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Foreword
It is now widely recognized that to meet the rising demand for food, there is a need for sustainable
growth in the aquaculture and fisheries sectors. Global per capita fish consumption has increased from
6 kg.yr-1 in 1950 to 19.2 kg.yr-1 in 2012, with Asia accounting for two thirds of the total global fish
consumption, averaging 21.4 kg.capita-1.yr-1 in 2011. There are significant regional differences within
Asia in consumption of fish, which often provide an affordable source of animal protein to poor and
particularly remote communities.
Aquaculture production reached 76.3 million tonnes (2011), with the Asia-Pacific region contributing
over 80 percent. The People’s Republic of China accounted for 65.7 percent of the total global
production. Significant increases in these aquaculture production figures may be possible with
additional intensification, but there are also opportunities for increasing the production of fish from
capture fisheries in inland water bodies, especially where aquaculture development is technically or
economically unfeasible.
Inland capture fisheries can be enhanced to provide increased yields or more improved economic
returns to fishers through actions which improve the fishery performance beyond a level sustainable
by natural processes. Such enhancement may entail stocking with seed originating from aquaculture
installations or the wild, or modification of the fishery habitat. In Asia, the most typical form of stocking
are culture-based fisheries, which use seed from aquaculture hatcheries. The primary objective is
typically focussed on increasing fish yields as a means to increase food and income to fishers.
Such initiatives, if managed properly, could play an important role in improving the supplies of food
fish (e.g. for human consumption). Despite technical and methodological advances, the results of
culture-based fishery interventions have not been objectively evaluated. The current situation in the
stocking of open waters in Asia, is that it tends to be pursued with limited evaluation impact in terms
of cost-effectiveness, environmental consequences and social impact.
The development and expansion of stocking and culture-based fisheries must be underpinned by
informed decision-making to ensure that interventions are appropriate and deliver the expected
benefits. More responsible stocking and culture-based fisheries can be considered examples of “blue
growth” interventions if they contribute to sustainable growth and development in the aquatic
environment while minimizing environmental degradation, loss of biodiversity and unsustainable use
of aquatic resources and maximizing economic and social benefits.
The purpose of this APFIC/FAO Regional consultation “Improving the contribution of culture-based
fisheries & fishery enhancements in inland waters to blue growth” was to review stocking activities in the
Asia-Pacific region and to develop recommendations on how to better monitor and evaluate their
benefits and impacts. This workshop and the associated technical papers provide a good basis for the
development of more tailored guidance on responsible stocking in the Asia-Pacific region.

Kundhavi Kadiresan
Assistant Director-General and Regional Representative
FAO Regional Office for Asia and the Pacific
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Opening and arrangements
The regional consultation commenced with the Sri Lankan custom of lighting the traditional oil lamp.
The participants were then welcomed on behalf of the Asia-Pacific Fishery Commission (APFIC) and
FAO by Mr Simon Funge-Smith, Senior Fishery Officer and Secretary of APFIC (see Annex 3). The
regional consultation was formally opened by Mr Nimal Hettiarachchi, Secretary of the Ministry of
Fisheries and Aquatic Resources Development, Government of Sri Lanka.
The agenda of the regional consultation is presented in Annex 1.

Participation in the regional consultation
The regional consultation workshop was hosted by the Government of Sri Lanka and supported by
the FAO Regional Office for Asia and the Pacific (FAO-RAP), APFIC, the Fisheries and Aquaculture
Department of FAO in Rome (FAO-FI) and the Australian Centre for International Agricultural Research
(ACIAR). The support of these organizations is gratefully acknowledged.
There were 33 participants in the regional consultation including:
– regional technical subject matter specialists delegated by APFIC governments;
– representatives of regional organizations and projects, namely the Mekong River
Commission (MRC), Network of Aquaculture Centres in Asia-Pacific (NACA), Southeast Asian
Fisheries Development Center (SEAFDEC), Australian Centre for International Agricultural
Research Projects (ACIAR), and APFIC/FAO; and
– selected international resource persons with specialization in various aspects of stocking and
CBF.
The list of participants is presented in Annex 2.
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Background to the regional consultation
Stocking and culture-based fisheries (CBF)
The management objectives of a particular fishery are highly context specific and there may often
be multiple objectives. These objectives may not all have the same priority and they also may change
over time. Good examples of changing objectives in fisheries are shifts from:
– a food production fishery to a recreational fishery;
– open access fishing with state-subsidized stocking, to a cost-recovery system with allocated
user rights; and
– natural, recruitment-limited productivity of a waterbody, to enhanced productivity through
active stocking.
In most cases, there is an effort to sustain or increase the productivity of the fishery and this often
involves active intervention in the form of stocking.
Fish stock enhancement and culture-based fisheries (CBF) are both forms of stocking (and will
hereafter be referred to as stocking). They are a diverse set of activities that involve the release into
the environment of aquatic species, usually early life history stages such as larvae or juveniles that
have been raised in aquaculture facilities or transferred from the wild. Stocking is considered one
means to increase production and value from aquatic ecosystems. Stocking has also been used in
efforts to re-establish populations of threatened and endangered species.
When stocking is an ongoing part of fishery management with no expectation of the stocked material
to breed or form self-recruiting populations, the term “culture-based fishery” (CBF) is used.
Stocking may also be used for a limited period of time to introduce fish to an area with the
expectation that they will form self-recruiting populations and stocking will no longer be required to
support the fishery (e.g. the Nile perch fishery of Lake Victoria). There are also cases where the stocked
fish may interbreed with resident populations (e.g. Pacific salmon stock enhancement in North
America). Accurate terminology and clear objectives will facilitate responsible stocking programmes
and improve stakeholder participation in them.
These are complicated and inter-related considerations will need to be addressed responsibly and
with regard for management objectives. It is important to recognize that stocking may not always be
necessary and that there may be alternative or additional measures that could be taken to improve
the production or mitigate impacts on an inland fishery. Most notably, there are approaches such as:
– improving connectivity between parts of the fishery;
– restoring critical areas or habitats that could improve recruitment;
– change the design or management of structures which obstruct the movement of fish and
fish larvae; and
– ensuring that environmental flows are sustained such that they allow effective fish migration
and recruitment.
In some cases these measures might also be put in place in conjunction with a stocking programme
to enhance its effectiveness.

1

The potential of stocking initiatives to contribute to Blue Growth
It is recognized that to meet the rising demand for food (protein and nutrients) there is a need for
sustainable growth in the aquaculture and fisheries sectors. The primary objective of most CBF
activities is typically focused on increasing fish yields as a means to increase food and income to
fishers (one of the few exceptions are recreational CBF). This is in contrast to other forms of stocking
that may prioritize conservation or environmental objectives and that impact livelihoods and
economic growth less directly (although these are not excluded as subsidiary objectives).
According to the working definition below, stocking and CBF can therefore be considered as examples
of Blue Growth interventions: “Blue-Growth: Sustainable growth and development emanating from
economic activities in the oceans, freshwaters, wetlands and coastal zones, that minimize
environmental degradation, biodiversity loss and unsustainable use of aquatic resources, and
maximize economic and social benefits”. 1
In this context, stocking and CBF initiatives could, if managed properly, play an important role in
improving supplies of food fish. It is important however, that the development/expansion of stocking
and CBF is underpinned by an evidence-based (i.e. evaluated) body of information on the types of
intervention that work best and those interventions that are ineffective and/or have inappropriate
impacts.

The need for an objective evaluation of the benefits or impacts of stocking
waterbodies in Asia
Stocking and/or habitat modifications of waterbodies is widespread in the tropics, with a large variety
of fisheries enhancement measures being implemented in public, communal or private waterbodies.2
Provided that conditions are conducive and the enhancement measures well-designed, these
enhancements can be effective in increasing fisheries yields for food or income, or as opportunities
for recreational fishing and wider socio-economic benefits. In practice, many enhancements are likely
to be ineffective and some have caused demonstrable ecological damage.3 It has even been remarked
that “many enhancements fail to meet their objectives and some do considerable ecological or
genetic harm, yet such enhancements often persist.” 4
It has even been argued that “the current trend in stocking of open waters in Asia tends to be pursued
uncritically with limited evaluation of its impact, both in terms of cost-effectiveness, environmental
consequences and social impact and it is surprising that relatively little research has been done to
evaluate the extent of these types of impact.” 5
Despite technical and methodological advances, previous efforts to evaluate CBF interventions from
a diverse set of habitats have encountered problems with respect to objectively evaluating the real
impacts. Furthermore, the lack of assessment of environmental factors has prevented the identification
or use of potential options for habitat or environmental management, in addition to or in place of
stocking.
In a paper submitted in this regional consultation, it is concluded that monitoring and evaluation of
rehabilitation efforts are critical for determining the effectiveness of action aimed at improving habitat
1

FAO Inception workshop of the Asia regional initiative on sustainable intensification of aquaculture for Blue Growth. FAO
Regional Office for Asia and the Pacific 2-3 October. Bangkok, Thailand 2014
2
Cooke et al. (Forthcoming)
3
Cooke et al. (Forthcoming)
4
Lorenzen, K. (2014)
5
Welcomme et al. (2015)
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and increasing fish and biota numbers or conditions. Unfortunately, few projects are monitored or
evaluated properly and little adequate information exists on the effectiveness of most rehabilitation
techniques. Monitoring and evaluation of rehabilitation projects are critical to understanding the
effectiveness of the actual rehabilitation activity and contributes to the technical and the
cost-effectiveness of any future projects of a similar nature.6
All stocking initiatives, including CBF programmes/interventions, should therefore be properly
formulated and planned. They should also be assessed for environmental suitability and for
cost-effectiveness, before and after their implementation,7, 8 although this has not typically been the
case in the past.
Objective assessment of CBF is constrained by numerous factors, including the lack of appropriate
methodologies. It is worth noting that the existing FAO data structures for capture fisheries and
aquaculture have not yet incorporated a separate category to accommodate the capture fishery
production resulting from stocking and/or CBF. This is a relatively minor issue, compared with the
non-evaluation of interventions, but is indicative that it is usually difficult to determine the contribution
stocking makes to fishery production.9 This gives rise to a lack of certainty about how to assign the
contribution of CBF to existing production categories (e.g. fishery or aquaculture).

Assessing the performance and impacts of CBF and stocking: indicators of
success
Many countries in the APFIC region have indicated that their rapidly increasing production from
inland fisheries is because of their CBF activities. Although the technology necessary to produce and
release large numbers of juveniles is straightforward for many aquatic species, concerns have been
raised regarding the cost-effectiveness and social and ecological impacts of stocking programmes.
Furthermore, it has proven difficult to monitor and report accurately on the contribution stocking
makes to fishery production and livelihoods.
The perception of the performance of a CBF is typically based on its performance from an aquaculture
production perspective.10 That is, the indicator of success is based principally on the impact on total
yield. There may be many more dimensions to the fishery than the total amount of fish caught, and
these can span a range of issues. Many of these are not mutually exclusive and this reiterates the point
regarding multiple objectives in a CBF.
Effective monitoring is a key feature of any management system as it allows the adjustment of
management actions, as well as evaluation of cost and benefits of the activity. Using an Ecosystem
Approach to Fisheries (EAF), the indicators of success (or failure) will span the three main areas:
– ecological: effects on productivity, environment and biodiversity;
– socio-economic: effects on income, livelihoods and food security; and
– governance: effects on rights, management, conflicts, access, equity and institutional
coordination.
Although the primary focus of many of the stocking programmes in Asia has been freshwaters, there
are also marine stocking programmes and indicators of success of stocking and enhancement of
marine ecosystems are also required.
6

De Silva (2015)
See http://www.fao.org/fishery/eaf-net/en
8
Cowx (2015)
9
Bartley et al. (2015)
10
Lorenzen (2008)
7
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Balancing multiple objectives for responsible management of stocking
including CBF using the Ecosystem Approach to Fisheries Management (EAFM)
It is essential that the objectives of stocking and CBF initiatives are clearly formulated and prioritized.
This allows selection of appropriate management and technical strategies and enables objective
evaluation of whether the objectives have been achieved or not.
A primary responsibility of fishery managers is to establish clear objectives for the stocking
programme and identify the resulting effects on the fishery. Management objectives of a stocking
programme may be to:
–
–
–
–
–

rebuild a fishery;
enhance a fishery above normal production levels;
improve the profitability of a fishery;
create new fisheries to provide employment or recreation; or
re-establish or augment endangered species.

It is likely that there will be more than one objective of stocking, although, if so, one may be more
important than the others. An important first step in the management of inland fisheries is
establishing what objectives the management actions are attempting to achieve (see Table 1). One
of the ways to develop a management plan that effectively incorporates these multiple and
potentially diverse objectives is to use the EAFM.
Table 1. Multiple objectives of a stocking programme
Objective

Value

Enhanced food/
fish production

Compensating for shortfalls in catch in overfished systems or those damaged by
changes to the environment caused by other users of the resource.
– Primary objective is increased yield.
– Stocking to achieve higher levels of output than fisheries based on wild stocks
alone.
– Significantly increased production beyond what is naturally possible in
a waterbody.
Stocking of waterbodies that are recruitment-limited.
– Primary objective is increased yield.
– Increasing productivity of seasonal waterbodies.
– Compensating for overfishing of broodstock.
– Maximizing yields of stocked species.
Note: In some stocking initiatives, this objective does not necessarily focus on
a target group to benefit from the increased production. In other initiatives it may
be strongly linked to the second objective of enhancing or diversifying livelihoods.

Enhance/diversify
livelihoods

There is often an implicit assumption that enhancements provide opportunities in
particular for resource poor sections of inland and coastal aquatic resource users.
This may be the case and there are positive examples. Equally, there are examples
where the impact has not been felt or secured by poorer resource users because
of issues with elite capture, exclusion by a core group of users or inability to pay the
additional costs (e.g. fees, change of gear) to exploit the improved fishery effectively.
– Primary objective is improved benefits to households or fishery stakeholders.
– Increased income from catches (more catch, more marketable species).

