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Introduction

This report is based on a 1 week visit to the Hon Mun MPA project, including a field trip to aquaculture and other sites within the MPA, rapid dives at 5 sites adjacent to lobster cage culture at Buch Dam and Vung Me, and  discussions with project staff, the Department of Fisheries; a representative of the Hon Mun Commune and Nha Trang City administration. The findings and recommendations are also informed by on-going research under the “Tropeca” (environmental capacity) project at Xuan Tu lobster village in the North of Khanh Hoa Province.

The objective of the visit was to assist in the preparation of an aquaculture management plan for Hon Mun MPA.

1. Executive Summary

This report is based on a 1 week visit to the Hon Mun MPA project, including a field trip to aquaculture and other sites within the MPA, rapid dives at 5 sites adjacent to lobster cage culture at Buch Dam and Vung Me, and  discussions with project staff, the Department of Fisheries; a representative of the Hon Mun Commune and Nha Trang City administration.

The report is accompanied by a spreadsheet which includes financial and environmental assessment of alternative forms of aquaculture development, as well as preliminary assessments of environmental capacity and carrying capacity. These estimates should be refined before the management plan can be finalised.

A development and management strategy for aquaculture

The key components required for an effective sustainable aquaculture management plan include:

1. The basis: issues, assessment and objectives:

Get relevant stakeholders together to:

· Identify and discuss key issues for sustainable development of aquaculture;

· Agree broad sustainable development objectives;

· Share understanding of development options and their social, economic and environmental characteristics;

· Agree specific objectives and associated criteria and standards – as far as possible;

2. Effective institutons: agree/understand how decisions will be made relating to sustainable management of the industry
3. The strategy: design and agree a development and management strategy, addressing:

· activities, 

· location, 

· scale and overall limits, 

· standards, and 

· codes

4. Define incentives, constraints and institutions to deliver the strategy and management system

5. Monitor and adapt as appropriate

Development options – technical assessment

A range of alternative forms of aquaculture have been proposed and have been subject to a comprehensive assessment exercise. While the exercise has undoubtedly been useful, the presentation of options is complex and subjective. I propose a simpler set of assessment criteria to cover the major dimensions of socio-economic benefit; financial performance; risk; environmental impact and practical feasibility. A rough assessment of the various proposed species against these criteria generates surprisingly similar overall scores – in other words some technologies are good from one perspective; others from another. 

In practical terms however, lobster is highly attractive and is already established. And while it undoubtedly generates substantial waste to the environment, if this is measured in terms of pollution per unit benefit, it scores rather better than finfish culture. The sustainability of seed and feed supply needs to be addressed however.

Seaweed also appears to have potential, showing a healthy profit margin. The area required to generate significant value added is however very large compared with lobster, crab and finfish culture. It has also been suggested that seaweed can usefully absorb the nutrients generated from intensive cage culture. While this is true, the amount of seaweed  required to have significant impact on nutrient balance is very high: around 600 tonnes of seaweed would need to be produced to absorb the nutrients from 1 tonne of lobster culture; or 250ha of seaweed per ha lobster production. The figures are even higher in relation to Cobia production.

In practice – and based on some provisional estimates – the nitrogen and phosphorus loading from current and likely future levels of lobster culture is unlikely to significantly affect the water quality in the core (Hon Mun) area, irrespective of the scale of seaweed production. However, the density of lobster culture may have an adverse and unsustainable impact on bottom sediments and will have to be limited. Provisional estimates suggest that the ratio of open water to cages within aquaculture zones should be at least 6:1 on average, although this figure should be higher for poorly flushed areas.

In any case the pollution load from aquaculture appears to be trivial compared with that apparently generated from land based sources flushed into the bay during the rainy season (September-December). The emphasis for further research and the development of effective management regimes should be directed at these sources as a matter of priority.

