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Measuring the contribution
of small-scale aquaculture
An assessment

While the contribution of small-scale aquaculture (SSA) to rural development is
generally recognized, until now there has been no systematic assessment to clearly
measures its contribution. The FAO Expert Workshop on Methods and Indicators for
Evaluating the Contribution of Small-scale Aquaculture to Sustainable Rural Development
held in Nha Trang, Viet Nam, from 24 to 28 November 2009, attempted to develop
an indicator system to measure the contribution of SSA. The workshop used a
number of processes and steps in the developping the indicator system, including:
(i) understanding the subject of measurements; (ii) identifying an analytical framework
and ratting criteria (iii) developing a list of SSA contributions; (iv) categorizing the contributions;
(v) devising and organizing the indicators of contribution; and (vi) measuring the indicators.
The major outcome was the development, through an iterative process, of an indicator
system which can provide a good measure of the contribution of SSA based on agreed
criteria (accuracy, measurability and efficiency) and the sustainable livelihood
approach analytical framework which consists of five capital assets (human, financial,
physical, social and natural) and can be used for various livelihoods options.
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Preparation of this document
The Aquaculture Management and Conservation Service (FIMA), Fisheries and
Aquaculture Management Division (FIM) of the Fisheries and Aquaculture Department
of the Food and Agriculture Organization of the United Nations (FAO), is implementing
a project entitled “Methods and indicators for the appraisal and evaluation of the
contribution small-scale aquaculture to sustainable rural development”. The project,
which commenced in 2008, is being carried out through a combination of commissioned
thematic papers, two expert workshops and the implementation of pilot case studies.
As part of the project implementation, the “FAO Expert Workshop on Methods and
Indicators for Evaluating the Contribution of Small-scale Aquaculture to Sustainable
Rural Development” was held in Nha Trang, Viet Nam, from 24 to 28 November
2008.
The commissioned review papers and expert workshop were technically supervised
by Dr Melba B. Reantaso, Fishery Resources Officer (Aquaculture) of FIMA.
The study and expert workshop were made possible with financial support through
the FAO Multi-Partnership Programme (FMPP) under B.1 Objective administered
through the FishCode Programme of the FAO Fisheries and Aquaculture Department.
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Abstract

The contribution of small-scale aquaculture (SSA) to sustainable rural development (SRD)
include, for example, securing food, efficient use of water, farm materials and other resources,
creating wealth, diversifying livelihoods, generating rural employment and income, utilizing
family labour, fostering social harmony and empowering women. While recognized as such, there
has not been a systematic assessment which clearly measures its contribution.
An “FAO Expert Workshop on Methods and Indicators for Evaluating the Contribution
of Small-Scale Aquaculture to Sustainable Rural Development”, held in Nha Trang, Viet Nam
from 24 to 28 November 2008, attempted to develop an indicator system which can measure
the contribution of SSA to SRD. Indicators are measures, used for different purposes, to help
understand issues or conditions, to know how well a system is working and to determine what
direction or solutions may be taken to address an issue or a problem before it gets too bad. While
indicators are as varied as the systems they try to monitor, there are certain characteristics that
effective indicators have in common, e.g. relevance, ease of understanding, reliability and data
accessibility.
The expert workshop used a number of processes and series of steps in the development of the
indicator system. These included the following: (i) understanding the subject of measurement, (ii)
identifying an analytical framework and setting criteria, (iii) developing a list of SSA contributions,
(iv) categorizing the contributions based on analytical framework and agreed criteria, (v) devising
and organizing the indicators of contribution, and (vi) measuring the indicators. The major
outcome was the development, through an iterative process, of an indicator system which was
thought to provide a good measure of the contribution of SSA using an analytical framework
(i.e. the Sustainable Livelihood Approach or SLA) and agreed criteria (accuracy, measurability
and efficiency or AME). Using the SLA and AME criteria, the experts narrowed down to
some 20 (from a freelisting of some 50), indicators which were deemed appropriate to assess the
contribution of SSA to SRD. The SLA was selected as an appropriate analytical framework as it
reflects the primary objective of an SSA system which is to balance the use and/or build up of the
five livelihood capitals or assets (natural, physical, human, financial and social).
The experts agreed by consensus that the 20 potential indicators include: (1) flows/enterprises,
(2) off-farm nutrient use/farm products (input/output ratio), (3) enterprises’ contribution to
cash income, (4) productive use of pond water, (5) return to land capital and labour; trends in
physical asset used for SSA, (6) income from SSA and derived from SSA, (7) SSA contribution
to Gross Domestic Product (GDP), (8) farmers who are members of active farmer associations
or community organizations, (9) household consumption of fish, (10) seasonal distribution of
fish consumption, (11) women access to resources and benefits of SSA, (12) women engaged
willingly and as active decision-makers in SSA (including post-harvesting), (13) batch testing
for banned chemicals or poor quality aquatic products aquatic, (14) farmers adopting Better
Management Practices (BMPs), (15) farmers involved in traceability system, (16) export earnings,
(17) employment generation, (18) disease, (19) vulnerability, and (20) resource use conflicts.
This publication contains two parts: Part 1 contains the report of the above expert workshop;
Part 2 contains 10 technical papers presented during the expert workshop and an additional paper
which provides a detailed account of the processes undertaken in the development of an indicator
system to measure the contribution of SSA to SRD.
Bondad-Reantaso M.G.; Prein, M. (eds).
Measuring the contribution of small-scale aquaculture: an assessment.
FAO Fisheries and Aquaculture Technical Paper. No. 534. Rome, FAO. 2009. 180p.
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Background
The contribution of small-scale aquaculture (SSA) to global aquaculture production as
well as rural livelihood development is generally recognized.1 These include providing
livelihoods and income generating opportunities for rural communities, enhancing
food security, improving social equity and enhancing the quality of life of rural poor
communities.
In the past, a number of projects/studies2 attempted to assess and review the
current status of small-scale (or rural) aquaculture at the country level as well as the
various issues (potential, limitations, constraints) affecting the sector. In addition,
some methods/frameworks (e.g. rapid rural appraisal, participatory rural appraisal,
impact assessment, etc.)3 for assessing the impact of small-scale rural aquaculture
projects on poverty alleviation and food security, useful tools for sectoral planning and
development, have been presented.

1

2

3

FAO. 2002. “The role of aquaculture in rural development”. Working Paper No. COFI:AQ/1/2002/3
prepared for the First Session of the Sub-Committee on Aquaculture, Beijing, China, 18-22 April 2002;
IBRD/WB. 2007. Changing the face of the waters: The promise and challenge of sustainable aquaculture.
The World Bank Agriculture and Rural Development Conference Edition. Washington, D.C. 163 pp.
Edwards, P. and Demaine, H. 1997. Rural aquaculture: overview and framework for country reviews.
RAP Publications 1999/36. Regional Office for Asia and the Pacific. FAO, Bangkok, Thailand. 61 pp.;
Edwards, P., Little, D.C. and Demaine, H. (eds.). 2002. Rural aquaculture. UK: CABI Publishing.
358 p.; Halwart, M., Kuman, D. and Bondad-Reantaso M.G. (comps). 2005. Papers presented at the
FAO/NACA Consultation on Aquaculture for Sustainable Rural Development, Chiang Rai, Thailand.
29-31 March 1999. FAO Fisheries Report No. 611. Rome. FAO. 282 p.; Arthur, J.R., Phillips,
M.J., Subasinghe, R.P., Bondad-Reantaso M.G. and MacRae, I.H. (eds.). Primary aquatic animal health
care in rural, small-scale aquaculture development. Technical proceedings of the Asia Regional Socping
Workshop. Dhaka, Bangladesh, 27-30 September 1999. FAO Fisheries Technical Paper No. 406. Rome,
FAO. 2002. 382 p.; IBRD/WB. 2007. Changing the face of the waters: The promise and challenge of
sustainable aquaculture. The World Bank Agriculture and Rural Development Conference Edition.
Washington, D.C. 163p.; Bondad-Reantaso M.G. (ed.). 2007. Assessment of freshwater fish seed
resources for sustainable aquaculture. FAO Fisheries Technical Paper No. 501. Rome, FAO. 628 p.
Townsley, P. 1996. Rapid rural appraisal, participatory rural appraisal and aquaculture. FAO Fisheries
Technical Paper. No. 358. Rome, FAO. 109 pp.; Gupta, M.V. and Dey, M.M. 1999. A framework for
assessing the impact of small-scale rural aquaculture projects on poverty alleviation and food security.
FAO Aquaculture Newsletter (23): 22-25.
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However, there has not been a systematic assessment of how much and
how small-scale aquaculture is contributing to aquaculture and rural livelihood
development. Assessment indicators will help measure the sector performance
and will assist local, regional and national policy-makers to account for the level of
performance of the sector (good or poor), understand the risks and the threats and
thereby assist in determining appropriate interventions (e.g. highlighting the positive
aspects, preventing or mitigating the negative aspects), and aid in setting priorities and
allocating resources.
This project on Methods and Indicators for the Appraisal and Evaluation of the
Contribution of Small-scale Aquaculture to Sustainable Rural Development is being
carried out by the Aquaculture Management and Conservation Service (FIMA) of the
Department of Fisheries and Aquaculture of the Food and Agriculture Organization
of the United Nations (FAO) through a combination of commissioned thematic review
papers, expert workshops and implementation of case studies.
The FAO Expert Workshop on Method and Indicators for Assessing the
Contribution of Small-scale Aquaculture to Sustainable Rural Development was
held from 24 to 28 November 2008 and hosted by the Nha Trang University. The
outcomes of the expert workshop are highlighted in this report.
Opening of the workshop
The workshop, moderated by Dr Huu Dung Nguyen of Nha Trang University
(NTU), was officially opened by Prof. Mr Hoang Hoa Hong, Vice-Rector of the
university. He appreciated FAO for the opportunity that it offered to the university
to collaborate in the organization of the workshop. He said that the recent progress
in Viet Nam aquaculture development, including the measures that it had taken to
address the sustainability problems associated with its rather rapid growth, might be
able to provide the expert meeting some instructive examples for its deliberations and
recommendations.
Dr Melba G. Bondad-Reantaso, Fishery Resources Officer (Aquaculture), FIMA,
welcomed the participants on behalf of FAO. She conveyed the appreciation of FAO’s
Department of Fisheries and Aquaculture to the Government of Viet Nam and the
Nha Trang University for hosting the workshop and to the participants for their time
and contributions. She briefly described the background and explained the purpose
of the workshop.
The participating experts provided a short self-introduction of their current
affiliations, responsibilities and interest in the subject of the workshop.
Purpose of the workshop
The aim of the expert workshop was three-fold: (i) to better understand small-scale
aquaculture (SSA) and their contribution to rural development; (ii) develop a list of
indicators and a procedure to measure the contributions; and (iii) develop the steps
that will test the validity and the suitability of indicators through case study concepts.
The expert workshop agenda is attached as Appendix 1.
Workshop participation
The workshop was provided technical guidance by a Project Team consisting of three
FAO professional staff members. A total of twenty experts whose fields of expertise
or disciplinary specializations include aquaculture, aquatic animal health, ecology,
sociology, human geography, law, economics and information participated in the expert
workshop. The list of participants and expert profile are presented as Appendixes 2 and
3, respectively.
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Workshop process
The workshop was divided into three sessions, namely: Session 1 – Setting the scene;
Session 2 – Preparation of an indicator system for measuring the contribution of SSAs;
and Session 3 – Preparation of case study concepts. Each session, with an elected
Chaiperson and Rapporteur, had a specific objective and expected outcomes. Each
session was followed by working group break-out sessions (with same or multiple
tasks) and a presentation. A plenary concluding session presented the achievements and
conclusions of the workshop and the way forward.
Workshop highlights
Technical sessions
Session 1
Eleven papers (commissioned and contributed papers) were presented in plenary
to achieve the objective of Session 1 of setting the scene in order to have a broader
understanding of the general concepts and principles of sustainability, indicators and
sustainable development indicators (SDI), SSA and sustainable livelihoods (SL) and
broad considerations concerning the application of sustainability indicators to SSA
(general principles, context, terminologies, and scale of operation).
Dr Victoria Espaldon, in her presentation on “Key concepts and principles in
developing indicators for sustainable rural development” (i) reviewed the following
concepts: sustainable development and how they have developed; sustainable
development indicators (SDI), system and trends, how they are approached in
theory and practice; (ii) reflected on the various SDI systems; and (iii) offered a set
of options for developing an SDI system for sustainable rural development (SRD).
She concluded her presentation with an emphasis on the definition of sustainable
development according to the Brundt Report which sought to address the twin
concerns of development and environment. SDI is part and parcel of ensuring the right
path of sustainability which is anchored on three pillars of sustainable development,
i.e. economic, social and environmental – three pillars which cannot be separated and
must be taken as a whole.
Dr Harvey Demaine, in his presentation on “Rural aquaculture: reflections ten
years on” reviewed the experience which led to views expressed in a previous FAO
monograph on rural aquaculture ten years on. The presentation revisited the definition
of rural aquaculture and classifications of SSA set against those outlined in the
monograph. Experiences from two projects, the Aqua Outreach Programmme of the
Asian Institute of Technology in mainland Southeast Asia and the Greater Noakhali
Aquaculture Extension Project and its successor, the Regional Fisheries and Livestock
Development Project in Bangladesh – illustrated the nature of the farming systems
approach advocated in the FAO monograph at two levels: the farm system and the
wider regional support system. The presentation was concluded with a brief discussion
of the implications for methods and indicators for assessing the contribution of rural
aquaculture in SRD, stressing the importance of measuring human and institutional
capacity.
Dr Premachandra Wattage, in his presentation on “MDGs and aquaculture:
indicators to evaluate the conservation of resource base for poverty reduction”
emphasized the role of environmental sustainability as the foundation on which
strategies for achieving all Millenium Development Goals (MDGs). Environmental
degradation is causally linked to problems of poverty, hunger, gender inequality and
health. Therefore, protecting and managing the natural resource base that supports
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aquaculture is essential for economic and social development in rural Asia. As well,
integrating the principles and practices of environmental sustainability into country
policies and planning programmes are key to successful poverty reduction strategies.
The presentation provided some suggestions on methods and approaches (e.g. benefit
assessment methods) to identify and quantify the environmental and socio-economic
values of aquaculture measurements which could be used to develop indices for
evaluating performance.
Dr Curtis Jolly, in his presentation on “Small-scale aquaculture: a fantasy or economic
opportunity”, presented doubts and questions concerning the contribution of SSA to
economic development despite its obvious contribution to local protein consumption
in developing countries. He reported that attempts to measure societal and economic
values of SSA have mixed results. Uncertainties have been raised concerning the actual
contribution and the measures used. He emphasized the need for the use of more
holistic approach using participatory methods and that measures of economic, social
and environmental evaluation, while considered useful, are not universal. He used a
specific example (smoked catfish in the United States of America) to demonstrate that
measures are appropriate when examined in a dynamic setting.
Drs Susana Siar and Percy Sajise in their presentation on “Access rights for
sustainable small-scale aquaculture and rural development’’ examined the resources
under different property regimes (communal, private, state-property, open access) that
SSA use. Close scrunity of access rights to resources and assets will help analyse what
is needed to support their sustainability. The Sustainable Livelihoods (SL) framework
is a useful tool which provides an understanding as to why and how small-scale
aquaculturists do what they do to generate income, create livelihoods for food security
and improve their well-being. The presentation was concluded with a statement that
following the SL and rural sustainability frameworks, access to the resource base is a
necessary condition to enhance sustainability; however, it is not a sufficient condition
by itself.
Dr Le Xuan Sinh, in his presentation on “Social impacts of coastal aquaculture in
the Mekong Delta” presented the important positive impacts of coastal aquaculture in
terms of improving household income which lead to better opportunities for education,
health care and entertainment to communities, improvement in the status of women
and children and decrease in conflicts at both family and community levels. However,
the sector also faces a number of risks due to many factors such as low profits and
other social impacts. The presentation provided perspective on how improving and
strengthening linkages among relevant stakeholders through appropriate planning and
organization at village and district levels in association with availability and suitability
of investment and support from both public and private sectors can be used for
long-term development of coastal aquaculture in the Mekong Delta.
Dr Mark Prein, in his presentation on “Assessment of aquaculture adoption by
smallholder farms using sustainability indicators’’, presented the rationale for, and the
mechanics within, an approach to introducing integrated agriculture-aquaculture (IAA)
for smallholder farm development and for measuring the impact on whole farms using
a standardized tool package that was first developed at ICLARM (now the WorldFish
Center) since the early 1990s termed RESTORE. A systems approach is used, going far
beyond the simple unidirectional link, e.g. from livestock manure to a fish pond. It is a
participatory process involving the entire smallholder farming system with its natural
resources, probing farmers about opportunities for diversification of enterprises and
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subsequently about possible integration linkages involving recycling flows suitable
to their context, both on-farm and between-farms. It is hypothesized that integrated
smallholder farming systems which have an aquaculture component and reuse unused
waste materials are more sustainable than less-integrated or monoculture-dominated
ones. With the research tool, the farm household is accompanied over several years
and whole-farm data is collected and analysed, producing economic and biological
performance metrics and a set of sustainability indicators, for interannual and betweenfarm comparisons. The impact assessment tool has been applied in numerous countries
in Asia, Africa and Latin America, and over a range of farming systems and farmer
livelihoods contexts, from which experiences were presented.
Mr Alvin Morales, in his presentation on “Special evaluation study of small-scale
freshwater aquaculture development for poverty reduction’’, reported on the outcomes
and recommendations of a special evaluation study (SES) conducted by the Asian
Develpment Bank (ADB) based on case studies in Bangladesh, the Philippines and
Thailand as well as lessons and experiences drawn from evaluation of ADB-financed
operations in freshwater aquaculture development. The SES recognized the importance
of access to capital assets in five dimensions (human, social, natural, physical and
financial capitals), and key transforming processes, including (i) markets; (ii) public
and private institutions; (iii) facilities, infrastructure and services; (iv) legal framework
and development policies; (v) aquatic resources management and the environment; and
(vi) various safeguards, including biosafety and aquatic health. The SES also recognized
seasonality, shocks and trends that influence outcomes.
Dr Nathanael Hishamunda, in his presentation on “Summary of the FAO
Expert Consultation on Socio-economic Impacts of Aquaculture: Identification and
Assessment Methods’’ highlighted the major outcomes of this expert consultation held
from 4 to 8 February 2008 in Ankara, Turkey. The positive and negative impacts of
aquaculture include those on land and land-based habitats, water and wild species,
the downstream and upstream industries of aquaculture, infrastructure, incomes,
employment, food supply, food quality and safety, food access, food stability, human
health, education and training, population and demography, and community and social
order. The consultation emphasized that these impacts have profound interdependence
and socio-economic implications which make the task of assessing them challenging.
The consultation identified a number of potentially useful measurement techniques
such as Multi-Criteria Decision-making (MCDM), Analytical Hierarchy Process
(AHP), Cost-Benefit Analysis (CBA).
Dr Victoria Espaldon, in her presentation on ‘’Theory and practice of sustainable
livelihood development’’ provided a historical account of the origins of the concept of SL
from community development theories to ecosystem approach. The livelihood approach
framework was fully elaborated in terms of principles, features and characteristics. A
very important consideration of the SL approach is the vulnerability context, e.g.
shocks, trends and seasonality which are beyond the control of households, and which
are influenced by the transforming structures and processes. The presentation provided
examples of application to recent approaches to SRD especially in the agriculture
and forestry sectors as well as recent endeavours of converging these concepts with
natural resources management. Examples from national and local programmes for rural
development were provided.
Although not included in the original agenda, Dr Flavio Corsin made a brief
presentation on “Indicators and standards for responsible aquaculture production”,
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which described the processes involved in roundtable discussions called Aquaculture
Dialogues, used by the World Wide Fund for Nature as a way of involving
the various aquaculture stakeholders such as farmers, retailers, non-governmental
organizations, scientists and others in developing indicators and standards for
responsible aquaculture.
Following the above technical presentations, the experts were divided into two
working groups which tackled terminologies and general principles concerning
sustainability, indicators and SSA. The outcomes of Session 1 are described in detail in
the following sections.
Session 2
Mr Pedro Bueno, in his presentation on “Indicators of sustainable small-scale
aquaculture development’’ proposed and described indicators of a sustainable SSA
farm system under the three broad goals of economic viability, social responsibility
and environmental sustainability and linked with the fundamental goals of a farmer,
which are higher yields, lower cost, better economic returns and less risk. The
sustainable livelihoods approach (SLA) framework was used as the basis for developing
the sustainability indicators for small farms. A list of possible measurement and data
sources for each proposed indicator was provided. The presentation emphasized that
sustainability indicators provide a holistic view and understanding of the sustainability
of an entity such as a farm, a farming community or a commodity industry sector and
therefore can guide an integrated approach to problem solving and aid a holistic policy
and development planning approach focused on SSA.
The above commissioned paper, complemented by other background papers and,
informed by the wide range of disciplinary specializations of experts, became the basis
for deliberation during Session 2 whose objective was to draw a list of indicators to
assess the contribution of SSA to SRD. As in Session 1 experts were divided into two
working groups to develop the indicator system that will measure the contribution
of SSA to SRD. The outcomes of Session 2 deliberations are presented in the section
below.
Working group sessions
Session 1
Session 1 whose objective was to set the scene of the workshop, used 11 presentations
which prepared the participants for sessions 2 and 3. Session 1 reviewed key
concepts, principles and definitions pertaining to sustainability, indicators, sustainable
development indicators, sustainable livelihoods, poverty and resilience.
A major outcome was characterization of the various features (through examples of
positive contribution and negative impacts) of SSA and an agreed working definition
based on scope, scale (typology), objectives and characteristics, as follows:
Small-scale aquaculture (SSA) is a continuum of:
1) systems involving limited investment in assets, some small investment in operational
costs, including largely family labour and in which aquaculture is just one of
several enterprises (known in earlier classifications as Type 1 or rural aquaculture);
and
2) systems in which aquaculture is the principal source of livelihood, in which the
operator has invested substantial livelihood assets in terms of time, labour,
infrastructure and capital (this was labeled as Type II SSA system).
Session 1 also deliberated on a number of terminologies and some considerations
in their definitions and developed some guiding principles for sustainable aquaculture
development as relevant to SSA in terms of goals, context, sustainability and measure
of success.
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Session 2
The main outcome of Session 2 was the development of an indicator system that will
measure the contribution of SSA to SRD. The process and the series of steps used in the
development of the indicator system was an important achievement of the workshop.
These steps include: (1) understanding the subject of measurement; (2) identifying an
analytical framework; (3) developing a list of contributions of SSAs; (4) categorizing
the contrubutions; (5) devising the indicators of contribution; and (6) measuring the
indicators.
The sustainable livelihood approach (SLA) was selected as the apppropiate
analytical framework that can guide the development of the indicator system. The
SLA reflects the primary objective of an SSA system which is to balance the use and/or
build up of the five livelihood assets (natural, physical, human, financial and social) so
that the system continues to enjoy the flow of services and benefits from these assets.
Only if it is sustainable itself can SSA contribute to sustainable aquaculture and rural
development.
The SLA model enables a clear classification of the elements of a farming system
that should be measured. It also shows the linkages and interactions of these elements
and how these interactions could make or break the sustainability of the system.
This holistic perspective that it gives is useful to development planning; it enables
systematic rather than piecemeal problem diagnosis and therefore also a systematic
devleopment of a solution.
Using the SLA framework and the modified SMART (specific, measurable,
attainable, relevant and timely) criteria using only accurate, measurable and efficient
(AME), the experts narrowed down to some 20, from a freelisting of some 50, indicators
which were deemed appropriate to assess the contribution of SSA to sustainable rural
development.
The experts agreed by consensus that the 20 potential indicators include:
(1) flows/enterprises; (2) off-farm nutrient use/farm products (input/output ratio);
(3) enterprises’ contribution to cash income; (4) productive use of pond water;
(5) return to land capital and labour; trends in physical asset used for SSA; (6) income
from SSA and derived from SSA; (7) SSA contribution to GDP; (8) farmers who are
members of active farmer associations or community organizations, (9) household
consumption of fish; (10) seasonal distribution of fish consumption; (11) women access
to resources and benefits of SSA; (12) women engaged willingly and as active decisionmakers in SSA (including post-harvesting); (13) batch testing for banned chemicals
or poor quality aquatic products aquatic; (14) farmers adopting Better Management
Practices (BMPs); (15) farmers involved in traceability system; (16) export earnings;
(17) employment generation; (18) disease; (19) vulnerability; and (20) resource use
conflicts.
The experts recommended that the indicator list be further developed after the
workshop and elaborated to include a detailed description as well as information on its
importance and relation to sustainability, what it measures and how it can be measured
based on workshop discussions (see Bondad-Reantaso et al., 2009, this volume).
Session 3
The outputs from Session 3 include: (i) development of generic survey design table of
contents to include background, objectives, methodology, results, analysis, conclusions,
recommendations on the adoption of indicators and future work; and (ii) approaches
and criteria to identify and select the SSA systems and the possible sites for the pilot
tests.
Through intensive working group discussions, the workshop came up with a short
list of potential SSAs which may be considered for pilot testing of the indicators. These
include the following:
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Philippines
• tilapia cage culture
• seaweed culture
Thailand
• Clarias sp. pond culture
• Mixed finfish species culture in trench (orchards and gardens)
Indonesia
• shrimp culture in ponds
Bangladesh
• rice-freshwater prawn-carps, vegetables
• rice-fish rotational systems in seasonally flooded rice fields
Viet Nam
• lobster cage culture
• marine finfish and penaeid shrimp integrated farming
• pond/orchard ditch; rice-fish/shrimp
• small scale pond (shrimp and others)
• mud-flat culture of mollusc
• Pangasius sp. culture
Workshop outcomes
The detailed outcomes of the workshop will be presented in the FAO Fisheries and
Aquaculture Technical Paper No. 534, which will contain the following: (i) Workshop
report (this document); (ii) 10 technical papers (commissioned and contributed papers
presented during the workshop) and an additional paper which provides a detailed
account of the processes undertaken in the development of an indicator system to
measure the contribution of SSA to SRD.
Conclusion and the way forward
The final plenary session summarized the achievements (Table 1) of the workshop and
recommended measures (Table 2) to carry forward the initiative, as follows:
TABLE 1
Summary of outputs
Session
1

Objectives
Setting the scene

Outcomes
• Considerations of terminologies
• Definition of small scale aquaculture (SSA)

2

Indicator system to
measure contribution of
SSA to sustainable rural
development

• General principles for developing small-scale aquaculture
in the context of sustainable rural development (SRD)
• Framework for measuring the contribution of SSA
to sustainable rural development with the sustainable
livelihood approach (asset pentagon) as the analytical
framework and the 3 pillars of sustainable development,
namely, economic, social and environmental, as the
overarching objectives.
• An initial free listing of over 50 indicators
• Criteria for evaluating good indicators with the revised
SMART criteria (AME - Accuracy, Measurability,
Efficiency)

3

Country case study
concepts

• Shortlisting of indicators to 20; with 15 receiving
consensus and 5 under consideration.
• Broad outline and a generic guideline for the pilot study
(Session 3 Group 1)
• Detailed information for a
(Session 3 Group 2)

pilot study in Viet Nam
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TABLE 2
Recommended measures to follow up the expert consultation with provisional schedule and designated focal
points of responsibility for specific actions
Activity

Target time-frame

Responsibility

General Survey Questionnaires (general guiding
questions pertaining to the indicators to be tested;
specific example of more detailed questions based on
Thailand case study)

Third week of January
2009 (for circulation)

FAO with inputs from participants

Finalize survey questionnaires and methods for selected
countries agreed by commissioned authors through email correspondence

Mid-February 2009

FAO and commissioned authors

Workshop Report

End of 2009

FIMA

Fisheries and Aquaculture Technical Paper

End of 2009

Secretariat, contributors

11 papers

Pilot testing of case studies

Espaldon, Bueno, Siar, Demaine,
Sinh, Corsin, Curtis, Siar, Prein,
Wattage
First half of 2009

Contracts for the studies

Selected countries
Follow-up Workshop:
• presentation of outcomes of pilot test

Third to fourth quarters
of 2009

FAO/experts

2009–2010

FAO

To be presented to CWP

FAO

• validation and cross country analysis
• refining
• replication of case studies to selected regions (Asia,
Latin America, Africa??)
Submission of outcomes for information and/or
consideration during COFI/SCAV/Millenium+10
global conference
Additional information for an improved aquaculture
data collection

Closing of the workshop
The closing activity was held on the morning of Friday 28 November. The planned
field trip to aquaculture projects and farms was cancelled because of a very adverse
weather system that made it hazardous to undertake the visits.
A vote of thanks by FAO and the participants was given to NTU, especially to
Dr Huu Dung Nguyen and the secretariat staff for the efficient organization of the
consultation and the warm hospitality accorded to the participants. FAO thanked the
participants for their valuable contributions to the consultation. FAO assured that in
view of the high priority that the governments have given to the sustainable development
of SSAs, it shall endeavour to find the resources to carry out the pilot projects. Many
of the experts appreciated the stimulating discussions from the multidisciplinary group
that was assembled for the workshop.
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Appendix 1
EXPERT WORKSHOP AGENDA
Date and
Activities
time
23 November, Sunday: Arrival of participants
24 November, Monday
09.00–09.30 Registration
Welcome address from Vice-Rector of Nha Trang University
(Prof Mr Hoang Hoa Hong)
09.30–10.00
Opening remarks from FAO (Dr Melba G. Bondad-Reantaso)
10.00–10.20
10.20–10.45

Self-introduction of participants (Moderator: Dr Huu Dung Nguyen)
Coffee break
Workshop objectives (Dr Melba G. Bondad-Reantaso, FAO)
Election of session Chairs (3) and Rapporteurs (3)
Introduction to Session 1
Objectives of the session
− To set the scene of the workshop
Expected outcomes of the session
− Broader understanding of the general concepts and principles of sustainability,
indicators and sustainability indicators, small-scale aquaculture and sustainable
livelihoods

10:45–11:30
11.30–12.00
12.00–12.20
12.20–12.40
12.40–13.00
13.00–14.30

− Broad considerations concerning the application of sustainability indicators
to small-scale aquaculture (general principles, context, terminologies, scale of
application, others)
Presentation 1: Key concepts and principles in developing indicators (SDI) for
sustainable rural development
(Dr Victoria Espaldon)
Presentation 2: Rural aquaculture: Reflections 10 years on
(Dr Harvey Demaine)
Presentation 3: Millennium Development Goals and aquaculture
(Dr Premachandra Wattage)
Presentation 4: Small-scale aquaculture: a fantasy or economic opportunity
(Dr Curtis Jolly)
Presentation 5: Access rights for sustainable small-scale aquaculture and rural
development: Is it a sufficient requirement? (Dr Susana V. Siar)
Lunch break
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Presentation 6: Social impacts of coastal aquaculture in the Mekong Delta
– Viet Nam (Dr Le Xuan Sinh)
Presentation 7: Assessment of aquaculture adoption by smallholder farms using
14.50–15.10
sustainability indicators (Dr Mark Prein)
Presentation 8: An evaluation of small-scale freshwater rural aquaculture
15.10–15.30 development for poverty reduction: an ADB special evaluation study
(Mr Alvin Morales)
Presentation 9: Summary of the FAO Expert Consultation on Socioeconomic
15:30–15.50 Impacts of Aquaculture: Identification and Assessment Methods
(Dr Nathanael Hishamunda)
Presentation 10: Theory and practice of sustainable livelihoods development
15.50–15.35
(Dr Victoria Espaldon)
15.35–16.00 Coffee Break
16:00–16.45 Discussion
16.45–17.00 Session 1 Working Group guidelines
25 November, Tuesday
08.30–10.00 Session 1: Working Group discussion
10.00–10.30 Coffee Break
10.30–11.30 Session 1: Working Group discussion
11.30–12.00 Session 1: Working Group presentation
12.00–12.30 Conclusions and recommendations of Session 1
12.30–14.00 Lunch break
14.00–14.15 Introduction to Session 2
Objectives of the session:
14.30–14.50

− To review the working document on sustainability indicators for small-scale
aquaculture
Expected outcome of the session:
− A list of sustainable development to assess the contribution of small-scale
aquaculture to sustainable aquaculture and to rural livelihood development
Presentation 11: Indicators of sustainable small-scale aquaculture development
14.15–15.00
(Mr Pedro Bueno)
15.00–15.30 Discussion
15.30–15.45 Session 2: Working Group Guidelines
15.45–16.15 Coffee break
16.15–17.45 Session 2: Working Group Discussions
19.00
Dinner
26 November, Wednesday
08:30−10.00 Session 2: Working Group Discussions (continued)
10.00–10.30 Coffee break
10.30–11.30 Session 2: Working Group Progress Presentation and Discussion
11.30–13.00 Session 2: Working Group Discussions (continued)
13.00–14.30 Lunch break
14.30-15.30 Session 2: Working Group Discussions (continued)
15.30–16.00 Coffee break
16.00–17.30 Working Group final presentations and discussion
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27 November, Thursday
08.30–08.45 Conclusions and recommendations of Session 2
08.45–09.00 Introduction to Session 3
Objectives of the session:
− To prepare case study concepts considering the agreed scales of small-scale
aquaculture
Expected output of the session:
− 3-4 case study concepts
09.00–12.00 Working Group discussions (Case study concepts)
12.00-13.30 Lunch break
13.30-18.00 Field trip
28 November, Friday
Working Group discussions (Case study concepts) and preparation of
08.30–10.00
presentations
10.00–10.30 Coffee break
10.30–11.30 Presentation of case study concepts
Discussion
11.30–12.30
Conclusions and recommendations of Session 3
12.30–16.00 Lunch break/Free time
Presentation of the outcomes of the workshop/core messages
16.00–17.00
Presentation of follow-up actions
17.00–17.30 Closing ceremonies
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book on the Economics of Aquaculture. Dr. Jolly has worked in over 15 African and
Caribbean countries on various projects. Dr. Jolly served as advisor of the director of the
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province, Viet Nam”, National University of Economics, Hanoi, 1995-1997). PhD
degree in Economics (Thesis: “The economic strategies for seafood export industry of
Khanh Hoa Province, Viet Nam”, National University of Economics, Hanoi, 2003).
In addition, with relevant experience in in rural development and community-based
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and BS Biology (Program in Ecology) taken at the University of the Philippines
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promotion of human well-being through a framework of community participation
and empowerment has taken her to various rural communities in Asia-Philippines,
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like IRRI and SEARCA; and directly with local communities upon request as part of
the university’s mandate to extend extension services. She is one of the pioneers in the
literature of community based natural resources management in the early 1990s in the
Philippines when this model was not that popular in the country.  This commitment
to engage communities in the determination of their own development path has led to
her involvement in the study of sustainability of community based natural resource
management approaches and related rural development programmes in the Philippines,
Viet Nam, Myanmar, Bhutan and Indonesia. At present, she is a professor at and Dean
of the School of Environmental Science and Management– UPLB. On top of her R&D
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Agriculture and Resource Economics, Faculty of Economics, Kasetsart University.
Obtained a Ph.D. in Environmental Economics from University of Southern Denmark
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associate in the intergovernmental organization of the Network of Aquaculture Centres
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in Asia-Pacific and later with the Thailand Development Research Institute. She has
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for the Future Project” of IUCN. She is involved in a programme for the systematic
integration of alternatives in sustainable land use and natural resource management
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commissioned by the Office of the National Economic and Social Development Board
2007–2008. She currently lectures at the Department of Agricultural and Resource
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Kasetsart University Journal of Economics.
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Ghana leading a research project on developing appropriate aquaculture systems for
poverty-oriented development. From 1994 posting at ICLARM headquarters in Manila
as leader of research project on sustainability indicators for integrated aquacultureagriculture systems. From 1996 to 2004 as Senior Scientist and Program Leader for
integrated aquaculture-agriculture systems and freshwater resources research, with
interim posting as officer-in-charge in ICLARM-Bangladesh office. In 2000 relocation
of headquarters to Penang with renaming to WorldFish Center, main focus of work
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with field activities in Bangladesh, India, the Philippines, Viet Nam, Malawi, and
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and Oceania Office of Bioversity International from January 2000 to March 2008.
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ecology, plant succession and in interdisciplinary and human ecological approach to
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University, Viet Nam. Extension worker and researcher (1987–1991), lecturer and
researcher (1992–2003), senior lecturer from 2004, vice head of the Department of
Fisheries Management and Economics at the College of Aquaculture and Fisheries
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economics (Thesis: “A bio-economic model of black tiger shrimp hatcheries in the
Mekong Delta of Viet Nam”, University of Sydney, 2004). Currently a senior lecturer
of the Cantho University. Had been consultant in farming system studies, rural
development, development and management of small-scale fisheries and aquaculture
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Aquaculture Service Company from 1999 to 2006 and the Department of Aquaculture
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Bank, Asian Development Bank, and the UNDP. He has enhanced his postgraduate
education with more than ten years of teaching and research experience in the area
of Agricultural Development Economics including fisheries in developing countries.
Over the last twenty years, he has gained experience and knowledge in the areas on
fisheries and aquaculture, environment valuation, environment cost-benefit analysis,
modelling, environment and social impact assessment and sustainability in the United
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ABSTRACT
This paper presents the concept that underlies sustainable development indicators
(SDI) – dating back to the articulation of sustainable development paradigm
embodied in the World Commission on Environment and Development
Report, popularly known as the Brundtland Report. To date, many countries
from both developed and developing countries, albeit individually, have
instituted SDI system to tract sustainability of each development pathways. In
the selection of SDIs, the paper presents a process that was adopted by the
United Nations Council of Sustainable Development. Basically, it consists of
four phases. Phase 1 is the development of initial set of SDIs. SDIs are grouped
into the three pillars of sustainable development – social and institutional,
economic and environmental. Agreeing on the framework to use is basic at
this stage. Phase 2 is pilot testing of selected SDIs. Phase 3 is evaluating the
test results and review of the SDI set and finally revision of the framework and
the SDIs. The last phase is the adoption and wider use of indicators, followed
by evaluation, learning and adaptation with regards to overall approach,
framework, indicator set, methodology sheets and indicator use.
INTRODUCTION
At the forefront of sustainable development is the concept of ensuring human wellbeing of the present and future generations. The Millennium Ecosystem Assessment
of the United Nations (UN) has forwarded an overall view that human well-being
can only be possible if we can ensure the ability of ecosystems to provide ecosystem
services such as: provisioning (food, fiber, water), regulating (climate, diseases),
cultural (recreational, tradition and culture) and supporting (primary productivity, soil
generation) (MEA, 2003). This emerging discourse has reinforced the understanding of
the concept of sustainable development first articulated in the UN commissioned study
now popularly known as the Brundtland Report. Sustainable development is defined as
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“development that meets the needs of the present without compromising the ability of
future generations to meet their own needs”. This is a kind of development that ensures
a quality of life for the present and future generations via working within the limits of
the carrying capacity of the earth’s system.
Since then, governments and communities around the world, led and encouraged
by the UN, endeavored to develop sustainable development indicators SDI as a means
of tracking the long-term sustainability of the world’s socioeconomic system. SDI
development was provided for in Chapter 40 of Agenda 21 of the 1992 Earth Summit,
held in Rio de Janeiro and confirmed by many countries during the summit. In 1995,
the UN Commission on Sustainable Development (CSD) approved a programme
of work on SDI. This was reinforced by the Johannesburg Plan of Implementation
(JPOI) in 2002. It called for “further work on indicators of sustainable development by
countries at the national level, including integration of gender aspects, on a voluntary
basis, in line with national conditions and priorities”. Further to this, the UN CSD
pointed to the need to continue work on SDI at the national level, and invited the
international community to support the efforts of the developing countries.
To date, many governments and institutions from both developed and developing
countries, albeit individually, have instituted SDI systems to track sustainability of each
ones’ development pathways. While this is welcome progress towards sustainability,
much effort are still needed in the sub-sectors of national economies in terms of
ensuring their sustainability, especially in the area of sustainable rural development.
This paper intends to focus on sustainable development indicator SDI systems that are
relevant to development endeavors in the rural sector of which agriculture and fisheries
are the backbone. Key objectives of this paper include the following:
• review of concepts of sustainable development and how they have developed;
• review of SDI systems and trends, how they approached the issue in theory and
practice;
• reflections on various SDI systems; and
• recommendations on options for developing an SDI system for sustainable rural
development.
Sustainable development
The definition of sustainable development by the Brundtland Report in 1987 has
undergone many re-interpretations. This is primarily due to its “creative ambiguity”.
This astounding feature allows inclusion of programmes on environment and
development at various scales (local to global) as well as the participation of different
stakeholders from government institutions, civil society, business and industry, in the
realm of sustainable development (Kates, Parris and Leiserowitz, 2005).
While the Brundtland definition is simple and brief, the articulations on environment
and development that followed in the report are clear, although less quoted (Kates,
Parris and Leiserowitz, 2005):
The environment does not exist as a sphere separate from human actions,
ambitions and needs, and attempts to defend it in isolation from human
concerns have given the word “environment” a connotation of naivety in
some political circles. The word “development” has also been narrowed by
some into a very limited focus, along the lines of “what poor nations should
do to become richer”, and thus again is automatically dismissed by any in
the international arena as being a concern of specialists, of those involved
in questions of “development assistance”. But the “environment” is where
we live; and” development” is what we all do in attempting to improve
our lot within that abode. The two are inseparable.
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Based on this section, the focus on development is very clear–human needs are
basic and that equity of benefits from development must transcend both the present
generation (“intragenerational equity”) and the future (“intergenerational equity”).
Further, the Brundtland Report is clear on its concern for the environment.
The concept of sustainable development does imply limits–not absolute
limits but limitations imposed by the present state of technology and
social organization on environmental resources and the ability of the
biosphere to absorb the effects of human activities.
Through the years, a veritable school has emerged to understand and operationalize
the elusive subject of sustainable development. Books and literature are littered with
various definitions and systems of operationalization. One of the many studies that
looked into the blossoming of interpretations and meanings of SD is the study of the
US National Academy of Sciences and its findings are embodied in a report – Our
Common Journey: A Transition Towards Sustainability. It came up with what is
considered a broad definition of SD as illustrated in Figure 1. This study identified
that the literature so far focused on two concerns: what is to be sustained and what is
to be developed. What is to be sustained includes nature, life support and community.
For nature, it is the intrinsic value of the earth where we all live, its biodiversity and
ecosystems. According to this study, numerous published studies focused on the life
support function as a source of ecosystem services for use by humankind. Studies
on ecosystem services, of which the Millennium Ecosystem Assessment has played
a significant role, has strengthened this definition so far. Recognition of the value of
sustaining communities to include cultures, groups and places is also highlighted. On the
other hand, what is to be developed includes people, economy and society. Kates, Parris
and Leiserowitz (2005) noted that while the earlier efforts at SD focused on economic
development with productive sectors, there was a shift in its focus to include human
development - such as increased life expectancy, education, equity and opportunity, and
later even gender issues. These foci are now part of the UN Human Development Index
(HDI) and the Millennium Development Goals (MDGs) which will be mentioned in
the next section of this paper. The study also identified the call to develop society that
emphasized the values of
security and well-being of
Figure 1
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The standard definition of SD was further expanded by the 2002 World Summit
on Sustainable Development to include three major pillars: economic, social and
environmental. The review of three pillars of SD (Kates, Parris and Leiserowitz, 2005)
noted that while the three pillars are acceptable to most nations, no agreement was
made on details. The major variants are in terms of the social pillar. These variants
include social development or social progress (a generic one); human development,
human well being or people; and lastly, one that focuses on issues of justice and equity,
i.e., “social justice”, “equity” and “poverty alleviation”.
Indeed, the transition to sustainability has become a great task to those who are at
the forefront of governance of communities, countries and the world. Albeit defining
sustainability has become an elusive task, the most concrete endeavor comes in the
form of developing indicators of sustainable development. This is perceived to be one
way of putting SD concepts into action and setting up an SDI system that enables
relevant stakeholders to determine the sustainability of a country’s development path.
Sustainability
Sustainability usually refers to a description of whether a certain program, initiative
or activity is able to continue through time, beyond a short-term period, without a
continuous dependence on inputs from the outside. In discussing sustainability, the
following are key concepts that need to be defined first to enable better discussion:
• sustainability capital
• strong vs. weak sustainability
• sustainable livelihoods
• environmental sustainability
• systems
• scale
• indicators
Sustainable Development Indicators
Indicators have been traditionally used to determine the extent to which the activity
has reached the target. Usual characteristics of a good indicator are its being measurable
and achievable within the capacity of the monitoring institution. Indicators have been
developed for many purposes - be it in the government, private or public institutions.
Sustainable development indicators serve various functions. They can enable the
tracking of the condition and of change in the economy, social setting and environmental
integrity. SDI can also be relevant to diagnose causes and effects of issues in order to
develop responses and actions at a regional level as well as to predict future trends and
impacts to determine future strategies and policies for development.
In developing indicators for sustainable development, efforts are not wanting in
number. Parris and Kates (2003) noted that of the 12 SDI studied, 50 percent were
global in coverage (UN Commission on Sustainable Development, Consultative
Group on SDI, Well-being Index, Environmental Sustainability Index, Global
Scenario Group and the Ecological Footprint). Others are at country and city levels.
A brief overview of the results of the study is given in Table 1. Countries in Asia, e.g.
Indonesia, Malaysia, the Philippines, Thailand and Viet Nam, have followed suit and
developed their own national SDIs.
Use of conceptual frameworks
The most recent review conducted for the UN CSD in 2005 showed a total of 669 SDI
entries (Pinter, Hardi, and Bartelmus, 2005). The process of developing the SDI varied
from country to country, from local to global. The commonality rested on the dynamic
and iterative processes that most have undergone to come up with these indicators and
these basically arose from the adoption or development of a specific conceptual model
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or framework. The most common frameworks that have been used were the following
(Pinter, Hardi and Bartelmus, 2005):
• pressure-state-response (PSR) model and its variations;
• human well-being and/or ecosystem well-being;
• issue- or theme-based frameworks; and
• capital accounting-based framework, centered on economic and environmental
pillars of SD.
Figure 2

Pressure-state – response framework (Ong, 2005)
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The human well-being or the ecosystem well-being framework has been the basis
for the Millennium Ecosystem Assessment (MEA). The conceptual framework for the
millennium assessment (MA) is of the view that people are integral parts of ecosystems
and that a dynamic interaction exists between them and other parts of ecosystems.
The changing human
Figure 3
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TABLE 1
Definitions of sustainable development implicitly or explicitly adopted by selected indicator initiatives
Number
of
indicators

Implicit
or explicit
definition?