4

Table 1. Multiple objectives of a stocking programme (continued)
Objective

Value
– Increased household food security.
– Compensate for declining catches resulting from environmental perturbations.
– Additional livelihood benefits from associated activities such as processing

Rehabilitation of
degraded systems

Stocking to sustain general (food) fish catches, especially of species whose breeding
or recruitment potential is threatened by changing environmental conditions (e.g.
pollution, water quality, water flow) or loss of habitat, or to provide other ecosystem
services (e.g. pest or weed control).
– Primary objective is environmental improvement.
– Returning natural productivity and population structure to a pre-assessed state.
– Mitigation strategy in situations where environmental conditions have been
irreversibly altered by other human interventions.

Conservation

Similar to the above, but more focused on endangered species or ecosystems.
Stocking to sustain catches, especially of species whose breeding or recruitment
potential is threatened by changing environmental conditions or loss of habitat.
– Primary objective is environmental stability/resilience.
– Retaining natural productivity and population structure.

Increased
recreational
opportunities

The recreational potential of a waterbody can be enhanced by regular stocking.
In this case the primary objective is not maximizing food production and the
species stocked may be chosen for sport fishing characteristics rather than for yield.
Such species may also tend to be top predators.
– Recreational value.
– Economic value.

EAFM is a practical way to implement sustainable development and sustainably optimize ecosystem
benefits of a fishery system. EAFM has at its heart both human well-being and ecological well-being.
Thus it strives to balance conservation of biodiversity and ecosystem structure and functioning with
harvesting resources for food, income and livelihoods. To achieve this balance an EAFM requires an
effective governance framework. The features of EAFM are summarized below (Table 2) and provide
an idea of how an EAFM plan can address the broad range of issues that face fisheries management.
Table 2. The main features of an Ecosystem Approach to Fisheries Management
1.

Helps provide financial resources.

2.

Helps gain political and stakeholder support.

3.

Increases support for better governance.

4.

Helps identify and address conflicts across divergent societal objectives.

5.

Helps protect the fishing sector from the impacts of other sectors.

6.

Helps protect other sectors from the impacts of fishing.

7.

Protects different subsectors of the fisheries sector from negative impacts on each other.

8.

Provides a mechanism to link management across political and jurisdictional scales and
boundaries.

9.

Promotes communication between stakeholders, both within and outside the fishing sector.

10.

Can be used in data-poor situations.

11.

Promotes long-term ecosystem and fisheries sustainability.
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To monitor CBF intervention effectively over time and facilitate evaluation at regular intervals,
indicators with baselines should be developed before the intervention is started for each of the
objectives identified. Ideally, such indicators would be based around the Ecosystem Approach to
Fisheries Management (EAFM) and span the following criteria:
– biological and environmental (e.g. yields, habitats, externalities, impacts on target and
non-target species, invasive species, disease);
– socio-economics (e.g. incomes, livelihoods, social cohesion, conflict); and
– governance (sustainability, institutional arrangements, access and rights, enforcement etc.).
Using these EAFM criteria also allows assessment of the performance of CBF to be made in the
context of the extent to which they contribute to the goals of Blue Growth. This can be more simply
expressed as “the degree to which a culture-based fishery strives to minimize environmental costs,
whilst at the same time maximizing economic and social benefits.”
These EAFM criteria can be used to develop indicators (evaluation parameters) covering
a comprehensive range of potential impacts on the ecosystem, and human and social dimensions.
These indicators should also be strongly associated with the objectives of the intervention,
ecologically and socially significant, as well as being efficient to measure.
To date, the principle focus on the use of EAFM has been in marine capture fisheries. However, the
strong influence of other sectors’ impacts to inland fisheries and the need for balancing societal and
environmental objectives means that the EAFM is a good framework for identifying management
actions within the fishery, as well as those actions to address external threats.

The need for decision-making support tools for planning stocking programmes
Using an EAFM approach, resource managers and policy-makers require guidance on how to plan and
manage a responsible stocking programme based on:
– the status of the resource and the environment;
– the potential impacts on biodiversity;
– the potential impacts on local communities that may lose access to habitats and resources
once aquaculture and stocking programmes have been initiated; and
– an assessment of possible alternatives to stocking.
Decision-making using EAFM to ensure stock enhancement programmes are carried out in an
environment-friendly, socially acceptable and economically justified manner requires information and
guidance that covers:
– accommodating risk and uncertainty, especially in information-poor systems;
– technical advice on stocking protocols; and
– methods to evaluate the impact of stocking programmes.
Draft guidance based on existing best practices has been developed by the APFIC to help resource
managers and decision-makers address these issues. This present workshop was convened to develop
indicators to support the effective evaluation of the impact of stocking programmes (including CBF).

6

Global and regional recognition of the need for more effective assessment of
stocking and CBF
In 2003, FAO analysed some of the major issues associated with CBF and fish stock enhancement.11
These issues, which were discussed at the Second Session of the COFI Sub-Committee on Aquaculture
comprised inter alia: efficacy, cost-effectiveness, environmental impacts, conservation, monitoring and
reporting, and social and economic considerations. Since then, there has been some progress in
understanding the contributions to global fish production and economic development made by CBF
and fish stock enhancements, but much more is needed.
More recently, FAO, APFIC and NACA sought to increase the understanding of the role of CBF in fishery
management and improved livelihoods.
The FAO/APFIC/NACA expert workshop on fisheries enhancement (February 2010, Pattaya, Thailand)
highlighted the considerable expansion of inland fishery enhancement activities in the region and
their important contribution to inland capture fisheries, the livelihoods of the traditional inland fishers
and their contribution to conservation of aquatic biodiversity. It also identified major problems and
challenges in current enhancement and conservation activities and their potential impacts on
biodiversity and ecosystems.
In 2010, the 31st Session of APFIC noted the need for the development of regional guidance on
responsible enhancement of inland waters. Indeed the Commission encouraged member countries
“to undertake inland fishery enhancement activities under a management framework, so that they
can be monitored and reviewed” and recommended “that information on the costs benefits and the
environmental impacts of such measures should be collected and reported.”
The FAO COFI Sub-Committee on Aquaculture12 addressed these matters at its 7th Session in 2013, and
these were subsequently deliberated at the 31st Session of COFI. It was noted that “the lack of standard
terminology and inconsistent reporting are still pervasive and hinder accurate evaluation of CBF and
related enhancements as a viable fishery management option.”
The 31st Session of COFI also agreed that the role of CBF would change in the future as a result of
the significant advances in breeding technologies and increased fry production in hatcheries, coupled
with the rising importance of eco-labelling as well as certification of fish and fish products. The
establishment of measures facilitating adaptation to and mitigation of the impacts of climate change
were also seen to influence the role and promotion of CBF.

11
The terms “aquaculture”, “CBF” and “stocking” are used here as defined in the FAO glossary: http://www.fao.org/faoterm/
collection/fisheries/en/
Aquaculture: The farming of aquatic organisms in inland and coastal areas, involving intervention in the rearing process
to enhance production and the individual or corporate ownership of the stock being cultivated.
CBF: Fisheries in which the use of aquaculture facilities is involved in the production of at least part of the life-cycle of
a conventionally fished resource; aquaculture is usually the initial hatchery phase that produces larvae or juveniles for
release into natural or modified habitats.
Stocking: The practice of placing aquatic organisms into natural or modified waterbodies. Stocked material may originate
from aquaculture facilities or translocations from the wild.
12
FAO COFI Sub-Committee on Aquaculture, Seventh Session, St. Petersburg, Russian Federation, 7–11 October 2013
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Objectives of the regional consultation
It was in recognition of the above issues that the Government of Sri Lanka, APFIC, FAO and partners
agreed to convene a regional consultation to bring together experts on stocking and CBF to review
and recommend best practices (guidelines) for responsible stocking programmes that can contribute
to Blue Growth. The objectives of the regional consultation were to:
1. review the main problems/opportunities for CBF and related fishery enhancements in inland
waters of the APFIC region;
2. understand the use of decision frameworks for CBF and fish stock enhancement;
3. advise on the application of the EAFM as a tool for management planning in inland fisheries;
4. provide recommendations on methods for measuring the impact and indicators of success
for CBF and stocking programmes (in both marine and inland waters); and
5. identify future work for more comprehensive global guidance on stocking and CBF.

Principal conclusions of the regional consultation
Stocking and CBF are activities that are widespread in the Asian region, taking place in both
freshwater and marine environments.
They are highly diverse activities ranging from closely-managed small, seasonal waterbodies to larger,
open systems including rivers, perennial waterbodies and marine open waters.13
The objectives of these activities are often to increase yield and consequently revenue from the
fishery, but also include objectives related to environmental mitigation or conservation.
The regional consultation noted that successful stocking and CBF involves more than just increasing
fish yields and that, typically, multiple objectives must be considered. There is evidence that these
stocking activities contribute to a range of benefits, goods and services and have a strong potential
to contribute to Blue Growth.
There is also some evidence, particularly in larger, more open systems that stocking and CBF activities
have been conducted without adequate pre-planning or precautions, which has resulted in unwanted
or unforeseen impacts, both social and environmental.
Although there has been a serious lack of assessment of the impacts, it is clear from anecdotal
evidence that there exist numerous waterbodies that could support stocking and that there is
significant potential for stocking and CBF to improve livelihoods and food security in the region.
Stocking is one of several management options for improving fish production, food security and
livelihoods. The decision to stock should be critically reviewed based on the best information available,
but this is often difficult because of the lack of monitoring of previous stocking programmes.
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A variety of terms has been used, often interchangeably, to describe the release of fish and invertebrates, usually
originating from aquaculture facilities, in marine environments. The terms restocking, stock enhancement and sea
ranching were defined during the Third International Symposium of Stock Enhancement and Sea Ranching (Bell et al.
2008) to cover the range of objectives and types of stocking and allow more ready comparisons among release
programmes. FAO might consider using these definitions for marine release programmes as they are synonymous with
the terms used for releases to inland waters.
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There are alternative management options, typically relating to environmental management, habitat
modification or engineering interventions, which may obviate the need for stocking. In other instances,
such interventions may improve the impact of stocking. In most cases, these have not been monitored
or critically evaluated.
Effective development of stocking and CBF initiatives requires cross-sectoral cooperation and
collaboration between a range of government agencies and institutions (e.g. local government,
environmental protection, water resources, agriculture and marketing etc.).

Main recommendations of the regional consultation
The regional consultation recommended that the stocking or CBF initiatives should:
– strive for equitable arrangements over access and rights to the fishery and for the
empowerment of stakeholders including women and, in particular, the rights of poor,
vulnerable or marginalized groups should be taken into account using the guidance found
in the Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries in the Context of
Food Security and Poverty Eradication (VGSSF) and the Voluntary Guidelines on the
Governance of Tenure;
– not become a source of conflict; and
– not damage or negatively impact ecosystem services unless a specific mitigation or
compensation mechanism is in place.
The regional consultation further recommended that there was a need for adequate planning and
evaluations of stocking and CBF interventions, and there should be:
– adequate pre-planning using risk assessment and the precautionary approach;
– a primary focus on the “production system” (e.g. pond, tank, reservoir, river, lake, bay, coast)
for the risk assessment, but the surrounding ecosystem, e.g. coastal area or river basin should
be included;
– The development of adequate baseline information on the status of the fishery, ecosystem
and communities prior to commencement, against which the results of the stocking and
culture-based fishery can be assessed;
– an evaluation of performance measured against objectives using holistic criteria based on
the EAFM covering biological, environmental, social, economic and governance contexts;
– a rigorous, holistic assessment of the benefits and impacts to determine the extent to which
stocking and CBF initiatives are meeting their objectives and where there is need for
improvement or mitigation;
– a recognition that biodiversity assessments and conservation need to focus on more than
“fish” and include other taxa, e.g. birds, plants and supporting organisms; and
– recognition of the differing levels of technical capacity within countries and the need for
training in the pre-assessment and monitoring of stocking programmes.
The regional consultation recommended that appropriate governance mechanisms for stocking and
CBF should:
– recognize that there is never complete information on a given system, requiring adaptive
management based on monitoring and a precautionary approach using reference points
and contingency plans;

9

– require access to adequate quality and quantity of water, necessitating effective engagement
with water resource management sectors;
– be developed within the existing legal frameworks in the short term, but realize that
changes to legal frameworks may be necessary in the long term;
– recognize and advocate the rights and needs of the poor, women and marginalized and
vulnerable groups in the development and planning of initiatives;
– ensure that allocation of rights regarding tenure and access should be in accordance with
internationally agreed best practice (e.g. the VGSSF and the Voluntary Guidance on the
Governance of Tenure); and
– provide appropriate financial support during start up, but this should be reviewed
periodically to ensure it is not leading to perverse outcomes or inappropriate dependencies.

Development of performance indicators for stocking and CBF
initiatives
In support of more holistic assessment, the regional consultation developed criteria and indicators to
measure the performance of stocking and CBF initiatives (see Table 3). These were developed using
the EAFM framework.
Table 3. Criteria and indicators to measure the performance of stocking and CBF initiatives
Technical/biological effectiveness
Biological and environmental

Environmental impacts and/or benefits
Economic effectiveness and efficiency

Social and economic

Social & livelihoods benefits and/or impacts
Rights and equity

Governance

Institutional sustainability/effectiveness

The success of CBF or fish stock enhancement programmes will be determined by the extent to which
they contribute to the specific objectives of the intervention and the fishery management plan. The
workshop endorsed the EAFM philosophy of including multiple objectives in the fishery management
plan.
In order to develop meaningful objectives it will be necessary to engage stakeholders in a consultative
process and to describe the baseline condition in the target area, e.g. the state of the fish stocks, the
environment, and the social and cultural characteristics of the community. The description of the
baseline will allow the impacts of the CBF or fish stock enhancement project to be evaluated. The
baseline description should also include the spatial scale of the intervention (e.g. stocking a single
waterbody, or a programme to stock across a watershed).14 Fish stock enhancement initiatives,
including CBF, have often been poorly monitored, or have not been evaluated objectively with respect
to their contribution to catches or other fishery performance measures and to their ecological
impacts.15 There is thus a limited body of evidence pertaining to and/or evaluations of successful/
unsuccessful stocking interventions.