Objectives

Objectives for aquaculture development, contributing to the overall objective of the MPA need to be finalised through consultation. The following are suggested as a starting point:

· to ensure that aquaculture does not have a negative impact on water quality in the core zone;

· to ensure that aquaculture does not self pollute to the point where disease risks increase significantly;

· to ensure that the supply of feed, seed and other inputs is sustainable;

· to ensure that aquaculture does not conflict with or compromise tourist development, fishing and navigation

· to maximise economic and livelihood benefits from aquaculture within the constraints implied by the first four objectives;

· to ensure that the benefits of  cage culture within the MPA can be captured by the local community;

Institutions

An institutional framework for the management of aquaculture within the MPA must be agreed. This institution could take many forms but key characteristics include: effective and efficient representation of key stakeholder interests; clarity of responsibility and procedure for making and implementing decisions; appropriate and balanced information in the right hands at the right time.

Delivering the objectives: some preliminary recommendations 

1) Clear decision criteria should be agreed by the various responsible authorities and key stakeholders (e.g. rules for allocation of water space to aquaculture and alternative activities such as fishing; maritime transport; tourism; water and sediment quality standards for different zones)

2) Clear processes and protocols should be established for making well informed and balanced final decisions, especially in those situations where sectoral interests conflict.

3) Develop a rough nutrient budget for the whole Bay – sources and rough quantities of N, P, BOD and suspended solids. 

4) Access existing information held by the Oceanographic Institute on water currents and water exchange around the islands and core area and undertake further work where necessary to make more accurate assessments of environmental capacity

5) Refine the estimates presented in this report and accompanying spreadsheet  on total acceptable nutrient loading from aquaculture and other activities  in the Hon Mun area. 

6) Convene a meeting of the board charged with management of aquaculture within the MPA to discuss the merits of alternative approaches to limiting aquaculture production, as outlined in this report, to ensure that environmental capacity is not exceeded.

7) If aquaculture becomes  locally nutrient limited (rather than space limited) allow farmers to trade off seaweed nutrient uptake against nutrient discharge from intensive cage culture

8) Ensure that local impacts of bivalve mollusc culture are better understood and taken into account in site allocation and location

9) Restrict cage density to less than 20% of water area in well flushed aquaculture zones and (say) 10% in poorly flushed areas. If effective codes of practice for feed and waste management were to be widely taken up, the density could probably be more than doubled.

10) Monitor impacts of cages on sediments as described in Annex 5  and refine the estimates of acceptable cage density

11) Develop a code of good practice for all farmers and systems/technologies within the bay

12) Develop a simple stock assessment program for lobster seed based on catch per unit effort by fishermen (adults and seed), supplemented if necessary with an abundance survey of mature adults at key local sites;

13) Include in the code of practice maturation and maintenance of lobster broodstock in at least 4? cages per aquaculture site, coupled with farmer monitoring of their behaviour and spawning activity, supported by local scientists. 

14) Promote and facilitate production of seed for key species in hatcheries

15) Undertake research to maximise both survival and food conversion efficiency

16) Assess and monitor feed stocks (shellfish; trash fish) and introduce management measures if appropriate, or 

17) Identify alternative sustainable feed sources if existing sources turn out to be unsustainable and management cannot be improved

18) Nha Trang City and/or Khan Hoa province  should convene a meeting of stakeholders/regulators + expert facilitator to agree on zones for tourism, navigation, and  aquaculture development within the MPA.

19) Develop a support service for aquaculture in Khan Hoa province which goes beyond conventional extension, by addressing infrastructure, marketing, scale, supply and credit issues in addition to providing basic information and training on alternative species and technologies

20) It is already proposed to exclude outsiders from exclusive ownership of aquaculture operations within the original MPA. While this should contribute to this objective, care must be taken to ensure that the poorest people do have the capacity to “take up the slack”

2. Key components for an effective aquaculture management plan

An effective management plan for aquaculture development should include, at minimum, the following components or steps:

6. The basis: issues, assessment and objectives:

Get relevant stakeholders together to:

· Identify and discuss key issues for sustainable development of aquaculture;

· Agree broad sustainable development objectives;

· Share understanding of development options and their social, economic and environmental characteristics;

· Agree specific objectives and associated criteria and standards – as far as possible;

7. Effective institutons: agree/understand how decisions will be made relating to sustainable management of the industry
8. The strategy: design and agree a development and management strategy, addressing:

· activities, 

· location, 

· scale and overall limits, 

· standards, and 

· codes

9. Define incentives, constraints and institutions to deliver the strategy and management system

10. Monitor and adapt as appropriate

While a good deal of this process can be undertaken by “technical specialists” engagement of stakeholders – and particularly those involved in aquaculture at the present time, is essential if implementation is to be successful.