Commission
on Sustainable
Development

58

Implicit, but
informed by
Agenda 21

Consultative
Group on
Sustainable
Development
Indicators

46

Same as
above

Same as above

Same as above

Not stated; uses
data for 1990 and
2000

Explicit

“A condition in which the
ecosystem maintains its diversity
and quality—and thus its
capacity to support people and
the rest of life - and its potential
to adapt to change and provide
a wide change of choices and
opportunities for the future”.

“A condition in which all
members of society are able
to determine and meet their
needs and have a large range of
choices to meet their potential”

Not stated; uses
most recent data
as of 2001 and
includes some
indicators of
recent change
(such as inflation
and deforestation)

Resilience to environmental
disturbances (“People and social
systems are not vulnerable (in
the way of basic needs such
as health and nutrition) to
environmental disturbances;
becoming less vulnerable is a
sign that a society is on a track
to greater sustainability”);
“institutions and underlying
social patterns of skills,
attitudes, and networks that
foster effective responses to
environmental challenges”; and
cooperation among countries “to
manage common environmental
problems”.

Not stated; uses
most recent
data as of 2002
and includes
some indicators
of recent
change (such as
deforestation)
or predicted
change (such as
population in
2025)

Indicator
initiative

Well-being
Index

88

What is to be sustained?
Climate, clean air, land
productivity, ocean productivity,
fresh water, and biodiversity.

What is to be developed?
Equity, health, education,
housing, security, stabilized
population

For how long?
Sporadic
references to 2015

Environmental
Sustainability
Index

68

Explicit

“Vital environmental systems
are maintained at healthy
levels, and to the extent to
which levels are improving
rather than deteriorating” [and]
“levels of anthropogenic stress
are low enough to engender
no demonstrable harm to its
environmental systems.”

Genuine
Progress
Indicator

26

Explicit

Clean air, land, and water

Not stated;
Economic performance, families, computed
annually from
and security
1950–2000

Explicit

“Preserving the essential health,
services, and beauties of the
earth requires stabilizing the
climate at safe levels, sustaining
energy, materials, and water
resources, reducing toxic
emissions, and maintaining the
world’s ecosystems and habitats.”

Institutions to “meet human
needs for food, water,
and health, and provide
opportunities for education,
employment and participation”

Global Scenario
Group

Ecological
Footprint

65

6

Explicit

“The area of biologically
productive land and water
required to produce the
resources consumed and to
assimilate the wastes produced
by humanity”.

Through 2050

Not explicitly
stated;
computed
annually
from 1961–1999

U.S. Interagency
Working Group
on Sustainable
Development
Indicators

40

Explicit

Environment, natural resources,
and ecosystem services

Dignity, peace, equity, economy,
employment, safety, health, and
quality of life

Current and
future generations

Costa Rica

255

Implicit

Ecosystem services, natural
resources, and biodiversity

Economic and social
development

Not stated;
includes some
time series dating
back to 1950

Civil society, culture, economy,
education, housing, health,
safety, technology, and
transportation

Not stated; uses
most recent data
as of 2000 and
some indicators
of recent change
(such as change in
poverty rates).

Open/green space, clean air,
clean water, clean land, valued
ecosystems, biodiversity, and
aesthetics.

Boston Indicator
Project

159

Implicit

State Failure
Task Forcek

75

Explicit

Intrastate peace/security.

Two years

97

Implicit

Reduced consumption of raw
materials and reduced emissions
of environmental contaminants
from production or product use.

Profitability, employment,
diversity of workforce, dignity
of workforce, health/safety of
workforce, and health/safety/
privacy of customers

Global
Reporting
Initiativel

Source: Adapted from Parris and Kates (2003) and United Nations Division of Sustainable Development (2001).

Current reporting
year
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Figure 4

Conceptual Framework, MEA 2003

just from concern about human well-being but also from considerations of the intrinsic
value of species and ecosystems. Intrinsic value is the value of something in and for
itself, irrespective of its utility for someone else (MA, 2005).
Human well-being and poverty reduction are at the heart of the framework - with
indirect and direct drivers of change. The indirect drivers of change are demographic
pressure, economic trends, sociopolitical governance, science and technology and
cultural and religious concerns. The direct drivers of change include changes in local
land use and land cover, species introductions and removal, technology adaptation
and use, external inputs, harvest and resource consumption, climate change and
natural biophysical processes. These drivers are affecting ecosystem services through
provisioning, regulation, cultural and supporting and at various scales (Figure 4).
The issue- or theme-based frameworks focus on various specific concerns such as
energy, food and water security, agriculture, health and environment and are used by
different actors and stakeholders.
The capital accounting-based framework centers on environmental and economic
pillars of SD. The System of Integrated Environmental and Economic Accounting
(SEEA) is an example having resulted from the collaboration of the statistical services of
international organizations and selected countries (Pinter, Hardi and Bartelmus, 2005).
The “hybrid” accounting framework, which included both physical and monetary
indicators, is enhanced with environmental indicators. Land uses and material flows
are considered to be pressures on environmental carrying capacity.
While the MDGs did not develop out of a specific conceptual framework, these
are founded on Agenda 21 and embodied in the UN Millennium Declaration. All
indicators are aimed to measure the progress towards agreed upon targets by 2015.
Inspite of being brief in the environmental indicators (MDG7), the MDGs remain to
have powerful influence on designing SDI at the national and sub-national levels.
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The process of selecting SDIs
How do we select SDIs? We can understand the process from the experience of the
UNCSD. The CSD started with a total of 134 indicators, gleaned from various sources.
After an evaluation, the CSD shortlisted 58 indicators. (Pinter, Hardi and Bartelmus,
2005) reported that even the short listed 58 SDIs cannot be applied to all countries.
Some indicators are irrelevant to some countries with unique ecosystems and hence
each may come up with a unique set of SDIs.
Figure 5 describes the process of developing the SDI. Basically, it consists of four
phases. Phase 1 is the development of an initial set of SDIs. SDIs are grouped into
the three pillars of SD – social/institutional, economic and environmental. Phase 2 is
the pilot testing of selected SDIs. Phase 3 is evaluating the test results and review of
the SDI set and finally revision of the framework and the SDIs. The last phase is the
adoption and wider use of indicators, followed by evaluation, learning and adaptation
with regards to the overall approach, framework, indicator set, methodology sheets
and indicator use.
The uniform methodology sheet provides a description of each indicator in the
form of an indicator definition (name, brief description, unit of measurement); place
in the framework, significance and relevance (purpose), methodological description
and underlying definitions, assessment of the availability of data and sources;
agencies involved in the development of the indicator and other information such as
bibliographic sources.
Some existing SDIs at national levels
Generally, at the macro or country level, a fundamental indicator of a country’s wellbeing
is the value of its wealth over time as in the case of the Philippines (NEDA, 2008).
It is generally considered that while non-declining national wealth does not guarantee
sustainable development, declining national wealth is a cause for concern. Normally,
the framework being used is the modified capital-based accounting framework, where
physical indicators of macro level performance are used instead of monetary indicators.
The use of physical indicators reflects a strong sustainability approach. The two major
sources of physical macroeconomic indicators are the National Accounting Matrix
including Environmental Accounts (NAMEA) and the Material Flow Accounts
(MFA), which are closely related to environmental accounts.
The NAMEA provides indicators for major environmental policy themes: climate
change, acidification of the atmosphere, eutrophication of water bodies and solid
wastes. These indicators are then compared to a national standard (e.g. target level of
greenhouse gas emission based on National Communications) to assess sustainability.
The MFA, on the other hand, provides several macroindicators, the most popularly
known is total materials requirements (TMR). The TMR adds up all the materials
used in the economy by weight, including “hidden flows” or materials excavated and
disturbed along with the desired material. These are considered, as mentioned above,
pressures on environmental carrying capacity.
Another feature of the green accounting approach to SDI is the use of monetary
environmental indicators. The purpose of this set of indicators is to more accurately
measure sustainable income. The National Germanic Development Authority NEDA
(2008) notes that the first system revised conventional macroeconomic indicators
by adding and subtracting the relevant environmental components of the System
of Integrated Environmental and Economic Accounting (SEEA) – the depletion of
natural capital and environmental degradation. The main difficulty in setting up this
SDI system, encountered by the developing countries including the Philippines, is
the need for data to measure these indicators. Imperative to the implementation of an
SDI system like this is to begin to gather the needed data so that they can use these
indicators.
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Whilst the green accounting approach looks at the twin concerns of environment
and development, human well-being must also be paramount in developing indicators.
The United Nations Development Programme (UNDP) uses the Human Development
Index to monitor various countries’ achievement of the goals of eradicating poverty,
promoting human dignity and equality and achieving peace, democracy and
environmental sustainability (i.e. the various means of achieving better life or
well-being), using three composite indicators, namely: life expectancy, educational
attainment and adjusted real income.
The Population and Development Indicators (POPDEV) has a total of 539
population-denominated indicators of development which are grouped into: population
processes, population outcomes, development processes and development outcomes
based on the framework for integrating population and development in planning
(Herrin, 1990). This list of POPDEV indicators was developed under the POPDEV
Planning at the Local Level Project of the Commission on Population of the Philippines
in 1999. The indicators, expressed as number, percentage, ratio, rate, average, mean or
median, measure various ways and levels of well-being.
The Minimum Basic Need (MBN) Indicators and Poverty Indicators on the
other hand have 33 indicators established through the Integrated Approach to Local
Development Management. These MBN indicators were intended to regularly
monitor, at the barangay1 level, the situation of families in terms of the attainment of
their minimum basic needs of food and nutrition, health, water and sanitation, clothing,
shelter, peace and order/public safety, income and employment, basic education and
literacy, people’s participation and family care/psychological needs, as well as to
identify families that need poverty reduction interventions. These indicators can also
show how many families are moving in or out of poverty.
The Presidential Commission to Fight Poverty adopted 19 of these MBN indicators
for its use in identifying the poor. However, these indicators were trimmed down to
16 indicators because of the difficulty of obtaining information on the other indicators
from the community-based monitoring systems. Balisacan’s (2007) study on correlates
of poverty in the Philippines provides such indicators such as location, dwelling, family
characteristics and ownership of durable goods to predict household welfare levels.
In the United Kingdom, the SDI system consists of 68 national sustainable
development indicators that fall into one or more of four priority areas:
• sustainable consumption and production
• climate change and energy
• natural resource protection and enhancing the environment
• creating sustainable communities and a fairer world
The SDI system of Viet Nam, on the other hand, covers the so-called three pillars of
SD, the economic, social and biophysical environment. Indicator fields are broadly
selected to measure sustainable development performance in each component (Tran,
2002).
• Economic development: sustainable development indicators include:
o Increase in gross domestic product (GDP) per capita. This is a key measure of
the economic aspects of sustainable development.
o Economic policies and instruments becomes a principle force in implementing
sustainable development and environmental protection objectives. It
consists of two indicators. One relates to building environmental factors
into all economic policy, the other to using various economic incentive
mechanisms to achieve environmental protection and objectives.
1

Smallest administrative division in the Philippines and the native Filipino term for a village, district or
ward.
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o Expenditure on environmental protection increases as percentage of GDP. This
indicator reflects the efforts undertaken by Viet Nam to protect and restore
the environment.
o Disbursement of Official Development Assistance (ODA) to sustainable
development.
• Social development: sustainable development indicator
o Population growth rate. This indicator measures how fast the size of the
population is changing.
o The proportion of the population with a standard of living below the poverty
line.
o Adult literacy rate. A response indicator, which could be used is GDP spent
on education.
o Life expectancy at birth.
o Human and economic loss due to natural disasters.
o Governance and institutions: sustainable development indicators include:
• Increasing authority and democratic working of the National Assembly.
• Active involvement and commitment to intentional environment agreements
and forums.
• An increasingly open, honest and competent administrative system.
• Environmental protection institutions are established, operating effectively
and well resourced at all levels of government and within all sectors.
o Sustainable development mechanisms: This measure would need to be advised
that show the level of performance in applying SD mechanisms to all decision
making.
o Human settlements: This establishes an overview on the sustainability of urban
centers. Sustainable development indicator is waste recycling and reuse.
• Biophysical environmental development: Five indicator fields have been
selected as representative of sustainable development performance relating to the
biophysical environment in Viet Nam: forests, water resources, energy, fisheries
and biodiversity resources.
o Forests indicator: Increase in total coverage, density and quality of forest. A
number of measures are required for this indicator.
o Water: three indicators are selected to reflect the status, accessibility and use or
misuse of water resources. Sustainable development indicators include:
• Annual withdrawal of ground and surface water. This provides a measure
of total water extracted for various uses as percentage of the total average
available volume of fresh water.
• Access to safe drinking water. This reflects the quality of water resources.
• Waste water treatment. This indicator provides a sense of progress in
integrated water resources management.
o Energy: The long-term sustainable development goal of Viet Nam’s energy
policies is for development and prosperity to continue through gains in energy
efficiency rather than increased production. The three indicators suggested here
relate to energy conservation, use of renewable resources and total consumption
over time. Sustainable indicators include:
• Annual energy consumption per capita.
• Expenditure on energy conservation as proportion of GDP.
• Energy consumption from renewable sources as a percentage of total energy
consumption.
o Biodiversity: There are three levels of biodiversity: species, ecosystem, genes.
Sustainable indicators include:
o Threatened species as a percentage of total native species.
o Protected areas as a percentage of total land and sea area.
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o Number of protected area management plans, staff and size of budget.
• Fisheries: Sustainable indicator is maximum sustained yield.
In general, a number of systems for SDIs already are in place in most countries.
Whilst there is no common framework used nor common set of SDIs, some areas
remain inadequately covered (Pinter, Hardi and Bartelmus, 2005). These include,
among others, institutional indicators such as conflict and refugees, governance;
and environmental, e.g. risk of soil degradation, vulnerability to climate change and
biodiversity weighted land use change.
SDI initiatives at the sub-national and local levels
The establishment of SDIs for use at the sub-national and local levels that are
particularly focused on SRD brings us to the discussion of agriculture and the fishery
sector, the backbones of rural economy. While the SDIs at the national level have been
flourishing, a more localized set of SDIs becomes imperative if we commit to tracking
the sustainability of rural economies where the majority of the poor and vulnerable
groups are found. Unlike the national SDIs, efforts to develop SDIs for smaller scales
such as for the agriculture and fisheries sectors have been but few. The most classic of
which is the 1995 SEARCA work on Sustainable Agriculture Indicators.
The work on the development of SDIs for sustainable agriculture is anchored on the
principle that sustainable agriculture is a system of food production that incorporates
the following characteristics: a) long-term maintenance of natural resources and
agricultural productivity; b) minimal adverse environmental impacts, c) adequate
returns to farmers, d) optimal crop production with minimized chemical inputs,
e) satisfaction of the human needs for food and income and f) provision for the social
needs of the farming families and communities. This system is an alternative to the
modern agricultural practices that have led to increases in agricultural production but
have exacted a high toll on the environmental resources.
Zamora (1995) outlined the criteria for sustainable development which served as the
conceptual framework for developing the SDIs:
• Economic viability. This means a reasonable return to investment of labor and
cost involved; and ensures a decent livelihood for the farming family
• Ecologically sound and friendly. This means a system are well-integrated into
the wider ecological system; a focus on maintenance of the natural resources;
biodiversity oriented, and avoidance of environmentally damaging practices.
• Socially just. This means that the system respects the rights of individuals and
groups; and treats them fairly; allows access to information, market and farm
related resources including land.
• Culturally appropriate. It gives due consideration to cultural values, including
beliefs and religion in the development of agricultural systems, plans and
programs.
• Systems and holistic approach. This means viewing agriculture in terms of
farming systems and systems approach; and their relationships - including
biophysical, social, economic, cultural and political factors.
Further, the goal of sustainable agriculture is to improve the human well-being
through economic development, prioritizing food security, placing high value on
human resources and fulfillment, emphasis on self reliance, farmer empowerment and
liberation, ensuring a stable environment (safe, clean, balanced and renewable) and
focusing on long-term productivity goals (Figure 5).
Using this framework, SEARCA has come up with various indicators for different
agricultural systems: lowland, upland and coastal. Per ecosystem, the indicators are
identified at three levels: farm/household level, community and national. The SDI
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Figure 5

Schematic view of the SDI Process of UNCSD (Pinter, Hardi and Bartelmus, 2005)
- Agree in a conceptual frame work
- Develop and agree on initial set of SDI
- Develop indicator methodology sheets

- Training and capacity building
- Pilot testing

- Evaluate testing and review
SDI set
- Review framework and SDIs
- Linkages and aggregation

- Adoption and wider use of indicators
- Evaluation, learning and adaptation

was, however, limited to two categories: biophysical and socioeconomic indicators.
Examples of biophysical indicators at the farm/household level of lowland ecosystem
are soil quality, biodiversity and use of external/internal inputs. Socioeconomic
indicators include diversified sources of income, system yield, management practices,
food security, social indicators, membership in organizations, support services. In
these, it is observed that the socioeconomic indicators are also indicators of social
development.
For upland ecosystems, at the farm/household level, three biophysical indicators of
sustainable agriculture were selected: soil fertility (which is also parallel to soil quality,
an indicator in the lowland ecosystem); soil loss; and biodiversity. According to the
Table 2

Other major fisheries issues and potential indicators
Criteria

Indicators
Contaminants in shellfish

Crude foods and feeds

Fish catch
Marine species catches
Deforestation rate
Fish catch to growth ratio

Harvesting of biota

Lumber harvest rate
Roundwood
Timber harvest to growth ratio
Wood product removal
Coastal water fish kills
Fish stock use

Productive capacity

Forest land for timber
Renewable resources
Shellfish quality
Total growing stock
Algal bloom
Contamination in biota
Dead forest water bodies

Biota population

Forest species population
Livestock in dryland
Marine maximum sustained yield
Maximum sustained yield ratio
Sea mammal population change
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schema established by SEARCA, appropriate SDIs will be selected for the agriculture
and fisheries sectors.
Another equally significant piece of work on SDI for the fisheries sector includes
a focus on the changes in the stocks and productive capacity of estuarine and marine
fisheries or what we consider as declining fisheries. Six candidate SDIs are: fish catch,
fish catch to growth ratio, fish stock use, marine maximum sustained yield, marine
species catches and maximum sustained yield ratio. Other issues are: crude foods and
feeds, harvesting of biota, productive capacity, and biota population. Each of these has
its own set of candidate SDIs (www.hq.nasa.gov/iwgsdi/ISS_SDI) (see Table 2).
CONCLUSION
When the Brundtland Report defined sustainable development, it sought to address
the twin concerns of development and environment. It has been a landmark effort
and created acceptance of the need to pursue the path of sustainability. Sustainable
development indicators became part and parcel of ensuring that we are on the right path.
From global to local, the efforts are varied, and mostly profound. The development of
SDI is generally anchored on the three pillars of sustainable development: economic,
social and environmental. These three pillars cannot be separated and must be taken as
a whole. Progress toward institutionalizing SDIs at the national levels is encouraging,
even at the regional level as in the case of the ASEAN region. The Human Development
Index, Millennium Development Goals Indicators and Environmental Sustainability
Index have permeated, albeit gradually, economic development planning endeavors of
nations. While some countries are more successful in this effort, there remains still a
lot of work in some sectors, particularly the sector that focus on critical and vulnerable
regions and sectors of the national economies, especially economies in transition. Some
difficulties are in the availability of databases to use the SDI set selected or in some of
the insufficient coverage of more locale specific concerns of institutional (groups and
places, indigenous people), environmental (vulnerability to climate changes) and social
(equity) indicators.
An array of SDIs is already available in the literature. This can provide options for
sectors to select and test appropriate SDIs that are practical, observable, cost effective
and measurable, either qualitatively or quantitatively. Selection of SDIs can opt to go
through a participatory process, as noted in this paper, and can go through an iteration
to ensure its adaptability to local conditions.
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ABSTRACT
The Food and Agriculture Organization of the United Nations commissioned
a monograph on rural aquaculture in the late 1990s with a view to developing a
framework for aquaculture development oriented towards poverty alleviation.
In this paper, one of the authors of that monograph reviews the experience
which led to the views expressed in the monograph ten years on. Definitions
of rural aquaculture are revisited, stressing the poverty dimension and new
classifications of small-scale aquaculture are set against those outlined in the
monograph. Two experiences are re-examined: the Aqua Outreach Programme
of the Asian Institute of Technology (AIT) in mainland Southeast Asia and the
Greater Noakhali Aquaculture Extension Project and its successor, the Regional
Fisheries and Livestock Development Project, in Bangladesh. Both illustrate
the nature of the farming systems approach advocated in the monograph at two
levels: the farm system and the wider regional support system. The AIT Aqua
Outreach approach was, however, limited by its origins as an applied research
project and remained a technology or supply-driven project. In contrast, the
two Bangladesh extension and development projects have taken the farming
systems approach in a more participatory direction by adopting the Farmer
Field School methodology for farmer training and have widened the range of
stakeholders in the regional system in an attempt to ensure sustainability at
the end of the project period. The paper concludes with a brief discussion of
the implications for methods and indicators for assessing the contribution of
rural aquaculture in sustainable rural development, stressing the importance of
measuring human and institutional capacity.
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INTRODUCTION: RURAL AQUACULTURE
Some ten years ago, at the request of the Food and Agriculture Organization of the
United Nations (FAO), Professor Peter Edwards and I put together a monograph
entitled, “Rural aquaculture: Overview and framework for country reviews” (Edwards
and Demaine, 1997). As the title suggests, this was meant to be a starting point for a
number of country studies for FAO on this theme. The authors of that monograph
could not claim any originality in the use of the term “rural aquaculture”. This had
been coined several years earlier by FAO and specifically by Manuel MartinezEspinosa (1992). However, what we sought to do was to clarify what might be meant
by “rural aquaculture”, linking this to the wider term “rural development”, which
had emerged in the 1970s to bring about a development focus with a specific objective
towards the alleviation of rural poverty. The term “rural aquaculture” thus referred to
the promotion of aquaculture systems appropriate to the resource base of small-scale
households (these days more commonly referred to as “resource-poor households”).
Thus we defined “rural aquaculture” as
“the farming of aquatic organisms by small-scale farming households or
communities, usually by extensive or semi-intensive, low-cost production
technology appropriate to their resource base.”
Although this definition does not specifically stress the poverty alleviation
dimension, this is implied in the preamble and Edwards (1999) makes it more explicit
in stating that
“rural aquaculture contributes to the alleviation of poverty directly through the
small-scale household farming of aquatic organisms for domestic consumption
and/or income; or indirectly through employment of the poor as service providers
to aquaculture or as workers on aquatic farms of wealthier farmers; or indirectly
by providing low-cost fish for poor rural and urban consumers”.
It is the present author’s view that the latter part of this statement goes too far, since
the provision of employment and low-cost fish for urban consumers may derive from
any aquaculture system. Rather the term “rural aquaculture” should be confined to the
low-cost production systems suitable for implementation by the poor. The failure to
understand this poverty emphasis of “rural development” as demonstrated by Haylor
and Bland (2001) inevitably leads to a very broad definition of rural aquaculture.1
It may be noted that we distinguished that “rural aquaculture” was either for
household consumption or for sale (contributing either directly or indirectly to
improved nutrition and food security) and that, given the resource-poor nature of
many farming systems, it could involve some external inputs. Nor, in response to the
criticism leveled by Yap (1999a, 1999b), does it necessarily imply low value species as
we shall see below, although culture of higher value species will tend to demand higher
inputs.
This is implied in our introduction to that monograph, which attempted to set
various classifications of aquaculture or more broadly of farming systems in a simple
matrix, which may be useful to repeat here since it may throw light on the so-called three
scales of small-scale aquaculture production which are referred to in the prospectus
for the FAO Workshop in Nha Trang. These scales have been inserted in the original
table (Table 1). It will be seen that the classification being used for this Workshop lies
somewhere between the other definitions. It differs from Edwards, Pullin and Gartner,
(1988) in dividing “industrial monoculture” by scale and therefore corresponding to
the specialized part of Lazard’s (1991) artisanal agriculture or the Type 2 aquaculture
of Martinez-Espinosa (1995). However, it follows Edwards (1999) in the separation of
1

Rural development is defined by these authors as “the management of human development and the
orientation of technological and institutional change in such a manner as to improve inclusion, longevity,
knowledge and living standards in rural areas in the context of equity and sustainability”. The word
“poverty” is not mentioned.
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TABLE 1

General correlation between various schema for the classification of farming systems (modified from
Edwards and Demaine, 1997)
System
Settled Agriculture Phase
1 (crop dominated)

Settled Agriculture
Phase 2 (integrated
crop/livestock)*

Resource-poor agriculture
Subsistence*

Authors
Settled Agriculture
Phase 3 (industrial monoculture)*

Edwards, Pullin and
Gartner (1988)

Green revolution
agriculture

Industrial
agriculture

WCED (1987)

Specialized*

Industrial*

Artisanal*

Type 1 aquaculture*
Type 2 aquaculture*

Martinez-Espinosa
(1995)
Edwards et al. (1996)

Balanced model*

Edwards and Demaine
(1997)

Rural aquaculture
Aquaculture as one
of several livelihood
activities

Lazard et al. (1991)

Aquaculture as part of
an integrated farming
system

Aquaculture as the
major livelihood system

Nha Trang Workshop
Prospectus

* Includes and/or refers specifically to farming systems which include aquaculture, in part or entirely

a specific system of “integrated” aquaculture, which in other classifications straddles
the subsistence and the artisanal or Type 1 and Type 2. Finally it will be seen that the
systems that we are discussing in this Workshop may be wider than the definition of
Rural Aquaculture in the Edwards and Demaine (1997) monograph, extending beyond
systems which explicitly address rural poverty. This will have clear implications for the
indicators to be considered.
REFLECTIONS FROM EXPERIENCE
Experience of Aqua Outreach Programme of the Asian Institute of Technology
(AIT)
a) The Farm System
The discussion of rural aquaculture that Edwards and Demaine (1997) launched
was based a good deal from our experience in the AIT Aqua Outreach Programme,
which began in Northeast Thailand in 1988 and expanded to three other countries of
mainland Southeast Asia, namely the Lao People’s Democratic Republic, Cambodia
and Viet Nam, in 1993. It also incorporated substantially some of the experiences
of the programmes of the Department for International Development (DFID) in
Bangladesh and some experiences in other countries of the region, notably India,
Indonesia and the Philippines.
The argument in “rural aquaculture” was the need for a “farming systems
approach”. This was seen to be important at two levels, the farm system and the wider
environment, especially the framework for the promotion of rural aquaculture. At the
farm level, the farming systems approach implied a careful assessment of the resource
base of the farm household would indicate the technology options which were available
to it. We summarized this in terms of (a) situational analysis and (b) identification of
appropriate technologies.
In the AIT Aqua Outreach Programme, at the farm level, we began with a model
in which it was assumed that (a) farmers were increasingly experiencing problems in
obtaining an adequate supply of fish for domestic consumption from a degrading wild
fishery and that (b) improvements could be made in attempts to culture fish by simple
technical recommendations such as stocking of larger fingerlings and from utilizing
on-farm resources from the wider agricultural system for pond fertilization and feed.
We soon realized, however, the real meaning of resource-poor. Most of the systems in
the rain-fed areas of Northeast Thailand lacked the basis for improvement of the pond
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environment in the sense of fertilizer and feed, hence the emphasis that some inputs
had to come from outside the immediate farming system. Much the same was true of
the Lao People's Democratic Republic and Cambodia. To create even the minimal
level of pond fertility, small amounts of inorganic fertilizer, mainly urea, were needed
to create “green water”. The emphasis of stocking thus moved towards filter feeders
like tilapia.
As we expanded the programme to Viet Nam, however, the picture changed. Despite
the high population densities in the Red River delta and to a lesser extent the Mekong
deltas, the local resource base was much richer, with at least two rice crops and other
dry season crops in irrigated systems offering the resources, sometimes via livestock
systems, to support the integrated aquaculture systems known as VAC.2 These were
also supported by human waste either through two-tank latrines in the north of the
country or hanging latrines over ponds in the south. Although many of the aquaculture
systems in northern Viet Nam were dominated by a low-input culture based around
grass carp, there was considerable scope for intensification.
Our initial concentration is Viet Nam was in the lowlands, but over the course of
the association between AIT and the Vietnamese partners in the Research Institute for
Aquaculture No.1 and the University of Agriculture and Forestry near Ho Chi Minh
City, we were encouraged to move out of the lowlands into the hills of the north and
the rolling uplands of the southeast regions in support of the “Sustainable Aquaculture
for Poverty Alleviation (SAPA)” project. Once again the picture changed. Although
there were less intensive VAC-type systems in the valleys of the north, in areas of
poorer resource endowment, the systems – sometimes flow-through ponds – were
dominated by grass-carp fed with volunteer grasses, low-productivity systems without
recourse to external inputs. Yet another mix of resources was available in the southeast
of the country.
The degree to which small-scale aquaculture could contribute to sustainable rural
livelihood varied according to this resource-base. In the resource-poor areas of
Northeast Thailand, with a typical pond of less than one rai (1 600 m2), it was difficult
for farmers to produce more than 250-300 kg of fish, offering returns of no more
than 5-6 percent of the total income of a farm household. On the other hand, in the
VAC systems of the deltas of Viet Nam, in the context of relatively small holdings of
agricultural land, the VAC system might offer over half of the total household income
from agriculture. In Northeast Thailand, if the family wished to take their aquaculture
system further, they were obliged to invest higher levels of off-farm input and in the
second period of Outreach operations in that region, more intensive fertilization
strategies were introduced with sex-reversed tilapia, which had the potential for
productivity of 3-4 times the traditional systems and could contribute 15-20 percent
of income.
b) The support system
However, there was another dimension to the farming systems approach which was
advocated. In systems theory, agriculture development may be seen at a variety of
scales. At the micro-scale we are dealing with the physical system of the field, the
pond and the individual animal; this is then combined with the farm resource system
in which the farmer’s available labor and capital come into play. At a further level,
the community comes into play, offering resources in the wider natural environment
as well as social capital through its various networks. At a yet higher level, the
farmer’s decision-making is influenced by the operation of the regional economic and
institutional environment, including the availability of inputs, credit and extension

2

After ‘vuon, ao, chuong’, the Vietnamese words for garden, pond and pigsty.
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services and product markets. Finally there is the global scale, the operation of the
international market and associated trade regulations.
It was realized in the Aqua Outreach Programme that these wider dimensions of the
system were crucial to a sustainable aquaculture development strategy. A key element
in the wider environment was access to quality seed, especially larger size fingerlings to
guard against predation. This was not so much an issue in Viet Nam, where traditions
of aquaculture had already led to the development of seed trading networks of
considerable sophistication. Nor was it a major issue in Thailand, where pond farmers
could access netting for nursing in their own ponds at a relatively low cost. However,
it became much more crucial in the Lao PDR, where primary sources of seed supplies
were a long distance from many farmers; a ‘nursing network’ thus had to be developed
encouraging farmers with better water resources in their ponds to become the suppliers
of larger fingerlings to their communities.
However, the thrust of AIT Aqua Outreach Programme does not serve well to
demonstrate these wider dimensions of the system. The programme was primarily a
farming systems research project and, although we were working with the provincial
officers of the various Departments of Fisheries or Fisheries and Livestock in the
countries concerned, it is not clear how far they were able to sustain the initiatives
which were introduced by the project or to what extent the wider institutional system
facilitated their sustainability.
Indeed, looking back at another key publication in Rural Aquaculture, the edited
volume which emerged from the Fifth Asian Fisheries Forum International Conference,
held in Chiangmai, Thailand in 1998 (Edwards, Little and Demaine, 2002), one gets a
strong feeling that many of the papers in that volume describe research initiatives in
rural aquaculture without either offering strong evidence that it has had major benefits
on poor people or that those various initiatives could be sustained. Many of the papers
speak of potentials based upon the research initiatives, rather than hard evidence
of how the various interventions could be translated into a broader development
programme. Where this was presented in papers for example by Gupta et al. (2002) in
Bangladesh and by Luu et al. (2002), there were some doubts cast about the suitability
of the interventions for poorer households and the sustainability of the interventions.
Experience of the Greater Noakhali Aquaculture Extension
Project and beyond
In 2003, after fifteen years of working in small-scale aquaculture and ten years of
working as Programme Coordinator of the Aqua Outreach Programme, I moved from
AIT. There were several reasons for this, but one, probably not too prominent, was
the feeling that in the Rural Aquaculture volumes, we were one step removed from
testing the ideas of the farming systems approach from the real world of development. I
moved then to the Greater Noakhali Aquaculture Extension Project (GNAEP), which
was one part of the wider programme of Danida support to aquaculture development
in Bangladesh.3
a) The farm system
In its initial design, GNAEP was a classical transfer of technology extension project,
largely based upon the assumption that the appropriate technologies for improved carp
polyculture in ponds had been established in the Mymensingh Aquaculture Extension
Project. There was some small variation in that the possibility of introducing giant
3

This had begun in the 1980s with support to what is now the Bangladesh Fisheries Research Institute
(BFRI) and was followed from 1989 by the Mymensingh Aquaculture Extension Project (MAEP). This
in turn spawned two other projects, the Patuakhali-Barguna Aquaculture Extension Project PBAEP) and
GNAEP, which started up in 1997 and 1998, respectively. The MAEP was closed in 2003.
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freshwater prawn into the system in the coastal area had been recognized and the
first two years of GNAEP did include some modest on-farm research in testing of
this possibility, actually with no great success, mainly because of the erratic supplies
of post-larvae from outside the region. Apart from this, the project design involved a
massive training effort, contracted to a group of local non-governmental organizations
(NGOs), who hired a large number of field trainers to conduct a programme of
modular training with farmer groups according to the household approach, involving
both the men and women of the household. The training programme was supported by
a standardized credit programme administered by the same NGOs.
This design enabled GNAEP to reach almost 35 000 households over a period of 4-5
years of intensive extension activity. Results appeared to be generally positive, at least
in terms of initial understanding of the technology (measured by Knowledge Tests)
and initial adoption. Yields increased around 2.5 times from 1.25 tonnes per hectare to
around 3.0 tonnes.
However, there were constraints. It became clear that the package was not suitable
in all contexts of Noakhali (there are probably 5 or 6 different ecological systems),
especially in the charlands with their limited water holding capacity and in the areas
close to the Indian border. Moreover and more seriously, the package did not address
the problems of the poorest groups, especially since the concentration of the NGOs
upon credit realization meant that they tended to recruit the more creditworthy into
the system. Finally, the net returns from the improved pond polyculture offered only a
limited improvement to livelihood even for those with better pond resources.
In this context, in 2002-2003, the GNAEP was encouraged to shift its orientation
away from a technology-driven approach toward a more explicitly poverty-oriented
approach in which the Project tried to identify the main groups of hard-core poor
in the region and sought to develop
FIGURE 1
aquaculture interventions which were
GNAEP: Changes in income levels of poverty groups
suited to their resources. Such groups
before and after project intervention
included large numbers of womenheaded households in the chars,
residents of resettlement villages,
landless laborers with no access to
ponds of their own and poor fishers
in the offshore island of Hatiya.
In support of this, the GNAEP
built upon the experience of the
development of freshwater prawn
culture pioneered by CARE, especially
in the GOLDA project in southwest
Bangladesh. The introduction of
low-input systems of prawn farming
first in paddy fields (ghers), then
into the pond polyculture systems
Legend: IPF - Integrated Prawn Farmers; WHH - Women-headed Households; FM
–Fishermen; CV - Cluster Village; CC - Cage Culture
significantly increased the value of
the crop and created opportunities
for some of the poorest groups in niche activities such as post-larvae (PL) nursing.
Women-headed households adopting PL nursing were able to rear two cycles a year
in their small homestead ponds, with a net return of Tk 6-10 000 according to size of
the pond.4 Poor fishers in Hatiya also gained benefit from a regular market for their
seasonal catch of a local goby (chewa). The GNAEP conducted sample surveys towards
4

Incidentally survival rates in these micro-ponds managed by poor women reached 70 percent, higher
than the assumptions derived from on-station research.
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the end of the Project to assess the impact of these pro-poor interventions on livelihood
(Akteruzzaman et al., 2006a, 2006b). These were highly positive demonstrating that
freshwater prawn is a classic case of a high-value product which can be cultured at
relatively low levels of input and is thus suitable for the poor (Figure 1).
Perhaps more important than the technical elements of the prawn culture system
was the introduction of a more participatory approach to training. GNAEP adopted
elements of the Farmer Field School (FFS) approach which had also been pioneered by
CARE in their Integrated Pest Management projects, which included a component of
rice-fish culture. Young staff members were specifically recruited for their experience
in this approach and the approach which began with integrated ricefield culture was
extended to the whole training programme over the following three years.
Nevertheless, GNAEP’s shift towards an experiential learning approach was
diluted and it may be argued that the system was still largely driven by the Project.
The promotion of freshwater prawn in the culture systems added a technology, but
remained essentially technology or supply driven. Prawn expanded to as many as
8 000 farm households in 2006, but with the end of the Project and a hiatus before
the effective start-up of the successor project, these numbers declined sharply in
2007-2008.5
In fact it has only been in that successor project, the Regional Fisheries and
Livestock Development Project, Noakhali Component (RFLDC) that a fully-fledged
FFS approach has been adopted. The RFLDC has a strongly pro-poor orientation
with an objective to improve the productivity of and the returns from fisheries and
livestock systems of resource-poor households. Its main output is effective support
to resource-poor households through decentralized, integrated and demand-driven
extension provision. Essentially this means the adoption of FFS approach in which the
training content is defined according to the farmers’ problems and needs and in which
the individual learning sessions (we no longer even use the term “training modules”6)
involve an analysis of the farm situation, exchange of experiences, guided by a local
facilitator and testing of options in designated study plots (ponds/plots/farmyards
selected by the group). The farmers then make their own decisions about adoption
according to the results obtained. There is no credit line, so that the farmers taking
part in the FFS join specifically to learn and are not swayed in their participation
by the lure of cheap credit. The RFLDC field schools run over a period of up to 18
months, with fortnightly (but flexible) sessions covering a range of topics including
aquaculture (range of options), poultry rearing, small ruminant rearing (goats), cattle
fattening, vegetable gardening, nutrition and human rights issues. The FFS are run by
young people from the same community trained as Local Facilitators in a practical
Season-long Learning approach over a period of four months. The Local Facilitators
are trained by Master Trainers, who themselves go through a similar practice-oriented
Season-long Learning.
Such an approach extends the Farming Systems approach discussed in “Rural
Aquaculture” a step further. The Farming Systems approach is still at its heart. The
situational analysis on the farm is traditionally termed agro-ecosystem analysis”(AESA),
although it is now more usually termed “farm management analysis” (FMA). The FFS
starts by looking at problems and resources and then moves on to system planning
(often “space planning”, or “what can we do where”). The net result is adoption of
5

6

The reasons for the decline are complex; they included a loss of confidence related to a major flood in the
Noakhali region in 2004, early season droughts shortening the growing season, problems of seed quality
from brood derived from culture systems and too vigorous promotion, especially by partner NGOs into
pond systems of marginal suitability. RFLDC is now trying to consolidate freshwater prawn culture in
the more suitable contexts and to ensure supplies of PL from brood of riverine origin.
The rhetoric of development is important. It is important that field staff realize that the FFS is not the
same as conventional group training.
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enterprises and technology which really fit into the farm household’s resource base and
with which they are comfortable. Asked why they do not expand a successful enterprise,
farmers often reply that they do not have the resources.7 Farmers coming out of the
FFS may have adopted/expanded 5-6 different enterprises all of which are contributing
to that improved livelihood. In the Sustainable Rural Livelihoods framework, all of
them contribute to strengthening the asset base of the rural household, enabling it to
better withstand pressures and shocks. We do not prescribe whether these enterprises
are fully integrated or not, since this depends upon the farmer’s own resources and
priorities.
The Support System
RFLDC sees the FFS approach as the key to ensuring the sustainability of its
interventions. By helping the farmers to analyze their situation and develop their
learning skills, the Project builds capacity to take informed decisions in a future which
is bound to involve dramatic changes in the environment, both physical and socioeconomic. We see, for example, the FFS as a vehicle to facilitate adaptation to climate
change.
However, RFLDC’s adoption of the systems approach does not end with the
FFS. In fact the Project is designed to support what we may term “whole system
sustainability”. The other outputs of the Project are to build capacity in the support or
service provision system. RFLDC recognizes that training through the FFS will not be
successful unless the farmers have access to the necessary inputs and to a fair market
system. It recognizes that the government agricultural extension services just cannot
reach the large numbers of poor households, even if they were so inclined. This is
particularly the case in the fisheries and livestock sectors. The Bangladesh Department
of Fisheries has only three officers at the Upazila level (frequently less) and none at the
grass-roots or Union level.
Thus, the Project encourages farmers to form Community-based Organizations
(CBOs) as grass-roots service providers. These organizations may come from existing
organizations at community level or may emerge from the amalgamation of the
field schools themselves. The farmer organizations are properly established, with
elected committees and office holders and they offer services for a modest charge
which allows them to accumulate
FIGURE 2
capital for their future operations. The
Distribution of Activities Carried Out by CBOs
Project offers training to key resource
promoted by RFLDC
persons in the CBOs in planning and
project proposal writing, financial
CBO Activities 2008 (to August)
management and in technical areas.
V ac c ination
Thus CBOs have recruited Poultry
O ther Lives toc k
Workers, Community Livestock
Trees
Workers and Community Agriculture
A quac ulture
A gric ulture
and Aquaculture Resource Persons
H ealth
(CAARP)8; each of these provides
W ats an
S oc ial
particular services (vaccination, health
V egetables
care treatment, operating community
O thers
nurseries) as well as advice to farmer
Legend: Watsan – Water and Sanitation
clients, both within Field Schools and
7