14
15

FAO (2008)
Cooke et al. (Forthcoming)
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To monitor stocking interventions effectively and facilitate evaluation at regular intervals, indicators
should be developed before the intervention is started for each of the objectives identified. Ideally,
the objectives and related indicators would be based on the EAFM identified above:
– biological and environmental (e.g. yields, habitats, externalities, impacts on target and
non-target species, invasive species, disease);
– socio-economics (e.g. incomes, livelihoods, social cohesion, conflict); and
– governance (e.g. sustainability, institutional arrangements, access and rights, enforcement
etc.).
These EAFM criteria can be used to develop indicators covering a comprehensive range of potential
impacts, both positive and negative, on the ecosystem and on the human and the social dimensions
of the community. These indicators should be strongly associated with the objectives of the
intervention, be ecologically and socially significant, and should be easily measurable. Using these
EAFM criteria also allows assessment of the performance of CBF and fish stock enhancement activities
to be made in the context of the extent to which they contribute to the goals of Blue Growth.
To help in the evaluation, the objectives should be prioritized and/or ranked and scores could be
assigned to the objectives to judge if the intervention as a whole has been successful.
The workshop developed a table, based on an ecosystem approach to fisheries, in order to guide the
planning and evaluation of CBF and fish stock enhancement programmes (see Table 4).
Under each of the broad categories of objectives, i.e. biological and environmental, social and
economic, and governance, the workshop identified criteria to be achieved, indicators to assess how
well the criteria were achieved, and conditions (optimal and suboptimal) that would facilitate or
impede the process.
Suboptimal conditions (i.e. situations where a negative performance rating might be applied) require
mitigation or a corrective action to improve the performance of the stocking initiative.
Table 4. Criteria and indicators to guide planning and evaluation of CBF and stocking
programmes
(a) Biological and environmental criteria
Technological effectiveness/efficiency
Criteria
Efficient use of natural productivity
Minimized mortality at stocking
No significant genetic or health impacts

Indicator
Fish yield, fish size at harvest, recapture rates
Post-release survival
Genetic quality and health status of seed

Optimal conditions
Technological efficiency
Risk-based pre-evaluation of the activity
Precautionary approach applied
Optimal use of inputs within given constraints
– Infrastructure and technology is tailored or fits
the intended purpose
– Seed for stocking is produced efficiently at
appropriate cost

Suboptimal conditions
No pre-evaluation of the activity
Precautionary approach is not applied
Sub-optimal use of inputs/lack cost-effectiveness
– Inefficient use of infrastructure or
over-capitalization, inappropriate placement
of hatcheries/landing sites
– High cost seed from inefficient production
facilities
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Table 4. Criteria and indicators to guide planning and evaluation of CBF and stocking
programmes (continued)
Optimal conditions
Good fishing technology used by experienced
fishers
– Efficient gears targeted to stocked species
– Stock is fished to intended level

Suboptimal conditions
Poor fishing technology and expertise
– Lack of suitable gear to target stocked species
– Overfishing and/or stock caught at
appropriate size

Optimal conditions
Technological effectiveness
Environmentally suitable waterbodies selected
– Waterbody characteristics fit for the intended
purpose
Stocking strategy developed to maximize the
potential productivity of the waterbody
– Carrying capacity known, may be based on
yield models
– Correct choice of species
Stocking takes place during the optimal season
– Relating to weather/seasons
– Water level, hydrology of the waterbody

Suboptimal conditions
Inappropriate waterbodies selected, with
consequent failure to achieve objectives of
stocking
Ad-hoc, unplanned stocking, waterbody carrying
capacity unknown
– Other activities impacting on waterbody
cannot be controlled
– Inefficient use of natural productivity
Stocking is badly timed
– Water levels wrong for habitat needs
– System dries out too soon
– Flooding or spillage led to lost stock
Poor preparation leads to predation or other
impacts on survival of the stock
Stress, and damage to seed prior to release
– Increased mortality post-release as a result of
prior handling
Transmission of diseases, introduction of exotic
parasites and pathogens
Released stock inter-breeds or introduces
inappropriate genetic material to the system
High, post-stocking mortality
– Poor/no acclimation
– Seed too small
– Inappropriate release locations
– Single locations, single release

Where relevant or feasible, waterbody or habitat
is prepared properly
Proper handling and transportation procedures
were used
Healthy (disease free) stock are introduced
Appropriate genetic stocks are introduced
Immediate post stocking mortality is minimized
– Acclimation of stock prior to release
– Use of nursing pens/hapas prior to release
– Optimal size at stocking (links to success
post-stocking) e.g. do not use fry and larvae)
– Correct habitat or location for release, to avoid
immediate predation and maximize survival/
feeding
– Staggered stocking and multiple release
locations to ensure distribution and survival
Appropriate numbers released/stocked
– In accordance with the size, type and
productivity of the waterbody
– Use of appropriate stocking models for
guidance

Inappropriate stocking levels reduce effectiveness
– Overstocking leads to small sizes and slow
growth
– Understocking leads to low yield and
inefficient use of the resources
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Table 4. Criteria and indicators to guide planning and evaluation of CBF and stocking
programmes (continued)
Environmental impacts and/or benefits
Criteria
Ecosystem services within target area maintained
(e.g. food, water, energy) according to objectives

Indicator
Provisioning, regulating, supporting and cultural
ecosystem services indicators through
measurement of changes to:
– Physical habitat
– Water quality
– Trophic structure
– Biodiversity
Abundance of key species and habitat
Habitat disturbance
Presence of undesirable species

Biodiversity not impacted negatively
Surrounding ecosystem (external to target area),
watersheds, not adversely impacted
Optimal conditions
Ecosystem services known and valued either
quantitatively or qualitatively

Suboptimal conditions
Ecosystem services not known and valued either
quantitatively or qualitatively. The intervention
has negative impact on other ecosystem services
Impacts not known with decreased biodiversity
or changes in species assemblage or structure

Impacts on biodiversity known and considered
acceptable with no unplanned changes in
biodiversity
Surrounding ecosystem (external to target area),
watersheds, not adversely impacted

Surrounding ecosystem (external to target area),
watersheds impacted

(b) Social and economic criteria
Economics and economic efficiency
Criteria
Increased revenue from production, processing or
distribution of target species (or from the
whole fishery)
Economic/financial sustainability** and reduced
dependence on external financial support

Indicator
Improvement of household incomes;* related
business/services; total value of the fishery
Income or revenues meet the costs of stocking
and are sufficient to sustain the stocking activity
Change in level/regularity of financial support
Community infrastructure built by fishery or taxes
or license fees collected from fishery
Human development index in community
Value of appropriate ecosystem services

Positive economic impact within the broader
community directly resulting from the fishery
and related activities
Economic opportunities from existing ecosystem
services are sustained or compensated

* Improvement in incomes assumes that this is equitably distributed and not subject to elite capture by a limited group
** Note that economic sustainability and cost recovery may not be an objective in a rural development or livelihood support
programme; equally a conservation objective may not have an economic objective as it is a public good. Sustained resourcing or
financing may be secured via government support.

Optimal conditions
Cost recovery – catch/income revenue
compensates for cost of stocking (including
costs of enhancement research and management
costs) – sustained through license revenues/tax
Total value of production increases (more total
catch)

Suboptimal conditions
Cost of stocking not returned, costs not recovered
(see Footnote **)

Total value of production does not increase
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Table 4. Criteria and indicators to guide planning and evaluation of CBF and stocking
programmes (continued)
Optimal conditions

Suboptimal conditions

Total value of production of target species
increases (more catch of target species)
More valuable marketable catch/species
(size and species)
Reduced household expenditure/costs for fish
within community
Harvesting strategies avoid oversupply and
consequent price drops
Post-harvest or marketing innovations maintain
price or increase marketability
The total economic value of fishery increases
(including also recreational fishing)
The value of existing benefits from ecosystem
services (e.g. wild fish harvesting, nutrition)
maintained or compensated by economic
revenue from target species

Total value of production of target species does
not increase
Lower value, less marketable species/catch
Increase in price of fish excessive and people
can’t afford fish as often as previously
Fish oversupply, gluts and price instability

The total economic value of fishery decreases
(or in some instances does not increase)
The value of benefits from ecosystem services are
not maintained or compensated by economic
revenue from target species
Loss of economic opportunity resulting from
impacts to ecosystems services arising from the
stocking activity
No value addition to ecosystem services
Fishery water requirements add to overall water
costs or restrict water availability
Water storage for flood control reduces fishing
efficiency

Fishery adds value to ecosystem services
provided by waterbody

Social and livelihoods benefits and/or impacts
Criteria
Livelihoods of people in the community improved
as a result of the stocking and related activities
Livelihood options increased in target area
Nutritional and food security increased in
community
Community development and social cohesion
increased

Women and marginalized and vulnerable groups
engaged in stocking and related activities

Optimal conditions
Stakeholders and key beneficiaries identified and
engaged in the process
Communication mechanisms exist to facilitate
community engagement
Social acceptance of fishers as valuable sector of
society

Indicator
Income from fishing activities
Employment from fishing activities
Time allotted to fishing and other activities
(i.e. changes in labour patterns)
Fish consumption and nutritional status
(e.g. stunting, growth rate)
Development of social activities and community
infrastructure
Migration to/from community
Community groups and fishing associations
Participation in stakeholder consultations, and in
production, harvesting, processing, distribution
and marketing activities
Suboptimal conditions
Only a subsection of society engaged; rural poor,
and/or women marginalized
Communication only among wealthy or within
a privileged sector
Fishers viewed as “foreign” and external to
community and discriminated against
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Table 4. Criteria and indicators to guide planning and evaluation of CBF and stocking
programmes (continued)
Optimal conditions

Suboptimal conditions

IUU fishing reduced

IUU fishing prevalent because of a lack of
governance and enforcement
Nutritional benefits from fishing decreases
leading to decreased food security

Nutritional benefits from fishing and its
contribution to food security increased in
community

(c) Governance criteria
Rights and equity
Criteria
The distribution of benefits from the intervention
is equitable considering multiple objectives

Indicator
Benefits* for individual/household for specified
stakeholders and target beneficiaries
Impacts on non-target beneficiaries
Access to resources (water, land etc.) for
stakeholders
Tenure arrangements, consideration of the impact
of external factors
Incidence/severity of conflicts
Policy and legal frameworks for conflict resolution
Incidence of rights violations

Appropriate** tenure/access ensured for resources
(water, land, etc.)

Mechanism in place to reduce and resolve arising
conflicts
Recognition and respect of user rights and rights
of traditional users

* Benefits may be defined according to the system and context: quantitative benefits include food, catch, financial, income and
savings whereas qualitative benefits include livelihood opportunities and social capital
** Including women, and marginalized and vulnerable groups

Optimal conditions
Mechanisms, agreements or instruments exist to
ensure fair and equitable distribution to main
target beneficiaries
Tenure arrangements appropriate and respected
by community

Suboptimal conditions
Benefits distributed from the intervention
usurped/monopolized by fraction of stakeholders
(e.g. elite capture)
The access to resources and the tenure
arrangement are not appropriate or not
respected
Increase in conflicts that are not resolved

Conflicts originating from the intervention are
reduced and arising conflicts are resolved
User rights are enshrined in policy, law or
traditional practice and are known and respected

The rights of certain individuals or groups have
been violated
User rights not well defined, not known and/or
not respected
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Table 4. Criteria and indicators to guide planning and evaluation of CBF and stocking
programmes (continued)
Institutional sustainability
Criteria
Coordinated institutional mechanism(s) between
water management, environment agency and
government arrangements/agencies responsible
for assigning rights, facilitate(s) the establishment
of responsible stocking initiatives
Fishery stakeholders empowered to lead
management, monitoring and decision-making
processes, leading to community management
or co-management and consequent reliance on
government institutional support for this
Effective enforcement and compliance with
regulations

Indicator
Institutional mechanism(s) or lack of coordination
impedes development of legitimate stocking
initiatives

Fishery management groups
Fishery co-management arrangements capable of
developing regulations and implementing MCS

Incidence of non-compliance
Effective management action taken in the case of
non-compliance
Impacts or conflicts in the wider fishery or
environment resulting from the stocking activity

Stocking initiative is effectively integrated into
the existing wider fishery, and does not
compromise effective fishery management
and/or maintenance of habitat integrity

Fishery management plan in place, with
considerations for stocked fish

Optimal conditions
Adequate institutional arrangements exist or
established to allow regulation of use by, and
flow of benefits to the primary stakeholders
Increased empowerment of stakeholders in the
decision-making, management and compliance
arrangements of the stocking programme and
fishery

Suboptimal conditions
Institutional arrangements do not allow
regulation of use by and flow of benefits to the
primary stakeholder
Institutional and management regimes have
continued over-reliance on government
institutional support
Institutional and management regimes
vulnerable to inconsistent/inadequate
government support/policy
Poor communication and lack of coordinated
mechanisms obstruct/impede the establishment
of initiatives
Enhancement initiative poorly integrated into
broader water management frameworks resulting
in negative impact on intervention (e.g. timing
and volume of water)
Fishery regulations are unjust and/or not well
known
Ineffective enforcement and/or lack of
compliance with regulations
Enhancement initiative poorly integrated into the
production chain with no mechanism for
coordination and cooperation

Effective communication that exists among water
management, environment agency and agencies
responsible for assigning rights, facilitates
establishment of responsible stocking and
enhancement initiatives, e.g. water allocation
and water management
Fishery regulations are fair and equitable and
well-known by stakeholders