The role of the technical specialist in developing the plan should be to present both decision makers and stakeholders with essential information to underpin informed decisions and agreements at all stages in the above process.

3. The basis: issues, assessment and objectives

Key issues

There will be many important issues relating to aquaculture development of a very local and practical nature, and these should be explored further with the stakeholders. However some of the more general issues/questions which can be readily identified include:

· Is aquaculture development compatible with tourism development?

· Do they need to be separated in aquaculture and tourism zones?

· Which should take priority where and who decides?

· How should local and outside commercial interests be balanced and reconciled?

· How should the rights to farm fish or shellfish be allocated?

· Are there limits to the total level of aquaculture development in terms of:

· area (constrained by tourism/landscape interests/navigation/mooring)

· water quality (constrained by the environmental objectives of the MPA; constrained by the water quality needs of aquaculture species)

· sediment quality (constrained primarily by the water quality needs of aquaculture species)

These and other issues are all important. Most have been addressed by the project at some level already, but clear alternative strategies to address them now need to be fleshed out and adopted. The proposed draft aquaculture management plan should therefore not be too prescriptive, but rather set out some alternative approaches which can be assessed by both regulators and stakeholders in the coming months. 

In this report  we offer some specific guidance in relation to some of these issues, and  particularly in respect of the technical question of estimating limits to aquaculture development.

Objectives

The objective for the draft management plan for Nha Trang bay marine protected area is: 

To enhance the conservation of biodiversity and use of marine environment and resources in a rational and sustainable manner contributing to improving livelihood of communities living inside Hon Mun MPA

Clearly the aquaculture management plan must contribute to this overall objective. In order to do this clear subsidiary operational objectives should be set in relation to both the economic/livelihood dimension of the objective, and the conservation/sustainable resource use dimension as they might apply to aquaculture development. The following are some suggestions for such objectives that might be further developed/changed and agreed in a workshop:

· to ensure that aquaculture does not have a negative impact on water quality in the core zone;

· to ensure that aquaculture does not self pollute to the point where disease risks increase significantly;

· to ensure that the supply of feed, seed and other inputs is sustainable;

· to ensure that aquaculture does not conflict with or compromise tourist development, fishing and navigation

· to maximise economic and livelihood benefits from aquaculture within the constraints implied by the first four objectives;

· to ensure that the benefits of  cage culture within the MPA can be captured by the local community;

Agreement must be sought on how achievement of these (or further developed) objectives is to be measured; and what standards, targets or thresholds should be set, if any. If this can be done at the outset – which is admittedly difficult – it will greatly reduce the potential for disagreement and conflict at a later stage. One tool which can be used to facilitate and structure consideration and development of objectives and criteria in a workshop situation is decision analysis. SUMA will be holding a series of training workshops on decision analysis and supporting tools over the coming year.

The development options

Lobster (Panulirus) cage culture has developed rapidly in recent years, and is highly profitable. It provides an important alternative source of income for local fishermen, and arguably has the potential to compensate for the more restricted fishing regime under the MPA. 

There are no other aquaculture enterprise opportunities which are well tested which can generate similar levels of return when conducted on a modest scale – especially in terms of area. Of those tested by the project, seaweed (Kapaphycus) appears to have the greatest potential and is attractive as a nutrient sink, but the area required to generate significant levels of income is very much higher than that for lobster. Indicative figures are VND20million net income/ha for seaweed compared with 2000million+ for lobster.  As a non-native and prolific species, its potential to become invasive also needs to be carefully assessed. 