8

Parallel to the situation often encountered in the promotion of standard models of integrated agriculture
– aquaculture, where farmers fall back to an equilibrium suitable to their situation, which comprises only
parts of the original model.
Originally CARP (Community Aquaculture Resource Persons), but it has been realized that the
aquaculture resource person is rarely occupied year-round and needs other activities to achieve a regular
income.
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outside. Established CBOs are one channel for organizing the Farmer Field Schools.
In this way, the CBOs become a positive element in the Transforming Structures and
Processes which are seen as an important dimension in Sustainable Rural Livelihood.
The CBOs were first promoted under GNAEP with a view to supporting the
freshwater prawn farming system, to ensure the availability of quality post-larvae and
low-cost feed inputs to the farmers. The CBOs were offered commission by private
agribusiness (see below) to distribute the inputs to their members and other nearby
clients. Very rapidly, however, the CBOs began to offer services in other sectors
reflecting the needs of their communities, with vaccination services for livestock and
provision of vegetable seeds and fruit tree saplings amongst the early developments.
Services now include a range of activities including hosting mobile clinics and preschool education centers (Figure 2).
The CBOs are in turn supported by three other key stakeholder groups: private
agribusinesses, who supply inputs and access to markets, sometimes using the CBOs
as their agents; local government institutions, which provide the CBO with sociopolitical protection, as well as offering financial resources for investment in facilities
to expand their activities through a discretionary Block Grant; and the sub-district
(Upazila) offices of fisheries and livestock (Figure 3). These stakeholders provide
economic, socio-political and technical backstopping, respectively. In the case of the
sub-district fisheries and livestock offices, there is recognition of the mutual benefits of
this relationship, since the CBOs both get services and provide a convenient outlet for
the work of the Upazila officers. There is a regular monthly meeting between the two
groups to which other service providers are invited.
In creating this system, RFLDC hopes to ensure that the learning promoted
through the FFS will be extended beyond the life of the Project. It is hoped that each
of the stakeholders will offer sustainable services: the CBOs and private agribusiness
through the profits gained, the Upazila offices through more-responsive demanddriven services, the local government institutions through playing a wider role in
local economic development. Building such capacity is not simple and RFLDC
technical assistance staff has to work hard with the institutions concerned over an
extended period before they are able to play their role in the system. There is a
regular monitoring of the progress of capacity building particularly with the CBO
FIGURE 3

Conceptual Framework of RFLDC Extension Model

Im prove livelihoods
of rural poor
S ervices

F arm er F ield S c h ools
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O rganizations

Inputs,
m arket,
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Legend: DLS
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and local government institutions using indicators adapted from the United Nations
Development Programme (UNDP) and the World Bank.9
It is rather premature to assess the impact of this intervention upon the livelihood of
local farmers. As part of whole process, the monitoring and evaluation of the experience
is carried out with the farmers themselves through a Participatory Monitoring and
Evaluation approach. This is partly sectoral. The group is asked to assess how far they
have changed their practices in relation to various indicators, including a number of
technical recommendations, income and sales of produce.
Lessons Learnt
In 1997 in the Rural Aquaculture monograph, Peter Edwards and I set out a systems
framework for the development of rural aquaculture. From an initial definition and
classification, we tried to set out the key factors required for the successful promotion
of low-cost aquaculture among small-scale farmers. Our recommendations extended
to two levels of the system, the on-farm, emphasizing the identification of appropriate
technology to fit the farmers’ resource base, and the wider farming system to ensure the
functioning of necessary support services for enabling farmers to access the technology.
We developed this systems approach based upon the experience of AIT Aqua Outreach
Programme and some comparative experiences. A wider range of possibilities for rural
aquaculture were presented in Chiangmai a year later. Most of these derived from
research projects rather than development or extension projects and there was limited
evidence that such an approach could be implemented in such projects.
I like to believe that in the successive projects in Bangladesh we have demonstrated
that such an approach can work. However, I also believe that we have taken it a step
further, especially at the farm level with the introduction of the FFS approach to farmer
training. Although in the later stages of the AIT Aqua Outreach Programme, we began
to move away from this, much of the work in the Outreach was prescriptive and
supply-driven. We recognized the need for analysis of the farmer’s situation, but the
technical recommendations came from the Project. There were even some assumptions,
such as that expressed in our monograph
“The major concern in rural aquaculture is how to introduce integrated
agriculture-aquaculture successfully into the diverse small-scale farms in the
developing world” (page 17)
We were after all involved in an aquaculture research project. Inevitably the
prescriptions promoted did not suit the situation of all farmers – even to the extent
that aquaculture may not have been a suitable, or at least the best, option. Studies by
Pant et al. (2004, 2005) on integrated agriculture-aquaculture systems in Northeast
Thailand suggest that this is indeed not a panacea, nor a model which works well in
many circumstances.
The FFS approach in contrast, does not prescribe, but leaves it to the farmer to
select his technical options from those available according to his/her available resource
base. It is thus demand-driven and it is thus more likely to be sustained at the end of
the development initiative. It is a highly participatory, needs-based approach, taking
full account of the capacity of the poor and integrating aquaculture into the wider
framework of rural livelihoods as recommended by Tacon (2001).
In relation to the wider support system, Rural Aquaculture recognized its
importance, but at the time we were locked into the ideas that such services would come
from the conventional service providers, the government extension services and, if they
9

The World Bank is supporting the Local Governance Support Project, which offers discretionary Block
Grants to local governments for rural infrastructure. Its UNDP-supported Learning and Innovation
Component takes the scope and scale of this project wider on a pilot basis. Both these projects have
developed indicators for local capacity building.
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will forgive me for calling them conventional, the NGOs. We recognized the need for
reform, in essence the re-education of the government services; indeed that was what a
large part of AIT Aqua Outreach Programme was engaged in.10 However, we neglected
the possibilities of other service providers, CBOs as real representatives of the farmers
in a demand-driven extension system, the private sector and local government, each of
them with real opportunities for bringing about a sustainable system.
Implications for Evaluating the Contribution of Rural
Aquaculture TO Sustainable Rural Development
The above discussion suggests that, in at least one dimension, sustainable rural
development is based upon the building of capacity of farm households and rural
institutions to continue to implement improved production systems and provide
services without the support of external development interventions. Thus the
contribution of small-scale aquaculture to sustainable rural development depends
upon the degree to which it contributes to capacity building. Conventionally, studies
of the contribution (impact) of small-scale aquaculture to rural development have been
measured by one-off surveys which attempt to measure change at four levels:
• adoption of improved practices (Knowledge Attitude Practice or KAP surveys)
• productivity
• improved income or levels of fish consumption/nutrition
• improvement in living standards based upon the extra income achieved.
The surveys conducted at the end of the GNAEP had this characteristic. It is,
of course, often very difficult to measure improved productivity in small-scale
aquaculture and to income/nutrition deriving from it. It is equally difficult to assess
the contribution of the aquaculture sector to improved living standards. Very often
there is need for recourse to softer measures of productivity improvement and income.
Participatory Monitoring and Evaluation (PME) may be used in this respect.11
In any event, such surveys are inevitably static and do not indicate how far the
changes are sustained and enable farmers to become more self-reliant and more able
to withstand the stresses and shocks which regularly impact on their livelihood. The
FFS approach is aimed at creating this capacity and it requires measures and indicators
which indicate how far the farmers’ livelihood is robust and resilient. The Sustainable
Rural Livelihoods framework in its asset pentagon indicates the areas which can be
measured. The same framework also emphasizes the need for structures and processes
in the wider environment which operate positively in the support of the farmer.
Evaluation of the operation of these processes will also help to assess the contribution
of an aquaculture intervention to sustainable rural development.
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ABSTRACT
Environmental sustainability is the foundation on which strategies for
achieving the remaining Millennium Development Goals (MDGs) can be
accomplished. Environmental degradation is causally linked to problems of
poverty, hunger, gender inequality and health. MDGs are interconnected
through the environment. Protecting and managing the natural resource base
that supports aquaculture are essential for economic and social development
in poor countries. Integrating the principles and practices of environmental
sustainability into national policies and planning programmes is therefore a
key to successful poverty reduction strategies. This paper provides methods for
evaluating proposed changes to the aquaculture sector which can be used as tools
themselves or converted into indicators to evaluate the contribution of smallscale aquaculture to poverty reduction through sustainable rural development.
The requirement for indices of aquaculture management for poverty reduction
and achieving sustainability of natural resources base is highlighted. The simple
methodology suggests a number of approaches to identify and quantify the
environmental and socio-economic variables related to aquaculture which
could be used to develop indices for evaluating performance.
INTRODUCTION
Millenium Development Goals (MGDs) are the specific targets agreed by Member
States of the United Nations (UN) for fighting global poverty and promoting
improvements in health, education, environment and equality by 2015 (United Nations,
2008). Aquaculture is one of the world’s fastest growing food production sectors with
great potential for food supply, poverty alleviation and enhanced trade and economic
benefits, as targeted by the MDGs (WorldFish Centre, 2007). The success of aquaculture
is also closely dependent on aquatic ecosystems and a range of other natural resource
inputs, requiring continuous support from the natural resource base. On the other
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hand aquaculture has a great potential to damage the natural resource base, diminishing
environmental quality and societal benefits. The success of aquaculture, therefore,
depends upon its ability to produce fish as well as to maintain the sustainability of its
resource base. Environmental degradation through aquaculture is causally linked to
problems of poverty, hunger, gender inequality and health. The impact of aquaculture
can be judged through the production of fish respecting the natural resource base.
There is, therefore, an increasing demand for reliable information describing the status,
conditions and trends of aquaculture, which is important in determining the success or
failures. Indicators and pointers can be developed based on collected data which will
describe and forecast and also guide policy and practice to meet economic, social and
environmental demands.
MDGs are interconnected through the environment and aim to achieve eight
different goals by 2015 (Menoz, 2008). Although all eight goals are interconnected
through the environment, two specific objectives are directly related to the theme of
this paper. The eradication of extreme poverty and hunger is one of the goals directly
related to aquaculture. Fish is one of the major protein sources for poor people, but
who may be unable to purchase it due to their level of poverty is an important concern.
Aquaculture can be developed in any poverty-driven area if an adequate natural resource
base exists and even in a small-scale on a subsistence level. Aquaculture can promote
gender equality and empower women through employment in aquaculture-related
work (Quisumbing and Meinzen-Dick, 2001). Achieving environmental sustainability
through aquaculture is one MDG goal that is difficult to monitor. Aquaculture has
been one of the major obstacles for environmental sustainability in many parts of the
world. Mangrove destruction and an increase in underground water salinity level due
to shrimp aquaculture are two common negative examples of aquaculture undergoing
massive spread under poor governance (Wattage, 2002). In an attempt to develop a
global partnership for development through aquaculture, many factors need to be
considered in the management process.
The concept and definition of sustainable development requires an understanding
of issues concerning natural resources, economic output and human/social welfare
and the exchanges between them. It also encompasses providing undiminished assets
to future generations and maintaining human and ecological equity. The development
of indicators to measure this change, providing quantitative values describing
characteristics of a specific resource or productive activity, may be an effective means of
describing desirable or less desirable paths of development. Management can use these
indices to form policy approaches and directions for development. Indicators provide
a picture built up “from the ground” using suitably validated systems of information.
In practical terms, the use of indicators can contribute to a wide range of benefits
including better aquaculture farm management, increased food supply for the poor,
poverty eradication, rural development and improved allocation and management of
resources. Many governments have recognized the potential benefits of promoting
the use of indicators in the assessment and management of the sustainability of the
aquaculture sector (Frankic and Hershner, 2006).
The aim of this paper is to provide methods for evaluating proposed changes to
the aquaculture sector using indicators. The impact of aquaculture can be identified
using quantitative tools that can be used as indicators for evaluating the contribution
of small-scale aquaculture to poverty reduction through sustainable rural development.
The paper next addresses the issues pertaining to the ecological impacts of aquaculture
and looking at the ways to ensure environmental sustainability in aquaculture. The
following section of the paper reviews the impact of aquaculture on poverty reduction.
Possible indicators to evaluate sustainable aquaculture development and methods are
described in the subsequent section. Also reviewed are the tools available to define
a suitable methodology to quantify the economic benefits of aquaculture on the
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environment. The methodology suggests a number of approaches to identify and
quantify the environmental and socio-economic variables describing aquaculture
systems which could be used to develop indices for evaluating performance. Finally
the perspective of conservation for poverty reduction through aquaculture will be
presented.
ECOLOGICAL IMPACTS OF AQUACULTURE
Although aquaculture is considered to be the solution to the declining fish stocks in
the oceans, its ecological impacts are posing major threats to the sustainability of the
environment. These impacts have been mainly associated with high-input high-output
intensive system effects which include discharge of suspended solids, nutrient and
organic enrichment of recipient waters resulting in the build-up of anoxic sediments,
changes in benthic communities and the eutrophication of lakes (FAO, 2009). For
example, large-scale shrimp culture has resulted in physical degradation of coastal
habitats through conversion of mangrove forests and destruction of wetlands (Wattage,
2002). These farms are not helping to reduce poverty levels of the coastal zones as the
income directly goes to elite shrimp farmers. Evidence shows that in many parts of the
world, these shrimp farms cause high salinity levels in agricultural and drinking water
supplies (Primavera, 1997). Most of the local poor agricultural farmers who have no
way to avoid polluted drinking water from ground water sources are further affected
(Wattage, 2002). The damage to mangrove plantations in the coastal zones will have
a chain effect, not only on available fish, but also damaging the sustainable coastal
ecosystem through alteration of seabed fauna and flora communities (Fortes, 1988).
Further, misapplication of husbandry and disease management chemicals, collection of
seed from the wild and use of fishery resources as feed inputs are also causing concern
in the coastal zones (Kongkeo, 2001).
Environmental interactions between aquaculture farms and surrounding areas
are a major cause for negative externality associated with aquaculture. For example,
salmon farming in Europe can have negative externalities through self-pollution and
transmission of diseases which occur in areas where the high density of farms forces use
of water contaminated by neighbouring installations (Whitmarsh and Wattage, 2005).
The standard method of raising these species is in sea cages under intensive production
conditions in which the fish are fed a processed feed causing negative external impacts.
Effects can also occur at a distance with interchange of living materials between farms
and a consequent spread of disease. In Asia and Africa, the pressure to use resources
more efficiently and to increase competitiveness and to respond to market forces has
resulted in intensification of aquaculture production in large farms. These operations
are mainly for export which employ more sophisticated farm management methods
and monoculture of high-value species. The revenue of this production does not help
reduce the poverty of the area but rather benefits the non-poor members of society,
as it is mainly targeting more affluent consumers. This trend of intensification will
increase environmental impacts if there is no way to measure the impact and reverse
the trend. In particular, the inefficient use of resources should be controlled and inputs
such as equipment and chemicals should be avoided. Aquaculture has often caused the
introduction of alien species and diseases and experience has shown that the introduced
species of fish, crustaceans, molluscs and plants will eventually enter the natural
ecosystem and negatively affect the natural system (Goren and Galil, 2005). The impact
of these species needs to be quantified and controlled in order to avoid negative impacts
and to protect the natural environment.
Aquaculture, like any other food producing sector, uses natural resources and
interacts with the environment. Aquaculture is increasingly confronted with issues
of environmental protection, compared to other sectors (McCausland et al., 2006).
However, aquaculture is considered to be the only way to satisfy the increasing demand
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of fish products in a situation where ocean fish stocks are deteriorating at an alarming
rate (Garcia and Newton, 1995). The challenge for the next decade is to produce more
fish in aquaculture with increasing efficiency in resource use and minimising adverse
environmental interactions. This will be the major goal in aquaculture development
which will require commitment and willingness to collaborate by all those involved.
Much of the current controversy is centred on environmental degradation resulting, in
some cases, from inadequate coordination and management of development. Methods
or indicators are needed to measure irresponsible aquaculture practices and to avoid
negative externalities of aquaculture production which is the key to aquaculture
sustainability.
Environment sustainability is the foundation on which strategies for achieving
all the other MDGs are based (Menoz, 2008). Environmental degradation is causally
linked to problems of poverty, hunger, gender inequality and health. Protecting and
managing the natural resource base is essential for economic and social development.
Similarly, the changing consumption and production patterns, particularly in wealthy
nations, are directly linked to the environment (Lafferty, 1996). Integrating the
principles and practices of environmental sustainability into country policies and
planning programmes is therefore the key to successful poverty reduction strategies.
Indeed, MDGs are interconnected through the environment.
AQUACULTURE AND POVERTY REDUCTION
Aquaculture accounted for 47 percent of the world’s human-consumed fish food
supply in 2006 and has grown dramatically in the last 50 years. From a level of less
than 1 million tonnes in the early 1950s, production in 2006 was reported to have risen
to 51.7 million tonnes, with a value of USD78.8 billion (FAO, 2008a). This means that
aquaculture continues to grow more rapidly to satisfy growing human demand for fish
than other animal food-producing sectors (Subasinghe et al., 2001). The growth of the
capture fisheries production stagnated in the mid-1980s, whereas the aquaculture sector
has maintained an average annual growth rate of 8.7 percent worldwide (excluding
China, 6.5 percent) during last four decades (FAO, 2008a).
Fish production plays an essential role in the livelihoods of millions of people
around the world as a means of providing a nutritional food source as well as securing
income and/or employment. In terms of providing employment by fishery, 43.5 million
people were directly engaged, part-time or full-time, in primary production of fish,
either by fishing or in aquaculture in 2006 (FAO, 2008a). The contribution accounted
for 3.2 percent of the 1.37 billion people economically active in agriculture worldwide.
Eighty-six percent of the fishers and fish farmers worldwide are located in Asia, with
China having the majority of about 8.1 million fishers and 4.5 million fish farmers
(FAO, 2008). The other countries in Asia with a significant number of fishers and fish
farmers are India, Indonesia, the Philippines and Viet Nam. The majority of fishers are
poor, small-scale, artisanal persons, operating on coastal and inland fishery resources
(FAO, 2008a). In recent decades, major increases in the total number of people engaged
in fisheries and aquaculture have come from the development of aquaculture activities
(FAO, 2008a). Aquaculture is therefore a significant source in combating poverty in
rural areas of many parts of the world. It can provide an important source of livelihood
for the rural poor if the objective is to help poor fishers. Aquaculture can generate
income through direct sales of aquatic products and also provide opportunities to
work in processing industries (FAO, 2003). Aquaculture also provides the only or
main source of nutrition through fish to poor people in their livelihood enhancement
(FAO, 2003). The estimated number of fish farmers was nearly 9 million people, with
94 percent operating in Asia in 2006 (FAO, 2008a). No official data exists on the
estimated numbers of people involved in the other aquaculture-related activities. Some
estimation suggests that for each person employed in capture fisheries and aquaculture
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production, there are approximately four jobs produced in the secondary activities,
including post-harvest. Women play an important role both as workers in the fisheries
and aquaculture sector and in ensuring household food security. Women participate
as entrepreneurs and by providing labour before, during and after the catch in both
artisanal and commercial fisheries in the developing world. Women play an important
role in aquaculture compared to commercial fishery activities. In many societies, it is
easy for women to engage in activities such as feeding and harvest of fish and collection
of prawn or shrimp larvae and fish fry and fingerlings from the wild (De Silva, 2002).
However, their most important role in both artisanal and industrial fisheries as well as in
aquaculture is at the processing and marketing stages. Fish processing is predominantly
performed by women either in form of their own cottage-level industries or as wage
labourers in the large-scale processing industry (De Silva, 2002).
Fish products provide more than 2.8 billion people with about 20 percent of their
annual per capita intake of animal protein out of which 2.6 billion of whom are from
developing countries. Thus, small-scale aquaculture and aquatic resource management,
particularly in rural Asia, are fundamental to the livelihoods of many of the rural poor.
There is growing evidence that in many cases, the poorer the people are, the greater
their dependence will be on aquatic resources (FAO, 2008a). Moreover, the demand
for low-value fish and non-fish aquatic resources is high. As such, there is a growing
emphasis on poverty alleviation in the aquatic resource sector. For this purpose, the
objectives of aquaculture development should be adequately addressed for the needs of
the poor, instead of merely considering it as a source of foreign exchange earnings for
the country. If it is sought after only to satisfy the needs for foreign exchange earnings,
then the task will be only to develop large-scale aquaculture farms in which high grade
species will be the prime objective. The income or profit thus earned will not trickle
down to the poor, simply ignoring the potential that aquaculture holds for poverty
alleviation. Often, the aquatic resource sector has only had a partial understanding of
poverty alleviation because of the prime motive of foreign exchange. Policy makers
of these countries have had a limited understanding of the significance of aquatic
resources in rural livelihoods and the potential aquatic resources interventions hold
for poverty alleviation.
Aquaculture development in terms of poverty alleviation requires a continuing
need for adaptive, small-scale technological development in order to meet the needs of
poor people. The main emphasis includes extending these technologies to poor people
by creating opportunities to derive livelihood benefits. The emphasis of development
programmes in rural areas should use aquaculture for development addressing the
alleviation of poverty. This clearly has significant implications for how poverty
alleviation interventions are to be conceptualised and how aquaculture should be
integrated with other development activities. The quantification of the influence of
aquaculture in poverty alleviation as an index is an a priori requirement to achieve this
goal.
POSSIBLE INDICATORS TO EVALUATE SUSTAINABLE AQUACULTURE
DEVELOPMENT AND METHODS
Indicators are simply quantified information which helps to explain how things
change spatially or over time. For many years, a limited number of key economic
measures have been utilised to judge the performance of the economy. Widely-used
indicators are output of production, the level of employment, the rate of inflation,
public sector borrowing and the balance of payments. These statistics give an overall
aggregated picture but do not necessarily explain why particular trends are occurring
and do not necessarily reflect the situation of a particular industry, society stratum or
area. However, these widely-used indicators provide policy-makers and the public
reasonable measurement of changes in the economy. Policy makers use this indicative
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information to make economic policy decisions while the general public use it to judge
how the economy is performing overall.
There is no such information available to measure the performance of the fishery
and aquaculture sectors. The need for indices to understand the general performance
of aquaculture and its impact upon poverty and/or environment in a given location
is widely evident. The process begins with collection of data that can be used in
estimating indices if secondary data is not available. Analysing data derived from a
series of observed facts in the form that it can be developed into some meaningful
number or ratio is an indicator. The indicators developed into various types of indices
can be directly used in policy decisions. In the case of aquaculture, indices can form the
link between the society, institutions and the environment. The impact of aquaculture
on poverty links the society and the institutions, just as poverty hinges upon the
interaction between people and aquaculture through the institution. As such, indices
should be developed to measure the impact of aquaculture work interactively among
the three tiers of institution, society and the environment. Health and the integrity
of interactions between the three tiers provide key signals in relation to poverty
reduction and the damage to the environment, as demonstrated by indices in the area
of aquaculture.
Indicator I: intensity of exploitation (IoE):
From an economic point of view, the most significant criterion to classify the
aquaculture system is “intensity” of operation. The identification of intensity will
indicate the impact of aquaculture activities on the natural environment. In intensive
systems, fish are reared in silos, tanks, raceways, cages, pens and ponds and the
farmer generally controls factors of production such as farm size, stocking levels and
the feeding of fish, etc. Indicators could highlight the intensiveness of production,
which is a good reflection of how the process is going to impact upon the natural
environment. In practice, the distinction between intensive systems is often less
than clear. They are, however, generally linked to the level of inputs of feed and/or
fertilizer and to the stocking density of the fish that can be supported. Measures of
intensity include the stocking density, production of fish in any given area and the
cost of input. Intensive aquaculture is often considered to be more damaging to the
natural environment compared to extensive aquaculture. It is however, better in terms
of higher production, at the cost of damaging the natural environment. Examples of
intensive aquaculture are salmon farming in Europe and organized shrimp farming
in Asia. If the environmental damage is quantified and valued in the management
process, the net benefits of intensive production may not prove to be a viable option.
Methods are available to quantify un-priced natural resources and to be considered
in natural resources management processes (Wattage et al., 2005). Ranching of fish in
which a body of sea, lake or a village reservoir is stocked with fish that feed on natural
food is considered as an extensive system. Cost of production is relatively less in an
extensive system and similarly the damage to the natural system is relatively low, albeit
for its area-intensity. Subsistence farming of tilapia or carp , or rearing of milkfish and
shrimp in unfed tidal trap ponds with low levels of inputs such as occur in Africa and
some parts of Asia are examples of extensive aquaculture. Semi-intensive systems are
diverse and lie in between intensive and extensive systems. Example of semi-extensive
aquaculture is integrated agriculture-aquaculture systems, polyculture systems, and
coastal aquaculture systems using crop and animal residues as sole inputs.
This index should highlight the effect that small-scale aquaculture activities would
have on the natural resource base and its dependence upon the level of intensity. The
index looks at how integrated production systems can be made to reduce the negative
interactions with aquatic resources. The production system measured in the index looks
at physical processes, growth and reproduction and finally the culture environment.
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The impact of physical processes used in the aquaculture system depends on the type
of structure used in the process. Single cages attached to floaters that are anchored
individually have a higher potential to cause damage, mainly due to their mobility. The
platform installation is the second type of physical process used in aquaculture which
has a capacity to move the whole installation from one location to another. In terms of
damage to the natural environment this method causes similar or more damage. The
third process uses land-based farms such as rice fields, wetlands, pond settlements.
Production is undertaken in tanks and raceways on land with water pumped from the
ocean or from freshwater sources. The damage caused by this process is different and
this method can even pollute the underground aquifers and soils.
Growth and reproduction is also important in measuring the intensity. The
biological system varies by different species used in aquaculture, consequently the
intensity would have an influence in the process. Stock inflows depend on recruits,
growth and outflows from natural mortality and harvesting which characterise the
intensity. Finally the culture environment also influences the intensity, affecting
production by the flushing regime, temperature, oxygen level, organic materials used,
underwater topography and protection from wind and waves (Environment Canada,
2001). It is difficult to measure all these aspects in one index; however, it is important
to consider these as and when the information is available.
Indicator II: Aquaculture footprint (AFP) & Aquaculture carbon footprint (ACF)
A number of studies have assessed the aquaculture foot print (AFP) on mangroves,
coastal and oceanic resources, whereby the dependence of the farming systems on the
external ecosystems was estimated (Folke, 1988; Larsson, Folke, and Kautsky, 1994;
Folke et al., 1998; Kautsky et al., 1997). The common element of these studies is that
they have identified ecosystem support areas that need to be quantified and estimated
in order to ascertain the level of dependence of aquaculture on the surrounding
ecosystems. The type of information generally required includes data on marine
and coastal ecosystem productivity and ecosystem waste assimilation capacity. For
example, mangrove support area is the area required to produce the necessary amount
of detritus to serve as foodstuff for at least 30 percent of the shrimp larvae (Cattermol
and Devendra, 2002).
In general the ecosystem support areas required to sustain the aquaculture were
calculated as hectares per hectare of aquaculture area and were based on annual
production (Larsson, Folke, and Kautsky, 1994). For example, some of the calculated
indices are for mangrove support area, lagoon support area and post-larval mangrove
nursery. These indicators measured the required ecosystem areas for the production of
aquaculture. Mangrove support area is indicated by the mean area required to yield
sufficient leaf litter to provide 30 percent of shrimp feed. This rate is estimated
on the basis of productivity measured with an average mangrove litter fall of 5 t/ha
and a 10 percent trophic efficiency in converting mangrove carbon into detrital organic
matter required for shrimp production. The mangrove support area was estimated
to be 4.2 hectares for a hectare of prawn farm (Larsson, Folke, and Kautsky, 1994).
Similarly, the production of shrimp is also dependent upon the lagoon support
area. Lagoon support area is calculated as the area of the pumped yearly volume
(10 percent daily, ponds 1.2 m deep, 300 days per year), assuming the source lagoon
is on average 5 metres deep. The lagoon support area was estimated to be 7.2ha/ha of
prawn farm (Larsson, Folke, and Kautsky, 1994). The required post-larval mangrove
nursery area was estimated to be anywhere between 9.6 and 160 ha/ha of prawn farm.
The intensity of the aquaculture activities is an influence in determining the AFP. For
example, the need for a sustainable system for an intensive prawn farm is several times
that of an average farm (Kautsky et al., 1997). The more intensive the form of farming,
the larger the ecosystem area required outside the farm to sustain it. Not only do these
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ecosystems have to be larger than the farm, but they must also be uncontaminated and
intact to ensure a sustained production. It is thought that the dependence on external
ecosystems for resource production and waste production decreases from intensive
to extensive aquaculture farming systems. Intensive systems use externally sourced
goods, but still rely on the local ecosystem to receive and process waste materials
from the aquaculture system. Semi-intensive systems are characterised by an increased
use of locally sourced resources, with more recycling of organic matter and nutrients
within the pond system. This type of culture relies on both naturally occurring and
supplementary foodstuffs (Folke et al., 1998). The extensive systems require very small
ecosystem support areas, and as a consequence the AFP for both resource production
and waste removal is smaller. However, a larger area of holding structure (e.g. pond) is
required per produced unit of product. By measuring the AFP of different aquaculture
systems it may be possible to tentatively suggest the most appropriate form of farming
for a geographical region or country.
In addition to the estimation of AFP, the aquaculture carbon footprint (ACF) is also
a very useful measure in terms of ecosystem sustainability. ACF is a measure of the
impact human activities have on the environment, in terms of the amount of greenhouse
gases produced, measured in units of carbon dioxide (CO2). To be more effective it
would require a footprint analysis throughout the entire supply chain using a full lifecycle analysis (Mungkung, de Haes and Clift, 2006; Mungkung and Gheewala, 2007).
Aquaculture has a different CO2 carbon footprint dependent upon the type of fish
under production. For example shrimp, salmon and marine carnivores have high feed
energy or system energy demands causing high footprints. Freshwater herbivorous or
omnivorous species such as carp require organic or low-energy supplementary feeds,
resulting in a low footprint. In addition to the production process, packaging and other
supply chain components also contribute for carbon footprint. Post harvest activities
(storage and transport) of aquaculture further cause/require CO2 emissions, further
increasing the carbon footprint. Air freight of fish products contributes very high
carbon emission compared to sea freight. Transportation by sea freight in containers
delivers seventy times the energy efficiency of airfreight and therefore a significantly
better carbon footprint (Cattermol and Devendra, 2002).
ACF also includes the carbon dioxide sequestering area. For example, this relates
to the area of ecosystem required by the prawn pond to assimilate the carbon dioxide
produced by the industrial inputs to prawn farming. The CO2 sequestering area is
calculated as the area required to absorb CO2 produced in direct energy use. For
example, marine up-welling ecosystem producing anchovies for fish meal and fish oil as
key ingredients in shrimp feed will require that the mean marine fish (i.e. anchovy) yield
2
is 6.71 tonnes C/km (Larsson, Folke, and Kautsky, 1994). The marine area necessary
to supply ingredients to shrimp feed was calculated at 14.5ha/ha of prawn farm. The
CO2 sequestering area is calculated as the area required to absorb CO2 from direct
energy use which is 6085 litres/ha; the total CO2 released by the study area aquaculture
activities was estimated to be between 14.9-45.1 tonnes of CO2/ha. In order to estimate
the surface area needed for carbon sequestration a carbon assimilation capacity of
5 t/ha and 18.3 CO2/ha was assumed. The CO2 sequestering area was estimated to be
between 0.8 and 2.5 ha/ha of prawn farm (Larsson, Folke, and Kautsky, 1994).
Energy consumption in aquaculture is measured through fuel and raw materials
used in the production process which has impacts on climate change issues
(Helena et al., 2009). Aquatic production systems such as rice fields, wetlands and
pond sediments contribute undefined levels of farmed aquatic organisms however that
do not emit methane (FAO, 2008b). Global warming potential of methane is estimated
to be 23 times that of CO2. However, the contribution of methane and other gases in
intensive aquaculture systems are very high (FAO, 2008b).
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Labelling of fish products with a low carbon foot print is a more practical way of
influencing the production process for sustainability (Jaffry et al., 2004). A product´s
carbon footprint will become an increasingly used parameter in a product’s future
marketing strategy. International retailers can use labels on aquaculture products
that have a higher value of the index if they have been imported by air. This carbon
foot print measurement informs customers about the impact their planned purchase
will have on the environment. For example, several major UK retailers have delisted
imported North American-Canadian lobster for the 2007 Christmas sales campaign.
This decision has been made purely on the basis of the high carbon foot print impact
of air freight. Labelling can inform consumers when products have a “low carbon
emissions” footprint, thereby informing the consumer of his or her contribution to
the environment.
Indicator III: Ratio of aquaculture fish for human consumption
The contribution of aquaculture in global fish production is a key indicator describing
the success story of the aquaculture system. If aquaculture is introduced to meet the
demand of fish from growing populations, considering the declining trend of the
capture fisheries from oceans and inland water sources, it is necessary to measure the
contribution of aquaculture for human consumption. Unfortunately, the majority of
farmed fish is fed with other fish caught in the oceans. High amounts of fish meal and
fish oil are contained in aquaculture feeds. It requires more wild fish biomass to raise
some farmed species than is actually produced in their culture. On average, 1.9 kg of
wild fish are required for 1 kg of farmed fish, but this ranges from 5.16 kg for marine
finfish (halibut, sole, cod) to only 0.75 for carp (fed) (Naylor et al., 2001). The goal of
aquaculture is to produce more fish; however, farming carnivorous fish and shrimps
that must be fed on wild-caught fish, which come from the ocean food chain,
is not sustainable and does not contribute to the poverty reduction MDG
(Naylor et al., 2001).
A simple index of the effects of aquaculture on wild fish supply is a good indicator
of the contribution of aquaculture to ecosystem sustainability as well as to poverty
reduction. This index will demonstrate the disturbing trend of rapid expansion and
intensification of high value carnivorous marine species such as shrimp, salmon, cod
and tuna farming. The index can measure the use of wild-caught fish for feed processed
into fish meal and oil. A high value of the index indicates more use of wild-caught
fish in aquaculture production. Some of the wild-caught fish species used in fish feed
are cheap and usually demanded by poorer segments of the society. The production
of one unit of fish feed requires 2-5 units of wild-caught fish processed into fish feed.
Total aquaculture annual production of finfish, crustaceans and molluscs amounts to
29 tonnes and for that production uses fish feed made out of wild-caught fish of
10 Mt. The contribution of aquaculture for human consumption is about 19 tonnes
(Naylor et al., 2001).
The index will show the advantage of expansion of the non-carnivorous fish in
aquaculture. Improved carp and tilapia strains and associated farming technologies
should be developed and disseminated among farmers. Producing genetically superior
carp and tilapia strains would increase fish production at minimum cost among the
poor segments of populations. This addresses the challenge of sustainably and safely
increasing aquaculture production for the benefit of poor people. Sustainability will
be established through farming species lower on the food web in culture systems that
use reduced amounts of fish meal and fish oil in fish feed. Improved livelihoods by
equitable and sustainable management of capture fisheries will result in sustainable
increases in aquaculture production through improved access to aquaculture fish by
the poor.
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Indicator IV: Dependency ratio
Aquaculture expansion has the potential to create new jobs and improve food security
among poor households in poor regions globally (ARD, 2006). The effects of increased
productivity on poverty reduction can be expressed as a dependency ratio. The results
will show that there will be positive or negative effects on per capita income for all
households. Because of reduction in poverty associated with price reductions and
increases in minimum income associated with income expansion, the poverty gap
will decrease in all household groups. Because of high sectoral linkages, aquaculture
development is a potential candidate for sector-specific policy support to address
poverty reduction in poor regions.
Aquaculture contribution to the income and improved nutrition of poor people
under small-scale aquaculture is widely appreciated (WorldFish Centre, 2007).
Development for increased aquaculture and fisheries production to benefit poor
communities indicates their dependency ratio from aquaculture. Increase in fish supply
and economic benefits from fish production will increase the dependency ratio. This
will be achieved through assessment of the fish and food supply and demand outlook
for the poor as an income source as well as nutritional sources provided in their diet.
The foregone value of fish due to family consumption should be a part of dependency
ratio as same as income from selling fish. This aspect should be included in the impact
of various fisheries and aquaculture technologies and policy interventions on the
economic well-being of the poor.
The relevance of the use of the dependency on aquaculture in poor countries is
more significant in measuring the impacts against the MDG of poverty reduction.
Export of aquaculture products is a key foreign exchange earner for poor countries
as these earnings enable them to experience economic growth. This is critical to
development and also to allow their populations to access the most basic human needs.
This is particularly the case with regards to the increase in shrimp aquaculture. The
development of shrimp aquaculture in a rising number of poor countries has witnessed
the clearance of large tracts of mangroves to make space for large and small-scale
shrimp farming (CEA, 1994). The returns in cash revenue from shrimp farms can be
large to those who are able to find the initial capital and land area required to start-up
in the industry. However, the benefits of clearing the mangroves to allow for shrimp
culture has been seen to outweigh the benefits that mangroves are perceived to give to
society if one assigns total value for the mangrove (Wattage and Mardle, 2008). The
type of land that is required for shrimp farming is inter-tidal wetlands and marshes
which is commonly seen as wasteland and generally under no ownership. The common
property nature of these important ecosystems means that they have frequently been
encroached on by shrimp farmers and because of the wasteland perception, there is
often little or no enforcement regarding trespassers. Despite the lack of secure property
rights and the frequently illegal occupation of mangrove areas, owners have an incentive
to register their shrimp farms and converted land with the Department of Fisheries to
become eligible for preferential subsidies in Thailand (Barbier and Sathirathai, 2004 ).
The establishment of community mangrove forests should occur in both the economic
and conservation zones in Thailand (Barbier and Cox, 2006) and this could be a partial
solution to the problem.
CONCLUSIONS
Aquaculture may benefit the livelihoods of the poor, either through an improved
food supply or through employment and increased income. However, no statistical
information exists concerning the direct or indirect impacts of aquaculture on poverty.
Indicators are essential in this sense to measure the impact of aquaculture on at least
two MDGs, i.e. the impact on poverty reduction and on the sustainability of the natural
environment. Many current aquaculture practices are not sustainable and are causing a
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threat to the already exhausted natural resource base. If we want to measure the impact
and include it in a decision-making process, the quantification of the impacts as indices
could address the problem.
Aquaculture export is a source of foreign exchange earnings for most poor
countries. However, the relationship of foreign exchange earned over time and
the poverty reduction is unknown. The viability of exports is determined only by
comparing the cost and benefits. The actual environmental cost of aquaculture, for
example, the damage to the natural resources base and the actual environment benefits,
such as the value of protecting mangroves, are difficult to measure or ignore in costbenefits calculation. As part of “good governance”, environmental fiscal reform can
directly address environmental problems that threaten the livelihoods and health of
the poor. Marine and coastal economic activities depend on the capacity of ecosystems
to provide resources for human economic activities which need to be recognized in
the management process. In aquaculture, the price of the resources provided by the
environment is not accounted for in the market prices of aquaculture products. In fact,
in most developing countries, it is commonly not even perceived by those who manage
the human activities within these environments. Neither are these factors included in
the economic models of fisheries and aquaculture management (Folke et al., 1998).
As a result of global population growth, the demand for natural resources has
increased to a level beyond its replenishing capacity. Fisheries, in particular, have come
under increasing pressure from global fleets and declining catches are indicative of an
over-exploited resource (OECD, 1997). Because of this, aquaculture has often been
held up as a replacement for the decline in catch of the capture fisheries (Willmann,
2005). However, aquaculture relies on the immediate ecosystem for clean water, waste
assimilation, foodstuff and juvenile stock. In fact, intensive and semi-intensive forms
of aquaculture depend heavily on capture fisheries to provide the animal protein and
fish oils that are key ingredients in feed pellets for cultured species (Folke and Kautsky,
1992). Environmental impacts of intensive aquaculture also include the deterioration
of spawning grounds of commercially important species, whereby the larvae are
extracted from the wild and used to stock the aquaculture operations, and are thereby
not allowed be recruited into the wild fishery (Folke et al., 1998). There is a direct need
to take into account the environmental services provided to aquaculture which are
currently not included in valuing aquaculture production (Folke and Kautsky, 1992).
Indices of aquaculture could fill this vacuum by providing accurate information. The
ecosystems that provide services to aquaculture production are seldom recognized as a
necessity for this type of economic activity. The general consensus is that if aquaculture
is to be ecologically sustainable, efforts must be directed towards methods that make
use of the natural environment without severely or irreversibly degrading it. One way
to judge how close aquaculture is to the limits for environmental carrying capacity is
to estimate the indicators that describe its activities.
The World Summit on Sustainable Development (WSSD) held in South Africa
in 2002 re-affirmed the MDGs and stressed that poverty reduction and improved
environmental management go hand in hand (OECD, 2005). The WSSD Plan of action
calls upon governments to “Promote the internalization of environmental costs and
the use of economic instruments, taking into account the approach that the polluter
should, in principle, bear the costs of pollution, with due regard to the public interest and
without distorting international trade and investment”. The Financing for Development
Conference, held in 2002 in Monterrey, also emphasised the importance of mobilizing
domestic resources for development including through efficient tax systems (Euro
Step, 2008). Environmental fiscal reforms and use of indicators are the ways to increase
domestic resource mobilisation for poverty reduction and environmental sustainability
in poor countries.
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ABSTRACT
Doubts have pervaded the development drive of small-scale or limited
resource aquaculture as an activity for stimulating rural economic growth.
The contribution of small-scale aquaculture (SSA) to economic development
has been questioned in spite of its contribution to local protein consumption
in developing countries. In Asia, about 50 to 80 percent of animal protein
originates from SSA, and fisheries and aquaculture have been considered as
means of generating revenue to households of rural and coastal peoples. A
number of attempts to measure societal and economic value of SSA contribution
to rural development have produced mixed results. The measures used are based
on classical techniques which examine returns to resources used, benefit/cost
ratios, welfare contribution to households and society, improvement to rural
livelihoods, value addition, and the effects on environmental sustainability.
Researchers, policy makers and donors are still doubtful about the potential
of SSA to contribute to sustainable rural livelihoods. In this paper, we develop
a conceptual framework to examine the contribution of SSA to sustainable
livelihood. We use past estimates of net returns above costs and a cost of living
allowance to evaluate the economic and financial sustainability of aquaculture
in Bangladesh, China, India, Indonesia, Malaysia, the Philippines, Thailand and
Viet Nam. The internalization of a cost of living allowance in the evaluation of
sustainable livelihoods shows that only tilapia monoculture in Bangladesh, and
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small-scale semi-intensive shrimp culture in India and the Philippines maintain
sustainable livelihoods to each farm family member based on the average per
capita income that prevails in the area, and the considered welfare generated
by other farm family households in the area. The major factors influencing the
generation of positive net present values (NPVs) are family size and survival
rates of the species. The number of individuals dependent on the enterprise
for its livelihood negatively influences the NPV. The survival rate positively
influences the NPV. The results show that when farm family livelihoods are
included in the analysis SSA becomes less attractive as a sustainable venture.
INTRODUCTION
Aquaculture has been the fastest growing enterprise in the agricultural sector
(Pedini, 2000). More than 60 percent of aquaculture products come from Asia and
about 90 percent are from small-scale aquaculture (SSA) on fish farms of less than 1.0 ha
from integrated farming systems (FAO, 2006). SSA involves the production of finfish,
molluscs, crustaceans and plants in small ponds using limited non-farm inputs.
Most of the integrated aquaculture can be distinguished within the general definition
of integrated farming systems on the basis of diversification of agriculture towards
linkages between subsystems (Edwards, Pullin and Gartner, 1988; Edwards, 1998).
A more recent definition put forward by Edwards (1998) is based on the sustainable
livelihoods perspective with increased linkages between different farms and specialized
agro-industries. It is believed that SSA production would enable fish farmers to attain
the Millennium Development Goals. After spending major amounts of donor assistance
there are doubts as to whether SSA can still live up to its promises.
Though SSA produces the majority of aquaculture harvested globally, one is not
sure whether extensive SSA practised by a farm household can provide a sustainable
livelihood to the rural poor. As many rural poor enter and exit aquaculture production,
it is worthwhile to ask whether small-scale production is sustainable. Most analyses
that have been conducted show that SSA provides positive net returns to resources
used, yet indicators of long term success are unable to identify many aquaculture
farmers over a long time period. In this paper, we examine the nature of evaluation of
SSA sustainability.
MEANING OF SUSTAINABILITY
According to Harwood (1990), a sustainable aquaculture system is one that can
evolve indefinitely toward greater human utility, greater efficiency of resource use
and a balance with the environment that is favorable both to humans and to most
other species. Anamarija and Hershner (2003) defined sustainable aquaculture as an
on-going system that continues functioning into the indefinite future without being
forced into decline through exhaustion or overloading of key resources on which that
system depends. Implied in the definition of sustainability is that the farm system is
viewed as a whole when making management decisions, even though specific decisions
do not appear to have impact outside the area of use or application (Hauptli et al.,
1990). Sustainability means the ability of a system to last long enough to regenerate
itself after disruptions or shocks. Sustainability involves durability and the provision
of sustenance to its participants over a long period of time. Sustainability of SSA
also means the production of aquatic products in a given system over a long time
period with minimal environmental effects. There are many types of sustainability
and indicator measurements of sustainability. The definition used for sustainability
involves social, technical, financial, and environmental and ecological aspects.
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Environmental and physical sustainability
The measurement indicators of the sustainability of aquaculture employed are
numerous. They include the effects of aquaculture on the soil, water, air, fauna, flora
and biodiversity. Beardmore, Mair and Lewis (1997) have classified the effects on
biodiversity as aesthetic, ethical, economic, evolutionary survival of individual species
and maintenance and stability of systems. So far the effects of aquaculture on the
physical environment have not been conclusive. However, Beveridge, Philips and
Macintosh (1997) believe that the demand for environmental goods and services are
positively related to environmental damage. Whereas intensive aquaculture has been
considered environmentally and ecologically hazardous (Jolly and Kusumastanto,
2009) SSA, as practised by limited resource farmers in Asia and Africa, with low
amounts of non-farm inputs and where agricultural wastes are recycled and used
for fish production, is considered environmentally friendly. Low non-farm input
aquaculture which is highly integrated and provides sub-linkages to other sub-systems
are considered environmentally appropriate (Edwards, Pullin and Gartner, 1988;
Edwards, 1998). These low-input SSA systems produce wastes which are inputs for
other sub-systems. Examples of these are sub-systems where waste water and bottom
pond residues are used for the production of fruits and vegetables. These small-scale
systems also receive wastes from other sub-systems which enhance fish productivity.
Hence the integration of fish production and chicken or duck production is a case in
point where animal wastes are employed to increase pond productivity (Clonts,
Jolly and Alsagoff, 1989). One can, therefore, measure the degree of integration as an
indicator for environmental and physical sustainability (Lightfoot and Pullin, 1995;
Lightfoot et al.,1993a, 1993b).
There has been considerable debate about the effects of aquaculture on biodiversity
and the environment. Many researchers believe that the sustainability of aquaculture
on the physical environment depends on pond construction. According to Beardmore,
Mair and Lewis, (1997), aquaculture development has been largely responsible for the
loss of the majority of mangrove habitats, with consequent reduction in species, diversity,
and genetic variation in wetland ecosystems. One is the way in which the ponds are
constructed and another is the disturbance created during pond construction.
Technical sustainability
Technical sustainability of aquaculture is measured in terms of linkages developed and
maintained during aquaculture development. Once aquaculture development results in
technical change and does not create imbalance in resource use and allocation, technical
sustainability in aquaculture will be maintained. Whitmarsh, Cook and Black, (2006)
stated that the expansion of aquaculture will require the adoption of technologies that
minimizes damage to the environment. The technologies developed and employed
in aquaculture must be based on the physical as well as the social environment. This
means that technical sustainability will depend on whether the technologies designed
are based on the culture and indigenous knowledge in the locale. These technologies
must be self-generating and provide backward and forward linkages to local industries
(Brummett and Williams, 2000).
Social sustainability
According to FAO (2006), the positive livelihood impacts of aquaculture include
provision of rural livelihoods, better income and new or alternative employment,
additional income from rice farming systems or subsistence staple cropping systems,
food security and better nutrition, and development of rural areas. The negative
impacts of aquaculture, on the other hand, arise from production expansion in less than
desirable areas, conflicts which can be classified as social in nature and related to the
wider environment within which aquaculture operates.
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Social sustainability depends on the effects of aquaculture development on the
social welfare of the individual and the community. Large-scale intensive aquaculture,
as in the case of shrimp farming, has been noted to cause social disruption where
resource rights have been altered during the process of aquaculture development
(Primavera, 1991). When lands have been moved from individual farm production to
large-scale enterprises where the individual farmer ceases to operate as an independent
entrepreneur but a worker in an aquaculture factory setting, then aquaculture has been
considered as non-sustainable. However, SSA with limited land inputs has been noted
to bring communities and individuals together and improve social welfare. SSA, with
low levels of inputs has been shown to increase total farm revenue and farm household
revenue. Indicators used for the measurement of social and community sustainability
are land rights, labour displacement and migration, community togetherness and
leadership skill development.
Economic and financial sustainability
Economic and financial sustainability has been measured in a number of studies. The
various measures used are the volume and value of fish measured per given quantity of
resources. Some easy, practical and short term metrics used are the gross returns, the
net returns above all costs, and the net returns generated to limited resources, such as
land, labor, and capital. There are those who use the levels of risks associated with the
production of various species. These measures are intended to examine the short term
profitability and risks associated with SSA. Dey, Sheriff and Bjorndal (2006) examined
various production systems and species for a number of Asian countries and found
them profitable. Most of these studies did not stress the long-term profitability and
in cases where attempts have been made to measure their long-term feasibility, the
indicators used as measures of sustainability have generated positive net present values
(NPV) and internal rates of returns (IRR) above the required rates of return (RRR).
Hence SSA has been deemed financially and economically sustainable. There remains
the following questions:
Is SSA sustainable?
If so, why has it not shown more promise (Edwards, 2000; Brumett, Lazard, and
Moehl, 2008)?
Why is the isolation of indicators to measure its success and failure so difficult?
Are our tools inadequate or are we isolating and using the wrong indicators?
Is size a factor in measuring aquaculture sustainability, or should we redefine or
reclassify SSA?
To answer some of these questions we examine the financial and economic indicators
and use examples to theoretically show that the tools for measurement of financial and
economic sustainability are adequate, but we have not been thorough in our analyses.
We first use a conceptual framework to show some of the factors that are not considered
when examining economic sustainability; then we propose a set of factors that should
be considered in measuring financial and economic sustainable livelihoods.
CONCEPTUAL FRAMEWORK
Implied in the definition of sustainability is endurance over a long period of time. Also
included in the definition is the ability of self-regeneration. The quest for survival
of any system or living entity over time is that of being able to compete in a given
environment. Hence, for aquaculture to survive and be sustainable it has to compete
with other systems to achieve its designated goal. The stated goal for most production
systems is the generation of a given level of welfare for its operators over time. This
welfare is often measured by the per capita income received by the operators for the use
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of a given level of resources in a given time period. The measure of per capita income
includes all farm contribution and output extraction from the farm accruing to the farm
family. In the case of SSA, the operators are the household members who also supply
labor, management and capital for investment, and operation of the farm.
In many developing countries, rural households engage in agriculture or aquaculture
on a small piece of land which is supposed to generate all the farm household income.
Since we assume that man is a rational being, he will choose the activity or combination
of activities that maximizes welfare with a given level of resources within a given time
period. The activity need not be agricultural or aquaculture related. Since endurance or
durability is inclusive in the definition of sustainability we will, for the purposes of this
paper, equate sustainability to the planning horizon of the farm family.
The farm household examines its level of welfare in comparison to that of others
engaged in similar activities in the rural area and tries to emulate their performances
over the planned period. The level of welfare for our analysis is measured by the per
capita income in the area of activity. Let us assume that the existing per capita income
generated by SSA is USD500. However, SSA has the potential to generate USD600
over a planned period and this compares favorably with other possible activities in the
area; then the farm household opportunity cost at present is USD500 and in the future
it is USD600. Assuming that all costs are internalized, the individual is likely to remain
engaged in aquaculture. However, if SSA is unable to generate comparable annual per
capita income to each member of the farm household, the unsatisfied family member
is likely to defect from aquaculture and engage in another activity or combination of
activities that will generate comparable per capita income in the area over the long run.
The basket of activities chosen will depend on the individual farm household needs
and security. If SSA produces less per capita income than another activity but assures
the family a given level of animal protein, the farm household may be hesitant to quit
this activity. The farm family also considers the risk associated with the other activities.
SSA may be less or more risky than a higher income generating activity. Hence the farm
household, in deciding to remain in aquaculture, pays a risk premium for remaining in
SSA if it is less risky than other comparable activities.
The farm household as a group also has a strategic plan for survival. The strategic
plan may include a diversified set of activities for its survival and upward mobility. In
the short run, the farm household may consider one activity in its strategic plan or may
consider a combination of activities. The household may examine the net farm income
of the activity as a short run indicator of success, and though the generated net farm
income may be acceptable, the SSA activity may be inadequate to provide a competitive
and sustainable per capita income to maintain the livelihood of each household
member. Hence, the farm household may diversify and combine fish farming with a
non-farm activity that will raise the income to a desired level which is competitive with
an average rural and non-rural farm activity.
Figure 1 shows the temporal movement of a small-scale fish farming household
attempting to attain its goal. The goal is a sustainable livelihood over time. The process
is dynamic. The small-scale rural farm household may use SSA as a rung on the ladder
of upward mobility to attain farm and family goals. In Figure 1 the farm household
compares its fish enterprise profitability and sustainability with others. The distribution
of aquaculture income is also noted. Based on the farm household strategy the activity
or set of activities is chosen. To attain its goal it may remain in aquaculture or include
non-aquaculture activities in its strategy during its second phase. The distribution of
per capita income from the portfolio of activities is also considered. In the following
time period the farm household will not only consider aquaculture in its portfolio
but also consider a set of activities that will allow the group and each member of the
household to attain its objective. The farm household that practices aquaculture to attain
a short term livelihood may find it inadequate to meet a desired goal in the long run,
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and therefore, may
choose a different
set of activities.
Though the farmer
may be registered
as a fish producer
during a baseline
survey he may exit
aquaculture in future
years because it
does not satisfy the
household’s desired
livelihood
goals.
The farmer is not
necessarily a quitter
or non-adopter but a
rational being making
logical choices. The
household intent is
to use aquaculture to temporarily meet its desired objective, and hence aquaculture
may be considered profitable in the short run but not sustainable during the planned
period.
The farm household's willingness to rely solely on aquaculture or on a combination
of aquaculture and non-aquaculture activities depends on aquaculture potential to
generate a given level of income for the farm household comparable to the existing
per capita income in the area over a period of time. When examining the financial and
economic sustainability of a given activity we depend on the financial ratios accepted
by bankers, donors, investors and policy-makers. We examine the net returns in the
short run, the internal rates of return, profitability index without truly relating those
to the farm family goals of maximum or comparable per capita welfare in the short and
long run. We state that SSA is profitable in the short run and feasible in the long run
hence financial and economic sustainability is implied. SSA may be profitable in the
short run and long run but may be inadequate to allow the farm household members
to embrace a sustainable livelihood from aquaculture (SLA). Including SLA in the
analysis of small scale aquaculture broadens our framework by including a dimension
that raises the income of the rural family household member above the poverty line
(Adato and Meinzen-Dick, 2002). However, if we only use the narrow approach of net
income over production costs as an indicator of sustainability, while all types of capital
used for the measurement of sustainable livelihoods are not incorporated, we are likely
to find that SSA is sustainable where in fact it may be unable to sustain the livelihoods
of the rural farm household.
Another measurable indicator most commonly used to evaluate sustainability is the
growth in the number and size of farms. We sometimes forget that farms will expand or
contract in terms of size and/or numbers based on whether the activity or combination
of activities meets the long and short-term goals of the farm household. If SSA fails to
provide the farm family with a sustainable livelihood then the farmer may expand his
operation in order to benefit from economies of size or integrate to acquire economies
of scope.
If SSA is unable to generate comparable per capita welfare as measured by per capita
family income, then the share contribution of aquaculture to the household family
budget is likely to decline. There may be a reduction of output per unit of resource
or a reduction of inputs in the production of output. As an example, if members of a
given household realize that SSA generates less per capita income in the short and long
FIGURE 1