Fishery managers, groups responsible for stocking
fish and hatchery operators have a forum for
coordination and cooperation
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Using a success matrix to balance several objectives
Under EAFM, stocking activities may have more than one objective and each of these objectives can
be assessed using more than one indicator of success/failure. A success/failure matrix allows several
objectives to be aligned according to the objectives of the stocking initiative, i.e. the fishery
management plan.
In the examples below (Table 5), the direction of change for a number of criteria is used to evaluate
the success/failure of the intervention. Since there may be different primary objectives for stocking
programmes the performance can be judged according to different criteria.
Success is based on a positive result under the main criteria that relate to the primary objective. All
other criteria ought to be unaffected or could also be positively impacted (which would indicate even
greater success).
If any of the criteria is judged to have been negatively impacted, this would indicate a problem that
requires correction. A negative rating for a criterion that ought to be positive is an indication that the
intervention has serious problems or has failed to meet its primary objective.
Negative impact on the other criteria may still indicate serious problems or the need for corrective
action to mitigate the impact. There may be situations where several of the evaluation criteria are
given negative ratings (failed) and/or the cost of assuring the improvement of failed criteria is too high
or unrealistic. Under these circumstances, the recommended management action would be to phase
out the stocking intervention and develop an alternative strategy aimed at achieving a similar
outcome (e.g. other fishery management actions, habitat modification/rehabilitation or at restoring
the system to a natural/initial state).
Table 5. Success matrix for evaluating stocking activities with multiple objectives
EVALUATION CRITERIA
PRIMARY
OBJECTIVE

Economics

Institutional
sustainability

Livelihoods

Environment

Technological
effectiveness/
efficiency

Enhance food/
fish production

+

=

=

=

+

Enhance/
diversify
livelihoods

+

=

+

=

+

Rehabilitate
degraded
systems

=

=

+

+

+

Conserve
ecosystems

=

=

=

+

+

Increase
recreational
opportunities

+

=

=

=

+

Legend: + means a positive impact/benefit is expected or necessary to achieve the primary objective; = means no change/effect
is expected. A negative rating in any criteria requires corrective action or mitigation.
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There is a potential to apply the success/failure matrix to the evaluation of fishery management plans
and EAF plans. This evaluation approach can support decision-making and the review of fishery
management plans by indicating areas of weakness against priority management objectives. It also
allows the identification of secondary issues that may constitute additional benefits or threats.
The cross-disciplinary nature of the success/failure matrix also has a clear application in EAF planning
and could be applied to the assessment of CBF initiatives that are part of a Blue Growth strategy. With
minor adjustments, the approach could also have broader applications in fisheries and aquaculture
assessments.

Plenary presentations on the background to stocking and CBF
in the Asian region
The regional consultation commenced with background orientation sessions on the status of stocking
and CBF in the Asian region. Extended summaries of these papers are presented here.

Fisheries enhancements in inland waters with special reference to CBF in Asia:
current status and prospects
Sena S De Silva
Fishery enhancement practices could take one or a combination of many forms – from introducing
seed stock to manipulating aspects of the environment – to accomplish one or more objectives. The
most commonly-used stock enhancement practice is stocking seed, where the primary purpose is
often to increase yield. Among stock enhancement practices is CBF, which is practiced in most of Asia.
This is a form of extensive aquaculture whose aim is to increase production and it is often conducted
in small waterbodies that are sometimes incapable of sustaining even a subsistence fishery through
natural recruitment.
A review of the benefits and constraints of CBF practices in inland waters in Asia and of the details
of species used, fish yields, income distribution patterns, and other community benefits such as
improved nutrition highlights that the adoption of CBF can result in significant increases in food fish
production, including in instances where there has been a shift from conventional capture fisheries
to CBF.
Yields obtained from CBF practices, as one would expect from extensive aquaculture practices in
a wide range of waterbodies, are very variable: CBF practices in China PR and Sri Lanka averaged
1,800 kg.ha-1.yr-1 and 468 kg.ha-1.yr-1 (stock enhancement ±97), respectively. However, China practices
heavy fertilization to boost plankton production on which stocked Chinese major carps feed, resulting
in very high yields.
Considerable research and development efforts over the last decade or more have enabled the
consolidation of CBF practices and helped optimize the inputs. For example, the size and species ratios,
overall stocking densities to be used and so forth in relation to characteristics of the waterbodies are
known and/or suitable models are available for determining these entities. In addition, criteria have
been developed to select the most suitable waterbodies for CBF, thereby reducing wastage of
resources and effort.
Improvements to CBF practices that would enhance fish yields further and contribute significantly to
inland fish production are highlighted. Based on the best available area estimate of small waterbodies
in Asia (around 67 million ha) it is projected that 20 percent of mobilization of these, with an average
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yield of 800 kg.ha-1.yr-1, could result in a production of nearly 10.7 × 10 6 tonnes of food fish,
augmenting inland food fish production very significantly and contributing to food security. In general,
CBF also offer an added advantage that as most CBF practices in Asia occur in rural areas and
consequently the communities that tend to be more impoverished gain most from CBF. Nevertheless,
the arrangements for sharing benefits, in particular food fish and monetary gains, among community
households can differ from country to country and practice to practice.

Alternative strategies for enhancement of fish stocks
Robin Welcomme, Simon Funge-Smith, Ashley Halls & Ian Cowx
The intensive use of water and aquatic environments for human purposes other than fisheries is
increasing the number of conflicts within the fisheries sector and between the sector and other users
of the resource as well as within the fisheries sector itself. The cost-benefit resolutions to such conflicts
are rarely explored, but are crucial to future management decisions regarding mitigation of
environmental impacts and fisheries practices such as stocking. There are four main objectives of
environmental interventions in fisheries: protection; restoration/rehabilitation; mitigation; and
intensification.
For some larger waterbodies (or systems), there may be more than one objective as these may address
a range of problems and be specific to different species of fish. They may also be used in conjunction
with stocking either occasionally or regularly (e.g. to re-establish a species after rehabilitation of
a habit, or the stocking of fish and fertilization to increase yields). The choice of intervention depends
upon the stressors impacting the fishery, the priority objectives for a fishery (e.g. to sustain wild stocks
and biodiversity, or to maximize food production) and the degree of modification that is required
and/or possible.
Rehabilitation and mitigation are expensive in terms of manpower, funds or space and should be
considered in the long term as part of a holistic management strategy for individual rivers, lakes or
river basins. Unfortunately, formal and informal mechanisms needed for such resolutions are rare, and
the basic data they would need to reach conclusions are all too frequently lacking.
Stocking and CBF are valid management practices for compensating for shortfalls in catch in
overfished systems or those damaged by changes to the environment caused by other users of the
resource. Stocking may also achieve higher levels of output than fisheries, which are based on wild
stocks alone. A hectare of land under aquaculture generates at least 43 percent higher income than
a hectare of land under crop cultivation. Consequently, the importance of stocking is growing and
stakeholders are exploring alternative approaches to enhancing the productivity of stocking.
The current trend in stocking of open waters in Asia tends to be pursued uncritically with limited
evaluation of its impact in terms of cost-effectiveness, environmental consequences and social impact.
Although floodplain stocking has been credited with increasing fish production and fishers’ incomes,
concerns have been raised about its implication for ecological and social equity, as well as its
cost-effectiveness and sustainability.
The high diversity of species in South Asian and Southeast Asian rivers is the result of an extremely
varied range of habitats in the main channels of rivers and on the floodplains. Fish typically use
a range of habitats for different aspects of behaviour. Separate habitats are used for spawning, as
nurseries, as feeding grounds and as dry season refuges. If the species are to thrive, each of these
habitats needs to be maintained, as do the pathways (connectivity) between them. Retaining natural
productivity and population structure, as well as maximizing yields of stocked species may require
investment in rehabilitation or mitigation to counter the effect of environmental degradation.
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Even taking into account the costs of such enterprises, critical evaluation may well show that careful
management of the natural environment through rehabilitation and mitigation techniques may be
a more viable option in sustaining fish production from river and reservoir systems than stocking.

Water management and fisheries: a briefing
Hans Guttman
Water is a major issue both at local and global levels and the water, sanitation and hygiene (WASH)
sector is of great importance economically, socially and environmentally. The WASH sector is directly
reflected in the United Nations’ Millennium Development Goals and thus it is not surprising that water
issues are also highly political – those who have rights to, or control over water are typically more
empowered and have greater leverage over those who do not.
Control water and you control much of life – this was clear to the ancient world as much as it is to
the modern world. In 2012 the Tajikistan Rogun Dam led to deteriorating relations with Uzbekistan
and in 2013, Egypt threatened to consider actions against Ethiopia to secure its water rights. Both are
larger countries and regional economic giants whose water dependence leads them to apply pressure
to small neighbouring countries that may have control over the source or flow of water.
Water resources management (WRM) it therefore central and important at local, national and even
regional levels and those involved in WRM ensure that water resources issues are high on the political
and economic agenda.
Water use has been growing at more than twice the rate of population increase in the last century
and many have predicted that future conflicts will be over water rather than oil. Tensions are certainly
rising as water use is increasing, however, analysis of 55 years of international water relations by
Oregon University (a global leader in research on water conflicts) found conclusive evidence that, in
general, water conflicts lead to increased cooperation rather than war.
In fact, they found only one war ever fought over water, that between the Sumerian city-states of
Lagash and Umma, in 2 500 BC. Conversely, over 3 600 treaties have been signed over different aspects
of international waters, almost 150 in the past century that deal with water use directly. However,
tensions over water do lead to a sense of urgency and importance and this is often reflected in water
policies.
Agriculture is a large, but typically declining economic user of water when framed within the national
economy. For example, Californian agriculture is extremely profitable, worth USD 22.3 billion in 2010,
but accounted for only 3 percent of the total economy. Conversely, expanding sectors such as energy
(especially electricity) are prioritized as essential for economic and industrial growth and have a far
higher economic value. This can lead to the marginalization of the agriculture sector in the allocation
and prioritization dialogues over water management. Within the agriculture sector, fisheries and
aquaculture may be further marginalized in favour of water management for irrigation or be impacted
by unregulated agriculture runoffs, affecting water quality.
Definition of water resources and aquatic resources
Water resources usually refer to the supply of groundwater and surface water in a given area. Water
resources may also refer to the current or potential value of the resource to the community and the
environment. Herein lies a dilemma, the definition (which reflects the underlying thinking) does not
directly refer to the living organisms and ecosystem in the water and traditionally it has focused on
making water available for different purposes. Typically water resources planning, is directed at
irrigation, hydropower, WASH, navigation, flood management or drought management (sometimes in
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conjunction with irrigation). These differing uses often conflict with each other, and are of different
importance in different country contexts. Fisheries and fish are rarely incorporated into this type of
planning, are often not understood, and typically under-valued.
There are approaches to address broader issues of water resources planning, e.g. Integrated Water
Resources Management (IWRM), which may incorporate additional aspects into planning such as
environmental flows, fisheries, human river uses such as river gardens and tourism. These are well
established in parts of the water sector especially at the planning level, but this is by no means the
norm, and may be particularly weak in developing countries.
Aquatic resources refer to the biotic element of the aquatic ecosystem. They have intrinsic value,
because they form the biodiversity, genetic resources and populations with actual or potential use
or value for humanity. Planning, allocation and management of water for aquatic resources must
address water as the medium for use as a support system for biotic functions. Embedded in this are
broader ecosystem services (biodiversity, ecosystem function), physical considerations (sedimentation,
erosion, water quality) and biological considerations (food production, foodwebs). Fish and, by
extension, fisheries are one component of this, but perhaps the most obvious as they are often the
most directly linked to human interests.
Ecosystem approaches such as the EAFM fit well into this latter paradigm, but may still be marginalized
in hard economic valuations by water resources economists. In the hard economic approach, irrigation,
hydropower drainage and flood management (which potentially can save a lot of money in damage –
so called avoided costs), are expressed in terms of economic value. Fisheries production is simply
measured alongside these and can rarely compete with them, unless broader valuations that can
account for ecosystems services biodiversity and long-term benefits to humans can be introduced.
In summary, the difference in definition between water resources and aquatic resources may seem
semantic, but it actually reflects some fundamental underlying differences in perceptions of the
importance of the role and value of the biological system compared with the physical system within
which it resides. The effect of this is that water resources management rarely takes fisheries into
account.
The dilemma is that the water resources approach tends to treat fish and the biological system as
a component for which there is a need to avoid or minimize impact. It does not treat the biotic system
as an integral part of water development. The central elements of water development are those listed
earlier, namely transporting water to a place to be used (e.g. irrigation and WASH), or the use of the
physical characteristics of water for a single purpose (e.g. energy or navigation). As a result, the impacts
of these uses on fisheries are often poorly mitigated and fisheries are impacted by hydropower flow
regimes, water quality degradation, agricultural run-off and pollution, drought or excessive abstraction.
Floods are perhaps an exception for fisheries, being generally beneficial, but still negatively impact
aquaculture operations as a result of damage and escapes of stocks.
Economic uses of water
The valuation of water and aquatic resources is essential yet highly controversial. Theoretically,
managing water as an economic good entails that water can be allocated across competing uses in
a way that maximizes the net benefit from the amount of water in question. Ideally such valuation
and allocation should be based on the Dublin Principles16 for IWRM. There is a question over what
constitutes the benefits, how they are valued and for whom the net benefit is intended.
16

