

procedures; or particular agencies or individuals with a co-ordinating role;
•  the institutional responsibilities must be defined within, or allowed for by, a legislative framework.

It is clear that any comprehensive and integrated planning initiative will require a competent lead
agency or powerful co-ordinating committee to compile the information, synthesise the various points
of view, develop a strategy, design planning instruments or actions, and ensure that they are
implemented. An example is presented in Box 1.17.

Box 1. 17   Xiamen demonstration project

Xiamen is a modern maritime and scenic city in Fujian Province, China. Xiamen is designated as a special
economic zone, and development has been very rapid in recent years. This has resulted in severe space
competition; resource use conflict; pollution; degradation of natural habitat; siltation; and erosion. The area was
chosen for a demonstration project under the GEF/UNDP/IMO Regional programme for the Prevention and
Management of Marine Pollution in East Asian Seas.

A steering group for integrated coastal management in Xiamen Municipality was established with the Mayor or
Deputy Mayor of the municipality as chairperson. This group oversees the Office of the Steering Group which is
essentially the wing of municipal government responsible for coastal management. A consultative committee for
Integrated Coastal Management provides advice and scientific and technical services. Together these bodies
are responsible for:

•  medium and long term plans on coastal development, infrastructure development and protection;
•  coastal functional zonation schemes;
•  coordination and formulation of local regulations, rules and standards concerning ICM;
•  organization and coordination of various concerned sectors in discharging their respective mandates and

law enforcement relating to ICM;
•  deciding on the major issues pertaining to coastal development, infrastructure and management;
•  coastal monitoring, surveillance, information management;
•  review and endorsement of coastal development projects;
•  public awareness activities for ICM;
•  guidance to district level government on ICM.

One of the key factors in the success of the project to date appears to have been strong Municipal Government
which has, for example, enacted legislation related to functional zoning, and which is sufficiently powerful to
effectively co-ordinate the (12) sectoral administrations involved in coastal management.

Source: GEF/UNDP/IMO, 1996
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1.5.14 Formal adoption of the plan
A written draft plan should be produced including at least the following:

•  an analysis of social, economic and resource/environment issues;
•  agreed objectives with associated standards and targets;
•  a broad strategy and principles to meet these objectives;
•  planning actions and instruments (incentives and constraints) to guide development and practice

in order to meet the targets and fulfil objectives;
•  procedures for monitoring, feedback  and adaptation
•  an estimate of costs and revenues related to the plan for each year for the duration of the plan;
•  responsibilities and commitments of key participants/players

Whatever the level of public involvement in the formulation phase, it is essential that the plan is agreed
and receives broad support from all stakeholders, and especially from those likely to be most affected.
A wide range of public involvement techniques may be used to finalise and agree the plan, after which
it can be formally adopted.

However participatory the process, it is nonetheless likely that some elements of the plan may be
unpopular with a minority. In this case the procedures for implementation – and in some cases
enforcement – must be studied very carefully.

1.5.15     Implementation and adaptation
If the procedures described above have been followed, and in particular, if the planning instruments
have been carefully selected and their implementation thought through, then the implementation,
reporting and monitoring, adaptation and refinement, should flow smoothly.

However, planning and management is about modifying, co-ordinating and in some cases integrating
the behaviour and actions of varied individuals, groups and organisations, and this requires great
management skill. It is beyond the scope of this report to discuss organisational management or
human psychology, but some key points can be made.

Finance is always likely to be a problem. Pooling of finances from several sources will not only help
raise the required funds but will also involve a greater range of stakeholders. It is also essential to
develop trust and commitment among the various players.

Other general rules include the need to be:

•  realistic and patient;
•  pragmatic and practical;
•  flexible.

1.5.16 Criteria for evaluation of integrating aquaculture into coastal
management

Evaluation of more integrated planning and management is vital. Planning and management is
expensive, and its difficulty and complexity means that it is prone to “drift”. It is often ineffective, and it
is important that poor performance is identified quickly and put right.

GESAMP in its 1996 Session recognised that:

“There is an urgent need for an accepted evaluation methodology for assessing the
impacts of coastal management programmes so that their efficacy can be assessed
and required changes identified and implemented. Indicators and methodologies are
required for establishing timely baselines and appropriate monitoring and
assessment programmes. When an evaluative framework is in place it will be
possible to document trends, identify their likely causes and objectively estimate the
relative contributions of ICM programmes to observed social and environmental
change.” (GESAMP, 1996c).
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Since that time a study has been commissioned by UNDP to address these issues (Olsen et al.,
1997). It identifies three types of evaluation: performance evaluation; management capacity
assessment; and outcome assessment (see Part 2). It also emphasises the potential of the pressure-
state-response (PSR) framework (OECD, 1994) to “structure the collection of data on the condition
and trends in the natural environment and as a tool to assist policy makers in analysing the effects of
public policies on the environment.”

There is no reason why evaluation criteria should differ when considering the management of
aquaculture rather than any other coastal activity. Indeed it is essential to the philosophy of integrated
coastal management that the success of the integration of aquaculture into coastal management be
evaluated against the same criteria as those used for other activities.

In practice, the evaluation of any coastal planning and management initiative should be relatively
straightforward, since a basic component of the planning process is the establishment of practical
objectives and associated measures, standards or indicators, which can be used to measure progress
against objectives.

It is worth noting that several of the approaches to the management of coastal aquaculture discussed
here are particularly amenable to outcome assessment in terms of environmental quality. The
assessment of environmental capacity, which has already been the subject of several studies related
to aquaculture, necessarily implies a simple outcome criterion: environmental capacity, as defined
during the planning process, shall not be exceeded. Equally, zoning approaches provide relatively
clear benchmarks in terms of land use against which performance can be measured.

A manual for assessing progress in coastal management produced by Olsen et al. (1999) should be
referred to for a detailed discussion and guidance.
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PART 2

TOOLS AND METHODS

Part 2 of this report is designed primarily for scientists and technical specialists who may draw on
these methods in the course of their professional lives. It should also serve as a reference and
resource for others with an interest in, or a need to understand the strengths, weaknesses and
application of different approaches and techniques. Part 1 should be read as background material,
since it describes the context and rationale for the use of these tools.

It is beyond the scope of this report to review in detail all the individual tools and methods of relevance
to more integrated coastal planning and management of aquaculture. Nor is this necessary: there
already exist excellent reviews and guidelines that focus on particular tools and methodologies.

We therefore summarize the more generally applicable tools, comment on specific issues related to
aquaculture, and refer the reader to more comprehensive reviews or guidelines where possible. The
working group discussed some tools of particular relevance to aquaculture in more detail, and in this
case the review is more thorough, and the main findings and recommendations of the group are
presented. For example, particular emphasis is laid on zoning and environmental capacity, since these
highlight particular problems and opportunities for integrating aquaculture into wider coastal
management initiatives.

The structure of this Section is based loosely on the components presented in Table 1.2  and the
overview of procedures presented in Section 1.5.
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