Unfortunately lobster culture suffers from very poor rates of food conversion, and substantial quantities of waste food (trash fish and shellfish) are lost to the environment. Per unit production it is 2-3 times more polluting (in terms of nitrogen, phosphorus, organic matter) than the culture of marine fin-fish for example. However, this perspective must be balanced by the fact that  pollution per unit profit (or value added) is somewhat lower than for most other forms of intensive cage culture. Our overall objective should be to maximise net income for local people subject to the maintenance of environmental quality within the standards required for an MPA. Lobster culture, subject to constraint on total production and local cage density, may be the most effective way of achieving this. 

There are two further sustainability issues associated with lobster culture: seed supply and feed supply. The lobster seed is collected from the wild, and although there is no clear evidence of any decline in abundance to date, this practice cannot be deemed sustainable in the absence of effective management and stock monitoring. There is reluctance on the part of the fisheries department to restrict a fishery which is particularly important for poor people.

The sustainability of feed supply is also questionable in the absence of any management and monitoring of the resource. It has been suggested that the development of pelleted feeds addresses this issue. It does not. Most pelleted feeds for fish and shellfish contain fishmeal derived from “trash fish”. A sustainable feed should be derived from a well managed fishery, irrespective of whether it is pelleted or fresh trash fish.

Some forms of finfish culture (seabass; grouper; kobia) also have good potential, but hatchery seed supply is not yet consistent. Green mussel and oyster have also been tested but growth within the MPA was poor probably related to food plankton limitation, or high salinity. Other species of oyster (Crassostra belcheri for example) should be tested.

Babylonia snail has also been produced but disease appears to be a significant  risk. Less well proven species such as sandfish (sea cucumber) and Abalone have also been considered, and limited trials undertaken on sandfish.  

It is clear from this brief assessment that many issues need to be taken into account when assessing aquaculture potential. The MPA project recognised this and commissioned a study which is discussed below. 

Assessment of options against objectives and associated criteria

The MPA project commissioned a thorough assessment of alternative aquaculture development options against a broad range of criteria reflecting the scope of sustainable development within the MPA
. Seaweed scored best overall closely followed by green mussel. Babylonia, Kobia (Rachycentron), Sandfish, swimming crab and abalone were not far behind, followed by lobster, grouper, sand bass and seabass. While the exercise was useful to explore in detail the characteristics of the various options, the final result necessarily depended on the assessment data used, the criteria selected and the weighting (in this case equal) applied to them. 

Many criteria were used, some of which are much more important than others. Several of the criteria could be aggregated into a single more meaningful index. Total income, for example, is meaningless as a measure of potential economic performance, since it takes no account of costs, or indeed scale of activity. The same applies to price. Nor is profit a useful comparative measure, unless related in some way to the scale of operation. Larger operations have higher profit, but are not necessarily more profitable. Profit margin and profit/ha are far more useful as measures of profitability and financial return.

I suggest a simpler more concise set of criteria which can be readily assessed or reviewed by both scientists and practitioners, and which relate closely to the objectives listed in the objectives section above. The following have been developed and tested over many years in many countries including Vietnam and are robust. There is some limited overlap with the criteria used in the criteria/assessment study. An assessment based on these is simpler and more transparent:

Social/economic/livelihood criteria

· Profitability, measured as profit margin (profit/revenue), is the key measure of financial return or (relative) profit.  

· Value added
 (per ha) is a key measure of benefit to the wider economy and capacity to generate wages (employment) and profit

· Multiplier – income or employment generated upstream or downstream (collection of seed, feed; processing etc) is an important measure of wider economic benefit

· Minimum viable startup investment (a measure of the ability of the poor to take up aquaculture), or start-up investment required per job created

Risk

· Time to market is a good measure of investment risk.

· Disease incidence/vulnerability

Environmental impact

· Nutrient (N, P or organic matter are typically correlated and interchangeable) loading per unit value added  is a key measure of environmental (water quality) impact.

· Space required per unit value added is a good measure of landscape impact, efficiency of use of space, and on land of habitat impact.