Principle 1: Fresh water is a finite and vulnerable resource, essential to sustain life, development and the environment.
Principle 2: Water development and management should be based on a participatory approach, involving users, planners
and policy-makers at all levels.
Principle 3: Women play a central part in the provision, management and safeguarding of water.
Principle 4: Water has an economic value in all its competing uses and should be recognized as an economic good.
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Economic valuation of water can lead to distortions, can upset rights and can lead to water being used
for narrow financial gains and causing great damage to society. This can be politically explosive,
especially in crisis situations when realizing the greater good may be hindered by rights.
Likewise, rights without economic factors guiding the use of a scarce resource such as water can
lead to the “tragedy of the commons” whereby lack of ownership and responsibility leads to
over-exploitation and decline of the resource – a too familiar narrative for those steeped in fisheries
management issues.
This is an important aspect to consider in the whole water resources debate, as it spans so many
aspects of water use, and it is important to recognize that sometimes these are contradictory. IWRM
principles (as professed by the Global Water Partnership) builds on the four Dublin Principles as well
as integrating the three Es (environment, economy and equity) – although now slightly rephrased to
account for the UN-HRC resolution of 1992.
Theoretically, managing water as an economic good entails that water can be allocated across
competing uses in a way that maximizes the net benefit from the amount of water in question
(according to originally formulated Dublin Principles).
Practically, the increased financial burden on users to pay for clean water has social and political
implications. For example, some three billion people worldwide have daily incomes of less than USD2,
which places a severe limitation on their capacity to pay the full economic costs of water services.
There has also been growing controversy over the privatization of water worldwide as the economic
principles of valuation, privatization, and efficiency are being applied to water, a resource that many
consider a basic human need and right.17 An example of this is playing out in California where the
most economic use of water is for almond production. As a result, poor water users may be impacted
by having to pay very high prices for their water as they compete with the economic power of almond
producers.
It is also important to note that water is allocated for the environment usually by legislation (not
because of economic value). Water for agriculture is sometimes economic but frequently subject to
peer/political pressure, water for urban, domestic and industrial use is often economic but minimum
access to or availability of water is often related to water as a basic right. These issues are hotly
debated and are important not least since after several decades of advocating the primacy of
economic efficiency, the Organisation for Economic Cooperation and Development (OECD)18 has
recently published findings on economic inequity and its strain on society and the economy. It
estimates that economic inequality is a significant drag on economic prosperity. Inequity in access to
water may also cause a reduction in economic development.
Classifying water as a basic human right introduces further social complications in terms of equitable
distribution. Only a fraction of water consumption is actually used for preserving life. A large portion
of urban water is used for convenience and comfort. For example, in the arid western United States,
the per capita water withdrawal by households frequently exceeds 400 litres per day, about half
of which is used to irrigate lawns and gardens, the remainder being used for toilets, bathing and
washing cars.
17

On 30 September 2010, the 15th Session of the UN Human Rights Council passed Resolution A/HRC/15/L.14, [4], which
clarifies that the human right to safe drinking water and sanitation is derived from the right to an adequate standard of
living and inextricably related to the right to the highest attainable standard of physical and mental health, as well as the
right to life and human dignity.
18
An international economic organization of 34 countries, founded in 1961 to stimulate economic progress and world
trade.
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Clearly with 1.1 billion people still lacking access to safe drinking water, allowing such generous usage
leads to inequities. Moreover, the moral dimensions of water management intersect with property
rights issues that underlie the economic allocation of water. If local people “own” or have a right to
water in its natural place, they must be persuaded to voluntarily accept removal of water from its
natural place.
Tens of millions of people have been forced from their homes, with inadequate or no compensation
and relatively little warning, to make way for economic water uses. The case of the development of
China’s Three Gorges Dam exemplifies the range of these moral issues.
In addition, water has cultural and symbolic importance. It is used in religious rituals such as baptism
and it acts as a source of national identity for many native peoples. As such, the value of water to
people will differ across cultures and further complicates the characteristics of the resource.
What is sustainable water resources development and management? From many water engineers’
perspectives, it is the most productive use of the water with hydropower (non-consumptive) and
irrigation (consumptive) coming out on top along with navigation (non-consumptive).
Multipurpose dam operation – an example of integrated use
Hydropower is a good example of the tension between water resources and the needs of fisheries.
Single purpose dams are often considered the most successful and multipurpose dams judged
less so. According to the World Commission on Dams (WCD),19 most irrigation dams reach 70 to
100 percent of their planned output within ten years and hydropower dams typically reach their
planned output within five years, and many exceed the targets set (usually because of improvement
in the generators). It is worth querying which criteria are to be used when judging the performance
of a dam project.
Almost universally there is a requirement that hydropower projects minimize or mitigate impacts on
fish and fisheries in all forms. This requirement forces design and operational changes, which can
reduce the maximum power generation potential. Often hydropower dams provide opportunities for
reservoir fisheries (whether natural or CBF or aquaculture), but these uses may still conflict with other
business or recreational values. Ultimately, the value of reservoir fisheries is usually a marginal
economic benefit compared to the primary purpose of the dam.
Irrigation may be considered less impacting than dams placed on large rivers, however the impacts
are often more insidious and perhaps ultimately have greater impacts because of their diffuse nature.
Irrigation of agriculture typically leads to intensification of agro-systems and consequent increased
use of fertilizers and pesticides. The direct impact or run-off from this production impacts the
ecosystem, polluting water and adversely affecting fish recruitment and growth, even leading to fish
kills in extreme cases.
The obvious solution to this dilemma is to build and operate dams for many purposes or
multipurpose dams. On paper this is a great idea, but it suffers from some inherent problems and, like
water supply, is susceptible to poor management difficulties in valuation and pricing (if relevant). The
difficulties often lie in assessing how important a particular purpose is at any one time. A dam for
flood protection needs to be close to empty in order to be able to absorb flood waters (and therefore
presents little volume or space for fish production), the opposite of a hydropower dam which should
be kept as full as possible in order to be able to produce electricity as planned.
19

The World Commission on Dams (WCD) was formed in April 1997, to research the environmental, social and economic
impacts of the development of large dams globally. The WCD consisted of members of civil society, academia, the private
sector, professional associations and one government representative.
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An example of multi-purpose dam management is the Kentucky Dam on the Tennessee River.
Although not an Asian example, the management principles are relevant everywhere. In winter/spring
the reservoir is kept “empty” (about 50 percent of capacity) to be able to absorb the spring floods
caused by snow melt. The value of the avoided damage from floods was calculated to be several
hundred million USD per year.
In summer the dam is kept at “bankfull” (100 percent of capacity) to maximize the recreational value
of the area, which is used extensively in the summer months. This is important for neighbouring cities
as having good recreational facilities increases the attractiveness for business owners who in turn use
it to attract good personnel. The increased tax receipts were valued at several hundred million USD.
In autumn, the dam makes several environmental releases of water for fish migration, regulated by
the Environmental Protection Agency (EPA).
Throughout the year, electricity was produced based on rainfall in the previous days (a detailed run-off
model was used). It was sold on the spot market and was generally less than USD100 million per year.
Throughout the year the locks functioned to support navigation, a primary purpose of the dam. The
United States Army Corps of Engineers plays the key role in and has responsibility for the
management of the dam for over 100 years as mandated by Congress.
By sub-optimizing the different functions of the dam (in this case through different management
regimes during different times of the year), the dam has been repurposed from its original sole
function of aiding navigation, to new incorporate functions such that its main purpose shifts
throughout the year, and some of its uses become marginal at certain times (i.e. there is no capacity
for flood control in summer).
The lesson here is that stocking enhancements and CBF may well fit such multifunctional
management, provided there is sufficient integration with other uses, and the water needs of fisheries
are amenable to management in a dynamic and responsive manner.
Water policy and legislation
Policy and legislation can have a significant effect on the degree to which water management favours
or adequately accounts for the needs of fisheries. Examples of this include pollution control, setting
of environmental criteria for water quality and water use that causes pollution.
An example of legislation for water use is the requirement to return water in the same quality/
condition in which it was abstracted. However, water pollution criteria and regulations are very
sensitive and industrial and agricultural lobby groups frequently argue that excessively strict
legislation is harmful to business and economic development. Their contention is that legislation is
unnecessary if there is enough water to dilute the impact and wetlands to purify the water (i.e. the
pollution cost is passed on to the receiving environment).
Policies can directly promote fisheries services. A good example is the policy in Cambodia to promote
the establishment and management of dry season refugees, in essence keeping broodstock
throughout the dry season to allow better recruitment in the following wet season (Box 1). Such
situations are relatively rare and there is a need for a strong lobby for this (or a general lack of
competition from other water users).
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Box 1. Cambodia dry season fish refuges
A Community Fish Refuge (CFR) is a form of stock enhancement or a fish conservation measure
that is intended to improve the productivity of rice field fisheries.
The idea behind refuge ponds is to create dry season refuges or sanctuaries for brood fish in
seasonally inundated rice fields.
Refuge ponds can be man-made ponds or natural ponds that can hold water throughout the year.
During the dry season these refuge ponds become disconnected from permanent natural
waterbodies.
Since 2000, the government has promoted community managed fish refuges as a national inland
fisheries conservation measure and refuges there are now over 830 refuges.
The government’s goal is to establish at least one community fisheries refuge in each of the 1,630
communes nationally.

This type of policy is inherently difficult to promote as often it is the poor who are the intended
beneficiaries and there is strong competition with other sectors. It is difficult to find strong arguments
(political or economic) for the policy in such circumstances.
Lessons for stocking and fisheries
There is no doubt that the economic argument is the principle way forward in ensuring fisheries’
interests are adequately incorporated into water management. It has to be accepted that fisheries and
living aquatic resources are rarely a primary driver and the focus for advocacy must be on adding
value or arguing for environmental protection. Environmental Impact Assessment, which is supported
by legislation, and environmental flows are useful tools in this case.
The question is always whether this will be enough to secure sufficient water for fisheries against
other competing interests. It is also essential that the fishery sector is able to communicate concepts
and valuations in a common water resources language. Political lobbying may be effective if
approached in the right manner, particularly if fisheries interests can be presented as a win-win for
development and not viewed as an obstacle. There is scope for synergy and this is an area for
innovation if there is adequate constructive communication between the sectors.

Selected issues in CBF arising from an ACIAR/NACA regional consultation
Jayantha Chandrasoma
An Australian Centre for International Agricultural Research/Network of Aquaculture Centres in
Asia-Pacific (ACIAR/ NACA) Regional Consultation on CBF development in Asia was held in Siem Reap,
Cambodia, from 21 to 23 October 2014. A summary of the discussions of selected important issues
pertaining to CBF that took place at the consultation is presented in the following paragraphs.
CBF are stock enhancement practices undertaken in waterbodies that are generally incapable of
supporting sustainable fisheries through self-recruiting fish populations and where the stock is
managed and owned either individually and/or collectively. Stocking is widely used as a stock
enhancement practice in CBF. Natural productivity is utilized by the stocked fish seed and external
feed is rarely applied. Stock enhancement is not limited to the stocking of fish seed and may include
other practices such as the introduction of closed seasons, gear restrictions, establishment of
conservation zones, improving and/or establishing spawning grounds and removing impediments to
spawning and other migratory pathways.
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All evidence indicates that during the last fifteen years CBF practices have become popular in many
developing countries in Asia for augmenting food fish production, providing livelihoods and
subsidiary income to rural communities. Consequently, some governments have recognized CBF
developments as a major strategy for food fish production in rural areas. Changes in government
policies and the provision of a legal framework for the facilitation of CBF will be crucial to the further
development of CBF.
Considering recent developments in respect of CBF, such as many countries having implemented CBF,
the overall return from CBF having increased substantially as a result of R&D and a trend towards
utilizing larger perennial waterbodies, it has been estimated that fish production could be increased
to 6.7 million tonnes/year by the end of the present decade if 10 percent of the suitable waterbodies
in Asia (typically medium-scale/small-scale, shallow, irrigation and water storage bodies) were utilized
for CBF.
The range of species used in CBF practices differs between countries and within countries. Although
in some countries there is a tendency to use high valued species in CBF, CBF generally focusses on
producing fish and feeding low in the trophic chain. Some countries use indigenous fish species for
CBF practices depending on the availability of suitable indigenous species, as well as fry and fingerling
availability, consumer acceptance, government policies etc. In some countries, alien species that have
been used for aquaculture for a significant length of time and which have not shown any explicit
evidence of adverse impacts on biodiversity continue to be used for CBF. Some countries use both
indigenous and alien species for CBF. In all instances, the use of alien species for CBF practices must
be permitted within fishery/biodiversity laws and regulations of the country and care should be taken
through a well-planned brood stock management strategy to prevent or minimize loss of genetic
diversity of the respective wild counterparts.
CBF practices are almost entirely dependent on the prevailing weather patterns, particularly those
practices conducted in small waterbodies, which also happens to be where the bulk of current
practices are conducted. Since the CBF cycle follows the prevailing weather pattern within the given
locality, the harvesting tends to occur within a narrow time frame. As CBF practices become more
prevalent this could lead to oversupply of the product resulting in poor returns to CBF farmer groups.
To prevent such over-supply better liaison between CBF farmer groups within a locality to spread the
harvesting as much as possible and encouraging CBF farmer groups to get involved in low energy
and low cost processing are suggested. This sensitivity to rainfall for stocking and production means
that climate change relating to the onset of the rainy periods and increased frequencies of prolonged
dry and/or rainy periods could adversely impact the viability of CBF production. Changes in
temperature and rainfall may also impact the production and availability of fish seed for CBF practices.
As CBF practices become increasingly popular, there will be a corresponding increase in demand for
fish seed. CBF farmer groups should be encouraged to undertake fish seed production activities to
meet their fish seed requirements.
Returns from CBF vary depending on country, area, type of waterbody, CBF practices adopted etc. In
order to optimize yields from CBF, a well-organized and a cooperative community is required. Very
often these communities are without any previous experience in fishery related activities. Hence
adequate planning, training and other research needs must be fulfilled to optimize yields from CBF,
which is perhaps the most environment-friendly, low cost and sustainable form of aquaculture.
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Marine stock enhancements and CBF: perspectives from countries with different
fisheries objectives and aquaculture systems
Neil Loneragan
Many large-scale release programmes in marine systems referred to as stock enhancement are more
likely to be defined as cases of sea ranching20 because of the intense fishing pressure and limited
management controls in these systems. Sea ranching has strong similarities to some components of
freshwater CBF that are commonly found in Asia.
The release of cultured fish into marine environments and assessing the results is a recent discipline
whose catalysts were a paper on a responsible approach to marine stock enhancement21 and a series
of international symposia on stock enhancement and sea ranching (ISSESR).22 The first and second
ISSESRs were instrumental in developing methods for mass production of environmentally fit juveniles
and for releasing them in responsible ways. A responsible approach to marine stocking was outlined
in 2002 and identifies ten principles for marine release programmes,23 these are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Prioritize and select target species
Develop a management plan
Define measures of success
Use genetic resources management
Use disease and health management
Develop restocking objectives and tactics
Identify released individuals and assess stocking effects
Identify optimum release strategies
Identify economic and policy objectives
Use adaptive management.