Dynamic framework for the evaluation of small-scale aquaculture
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run than selling shirts by the road side then the family member is likely to reallocate
some or all of his or her resources towards the selling of shirts. Hence the economic
and financial sustainability of SSA depends on measurable financial indicators as well
as whether it is able to sustain the livelihood of the members of the farm family. This
is based on the goals of the farm household members and is determined through a
comparative analysis with other household and is unrelated in most cases to short term
profitability or long term financial feasibility. Short-and long-term profitability are
necessary, but not sufficient, conditions for long-term livelihood sustainability of an
enterprise.
EMPIRICAL APPROACH
We will demonstrate how financial and short term profitability and long term feasibility
may not provide useful indicators for the evaluation of SSA. We use the evaluation of
indicators by Dey, Sheriff and Bjorndal (2006) on aquaculture development in Asia to
show that short term profitability and long term financial feasibility may be insufficient
to evaluate the sustainability of a farm household unless all costs of a sustainable
livelihood during a given time period are internalized. We will also show that the
farm household may examine the stream of income over time to determine the long
term sustainability and
competitiveness of the
FIGURE 2
flow of income from a
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its farm family at the same level of welfare with others in the rural area. Failure to do
this will result in the household family members to dis-adopt fish farming. Here we add
to the investment the cost of living allowance (COLA) that each farm family envisages
will allow it to be competitive in maintaining a sustainable livelihood. This COLA
takes care of the other forms of capital (human, social and physical) outlined by Adato
and Meinzen-Dick (2002). The COLA is the amount that will allow the rural family
member to emulate the performance of others involved in an enterprise generating a
per capita income over time that is comparable to the average rural per capita income.
In this case we consider the various enterprises and countries in Asia considered by
Dey, Sheriff and Bjorndal (2006). We also use the average household family size and per
capita income collected from the CIA World Fact Book (2008) (Table 1). We assume
a planning horizon of 10 years and a discount rate of 7 percent to demonstrate how
choices may be made in selecting aquaculture as a sustainable enterprise.
The production risks with COLA added to the investment cost are also simulated
using @RISK Analysis and Simulation tools (Palisade, 2009). It means here that the
farm household member will consider not only the discounted net farm household
income but also the associated risks.
RESULTS
Most enterprises considered by Dey, Sheriff and Bjorndal (2006) generate positive net
returns above all costs. These net returns above costs were used to estimate NPVs,
IRRs and PIs that were far higher than the discount rate, and all PIs were above 1. The
returns above costs are given but since all enterprises in all countries generate positive
TABLE 1

Per capita income and cost of living allowance
Country

Per capita Income for country
at constant dollar (2008)

Per capita Income for rural
areas (2007)

Cost of living allowance

Bangladesh

1 500

1 901

1 500

China

6 000

419

2 100

India

2 800

3 331

1 700

Viet Nam

2 800

3 007

1 600

Philippines

3 300

2 996

1 900

Malaysia

15 300

10 757

2 200

Indonesia

3 900

3 753

1 600

Thailand

8 500

8 870

2 000

net returns above all costs (Table 2) and the PIs are above 1, the NPV, IRR, and PI
are not included in Table 2. However, when the COLA is added to the investment,
SSA enterprises in the rural areas are profitable - tilapia monoculture with a PI of 1.16
and an IRR of 10 percent in Bangladesh, semi-intensive shrimp with a PI of 2.54,
2.72 and 2.54, and an IRR of 31 percent, 31 percent and 27 percent in India, Malaysia
and the Philippines respectively – and capable of generating a financially sustainable
livelihood for each farm family household independent of other sources of income.
When we simulated the associated risks (Figure 2) we noted that all enterprises in
China are at high risk and the probability of generating positive NPV is almost zero.
In Bangladesh, carp culture has a probability of at least 40 percent to generate positive
NPV, while semi-intensive shrimp culture has at least 20 percent chance of generating
a positive NPV. A look at figure 3 shows that in India semi-intensive shrimp culture
exhibits stochastic dominance over carp culture throughout the planning horizon.
In Indonesia, both carp and tilapia culture are high risk. In the Philippines (Figure
4), semi-intensive shrimp culture is also stochastic dominant over tilapia culture, and
tilapia culture is highly risky. In Malaysia, semi-intensive shrimp culture shows low
risks as all NPVs are in the positive range for all simulated risk situations. In Thailand,
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only shrimp culture should
be considered based on
the levels of risks displayed
in Figure 5. Tilapia and
carp culture are highly
risky based on simulated
NPVs and IRRs. In Viet
Nam, carp culture is less
risky at low levels of income
but semi-intensive shrimp
culture displays less risks at
low levels of income.
The
major
factors
influencing the generation
of positive NPVs are family
size and survival rates of
the species. The number of
individuals dependent on the
enterprise for its livelihood
negatively influences the
NPV. The survival rate
positively influences the
NPV.
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FIGURE 3

Probability distribution of NPV for India and Indonesia
Distribution for NPV, India
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the aspect of sustainability
was included, that is whether the SSA enterprises provided an income to allow each
family member to attain a comparable livelihood based on the living standard in the
area, only tilapia monoculture in Bangladesh, and semi-intensive shrimp culture in
India and the Philippines are able to provide sustainable livelihoods to each farm
family member based on the average per capita income that prevails in the area, and
the considered welfare generated by other farm family households in the area. The
demonstration effect is always present and family members are likely to emulate the
living standards of their counterparts.
The family size negatively impacted the NPV while the survival rate positively
influenced the NPV. While the family size can only be controlled internally, service
providers in aquaculture can use this method to advise small-scale fish farmers about
the choice of enterprise that supports a given family size. For example, we note that
mostly small-scale intensive shrimp production can support the average family size,
given the average per capita income existing in most of the countries. It must be
noted that shrimp is a high priced fish product but its culture under semi-intensive
conditions is also associated with some degree of environmental pollution
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FIGURE 4

Probability distribution of NPV for the Philippines and Malaysia
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(Jolly and Kusumastanto, 2009). Planners can also use this method to simulate and
relate enterprise sizes to family sustainable livelihoods.
The survival rates of the species positively influence sustainable livelihoods. Hence
aquaculture extension agents can train fish farmers to adopt technologies that enable
them to increase the survival rates. At the same time biologists can increase the research
that will help farmers to increase the survival rates of each species. The method can be
used to simulate enterprise types and family sizes related to survival rates of the species
and sustainable NPVs required for sustainable livelihoods.
The risks associated with the NPVs and IRRs must also be considered in the decision
making process. However, those enterprises that adequately sustain livelihoods in those
countries are also the least risky.
When we talk about sustainable SSA we anticipate that the enterprise will be able
to provide a livelihood for the rural household over the long-run. It is implied that it
is capable of self-regeneration with little inputs from the outside, and with minimal
negative environmental, social, and economic impacts. While SSA has the potential of
meeting these requirements, its size relative to the rural family size, its opportunity
cost of survival within the rural community, and its long-term aspirations must be
considered in any evaluation of sustainability. Most of the enterprises studied were
profitable in the short-run and were financially feasible in the long-run but only the
intensive culture of shrimp in India and the Philippines, and the tilapia monoculture

Measuring the contribution of small-scale aquaculture: an assessment

84

FIGURE 5

Probability distribution of NPV for Thailand and Viet Nam
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in Bangladesh showed signs of generating long term benefits to sustain the rural
family household when family members' comparable needs were included as part of
the opportunity costs. The lesson learned from this study is that production systems
must be examined under similar conditions to obtain an improved holistic view of
sustainability. SSA can be profitable in the short-run but, unless it can provide for the
long term household needs, it might only be a fantasy and not the opportunity we hope
it to be. Hence the evaluation of SSA sustainability must internalize all costs, and relate
short-and long-run net returns to family size and needs.
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ABSTRACT
Property rights determine who has access to and control over resources as well
as the behaviour of resource users by providing incentives or disincentives
for short-term gains or long-term sustainability. The resources that smallscale aquaculturists use may fall under different property regimes, such as
communal, private, or state property, or under open access where there are no
defined property rights. Such resources may be used by many stakeholders
who are competing for various uses of the resource and may include land
and/or water as the resource base, seed, feed, technology and capital, among
others. By looking at the differences in access to the resources and assets used
for various types of SSA, we are able to analyse what is needed to support
their sustainability. The sustainable livelihoods (SL) framework, on the other
hand, helps us understand and analyse why and how small-scale aquaculturists
do what they do to generate income, create livelihoods for food security and
improve their well being. It is based on the premise that households have five
capital assets which they can use for various livelihood options, namely: (1)
human, (2) financial, (3) physical, (4) social and (5) natural. The SL framework
is a useful tool of analysis in SSA to determine a particular context, identify
applicable key interventions and monitor the attainment of the objectives in
that particular situation and at that particular level of social and geographical
unit. Following the sustainable livelihoods and rural sustainability framework,
access to the resource base is a necessary condition to enhance sustainability;
however, it is not a sufficient condition by itself.
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INTRODUCTION
Small-scale aquaculture (SSA) may be generally defined as low-input farming of
aquatic plants and animals, with a large percentage of the labour usually provided by
household members. Depending on access to resources and seasonality, SSA may be
carried out on a part-time or full-time basis and integrated with other activities such as
crop and livestock farming. Merriam-Webster Dictionary Online defines access as the
freedom or ability to obtain or make use of something. On the other hand, Wikipedia
defines access control as the ability to permit or control the use of something by
someone. In this paper, access and control of access refer to livelihood assets in SSA.
The hierarchical scale or level of analysis is an important consideration because the
sustainability indicators at one level may or may not be carried through to the next
level. This is particularly crucial if one looks at multiple uses of the natural resource
base for livelihoods as coping mechanisms for small-scale aquaculturists, as well as the
necessity for inter-sectoral linkages to promote sustainable rural development. We shall
see if access to the aquaculture resource base by small-scale aquaculturists is a sufficient
condition for promoting sustainable livelihoods and in contributing to sustainable
rural development.
SUSTAINABLE RURAL DEVELOPMENT
Sustainable development, particularly applied to rural development, is the call of the
day in the new millennium. It was catapulted into prominence as the guiding principle
after the Bruntland Report was published in 1987 and the United Nations Conference
on Environment and Development in Rio de Janeiro in June 1992. Development in the
past widened the gap between the rich and the poor, leading to increased exploitation
of the natural resource base and jeopardized long-term achievements of development
goals. Sustainable development became the battle cry for an appropriate development
process and pathway especially in the context of current issues such as climate change,
global trade and most recently the financial crisis. It has become an overpowering
concern as nations of the world have committed themselves to the achievement of
the Millennium Development Goals (MDGs). In fisheries and aquaculture, the Code
of Conduct for Responsible Fisheries “provides a necessary framework for national
and international efforts to ensure sustainable exploitation of aquatic living resources
in harmony with the environment.”1 Article 9 of the Code provides guidance on
Aquaculture Development, and Article 9.4.1 and 9.4.2, respectively, state that: States
should promote responsible aquaculture practices in support of rural communities,
producer organizations and fish farmers; States should promote active participation
of fishfarmers and their communities in the development of responsible aquaculture
management practices.
Sustainable development is a complex, multi-dimensional and highly contextual state
or condition which, in general, adheres to the basic principle of utilizing the natural
resource base in a manner that the ability of this natural resource base to provide
current and future goods and services useful to human society is not impaired. It is
development which is economically viable, environmentally appropriate and socially
acceptable. Conceptually, sustainable development can be represented in Figure 1. It
is made up of three major and interacting elements: technology, natural resource base
and socio-economic factors. These three major elements must work in a synergistic
and complementary manner so that goods and services needed by human society are
produced on a sustainable basis. For example, in aquaculture, a fish farming technology
which does not take into consideration the health of the water body will eventually lead

1

Preface to the Code of Conduct for Responsible Fisheries (available at www.fao.org/docrep/005/v9878e/
v9878e00.htm)
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FIGURE 1

Conceptual model of the interaction among natural resources, technology and
socio-economic and cultural elements and sustainable development

Natural resources
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Sustainable
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& cultural

to self-pollution and bring down productivity. The deterioration of the aquaculture
resource base may also come from a land use system which is not compatible where,
for example, the land use of the upper watershed is causing discharge of pollutants to
the aquatic system used for aquaculture. In such cases, appropriate land use planning
can enhance the attainment of sustainable rural development goals. In the same manner,
socio-economic factors including policies, governance, institutional processes and
arrangements must promote the development of technologies that will optimally utilize
the natural resource base while at the same time protecting its regenerative capacity.
An economic incentive which puts marginal and vulnerable groups in a disadvantaged
position will increase income gaps between societal groups and create inequity. If one
major element will not complement the other, sustainable rural development cannot
be attained in a particular context. These contexts will vary given the particular state
or condition of any or a combination of these three factors in a particular rural and
hierarchical setting (Sajise, 2002).
Sustainable rural development would mean that people have secure access to quality
food in the attainment of a healthy and productive life. They must also have the ability
and capacity to produce and/or purchase food as needed. It also means that people
do not have to rely only on staples such as wheat, rice, potatoes, cassava, fish and
fish products but must also be concerned with income, markets and natural resources
(Shah and Strong, 1999). This also clearly indicates that food security will emanate
from a sustainable resource base consisting of plants, animals and microbial organisms
interacting within a given environment and ecosystem.
It is necessary that there are sustainability indicators for each of the three elements
as well as some overall systems performance. Sustainability indicators for the natural
resource base can cover a bigger landscape, a sub-region or a combination of ecosystems,
of which the aquatic ecosystem is only a part of several ecosystems interacting in a
landscape setting. The social system must have its separate set of indicators which can
include governance, policies, economic incentives, equity parameters, and others. The
technology part will have to be analyzed in terms of how appropriate the technologies
being used are, how they are promoted and developed in terms of impacts on the
natural resource base, and how they promote social equity, productivity and other
sustainability parameters. Ultimately, the ability of the whole system to adjust and
adapt through feedback loops, will determine its sustainability. This system property
is often referred to either as “stability’’ if the perturbation is predictable and regular or
“resilience’’ if it is a due to a major shock.
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SUSTAINABLE LIVELIHOODS FRAMEWORK
The Sustainable Livelihoods (SL) framework (Figure 2) will help understand and
analyze why and how small-scale aquaculturists do what they do to generate income,
create livelihoods for food security and improve their well being.
The SL framework is based on the premise that households have five capital assets
which they can use for various livelihood options, namely: (1) human, (2) financial,
(3) physical, (4) social and (5) natural. Human capital refers to skills, knowledge
and information, ability to work, health and others. Financial capital consists of
FIGURE 2

The sustainable livelihoods framework (from DFID, 2004)
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savings, credit, remittances, and pensions among others. Social capital may consist
of social networks, groups, trust, access to wider institutions, ability to “demand”
and others. Natural capital consists of land, water, livestock, fish stocks, wildlife,
biodiversity, environment, air and others. Physical capital may consist of transport,
shelter, energy, communications infrastructure, technology and others. These assets
which are constantly changing often substitute for and complement one another and
determine livelihood options and goals. These assets and their uses are also affected
by vulnerability elements and by processes, institutions and policies (PIPs). These
vulnerability elements are caused by the environment in which people exist
(i.e., population, resources, economics, illness, natural disasters, social conflicts, pests
and disease, fluctuation in prices and others). PIPs, on the other hand, may consist of
the legal systems and judicial rules, property rights, political system, civil society, trade
barriers, cultural norms and values, social relationships, informal networks, formal
institutions, policies and others. Processes are the changes brought about in policies,
organizations and institutions.
Given the level of the five capital assets that an aqua-farming household has in
the context of existing PIPs, a “best’’ livelihood option is chosen and used to
attain certain livelihood outcomes. These outcomes, in turn, affect and feedback into
building up the assets and the vulnerability factors of the environment, and thus the
cycle is repeated. Livelihoods are considered sustainable when they are: (a) resilient in
the face of external shocks and stresses; (b) are not dependent on external support or if
they are, the support itself should be economically and institutionally sustainable;
(c) maintain the long term productivity of natural resources; and (d) do not undermine
or compromise the livelihood options of others. The expected livelihood outcomes are
increased income, improved health and well being, reduced vulnerability, improved
food security and more sustainable use of the natural resource base.
The SL framework is a useful tool of analysis in SSA to determine a particular context,
identify applicable key interventions and monitor the attainment of the objectives in
that particular situation and at that particular level of social and geographical unit.
The context will vary from place to place as a function of the sociocultural, ecological,
institutional, and vulnerability conditions and tools and approaches are needed to
provide a baseline assessment. These tools will include participatory rapid appraisal,
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socio-economic baseline survey, GIS-aided multi-factor analysis and others. These
same tools can be used for monitoring the progress and attainment of the goals of
sustainability after appropriate interventions are provided and as the conditions also
change as a result of the sets of interventions.
ACCESS RIGHTS, SUSTAINABLE LIVELIHOODS AND SMALL-SCALE
AQUACULTURE
The resources that SSA utilizes may fall under different property regimes which define
who has access and who controls access to the resource, and may be classified as open,
common, private or state property.2 Open access is the absence of defined property
rights whereas under common property, a defined group of users control access to
the resource. Under private property, a person or a corporation controls access to
the resource. Under state property, the government controls access to the resource,
although in practice, open access may be operating. Property rights determine the
behaviour of resource users by providing incentives or disincentives for short-term
gains or long-term sustainability of resources. These resources may include land
and/or water as the resource base, seed, feed, technology and capital, among others.
Brummett, Lazard and Moehl (2008) have emphasized that, “the absence of any
clear position on at least the questions of assured access to land and water resources
is surely a constraint to potential fish farmers seeking to protect their investment”.
Table 1 shows the possible combination of resources and types of access. Among these
combinations, securing access to those resources under open and state property is
necessary to enhance sustainability. These resources include the water resource base,
water resources and seed. For those resources under state property, preferential access
rights should be provided to marginalized groups (see Toufique and Gregory, 2008;
Beck and Nesmith, 2001).
TABLE 1

Resources and types of access in small-scale aquaculture
Type of access / Resources

Open access

Land (base)

Common property

Private property

State property

x

x

x
x

Water (base)

x

x

Water (resources)

x

x

x

x

Seed

x

x

x

x

x

x

Feed
Technology (farming
practice, fish health
management, fish
nutrition)
Capital

x

(lease)

x

x

x

x

Using this matrix, we can analyse the different types of SSA to determine what
is needed to support sustainability (Table 2). The land and water resource base used
in SSA is linked to other sectors such as capture fisheries, agriculture, industry,
transport, energy, tourism and conservation. These linkages may generate competing
and incompatible uses of resources that may negatively impact on the sustainability of
SSA. On the other hand, inputs such as seed and feed may affect the sustainability of
capture fisheries, in cases where wild seed and low-value fish feed are used for SSA.
The multiple use nature of the natural resource base also means that the different
stakeholders have different time perspectives. This will affect their decision to go for
short-term gains or choose longer-term management and conservation practices.
2

For a discussion of property rights and property regimes, please see Bromley (1990); Wiebe and
Meinzen-Dick (1998).
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TABLE 2

Examples of small-scale aquaculture systems and types of access
Types of
small-scale
aquaculture

Land (base)

Shrimpfarming

private
state
common

Water
(base)

Mussel
or oyster
farming

state
common

Seaweed
farming

state
common

Pond culture
of finfish

private
common

Water
(resources)

Seed

Feed

Technology

Capital

private
state

open
private
common

private

private
state

private
common

state
common

private
common

private
common

private
common

open

private
private
state

private
state

private

private
state

private
common

Cage culture
of finfish

state
common

private
state

private

private
state

private
common

Pen culture of
finfish

state

private
state

private

private
state

private
common

Table 2 indicates that there are differences in access to the resources and assets
used for various types of SSA. Conflicts often arise in terms of who has the stronger
capacity to “enclose” an aquaculture resource base, be it in the inland freshwater
bodies, waterways or near coastal zones (Ridler, 1997; see also Liu, 2007). These create
problems because access is often controlled not by the poor but by those with greater
access to technologies, capital and social networks. This situation often excludes the
poor and marginal groups. Rapid deterioration of the land and water resource base is
often a negative consequence of conflicting and incompatible resource uses, hence the
need for a holistic view and appropriate land use planning. For example, this holistic
perspective gained recognition in SSA where a wetland resource base with multiple
functions such as environmental, economic and cultural services and the environmental
services is often undervalued or having no market value. Under these circumstances,
institutions and property rights regimes associated with resource management decisions
become important (Adger and Luttrell, 2000; see also Sida, 2007).
Loss of access to the natural resource base may be due to unsustainable models
of resource management and exclusion of use as a result of other competing uses
such protected areas, tourism and large-scale aquaculture development. Alternative
employment in other sectors can relieve and even promote sustainability of small-scale
fisheries and aquaculture, which can include providing greater options for livelihoods
including land-based options.
Weak governance at various levels as well as corruption brings in added complications
in the sustainability landscape (see Ghezae et al., 2009). In this regard, co-management
provides a useful platform for determining appropriate access rights, where, to whom
and for what goals. The goals could be articulated in terms of reducing poverty,
reducing risks and vulnerability, increasing efficiency or a combination depending on
a particular context. Pomeroy, Katon and Harkes (2003), in discussing the necessary
requirements for a successful co-management, clearly showed that property rights
and access to the aquatic resource base is a necessary condition, but there are other
equally important conditions required, i.e. incentive system, leadership, empowerment,
social preparation and value formation, trust between partners, conflict management,
effective enforcement, adequate financial resources and others. This observation on the
key elements which can complement secure access to the aquaculture resource base is
still along the sustainable livelihoods framework.
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IMPLICATIONS FOR SUSTAINABILITY INDICATORS
Access rights to the natural resource base (aquatic and land-based) for aquaculture
are necessary but not a sufficient condition for promoting sustainable SSA livelihoods
which can contribute to sustainable rural development. To become a sufficient
condition for promoting sustainability and depending on the prevailing context, access
rights must go hand-in-hand with the buildup of the following livelihoods assets:
• Human capital: Capacity building for improved access and use of better
technologies which promote productivity and natural resource regeneration,
knowledge and familiarity on the legal aspects of property rights, marketing skills,
post-harvest processing and community organizing, transmission and practice of
appropriate traditional knowledge.
• Social capital: Equitable mechanisms for providing rights and benefits to women,
social networks for absorbing risks and vulnerability, traditional institutions,
governance system at various hierarchical levels.
• Natural capital: Regulated harvests of natural capital, traditional knowledge of key
indicators for sustainability, stock regulation and carrying capacity, management
of pollution, pests and diseases, landscape linkages and interactions.
• Physical capital: Infrastructure support, appropriate physical technology,
post-harvest facilities, marketing infrastructure, information technology support
for market prices of fishery and aquaculture products, fishing technology
information
• Financial capital: Elements for promoting sustainability under this category
will include availability of formal credit, social networks for providing financial
assistance, link to local and export markets and information access to market.
Since policy and institutions including governance have a strong influence on how
these livelihoods assets can be made available, used effectively and synergistically
combined to bring about sustainability, these factors have to be included as key indicators.
A policy environment which promotes sustainable livelihoods and institutional
arrangements supportive of decision-making which enhances transparency, equity and
justice regarding the allocation and use of aquaculture resources should be used as
positive indicators for sustainability.
The greater challenge for students and practitioners of sustainable aquaculture
development will be to look for what was earlier known as emergent properties of
agro-ecosystems. These emergent properties are combinations of natural, social and
economic properties such as: resilience or the ability of the agro-ecosystem to rebound
after a disturbance; the property of productivity; and the sharing of this product or
output or equity. These are all measurable but will require a time frame and a strong
baseline of data over the same emergent properties. The resilience of an aquaculture
system can be used as a sustainability indicator for its level of vulnerability to risks and
external stresses.
At the higher hierarchical levels and in order to enhance the contribution of
aquaculture livelihoods to sustainable rural development, first and foremost, this
livelihood system should be sustainable in itself. The above sustainability indicators
can be used to assess the sustainability status of the type of aquaculture involved.
Consequently, its sustainability will also be affected and enhanced at the higher
hierarchical levels such as in rural-based systems. In this case, the contributions of the
other economic sectors in relieving the number of households fully dependent and
involved in small-scale fisheries and aquaculture for their livelihood seems to be a key
sustainability indicator. This has also been found to be true for other natural resource
base such as in forestry where a forest is subjected to the pressure of deforestation due
to the lack of livelihood options for forest resource users. The absorption by industry

93

94

Measuring the contribution of small-scale aquaculture: an assessment

of the labour in this sector has provided the relief needed to rehabilitate the degraded
natural resource base and increased the market and non-market values of the ecosystem
services provided by the natural resource base.
CONCLUDING REMARKS
Access rights to the resource base for aquaculture need to consider what kind of access
is appropriate for which groups and why. This is critical because sustainability is
associated with equity, increased income, productivity, food security (quality, quantity
and access), and environmental integrity. As Sida (2007) has stressed: “Land, water
and other natural resources have many different users and overlapping uses. Distinct
tenure arrangements apply to different resources and uses”. Access to the resource
base is a necessary condition to enhance sustainability. However, it is not a sufficient
condition by itself to attain this goal following the sustainable livelihoods and rural
sustainability framework. The other livelihoods assets need to be brought in to bring
synergy in order to achieve the objective of sustainable aquaculture livelihoods which
can significantly contribute in bringing about sustainable rural development.
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Abstract
Coastal aquaculture plays a very important role to the Mekong River
Delta of Viet Nam due to specific comparative advantages. From 2000, the
Government of Viet Nam issued a number of regulations on the restructuring
of agricultural economics and rural development with special priority given
to aquaculture in the delta. Better investment resulted in an improvement of
infrastructure and organisation of both production and living activities, as well
as community development along the coasts of the delta. Most of the coastal
aquaculture households have improved their income which helped to bring
about better opportunities for education, health care and entertainment to the
whole community, including women and children. The conflicts at family and
community levels have become moderate. Coastal aquaculture practices are
associated with high level of risks due to many factors. About 61.5 percent
of the total number of aquaculture households do not have enough profit to
cover their annual living expenditures, in accordance with other social issues.
For long-term development of coastal aquaculture in the delta, improvement
in linkages between relevant stakeholders is recommended. A set of solutions
must be sychronised based on appropriate planning and better organization
at village and district levels. In addition, availability and sustainability of
investments and support services from different levels of government and
others are also important.
INTRODUCTION
Globally, aquaculture has developed at a fast pace during the past decade with an
average growth rate of 7.6 percent in production while the figures of the Mekong
River Delta and Viet Nam were 6 percent and 13 percent, respectively. It is projected
that by the year 2010, the total aquaculture areas of Viet Nam will be 2 million ha
and about 2 million tonnes of farmed aquatic products, of which 1.02 million tonnes
will be from coastal aquaculture. The export value of Viet Nam’s aquatic products is
expected to be about USD 4.5 billion, of which more than 55 percent will be from
aquaculture in 2010 (Ministry of Fisheries, 2005). The Mekong Delta of Viet Nam
has good potential for development of agriculture, in particular aquaculture. In 2007,

96

Measuring the contribution of small-scale aquaculture: an assessment

the total shrimp (Penaeus monodon) cultured area and production in the delta were
560 201 ha and 244 891 tonnes, respectively. This is an increase of 98.2 percent in area
and 357.0 percent in production volume compared with that of 2000, covering
89.7 percent of the total cultured area and production of shrimp in Viet Nam,
respectively. The Delta also provides about 80 percent of total shrimp production and
most of the exported clam production (Ministry of Fisheries, 2002, 2005 and 2007).
In 2006, there were about 201 000 households culturing shrimp along the coasts of
the delta region, of which 45.4 percent are located in Camau Province, 18.9 percent
in Baclieu province, and 11.5 percent in Soctrang Province (Extension Centers of the
Provinces, 2006).
Besides the positive impacts that contribute to the development process of the
Mekong Delta and Viet Nam, coastal aquaculture also has changed the physical, socioeconomic and environmental conditions there. Mangrove ecosystems were destroyed
for the establishment of shrimp farming areas (Binh, 1994; Sinh and Binh, 1996). The
poverty rate in the coastal provinces was 25.5 percent in 2004 (Cantho University,
2004) while that in the whole delta was only 19.4 percent (World Bank, 2004). There
are a number of issues that need to be understood and solved for the sustainable
development of the shrimp industry and the fishery sector in the delta.
This paper aims to describe and to analyze the social impacts of coastal aquaculture
in order to provide some policy implications and suggestions for a better contribution
of coastal aquaculture to the development process of the Mekong River Delta in
particular, and Viet Nam in general.
MATERIALS AND METHODS
The secondary data were collected from 2005 to 2007. The primary data collection
was implemented in 2005 and 2006. The village and provincial officers in nine coastal
provinces from Baria-Vungtau to Kiengiang were interviewed, excluding in Ho Chi
Minh City. Participatory Rapid Appraisals (PRA) were carried out in five concentrated
areas of major coastal aquaculture systems: (1) Intensive/semi-intensive shrimp;
(2) Monoculture extensive and/or improved extensive shrimp; (3) Integration of shrimp
and mangroves; (4) Rotation of improved extensive shrimp and rice; and (5) Hard clam
culture in open sea water. The designed questionnaires were used to interview 203
aquaculture households in the study area.