· Native/non-native  species

Basic feasibility and sustainability

· Suitable water quality and climatic regime

· Suitable sites (depth, shelter etc)

· Reliable, consistent and sustainable supply of seed

· Reliable, consistent and sustainable supply of feed

·  Bouyant market demand (i.e. large existing market, or good reason to believe that demand growth will equal or exceed supply growth)

· Proven commercial operation and established skills/knowledge

Social issues can be complex and not well represented by simple indicators. They should nonetheless be given at least as much weight!

A rough assessment of the most promising species against these criteria is presented below. Note that this is rough, based on my knowledge, and should be tested/discussed with local scientists and producers. Use of a 1-5 scale might generate slightly clearer results.

Table 1: Summary assessment of alternative species using simplified scoring system. (score: 1 poor; 2 intermediate; 3 good)


seaweed
lobster
grouper
cobia
swim crab
Babylonia
abalone
seabass

Economic criteria









Profit margin
3
2
2
3
2
3
2
1

Value added
 (per ha)
1
3
2
3
3
2
1
2

Multiplier
1
3
2
1
2
3
2
2

Risk









Culture duration
3
1
2
2
3
2
2
2

Disease vulnerability
2
2
1
2
2
2
2
2

Environmental impact









Nutrient loading
3
1
1
1
1
1
2
1

Space utilization efficiency
1
3
2
3
3
3
2
2

Native species
1
3
3
3
3
3
3
3

Basic feasibility and sustainability









Suitable water quality and climatic regime
2
3
3
3
3
3
3
3

Suitable sites
2
2
2
2
3
2
2
2

Seed supply
3
1
2
3
1
2
2
3

Feed supply
3
1
1
2
1
1
3
2

Market demand
2
3
2
2
3
3
3
2

Proven commercial operation
3
3
3
2
3
3
2
3











Total unweighted score
30
31
28
32
33
33
31
30

The scores are remarkably similar, even when differential weightings are applied, suggesting that any development strategy should aim to facilitate the development of any or all of these activities within clear limits defined by the objectives of the MPA, rather than promote any single one. 

In practical terms however, a key criterion (ie one which should be more heavily weighted) is the degree to which the technology has been demonstrated as viable and profitable at local level, and for which skills are in place. Lobster, Babylonia, Grouper are all well established and profitable; swimming crab and seaweed are less well established but clearly demonstrated as profitable within the Province. Kobia and Seabass growout are well established technologies elsewhere in SE Asia, and similar in technology to grouper culture, but local marketing and distribution chains are not yet established. Abalone and sandfish are relatively new with limited demonstrated commercial success in SE Asia. 

If development of the less well established species (Kobia, seabass,  abalone, sandfish) is to be encouraged without undue risk to the farmers, substantial and long term support packages will be required, including development of technical skills, reliable provision of feed and seed, and support for the development of marketing and distribution systems.

In conclusion we suggest that the core of the strategy should be to manage, and limit if necessary, existing lobster and grouper culture to ensure that appropriate environmental quality standards are not breached; and to ensure that good advice and information is available relating to new opportunities in aquaculture development – and in particular for seaweed cultivation.

Further discussion and comparison of options can be found in Annex 1 and the accompanying spreadsheet.

4. Institutions and information

An institutional framework for the management of aquaculture must be clarified and agreed. An effective institutional structure is a precondition for the successful implementation of any strategy or management regime. Without it, detailed assessment, survey and monitoring is a costly waste of time.

There is no standard blueprint for appropriate institutional structures, but there are some basic minimum requirements, including:

· Effective and efficient representation of key stakeholder interests;

· Clarity of responsibility and procedure for making and implementing decisions;

· Appropriate and balanced information in the right hands at the right time

The farmers Union appears to be an important representative body for the fish farmers, but perhaps needs official recognition as the appropriate body to participate in final development of the aquaculture management plan. There also needs to be a clear mechanism for consultation with other major stakeholder interests – and in particular tourism (including diving) and fishing. 