In 2006, the third ISSESR focused on:
(1) definitions of restocking, stock enhancement, and sea ranching in recognition of the
interchangeable use of these terms and others (e.g. stocking, supplementation, sea farming,
reseeding, CBF, enhancement) to describe marine release programmes of cultured fish with
diverse objectives;24
(2) a framework for integrating releases within fisheries management;
(3) the recognition of the role of participatory planning processes in release programmes and
examples of these;
20

Bell et al. (2008)
Blankenship and Leber. (1995). Updated by Lorenzen et al. (2010).
22
http://www.searanching.org
23
See Bell et al. (2005) for a review of the application of these principles to invertebrate release programmes.
24
“Restocking” refers to the release of cultured juveniles into wild populations to restore severely depleted spawning
biomass to a level where it can once again provide regular, substantial yields. This may also involve re-establishing
a commercial species where it is locally extinct as a result of overfishing, or release of juveniles reared in “conservation
hatcheries” to help restore endangered or threatened species.
“Stock enhancement” refers to the release of cultured juveniles into wild populations to augment the natural supply of
juveniles and optimize harvests by overcoming recruitment limitation. Note that recruitment limitation is common for
many coastal species with pelagic larvae in open ecosystems, even when spawning biomass is at the desired level.
“Sea ranching” refers to the release of cultured juveniles into unenclosed marine and estuarine environments for harvest
at a larger size in “put, grow, and take” operations. Note that the released animals are not expected to contribute to
spawning biomass although this can occur when the size at harvest exceeds the size at first maturity, or when not all the
released animals are harvested.
21
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(4) a comprehensive case study (blue crabs in Chesapeake Bay) describing the multidisciplinary
approach needed to evaluate the potential benefits of releases; and
(5) other lessons to guide stakeholders in evaluating releases.25
The 2002 responsible approach has subsequently been reviewed and modified26 to take into account
the rapid development of release programmes, advances in fisheries science and changes to fisheries
governance frameworks. This modified approach emphasized the need to:
– view releases as an option within a fisheries management system;
– involve stakeholders in the planning process; and
– assess the potential contribution of releases and alternative options for achieving the goals
of fisheries management very early in the process.
The modified responsible approach to the release of cultured fish represents a shift away from the
earlier production emphasis of stocking programmes that focused on increasing the number of
individuals and the number of species produced.
The responsible approach incorporates evaluation of the release/stocking together with an adaptive
approach to stocking; it subsequently incorporated the consideration that stocking/releases is one
option within a fisheries management plan.27 By 2011, the fourth ISSESR recognized that the science
base of marine restocking, stock enhancement, and sea ranching had continued to advance rapidly
and had reached an important transition point in marine release programmes, going from
“an exploratory, research-oriented endeavour to a tool in the fisheries management tool box.”28
Application of the responsible approach in marine enhancement
An example of the application of the responsible approach is the evaluation of the potential for
enhancing the Penaeus esculentus (tiger prawn) fishery in Exmouth Gulf, Western Australia. Historically,
the annual catches of Penaeus esculentus in this fishery have fluctuated from about 70 to 1 200 metric
tonnes, largely because of natural environmental effects on annual recruitment. The average catch
from the mid-1980s to the mid-1990s (~400 tonnes) was about 100 tonnes lower than the average
for the earlier years of the fishery (~500 tonnes). This reduction in catches and the interannual
variability in catches led the fishing industry, fishery managers and researchers to consider enhancing
the fishery by releasing cultivated juveniles in the nursery grounds. A Steering Committee comprising
of the three groups referred to above was formed to develop a release programme to increase the
average annual catch by 100 tonnes.29 The work was planned in four phases: (1) carrying out
a feasibility study to assess the potential for enhancement and develop a bio-economic model;30
(2) developing techniques for enhancement, including high-density production, genetic markers, and
identifying juvenile nursery grounds and hence potential release sites; 31 (3) releasing on an
experimental basis 1 to 2 million 1 g juvenile prawns; and (4) releasing on a commercial basis 14 to
30 million juveniles. The Steering Committee incorporated internal and external reviews of each phase
before proceeding to the next stage to allow the programme to be adapted and modified as new
findings became available. New techniques for producing juvenile tiger prawns at high densities
(up to 3,000 m-3) were established, nursery grounds and potential release sites for enhancement were
25
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31
Loneragan et al. (2003, 2004)
26

28

identified, and eight reliable microsatellite loci with potential for use as genetic markers to identify
the enhanced stock were developed. Also, new parameter estimates for the economics and biology
that were incorporated in a bio-economic model of the enhancement system were developed.32
The bio-economic model included a framework and risk assessment for all components of a stock
enhancement operation, i.e. hatchery, grow-out, releasing, population dynamics, fishery, and
monitoring. The model was designed for a projected commercial scale enhancement of about
100 metric tonnes, representing a 25 percent increase in the average annual catch in Exmouth Gulf.
The results predicted that a release of 21 million 1 g prawns would produce an estimated enhanced
prawn catch of about 100 tonnes, with a 66.5 percent chance of making a profit. It also identified
uncertainties in the model and indicated that the largest contributor to the overall uncertainty of the
enhanced prawn catch was the post-release mortality, followed by the density-dependent mortality
caused by released prawns. It is worth noting that these two mortality rates are the most difficult to
estimate in practice and remain under-researched in all types of stock enhancement.
The results from the model defined the scale of the enhancement operation and the aquaculture
facilities required (e.g. 21 million cultured 1 g prawns). Based on the model predictions, the investment
cost in infrastructure and the uncertainty in the projected economic benefits of the enhancement, and
coupled to a decline in market prices for prawns, the industry group decided not to proceed with the
pilot and commercial phases of the enhancement programme.
Recreational fisheries
In developed countries, recreational fishing is a significant activity in terms of participation rates
(e.g. 20 percent to 30 percent of the population in Australia fish) and the economy. There is a strong
demand for release of cultured fish into marine systems for recreational fisheries and this has been
reinforced with the implementation of license fees for recreational fishing in at least two states of
Australia (New South Wales and Western Australia). These fees are linked to a commitment that
a portion of the revenue is to be used to support recreational fishing activities such as release
programmes and the development of policies for release programmes.33
An integrated socio-ecological model has been developed to evaluate the potential for stock
enhancement with hatchery fishes to achieve socio-economic and conservation objectives in
recreational fisheries.34 This evaluation model has been applied to the red drum Sciaenops ocellatus
recreational fishery in the Tampa Bay estuary, Florida, USA. The results suggest that stocking of juvenile
fish larger than the size at which the strongest density dependence on mortality occurs can help
increase angler satisfaction and total fishing effort (socio-economic objectives), but are likely to result
in decreases in the abundance of wild fishes (a conservation objective). Stocking of small juveniles
(that are susceptible to density-dependent mortality after release) does not achieve socio-economic
objectives (or only at excessive cost) and still leads to a reduction of wild fish abundance. The intensity
and type of socio-economic gains depended on assumptions of dynamic angler-effort responses and
the importance of catch-related satisfaction, with greatest gains possible if aggregate effort is
responsive to increases in abundance and satisfaction that are greatly related to catch rates. These
results emphasize the view of stock enhancement, not as a panacea, but rather as a management tool,
with inherent costs, that is best applied to recreational fisheries only under certain conditions.
In the simple case study from a commercial shrimp fishery, the objectives were clearly defined around
increasing the catch. This differs from the more complex objectives in recreational fisheries that
32
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include social objectives of increasing the recreational fishing experience. In developing countries and
CBF, it is clear that a simple production focus is not sufficient and the impacts on social objectives for
strengthening livelihoods will be much more significant. Appropriate evaluation of marine
enhancement programmes therefore requires:
1. identification and involvement of stakeholders at all stages;
2. staging of the development;
3. having clearly defined measures of success that cover biology, economics, and social-cultural
valuation;
4. a clear understanding of who benefits and who pays; and
5. a multidisciplinary approach that is capable of integrating the aquaculture, biology, social
and economic modelling and assessment.

China’s marine fishery stock enhancement and its assessment
Jilong LI, Wenbo Yang & Bin Zhang
China is the world’s leading fish producing country with a total production of 59 million metric tonnes
in 2012, of which 30 million tonnes were from marine water aquaculture and 16 million tonnes from
marine capture fisheries. However, there are some problems with respect to the sustainable
development of China’s marine capture fisheries. These can be summarized as: the overfishing caused
by the enormous fishing effort; habitat losses caused by coastal land reclamation (more than 280 km2
coastal tidal area and shallow sea habitats are reclaimed yearly), pollution caused by land-based
polluted water discharge and improper aquaculture practices.
Marine stock enhancement, as one of the key measures for marine fishery resource restoration, has
been practiced in this country since 2006 and the central government framed the national 5-year
stocking enhancement plan (2011–2015) in 2010.
The goals of China’s national 5-year stocking enhancement plan
The goals of the national 5-year stocking enhancement plan mainly focus on the economic turnout
within the existing hatchery capacity. In the public marine waters, the stocking of native migrating
species is emphasized for the purpose of increasing the fishing stock abundance and conserving the
endangered species in association with the closed fishing season. In the private/leased marine waters,
stocking focusses on the native non-migrating species for the purpose of increasing production of
sea ranching in association with artificial reefs. The details of the stocking species, assumptions and
goals are presented in Table 6.
Table 6. Details of China’s national 5-year stocking enhancement plan
Function

Stocking
species

Assumption

Goal

Other
measures

Ecorestoration

Native
species

Habitats are suitable, but
eutrophic phenomena often
are present in these habitats

Restoring the environment and
reducing the trophic level

Closed
fishing
season

Stock
enhancement

Native
species

Natural recruitment limited,
abundance of traditional stock
less than the carrying capacity

Compensating for the stock
abundance losses caused by
overfishing

Closed
fishing
season

Community Alien
restructure species

Stocked species can reproduce
in the new environment and
don’t impact the ecosystem
negatively

Restructuring the community
composition, adjusting the
foodweb and conserving the
endangered species