Figure 1

Location of the Mekong Delta of Viet Nam

Social impacts of coastal aquaculture in the Mekong Delta of Viet Nam

97

Perception of the interviewees was set by the ranking of 1, 2, 3, 4, 5. For example:
– Level of satisfaction: 1 was for Not satisfied at all, to 5 was for Very satisfied.
– Level of agreement: 1 was for Not agreed at all, to 5 was for Strong agreed.
– Level of quality/change: 1 was for Not good at all, to 5 was for Very good.
MAJOR CHANGES AND IMPACTS OF COASTAL AQUACULTURE AT THE
COMMUNITY LEVEL
Major changes of coastal aquaculture
Among 954 356 ha of inland water surface or about 32.3 percent of the natural land area
of the delta, 50.3 percent is considered suitable for aquaculture. There are a variety of
aquaculture farming activities in the delta which are mainly conducted by individual
households. However, less than 50 percent of suitable water bodies were used by the
end of the 1990s (Ministry of Fisheries, 2002).
In 1999, the Prime Minister issued Decree 224 approving the aquaculture
development program for the period of 1999 to 2010 and in 2000 Decree 09 allowing
the transformation of the agricultural economy. These have brought many changes in
the agriculture sectors of Viet Nam, in particular the aquaculture sector in the Mekong
Delta. From 1999 to 2005, an area of 377 269 ha of different types of lands (including
346 700 ha of low efficiency rice land) were converted into aquaculture, of which
95 percent was for coastal shrimp farming, mostly in the Mekong Delta (including the
rice-shrimp and mangrove-shrimp systems). By the year 2005, about 93 percent of the
total potential area that was suitable for aquaculture of the delta was under utilization
(Ministry of Fisheries, 2002, 2005; Department of Fisheries of Coastal Provinces, from
2003 to 2006).
In 2000, the population of Viet Nam was 77.64 million and the average total
production of rice per capita was 419 kg while those of the Mekong Delta were
16.35 million and 1 021.9 kg, respectively. By the year 2007, the population of Viet Nam
was 85.16 million and the average total production of rice per capita was 421.2 kg while
the figures for the Mekong Delta were 17.52 million and 1 063.5 kg, respectively. This
means that the transformation of agriculture did not negatively affect food security of
the nation nor the delta region. In addition, the average fish production per capita of
Viet Nam was increased from 22.8 kg in 2000 up to 48.7 kg in 2007 whilst this number
for the Mekong Delta was higher and increased to a greater extent, from 71.5 kg up to
135.3 kg, respectively.
Figure 2

Figure 3

Production of rice per capita in Viet Nam and the
Mekong Delta (General Statistics Office, 2001 and
2008)

Production of fish per capita in Viet Nam and the
Mekong Delta (General Statistics Office, 2001 and
2008)
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Recently, there have been two trends for shrimp farming, i. e., intensification and
diversification. At the end of 1990s and the beginning of this decade, more
than 95 percent of the total shrimp culture area of the Mekong Delta was at an
extensive/improved extensive level. In 2007, the production using the area under the
improved extensive shrimp farming system was still dominant with 84.15 percent,
while the intensive shrimp system covered 10.33 percent, and the shrimp-mangrove
systems contributed 5.52 percent. About 15 to 20 percent of the total number of shrimp
farmers had better conditions in terms of technical knowledge, land quality and finance.
Therefore they tended to upgrade their farms into semi-intensive/intensive systems.
Many traditional/extensive farms have changed into improved extensive farms or they
integrated shrimp culture with other species such as mud crab (Scylla sp.), mudskipper
(Gobiidae), tilapia (Oreochromis sp.), spotted scat (Scatophagus argus) and/or the blood
cockle (Anadara granosa). The shrimp-mangrove farmers diversified their shrimp
aquaculture by adding these species to their existing aquaculture systems.
Generally, major aspects related to coastal aquaculture were considered acceptable
or satisfactory to both the groups of local and sector officers and households. Both of
these groups confirmed that production costs for aquaculture have been increasing.
Changes in the culture area and farming systems were rated as “good” by the officers
(86.7 percent and 84.6 percent, respectively), but were rated very differently by local
households (only 32.4 percent and 44.7 percent, respectively, rated the changes as
“good”). This type of different assessment between the two groups was also observed
for the supply of major inputs such as technical-economic information, seed, credit,
feed, use of chemicals/medicines, etc.
The increasing demand for shrimp seed in both quality and quantity has encouraged
the development of shrimp hatcheries in the delta since the end of the 1990s. However,
until 2005 about 35 to 40 percent of the total amount of shrimp seed were reproduced
in the delta, the remaining was imported from other provinces in the Central region of
the country (Sinh, 2004; Sinh, Chung and Hien, 2005). Diversification of species for
aquaculture is also difficult due to the limitation of commercial reproduction as well
as the over fishing of preferred species such as mud skipper, sea bass (Lates calcarifer),
spotted scat, hard clams or blood cockles (Department of Fisheries, 2002-2006).
The stocking area of hard clam in the coastal area of the delta has decreased
by about 50 percent in some provinces because of the lack of seed. Therefore, the
diversification of species for coastal aquaculture was rated as “good” by 28.8 percent of
the interviewed farmers while 86.7 percent of the officers was satisfied with this trend
which seems somewhat overoptimistic.
The rapid and spontaneous transformation in the agricultural economy, especially
in aquaculture, has brought about a number of concerns on the bio-technical,
socio-economic, and environmental aspects for the development process of the Mekong
Delta, especially the degradation of both mangrove and Melaleuca ecosystems, as well
as the depletion of natural aquatic resources in the coastal areas. The development of
agriculture and aquaculture in the delta reduced the coverage of forests down
to 5 percent (General Statistics Office, 1994 and 2003). In 2003, of the 610,773 ha used
for aquaculture in the delta, about 18 percent was of “good” economic efficiency with
total gross income of 50 million VND/ha/year or more (the exchange rate was
USD = VND 15 000 in 2003). For a number of years from 1994 to 2007, about 25 to
30 percent of the total number of shrimp households annually reported poor results
due to shrimp diseases, reflecting a high level of risk in shrimp farming in the Mekong
delta and in Viet Nam (Sinh and Binh, 1996; Ministry of Fisheries, 2000, 2003 and
2007; Sinh, 2004). The increase in household income was reported by 53.3 percent of
the officers but was confirmed by only 28.9 percent of the shrimp farmers. The same
optimistic view was observed with respect to the level of risk in shrimp farming where
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42.9 percent of the officers but 60 percent of the farmers said that the farming of shrimp
has become more risky.
Major impacts of coastal aquaculture at the community level
The positive impacts of coastal aquaculture at the community level are mainly
reported via the following criteria: (1) income or living standards of the residents
in the coastal community has been improved, especially through the success of
aquaculture as part of poverty reduction programmes; (2) greater emphasis was given
to commercial production in association with better supply of information on both
technological, socio-economic and political aspects; (3) higher investments were made
on infrastructure for production and social activities, in particular irrigation systems,
transportation, electricity, schools, health care stations, and clean water programmes;
(4) through the nature of cooperation in production and social activities, local people
gained a better perception which helped to improve the participation of local people in
the cooperation and linkages; (5) more jobs were created with higher income, especially
to well educated workers, and local people had more time for recreation with their
family and to participate in the community activities.
On the other hand, the most important complaints about the negative impacts
of coastal aquaculture were: (1) the households who obtained continuous losses
from shrimp crops after several years could not invest in aquaculture any more,
consequently they had to sell or to lease their lands and fell into poverty (especially
in places where farmers conducted extensive/improved-extensive monoculture shrimp
farming on the former forest or rice lands); (2) the unplanned and very rapid spread
of aquaculture led to the pollution of water resources and depletion of underground
water; (3) poaching became more common, well organized and more dangerous;
(4) the local people seemed to consume more alcoholic beverages, and the losers of
shrimp crops seemed to engage more frequently in illegal games of lottery or gambling;
(5) the poverty situation, reduction in free water surface and lower quality of public
water, as well as the need to diversify species for aquaculture have become the main
reasons for overfishing which caused rapid depletion of natural aquatic resources;
(6) the decreased level of participation of women and children in economic activities,
especially in aquaculture.
Related institutions and the support for coastal aquaculture
Farm housholds conducted all activities on their farms by themselves, but they
also received some support from outsiders via different sources: (1) other farmers/
neighbours/friends within the community; (2) banks and private lenders; (3) local
officers and sector managers; and (4) suppliers of seed, feed and chemicals/medicines.
The major categories of support provided included: information, pond design, farming
technologies, credit, seed, feed and chemicals/medicines for aquaculture. In comparing
the five year interval between 2000 and 2005, the support by outsiders was rated as
“better” by 45 percent of the interviewed farmers, but only 35.0 percent of them were
satisfied with this support.
The supply of seed and credit for aquaculture were rated as “not good” by
24.1 percent and 19.5 percent of the respondents, respectively. Technical support, as
well as the management and application of chemicals/medicines should be given more
care due to the increasing need for food safety. The organization and management
of production activities were rated as “better” by 66.7 percent of the officiers, but
“acceptable” by 37.5 percent of the households. The linkages between the individual
stakeholders need to be improved in association with a better development of
cooperatives in aquaculture. The cooperation in production and the international
certificate approval of hard clams in Ben Tre Province constitutes a good example for
development and management of open sea aquaculture.
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Figure 4

Monoculture of improved-extensive shrimp on the former forest and rice lands
in Camau Province

MAJOR CHANGES AND IMPACTS OF COASTAL AQUACULTURE AT THE
HOUSEHOLD LEVEL
General characteristics of aquaculture households
The average size of farm households in the coastal areas was the same as that of the
entire delta (5 persons ± 1.9). The proportion of family members aging from 15 to 60
and being able to participate in the economic activities was high (3.6/5.0). There was
a high rate of in-migration for coastal aquaculture from the end of the 1980s to the
end of the 1990s. Of all respondents, 41 percent came from other places to the current
location for aquaculture and 37.3 percent were separated from traditional family.
Aquaculture-only households constituted 40.6 percent of the surveyed households.
The group of households conducting both aquaculture with other agricultural activities
such as horticulture, animal raising or forestry, made up 41.2 percent. The remaining
were the housheolds who had aquaculture and non-farm activities, e.g. marine fishing
Figure 5

Shrimp–mangrove–mud crab system in Ngochien District, Camau Province
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or different types of services (18.2 percent). The average length of experience in
aquaculture of the farmers was 8.5 years (± 6.2) showing that aquaculture activities
were started not too long ago in the coastal areas. Before the year 2000, as much as
22.8 percent of the farms relied on aquaculture-only activities.
Households mainly adopted aquaculture activities spontaneously following other
aquaculture farmers in the local area with the expectation to obtain better income
through the utilization of available water resources and family labor. A small share
(18.2 percent) of the farmers said that they conducted aquaculture activities following
the plan of government. This rate was higher in the case of hard clam culture where
51.6 percent of these farmers followed the plan of the government due to the recent
change in policy now allowing the sea areas to be used for hard clam culture. The
plans for development of aquaculture and fisheries in the coastal provinces up to 2010
were approved in 2001 and 2002. They were reviewed and revised from 2004 to 2006.
However, only 34.4 percent of the households confirmed that the related planning
activities and policies had been improved.
Major changes in coastal aquaculture at the household level
The development process of aquaculture and the transformation of economic activities
in coastal areas led to many changes at the household level. Major changes were:
(1) shift from other occupations into aquaculture, as 18.4 percent of the shrimp farming
households and 21.8 percent of the hard clam cultivating households changed their
occupations to aquaculture after 2000; (2) increase in level of aquaculture intensity, as
40.6 percent of the semi-intensive/intensive shrimp farms started their current systems
after 2000; and (3) increase or change in the number of cultured aquatic species, as
15.6 percent of the monoculture improved-extensive shrimp farms and 14.8 percent of
the shrimp-mangrove farms added more aquatic species into their shrimp culture area
after 2000. Some households may have different aquaculture practices at the same time
because they have different plots of land.
The average aquaculture area of the surveyed households was quite stable, except
for the shrimp-mangrove system where the average area per household decreased
by about 30 percent due to the regulations on the rehabilitation and reallocation
of mangrove forests. In the forest lands, the households with less than 3 ha of land
might utilize up to 50 percent of the total system area for aquaculture while the rest
of the households with 3-5 ha and more than 5 ha were 40 percent and 30 percent,
respectively. Comparing the level of investment between the year 2000 and 2005, this
increased between 100 percent and 250 percent in all aquaculture farming systems.
The investment was increased mainly for better design and more careful construction
of the system, as well as for adding new species and also caused by the increase in the
price of major inputs. Generally, 67.7 percent of the aquaculture farms increased their
investment in aquaculture, while the level was higher for semi-intensive/intensive
farms (72.2 percent) and shrimp-mangrove systems (75.0 percent). At the beginning
of this decade, the farmers tried to increase the stocking density by 20 to 40 percent,
but several years ago they started to reduce the stocking density in order to reduce
the production costs and the risks of shrimp diseases. Lack of seed and mortalities of
hard clams due to high stocking density were two main reasons for a reduction in the
stocking density of hard clams which caused 22.1 percent of the hard clam farms to
reduce their investment.
Results from economic activities and living standards of aquaculture
households
Aquaculture was the most important activity which covered 94.6 percent of total
production costs and contributed 93.5 percent of total household net income of coastal
households. The proportion of rich/well-off households increased from 20.9 percent
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into 44.2 percent while the rate of poor households decreased from 25.8 percent
down to 8.8 percent. General living standards improved after 5 years from 2000 of
63.5 percent of the number of households. However, despite of increased investment
and information, an average of 22.9 percent of the households obtained a negative
profit from aquaculture. The highest level of failure was 34.1 percent in the case of
monoculture-extensive/improved extensive shrimp farms. The farmers with shrimpmangrove or shrimp-rice systems, especially who stocked some seed of other aquatic
species, had better results and were more stable than monoculture shrimp farmers.
Culturing hard clam had a lower level of risk due to better market conditions and low
level of production costs. About 56.4 percent of the households increased the level of
investment for aquaculture, but only 40.4 percent of them obtained higher profit. The
risks in aquaculture resulted to lower living standards to 22.5 percent of the number
of aquaculture housheolds while the remaining of 14 percent could not improve their
income level. The increase of risks in aquaculture was confirmed by 60 percent of
the respondents due to the following: (1) increased cost of inputs; (2) inappropriate
supply of credit for aquaculture; (3) lack of good seed for diversification of
species; (4) inadequate and poor quality supply of shrimp seed; and (5) unstable price
of products, except hard clams and blood cockles.
The situation seemed to be worse with horticulture where 57.9 percent of the farms
increased investment for annual cash crops, but only 28.6 percent of them had a better
profit from this type of farming. This might be caused by unsuitable conditions in
the coastal areas for cash crops or inadequate technical knowledge by farmers on this
farming practice. However, raising animals had better results where 40 percent of the
households increased their investment for raising animals and 41.24 percent of them
improved their profit.
Living expenditures and savings of the coastal aquaculture households
Average expenditures and savings per capita of the coastal aquaculture
households in 2005 were VND 7.96 million and VND 4.68 million, respectively
(VND 16 000 = USD 1.0 in 2005). The households conducting monoculture
extensive/improved extensive shrimp and shrimp-mangrove systems had negative
savings of VND 2.17 to 5.50 million per person per year. Private farms of hard clams
and blood cockles often had large farm sizes that helped them achieve the highest
level of savings (VND 28.65 million per capital per year). A large difference in the
savings also reflects the different level of success in aquaculture of the households
within the groups.
The total net income from all sources showed that 79.7 percent of the households
had a positive profit for a year. But 61.5 percent of them had negative savings or fell
into debts, and 0.7 percent had zero profit while the remaining of 37 percent of the
households had only some savings. The worst situation was faced by monoculture
extensive/improved extensive shrimp households because 87.2 percent of the households
of this group did not have any savings.
The food for daily household consumption was the biggest expenditure item which
covered about 33 percent of the total living expenditures of the households. A majority
of 73.6 percent of the respondents said that they spent more money for better meals
compared with the situation 5 years before. The costs for study/school and other
education of the household members ranked second with about 15 percent of the total
living expenditure, and this item was said to have increased by 82.3 percent of the
households. The purchase of accomodation/housing and the payment for health care
contributed 12.3 percent and 7.1 percent of the total living expenditures, respectively.
However, it was surprising that the drinking of alcoholic beverages and hosting of
parties consumed 17.4 percent of the total living expenditures and was said to have
increased. Despite the fact that 61.5 percent of the officers claimed that local people
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spent their money more appropriately than 5 years before, the officers considered that
the expenditures for living activities by coastal households were acceptable but not
suitable to the income they achieved.
OTHER SOCIAL ISSUES OF COASTAL AQUACULTURE IN THE DELTA
Participation of women in the households’ activities. About 78.8 percent of the
respondents confirmed the equal participation of husbands and wivies in decisionmaking and implementation of aquaculture activities. On the other hand, an unbalance
scenario in harvesting and marketing of products (42.6 percent of the number of
respondents) and using the money obtained from aquaculture (57. percent in decisionmaking and 68.0 percent in implementation) was found. However, labor distribution
in the coastal households seemed to be traditionally distributed, e.g. men had stronger
power in making decisions (75.7 percent) and implementing the activities related to
aquaculture (63.6 percent) because they did most of the hard work and participated in
most of the training courses for aquaculture.
Among all interviewed officers, 73.3 percent thought that the gender equity in the
coastal areas was better than the outcomes of related institutions’ activities and therefore
resulted in better educational levels, better living standards and better perceptions
among the local community. However, 86.7 percent of the officers considered that
gender equity was just at an acceptable level. It is difficult or not necessary to change
the role of gender in a number of activities, particularly the work that follows good
traditions or that is suitable to the biocharacteristics of each gender.
Job opportunity. In general, the expansion of cultivated areas and intensification
brought about more job opportunities, expecially for young and trained laborers to
work in large and intensive aquaculture farms. As much as 71.4 percent of the local
officers said that the laborers were used better than 5 years before. However, about
20 percent of all farmers worried about a possible lower level of wages paid to the hired
laborers. In the areas where agricultural lands were converted into aquaculture,
28.6 percent of the local officers mentioned the general jobless situation of female
laborers, but this situation also pushed them to find the jobs in different services of
aquaculture and fisheries or in the urban/industrial zones. Reduced use of child labour
in aquaculture was commonly stated by both groups of the officers and households
interviewed.
Opportunity to receive credits for aquaculture. A large and increasing area along
the coasts of the delta has been used for aquaculture and required a huge amount of
money to be invested. In 2005, the majority (61.6 percent of all aquaculture farms)
were able to secure loans from different sources. The proportion of households taking
loans was high with those operating the rice-shrimp system (73.4 percent) and the
semi-intensive/intensive system (62.0 percent). About 15.5 percent of all farms had
to borrow money for aquaculture from non-official sources, often with high interest
rates. Shrimp-mangrove farmers had more difficulties to borrow the money from the
banks due to the problems related to collateral or the land-use rights of the forest lands.
In 2005, more than half (51.6 percent) of the borrowers for aquaculture obtained a
negative profit while that figure for the non-borrowed farmer group was 48.2 percent
risk in aquaculture. Therefore, it is necessary to conduct further studies on the supply
and uses of credit for aquaculture (Sinh, Chung and Hien, 2005).
Opportunity for education (going to the school and training). The large majority
(95.6 percent) of the households indicated that the children had more time for study
due to an improved level of income and smaller number of children per couple that
helped the parents operate better household conditions to take care their children.
On the other hand, about 17.1 percent of the households still could not improve their
members’ educational level, and 11.0 percent of them did not have time to take care
of their children. Better conditions for children to study and of labourers’ working
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conditions were confirmed by 92.9 percent and 91.7 percent of the local officers,
respectively. However, this figure was smaller in the case of women or female laborers
(78.6 percent), meaning that the women had less opportunity to study than the men.
Health care services. Infrastructure including the network of health care stations and
clean water programmes have been given priority for a number of years at the provincial
and national levels. Improved health care services and clean water programmes
compared to 5 years before were mentioned by 93.3 percent and 78.6 percent of the
officers, respectively. In terms of the households, 27.1 percent said that their members
had more health problems compared with 5 years before. These households were poor
or experienced many unsuccessful crops. Therefore, they did not have good financial
conditions to improve their nutrition or to take care of their health as expected.
Recreation and tourism. Saving time and money for tourism is not common among
medium and poor households in the Mekong Delta. However, 85.7 percent of the local
officers said that the time for recreation of coastal community has been improved.
About 12.7 percent of the households did not have time for recreation because of
their poverty situation forced them to spend all of their time for income generating
activities. There are existing institutions and social activities, but their activities were
not attractive to local people. Participation in the community activities was difficult to
19.9 percent of the households and that rate for participating in the local institutions
was 27.0 percent.
MAJOR CONFLICTS RELATED TO COASTAL AQUACULTURE
Conflicts within the household members. No serious conflicts related to aquaculture
were reported by 91.2 percent of the number of households while 86.7 percent of
the local officers said that the gender equity and wife-husband relationship in the
aquaculture households were at acceptable levels. However, 73.3 percent of the officers
considered that the situation was better than before.
Conflicts between the aquaculture farmers: The conflicts which occurred mainly
related to the households with different farming systems in the same area, especially at
inlets and outlets of water and to the treatment of discharged/wastes from aquaculture
areas. About 70.1 percent of the number of households considered that the conflicts
have not been solved while only 19.9 percent of them said that this type of conflicts
has been mitigated. Better planning and infrastructure at each area of aquaculture
hubs where the households grouped together with the support from local government
and an improvement of the linkages between the stakeholders may help to solve the
problems.
Conflicts between aquaculture and other occupations. The conflicts were mainly
shown in the following terms: (1) competition in supply and discharge of water
for agriculture and aquaculture in the same location or group of households within
a community, e.g. rice and shrimp; (2) competition between shrimp farming and
rehabilitation of mangrove ecosystems are common in the coastal areas; (3) depletion
and pollution of underground freshwater that is caused by the overuse of this resource
for shrimp culture that brings about difficulties for irrigating cash crops and providing
clean water for living activities; (4) deteriorating quality of public freshwater supplies
caused by many factors, including the wastes discharged from aquaculture, as well as
wastewaters released from aquatic product trading and processing sites/companies.
Nevertheless, 20 percent of the shrimp farms still discharged all of the wastewaters
and mudflat from their ponds into the public waterways/canals directly (Sinh, Chung
and Hien, 2005). These factors, in association with the expansion of aquaculture also
strongly reduced the opportunities for those households who rely on the fishing of
coastal natural aquatic resources. About 69.1 percent of the households said that this
type of conflict still exist while only 16.2 percent of them thought that the situation
was better than 5 years before.
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Security in aquaculture production and community. Poaching of aquatic products
has become one of the serious concerns to the management of aquaculture farms and
the coastal communities. Cause for concern is that 41.6 percent of the households
and 53.8 percent of the local officers complained that the security of aquaculture
production has worsened. The thieves become more active and dangerous to the
farmers, especially in some places specified as the location of “the robbers of shrimp”
or “the robbers of hard clams”. This situation can not be improved without good
organization and cooperation between the households and the support from different
government levels.
Uncontrolled migration. Migration to the coasts for occupying the forest lands
and cutting down the mangroves for shrimp farming was rampant from the end of
the 1980s to the middle of the 1990s. However, after about 10 years of improved
management with numerous issued policies and regulations, the in-migration which
was mainly caused by the greater availability of vacant lands, is presently not a problem
anymore to the coastal community. On the other hand, about 35.7 percent of the local
officers worried about the out-migration of local young people to urban and industrial
areas for better job opportunities or for education. This is also reported as a reason for
the lack of laborers during the peak season of agricultural-related activities in the rural
areas, not only in the delta but also at the national level.
CONCLUSIONS
Coastal aquaculture plays a very important role in the Mekong Delta due to
specific comparative advantages, especially from the year 2000 onwards when
the Government of Viet Nam issued regulations on the restructuring of agricultural
economics and rural development. Increased investment and more care have been
given to infrastructure and the organization of both production and living activities, as
well as to community development. Most of the coastal aquaculture households have
improved their income which helped to bring about better opportunities for education,
health care and entertainment to the whole community, including women and children.
The conflicts at family and community levels have been generally reduced.
However, coastal aquaculture practices are at a high level of risk due to many factors.
About 61.5 percent of the aquaculture households do not achieve enough profit to
cover their annual living expenditures and are faced with a number of social issues. For
the development of coastal aquaculture in the delta, an improvement in the linkages
between the related institutions and stakeholders has been recommended for quite
some time. A set of solutions must be synchronized based on the appropriate planning
and organization at village and district levels in association with the availability and
suitability of investments and support from different levels of government and the
private sector. Better management of the environment for aquaculture development
should be go hand in hand with the protection and development of natural aquatic
resources, as well as mangrove ecosystems and underground freshwater. It is also
necessary to conduct further studies on the supply and use of credit, as well as
diversification of species for aquaculture.
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ABSTRACT
This paper describes the rationale for, and the mechanics within, an approach
to introducing integrated agriculture-aquaculture for smallholder farm
development and for measuring the impact on whole farms using a standardized
tool package, termed RESTORE (Research Tool for Natural Resource
Management, Monitoring and Evaluation), that was first developed at ICLARM
(now the WorldFish Center) since the early 1990s. A systems approach is used,
going far beyond the simple unidirectional link, e.g. from livestock manure
to a fish pond. It is a participatory process involving the entire smallholder
farming system with its natural resources, probing farmers about opportunities
for diversification of enterprises and subsequently about possible integration
linkages involving recycling flows suitable to their context, both on-farm and
between-farms. It is hypothesized that integrated smallholder farming systems
which have an aquaculture component and reuse unused waste materials are
more sustainable than less-integrated or monoculture-dominated ones. With
the research tool, the farm household is accompanied over several years and the
whole-farm data is collected and analyzed, producing economic and biological
performance metrics and a set of sustainability indicators, for inter-annual
and between-farm comparisons. The impact assessment tool has been applied
in numerous countries in Asia, Africa and Latin America and over a range of
farming systems and farmer livelihoods contexts, from which experiences are
presented.
INTRODUCTION
Integrated agriculture-aquaculture systems are generally viewed to be a low-risk
entry method for diversifying smallholder farms and enabling an additional product
to be grown without much investment of resources (Pullin and Shehadeh, 1980;
Molnar , Duncan and Hatch 1987; NACA, 1989; Lightfoot and Pullin, 1995a, 1995b).
The fish produced serve both for household consumption but usually for income
generation, making more fish available on local markets, thereby contributing to rural
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development (Edwards, Pullin and Gartner, 1988; IIRR and ICLARM; 1992, FAO,
IIRR and ICLARM, 2001).
The assessment of the sustainability of different aquaculture systems emerged in
the late 1990s mainly focusing on intensive systems mostly operated in coastal areas,
or evaluating other negative effects of rapid unplanned expansion of commercial
aquaculture and numerous approaches towards the development of sustainability
indicators were undertaken (Gonzalez Ocampo et al., 2003, 2004, 2006; Costa-Pierce
2006; Pullin, Froese and Pauly 2007; Greenpeace, undated).
Smallholder farming systems which operated integrated agriculture-aquaculture
were only seldom of interest for assessments of sustainability and the relevance
towards rural development, which usually considered the pond component
separately (Pant, Demaine and Edwards, 2004) and much more seldom took a
whole-farm perspective (Molnar, Rubagumya andAdjavon, 1991; ADB, 2004).
This paper presents an approach developed by the International Center for Living
Aquatic Resources Management (ICLARM, today named “WorldFish Center”)
on sustainability indicators for integrated farming systems, during 1990 to 2006. It
specifically focuses on the outcomes of two projects under the Integrated AquacultureAgriculture Systems Program (IAASP) which existed between 1992 and 1999 and
were based on integrated resources management within farming systems and, among
others, developed the RESTORE approach (Research Tool for Natural Resource
Management, Monitoring and Evaluation). The second project was on the development
of sustainability indicators for integrated agriculture-aquaculture systems. This
contribution presents the rationale behind the integrated resource systems approach,
the development of RESTORE and its field validation of the farm-level sustainability
indicators and the lessons and insights learned from ICLARM’s experiences with
farmers.
In addition, two approaches are presented in which sustainability indicators
for integrated aquaculture-agriculture systems focusing on smallholder farmers in
developing countries were tested. These two approaches are based on trophic web and
system dynamics theories, respectively.
The indicators developed inform on the sustainability at the whole farm level.
Diversified and integrated farming systems are considered to be ecologically more
sustainable than single enterprise operations.

BACKGROUND

Rationale of the Integrated Systems Approach
The overall objective of the IAASP, wherein RESTORE was a project, was to improve the
productivity of smallholder farms through integration of fish farming and development
of methods to assess the sustainability of integrated aquaculture-agriculture. The
rationale was the concern for natural resource management by recycling nutrients in
form of wastes and by-products in the absence of external inputs such as inorganic
fertilizers or pelleted fish feeds, targeting resource-poor farmers and farmer participation
(Lightfoot, 1990; Lightfoot et al., 1993b; Lightfoot and Pullin, 1995, Pullin and Prein,
1995; Prein, Lightfoot and Pullin, 1995; Dalsgaard and Prein, 1999). The integrated
resource systems approach seeks to integrate aquaculture with other enterprises of the
existing farming systems, so that from this diversification opportunities for synergism
can be exploited (Bimbao, Lopez and Lightfoot, 1995; Edwards, Pullin and Gartner,
1988). It encourages households to see aquaculture as a mechanism to improve overall
farm system performance and natural resource management. Furthermore, it adopts
a farming systems perspective for interdisciplinary research in close partnership with
farmers (Lightfoot and Pullin, 1995). This has led to the development of RESTORE,
a set of farmer-participatory-research procedures linked with computer analysis of
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monitored data to produce farm economic performance and sustainability indicators
(Lightfoot et al., 1993a).
Development of RESTORE
The RESTORE project started in 1991 as part of a collaborative activity with the
International Institute of Rural Reconstruction (IIRR) in Cavite, Philippines and with

BOX 1

Elements of the integrated resource management (IRM) approach
Integrated resources management (IRM)
• Farmer-participatory approach
• Farming systems approach (whole farm, not only component)
• Natural resources management
• Integration/recycling
• Partnerships between farmers, NARS, NGO, GO and researchers
• Multidisciplinary frameworks
• Sustainability concept
=> ICLARM’s tool-package: RESTORE

collaboration of ICLARM outreach staff and national institutions in Bangladesh,
Ghana, Malawi, Viet Nam and other countries, as our research partners (Box 1). The
objectives of this project were to:
1) improve the ways farmers manage their land and water resources through
integration of aquaculture and agriculture;
2) develop participatory research procedures for farmers to integrate aquaculture
into their farming systems;
3) develop participatory research methods for enhancing farmers’ natural resource
management skills; and
4) develop an analytical framework of rapid rural appraisal (RRA) and
participatory rural appraisal (PRA) procedures, farm household economic data
collection, including customized software for monitoring the impact of
integration on households, assessing the sustainability of integrated farming
systems and providing feedback to farmers.
Whole Farm Natural Resource Management, Monitoring and Evaluation Tool
The development of the RESTORE approach also responded to an explicit demand
from NGOs (such as IIRR) and other institutions involved in developing and extending
technologies with farmers and rural communities, for a tool or a mechanism to monitor
the adoption and assess the impact of their technologies.
Given the diversity, complexity and variability of mixed farms in developing
countries, their assessment as discrete components in partial analyses is not useful
when the purpose is to assess their utility in enhancing the livelihood of farm
households when all other household resources (including land and labor) need to be
considered together. Consequently, a whole farm analysis (and material budgeting) was
developed as a tool package to enable comparative analyses between farms, and over
time (Lightfoot et al., 1993b, 1993c; Lightfoot and Pullin, 1995).
RESTORE is a whole-farm monitoring and evaluation tool for assessing all on-farm
and off-arm natural resources accessed and utilized by a particular household, and for
measuring and economically valuing material flows in terms of biomass (Lightfoot
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FIGURE 1

Village transect as part of first participatory appraisal step in RESTORE, including all natural resource types (NRTs) accessed or used by all members
within a village. Note that a transect of an individual farm would usually consist of a subset of the NRTs.
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et al., 1993b, 1993c; Lightfoot and Noble, 1993). It consists of a specifically compiled
package of farmer participatory field-based appraisal and data collection techniques, as
well as an analytical software package (Lightfoot, Prein and Ofori, 1996). The outputs
of the software analyses are production and financial budgets for the whole-farm as
well as its management sub-units (termed ‘natural resource types’) as well as a set of
four sustainability indicators (see below).
As a first step, a priori assessments (usually on an annual basis) of a range of farms
are made before an intervention occurs (e.g. adoption of aquaculture or a major
technological improvement to existing enterprises). Subsequently, these farms are
monitored over a few years in the same manner and analyzed with the same protocols,
enabling the impact assessment of the intervention over time, usually in annual steps.
The above mentioned RFDs likewise are one contributing component of the analyses.
The approach includes the derivation of sustainability indicators (see below) which
enable comparisons across farms and over time.
RESTORE
RESTORE was designed as a tool to help farmers better manage their natural resources
and devise ways of integrating aquacultural enterprises and recycling resources within
and across natural resource types for the purpose of improving overall farming system
sustainability when external nutrient inputs such as inorganic fertilizers or pelleted fish
feeds were not affordable or not available.
The RESTORE approach links farmer participatory research outputs in the form of
farmer-prepared diagrams via farm recording sheets to spreadsheet templates (Box 2).
Thus, farm data is collected in a way that both farmers and researchers find useful and
not too demanding, for the purposes of
monitoring the integration of farming
systems and assessing the impact of
BOX 2
integration on natural resource types
Major elements of RESTORE
and farming systems using biological,
ecological and economic indicators.
Field operations/data collection
Initially, the field participatory
• Farmer-prepared diagrams:
procedures of RESTORE had to be
- Natural resource type transects
developed and tested together with 19
- Bioresource flow diagrams
farmer cooperators in three villages in
• Researcher-filled recording sheets
Cavite Province, Philippines, from 1991
Data processing
to 1995. The RESTORE process involves
• Software for data management and analysis:
four steps: assess, experiment, monitor
- Economic performance, by natural resource
and evaluate (Figure 1). This operational
type, and for the whole farm
structure brings farmers and researchers
- Sustainability indicators for the whole farm
together to: 1) understand how natural
resources are currently used and who
uses them; 2) brainstorm new ways to rehabilitate degraded natural resources, increase
enterprise diversity and bioresource integration; 3) keep track of farmer’s experiments
in rehabilitation of natural resources and integration of more species and enterprises;
and 4) evaluate the direction of farm system transformation in terms of economic and
ecological performance through sustainability indicators (Lightfoot, 1990; Noble,
Lightfoot and Bage, 1991; Lightfoot and Noble, 1993; Lightfoot et al., 1993a, 1993b).
The activities in the assessment phase include: identification and mapping of
indigenous categories of natural resource types at the village and farm level
(Box 3, Figure 1), use and access rights of resources, and diagramming of biological
resource flows between natural resource types and enterprises on the farm.
In the experimentation phase, the bioresource flow diagram provides a vehicle
for farmer-researcher brainstorming on options or experiments to rehabilitate water
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resources, increase the number of utilized species, and recycled by-products and wastes
within the farming system (Box 4). Farmers decide which options they would like to
try given their particular needs, interests, resources and constraints.
In the monitoring and evaluation phases, both farmers and researchers document
how the farming system is performing or changing in terms of four sustainability
FIGURE 2

Sustainability kites composed of four indicators for a case study farm, before and after fishpond
integration, Mampong Valley, Eastern Region, Ghana.

indicators (Box 5).
Results of farming systems sustainability (Figure 2) and farm economic performance
by year are taken back and shared with the farmers using a series of graphic
representations, i.e., kites and bar graphs. The discussion and analysis of these results
set in motion further changes, thus continuing a process of transformation within the
farming systems.
METHODOLOGY
The validation of the sustainability indicators is mainly addressed during the impact
and planning workshops. The impact workshop is conducted at the end of the cropping
season or the annual farming cycle. Here, the data and results of farm economic
performance and sustainability indicators from the past season or year are discussed
and analysed. The planning workshop is conducted after the impact workshop and
before the coming cropping season or year. During this workshop, the farm economic
performance and sustainability indicators of the past years guide farmers on how to
plan for strategies to improve their farming systems which will be reflected in drawing
their farm plans for the next season or year. The new bioresource flows or planned
integration measures will be reflected when they draw their bioresource flow diagrams
for the next season or year.
SUSTAINABILITY INDICATORS
The indicators (Lightfoot et al., 1996) are: 1) Species Diversity: number of enterprises,
i.e. individual species cultivated or otherwise utilized, approximating stocks (counts);
2) Bioresource Recycling: number of actively managed material flows as identified by
the bioresource flow diagram, including a material description (quality); origin/source
and target enterprise/flow direction; biomass (usually in kg); frequency of flow; value
of material flow (Lightfoot, Prein and Lopez, 1994, 1996; Prein et al., 2002); 3) Natural
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Resource Type/Whole Farm Capacity:
total biomass of material products, i.e.
total biomass output in tons from all
enterprises and resource systems within
the entire farming system, including
both primary produce and by-products,
divided by the actual physical farm area
(excluding common property and openaccess resources) (usually in tonnes/ha);
4) Economic efficiency: the ratio of net
farm income or profit to the total cost;
profit-cost ratio (approximating “outputs
vs. inputs”). These effects are depictable
in sustainability indicator diagrams in
the form of “radar graphs” (Figure 2).
The approaches focus only on
the farms themselves within their
agroecological and socioeconomic
context and mainly measure the ability
of the farm with its enterprises to
provide food and income. However,
the measurement of the maintenance
of an acceptable environment is an
inductive process of the application
of the tools over time, namely under
the assumption that overall production
and component productivities should
only reduce over a multi-year trend if
the environment is negatively affected.
Here other additional assessments are
necessary, i.e. of additional parameters
on the farm and of impacts beyond the
farm (e.g. nutrients, agrochemicals and
water quality and quantity).
Negative effects of farm management
on the environment are considered to lead
to negative feedback on farm productivity
and, with monitoring over time, be
detectable in a farm’s sustainability
indicators (Lightfoot, Prein and Lopez,
1996; Bimbao and Prein, 1999)

BOX 3

Participatory tools used within RESTORE
Participation
• Advantages
• Disadvantages
• Mechanisms
PRA/Agroecosystem analysis/Drawing diagrams:
• First walk around village and fields
• Recollect data in diagram
• Shyness of farmers: learning process
• Provide materials (paper and pens)
1.Identify indigenous natural resource types (NRTs)
• Local names
• Access (community, exclusive)
• Common property resources
• Micro-environments
• Modern infrastructure
• Visit and see all!
2.Sketch topographical profile of NRTs
• On the ground
• Transfer to paper
3.Make list of all enterprises
• Identify in walkabout
• Local names and translations
• Situation in other seasons
• Other important characteristics
4.Assemble transect from profiles
• Not a true cross-section
• Farmers choose
• Highest elevation on the left
• Capture types, not abundance
5.Construct enterprise matrix
• Below transect line
• Organizes information

Examples
From a case study in Ghana, through the
introduction of a fishpond (i.e. diversification of farm enterprises), the level of integration
on the farm increased (Prein, Ofori and Lightfoot, 1996; Pullin and Prein, 1995; Ruddle
and Prein, 1998). All four performance indicators also increased. The addition of fish
species and vegetables lead to an increase in species diversity (Sustainability Indicator
# 1). A number of newly introduced flows increased the number of farmer-managed
recycling counts on the farm (Sustainability Indicator # 2). Overall farm output in
biomass increased only marginally, as these were enterprises of higher value and
less weight (i.e. fish and vegetables) in comparison to cassava, maize and plantain
(Sustainability Indicator # 3). The production of higher value items was evidenced by a
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(Four-axis radar graph)

Sustainability kite diagram interpretation

(Profit/cost ratio ~ $/$)

How much income was generated by
each peso invested?

Economic efficiency:

How much is the production per hectare
of the farm? (Tons/ha)

Capacity:

How many waste products (different
biological material types such as
manure, compost, leaves, rice-bran,
etc.) are being used, i.e., intentionally
moved from one enterprise as input to
another? (No. of recycling flows)

Recycling:

• Cannot tell which specific enterprise is making the most profit or loss.

• Gives opportunities to reflect on previous farm management: what
was learned and what can be done to improve natural resource
management.

• Makes farmers aware of the complex nature of sustainability (i.e.
many factors contributing to a sustainable system); there are tradeoffs and complementarities.

• Cannot generalize or compare to other farmers since each farmer has a unique set of
resource opportunities and constraints.

• Farmer-specific result of farm management operations (user’s
perspectives).

• Needs close monitoring by researchers and NGOs particularly in level of data required.

• Since sustainability is a long-term process, farmers find it difficult to appreciate the
long- term (e.g. soil fertility) benefits versus short-term (increased production and income)
benefits.

• Resource-poor farmers have no “big plans” for improvement; no capital to invest in
new enterprises requiring investment, thus integration through adoption of demanding
enterprises may not bring significant increases in income and production.

• Cannot help farmers make individual management decisions, e.g. decide how to
allocate manure among activities: vegetable plot, rice plot, fishpond, etc.

• Have no predictive capacity.

• Economics expressed per season or per year, thus, no indication of (monthly) cash flows
which is an advantage in integrated farms.

• Costs and returns expressed in simplified manner to be understandable to farmers and
NGOs at the expense of obtaining real costs and returns.

• Only considers operating costs for current period (i.e. excludes long-term depreciation
costs): investments on production inputs not computed.

• Difficulty to measure biomass of some products (e.g. grass, leaves, etc.)

• Need to consider fragmentation of plots.

• Difficulty to value recycled waste where there is no market.

• Difficulty to measure (volume and biomass), particularly for trees or free-roaming
animals.

• Numerical counts versus abundance.

• Numerical counts versus abundance.

Constraints/difficulties

• Represents what happened during a particular season or year.

• Minimal investments: lower production cost due to on-farm
recycling and reduction of off-farm inputs.

• Consider options for further production increase, in relation to
existing natural resource characteristics.

• Prompts discussion on techniques for rehabilitating degraded land
and water resources, and to increase production.

• How much production cost (i.e. cash) could be reduced by
substituting for on-farm materials?

• What are new flows of organic wastes?

• More recycling: maintains fertility of resource base, reduces needs
for purchases of off-farm resources, particularly chemical fertilizers.

• How many new species can be added?

• More diversity: lower risk of crop failure from monoculture.

• More species: more stable ecosystems, more opportunities for
increased recycling.

Species diversity:

How many plants and animals are used?
(No. of managed or maintained species)

Underlying hypotheses/implications

Indicator

Integrated farming systems sustainability indicators: potential and difficulties perceived with experiences with farmers and NGOs (from Bimbao and Prein 1999, expanded).