The structure and nature of the overall management body for aquaculture in the MPA needs to be clarified. The Department of Fisheries, Khanh Hoa PPC, Nha Trang City PC, the MPA Director and board, and the local Commune all see a role for themselves, but the manner in which differences can be resolved and final decisions made needs to be clarified as soon as possible.

Good information is crucial to support effective institutions – in terms of:

· current and emerging opportunities for aquaculture development; 

· objective assessment of options and analysis of trade-offs between alternative forms of aquaculture;

· information on environmental impact, carrying capacity, aquaculture performance etc

The review and assessments already undertaken on alternative species have been discussed above.  It is vital that assessments and “profiles” of aquaculture development alternatives are updated on a regular basis. SUMA is currently developing a set of profiles for around 20 species/systems, but ideally one of the RIAs should be contracted to produce simple standard updated profiles of aquaculture development alternatives (for the whole country) on a regular basis. I will discuss this with SUMA/MoFI at national level.

Information on the status and performance of aquaculture, on the quality of the wider environment, and on the relationship between the two, is essential if effective adaptive management is to be undertaken.  This needs to be integrated with work to monitor water quality, and those activities which affect it for the whole bay. Nha Trang City clearly has an important role to play here, and the project should work out how a broad and sustained monitoring programme could be undertaken to support effective environmental  management of all activities affecting water quality in the bay.

5. Design and agree a development and management strategy

The objective for the draft management plan for Nha Trang bay marine protected area has been discussed above, and set of subsidiary objectives appropriate for the aquaculture plan proposed. Below we take each of the proposed objectives and discuss an appropriate strategy or mechanism to achieve it.

Institutional strengthening to deliver the objectives

There already exists the basis for a sound management regime. Fish farming is licensed by Nha Trang City. Under a recent initiative, fish farmers will be required to sign an agreement which commits them to certain good practices, such as removal of rubbish, and also establishes a rule that the rights to fish farming belong to local people, and all enterprises run by outsiders will cease by 2006/7. The fish farmers themselves are represented by the farmers union. This Union is strong, with the capacity to influence, for example credit access. It is also widely understood that Nha Trang Bay is very beautiful and special, and activities will be carefully managed to ensure the integrity of the Hon Mun MPA and the wider Nha Trang Bay.

However, as discussed above, the decision making mechanisms need to be strengthened.

Recommendations

1. Clear decision criteria should be agreed by the various responsible authorities and key stakeholders (e.g. rules for allocation of water space to aquaculture and alternative activities such as fishing; maritime transport; tourism; water and sediment quality standards for different zones)

2. Clear processes and protocols should be established for making well informed and balanced final decisions, especially in those situations where sectoral interests conflict.

Ensure that aquaculture does not have a negative impact on water quality in the core zone

Impacts of aquaculture on water quality in Nha Trang Bay

The impacts of aquaculture cannot be considered in isolation from other sources of suspended solids and nutrients. A nutrient budget is required for the whole bay. 

In practice, the current overall scale of cage culture (mainly spiny lobster) development within the MPA is modest and is unlikely to be having a significant wider impact on the nutrient balance of Nha Trang Bay (see Annex 2 for some rough estimates). However, further work is required on water exchange and current velocity to determine with reasonable confidence whether or not the integrity of the core MPA area and associated coral reef is likely to be affected, and at what levels of production. 

Recommendations

3. Develop a rough nutrient budget for the whole Bay – sources and rough quantities of N, P, BOD and suspended solids. 

4. Access existing information held by the Oceanographic Institute on water currents and water exchange around the islands and core area and undertake further work where necessary to make more accurate assessments of environmental capacity

5. Estimate total acceptable nutrient loading from aquaculture and other activities  in the Hon Mun area. 

Controlling the scale of aquaculture development and nutrient discharge

Three main approaches are possible, and some hybrids. The first would be to restrict aquaculture to current levels of activity, while allowing for a shift from outside ownership to local. The second is to calculate a maximum carrying capacity (rate of production) for existing aquaculture technologies and allocate a share of this – production quota - to households living on the islands.