Artificial
reefs, closed
fishing
season
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Main actions of the national 5-year stocking enhancement plan
There are more than 40 native marine species proposed for marine stock enhancement in China’s
national 5-year stocking enhancement plan. A total of 11 local species are to be released in Liaodong
Bay, Bohai Bay and Laizhou Bay of Bohai Sea and the annual number of fingerlings released will reach
11.57 billion in 2015.
In the Yellow Sea, there are 25 bays and coastal sites, such as Jiaozhou Bay, Haizhou Bay and Lusi
suggested as sites for stock enhancement with 17 local species and 7.44 billion fingerlings to be
released in 2015.
In the East China Sea and South China Sea, 26 and 21 native species are to be released and the total
annual released fingerlings will reach 4.76 billion and 1.53 billion in 2014 and 2015 respectively.
Fingerlings/seeds released in recent years
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Massive scale marine stock enhancement was implemented in China starting after 2005 and both the
number of fingerlings released and the budget used for stocking were increased. Figure 1 gives the
status of China’s marine stock enhancement from 2006 to 2010 (before the 5-year plan) and from 2012
to 2014 (during the 5-year plan).
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Figure 1. Fingerlings/seeds released as part of China’s marine stock enhancement programme,
2006–2010 and 2012–2014
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Main methods used for the assessment of stock enhancement
There are many techniques used for the assessment of marine stock enhancement, including satellite
tracking. Metal/plastic tagging, catch comparison, morphology analysis and mtDNA are the commonly
applied methods. Tagging and morphology analysis are used mainly for calculation of the recapture
rate; mtDNA and trawler surveys are applied in the analysis of genetic diversity and community
structure/biodiversity/abundance.
Effect of Bohai Sea stock enhancement programme
Stock enhancement in the Bohai Sea started in the early 1990s and was accelerated in 2005. The main
species for Bohai Sea stock enhancement are Chinese shrimp, swimming crab, jellyfish and other
finfish.
In general, the catches of the stocked Chinese shrimp, swimming crab and jellyfish increased
significantly after the stock enhancement programme began operating. The recapture rate and
the profit (the ratio of input: output) of Chinese shrimp, swimming crab and jellyfish have reached
10–15 percent, 15–20 percent, 1.5–3.3 percent and 1:10–20, 1:20–40 and 1:30–60 respectively.
Evaluation also shows that there are no negative impacts on the ecosystem resulting from the
large-scale Chinese shrimp and swimming crab fingerling releases.
Questions remain for marine stock enhancement
Although the stocking enhancement programme has brought significant economic benefits to the
fishermen and farmers, there are some questions that need to be answered:
(1) Does the current closed fishing season meet the needs of stocking?
(2) What are the long-term impacts on the ecosystem?
(3) Are the size, quality, quantity and the species stocked closely monitored?
(4) Are there any alien species released and what are their impacts?
(5) Is there any other measure, such as special protected area that should be practiced?
(6) Does the quantity of fingerlings released fit the ecosystem carrying capacity?
Recommendations for stock enhancement
For better effectiveness of marine stock enhancement, some recommendations might be considered
for future programmes:
– Stock enhancement programmes should establish a calibration mechanism among
governments, technical institutes, stakeholders and NGOs.
– Stock enhancement practice must ensure that the biodiversity, genetic-diversity and the
function of the ecosystem are not changed under the goal of achieving economic profits.
– Stock enhancement programmes should be aware of the habitat carrying capacity,
community structure, foodweb and primary productivity changes and, when, where, what
species and the quantity of fingerlings that should be released.
– The need for stock enhancement capacity building should be recognized, especially in the
areas of monitoring, research, hatcheries, fingerling inspection and facilities for fingerling
transportation and release.
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Guidelines for fish stock enhancement practices in the Lower Mekong Basin
Ian G Cowx
The Lower Mekong Basin (LMB) is one of the world’s largest and most productive inland fisheries
accounting for about 20 percent of the world’s inland capture fish production. They are of enormous
importance to more than 60 million people who live in the basin where 70 percent of communities
are rural and rice farming and fishing are the main occupations of most people. Fisheries resources,
including fish and other aquatic animals, make a vital contribution to regional food security and
nutrition, cash income and employment, and have strong cultural and religious significance. Per capita
consumption of fish in the LMB is generally high, with the regional average of 46 kg.capita-1.yr-1, and
national figures varying by about 20 percent. This LMB figure is similar to the Southeast Asian level
of 51 kg.capita-1.yr-1 and significantly higher than the world average of 24 kg.capita-1.yr-1. In the
lowland areas of the LMB, protein from fisheries resources ranges from 40 percent to more than
80 percent of the total animal protein intake.35
Fish production from inland capture fisheries and aquaculture in Southeast Asia is progressively
increasing but under threat from multiple pressures. Despite the importance, of inland fisheries, there
are clear warning signs such as over-exploitation, water development works such as agriculture
irrigation, hydropower dams, and climate change. So far, overall catch is stable, but a decline in the
landings of large, late-maturing species and the smaller average size of several other commercial
species is apparent.
Stock enhancement through formal stocking programmes is generally recognized as an important
tool to compensate for the loss of productivity and diversity, and is widely implemented in the LMB
as an essential element in increasing or maintaining fish production in the region.
Recently, however, there have been concerns about the potential risks associated with stocking and
introducing fishes, particularly with respect to ecosystem functioning, changes in community structure
and losses of genetic integrity. There is, therefore, a need for fisheries managers to be aware of the
possible impacts of stock enhancement programmes, both in terms of the effects on ecosystem
functioning and the likelihood of improvements in stocks. Unfortunately, information on the impacts
of stock enhancement programmes is sparse, largely because of a lack of systematic monitoring and
dissemination of information on the outcomes. Furthermore, although large sums of money have
been invested in stocking activities, relatively few programmes have been properly evaluated and
there is little evidence to suggest that stock enhancement leads to tangible long-term benefits.
The lack of or limited success of many programmes appears to result from indiscriminate stocking
without well-defined objectives or prior appraisal of the likelihood of success. Notwithstanding this,
if stocking programmes are designed to achieve defined objectives and to be implemented following
best-practice guidance, it should be possible to improve success rates and minimize or mitigate any
detrimental effects. It should also be possible to identify situations when, because of risks to the wider
ecosystem, it is inappropriate to undertake stock enhancement programmes.
The most successful enhancement programmes in developing countries have been associated with
reservoir fisheries that have been heavily stocked to increase yield. It should be noted that these are
artificially created environments and usually do not have established biodiversity and often rely on
adaptation of species found in the area prior to flooding, and many of these become extirpated.
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Mekong River Commission, Fishery Programme statement to the 32nd Session of the Asia-Pacific Fishery Commission
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Consequently, there is a need to develop guidelines that accommodate risk and uncertainty as well
as to enhance protocols associated with other aspects that require decision-making so that stock
enhancement programmes are carried out in an environment-friendly, socially acceptable and
economically justified manner.
A decision framework for assessing the suitability of fishery enhancement in inland waters is proposed.
This framework requires input and decisions at various steps on whether a new species introduction
is unacceptable and whether measures have to be taken to regulate such practices. APFIC technical
guidance has been elaborated and used to provide support for these various steps for
environmentally sound stock enhancement. The guidance is organized into three main sections:
– What to consider before attempting stocking (define whether restocking or stock
enhancement).
– How to ensure optimal stocking programme.
– What to assess, evaluate to monitor/optimize the stocking.
A decision support tool for the management of stock enhancement proposals that identifies the
different levels of data collection and processing required, and presents critical decision levels with
some relevant questions has been developed and is shown in Table 7.
Stocking is an important tool in the management of fisheries, whether for commercial, recreational
or conservation purposes. However, the threats posed by fish stock enhancement programmes,
especially introductions, are particularly insidious because few management tools to overcome any
adverse effects are available.36
It is recommended, therefore, that the precautionary approach should be adopted with regard to the
stocking and introduction of species. It is also recommended that a strategic planning approach to
stock enhancement, similar to that which is expounded in these guidelines, is adopted. This draws the
attention of the fishery managers and owners to the many problems that must be resolved within
a wider fisheries sector context before stocking programmes are likely to achieve their objectives.
As part of this approach, a number of aspects should be considered at an early stage.37
– Whenever stocking or the introduction of fishes is being considered, the aims and specific
objectives of the exercise must be clearly defined and adhered to. Also, the potential
economic and environmental advantages should be demonstrated, although it is recognized
that in some situations (e.g. applications to stock or introduce fishes for conservation
purposes) there may be no economic imperative. These should be matched against the
disadvantages or problems that may ensue.
– Before stocking programmes are undertaken a thorough evaluation of the reasons for the
action should be examined and alternative approaches to enhancement (e.g. habitat
improvements or better fisheries management) should be considered/discounted.
– If it is possible to remove or minimize the causes of declines in fisheries, this course of action
should be taken, such that the fishery may then recover without stocking. Habitat
improvement is the most desirable alternative because it should lead to long-term
sustainable improvements with minimal deleterious ecological impacts.
– The wider issues and constraints that are likely to affect the long-term success of stocking
programmes should be reviewed and considered in the design of enhancement projects.
36
37

Britton et al. (2011)
Expanded from Li and Moyle (1993) and Cowx and Godkin (1999)

34

Table 7. Decision support tool for stocking
Decision Box 1: Review of management policy
1. Are the objectives of the stocking/introduction socially/economically justified?
2. Can the objectives be met by an alternative to stocking?
3. Is the introduction necessary to achieve the management objectives set?
4. Are the institutional arrangements agreed/in place?

No
Reject

YES
Proceed

Decision Box 2: Review ecological considerations
1. Do risk assessments raise concerns?
2. Are the ecological conditions unfavourable?
3. Are there any negative (high risk) impacts on natural fish stocks?
4. Are there any high risk negative impacts on other species?
5. Are there any high risk genetic and disease impacts?

Yes
medium/
high risk
Reject
NO
Proceed

Decision Box 3: Review of capture fishery or conservation considerations
1. Are the effects on the quality and total yield of fish positive?
2. Are the effects on the stability of the catch positive?
3. Will the stocking maintain ecological diversity?
4. Will the benefits remain with local fishers?

No
Reject

Decision Box 4: Review socio-economic factors
1. Are costs of stocking development programme justified from economic
1. and/or social perspectives?
2. Are there benefits to the broader community?
3. Are local people willing and interested to participate?

No
Reject

Decision Box 5: Review likelihood of success
1. Are appropriate regulations and prepared and applied?
2. Are the rights to fish and responsibilities established?
3. Are the quality and quantity of material to be stocked available?
4. Is appropriate financial support available?
5. Is appropriate expertise and institutional support available?
6. Is the stocking period appropriate for the species/system?

No
Reject

YES
Proceed

YES
Proceed

YES
Proceed

Decision Box 6: Final check and validation of intention to enhance
1. Will there be an increase in fish yield/improvement in the fishery?
2. Can ecological risk be managed/mitigated?
3. Are the costs and returns acceptable?
4. Is there equitable and adequate social benefit?
5. Is the Monitoring & Evaluation system in place/functioning?
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YES
Proceed

– Stock enhancement activities should be considered mainly for systems that have been
altered by human activity such that original fish communities have been disrupted or
eliminated and there is no possibility for restoration of the habitats and enhancement of the
community based on residual or relict stocks.
– When evaluating stocking as a possible management tool, the relative benefits and costs of
all options should be considered. The “do nothing” option should not be disregarded but
should be considered as fully as any of the other options under discussion, despite possible
public pressure to stock.
– Regulatory bodies must consider the potential long-term implications of stock enhancement
activity on the ecosystem, and should not be guided solely by short-term economic gains.
The entire catchment and any adjacent waterbodies must be taken into account when
considering the proposals.
– The potential for proposed stocking programmes to introduce new parasites or diseases into
recipient systems should be assessed through risk assessment protocols.
– The strategy for any programme of stocking, translocation or introduction should be
carefully tailored to suit the species in question, taking into account its entire suite of
ecological prerequisites, so as to maximize the chances of success.
– The potential adverse impacts of stocking in terms of environmental, genetic and ecological
interactions should be considered fully. The precautionary principle should be adopted
where foreseen adverse impacts cannot be mitigated, particularly in the case of designated
natural heritage sites. Species that might be sensitive to the proposed introductions should
be identified in the receiving rivers and waterbodies. Special consideration should be given
to rare species or those most ecologically similar to the species proposed for introduction.
– Introductions should be considered mainly for waterbodies that are sufficiently isolated to
prevent the uncontrolled spread of introduced species. Since most problem waters are not
isolated, the best alternative is to evaluate the potential effects of introductions on all
connected waters, no matter how distant. Nearby unconnected waters should also be
evaluated, as they will be at increased risk of illegal fish transfers.
– Significant new stockings or introductions should be evaluated by an independent review
panel of scientists familiar with ecological principles and aquatic systems. It is important not
to be hasty with introductions, as most effects are irreversible.
– All projects should have in place the methodology to enable adequate monitoring of
progress and, ultimately, success or failure. This should include a mechanism of disseminating
the outcomes to minimize the risks of any unforeseen adverse effects in future exercises.
– A series of guidelines should be produced for all species that are stocked or introduced,
clearly defining the most effective protocol for deciding whether or not stocking should take
place, how it should be implemented and the potential impacts of such activities.
When assessing the viability of stocking programmes an evaluation of the most cost-effective options
in relation to expected benefits should be undertaken. All too often the strategy is to make do with
existing circumstances, whereas applying a degree of forward planning may greatly improve the
outcome.
It is recommended that all stock enhancement programmes are properly formulated and planned
before implementation to avoid indiscriminate and often futile stocking activities. The expected
outcome for particular stocking exercises should be compared with wider fisheries sector objectives,
and constraints that are likely to prevent a successful outcome should be considered in all appraisals.
To this end, practical guidelines for stocking various fish species in a range of waterbody types to meet
specific objectives should be made available through government agencies and international advisory
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bodies. Finally, it is recommended that stock enhancement programmes, existing as well as proposed,
should be independently assessed to ensure that the wider environmental, ecological and
socio-economic issues have been thoroughly reviewed.