TABLE 1
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considerable increase in net
income by 53 percent. This
BOX 4
outweighed the 17 percent
Planning interventions bioresource-flow diagrams (BRFDs)
for diversification and integration as the second participatory
increase in total costs. This
step within RESTORE
translated into a significant
rise in economic efficiency
Bioresource-flow diagrams (BRFDs)
from 6 to 8 (Sustainability
1. Sketch natural resource type profiles from transects
Indicator No. 4) which
implies that per Ghana cedi
2. Sketch symbols for enterprises
• Record production, costs and outputs
(in 1993) invested in the
3. Draw arrows for existing flows
farm, a return of cedis
• Origin, destination, type, names, quantity, frequency, value
8, or a gain of more than
• Reasons
30 percent, was achieved.
In the Philippines,
Note: do not include external inputs, sales to market, or household
where the initial versions
consumption.
of
RESTORE
were
developed, this was mainly
applied to smallholder
farms in Cavite Province, south of Manila, where farms had either small ponds or
concurrent rice-fish systems (Lightfoot et al., 1993a, 1993b). In Quirino Province, in
the northern Philippines, the tool was used in the assessment of fish pond and rice-fish
integration in upland farms in a forest buffer zone management system (Prein et al.,
1999, 2000, 2002).
In the Mekong Delta of Viet Nam, Rothuis et al. (1998), Riveros (2001), Nhan
et al. (2007, 2008) applied elements of or the entire package of the RESTORE tool to
analyse the benefit of the aquaculture or rice-fish component to integrated agricultureaquaculture farm households.
In Malawi, RESTORE was extensively applied in numerous studies, also involving
students theses and ex-post impact assessmens (Chikafumbwa, 1995; Brummett
and Chikafumbwa, 1995;
Brummet and Noble,
1995a, 1995b; Noble, 1995;
BOX 5
Lightfoot and Noble 1993;
Monitoring and evaluation within RESTORE
Dey et al., 2007).
In Kenya, the benefit
Researcher-filled recording sheets
to smallholder farmers of
1. To capture information from transects and bioresource-flow
adopting
fingerponds
diagrams
along the shores and
2. Facilitates transfer of data into software
wetlands of Lake Victoria
was assessed by Kipkemboi
Analysis and output
et al. (2007, 2008) using
• Farm economics
elements of the RESTORE
– Whole farm
approach.
– Individual natural resource types
Experiences
In-house experiences with
the application of the
RESTORE approach were
summarized in Table 1.
PRA/PRA Methods
The utility of applying
RRA/PRA methods in

• Sustainability indicator kites
• Time series of indicators
Results brought back to farmers
• Discussion
• Farmers plan changes with BRFD or with graphs
Participatory monitoring and evaluation (PME)
• Farmers record data themselves

116

Measuring the contribution of small-scale aquaculture: an assessment

aquaculture was evaluated in the course of an FAO workshop in Bangkok, Thailand
(FAO, 2000; Prein et al., 2000). These methods are a key element of the RESTORE
process. Two workshops conducted in collaboration with IIRR involving experts from
several Asian countries summarized integrated agriculture-aquaculture systems for
application by smallholders and the useful participatory approaches used (IIRR and
ICLARM, 1992, later revised and published as FAO, 2000b; IIRR et al., 2001).
Resource-flow diagrams
The second step of the RESTORE process, the establishment of resource-flow
diagrams, is a key element and was been introduced to numerous applications through
a tutorial video (Noble, Lightfoot and Bage, 1991) with an accompanying booklet
(Lightfoot, Noble and Morales, 1991). This used an approach drawing bioresourceflow
diagrams (BRFDs) on the ground. Later experiences, usually with literate farmers or
where family members were familiar with writing tools, drawings were prepared on
large sheets of paper (Lighfoot, Prein and Lopez, 1994; Lightfoot, Prein and Ofori,
1996).
Several posters were prepared depicting examples of bioresource flows of typical
farms within local agroecosystems in English and later translated into local languages,
i.e. into Chichewa in Malawi, and into Bangla in Bangladesh (Noble, Lightfoot and
Bage, 1991; WorldFish-Malawi Office, 2004; WorldFish-DSAP, 2005).
Distribution
RESTORE was made available in hardcopy (manuals) and on CDROM (database
and analytical software) to over 250 partners and recipients which were recorded in a
partners database.
Evaluation/reviews
The RESTORE tool package was considered a Beta-Test version and evaluations
by this group of recipients were attempted twice through feedback questionnaires.
However, the return rate was extremely low.
Two external reviews of RESTORE were commissioned by the WorldFish Centre
in 2003. Furthermore, during external reviews of the responsible program in ICLARM
(1994, 1997 and 1999) and WorldFish (2004), the RESTORE tool was also evaluated.
Training courses
Several training courses were held, usually covering one week and involving one day
of demonstrations of field activities with PRA/RRA tools, BRFDs and data collection:
three courses were held in the Philippines, one course in Thailand (Office of Agriculture
Research and Development, Ministry of Agriculture), two courses in Bangladesh and
Malawi and one course in Viet Nam.
Progress with RESTORE development
Within the WorldFish Centre’s USAID-funded aquaculture project in Bangladesh, the
software component of RESTORE was reprogrammed in MS-Access 9.0 in 2005 to
update the database and analytical routines, which were expanded and enable better
analyses and display of results.
Two further approaches to assessing sustainability of integrated aquaculture
farms
In connection with the RESTORE approach described above, two further approaches
were simultaneously implemented at ICLARM to provide additional measures and
insights. These were steady state modeling of whole farms using the ECOPATH
tool (Dalsgaard 1995, 1998; Dalsgaard and Oficial, 1995, 1997, 1998; Dalsgaard and
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Christensen, 1997) and dynamic simulation modeling of whole integrated agricultureaquaculture farms (Schaber, 1997).
DISCUSSION
In many developing countries, smallholder farmers must operate under conditions of
low external input agriculture (Smaling, Oenema and Fresco, 1999) where on-farm
diversification and integration are common approaches towards survival of farming
households (Rufino, Hengsdijk and Verhagen, 2001; Tipraqsa et al., 2007;
Alayon-Gamboa and Gurri-Garcia, 2008).
The four sustainability indicators within RESTORE are presented in a kite diagram.
Table 1 shows details of the rationale for using the sustainability indicators in RESTORE
as well as the difficulties encountered by the farmers and researchers/NGOs in using
the se indicators. Three indicators (i.e. diversity, recycling and capacity) give insights
on the ecological state of the natural resources. A monetary indicator (i.e. economic
efficiency) is included in analysing farming system economic performance because the
new strategies in integrated resource management should not only bring ecological
benefits, but should also generate more income to farmers.
Generally, integration would result in higher values for these sustainability
indicators, i.e. the more integrated the farming system is, the larger would be the area of
the kite diagram. A further insight could be provided by these sustainability indicators
if these are evaluated over time. In a series of kite diagrams across years, farmers and
researchers reflect and discuss on the changes in the sizes and shapes of the kites. Some
changes are caused by natural factors (drought, pests, etc.), and others by market forces
(increased input prices, high product prices, etc.). As such, these diagrams become
meaningful tools that help farmers and researchers think about and devise strategies to
improve the economic and ecological performance of their farming system.
The underlying hypothesis is that sustainability is not achieved by attaining
a maximum value for any one indicator at the cost of the other three, but rather,
achieving a balance between them. Each farm within its farming system and its
social, economic and governance setting will have its own optimum set of indicators.
Perceived relationships between two indicators may be influenced by other factors.
For example, increased diversity theoretically should lead to more recycling, but this is
unlikely to be the case if the farm household is constrained by labor for the movement
of the by-products/wastes.
Recently, an expanded approach for sustainability evaluation of farms was developed
involving a larger number of indicators, but also requiring a greater amount of input
data to be collected on farms (Studer et al., 2009).
CONCLUSIONS
It should be noted that RESTORE is conceived as a research tool to study
individual farm households. It is not a general development tool, not a community
decision-making tool and not a general farm planning or modelling tool. There are
other existing approaches and tools for these purposes, yet RESTORE can produce
important insights for such approaches.
The sustainability indicators in integrated aquaculture farming systems developed
by ICLARM within the RESTORE project have evolved following a paradigm shift
from the conventional research approach to a resource systems approach undertaken
since the late 1980s. The approach took on a change in perspective: 1) from high to
low external input; 2) from aquaculture as a single independent activity to integrating
aquaculture with other enterprises; 3) from a fish production objective to a sustainable
resource management objective; 4) from a focus on the fish production component to a
whole farm unit of analysis; 5) from a commodity to a systems perspective; and 6) from
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a researcher-designed and evaluated technology to farmer-and-researcher-designed
development and evaluation.
The sustainablility indicators in RESTORE were designed to assess the impact
of the introduction/adoption of improvements of integrated agriculture-aquaculture
systems. The set of indicators of sustainability include ecological aspects such as
the number of species farmers use, the amount of recycling of farm wastes and the
productive capacity of their farms. In addition, an economic measure is included, i.e.
cost and returns of farming are computed. These indicators are just the initial ones
established from what were perceived as critical factors to assess a sustainable farming
system and then, shared and validated with farmers. It is acknowledged that there are
more issues contributing towards sustainability, e.g. equity, food security, gender and
other agroecological, biological, socioeconomic, institutional and policy factors. It was
assumed that farmers consider these according to their own perceptions when making
decision about adoption of technologies such as aquaculture. The current indicators
were developed following several years of farmer-participatory work. They were
perceived to be meaningful and comprehensible to farmers and also when discussed
with researchers/NGOs.
Brainstorming on the derived sustainability indicators of their farms results to
farmers learning something useful. They can try a new plant to feed their animals, or
a new waste they can fertilize soil with. They can learn things they can do together,
e.g. impounding or harvest water for irrigation and fish culture. They can learn about
natural resources, how to evaluate their productive capacity, value standing biomass
and farm wastes and learn about the results of their actions. Furthermore, farmers’
discussions with researchers and NGOs go beyond technical issues to topics and fora
in which farmers might organize themselves (e.g. cooperatives) to have better access
to natural resources and to markets for purchase of inputs and sale of produce. When
numerous farmers share knowledge about beneficial technologies and this leads to
wider adoption, a positive contribution to rural development can be expected.
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ABSTRACT
Through a series of roundtable discussions, collectively called the Aquaculture
Dialogues, the World Wide Fund for Nature/World Wildlife Fund works
with farmers, retailers, non-governmental organizations, scientists and other
aquaculture industry stakeholders worldwide to develop standards for responsible
aquaculture. These standards are designed to minimize the key environmental
and social impacts associated with aquaculture. Through this process, indicators
and standards are being developed for salmon, freshwater trout, shrimp, tilapia,
pangasius, bivalves, abalone, Seriola sp. and cobia. The Aquaculture Dialogues
started in 2004 and the first sets of standards, for tilapia and pangasius, are
expected to be finalized by early 2010. The broad stakeholder representation
ensures that indicators and standards address the breadth of sustainability issues
involved with the production of each species group. In view of the importance of
small-scale producers in the aquaculture sector globally, special attention is given
to this group through the implementation of projects aimed at increasing twoway communication between small-scale producers and the participants of the
Aquaculture Dialogues.
INTRODUCTION
It is broadly acknowledged that the demand for fisheries products will increase steadily
as the world’s population increases. The Food and Agriculture Organization of the
United Nation’s (FAO) estimates that almost 40 million additional tonnes of fishery
products will be required by the year 2030 to satisfy global demand (FAO, 2007). With
declining or, at best, stagnating capture fisheries, it is clear that aquaculture will play
a critical role in filling this gap. Aquaculture is a diverse and rapidly growing sector
which can provide huge benefits to the economy and people’s livelihoods, especially
in Asian developing countries. However, the sector is not free from a number of
significant challenges, such as water pollution and the destruction of natural habitat.
For this reason, the World Wide Fund for Nature/World Wildlife Fund (WWF) has
convened a series of multi-stakeholder roundtables (called the Aquaculture Dialogues)
to develop global indicators and standards that minimize the key environmental and
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social impacts associated with the production of 12 aquaculture species groups. This
paper describes the approach used by the Aquaculture Dialogues and the outcomes of
these efforts.
WWF’s AQUACULTURE STRATEGY
WWF’s approach towards aquaculture is to identify the key environmental and social
impacts associated with major aquaculture species. These are the ones that have the
greatest impact to the environment and society, the highest market value and/or the
heaviest trading in the global market. An early step in the approach is the identification
of the most active players along the value chain with whom WWF then works with
to shift the industry. WWF also sees the challenges of the sector as an opportunity for
more progressive businesses which could gain from improving their performance.
Building consensus through dialogue among the stakeholders has also been
recognized by WWF as necessary to truly address aquaculture sustainability. The concept
of sustainability also has to be addressed broadly by taking into account environmental
and social issues in the context of economic and food safety challenges.
AQUACULTURE DIALOGUES
The first Aquaculture Dialogue (or subsequently referred to as Dialogue in this paper)
– for salmon – began in 2004. There now are seven additional Dialogues: pangasius,
tilapia, shrimp, Seriola sp. cobia, abalone, freshwater trout and bivalve shellfish (clams,
oysters, scallops and mussels). Both the pangasius and tilapia dialogues are expected
to finalize standards by early 2010. Standards for other aquaculture species groups are
expected to be completed within 2010.
Each Dialogue includes a broad and diverse group of stakeholders (e.g. producers,
nongovernmental organizations [NGOs] and scientists) who work by consensus. The
Dialogues are the only aquaculture scheme in compliance with the International Social
and Environmental Accreditation and Labeling (ISEAL) Alliance’s Code of Good
Practice. Among other things, the code requires transparency and the opening up of
the Dialogues to anybody who wants to participate.
Through the Dialogues, the stakeholders identify:
• impact/issue: The problem we want to minimize.
o Example – waste in effluents
• principles: The guiding principle for addressing the impact.
o Example – conservation of water resources
• criteria: The area to focus on to address the impact.
o Examples – nutrient use and release
• indicators: What to measure in order to determine the extent of the impact.
o Examples: The amount of phosphorus added and released per tonne of fish
produced.
• standards: The number and/or performance level that must be reached to
determine if the impact is being minimized.
o Examples: Phosphorus (P) input or utilization will not exceed 30 kg P/tonne
fish produced and loads of phosphorus released into natural receiving waters
will not exceed 22 kg P/tonne fish produced.
Whenever possible, indicators are identified to measure performance rather than
being prescriptive. This allows the standards to measure actual changes in addressing
each key issue of interest. In addition, where possible indicators are selected to vary
on a continuous scale rather than just measuring dichotomous events (e.g. yes/no).
Through this approach, the standards are expressed as thresholds that distinguish
better performers. These thresholds can then be modified and made stricter as the
sector grows, therefore leading to an overall shift in the sector’s performance.
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Pangasius Aquaculture Dialogue
The Pangasius Aquaculture Dialogue (PAD), which started in September 2007,
provides a good example of the Dialogue process. The goal of this Dialogue is to
develop standards for all pangasius production systems, such as ponds, enclosures and
cages. The standards will focus on the production of Pangasianodon hypophthalmus
(tra in Vietnamese) and Pangasius bocourti (basa in Vietnamese), although other
pangasius species may be considered by the PAD at a later stage, as the sector develops.
Standards are meant to be applicable to any pangasius farm regardless of its location,
although the PAD is focused on Viet Nam and to a minor extent on Bangladesh and
India, where most of the pangasius production is conducted.
All of the stakeholder groups involved in pangasius production are involved in the
PAD which includes farmers, traders, processors, retailers and others (Box 1). Seventy

BOX 1

Stakeholders involved in the Pangasius Aquaculture Dialogue
• Farmers
• Processors
• Traders
– Exporters/suppliers
– Importers
• Retailers
• Farmers/exporter associations
• Input suppliers
– Seed
– Feed
– Chemicals

• Researchers
– Within Viet Nam
– Outside Viet Nam
• Governments
– Viet Nam National
– Viet Nam Provincial
– Other countries
• Intergovernmental
organizations
• NGOs
• Certifiers

to 100 people have attended each of the four PAD meetings that have been held since
the process began and more than 60 of these participants have committed time to
serving on the PAD’s Technical Working Groups.
At the inaugural meeting of the PAD, participants heard presentations on pangasius
sustainability delivered by representatives of the main stakeholder groups, including
government, producers, buyers and NGOs. The meeting participants then agreed
on the main issues needing to be addressed by the standards and the principles to
address the issues (Annex 1). They also decided on the process to develop the criteria,
indicators and standards for pangasius aquaculture. At the second PAD meeting, the
process was further refined and the following bodies were established:
• Process Facilitation Group: This is an 11-person group that is in charge of
managing the PAD process.
• Technical Working Groups (TWGs): There is one TWG for each issue needing to
be addressed. The TWGs are responsible for developing criteria, indicators and
standards to be considered by the full group of PAD participants.
• Full Dialogue: People who attend the PAD meetings have executive power and, as
such, make all final decisions on the principles, criteria, indicators and standards,
as well as the process and timeline to produce them.
At the third PAD meeting the participants reviewed the PAD standards developed
by the TWGs, which were then posted for the first 60-day public comment period (see
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Annex 1 for the draft standards that were posted), while the fourth PAD meeting was
focused on addressing the comments received.
At the time of this writing, the standards are being discussed by the TWG and will
be posted for the 2nd and last public commentary period that will last from October to
December 2009.
Addressing the Needs of Small-Scale Aquaculture Farmers
Because of the importance of small-scale farmers in the aquaculture sector, each
Dialogue’s outreach strategy addresses how to engage this stakeholder group in the
Dialogue process. Doing so ensures that their views, especially on the draft indicators
and standards, are heard and that they are more likely to be able to comply with the
final standards.
The outreach strategy includes the following steps:
• Projects have been implemented in several Asian countries (e.g., Viet Nam, India
and Thailand) to educate small-scale producers about the shrimp Dialogue and
obtain their input on standards for shrimp farming. WWF also is helping to create
small-scale farmer groups in these countries, as this is a unique mechanism to
improve the efficiency of their production while reducing their vulnerability.
• Two M.Sc. students from Wageningen University (The Netherlands) and Stirling
University (UK) worked for several months as WWF interns in the Mekong delta
to explore the constraints of small-scale pangasius producers in complying with
the standards and to develop strategies to address their challenges.
• The Dutch government has provided funding for several small-scale pangasius
producers to attend and contribute to PAD meetings.
• Several activities have been initiated to link small-scale producers with markets
requesting more sustainable products. This is a means to provide the financial
incentives necessary to minimize the challenges associated with complying with
standards and seeking certification.
CONCLUSIONS
Through the Aquaculture Dialogues, WWF has demonstrated that multistakeholder
consultations can effectively lead to the identification of key sustainability issues and
of indicators and standards to address them. As recognized by ISEAL, operating in
a consensus-based and transparent manner is critical to develop standards that truly
address the needs of the sector.
Stakeholders interested in the process are always welcome to join the Aquaculture
Dialogues. Further information can be found on the Dialogues Website:
www.worldwildlife.org/aquadialogues.
REFERENCES
FAO. 2007. Aquaculture only way to fill the coming “fish gap”. www.fao.org/newsroom/
en/news/2007/1000701/index.html. (accessed on 20th July 2009).
Social Accountability International. 2008. Social Accountability 8000. www.sa-intl.org/_
data/n_0001/resources/live/2008StdEnglishFinal.pdf. (accessed on 20th July 2009).
WWF. 2009. Draft pangasius aquaculture dialogue standards for the first period of public
comment.
www.worldwildlife.org/what/globalmarkets/aquaculture/WWFBinaryitem12153.pdf.
(accessed on 20th July 2009).

Indicators and standards for responsible aquaculture production

ANNEX 1
Main issues considered by the pangasius aquaculture dialogue and status of
the PAD as of 23 April 2009, date of submission of the draft PAD standards
for public comments (WWF, 2009).
Issue 1: Legal compliance
Principle
Locate and operate farms within established local and national legal frameworks.
Criteria
• Compliance with local and national legal frameworks.
Indicators
1. Documented compliance with local and national legal frameworks.
Standards
The following standards are proposed:
1. Compliance with local and national authorities (e.g., evidence of legal access1), and
concessions to land and/or water use.
2. Compliance with all land taxes.
3. Compliance with local and national legal frameworks.
Issue 2: Land and water use
Principle
Farms2 must be located, designed, constructed and managed to minimize negative
impacts on other users and the environment.
Criteria
• Compliance with official aquaculture development plans
• Wetland conversion
• Water movement
• Water use
Indicators
1. Location of farm in relation to official aquaculture development plans.
2. Conversion of wetland(s) to establish the farm.3
3. Impediment to navigation, the natural hydrological regime or aquatic animal
movement.
4. Amount of water abstracted per ton of fish produced.
Standards
1. Farms must be constructed in an area that complies with any approved aquaculture
development plans effective in the area.

1
2
3

In Tilapia Aquaculture Dialogue –“evidence of lease”.
Pond, cage and pen-based.
Relevant only to farms established after the PAD standards have been finalized.
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2. Farms must not be constructed in wetlands4 or protected areas, such as national
parks or areas listed in the World Database on Protected Areas (www.wdpa.org/).
In countries which are flood prone (e.g. Bangladesh), up to 30 percent of the
flooded area can be converted.
3. Farms must not impede navigation, the natural hydrological regime or aquatic
animal movement. Farms must not present hazards to the transportation of local
people. Farms must not occupy more than 25 percent of a water canal.
4. The ratio of water abstracted per unit of fish production must not exceed
5 000 m3/tonne of fish produced for a given culture period.
Issue 3: Water pollution and waste management
Principle
Minimize the negative impact of pangasius farming on water resources.
Criteria
• Water quality of effluents
• Nutrients in pond sediments
• Sludge discharge
• Water exchange
• Waste management
Indicators
1. Percentage change of total ammonia nitrogen (TAN) between pond and inlet.
2. Dissolved oxygen (DO) concentration in water discharged.
3. Percentage change of 5-day biological oxygen demand (BOD5) between pond and
inlet.
4. Percentage change of total phosphorus between pond and inlet.
5. Percentage change of total nitrogen between pond and inlet.
6. Direct discharge of sludge.
7. Evidence of a sludge repository and sludge use.
8. Percentage change of turbidity between pond and inlet.
9. Percentage of total nitrogen (TN) in pond sediments.
10.Percentage of total phosphorus (TP) in pond sediments.
11.Maximum daily percentage of water exchange.
12.Disposal of dead/moribund fish removed from the pond.
Standards
1. TAN: maximum 700 percent change.
2. DO in water discharged is 3 mg/litre or above.
3. BOD5: maximum 40 percent change.
4. Total phosphorus: maximum 150 percent change.
5. Total nitrogen: maximum 120 percent change.
6. No direct discharge of sludge in public water bodies.
7. There must be evidence of a sludge repository and of sludge being used.
8. Turbidity: maximum 20 percent change.
9. TN in pond sediments: maximum of 4.3 percent at harvest.
10. TP in pond sediments: maximum of 1.2 percent at harvest.
4

Wetlands as designated by the RAMSAR convention were of particular concern. Also mentioned for
consideration were: (1) national parks; (2) conservation of internal habitats or buffer zones in and
around existing farmed areas (possibly measurable by species/unit area) and terrestrial as well as wetland
habitat.
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11. Maximum daily percentage of water exchange should not exceed 25 percent,
except during harvest.
12. Proper disposal of dead/moribund fish removed from the pond (e.g. burial or
incineration).
Issue 4: Genetics
Principle
Minimize impacts of pangasius aquaculture on the genetic integrity of local pangasius
populations.
Criteria
• Non-indigenous species.
• Genetic diversity.
• Escapees.
• Genetically Modified Organisms (GMOs) and hybridization.
Indicators
1. Farming of pangasius in locations where that species is indigenous or has a selfrecruiting stock established.
2. Genetic stock from which seed is sourced.
3. Measures in place to minimize escapes.
4. Use of GMO or hybrid seed.
Standards
1. Pangasius farming shall take place only in locations where that species of pangasius
is indigenous or has a self-recruiting stock established.
2. Seed shall be sourced from pangasius populations already established in the river
system5 used by the farm.
3. Farms shall apply better management practices (BMPs) to minimize escapes from
production systems (including drainage systems), and to reduce the number of
escapes during floods. BMPs include:
• Bund height above high water/flood levels.
• Traps on water outlets to catch/kill escapes (e.g., juvenile fish, chemical
treatment of effluent ponds).
• Bund construction/quality/engineering standards.6
4. No GMO or hybrid seed shall be used.
Issue 5: Feed management
Principle
Use feed and feeding practices that make efficient use of available feed resources and
minimize waste.
Criteria
• Efficient use of fish products.
• Efficient management of fish feed on the farm.

5

6

The term “river system” must be defined to require seed sourcing from appropriately local areas.
Otherwise, one could argue that the Mekong River, for example, is one large “river system,” and source
seed from Lao People’s Democratic Republic for a farm in Viet Nam.
Metrics have not yet been defined for this BMP.

131

Measuring the contribution of small-scale aquaculture: an assessment

132

Indicators
1. Fish product source.
2. Economic Feed Conversion Ratio (eFCR).7
3. Coefficient of Variation (CV) of eFCR for given size of fish.8
4. Fish Feed Equivalence Ratio (FFER).9
Standards
1. No direct use of fish and/or fish products as feed is permitted. Fish product source
must have documented evidence provided that all fish products used as feed, or
used in the manufacture of feed:
• Comes from an approved list (See definitions and formulas in Section 6.)
• Are not in the “threatened categories” on the International Union for
Conservation of Nature and Natural Resources red list (www.iucnredlist.org/),
which are Vulnerable, Endangered and Critically Endangered. Also, are not
from fisheries that pose a threat to species in these categories.
• Are from fish stocks that have an average score greater than 7.5 with no
individual indicator below 6.0, according to Fish Source
(www.fishsource.org/site/fisheries).
2. eFCR must be less than 1.75 for the complete production cycle.
3. CV of the eFCR must be less than or equal to 15 percent.
4. FFER must be less than 0.5.
Issue 6: Health management, veterinary medicines and chemicals
Principle
Maximize fish health; ensure food safety and quality while minimizing ecosystem and
human health impacts.
Criteria
• Survival.
• Veterinary medicines and chemicals.
• Record-keeping.
• Fish welfare.
Indicators
1. Survival during the grow-out period.
2. Follow legislation or regulations on the use of veterinary medicines and
chemicals.
3. Veterinary medicines and chemicals use.
4. Treatment recording.
5. Maximum fish density.
6. Documented health management plan and farm-book.

7
8

9

Total Feed Used (kg or MT)/Net Fish Production (biomass at harvest – biomass stocked) (kg or MT)
CV is an accepted statistical measure of variability and is calculated as the ratio of the standard deviation
to the mean eFCR of the facility. It is calculated using the eFCR value for all ponds harvested in the
period between inspections.
FFER is a measure of the efficiency with which fish products used in the feed are converted to live fish.
It requires some measure of the effectiveness with which fish is converted to fishmeal and fish oil.
The calculation for the Feed Fish Equivalency Ratio for Fishmeal is:
(% Fishmeal in feed *eFCR) / (% yield of fishmeal from wild fish).
The calculation for the Feed Fish Equivalency Ratio for Fish oil is:
(% Fish oil in feed *eFCR) / (% yield of fish oil from wild fish).
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Standards
1. The annual survival rate must be at least 80 percent, on average.
2. Use only veterinary medicines and chemicals approved for aquaculture by relevant
local authorities and which are not banned for food fish use in the importing
country.
3. The use of veterinary medicines and chemicals shall:
• only be prescribed and administered by people trained to do so;
• only be based on a diagnosed condition and follow all label specifications and
• respect the withdrawal period or apply a period of 750 degree-days for those
without documented withdrawal period times.
In addition, antibiotics shall never be used as growth promoters or for preventive
(prophylactic) treatment.
4. Farmers must keep a record of the name, dates, amounts and withdrawal times of
all veterinary medicines and chemicals used in hatchery and grow-out facilities.
5. Fish density shall not exceed 15 and 80 kilograms, respectively, per cubic meter for
ponds and cages (generally at harvest).
6. Farms must create and implement, under the signed approval of a certified health
specialist, a comprehensive health management plan that promotes proactive
treatments (e.g., vaccines and probiotics) over chemical and veterinary medicine
use. The plan should also include regular monitoring of fish for signs of stress or
disease; proper removal and disposal of mortalities; and appropriate storage and
handling of chemicals.
Issue 7: Social responsibility and user conflict
Principle
Develop and operate farms in a socially responsible manner that contributes effectively
to community development and poverty alleviation.
Criteria
• Conflicts with users and local communities.
• Benefits to local communities.
• Labour rights.
Indicators
1. Freedom of association.
2. Collective bargaining.
3. Transparency in wage setting.
4. Child labour10 without jeopardizing schooling.
5. Forced labour.
6. Bonded labour.
7. Discrimination.
8. Safety awareness.
9. Corrective actions in response to accidents.
10. Insurance.
11. Minimum wage.
12. Labor contracts.
13. Complaints by employees.
14. Complaints by people in the local communities.
15. Preferential employment within local communities.
10

Child labour does not include children helping their parents on their own farm, provided that working
does not jeopardize their schooling or health.
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Standards
1. Employees11 shall have free access to worker associations or permission to create
a worker association if one does not exist.
2. Employees shall have the right to collective bargaining.
3. Employees shall have the right to know the mechanism for setting the wages and
benefits.
4. Minimum age of permanent workers shall be 15 years old. Children over 12 years
old working outside the hours set aside for school attendance could be employed
for light work as long as that work does not exceed two hours per day on school
days or holidays. Employing temporary workers12 below 18 years old should not
jeopardize schooling.
5. Employees shall have the freedom to leave the farm premises by the end of their
designated work day and not be forced to work overtime.
6. Employees shall not be obligated to stay on the job to repay debt.
7. Employees shall not suffer any discrimination13 from the employer or other
employees.
8. Employees shall be made aware of the health hazards at the work place and how
to deal with them.
9. Employers shall record all accidents, even if minor14, and take corrective action.
10.Employers shall ensure that all permanent workers have health and accident
insurance.
11.Employers shall offer 110 percent of minimum wage15,16.
12.Employees shall have copies of their labor contract and each labor contract must
include a one-month probation period for a permanent job.
13.Farm owners shall draft and apply a verifiable conflict resolution policy for labor
that states that conflicts and complaints will be tracked transparently and which
responds to all received complaints. At least 90 percent of the complaints should
be resolved within one month after being received.
14.Farm owners shall draft and apply a verifiable conflict resolution policy for
local communities that states that conflicts and complaints shall be tracked
transparently and which responds to all received complaints. At least 90 percent
of the complaints shall be resolved within six months from the date of being
received.17
15.Farm owners shall document evidence of advertising positions within local
communities before hiring migrant workers.

11
12
13

14
15

16
17

Immediate family members of the farm owner (i.e., children, spouse, parents and siblings) and exchange
labour may not be considered as employees.
Three months/year or less.
Race, caste, origin, color, gender, age, disability, religion, sexual orientation, union or political affiliations.
No salary discrimination between men, women and children must be allowed as long as they have the
same position and working responsibilities.
Accidents that could not be handled in-house and, therefore, the person was taken to the closest clinic.
Minimum wage is mandatory. Incentives for overtime hours or bonus production are offered. The
inflation rate should be mentioned, given that the basic needs are fluctuating because the price for food
and basic items is going up.
If the country does not have the minimum wage, the method use by SA8000 (SAI, 2008) to calculate
minimum wage should be used.
Complaints include the ones coming from other resource users, employees and buyers (e.g. middlemen
or processors).
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ABSTRACT
The paper highlights the sustainable livelihood framework as a way of thinking
that can be very relevant for planning and formulating livelihood systems that
aim at sustainability of poverty reduction programs. It looks at a “livelihood as
comprises the assets (natural, physical, human, financial and social capital), the
activities, and the access to these (mediated by institutions and social relations)
that together determine the living gained by the individual or household”. The
capital assets owned, controlled, claimed, or by some other means, accessed
by the household are at the center of the framework. It recognizes five main
capitals, namely: physical, financial, natural, human capital and social capital.
The physical capital can be understood at various scales. At the household level,
examples include boats, house, fishing gears; while at the community or citizen
level, this means access to infrastructure such as harbors, road networks, and
communication. Financial capital includes savings and credit. Natural capital
includes the fish stocks, areas of seabed leased or accessed by license, land
owned, crops cultivated. The human capital includes the capacity of the people
in terms of their education, health, labour, among others. The social capital, on
the other hand, would include the kinship networks, associations, membership
organizations and peer-group networks that people in a household can use or
turn to in times of hardships in order to gain advantage.
INTRODUCTION
The need to balance economic development and environmental sustainability has been
rapidly recognized in development work. However, in designing rural development
programs, this concept remains to be a challenge to many professionals and development
workers. Whilst the need to meet the basic needs of communities remain paramount,
it is also imperative to integrate the concerns for sustainability of the rural livelihood
systems. Questions such as: how to ensure the continuous production of shellfish in a
bay, of fishes in fish cages and fish pens, of timber from forests, of crop yields in farms
and plantations? The growing awareness brought about by discourses on sustainable
development has been the strongest impetus for development frameworks that attempt
to integrate the twin concerns of development and sustainability of natural resources
of which rural resource systems are dependent upon.
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ORIGIN AND DEVELOPMENT OF SUSTAINABLE LIVELIHOOD APPROACH
The Sustainable Livelihoods (SL) concept has been a product of a number of
diverging themes. It was first widely acknowledged when it appeared in the report
of an advisory panel of the World Commission on Environment and Development
(WCED) in 1987 in the publication Food 2000 (WCED, 1987). The WCED report
links SL security to basic human needs, food security, sustainable agricultural practices
and poverty, and describes SL as an integrating concept. Since the Food 2000 report,
concurrent discourses on poverty, sustainability, livelihood systems and diversity and
a focus on participation and the reality of the poor has lead to formalization of the
SL concept and approach (Cahn, 2003). Various government, non-government and
multilateral organizations, such as the United Kingdom’s Department for International
Development (DFID), United Nations Development Programme (UNDP), OXFAM
and CARE have adopted SL as a basis for rural development research and practice.
The sustainable livelihoods approach
Allison (2004) noted that Sustainable Livelihood Approach (SLA) originated in studies
that were concerned with understanding the differential capability of rural families
to cope with crises such as droughts, floods, or plant and animal pests and diseases.
This was reinforced by other studies that are concerned with the ability of ecosystems
and agroecological systems in particular, to maintain productivity in spite of a major
disturbance that is caused by an intensive stress (stress over time such as temperature
increase) or a large perturbation (one major event like typhoon or drought) (Holling,
1973; Conway, 1985; 1987; Allison, 2004).
On the other hand, livelihood aims to integrate critical factors that influence the
vulnerability or strength of individual or family survival strategies. These chiefly
comprised the assets possessed by people, the activities in which they engage in order
to generate an adequate standard of living and to satisfy other goals such as risk
reduction, and the factors that facilitate or inhibit different people from gaining access
to assets and activities. Ellis (2000) defined SL as:
“A livelihood comprises the assets (natural, physical, human, financial and social
capital), the activities, and the access to these (mediated by institutions and social
relations) that together determine the living gained by the individual or household.”
The livelihoods approach is a framework that puts together the principal components
that are believed to comply with the livelihoods definition and the interaction amongst
and between them.
The capital assets owned, controlled, claimed, or by some other means, accessed
by the household are at the center of the framework. It recognizes five main capitals,
namely: physical, financial, natural, human capital and social capital. The physical
capital can be understood at various scales. Examples, at the household level, include
boats, house, fishing gears; while at the community or citizen level, this means access
to infrastructure such as harbors, road networks and communication. Financial capital
includes savings and credit. Natural capital includes the fish stocks, areas of seabed
leased or accessed by license, land owned, crops cultivated. Human capital includes
the capacity of the people in terms of their education, health, labor, among others.
Social capital, on the other hand, would include the kinship networks, associations,
membership organizations and peer-group networks that people in a household can
use or turn to in times of hardships in order to gain advantage.
Access to capitals is influenced by the transforming structures and processes.
These are often referred to as the policy and institutional context of the system of
livelihood. The policy contexts provide for the feasibility of access to the assets, e.g.
permit system to use the lake for aquaculture purposes. Regulation of use can be found
at various levels of government. For instance, while the national government has a
policy statement of lake protection and conservation, the local government can provide
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the implementation mechanism to enable small fishers and aquaculturists to exist in
harmony with conservation objectives. This can be made possible through a system
of lakewater use zoning. An example is the case of the Laguna Lake or Taal Lake in
the Philippines, where a lake zone map or ZOMAP provides implementing guidelines
to make small-scale aquaculture to exist side by side with the multipurpose use of the
lake, i.e. for commercial fishpens, The ZOMAP is an example of an instrument of an
institution that enables access to assets.
Informal institutions can also use social pressures to ensure compliance. For
instance, fishermen organizations can set the code of practice of small-scale fishers and
be organized to promote the dual objectives of community-based coastal resources
management aimed to improve the productivity of the coastal resources and at the same
time reduce the negative impacts to the environment. Customary laws are also informal
institutions that set the way of utilizing the resources (Sampang, 2006). Allison (2004)
cites some cases where social pressures regulate access to resources – the “lobster
gangs” of Maine, USA (Acheson, 1988), the Prud’homies of Mediterranean France and
the Cofradía of Andalucia and Catalonia (Collet, 1999). Access to resources and how
this is implemented are central to fisheries management. According to Allison (2004)
the SLA promotes a policy and management intervention that gives full consideration
to the range of resources that people can access; and the factors that may influence
positively or negatively the attainment of the set outcomes.
The SLA approach also takes into consideration the vulnerability context as
influenced by the transforming structures and process. This aspect affects the
sustainability of the livelihood strategy. Vulnerability includes shocks, trends and
seasonality that are beyond the control of the households. For example, increasing
prices of fish, globalization, even climate change, degradation of critical coastal
habitats, the increase in the price of coastal property or increased restrictions imposed
by planning authorities on coastal building and infrastructure development. Shocks
may be in the form of extreme climatic events such as storm and droughts, pollution
and outbreak of red tide.
Livelihood strategies can be constructed around access to capitals and the political
and economic contexts. Examples of livelihood strategies can be in the form of the
fish cage activity which allows poor fishers to invest in aquaculture. Related strategies
include fish drying, in the event that there is a boom harvest, or fish processing.
Finally, SLA is clear about the expected characteristics of a sustainable livelihood
which includes a strategy wherein the people are able to maintain or improve their
standard of living (in terms of “human well-being”), reduce their vulnerability
to external shocks and trends, and ensure that their activities are compatible with
maintaining the natural resource base (Allison, 2004). Hence, what a sustainable
livelihood will likely bring about is the building up of the people’s capital assets, e.g.
improved savings and access to credit, increased access to education and training, or
enhanced ability to invest in their own properties, i.e. vehicle, tractor, draft animals,
motorcycle, house or even fishing boats. It also means an ability to sustain and
maintain the natural capital that they share with the households, neighborhood and
communities, e.g. forest, rivers, coastal areas like mangroves, the marine resources.
Investing on fish sanctuary will be a positive sign that the natural capital will likely
improve. Another concern is the enhanced “social capital” which means building
community organizations that can be powerful vehicle for forging solidarity among
farmers, fishers or artisanal workers.
Sustainable Livelihoods Core Principles (Allison, 2004)
Allison (2004) summarizes the basic principles embodied in the sustainable livelihood
systems. These include the following:
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• Putting the social and economic activities of the people at the heart of the
analysis
• Management and development intervention transcends traditional sectoral
boundaries such as fisheries, agriculture and tourism; and incorporates overarching issues that affect all people, irrespective of occupation, such as access to
social services (e.g. health, education, social security, legal and judicial services).
• Making links between local issues and wider concerns such as national policy and
economic or social change.
• Being responsive and participatory in addressing management priorities. It
engages partnership with fishers and other stakeholders in the public and private
sectors and promotes a dynamic, adaptive approach to management.
• Sustainability includes the following key dimensions: economic, institutional,
social and SL approach and environmental sustainability. These are all important
and should always seek a balance between them. This will often mean compromises
and trade-offs.
Key Strengths of the Sustainable Livelihoods Approach (Cahn, 2003)
The elements in the SLA are not new and have been discussed, albeit separately, by
different scholars of development (Cahn, 2003). What makes this different is the
endeavor to bring the elements together to “represent a holistic and realistic view of
livelihood systems and to reflect poverty in its broadest sense”. It is people centered,
participatory and emphasizes sustainability. It also starts with what the people have,
i.e. capital assets. It highlights the fact that these assets are influenced by policy and
other transforming process; that diverse livelihood can be an option for sustainability
and the focus on multi-scalar analysis. The SL framework and its variations are relevant
conceptual tools to assist practitioners and theorists to understand the reality of the
poor and the complexity of rural life (Singh and Gilman, 1999; Farrington et al.,
1999).
Critique of SLA (Cahn, 2003)
Relationships appear to be linear because of the reduction of the complex system
or phenomenon such as poverty into a simple and logical framework, the relative
importance of some factors and the relationships between the factors are lost. In Ellis
(2000) and Scoones (1998), the framework is assumed to be linear with no feedback or
other relationships.
While some look at the SLA as a simple and logical framework of understanding a
livelihood system, some considered it too complex. It is considered over ambitious and
offers insufficient practical guidance on the way forward (Carney, 1999a.). He clarifies
that the complexity is in its holistic understanding of complex livelihood systems. It
should not be taken as a blueprint for rural development but as an analytical framework
that can guide the thinking behind development planning and intervention. It is
designed to work across sectors. The main difficulty in this respect is the reality that
most government institutions and organizations are operated and funded on a sectoral
basis and thus cross-sector development is difficult (Singh and Gilman, 1999).
SL in practice
Sustainable livelihood in the Pacific Islands and in similar environments are influenced
and being influenced by culture and tradition. This cultural sphere includes the
following elements (Cahn, 2003):
• the risks and vulnerability context;
• influencing structures and processes (such as societal norms, gender roles and
relations, organizations, and traditional politics);
• access to and control of resources;
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• choice and success of livelihood strategies;
• priorities for livelihood outcomes; and
• the incentives that people respond to.
While culture is often viewed as a context of livelihood systems in the developing
world and/or transition economies, it is can also act as a constraint to economic
development. Cahn (2003) cites the obligations to community, collective rather
than individual motivation, antagonistic feelings towards individual economic gain,
commitment to ceremonies and gift giving, sharing and distribution of food and
money, the influence of the church, power and status of individuals, and gender issues
as the reasons why small businesses fail in Pacific Islands. Others however regarded
the need for the culture to be the basis of a more sustainable, equitable form of
development. Hooper (1993) describes a model of Pacific societies that includes three
inter-linked domains. These domains are distinct “ways of life” and each has a separate
but interrelated set of norms, values and culture (Hooper, 1998). The three domains,
are:
• government or public,
• private sector (business and the professions), and
• traditional (including gender).
The way in which the domains relate and interconnect are what gives each country its
distinct socio-economic profile (Hooper, 1998). In the case of the Pacific study, culture
and tradition should have a prominent role in the sustainable livelihood framework.
Specifically, Cahn (2003) notes that a Pacific livelihood comprises the capabilities,
assets and activities that provide a means of living, i.e. a sustainable livelihood works
within a traditional and cultural context adapting to and coping with vulnerability,
while maintaining and enhancing assets and resources (Cahn, 2003, adapted from
Chambers and Conway, 1992).
This is also similar to many countries in Southeast Asia, where culture and tradition
are at the heart of the rural livelihood system. For instance, the role of gender in a
rural economy must be fully understood as this will become an important aspect in
sustainable livelihood systems. For example, a training programme for hog raising
activity aimed at augmenting the income (which is declining) from open fishing
should consider the gender labor calendar of the family, daily and by season. This is
to optimize labor availability in the family to get the expected increased income from
diversified economic activity.
The SL framework must also consider the vulnerability context beyond a context,
rather something that has an influence over the assets, particularly the capital. For
example, shocks from extreme climatic events like droughts, typhoons, landslides and
flashfloods, should now be a major consideration that influences the natural asset. This
is particularly relevant within the emerging reality of changing climatic conditions, of
which rural livelihood systems are most vulnerable to. For example, several World
Bank funded programmes on Community Based Natural Resources Management in
some regions in the Philippines (Aragon, Penalba and Balangue, 2007) have failed
not because of the culture and tradition, nor due to formal government or public
institutions. Rather, the natural calamities can swiftly wipe out the five- or ten year
gains of the programme with 2 or 3 typhoons in succession. Now, it is imperative that
sustainable livelihood strategies must be adaptive to the new realities of a climate that
is different from before.
SL in small island ecosystems
Cabili (2008) highlighted that in small island ecosystems, the concept of sustainable
livelihood strategy implies integrating conservation of natural assets, with the human,
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social and economic aspects and the interaction of coastal and marine with terrestrial
or land-based economic activities and conservation. Hence, the sustainability of
rural livelihood both involves the consideration of these interacting subsystems. Ellis
(1999) pinpointed that indeed, the diversity of livelihood reduces the vulnerability of
the rural livelihood systems to shocks and stress, both environmental and economic.
Diversification of livelihood strategies is common in small island ecosystems, as
opportunities are very much limited in space as in the case of Samar in the Philippines
(Cabili, 2008). Hence, both farming and fishing, along with other home-based
livelihood systems are promoted. In the end, human well being is at the center of the
sustainable livelihood approach.
Diversification of livelihood strategies
Small-scale fisherfolk are considered “the poorest of the poor” and that fishing is
the “occupation of last resort” for those with no education, skills and access to other
livelihood sources (e.g. Allison and Mvula, 2002; Allison, 2003, 2004; Béné, 2003;
Neiland and Béné, 2004). Small-scale fishermen are also regarded vulnerable to
problems of insecurity of tenure over both land and water resources and to political
and social marginalization. Studies have pointed that diversification of livelihood
strategies to households particularly living in precarious ecosystems, i.e. areas that
are prone to floods and droughts especially. Allison (2004) notes that diversification
reduces the risk of livelihood failure by spreading it across more than one income
source. Livelihood diversification enables the spread of the use of assets and reduction
of risks by spreading the investments in different livelihood activities. This ensures
that if ever one loses the hogs from foot and mouth disease, he has still the crops
to depend on or the fishing to get regular, albeit small, income to meet the needs of
the family. It can also generate additional financial resources in the absence of credit
markets, and it confers a host of other advantages in the presence of widespread market
failures and uncertainties.
According to Allison (2004) the ability of small fishermen to cross sectors is
“overturning previous notions that fisherfolks were marginal specialists stuck in
their present occupation and unable to turn to others” (e.g. Panayotou, 1982). It also
promotes diverse livelihood strategies as sensible adaptations to the uncertainties of
fishing. The diversification can also be considered as adaptations to changes in the
quality of the natural capital and in the long term will reduce dependency on the
declining fishery resource. In his study of small-scale fishing in Europe, he notes
that specialization (on fishing) promotes dependency on the natural capital, now
undesirable in the face of declining stocks.
The role of informal and formal institutions in SL
Sustainable livelihood framework can also be used as lens to study how institutions
and policies are transforming the capital assets to attain the expected outcomes, mostly
articulated in terms of access to education, health services, credit facility, security, and
freedom and choice (MA, 2003). In the case of the Allison study, it has also illustrated
the way local scale, informal institutions function to attain the outcomes. This is most
clearly seen in the case where mobile fish stocks are exploited by migrant fisherfolk, with
informal reciprocal access agreements being the main means of controlling movement
and exploitation patterns. Formal institutions like fisheries management agencies,
unaware of these informal arrangements, have sometimes sought to impose a system
of fixed, territorial boundaries on these highly adapted, flexible management systems
(Allison and Ellis, 2001). It has also been noted that “community-based management”
has also been dominated by elites that are more concerned with perpetuating existing
power structures than they are in ensuring fair and sustainable access to resources
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(reviewed by Ellis and Allison, 2004). This is something that we in the development
work should be concerned about. This will certainly reduce the capacity of the SL
programme to meet the target objectives.
SL in community-based forest management and social forestry
Decades of experiences in the Philippines and in some Asian countries, e.g. Sri Lanka,
India, Philippines, Indonesia and Viet Nam (UNDP, 2008) on community-based forest
management and social forestry confirmed that in order for the rural communities to
get involved seriously in degraded forest and upland rehabilitation, the efforts must
integrate the provision of sustainable livelihoods for the rural poor. Many studies
have already shown that extreme poverty and lack of employment opportunities in
the remote upland areas pushed farmers and their households to depend on insidious
harvesting of forest products, e.g. timber, firewood, non-timber products like orchids
and other wild flora and fauna, to survive (Espaldon, Duma and Cruz, 1991; Espaldon
et al., 1997; Espaldon, 1995; University of the Philippines Los Baños, Land Grant,
2001). This has led to the continuous and gradual deterioration of the forest ecosystem
which serves as watersheds to many areas in the lowlands. Within the context of
poverty, plain conservation programmes had not been feasible. The then emerging
paradigm of social forestry, managing people and nature, became very acceptable. The
programme had evolved to include promotion of people’s welfare through provision
of livelihoods as an integral part of the program, including various types of tenure.
This convergence has emerged through the process of thinking and re-thinking the
paradigm of tropical rainforest protection and conservation. At present, inclusion and
putting human well-being at the heart of many conservation and natural resources
management has gained wide acceptance.
At the other end, experiences in resource-based livelihood programmes of
development agencies have also shown some insights into the need to have a more
integrative frame of thinking. For instance, the impact assessment of the livelihood
enhancement for agricultural development of the Department of Agriculture in the
Philippines indicated that while many of the livelihood programs targeted increasing
the income of the rural communities, the efforts fell short of expectations. After the
pullout of the funding program, most of the programs were not sustained. The study
showed that one of the reasons for the failure was the inadequate assessment of the
human and social capital assets and the great focus on activating the rural economy by
funneling funding support to economically feasible enterprises. This was exemplified
by the project to provide threading and weaving machine to an upland community in
Benguet, in Northern Philippines aimed to jumpstart the traditional industry of silk
production. After the project terminated, there was not enough technical support
left to the community to do the maintenance and repair of the facility. When the
assessment team came, the facility was non-functional and in bad shape. We wonder
about the logic of this facility. This is in view of the fact that in the adjacent region of
Ilocos Norte, weaving of abaca and silk is already ongoing with the use of indigenous
technology. Again, the SL framework points to the importance of building livelihood
strategies based on what the people have and utilizing participatory approaches in the
conceptualizing, planning and implementation. This process ensures that other assets
like human and social capitals are adequately considered in planning.
While some sustainable livelihood systems are discussed at the national or regional
level, our current study in Bukidnon in Southern Philippines has documented sustainable
livelihood system in action at the farmer and/or household level. Upland farmers
who have integrated diverse livelihood activities have illustrated the resilience of the
system to vulnerabilities brought about by extreme climatic events (Espaldon et al.,
2008) and even to market fluctuations. While this system of integrated agroforestry
cum livestock and beekeeping enables to meet the economic objectives, the system has
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the capacity to recreate a natural multistory system that protect the soil from erosion,
and optimize the use of sunlight and water available in the farms. The networking of
the farm with other farms has also facilitated the stability of income and at the same
time facilitated the dissemination of technologies that work and do not work. At the
end of the day, the system enables the improvement of the assets of the farms and the
households, and can be gleaned from ability to access health and education, improved
transport and communication facility. This generates enhancement of social capital—of
networks among neighborhood and fellow upland farmers (Espaldon et al., 2007;
Espaldon et al., 2005). While SL was not explicitly used in the actual planning and
development of individual farms studied in Bukidnon, the SL framework further the
understanding of the intricacies of sustainability of livelihood systems.
In the study of the transition from tea to coffee in Bao Loc, Central Viet Nam
(Espaldon and Ha, 2001), it was indicated that the attempts of farmers to optimize the
profit from good international market for coffee triggered individual tea farmers to
shift to coffee, without due consideration to the physical characteristics of the soil and
land topography. The conversion has raised concern due to massive soil erosion in the
hilly lands. However, coffee grown in marginal zones does not produce as much when
compared with coffee in prime and fertile flat lands. Coupled with declining quality
and oversupply of coffee in the global market, the price of coffee dropped. Hence
the profit from coffee production was not optimized. Another crop that is gradually
gaining popularity here in Viet Nam is cacao. Marsman, a chocolate company, has now
started to invest in cacao plantation (Espaldon et al., 2007). To ensure that the expected
outcomes of the project, which include provision of viable and sustainable livelihood,
it would surely profit from the way of thinking the SL has been promoting.
CONCLUSIONS
The SL approach is still evolving as a framework. It is not a cure-all approach for
development challenges. The strengths of this approach, however, lie in its ability to lay
down the major components of a sustainable livelihood system the relationships of the
components between and among each other and its very clear focus on sustainability.
While the theoretical foundation of SL developed parallel to the emerging literature in
sustainable development, the SL approach provides a convergence of principles that are
very relevant to development practitioners. It can be treated as a “way of thinking”, an
example of a “systems thinking”, where elements are in constant interaction with one
another and that the dynamics of each relationship will influence the whole system. It
can serve as a powerful analytical tool to guide researchers and practitioners in rural
development and poverty reduction.
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ABSTRACT
The indicators of the sustainability of a system differ from the traditional
indicators of growth, progress or development. The relevance of this distinction
to aquaculture is that aquaculture cannot be expected to contribute to
sustainable rural development if it is not itself sustainable. The Sustainable
Livelihoods Approach or SLA was used as the framework for drawing up the
indicators of sustainability of small-scale aquaculture systems. The dominant
definitions and widely acceptable characterization of small-scale aquaculture
are reviewed. With SLA as the basic framework, a matrix is created which
provides a list of possible indicators, classifies each indicator under any of
the five livelihood assets and links the indicators to, on one hand, the three
pillars of sustainable development (economic viability, social stability and
environmental integrity) and, on the other hand, the four basic goals of a
farmer, i.e. higher yield, lower cost, better economic returns and less risk. The
emphasis of each indicator in relation to a livelihood capital is described. This
matrix is the basis of an expanded list of indicators for small-scale aquaculture
in which the importance of an indicator is explained, what it would show, and
how it links to sustainability. Sustainability indicators afford a holistic view of
the state of sustainability of a farm, household or community. Because they are
interlinked, a change in a component can have a positive or adverse impact on
the other components. Their practical use therefore is to provide better guides
for an integrated approach to planning or problem solving.
INTRODUCTION
This review provides a discussion guideline for identifying sustainability indicators of
small-scale aquaculture farms. It lists and briefly explains examples of sustainability
indicators for small-scale aquaculture.
TRADITIONAL VS SUSTAINABILITY INDICATORS
The distinction between traditional indicators of economic, social and environmental
progress and sustainability indicators have been described by Hart1, thus: “Traditional
1

Hart, M. www.rprogress.org/sustainability_indicators/about_sustainability_indicators.htm. Accessed 17
September 2008.
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indicators such as profit or water quality measure changes in one part of a community
as if they were entirely independent of the other parts. Sustainability indicators reflect
the reality that the three different segments are tightly interconnected. As to choice
of indicators, such traditional indicators as gross domestic product or profit reflect a
faith in growth and efficiency as the primary mechanisms for improving public welfare.
A different view is that progress is not measured by the quantity of goods we consume,
how fast our economy is growing, or how much financial wealth is being amassed, but
by how well we equitably distribute wealth, income, and access to cultural amenities;
diversify and stabilize our economic base; protect and restore native ecosystems; and
advance social, economic, and environmental sustainability”. Examples of traditional
indicators versus sustainability indicators appear as Annex 1).
CONCEPTUAL FRAMEWORK
The sustainable livelihoods approach (SLA) is the basis for the proposed sustainability
indicators for small farms. An attempt is made to integrate SLA with the “triple
bottom line” objectives of economic viability, social responsibility and environmental
sustainability and the farmer’s four basic goals of higher yield, lower costs, better
economic returns and less risk.
DEFINING “SMALL-SCALE” AQUACULTURE
Clearly, the first step towards developing indicators is to define the system to which
they are to be applied. In this respect, these characterizations of small-scale or
small-holder farms provide a take-off point for discussions and a basis for an agreed
operational definition of “small scale” aquaculture:
1. Small-scale aquaculture (SSA) operations are those that are typically familyowned, rather vulnerable, not formalized into business operations and have a small
economic turn-over. There are two sub-groups of small scale aquaculture farmers:
(i) farmers with little or no significant investment in assets (infrastructure), whose
investments are in operational type costs, a little labor, feeding fish in a pond; and
probably farm fish as one of several livelihood strategies (i.e. aquaculture is not
the most significant source of livelihood or income; and (ii) small farmers whose
aquaculture operations are a principal form of livelihood in which the family/
operator has invested significant livelihood assets (as in time, labor, infrastructure,
finance (adopted by the Aquaculture Insurance for Small Scale Farmers in AsiaPacific, Bali, Indonesia, 2006).2 (Secretan et al., 2007).
2. A simplified characterization of small-scale aquaculture was adopted by the
NACA-ASEAN Foundation Project on Promoting the Competitiveness and
Sustainability of Small Holder Aquaculture Farmers in ASEAN, as follows3:
• small land and water area,
• family-scale operations business,
• mostly based on family labour,
• often based on family land,
• rather vulnerable.
Similar characterizations, which highlight the primary motivation for farming, are
provided by Muir et al. (2001)4:
3. It is a single small production unit such as a pond or a cage, usually individual
or family run, with low input levels and limited or no external assistance. The
2

3
4

FAO 2007. Secretan, P.A.D, Bueno, P.B., van Anrooy, R., Siar, S.V., Olofsson, A., Bondad-Reantaso
M.G. and Funge-Smith, S., 2007. Guidelines to meet insurance and other management needs in
developing aquaculture in Asia. FAO Fisheries Technical Paper No. 496. Rome, FAO. 148p.
Report of the Inception Workshop of the Project, NACA, 5-6 August 2008. Bangkok.
Muir, J. et al., 2001. Development of sustainability indicators: draft working paper for the FAO Expert
Consultation on Indicators of Sustainable Aquaculture Development, Rome, 24-27 Sep 2001 (unpub).
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farmer’s goal is often to produce the family food supply, but selling part of the
harvest for additional family income can also be a motivation.
4. One or more small production units, family or communally run; hatchery output
scaled up but simply run; low to moderate input levels, limited external labor.
Farmers’ goal can be both food supply and income from sale of product.
5. Finally, to place small-scale aquaculture in context and outline its boundaries, Peter
Edwards and Harvey Demaine contend that “rural aquaculture” is intrinsically
small-scale aquaculture by defining it as “the farming of aquatic organisms by
small-scale farming households or communities, usually by extensive or semiintensive, low-cost production technology appropriate to their resource base”.5
It is also necessary to establish the boundary of the system. The livelihoods
framework dictates that the analytical unit should be the farm household. This
broadens the analysis from a production unit to a farming system. The first type of
system would be a solely aquaculture enterprise; the second an integrated system in
which aquaculture is one of two or more farming enterprises; and the third would a
system in which aquaculture is one activity in a mix of on- and off-farm employment
or sources of livelihood.
THE GOALS OF AQUACULTURE DEVELOPMENT
This section casts the goals of a farm household in the broader development context.
The objectives of aquaculture development are aligned with the three national goals of
economic development, social development and environmental sustainability. At the
operational level, therefore, the development objectives of rural aquaculture are:
1. Economic – to produce wealth, specifically to generate income for rural
communities and for the country, increase employment opportunities, and
catalyze other economic activities in rural and urban areas that would generate
more income and employment.
2. Social – to improve quality of life, specifically to raise living standards by
improving livelihoods of people in rural communities, improving food and
nutritional security, and minimizing if not removing threats to security.
3. Environmental – to maintain the long-term flow of benefits from the multiple
uses of the marine, coastal and inland resources and environments, and from the
protection or enhancement of the resources including biological diversity.
Providing the links among these objectives is their fundamental rationale, as follows:
• Economic viability, or in a narrow sense, profitability, is one of many farming
objectives that contribute to long-term sector sustainability.
• Social stability and development improves the climate for economic growth.
• Economic and social development cannot be sustained if economic growth results
in a degraded environment and diminished productive capacity of the natural
resources.
The linkages of these three pillars (economic viability, social stability and environmental
integrity) of development and how their interactions can result in a “sustainable” state
are illustrated by the graphics in Figure 1. What it depicts is that the achievement of
social and economic goals result in an equitable distribution of social and economic
benefits; social and environmental responsibility results in a bearable life and economic
success and environmental responsibility assures the pursuit of viable livelihoods. The

5

Edwards, P., Little, D. and Demaine, H. 2002. Issues in Rural Aquaculture. Rural Aquaculture. CABI
Publishing CAB International UK. 358 p.
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confluence of equitable, bearable
and viable conditions results in a
sustainable state of affairs.6
From
an
environmental
perspective, the goal for sustainable
aquaculture is to ensure that
society benefits not only from the
Social
production of food and materials
but also from the maintenance,
restoration or enhancement of
Bearable
Equitable
ecosystems services such as the
protection of mangroves and other
wetlands, corals, watershed, water
Sustainable
Environment
resources, soil, and the biodiversity
Viable Economic
that depends on them (Clay, 2004).
This essentially combines the
ecological (usually labeled as strong
sustainability) and the economic
(or weak sustainability) concepts
of sustainability. The synthesis
has been expressed as follows: “Sustainability is a dynamic condition in which the
combined economic and environmental sub-systems meet the needs and wants of
the current human population (by producing current output) while maintaining
or increasing the resources and productive capacities (or the endowments) that are
passed along to future generations”.7 Brought down to a practical level and cast in the
farmers’ perspective, sustainable aquaculture requires that fish farmers be rewarded for
producing food and raw materials and ecosystems services” (Clay, 2004).
The next section discusses the sustainable livelihoods approach framework as the
basis for developing the sustainable indicators of a small scale aquaculture farm.
FIGURE 1

A sustainable state from the interactions of
economic development, social stability and
environmental integrity

LIVELIHOODS CAPITALS
Livelihood assets (also called livelihood capitals when they are being utilized) are as
much the foundation of a sustainable farming system or of a farm household as a
sustainable community. Sustainable small holder farming is thus predicated on the
(i) ability of the farm household to access and use productively the five livelihood assets
and (ii) its capacity to maintain or build up the stock of each of these five livelihood
assets so that the system (the farm household) continues to produce a stream of
products and services, as the left pentagon (Figure 2) illustrates.
From a sustainability viewpoint, the size of the pentagon is less important than its
symmetry. An imbalanced livelihood asset pentagon in which one or more of the sides
are longer or shorter than the others means that some assets have been depleted or
degraded for instance, by shocks that the farm household lacks the capacity to cope
with, or because of unsustainable practice, as reflected by the pentagon (Figure 3).
Or, the stock of one or more capitals (usually financial and physical are excessively
being built up (“lengthened”) at the expense of natural capitals, as the third pentagon
illustrates.
6
7

Sustainability accounting. www.sustainablemeasures.com/Indicators/index.html (accessed 30.10.2008)
Sustainable Development in the United States: An Experimental Set of Indicators. A Report
Prepared by the U.S. Interagency Working Group on Sustainable Development Indicators
Washington, D.C. September 2001. www.sdi.gov/lpBin22/lpext.dll/Folder2/Infobase/1?fn=mainj.htm&f=templates&2.0
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FIGURE 2

The Asset Pentagon
Five sides of equal length depict a
sustainable livelihood system

FIGURE 3

The unequal sides of the pentagon
indicates an imbalance in the build
up and/or use of livelihood assets
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The same logic applies at the farm level. Should the capacity of the natural resources
on which the farm depends becomes overwhelmed, it can reach the point beyond
which it is not possible to restore its original productive capacity. If the farmer lacks
the skills or the technology, or his health is such that it does not match the physical
requirement of working in the farm, or S/Le has no access to skilled and quality
labor, the performance of the farm suffers. On the other hand, there is the possibility
of trade-off or substitution between renewable and some non-renewable natural
resources on one hand and built capital or technology on the other. Physical capital
may be manufactured that substitutes for natural capital. In other words, this built
capital can provide approximately the
same services or benefits as natural
FIGURE 4
capital. Some non-renewable natural
Imbalanced pentagon shows that the build up
resources however, such as soil and
of financial capital as well as physical capital
water, are extremely difficult if not
has been made at the expense of the natural
assets, i.e. soil, water or biodiversity
impossible to substitute because their
exhaustion would mean the end of
the flow of benefits to the farm and
society. Or at least they have no
immediate viable replacements.
The five types of livelihood
capitals (DFID, 1999), are described
below. The exercise of developing
the indicators should focus on the
priority goals of the small farm
household. The purpose is to list
a small number of indicators that
would best represent these objectives
rather than drawing a lengthy list,
which could be expensive to obtain
and measure and whose linkages and relations are not easily seen.
1. Natural capital. The natural resource stock from which resource flows useful
to livelihoods are derived. It includes the characteristics of the local resource
base and implies the ability of household to gain access, which is influenced by
rights, ownership, and entitlements and the availability of technologies to use the
resource potentials.
2. Social-political capital. The set of social relationships upon which people draw
in pursuit of livelihood. It includes the range of contact networks, membership
of groups and organizations, relationships of trust, access to wider institutions, as
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well as the services, technologies, information, markets, credit, and other factors
of production.
3. Human capital. Consists of skills, knowledge, and ability to work, good health
and ability to pursue livelihood activities. It has two elements, namely, quantity
or the number of productive individuals and quality or what individuals know
and skills they possess and how hard they are able to work.
4. Physical capital. Consists of the basic infrastructure for transport, buildings,
water management, energy, and communications and productive capital (tools,
machines, farm structures, etc). Also called built capital, these are owned (such as
buildings and facilities on the farm) , or accessed (such as roads, irrigation systems,
electricity and telephone networks, etc.) and either provided by government or
the private sector, are free or paid for.
5. Financial capital. It has two elements, namely: (a) sources, which include savings,
supplies of credit, regular remittances and pensions, social security payments
or insurance, etc. and (b) purposes, which are to enable different livelihood
options, for capital investments, for production inputs, and for responding to the
effects of different shocks, such restoring and reconstructing livelihoods.
The purpose of improving livelihoods is to tackle not poverty but its causes and
the other factors that predispose people to poverty or exacerbate it. These include
vulnerabilities, insecurity, poor adaptive capacity and low social and ecological
resilience. In the context of sustainability, the inability to get out of poverty or a
descent into poverty is a broad indication of lack of sustainability. In this regard,
the links between livelihood and the conditions for a poor means of livelihood (i.e.
poverty) need to be understood. These are described in Annex 2.
INDICATORS OF SUSTAINABLE SMALL-SCALE AQUACULTURE
One of the biggest problems with developing indicators of sustainability is that
frequently the best indicators are those for which there is no data, while the indicators
for which there is data are the least able to measure sustainability, which usually leads
to the choice of traditional data sources and measures for indicators. However, there
is a danger that traditional data sources and traditional indicators will focus attention
on the traditional solutions that created an unsustainable community in the first place.
Discussions that include the phrase “but you can’t get that data” are not going
to lead to indicators of sustainability. If you define a list of indicators and
find that the data is readily available for every one of them, you probably have not
thought hard enough about sustainability. Try to define the best indicators and only
settle for less as an interim step while developing data sources for better indicators
(Hart, M. op cit). A comparison between traditional and sustainability indicators
is provided in Annex 2, from which Table 2 below is adapted. The table identifies
provisional indicators of sustainability for small-scale aquaculture.
This matrix links the sustainability indicators with the four basic objectives of a
farmer (listed on the right column, namely, higher yields, better economic returns,
lower cost and less risk) and the pillars of development (left column). This depicts
the relations between the farmers’ objectives and the indicators of sustainability of his
farm. In practical terms, the farmer farms because of expectation of being justifiably
rewarded, although his farming practices should not stress his resources to the point
of losing permanently their capacity to support production. The third column,
which highlights the emphasis of each indicator, refers both to sustainability issues
and farmers’ objectives. It should be cautioned that depending on the type of
small-scale farm, some indicators may not be applicable. Subsistence farms may not
have savings, for instance, but small-scale cages of, say, groupers and lobsters as well
as small-holder shrimp farms may have sufficient turnovers that allow them to save and
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TABLE 1

Linkages of the sustainability indicators with the broad goals of development and the farmer’s goals
Broad goals/or
development
pillars
Economic
viability

Sustainability indicators
(Examples)

Emphasis of indicator

Investment into farm
improvements

Productive use of savings or loan

Loan repayment/loan default

Profitability of operation

Farm resilience (Built capital)

Relation to basic farming
objectives
Expand farm enterprise;
higher returns
Better credit worthiness,

Economic resilience
(Financial capital)
Percent of farm gate price to
retail price in local market

Farmers’ share of the margin

Higher financial returns

Value addition
Good market access
(Financial and social capital)

Farm workers wages compared
to other sectors

Sector’s importance to local
economy

Reliability of labor supply

(Human capital)
Diversity of farm products

Economic resilience
Good farm risk management

Less household risk from
crop failure

(Financial capital)
Multiple use, recycling of
water

Adding value to water

Ready availability of farm
workers/non-seasonality of
labor

Quality and quantity of human
resources in the area

Lack of conflicts

Equitable access to resources

(Natural capital)

Resilience of the job market

Lower cost per unit of
water volume
Better returns from a
higher labor productivity
with an efficient labor
force

(Human capital)
Social
responsibility

Less social risk

Socially responsible farming
Good security (social capital)

Environmental
sustainability

Membership in an active
farmer association or group

Stakeholder participation; social
cohesion (social capital)

Less probability of outside
threats i.e. less risk

Rapidity and prevalence
(among farmers) of adoption
of new practices

Credibility and reliability of support
services (social capital)

Higher yield

Children of schooling age in
school

Attention to human development
(human capital)

Better quality of life of
the family; more efficient
labor force in the future

Preference for the products of
the farm

Trust in the farmer (social capital)

Better returns

Percent of recycled farm waste

Efficient use of farm resources
(natural capital)

Probably better returns

Percent energy cost to total
production cost

Efficiency in energy use (natural
capital)

Lower cost

Lack of conflicts

Environmentally friendly farming

Less social risk

Less risk from unproven
technology

Good sector management (zoning,
planning) (social capital)
Frequency, severity and
prevalence of diseases

Ecological diversity/resilience

Higher yields

Effectiveness of environmental
management
Effectiveness of sector planning
(natural capital, also financial)

Non-use of antibiotics and
chemicals

Good management practice
Effective regulations (natural
capital, also social)

Less social (from food
safety issues) and
environmental risk; better
market access

Use of certified seed

Good risk management practice
(financial)

Less risk, higher yields

Adoption of code of conduct/
BMPs

Good risk management strategy
(social)

Less environmental risk

On farm soil and water
conservation structures and
practice

Ecological resilience (physical/
natural capital)

Less environmental risk
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re-invest. Likewise, subsistence farmers may not be borrowing money for production,
nor would they be hiring workers.
The above matrix is re-structured in Annex 3 to illustrate the (i) importance of each
indicator, (ii) what it would show and (iii) how it relates to sustainability.
What to do with “institutional support”?
The above matrix fails to reflect policy and regulations and the access to, availability
and adequacy of institutional services such as markets, inputs supply, credit, insurance,
technology, and training. An ADB (2004) study of small-scale freshwater aquaculture
used a modified sustainable livelihood approach model to enable a study of the se
factors, which are called transforming processes and structures in the model. ADB’s
framework “to analyse channels of effects” is modified from Carney (1999) and
recognizes the importance of access to capital assets and the key transforming processes
that include markets and prices; labour market; public and private institutions;
facilities, infrastructure, and services; legal framework and development policies;
aquatic resources management and the environment; and various safeguards, including
biosafety and aquatic health (Figure 5).
FIGURE 5

A model is used to analyze the influence of policies, institutions and processes (collectively
called transforming processes) on livelihood outcomes

Vulnerability
Context
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Trends
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Outcomes

The framework recognizes seasonality, shocks, and trends that influence outcomes.
The importance of access to different kinds of capital assets can vary with specific and
local circumstances. However, some conditions, especially access and tenure rights to
land and water, are essential for all scales of aquaculture.
There are two ways of assessing these influences: (i) use a separate tool other than
sustainability indicators such as measuring their individual and collective impacts
on aquaculture development using standard measures of institutional effectiveness,
or (ii) they are expressed as sustainability indicator statements. An example of this
second option would be to state each as “The capacity of the farmer to access, say,
market information” or the “capacity of the farmer to access and apply technology
or technical advice”. This second approach would lengthen the list of sustainability
indicators. On the other hand, it would give a better assessment of the social and
human capitals of the farming community such as the presence of, membership in, and
strengths of farmer associations, the farmers’ capacity to identify, diagnose and solve
problems, resourcefulness, and other indications of human capital. It could also lead
to better indications to the links between farmers and external sources of advice and
technology.
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MEASURING THE INDICATORS
Measures and data sources
While they can be as varied as the types of systems they monitor, good indicators
have certain characteristics in common: relevant, they show you something about the
system that you need to know; easy to understand by people who are not experts;
reliable in that you can trust the information that the indicator is providing; and based
on accessible data in that the information is available or can be gathered in time to be
useful.
Table 2 lists the possible measures (quantitative, scalar and yes/no responses) and
the data sources of indicators.
Reporting and interpreting the results: way forward
There are two important issues to address in reporting and interpreting results of
the exercise: whether sustainability indicators (i) can have a definitive reference value or
(ii) can be measured against a standard. A reference value indicates a particular state of an
indicator corresponding to a situation considered as desirable, undesirable or for urgent
remedial action. A standard consists of criteria which have been formally established
and either enforced by an authority or offered for voluntary adoption in consideration
of certain benefits (the benefits can include better market access or premium price for
organically farmed products, better image for adhering to a code of conduct, or all
of the above such as in the adoption of ecolabels or social labels). Unlike traditional
indicators such as particulates in the air or level of phosphorous in discharged water
to indicate acceptable pollution level, the first in terms of human health, the latter of
environmental health, sustainability indicators do not lend themselves easily to being
measured against standards. Another way of reporting is based on a base year (=100),
as with government economic indicators, in which progress is measured. Clearly, at this
point when the project is only just being initiated, a base point is not available. The
study will need to rely heavily on weakly reliable recall data.
A way forward for this workshop is to design a pilot study or studies to (a) test the
validity of the sustainability indicators coming out of the meeting and (b) devise and
test reference points for sustainable and unsustainable systems in the same pilot studies.
The latter would be based on the state of the indicators of livelihood capitals.
CONCLUSIONS
A general conclusion from this review is that sustainability indicators do provide a
holistic view and understanding of the state of sustainability of an entity such as a farm,
farm household, a farming community or a commodity industry sector such as. shrimp
farming or tilapia farming. Indicators of sustainability are not static, independent
indicators of separate components of an entity. They are interlinked and one change in
a component can have a positive or adverse impact on other components.
The practical use therefore of sustainability indicators is that they provide guides
to an integrated approach to problem solving. This avoids a piecemeal approach to
problem solving at both the farm and community levels. It would also be a useful basis
for a similarly holistic policy and development planning that is focused on small-scale
farmers.
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TABLE 2

Examples of indicators, their measures and possible data sources
Sustainability indicators

Measures

Data sources

Investment into farm improvements

Quantitative on farm information

Farmer, farmer’s wife.

Loan repayment/loan default

Quantitative – No. of farmers;
percentage repayment

Bank, financial institution,
lenders

Percent of farm gate price to retail price
in local market

Quantitative
information

– on farm and market

Farmer, local market, traders

Farm workers wages compared to other
sectors

Quantitative

– community information

Government labour office, job
brokers, farmers

Diversity of farm products

Quantitative on farm information

Farmer, local market

Multiple use, recycling of water

Qualitative and quantitative on farm
information; diagram of water uses,
number of water re-use on-farm (refer
to RESTORE Model, World Fish Centre)

Farmer

Ready availability of farm workers/nonseasonality of labor

Qualitative expressed in a scale: LowMedium-High

Key informants, farmers

Lack of conflicts

Quantitative (frequency ) or scale (LowMedium-High); Number, nature of and
intensity

Local government, key
informants in community

Membership in an active farmer
association or group

Quantitative: presence of association
and membership; also qualitative
such as status of association and even
motivations for membership.

Farmer association officers;
key informants

Rapidity and prevalence (among farmers)
of adoption of new practices

Qualitative: adoption rate and speed of
adoption; quantitative: adoptors and
non-adoptors

Extension workers, farmers,
key informants

Children of schooling age in school

Quantitative, household information

Farmer; farmer’s wife,
community school

Preference for the products of the farm

Qualitative: Scale or Yes/No

Traders, buyers, local market

Percent of recycled farm waste

Quantitative on farm information

Farmer

Percent energy cost to total production
cost

Quantitative on farm information

Farmer

Lack of conflicts

Quantitative (historical frequency) or
Scale: Low-Moderate-High

Key informants, farmers

Frequency, severity and prevalence of
diseases

Qualitative: Low-Moderate-High

Extension workers, farmers

Non-use of antibiotics and chemicals

Yes/No; If Yes, in which operations are
they used?

Farmer, extension worker,
traders

Use of certified seed

Yes/No

Farmer, hatchery, extension
worker

Adoption of code of conduct/BMPs

Yes/No

Farmer, extension worker

On farm soil and water conservation
structures and practices

Yes/No or Low-Medium-High

Farmer, extension worker
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Annex 1
Traditional Indicators Compares with Sustainable Community Indicators
(from Hart, M.)
Economic indicators
Traditional indicators

Sustainability indicators (SIs)

Emphasis of SIs

Median income
Per capita income relative to the
US average

Number of hours of paid employment at the
average wage required to support basic needs

What wage can buy
Defines basic needs in terms of
sustainable consumption

Unemployment rate
Number of companies
Number of jobs

Diversity and vitality of local job base
Number and variability in size of companies
Number and variability of industry types
Variability of skill levels required for jobs

Resilience of the job market
Ability of the job market to be
flexible in times of economic
change

Size of the economy as measured
by GNP and GDP

Wages paid in the local economy that are spent
in the local economy
Dollars spent in the local economy which pay
for local labor and local natural resources
Percent of local economy based on renewable
local resources

Local financial resilience

Environmental indicators
Traditional indicators

Sustainability indicators (SIs)

Emphasis of SIs

Ambient levels of pollution in air
and water

Use and generation of toxic materials (both in
production and by end user)
Vehicle miles traveled

Measuring activities causing
pollution

Tons of solid waste generated

Percent of products produced which are
durable, repairable, or readily recyclable or
compostable

Conservative and cyclical use of
materials

Cost of fuel

Total energy used from all sources
Ratio of renewable energy used at renewable
rate compared to nonrenewable energy

Use of resources at sustainable
rate

Traditional indicators

Sustainability indicators (SIs)

Emphasis of Sis

SAT and other standardized test
scores

Number of students trained for jobs that are
available in the local economy
Number of students who go to college and
come back to the community

Matching job skills and training
to needs of the local economy

Number of registered voters

Number of voters who vote in elections

Participation in democratic
process
Ability to participate in the
democratic process

Social indicators

Number of voters who attend town meetings
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ANNEX 2
Linkages between Livelihoods, Poverty, Vulnerability, Security and
Adaptive Capacity and Resilience
1. Poverty: Poverty is not an economic condition (indicated by subsisting on less
than 1 or 2 USD a day) but the lack of basic capabilities; thus the elements of
poverty are:
• inability to satisfy basic needs,
• lack of control over resources,
• lack of education and skills,
• poor health, malnutrition,
• lack of access to water and sanitation,
• vulnerability to natural and economic shocks,
• lack of political freedom and voice in policies.
These lack of capabilities correspond to or directly reflect the lack of access to any one
or two or all of the five livelihood assets.
2. Vulnerability: The (in)ability to avoid, prevent, cope with or recover from
harmful impacts of factors that disrupt lives and are beyond the people’s immediate
control. Factors can be sudden such as a war, natural hazards, collapsing markets,
or gradual, such as gradual environmental degradation, deteriorating terms of
trade, oppressive systems. It is both a condition and a determinant of poverty:
the poor are vulnerable, they are vulnerable because they are poor.
3. Security: The extent to which people can live their lives and conduct their
livelihoods free from threats (to well-being such as shortage of food and to life
such as hazards). Security is achieved by reducing vulnerabilities and improving
resilience.
4. Adaptive capacity: The ability to respond and adjust to actual or potential
impacts of natural and economic shocks in ways that moderate the adverse
impacts or take advantage of any opportunity such impacts may offer. It can be
simply defined as the resilience of a system to unpredictable shocks.
5. Resilience: The ability to withstand the impact of shocks and trends, absorbing
them and maintaining function. It can be achieved by maintenance or build up
of livelihood assets, sometimes facilitated by external support.
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Criteria

It is virtually adding value to water on
top of conserving water supply.

Better returns from higher labor
productivity with an efficient labor force;
Less cost from not having to pay much
higher rates for scarce labor, or not being
able to raise a crop at all.

6. Multiple use, recycling
of water

7. Ready availability
of farm workers/nonseasonality of labor

Higher labour productivity.
No or less delays in the timing of
farm operations.
No idle lands.
No idle production facilities.

On-farm facilities for water storage
and conservation.

Less discharge of waste water.

Higher production per unit water
used.

A reliable supply of farm labor allows undisrupted operations.
The job market is resilient, most likely from perception of good
opportunities (a steady demand) in the sector, which improves farm
productivity (economic performance) and enhances human capital.

Efficiency of water use contributes to conserving water supplies such
as from aquifers and streams. The carrying capacity of the water
source is not strained (on land, withdrawal rate is less than ability
of source to recover; on coastal waters and lakes and reservoirs, the
assimilating capacity for waste is not overwhelmed, i.e. no pollution
or eutrophication); less pollutants are discharged into receiving
waters – all positive impacts on natural capital.

Multiple cropping increases the efficiency in the use of production
resources; it indicates better management ability ( more than one
crop increases farm management complexity). It improves household
economic resilience. Even as it improves productivity and economic
returns, it makes optimum use of natural and physical capitals.

Higher cropping intensity.

Greater variety of farm products.

Crop failure in one enterprise does not
jeopardize the welfare of the household;
it also enables higher farm productivity.

5. Diversity of farm
products

It helps avoid labour conflicts.

Levels of education comparable to
those in agriculture especially in
livestock husbandry

Wage levels in a sector show the sector’s
importance to local economy. Competitive
wages offer greater opportunities to
work force. Labor productivity is one
of the capacities that makes economic
prosperity possible–along with natural
financial and physical assets.

4. Farm workers wages
and skills compared to
other sectors

A good wage structure would attract better skilled workers. It
provides incentive to labor market entrants to improve their skills – a
positive impact on human capital.

An efficient market mechanism that enables a fair price to farmers
The share of the margin between
farm gate and retail market is fair to improves farm profitability and competitiveness. Also indicates that
trust – rather than opportunistic behavior – prevails along the value
the farmer.
chain, which enhances social capital.
Value addition. Quality product.

A higher share of the margin by
the farmer indicates a good market
mechanism that enables producers a fair
share of the margin between farm gate
and retail.

3. Percent of farm gate
price to retail price in
local market

Wage rate in aquaculture do not
significantly vary with those in
agriculture and fishing.

Credit sources do not impose onerous terms; production loans are
invested wisely; or enterprise is profitable to enable farmers to
avoid heavy indebtedness that could force them to abandon or sell
the farm. It gives resilience to the farm household against economic
shocks, which improves human capital.

High repayment rates, low
default rates. Low incidence of
indebtedness. Better economic
viability of the farm.

Farmer has a ready source of money for
capital investments and operation; it
indicates profitability of the farm and the
farmers’ management ability.

2. Loan repayment/loan
default

How does it relate to sustainability?
Investment in on-farm capital improvements such as treatment ponds,
power source, storehouse, aeration, etc., improves farming efficiency
that results in better economic and environmental performance – a
positive impact on natural capital. Farm endowments are increased
which offset depreciation or reduce the use of natural assets.

More built assets or physical capital onfarm strengthens production base; it
indicates productive use of savings or
loan.

1. Investment into farm
improvements

What would it show?
(equivalent to a standard in a
traditional indicator)
More and/or better farm facilities
and equipment; a higher inventory
and value of physical assets.

Why is it important?

Indicator

Sustainability Indicators for Small-Scale Farm Households

ANNEX 3

Economic viability
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Social responsibility

Criteria

Educational attainment is a proxy
measure of human and social capital.)
High levels of educational attainment
are related to positive gains in civic
responsibility, health, income, life
expectancy, quality of life and other
variables that intersect economic and
social well-being.

It indicates quality farm products, and/or
environmentally friendly farming.

4. Children of schooling
age in school

5. Preference for the
products of the farm

3. Speed and spread of
It is a proxy indicator of the credibility
adoption of new practices and reliability of support services (social
capital); and the quality and relevance of
new technology.

Active participation in farmer associations Presence of farmer association(s) or It increases economy of scale of small farmers; strengthens their
is an indicator of the vitality of
groups or clusters.
bargaining power; improves capacity for adoption of better
stakeholder participation. It also shows
management practices; increases social capital but also translates to
Number of registered and active
greater economic viability and environmental responsibility.
social cohesion.
members.
Increasing the participatory capacity of individuals in concert with
government institutions facilitates the ability of these institutions to
respond to environmental, social and economic challenges.

2. Membership in an
active farmer association
or group

The presence of credible technology support institutions improves
farmers’ competitiveness and sustainability.

Translates to higher yields and less risks from unproven technology.

Probably higher prices for the
products of the farm.

More buyers.

More children of farming
households enrolled in school.

Trust in the farmer by buyers is an important social capital that can
translate to better profitability. Better market access improves
competitiveness and sustainability of farms.

Education is correlated with social capital. Attention given by the
family to the education of their children will eventually enhance
human capital; results in better skills and thus better opportunities
Low drop-out rates.
for the future generation. Sustainable development is abetted by
Low incidence of unacceptable child a well-educated population. Better educated children, however,
may eventually opt to look for employment outside the farm; on
labour.
the other hand, should they decide to carry on farming, their higher
education would likely translate to better farm management skills
and receptivity to innovation.

Lower rejection rate of innovation
by farmers.

Time lag from introduction of
innovation to adoption.

Indicates good governance as well as socially responsible farming.
Less or no violation on properties
(for example little or no incidence of A reduction in conflicts improves the climate for investments and
poaching).
reduces costs – with positive economic impacts. Conflict mitigation
Less or no challenges to the farm
and resolution mechanisms abet better farming.
from the public.
An effective stakeholders’
participation.

Conflicts disrupt production, reduce
farming effectiveness and increase costs.
Serious conflicts can paralyze operations
or lead to abandonment of farms.

How does it relate to sustainability?

1. Conflicts

What would it show?
(equivalent to a standard in a
traditional indicator)

Why is it important?

Indicator
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Efficiency in energy use helps conserve natural capital even as it
improves economic and environmental performance.

Environmentally friendly farming.

Lower energy cost.

No or low incidence of challenges
to the farm from the public and
from government.

Energy efficient operations may
contribute to energy savings and
certainly to less GHG emissions per unit
of food produced.

It indicates environmentally responsible
and friendly farming; also a proxy
indicator of better sector governance
(i.e. zoning, planning) and the adoption
of COCs , GAPs and BMPS.

Indicate better farm management,
effective health management protocols,
and a greater biodiversity.

Non-use or prudent use is an indication
of good management practice and/
or effective regulations and their
enforcement.

Also an indication of good risk
management practice.

It is an indicator of good risk
management strategy; as well as the
effectiveness of the farmers association.
Self-regulation and –management by
farmers complement legal measures.

Erosion and water abstraction that are
greater than tolerable levels seriously
threaten productivity. On-farm S&W
conservation practice indicates good farm
management; area or landscape-level
S&W structures and practices indicate
good cooperation among farmers and
social cohesion.

3. Environment-related
conflicts

4. Frequency, severity and
prevalence of diseases

5. Use of antibiotics and
chemicals

6. Use of certified seed

7. Adoption of code of
conduct/BMPs*

8. On farm and area soil
and water conservation

Less social risk (from food safety issues) and environmental risk (from
pollution or contamination of the environment); improves market
access; improves yields.

Lower seed mortalities.

Conservation of these resources improves on-farm and community
sustainability; increases ecological resilience. Preserves or enhances
natural capital even as it improves economic performance.

Land that is not degraded.

Presence of effective landscape
and on-farm physical and biological
structures for soil and water
conservation.

Better quality and volume of water
supply.

Less environmental risk, less social risk which translate to less
transaction costs for farming community (from having to spend time
and resources resolving conflicts); increases social capital through
farmer interactions between themselves and with service providers.

Compliance/adherence to provisions
of the COC, GAP or BMP.

Less disease incidence.
Less mortality.
Higher yields.

Farmers’ widespread use also encourages seed producers to adopt
seed certification standards. This improves overall productivity and
sustainability of farming.

Effective environmental management, health management, and
a higher biodiversity promote sustainability and contribute to the
protection of natural capital. These also enhance farmers’ economic
performance.

Lower cost from non-use of
chemicals, drugs or therapeutants.

Appropriate stocking density.

Ecological diversity/resilience.

Successful harvest.

Good sector management (zoning, planning) (social capital); less social
risks (challenges to the farm from the public).

Recycling improves environmental performance and may even increase
farm profitability. Waste, which productivity is otherwise low, zero or
negative, is transformed to something that adds to farm productivity.

2. Percent energy cost to
total production cost

Lower or no disposal cost.

Less waste materials in farm
premises.

The disposal of accumulated waste can
stress the environment as well as adds
to costs. Using it for production turns it
from a liability to a farm asset.

How does it relate to sustainability?

1. Percent of recycled
farm waste

What would it show?
(equivalent to a standard in a
traditional indicator)

Why is it important?

Indicator

*BMPs, GAPs or COCs would already include such practices as use of certified seed, non-use of banned drugs and chemicals, recycling of farm waste, soil and water conservation, and other practices, but using
them separately as indicators would highlight their relevance to the state and prospects of small farmers’ sustainability.