Inland fisheries enhancement in Sri Lanka through CBF: simple modelling
approaches for effective CBF planning
Upali S. Amarasinghe
Food consumption and average caloric intake in the least-developed, developing and industrialized
countries varies widely across the world. In many developing countries, especially in South Asia and
Sub-Saharan Africa, populations remain vulnerable to undernourishment with the average caloric
intake far lower than the recommended 2 120 kcal per person.38 Geographical boundaries limit the
expansion of areas for agriculture, animal husbandry and fisheries. At the current rate of population
growth and consumption, it is difficult to envisage that the current global food system will meet the
future demand. Intensification of food production is therefore an alternative means to narrow the gap
between the demand for food and the supply. In the fisheries sector, it has been recognized that
fisheries enhancement through environment-friendly approaches can contribute to increasing food
fish production especially in developing countries.39 CBF development is an underutilized opportunity
in fisheries enhancement,40 but through concerted efforts Sri Lanka has achieved great success in CBF
development in small village reservoirs in the country.41
Multiple criteria decision-making approach for selection of reservoirs
Following the innovative efforts in the 1960s,42 the fisheries authorities embarked on CBF in small
village reservoirs in the 1980s.43 The extensive availability of small village reservoirs in Sri Lanka that
are known to be biologically productive,44 was considered to be an opportunity for CBF development.
However, CBF in village reservoirs was not sustainable, partly because of the lack of a scientificallybased approach for selection of reservoirs suitable for CBF development. An Analytic Hierarchical
Process using three main criteria that influence CBF yield (reservoir productivity, catchment
characteristics and socio-economic factors) was developed in order to identify the suitability of
waterbodies for CBF. Several sub-criteria under each of the main criteria were scored through
weighted linear combination of the sub-criteria. Accordingly, a score was assigned to each reservoir
and they were then categorized into four levels as “excellent”, “good”, “fair” and “poor” for their
utilization for CBF development.
CBF crop calendar
The small village reservoirs in Sri Lanka were built in the past to store rainwater during the
inter-monsoonal rainy season in November–January for subsequent use to irrigate paddy cultivation.
Most of these reservoirs dry up almost entirely during the dry season in August–October. Their
utilization for CBF development should therefore be planned essentially depending on the
inter-monsoonal rains. Correct timing of fry-to-fingerling rearing, and induced breeding of Chinese and
Indian major carps in the hatcheries is necessary to make fingerlings available for stocking reservoirs
at the correct time.
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Institutional linkages are essential between state-owned hatcheries, community-based organizations
(CBOs) maintaining mini-nurseries for fry-to-fingerling rearing and agricultural farmers’ organizations
in villages that are engaged in CBF. CBOs have established several mini-nurseries in many parts of the
country.45 In these mini-nurseries, fry-to-fingerling rearing is carried out and the CBOs purchase fry
from state-owned fish hatcheries. However, when the monthly fry production figures in three
state-owned fish hatcheries are considered, August is not the ideal period.
For the fish fingerlings that are produced in the mini-nurseries during the seasons when they are not
needed for stocking in small non-perennial reservoirs, alternative means of stocking in other
aquaculture systems should be considered. It has been shown that CBF efforts in minor perennial
reservoirs whose extent ranges from 52 ha to 236 ha resulted in a significant increase in fish yield.46
As such, CBF development in minor perennial reservoirs (<250 ha) can also be considered as an
effective means for increasing inland fisheries production in Sri Lanka.
However, balancing stocking density with CBF yield in large reservoirs (>750 ha), is difficult.47 In large
reservoirs, stocking density is much lower than in small reservoirs and this constrains the achievement
of high CBF yields from large reservoirs. This issue therefore needs to be taken into consideration
when selecting reservoirs to implement CBF strategies. Despite this limitation, successful attempts
have been made for stocking major carps in a few major reservoirs (>750 ha) that have produced
higher yields.48
Modelling optimal stocking density
There is a second order polynomial relationship between stocking density and CBF yield in
non-perennial reservoirs of Sri Lanka. This was in conformity with those that were reported
elsewhere.49 This relationship indicates that there are density dependent factors that are in operation
in the CBF.50 The optimal stocking density of major carps is about 2 500 fingerlings per ha.
Quantification of stocking density
Although many village reservoirs dry up completely during the dry season of the year in AugustOctober, in some reservoirs in the intermediate zone of Sri Lanka puddles of water remain during the
dry season supporting the survival of several carnivorous fish species such as Channa striata, Macrone
vittatus and Anabas testudineaus. The instantaneous rate of mortality of the stocked fish fingerlings
is higher in reservoirs where predatory fishes are present than in reservoirs where predators are
absent. The determination of optimal stocking density in a village reservoir requires that the presence/
absence of predators should be taken into consideration. A modelling method for determination of
stocking densities in the two scenarios, namely with and without predators, has been developed.
Unlike in non-perennial reservoirs where all stocked fishes are harvested, minor perennial reservoirs’
potential yield is essentially a fraction of total biomass. A model has been developed to enable the
quantification of stocking densities in non-perennial reservoirs.
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Contingent evaluation includes socio-economic considerations
From a socio-economic study of CBF in small village reservoirs,51 it was revealed that communities
with small aquaculture management committees (AqMCs) in farming communities of reservoirs with
satisfactory participation in group activities and belonging to the same caste expressed high
willingness to pay for CBF activities. Also, socio-economic homogeneity with regard to kinship, political
ideology, education level and good leadership qualities of group members in the AqMCs have
a positive influence on the attitudes towards adoption of CBF in village reservoirs. As such,
socio-economic characteristics in rural agricultural communities also need to be considered for
selecting suitable reservoirs for CBF development.
Macrobrachium rosenbergii in CBF development
A freshwater prawn (Macrobrachium rosenbergii) hatchery was established in 2008 at Kahandamodara
in southern Sri Lanka under the technical assistance provided by FAO. The hatchery has a production
capacity of 17 million post larvae per year. However, well-developed technology of M. rosenbergii
aquaculture elsewhere has not yet been effectively transferred. As a result, the National Aquaculture
Development Authority of Sri Lanka (NAqDA) was compelled to stock surplus production of post
larvae of freshwater prawn in different types of reservoirs. High stocking densities and high yields of
M. rosenbergii were found only in minor perennial reservoirs (<250 ha), although some increase in
other categories of reservoirs was evident showing the positive impact of using freshwater prawn in
CBF development.
With regard to catch efficiencies of M. rosenbergii in Sri Lankan reservoirs, fishers do not use special
fishing methods to catch freshwater prawns but they are caught as by-catch in gillnets targeting
finfish species. The horizontal cylindrical traps52 that are used in the MRB subregion can be introduced
for catching M. rosenbergii in reservoirs where they have been stocked.
Also, our experience is that night stocking (after 19:00 hours) ensures higher survival of freshwater
prawn post-larvae stocked. This might be because prawn post-larvae can move to the bottom of the
reservoir so that they can avoid predation by fish species such as Rasbora daniconius and R. cavarii,
which are visual feeders in the water column during twilight periods of the day.53
Conclusions
The science-based objective method for selecting non-perennial and perennial waterbodies for CBF
practices, with suitable modifications, could be adopted for other tropical countries that wish to
embark on CBF. The Sri Lanka case study exemplifies that the gradual success of CBF based on the
application of science and improved community organization brought about employment
opportunities and economic gains to rural households. As CBF development is carried out in reservoirs
that have been constructed primarily for irrigation, CBF development is a secondary use. Hence, CBF
development should be carried out without compromising the primary uses of waterbodies. Top-level
decision-making processes for water management related to downstream irrigation activities and
fisheries enhancement should be synergistic to ensure for sustainability of CBF.
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Annex 1 – Regional consultation agenda
DAY 1 – Monday 25 May
OPENING
09.00–09.30

Lighting of the traditional oil lamp ceremony
Welcome speech by Simon Funge-Smith, APFIC
Secretary FAO Fisheries & Aquaculture Dept.
(Devin Bartley)
Opening speech by Nimal Hettiarachchi, Secretary,
Ministry of Fisheries and Aquatic Resources
Development of Sri Lanka , Govt. of Sri Lanka

09.30–09.45

Group photo
Selection of the chair

BACKGROUND TO THE REGIONAL CONSULTATION, THE STATE OF CULTURE-BASED FISHERIES
IN ASIA AND INLAND FISHERY ENHANCEMENTS, FUTURE DIRECTIONS AND THE CHALLENGES
FACED
09.45–10.00

Objectives of the consultation

Simon Funge-Smith,
APFIC Secretariat

10.00–10.30

Review of state of culture-based fisheries and fisheries
enhancements in Asia: potential, issues and challenges

Sena DeSilva, Deakin
University, Australia

10.30–11.00

Coffee break

11.00–11.30

Findings and recommendations of the COFI & COFI-AQ
deliberations on Promoting responsible CBF (2013);
conclusions and recommendations of the Asia-Pacific
Fishery Commission regarding CBF AND FISH STOCK
ENHANCEMENT; linkages to relevant international
instruments; linkage to EAFM

Devin Bartley, FAO
Fisheries & Aquaculture
Department

11.30–12.00

Alternative enhancements to stocking – using habitat
enhancement, restoring connectivity, ensuring
environmental flows and other methods of restoring
or increasing productivity

Robin Welcomme
Presented by Simon
Funge-Smith, APFIC
Secretariat

12.00–12.30

Facilitated plenary discussion on stock enhancement
and enhancements other than stocking

Secretariat

12.30–14.00

Lunch

SUBREGIONAL AND NATIONAL CASE STUDIES
14.00–14.30

A summary of the discussions of selected important
issues pertaining to culture-based fisheries (CBF)
at NACA/ACIAR Regional Consultation, Siem Reap,
Cambodia, 2014

Jayantha Chandrasoma,

14.30–15.00

Water management and culture-based fisheries

Hans Guttman,
FAO Consultant

15.00–15.30

Inland fisheries enhancement in Sri Lanka through
CBF: simple modelling approaches for effective CBF
planning

Upali S. Amarasinghe
University of Kelaniya,
Sri Lanka

15.30–16.00

Coffee break
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16.00–16.30

Marine stock enhancements and CBF

Neil Loneragen,
Murdoch University,
Australia

16.30–17.00

China’s marine fisheries stock enhancement
programme and its impact assessment

Prof. Li Jilong, Chinese
Academy of Fishery
Sciences, China PR

17.00–17.30

Stock enhancements in the LMB

Theerawat
Samphawamana,
Mekong River
Commission (MRC)

DAY 2 – Tuesday 26 May
DECISION FRAMEWORK FOR CBF
08.30–09.00

Presentation of decision-making guidance for CBF in
the APFIC region

Ian Cowx, Hull
International Fisheries
Inst.

09.00–09.30

Facilitated plenary discussion on the decision
framework

Ian Cowx/Secretariat

ASSESSMENT OF IMPACT OF CBF AND FISH STOCK ENHANCEMENT IN INLAND WATERS
09.30–10.15

Presentation – what are success indicators in CBF AND
FISH STOCK ENHANCEMENT and how they relate to
EAFM framework

Secretariat

Methods for monitoring and assessment, evaluation of
impacts of stocking programmes and CBF AND FISH
STOCK ENHANCEMENT
Short Q&A
10.15–10.30

Introduction to tasks of working groups session 1

10.30–11.00

Coffee break

11.00–12.30

Working group session 1

Working groups

Assessing biological impacts of CBF AND FISH STOCK
ENHANCEMENT:
Indicators of success and failure.
●

Technical/biological effectiveness: criteria
relating to fish to be stocked – yield, productivity,
CPUE, sustained recruitment, size, species, timing;
release strategies

●

Environmental impacts/benefits: criteria related
to ecosystem disruption, biodiversity, invasiveness,
disease transmission, rehabilitation, restoration,
conservation, risk-based approach

Preparation of presentation to plenary
12.30–14.00

Lunch

14.00–15.00

Plenary report back – working groups session 1
Plenary discussion

15.00–15.15

Introduction to tasks of working groups session 2
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Secretariat

15.15–15.45

Coffee break

15.45–17.00

Working groups session 2

Working groups

Assessing and ensuring cost-effectiveness, economic
sustainability of CBF AND FISH STOCK ENHANCEMENT:
●

Economic effectiveness/efficiency: criteria
relating to cost recovery, ecosystem services/
environmental costs, marketing, increasing value
of fishery

●

Social and livelihoods benefits/impacts: criteria
related to opportunity, wealth creation, food,
social cohesion, livelihood benefits

Preparation of presentation to plenary

DAY 3 – Wednesday 27 May
09.00–10.00

Plenary report back – working groups session 2
Plenary discussion

10.00–10.15

Introduction to tasks of working groups session 3

Secretariat

10.15–11.30

WG3 – Governance, equity, rights in CBF AND FISH
STOCK ENHANCEMENT

Working groups

●

Rights/equity: criteria relating to access, conflicts,
avoiding elite capture, fishers organization,
tenure/ownership

●

Institutional effectiveness: criteria related to
sustainability, management/enforcement/
compliance, water management and allocation,
coordination between agencies/groups,
government recognition

Preparation of presentation to plenary
11.30–12.00

Working groups session 3 continued.

Working groups

Preparation of presentation to plenary
12.00–12.30

Plenary report back of working groups session 3

Working groups

Plenary discussion
12.30–14.00

Lunch

14.00–15.00

Plenary feedback session on synthesis of success
indicators, and how this can inform general use of
EAFM management of fisheries in inland waters

15.00–15.30

Facilitated plenary discussion on future work and need
for guidance

15.30–16.00

Coffee break

16.00–16.30

Secretariat feedback of consolidated recommendations
and findings

16.30

Close
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Secretariat facilitates

Secretariat
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Fax: + 880 2 956 8393
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Government of India
New Delhi
India
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Executive Assistant (Tech)
National Fisheries Development Board
Fish Building, Pillar No-235,
PVNR Expressway, SVPNPA
Rajendra Nagar, Hyderabad
Telangana-500052
India
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Fax: +856 21 215141
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Department of Fisheries Malaysia
Aquaculture Development Division
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Tel: +6003 8870 4762
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Fax: +6003 8889 1794
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Shafiya Naeem (Ms)
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Marine Research Center
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Deputy Director
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Development Program
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Tel/Fax: +977 01 4350662
E-mail: mandaljaykishore@gmail.com
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Israr Ahmed
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Tel: +92 21 9921 4890
Fax: +92 21 9921 4895
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Romualdo Pol
Senior Aquaculturist
Bureau of Fisheries and Aquatic Resources
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Tel: +63 806 4323
E-mail: romympol@yahoo.com
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P Nimal Chandraratne
Director General
National Aquaculture Development Authority
(NAQDA)
41/1, New Parliament Road
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Tel: +94 11 2786497, +94 71 446 8208
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Tel: +94 77 738 6572
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Department of Fisheries
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Tel: +66 82 486 4768
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Wongpathom Kamonrat
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Guilherme Teotonio Gomes
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Annex 3 – Welcome speech by Simon Funge-Smith, APFIC
Secretary, FAO Regional Office for Asia and the Pacific
Mr Nimal Hettiarachchi, Honourable Secretary of the Ministry of Fisheries and Aquatic Resources
Development, Govt. of Sri Lanka, Mr Devin Bartley, Senior Inland Fishery Officer, FAO Fisheries and
Aquaculture Department.
Distinguished colleagues from the National Aquaculture Development Agency, Regional organizations
and the APFIC member countries.
It is a pleasure to welcome you to this regional consultation on Improving the contribution of CBF
and related fishery enhancements in inland waters to Blue Growth, convened here in Negombo,
Sri Lanka.
This regional consultation is a reflection of the growing awareness amongst the FAO member
countries and APFIC members in particular, of the importance of inland fisheries and the potential of
culture-based or enhanced fisheries in particular. Stock enhancement and culture-based fisheries are
growing trends in the Asian region, reflecting the need to intensify the productivity of inland and
coastal waters that is set against growing environmental pressures on aquatic production systems and
the consequent need for mitigation.
This regional consultation is aimed at providing some of the answers to how to ensure that enhanced
and CBF are accorded the recognition they deserve, and equally, to develop guidance on how to
ensure that they are conducted in an environmentally responsible, economically sustainable and
socially just manner.
We have a busy three days ahead and I am sure that you will also contribute fully to this process, and
I hope that you will also have some time to enjoy the pleasant surroundings in which we are
convening this regional consultation.
For this, I would like to take this opportunity to thank our hosts the Ministry of Fisheries and Aquatic
Resources Development, Government of Sri Lanka and also the National Aquaculture Development
authority for their excellent arrangements that have enabled us to convene this workshop here in
Negombo this week. I would like to especially thank the Australian Centre for International Agricultural
Research (ACIAR) for their generous support to this workshop through their ongoing inland fisheries
cooperation with FAO.
I would like to particularly thank the Secretary of MFARD, Mr Nimal Hettiarachchi for taking time from
his busy schedule to open the consultation today. It is greatly appreciated and a fitting tribute to
Sri Lanka’s national effort in promoting CBF.
I am looking forward to a productive three days and am certain that the recommendations developed
here will do much to progress the visibility and understanding of the potentials of enhanced and
culture-based fisheries in the region.
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