Environmental sustainability

Criteria
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Abstract
The contribution of small-scale aquaculture (SSA) to poverty alleviation and
thus to sustainable rural development (SRD) has long been recognized, but,
with the exception of research studies and donor-funded projects, there has
been limited hard data to substantiate the claims made for it. As a result,
resources to support the small-scale sector has not been forthcoming. In an
attempt to address this problem, the Food and Agriculture Organization of the
United Nations (FAO) organized an expert workshop in Nha Trang, Viet Nam
in 2008 with a view to developing an indicator system for better assessment of
the contribution of SSA to SRD. This paper summarizes the process adopted at
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this workshop and its outcomes. Based on a series of invited papers, it started by
characterizing SSA, its features and positive contribution, then examined trends
in the concept of sustainable development and reviewed work on indicators
of sustainability. It then reviewed the possible conceptual frameworks for
analyzing the contribution and the reasons for the selection of the Sustainable
Livelihoods Approach (SLA) as the basis for developing indicators. The paper
describes how the workshop moved from characterizing the contributions of
SSA to a short list of indicators based on an agreed framework and criteria to a
design of case studies for testing of the indicator system. From a free listing of
some 50 indicators, the expert workshop narrowed the list to 20 and finally to
14 indicators that will assess the contribution of SSA to SRD using SLA as the
analytical framework (natural, physical, human, financial and social capitals)
and three criteria, namely, accuracy, measurability and efficiency or AME.
The indicator system, referred to as the Nha Trang Small-Scale Aquaculture
Indicators include a detailed indicator definition (contribution, indicator name,
explanation, means of verification and methods for data collection).
Introduction
Aquaculture continues to be the fastest growing animal food-producing sector with
per capita supply from aquaculture increasing at an average annual growth rate of
6.9 percent between 1970 and 2006 (FAO, 2009). In 2006, aquaculture contributed
47 percent of fish for human consumption. Further growth in the availability of fish
for human consumption is expected to come mainly from aquaculture, which may
already have overtaken capture fisheries as a source of food fish (FAO, 2009). World
aquaculture is dominated by the Asia-Pacific region, accounting for 89 percent of
production in terms of quantity and 77 percent in terms of value. This is mainly due to
the production from China, but India, Viet Nam, Thailand, Indonesia, Bangladesh and
the Philippines were among the top ten aquaculture producers of food fish in 2006.
Aquaculture provides an important source of livelihood for the rural poor,
generating income through direct sales of aquatic products, in processing and by
providing ancillary services. Employment figures in aquaculture are hard to come by
(FAO, 2006). However, in 2006, the estimated number of fish farmers was nearly
9 million people, with 94 percent of them operating in Asia. In China, from 1985 to
2003, the aquaculture industry generated 4.3 million full-time jobs for rural farmers.
In India, 300 000 jobs have been generated from the brackishwater aquaculture sector
alone.
Aquaculture in Asia is dominated by small-scale producers. In Viet Nam, aquaculture
is operated by small-scale farmers who are operating 85–90 percent of shrimp farming
area involving more than 300 000 small-scale farmers as well as many small-scale
businesses involved in the shrimp supply chain. In Thailand, aquaculture in coastal and
inland areas is dominated by small-scale farmers, where 85 percent of the more than
33 000 shrimp farmers are classified as small-scale. In Bangladesh, the contribution of
freshwater aquaculture sector alone, whose farmers are mostly small-scale, directly
employs 800 000 people (part-time) and probably more than 3 million if related services
are included and about 4.36 million estimated for the whole aquaculture sector (ADB,
2004). An example of a regional estimate is from Latin America where aquaculture
directly employs an estimated 221 500 workers and excluding Chile, more than
60 percent are small-scale producers (FAO, 2006).
In the last ten years, the contributions of small-scale aquaculture (SSA) to
global aquaculture production and rural livelihood development have become more
recognized. These include food security and improved nutrition, efficient use of water,
farm materials and other resources, diversification of livelihoods, generation of rural
income and employment, utilization of family labor, fostering of social harmony, and
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women empowerment (Edwards, 1999). However, while these contributions have
been recognized, there is a scarcity of quantitative evidence on how SSA actually
contributes to SRD and no systematic assessment available which clearly measures the
contribution. As pointed out by Demaine (2009) in this volume, much of the evidence
on this contribution have been derived from research and development projects
which may have been atypical in the resources that they have been able to invest in
aquaculture development and in which there has been no ex-post evaluation of impact.
This lack of hard information has been a constraint in persuading policy makers to
invest resources in the development of the small-scale sector, unlike in large-scale
commercial aquaculture. In sum, there is a need to understand better the contributions
of SSA to SRD to guide interventions to support the sector.
It was in this context that the FAO Expert Workshop on Methods and Indicators
for Assessing the Contribution of Small-Scale Aquaculture to Sustainable Rural
Development was held from 24 to 28 November 2008 at Nha Trang University (NTU)
in Nha Trang, Viet Nam (Bondad-Reantaso and Prein, 2009). The aim of the expert
workshop was three-fold:
(1) to better understand the general concepts and principles behind sustainability
indicators and their application to various sectors and specifically to small-scale
aquaculture (SSA);
(2) to draw-up a list of indicators as well as methods to evaluate and appraise
the contribution of SSA to sustainable aquaculture and to rural livelihood
development; and
(3) to prepare a number of case study concepts using the identified indicator system
for the purpose of pilot testing.
In fact, as will be seen below, the actual focus of the workshop deviated slightly,
particularly from the first objective, where the focus was shifted on the contribution
of SSA to sustainable rural development, as agreed by the experts, rather than on
sustainability indicators.
This paper provides an overview of the process that was followed in the workshop
to develop an indicator system to measure the contribution of SSA to SRD.
Methodology
The consultation adopted the workshop approach. It consisted of: plenary presentations
of commissioned review papers, supported by contributed papers; working group
discussions and working group presentations; and a summary and concluding session.
Session 1 aimed to lay the basis for a common understanding of the objectives of the
workshop, the key concepts and principles to be addressed, the major issues, and the
methodology of the expert workshop. Sessions 2 and 3 were dedicated, respectively, to
the development of an indicator system for measuring the contribution of SSAs and
the preparation of concepts for carrying out case studies for pilot testing the indicator
system. Each session, with an elected chaiperson and rapporteur, had specific objectives
and expected outcomes and was followed by working group break-out sessions (with
same or multiple tasks) and feedback presentation. A plenary concluding session
presented the achievements and conclusions of the workshop and the way forward.
Nine papers were presented in plenary to achieve the objective of Session 1, i.e.
setting the scene in order to have a broader understanding of the general concepts and
principles of sustainability, indicators and sustainable development indicators (SDI),
SSA and sustainable livelihoods and broad considerations concerning the application
of sustainability indicators to SSA (e.g. general principles, context, terminologies and
scale of operation). These papers were divided into three thematic areas: (i) concepts
and principles of sustainable development and indicators of sustainability (Espaldon,
2009a) (ii) the nature, characteristics and key issues in SSA and its development
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(Jolly, Umali-Maceina and Hishamunda, 2009; Demaine, 2009; Siar and Sajise, 2009;
Wattage, 2009); and (iii) case studies of attempts to measure the social and economic
impacts of SSAs (Hishamunda, 2009; Morales, 2009; Prein, 2009; Sinh, 2009).
Session 2 was informed by two reviews (Espaldon, 2009b and Bueno, 2009). The
first described the various models of assessing sustainability; the second provided
examples of sustainability indicators of SSAs.
The process and the series of steps used in the development of the indicator system,
undertaken during Session 2 followed a linear process and included the following:
(1) understanding the subject of measurement, (2) identifying an analytical framework
and criteria, (3) developing a list of contributions of SSAs, (4) categorizing the
contributions on the basis of the analytical framework and criteria and (5) devising/
defining and organizing the indicators for measuring contribution.
Session 3 charged the working groups with the task of developing concepts for case
studies, identifying SSA systems, developing the methodology for the collection of
data, including the kind of information which had to be gathered for each indicator in
order to measure contribution, the kind of expertise needed for design of the study and
data collection and the means of assessing the effectiveness of the indicators.
The work begun in Session 3 continued after the workshop. The researchers involved
in the selected case studies further refined the indicator system based on pre-testing and
then carried out the pilot studies over a period of six months. The results of the pilot
studies were then presented at a second FAO workshop organized at Tagaytay, in the
Philippines, in August 2009, with a view to further refine the methodology.
Process and outcomes of the Workshop
Session 1
Session 1 of the workshop focused on achieving a common understanding of the focus
of the workshop in two dimensions:
a) defining the subject of the workshop, namely SSA, and its key characteristics in
terms of contribution to sustainable rural development;
b)developing a clear understanding of the definitions, concepts and principles
related indicators for the measurement of sustainability.
Small-scale aquaculture
The discussion of SSA centred around its scope, based on the presentation by Demaine
(2009). This paper reviewed the concept of “rural aquaculture” introduced by FAO
in the early 1990s, emphasizing its focus on rural development as an element of
poverty alleviation. Thus, rural aquaculture, as characterized by low external inputs
and low-cost technologies accessible to the poor, was mainly aimed at improving
their subsistence and was just one of several enterprises on the farm which might
be integrated to a greater or lesser extent. This “Type I” rural aquaculture was set in
contrast to “Type II” small-scale commercial or artisanal aquaculture, which although
small in scale and usually family-operated, often involved external inputs, was often a
more specialist enterprise and was mainly oriented toward market. Several participants
questioned whether such a categorization was helpful and argued the need for a more
flexible spectrum of SSA systems. This was emphasized in the paper of Jolly, UmaliMaceina and Hishamunda (2009). This study recommended applying dynamic rather
than static evaluation methodologies because of the dynamic setting and nature of
aquaculture development. It was pointed out that the nature of the aquaculture system
that a farmer adopts depended on the objectives of the farm household, whether as a
means of subsistence or a major element in livelihood. The farmer’s objective could
change over time, according to the changing circumstances and needs of the family.
It was also stressed in the discussion that SSA could not be seen as separate from the
wider farm systems, that a systems approach involving a participatory process should
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be an essential element in aquaculture development by smallholder farms where the
entire smallholder farming system is involved with its natural resources, including
identifying opportunities for diversification of enterprises and sectoral integration
(Prein, 2009).
After due discussion, the workshop agreed that, seen as a continuum, the two types
offered a simple basis for discussion, that SSA encompassed both of these types and
that indicators to measure their contribution to SRD would need to be broad enough
to include both types. On this basis, the workshop moved towards an agreed working
definition and characterization of SSA as set out in Box 1. It will be seen that the
characteristics of the two types, i.e. Type I and Type II, differ in a number of aspects.
Discussion of SSA also related to its sustainable development. The paper of
Demaine (2009) had also underlined the importance of institutional sustainability
in promoting and maintaining SSA systems and this was later supported by Sinh
(2009) who added the perspective from the Mekong Delta that efforts to improve and
strengthen linkages among relevant stakeholders, through appropriate planning and
organization at village and district levels, in association with availability and suitability
of investment and support from both public and private sectors, can benefit longterm development of coastal aquaculture. The paramount importance to sustainable
aquaculture development of firm access rights to land and water was stressed (Siar and
Sajise, 2009). A particular issue related to property rights was the terms of lease to land;

Box 1

Agreed working definition and characterization of small-scale aquaculture (SSA)
Small-scale aquaculture is a continuum of:
1) systems involving limited investment in assets, some small investment in operational costs,
including largely family labour and in which aquaculture us just one of several enterprises
(known in earlier classifications as Type I or rural aquaculture); and
2) systems in which aquaculture is the principal source of livelihood, in which the operator has
invested substantial livelihood assets in terms of time, labour, infrastructure and capital (this was
labeled as Type II SSA system).
The following elements and characteristics of SSA guided the discussion in clarifying and
finalising the above SSA working definition that will guide the selection of SSA pilot case studies.
The common elements identified were: (a) ownership of or access to an aquatic resource;
(b) ownership by family or community; and (c) relatively small size of landholding.
Small-scale aquaculture can involve both low and high value species, be conducted in a variety of
containment (ponds, cages, pens, raceways, barrels, bottles, jars) and be practiced as monoculture,
polyculture or integrated systems.
Other typical characteristics or attributes of small-scale aquaculture are listed below:
• mostly based on family labour (Type I)
• informal management structures (Type I)
• a certain degree of vulnerability (Type I)
• often limited access to physical and technical resources (Type I)
• limited technical expertise (Type I)
• limited access to information, including market information (Type I)
• limited investment (this attribute does not necessarily apply to Type II)
• usually limited value of sales (not necessarily for Type II)
• low household income (not necessarily for Type II)
• may or may not contribute significant proportion of total household income
• contributes to family food supply (not necessarily directly in the case of Type II)
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the length and security of tenure affect the willingness of a farmer to invest in capital
improvements on the farm.
The lessons from a case study of value-addition to aquaculture products showed that
the measures of economic, financial, social and environmental valuation are helpful in
appraising the contributions of SSA to rural society, but cannot be applied universally
(Jolly, Umali-Maceina and Hishamunda, 2009).
Sustainable development and sustainability indicators
The discussion of sustainability indicators centred on the paper presented by Espaldon
(2009a). This paper showed that the concept of sustainable development has undergone
many re-interpretations since its emergence in the early 1990s, with different emphasis
on “what is to be sustained” and “what is to be developed”. As a result, there is also
a vast range of sustainability indicators, differing from country to country according
to conceptual framework adopted and also according to scale, i.e. global, national and
local. Most sets of indicators have been developed at the national level and involved
a combination of economic indicators, social indicators and environmental indicators
corresponding to the so-called “three pillars of sustainable development”. It was
also noted that, at the local level, indicators tended to focus on SRD, involving a
holistic approach seeking to develop measures reflecting economic viability, ecological
soundness, social justice and cultural appropriateness.
The discussion was also informed by the reference to the paper by Maureen Hart
quoted in the review by Bueno (2009); Hart (www.sustainablemeasures.com/index.
html) pointed out the crucial distinction between indicators of sustainability and
traditional indicators of economic, social, and environmental progress. Traditional
indicators – such as profits and water quality – measure changes in one part of a system
as if they were independent of the other parts. On the other hand, sustainability
indicators reflect the reality that the three different segments, i.e. economic, social and
environmental progress, and are tightly interconnected. She argued that progress is
not measured by the quantity of goods produced or consumed, how fast the economy
is growing, or how much financial wealth is being amassed, but by how well “we
equitably distribute wealth, income, and access to cultural amenities; diversify and
stabilize our economic base; protect and restore native ecosystems; and advance social,
economic, and environmental sustainability”. The pitfall of traditional indicators
and traditional data sources
Table 1
is that they tend to focus
Considerations on some key terminologies used during the consultation
attention on the traditional
Terminology
Considerations concerning their definitions
solutions which created an
Sustainability
Besides the conventional economic-environmental
emphasis, there should also be consideration
unsustainable community in
of social and institutional factors, involving the
issue of self-reliance of households and grassroots
the first place.
organizations and considerations of the sustainability
The ensuing discussion
of development initiatives. Inclusion of these issues
would be consistent with the Sustainable Livelihoods
focused on the issue of
Approach.
what should be sustained/
Sustainability Indicators A simple definition was agreed, i.e., a numerical
developed and decided
measure to assess where we are, which way we
are going, and how far we are from the goals of
that it should concentrate
sustainability.
on the local/community
Sustainable livelihood
The original definition was considered appropriate
for use in the consultation. A livelihood is sustainable
level and therefore that the
when it can cope with and recover from stresses
group should be focusing
and shocks and maintain or enhance its capabilities
and assets both now and in the future, while not
on the sustainability of rural
undermining the natural resource base.
livelihoods. In working
Resilience
The attribute of self-reliance should be added.
groups, a number of key
Poverty and freedoms
It was suggested that this element of poverty could
terms were also defined to
be more specifically addressed if it were placed in the
operational context of the poor having no voice in
assist mutual understanding
policy formulation rather than seen from the broad
perspective of lack of freedom.
(see Table 1).
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Finally, based on the review of sustainability indicators, the working groups
attempted to define the guiding principles for development of SSA by which it might
be able to contribute to sustainable rural livelihoods (SRL) (Box 2).
Session 2
Identification of an analytical framework
Session 2 of the workshop built logically on Session 1. Given the agreed working
definition of SSA and the clarification of what aspects of sustainability the group was
trying to measure – sustainable rural development or livelihood – the first question of
this session was the identification of an appropriate analytical framework within which
to design the indicator system.
In addressing this issue, the group turned back partly to the paper by Espaldon
(2009a) in which several different conceptual frameworks had been discussed, namely:
• pressure-state response model
• human well-being or the ecosystem framework, which was linked to the
Ecosystem Approach to Aquaculture (EAA) recently under discussion in FAO
(FAO, 2009)
• issue- or theme-based frameworks
• capital accounting system

Box 2

Provisional guiding principles for development of the small-scale aquaculture sector
Goal
• Aquaculture should improve human well-being and promote equity for all relevant stakeholders
and in society in general.
Context
• Aquaculture development and management should consider other ecosystem functions and
services (provisioning, regulating, cultural, support) and should not threaten the sustainability of
these functions and services.
• Aquaculture should be developed in consideration of the policy and goals of other sectors.
• Aquaculture development is dynamic and highly contextual with spatial and time dimensions.
• Trade-off and substitution operate as options for aquaculture development.
• Aquaculture development must be within the carrying capacity of natural resource base.
• Aquaculture development should build on the assets or capital endowments of the farm,
household and community.
Sustainability
• Aquaculture development should be economically, environmentally, socially and, institutionally
sustainable and aligned with sustainable livelihoods approaches.
• Sustainability at one level could be affected by a higher hierarchical level.
• The sustainability of aquaculture depends on the ability of the system to effectively respond to
pressures. Responses may be in terms of social, institutional and technological.
• Vulnerability is the inability of a system to avoid or prevent shocks and stresses, mitigate and
recover from their impacts, which translate to lack of sustainability.
Measure of success
• There should be measurable indicators of success and their measurement should be cost
effective.
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In addition, other frameworks were reviewed, including development pathways, the
triple-bottom line framework, the analytical hierarchy framework (Hishamunda, 2009)
and, in greater detail and related to papers by Siar and Sajise (2009), Espaldon (2009b)
and Bueno (2009), the SLA framework.
From the preceding discussion, it will be observed that the outcomes of the first day
seemed to point to an adoption of an analytical framework that closely models SRL.
Further review of the SLA against other possible analytical frameworks examined the
strengths and limitations of SLA and its applicability in assessing the contribution of
SSAs to rural development. Review of the other conceptual frameworks suggested that
these were either narrower than the SLA in their consideration of sustainability factors
(the capital accounting framework and the triple-bottom line framework) or, while
conceptually similar, were largely descriptive (pressure-state-response model, humanecosystem well-being model). It was recognized that there was often an over emphasis
of the SLA on the level of the farm household or community. In that sense, it was
important to consider the wider scales emphasized in the EAA and take into account
the full range of ecosystem functions and the broader sectoral context in assessing
sustainability. However, it was also argued that these issues could be addressed through
the vulnerability context and the consideration of processes, policies and institutions
within the SLA.
Support for the SLA framework came from the one impact major study presented
at the workshop. Morales (2009) presented the participatory rapid appraisal (PRA)
techniques in identifying and ranking impacts and the application of sustainability
indicators in assessing aquaculture adoption by smallholders in the study that
ICLARM (now WorldFish Center, WFC) had employed for the evaluation of various
Asian Development Bank (ADB) projects in small-scale freshwater aquaculture in
Bangladesh, the Philippines and Thailand. The methodology had used a combination
of a modified SLA and ADB’s own Design-Monitoring Framework. An important
data collection issue was also addressed in this study: the lack of baseline information
was resolved by the use of recall questionnaires and, in the Philippines, use of a control
group.
After extensive discussion, it was decided that SLA indeed offered an appropriate
conceptual framework to address the contribution of SSA to SRD. It was concluded that
its strength lay in its ability to describe the relations between and the interactions among
the five basic components of a
FIGURE 1
sustainable livelihood system
Conceptual framework for assessing contribution of SSA
(natural, physical, social,
to Sustainable Rural Development
human and financial capitals).
The framework can depict the
Governance
constant interactions among
-insitutions
External Shocks
-policies
the components and therefore,
can account for changes in the
system as well as changes in the
natural
context of aquaculture. As an
6
Sustainable
4
analytical tool, it was deemed
2
financial
physical Rural Development
Small-scale
0
powerful and suitable for the
aquaculture
-macro/micro
-national/local
appraisal of SSAs sustainability
social
human
and contributions to SRD. The
conceptual framework adopted
is illustrated in Figure 1.
Other sectors
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Developing a list of contributions of small-scale aquaculture
On the basis of the analytical framework adopted, the workshop then moved to the
core issue of the workshop, the identification of indicators through which to assess the
contribution of SSA to SRD. The first step in this part of the process was to make a
free listing of contributions (see Table 2), based on experts’ experiences and also based
on several of the review papers presented on the first day (Jolly, Umali-Maceina and
Hishamunda (2009), Sinh (2009), Prein (2009). Some of those contributions are listed
in Box 3. A review of the list was made to determine which contributions could be
merged and which ones would already reflect similar or associated contributions. It
will be noted that negative as well as positive contributions were identified, particularly
in relation to wider ecosystem functions.
Categorizing the contributions
The merged list of contributions was then categorized, first on the basis of the
triple-bottom line framework, i.e. contribution to economic development, social
development and environmental sustainability. These contributions were further
classified under each of the five livelihood assets, i.e. natural, physical, human, financial
and social capitals. This finer classification was meant to reflect SSA’s contribution to
SRL and thus to SRD.
One general issue raised at this stage was that some contributions might impact on
more than one livelihood asset. The workshop agreed that a contribution should be
categorized under the asset on which it was considered to have the major impact.
Defining and organizing the indicators of contribution
The statements of contributions are basically qualitative descriptions. However,
the core issue of the workshop was to find indicators which would measure these
contributions to SRD. In this task, the review paper by Bueno (2009) offered useful
discussion guidelines for developing the indicator system. This paper relied a good deal
on Maureen Hart’s definition, purposes and characteristics of indicators:
“An indicator is something that helps you understand where you are, which way
you are going and how far you are from where you want to be. A good indicator alerts
you to a problem before it gets too bad and helps you recognize what needs to be done
to fix the problem…. An indicator is something that points to an issue or condition.
Its purpose is to show you how well a system is working. If there is a problem, an
indicator can help you determine what direction to take to address the issue. Indicators
are as varied as the types of systems they monitor”.
The workshop also attempted to define what constituted a “good indicator”. The
classic characteristics of a SMART indicator were proposed: specific, measurable,
attainable, relevant and time-bound. This discussion was also informed by Hart
(see Bueno, 2009) who proposed that effective indicators should have the following
characteristics:
• relevance - they show you something about the system that you need to know.
Indicators must fit the purpose for measuring.
• ease of understanding - even by people who are not experts. We need to
understand clearly what the meaning of the indicator and what it is telling us so
that we will be guided on what action is required.
• reliability - you can trust the information that the indicator is providing. An
indicator does not need to be precise but it needs to give a reliable picture of the
system it is measuring.
• data accessibilility - the information is available or can be gathered while there is
still time to act. Indicators must provide timely information.
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TABLE 2

Free-listing of indicators of contributions of small-scale aquaculture to rural development
1

biological control of pests e.g. mosquitoes

24

2

pest population size

25

number of social conflicts reported and resolved
diversification of products (risk management)

3

reduction of incidence of animal and human diseases
harboured in aquatic environments e.g. bilharzias,
dengue

26

number of species of aquatic products

4

frequency (prevalence and incidence) and severity of
diseases

27

additional cash income

5

recycling of household wastes and nutrients

28

total household income

6

significant re-use/ disappearance of farm wastes

29

proportion of income from SSA and derived from SSA

7

change in diversity of aquatic products

30

change in the number and strength of allied
enterprises

8

provision of water supply for production of vegetables 31
and fruit trees

export earnings

9

change in amount of water used

32

total export earnings

10

reduced time for watering crops

33

proportion of export earnings from SSA

11

change in amount of vegetables and fruit produced

34

contribution to gross domestic product (GDP)

12

quantity of out-of season vegetables produced

35

percentage of GDP from SSA

13

change in the quantity of aquatic products

36

food security and improved nutrition

14

utilization of under-utilized resources

37

change in aquatic product consumption

15

increase in total farm production

38

human capital enhancement (extension services)

16

increase in farm productivity

38

number of farmers receiving extension services

17

recycling of household wastes and nutrients

40

number of farmers who are members of active
farmer associations and/or community organisations

18

significant re-use/disappearance of farm wastes

41

proportion of aquatic production from SSA

19

sectoral linkages

42

conversion of aquatic production types to protein

20

change in the number and strength of allied
enterprises

43

utilisation of family labour

21

inter-household exchange of products

44

return to labour of household members

22

change in product transfer among households

45

enhanced social capital

23

reduction in migration from rural areas to towns

46

social harmony

Identifying indicators and means of measurement
Obviously, these ideas overlap and it was decided in the first instance to use the SMART
criteria as the basis of assessing the quality of the indicator. With this is mind, the
meeting turned to development of an indicator list based on the identified contributions
of SSA. Candidate indicators derived from working groups were elaborated and their
rationale, nature and purpose explained. In the course of the review, it was also decided
that the criteria for indicator selection could be distilled down to three, namely:
• accuracy (incorporating relevance and specificity: the indicator did accurately
reflect the supposed contribution)
• measurability (data were available and reliable)
• efficiency (could be collected in a timely and cost effective manner. To some
extent this latter issue is an extension of the characteristics mentioned above, but
was seen to be important in the context of ensuring that any pilot data collection
exercise could be replicated on a larger scale )
The experts agreed by consensus on the 20 potential indicators, namely:
(1) flows/enterprises, (2) off-farm nutrient use/farm products (input/output ratio),
(3) enterprises’ contribution to cash income, (4) productive use of pond water,
(5) return to land capital and labour; trends in physical asset used for SSA, (6) income
from SSA and derived from SSA, (7) SSA contribution to gross domestic product,
(8) farmers who are members of active farmer associations or community organizations,
(9) household consumption of fish, (10) seasonal distribution of fish consumption,
(11) womens’ access to resources and benefits of SSA, (12) women engaged willingly
and as active decision-makers in SSA (including post-harvesting), (13) batch testing
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Box 3

Some examples of contribution and effects of SSAs
Contribution of small-scale aquaculture
• food security and improved nutrition
• diversification of products (risk management)
• animal and plant protein source
• additional cash income
• utilization of family labour
• utilization of under-utilized resources
• recycling of household wastes and nutrients
• investment of social capital
• inter- and intra-household exchange
• export earnings
• water supply for crops/vegetables/fruit trees
• biological control of pests, e.g. mosquitoes
• sectoral linkages
• human capital enhancement (farmer to farmer extension services)
Negative effects and factors that could negate the positive impacts of SSA
• traceability of products would be difficult
• environmental problems
• quality and food safety (during production and post-harvest)
• disease threat
• marketing difficulties
• limited economy of scale
• resource use conflicts
• limited supply of product to market
• weak cooperation and linkages
• limited accountability (for instance in the misuse of chemicals)
• under-utilization of production resources (for example, abandoned ponds)

for banned chemicals or poor quality aquatic products aquatic, (14) farmers adopting
better management practices (BMPs), (15) farmers involved in traceability system,
(16) export earnings, (17) employment generation, (18) disease, (19) vulnerability, and
(20) resource use conflicts.
From these potential indicators, a matrix was developed showing the rationale for
the indicator, the means of measurement and the methods of data collection. This matrix
is presented as Table 3. It may be observed that the means of measurement mainly
involved primary farm household survey, including both questionnaire survey and
tools of participatory rural appraisal such as key informant interviews and focal group
discussions. It was recognized that little secondary data would be available, essentially
confirming the problem being addressed by the workshop in the first place.
Table 3, in fact, reduces the list of indicators from 20 to 14 to be used in preparation
for the field testing after the workshop. The reasons for this will be discussed in more
detail below.
Session 3: Developing country case study concepts
Session 3 of the workshop was dedicated to the preparation of country case study
concepts as the basis for pilot testing of the indicator system. A number of issues came
up in the deliberation. One issue related to the identification of the SSA systems to be
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included in the case studies. It was felt that the pilot tests should include a wide range
of cases in order to test the robustness of the indicators in terms of their applicability
to a wide range of systems. Thus, the selection of pilot areas should allow inclusion of
at least two different SSA systems. The other issues related to the survey design and
approaches, the kind of information that had to be gathered to measure each indicator,
the expertise or mix of expertise needed for the study, and the effectiveness of the tools
and methodologies for data gathering.
Through working group discussions, the workshop produced a short list of potential
SSA systems which might be considered for pilot testing of the indicator system,
mainly related to those areas well known to and can be easily accessed by workshop
participants. It was deemed useful to have the case studies conducted by experts who
had been involved in the Nha Trang workshop for their familiarity with the concepts,
methodologies and tools proposed by the expert workshop and the process that led to
the development of the indicator system. The short list of systems is in Box 4.

Box 4

Examples of small-scale aquaculture systems in Asian countries which may be
considered for pilot testing of the Nha Trang SSA indicator system
Indonesia
• shrimp culture in ponds
Bangladesh
• rice-freshwater prawn-carps, vegetables
• rice-fish rotational systems in seasonally flooded rice fields
Philippines
• tilapia cage culture
• seaweed culture
Thailand
• Clarias sp. pond culture
• Mixed finfish sp. culture in trench (orchards and gardens)
Viet Nam
• lobster cage culture
• marine finfish and penaeid shrimp integrated farming
• pond/orchard ditch; rice-fish/shrimp
• small scale pond (shrimp and others)
• mud-flat culture of mollusc
• Pangasius sp. culture

Session 3 also developed the (i) table of contents of a generic survey design (including
background, objectives, methodology, results, analysis, conclusions, recommendations
on the adoption of indicators and future work, and (ii) discussed possible approaches
(e.g. face to face interview, group meeting, resource mapping along the lines of the
WFC’s RESTORE model (Prein, 2009), recall questionnaires, etc.).
Post-workshop follow-up activities
The activities begun in Session 3 continued into the post-workshop period. There
were two final steps in the process, namely refining the indicator system based on pretesting and actual pilot testing of the indicators. These two activities began immediately
following the Nha Trang workshop.
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Refining the indicator system based on pre-testing
Shortly following the Nha Trang workshop, in December 2008, three country case
studies were commissioned by FAO to pilot test the developed indicator system. Three
Project Teams from Kasetsart University (KU) in Thailand, Nha Trang University
(NTU) in Viet Nam and the University of the Philippines at Los Banos (UPLB) were
assembled. Each team was comprised of a team leader, an aquaculturist, an economist,
a social scientist and field researchers. As an initial step in the process, a draft survey
questionnaire was developed by the KU team.
A meeting of the Project Teams was organized by FAO in March 2009 in Bangkok,
Thailand. In this meeting, FAO provided further guidance in the implementation
of the pilot tests. The outcomes of the pre-test carried out by the KU Project Team
became the basis for finalising the indicator list. A revised list of indicators was
developed and elaborated, as recommended in Nha Trang, and which again included an
indicator definition consisting of a description of its contribution, an explanation of the
indicator, means of verification, information sources, and some other considerations
(Table 3). The indicators were classified according to the different asset categories in
the SLA framework.
The final indicator list was reduced from 20 to 14. Nine indicators were dropped in
this exercise as follows1:
#2 off-farm nutrient use/farm products
#6 income from SSA or derived from SSA (seen as overlapping with #3)
#11 women access to resource and benefits of SSA (combined with #12 as a
variable entitled women empowerment)
#13 batch testing of banned chemicals or poor quality aquatic products
#14 farmers adopting better management practices (BMP)
#15 farmers involved in traceability system
#16 export earnings (decided that it was impossible to measure the specific
contribution from SSA as opposed to aquaculture as a whole)
#18 incidence of disease
#20 resource use conflicts
and three added
#N42 types and number of rural infrastructure induced by SSA (to widen #5 which
measures only the physical increase in the number of farms)
#N5 types and numbers of rural infrastructure induced not purposively for SSA,
but benefiting SSA (similar)
#N13 fostering Social Harmony: (1) Number of SSA households that share fish
products and other farm resource; (2) Number of activities in which farmer
work together to improve the shared resources in the community
In addition, the emphasis in some indicators was changed. Thus:
#7 SSA contribution to GDP was changed to contribution to provincial
economy
#17 employment generation was changed to social safety net:ratio of family
labour who previously worked in non-SSA now working in SSA to total family
labour

1
2

Numbers refer to original list in page 10 above.
Refers to numbers in Table 2.
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The shift from the original indicator list to the final list indicates several problems
with the original. First, certain indicators developed in Nha Trang were clearly
overlapping indicators. Second, certain indicators were seen only as relevant to
particular small-scale commercial systems selling produce in the international market
(#13, 14, 15). Third, there were few indicators in the original list relating to certain
asset categories, especially physical capital. Fourth, the pre-test revealed that there
were contributions of SSA, particularly in low-input, Type I systems, which were not
captured by any indicator, such as social harmony and the social safety net created by
employment. Fifth, some indicators required major extra resources for measurement
- such as incidence of disease and off-farm nutrient flows – over and above the
main chosen instruments for data collection, the socio-economic household survey,
complemented by some PRA techniques.
Pilot testing of indicators
The pilot testing of the Nha Trang SSA indicator system was undertaken between
February 2009 and June 2009. The following seven SSA types in three countries
(Philippines, Thailand and Viet Nam) were used in the pilot tests:
• Philippines: tilapia cage culture (Taal Lake) and seaweed farming (Calatagan,
Batangas Province)
• Thailand: pond polyculture of freshwater species and catfish farming (Ang Thong
Province)
• Viet Nam: lobster cage culture and fish/shrimp pond polyculture (Nha, Trang
Province) and black tiger shrimp farming (Ben Tre Province)
The outcomes of the pilot tests were presented during a second workshop, FAO
Expert Workshop on Indicators for Assessing the Contribution of Small-Scale
Aquaculture to Sustainable Rural Development, held in Tagaytay, Philippines from
6-8 August 2009.
Conclusions
To summarize its fundamental achievements, the expert workshop enabled a better
understanding of the contribution of SSA to SRD. This understanding was the key
to the identification and adaptation of the analytical framework and criteria and the
subsequent development of methodology and tools to measure that contribution. The
core purpose was achieved, which was the drawing up of a provisional indicator system
to measure the contribution of SSA to SRD. This should offer a more quantitative
dimension to the assessment of impacts of SSA, which, combined with descriptive
measures would improve the precision and quality of assessments.
The processes and steps in the development of the indicator system may have useful
application when used to other relevant exercise to develop indicators for measuring
other contributions or impacts. Much of the documentation on indicators does not
indicate the process through which these were established.
The follow-up work on pilot tests is an important activity that emerged from the
workshop. The pilot tests have the following methodological and strategic purposes:
(i) to inform the methodology for similar case studies on other SSA systems; (ii) to
provide the conceptual and methodological guidelines for national level studies on
SSAs; (iii) to indicate the expertise and the capacity building needed for the conduct
of case studies or scaled-up studies; (iv) to provide the indicators for appraisal of
proposed projects as well as ex-post evaluation of projects to develop SSA; and (v) to
identify the additional types of data and information that governments need to include
in their aquaculture statistics, which are envisaged to constitute national data sources
for refining the indicators.
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An additional purpose, which is specific to the seven case studies conducted in the
Philippines, Thailand and Viet Nam, is that their outcomes now provide a baseline
reference for a future assessment of impact in the same areas.
To conclude, seen from the perspective of earlier and ongoing efforts from many
organizations and individuals to promote the interests of the SSA farmers, the initiative
taken at the Nha Trang workshop on indicators offers an important step forward. The
development of the indicator system achieved in Nha Trang and the pilot tests that
followed comprise the first phases in the process. The next steps taken in Tagaytay
include evaluating the test results, refining the indicator system and the wider testing
and use of indicators, followed by evaluation, learning and adaptation of the approach,
the framework, the indicator set, the methodology and, ultimately, the practical
application of the indicators.
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1

2. Number of farm production
uses of water

2. Efficient use of water

4. Types and number of rural
infrastructure investment
induced by SSA

5. Types and number of rural
infrastructure investment
induced not purposely for SSA
but benefit SSA

4. Build up of rural physical
assets

5. More efficient use of built
physical assets in rural area
More sectors including SSA using
the built infrastructure would
lead to a more efficient use of the
assets.

SSA induces a building up of rural
physical assets (such as water
system, rural market, rural road,
and energy distribution system).

- The trend might be contraction.

Remarks:
- This contribution can be induced
by programmes not solely
targeted at SSA.

Increase of SSA farms and
expansion of farm areas indicate
growth in physical capitals due
to SSA

Reuse of water in a farm indicates
an efficient use of water resource.
This contributes to environmental
sustainability.

Recycling of household and farm
waste and by-product among
various farm enterprises improve
material use and save energy.

Explanation

Farm survey - questionnaire

- Farm survey - questionnaire

- Key informant survey

- Farm survey - questionnaire

- Key informant survey

Farm survey - questionnaire

Farm survey - questionnaire

Means of Verification

Ask farmer about the village infrastructure being used
and shared with other households.

- Cross-check by asking farmer about types of rural
infrastructure investment induced by his/her SSA
business

- Discuss with village head on number and types of
rural infrastructure investment induced by SSA

- Ask farmer about farm enterprises and land use
changes over 3 years (2006-present)

- Discuss with village head on Number of SSA farms
and farm areas increased over 3 years in the study
area

- Develop a schematic diagram with farmer that
depicts the flow of water uses in the farming system.

- Ocular observation of farm

- Use the RESTORE model as a template (Prein, 2009)

- Develop a schematic diagram with farmer that
depicts material flows in the farming system

- Ocular observation of farm

Methods for data collection

The Nha Trang Small-Scale Aquaculture Indicators was developed by some 25 experts who participated in the FAO Expert Workshop on Methods and Indicators for Assessing the
Contribution of Small-Scale Aquaculture to Sustainable Rural Development, held from 24 to 28 November 2008 at Nha Trang University (NTU) in Nha Trang, Viet Nam. The indicator
system was further developed in March 2009 and elaborated to include a detailed indicator definition (name, brief description, unit of measurement) description as well as information on its
importance and relation to sustainability, what it measures and how it can be measured, now reflected in this table and which became the basis for the FAO-commissioned pilot tests carried
out in the Philippines, Thailand and Viet Nam between February and July 2009.

3. Number of SSA farms and
farm areas increased over 3
years in the study area

3. Build up of SSA farms and
farm assets in rural area

Physical capital

1. Types and number of nutrient
flows

Indicators

1. Efficient use of materials
and energy saving

Natural capital

Contribution

Nha Trang Small-Scale Aquaculture Indicators (FAO, 2009)3

Table 3
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7. Season of the year when household
relies more on their own harvest than
on fish from other sources

7. Seasonal food security

Government statistics

This measures the relative importance of
SSA in provincial aquaculture sector.

10. Percentage of economic value
from SSA production to the value of
production from all aquaculture in
the province

10. Contribution to
provincial economy

- Calculate the sum of the SSA production
value and the percentage can be calculated.

- Estimate the SSA production value by
systems and species

- From the statistic data, classify the SSA
systems and species in the study province

- Cost-return analysis (amount/unit/year)

- Ask farmer on economic costs and revenue
from SSA operation. Cash (tangible costs
and revenue) and non-cash (intangible costs
and revenue) data are classified.

Farm survey - questionnaire

This indicates the household economic
value obtained from SSA when both cash
and non-cash returns/ /opportunity and
economic forgone are considered.

9. Economic return from SSA to
household

9. SSA serves as a source
of household economic
security

Ask farmer to indicate the percentage rather
than the absolute amount of income.

- Substitution fish or protein sources when
farmer does not harvest fish (processed fish,
get from friend and relatives, fishing, eat
other proteins, etc.)
Farm survey - questionnaire

This indicates reliance of the household on
SSA for its cash income i.e. liquidity

8. Percentage of cash income from
SSA to total household cash income

Ask farmer:

Farm survey - questionnaire

SSA contributes to seasonal food security
if there is a season that household
consumption much relies on their own fish
harvest rather than on buying or fishing.

- Which months in a year when farmer
harvests fish for household consumption and
how much for each month

Ask farmer about the amount of fish
harvest and the allocation of the harvest for
household consumption that included fresh
and processed products.

Methods for data collection

Farm survey - questionnaire

Means of Verification

The high per capita consumption indicates
a more food and nutrition security that
SSA provides.

Explanation

8. Household cash income

Financial capital

6. Per capita annual consumption of
fish in SSA household (only fish for
their own SSA harvest.)

Indicators

6. Food and nutrition
security

Human capital

Contribution
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13.1 Number of SSA households
that share fish products and other
farm resources

13. Fostering social harmony

14. Providing social safety net

12. Percentage of number of SSA
farm activities in which women
take the major decision-making role

12. Women empowerment

14. Ratio of family labours who
previously worked solely or mainly
in non-SSA (incl. off-farm jobs) but
now work in SSA (X) to total family
labours (Y)

13.2 Number of activities in which
farmers work together as to
improve the shared resources in the
community (such as water system,
road and reservoir)

11. Percentage of farm households
who are active members of
SSA programs/ associations/
organizations

Indicators

11. Social participation

Social capital

Contribution

Increase family labour in SSA
indicates the importance of SSA
as a fallback employment/an
opportunity to non-SSA and
off-farm jobs and an alternative
source of income.

Farm survey - questionnaire

Interview farmer on:

Farm survey – questionnaire

Sharing of farm products, farm
resources and cooperating in
community activities foster social
harmony

- Calculate X:Y ratio

- Check list of family members and employment
status over 3 years

2) types of activities in which farmers help each
other to improve the shared resources in the
community

1) share of the fish products and other farm
resources with other community members

Develop a checklist of decision-making in farm
and household operation activities: 1) starting the
farm business; 2) taking care of the farm operation;
3) buying/procuring farm inputs; 4) selling/
distributing of the harvest; 5) keeping income and
record; 6) allocating household expenses; and 7)
borrowing money

- From the above information, the active SSA
household members can be noted for the
calculation of the percentage.

- Ask farmer about programme/ association/
organization participation and then ask about
type of activities, time spent, number of meeting
per year participated, cost and benefit from being
member.

- Discuss with DOF local official and village head
on the SSA programs/ associations/ organizations
existing

Methods for data collection

Farm survey – questionnaire
by checklist of activities

- Farm survey - questionnaire

- Key informant survey

Means of Verification

The degree to which the women
are involved in various activities
associated with SSA and in
decision-making pertaining to
SSA operations and household
management

The higher the percentage
indicates the higher social
participation brought by the
SSA programs/ associations/
organizations

Explanation
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Measuring the contribution
of small-scale aquaculture
An assessment

While the contribution of small-scale aquaculture (SSA) to rural development is
generally recognized, until now there has been no systematic assessment to clearly
measures its contribution. The FAO Expert Workshop on Methods and Indicators for
Evaluating the Contribution of Small-scale Aquaculture to Sustainable Rural Development
held in Nha Trang, Viet Nam, from 24 to 28 November 2009, attempted to develop
an indicator system to measure the contribution of SSA. The workshop used a
number of processes and steps in the developping the indicator system, including:
(i) understanding the subject of measurements; (ii) identifying an analytical framework
and ratting criteria (iii) developing a list of SSA contributions; (iv) categorizing the contributions;
(v) devising and organizing the indicators of contribution; and (vi) measuring the indicators.
The major outcome was the development, through an iterative process, of an indicator
system which can provide a good measure of the contribution of SSA based on agreed
criteria (accuracy, measurability and efficiency) and the sustainable livelihood
approach analytical framework which consists of five capital assets (human, financial,
physical, social and natural) and can be used for various livelihoods options.
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