The third is to calculate the total environmental capacity in terms of nutrient discharge, allocate a nutrient discharge quota to each household, and allow farmers to mix different forms of aquaculture to maximise their income within the nutrient quota. This would allow, for example, farmers who used less polluting technologies to benefit more. In other words it would serve as an incentive to good practice and more environment friendly technology. While the former approaches are simpler and easier to communicate and administer, they offer no clear incentive to improve the environmental performance of aquaculture.

The procedures are roughly as follows

Production quota approach

i. Set a precautionary upper limit to a total allowable nutrient discharge (TAND) from aquaculture into the MPA area . This should be estimated roughly on the basis of flushing rate and a water quality standard determined to maintain the integrity of the coral reef. A rough preliminary calculation is provided in Annex 2. This should be refined on the basis of some relatively simple survey of tidal exchange and water currents.

ii. Estimate nutrient output per tonne of aquaculture production. This can be done on the basis of a relatively simple calculation based on the composition of the feed, the composition of the aquaculture product, and the food conversion ratio. Alternatively figures from similar types of production can be estimated from the literature. Examples are provided in Annex 2

iii. Calculate the carrying capacity (total acceptable aquaculture production) by dividing the TAND by the nutrient output per tonne of production.

iv. Allocate a share (quota) of this production to each household.

Nutrient discharge quota approach

i. Step one as above

ii. Allocate shares or quota of the TAND to all households living in the MPA island area

iii. Provide households or lessees with conversion factors of quota/aquaculture production for different technologies and species. Households or lessees will then be allowed to produce up to their quota, depending on the species and management systems used.

In either case the quota could be tradeable or rentable, allowing those with a strong interest in aquaculture to develop larger and more efficient businesses, while at the same time ensuring that all households living on the islands benefit from the aquaculture opportunities.

In both cases some basic monitoring will be required to refine the TAND. In other words if nutrient levels in the core area continue to rise, then TAND will have to be reduced. 

Recommendation

6. Convene a meeting of the board charged with management of aquaculture within the MPA to discuss the merits of alternative approaches to limiting aquaculture production to ensure that environmental capacity is not exceeded.

Polyculture or integrated aquaculture

Mixing nutrient extracting technologies (seaweed, and to a lesser extent bivalves) with nutrient generating activities has been widely proposed as a possible solution to the dilemma of balancing profitable and intensive technologies with the need to maintain or restore environmental quality. In the case of R6 above seaweed will have a negative loading that could be set against those technologies generating nutrients.

There is undoubtedly some merit in the approach, but the area of seaweed culture required to balance nutrient output from cage culture of finfish and lobster may be a problem in the relatively restricted area of suitable sites, especially as tourism develops. Some initial estimates of area required are provided in Annex 3. 

Seaweed farming will not prevent the buildup of organic matter and associated nutrients beneath the cages. There would also need to be strong incentives to persuade wealthier farmers to invest in seaweed rather than lobster. 

Recommendation

6. If aquaculture is nutrient limited (rather than space limited) allow growers to trade off seaweed nutrient uptake against nutrient discharge from intensive cage culture

Culture of mussels and oysters does not address the problem of nutrient loading; indeed they may make the problem worse. Although, overall, filter feeding bivalve molluscs extract nutrients from the environment in the form of plankton, they actually increase the concentration of dissolved nutrients (such as ammonia) in the water column locally, and  deposit large quantities of faeces and pseudofaces on the seabed. If mixed with intensive cage culture they would compound rather than relieve local problems.

Recommendation

7. Ensure that local impacts of bivalve mollusc culture are better understood and taken into account in site allocation and location

Ensure that aquaculture does not self pollute to the point where disease risks increase significantly

Impacts of aquaculture on bottom sediments and self pollution

At a more local level impacts on bottom sediments are significant, and have the potential to adversely affect the lobster culture itself. An effective management regime will be required to ensure that excessive organic matter build-up does not occur within the aquaculture zones. Initial estimates (Annex 2) suggest that –at current levels of production intensity and food conversion efficiency – cages should cover no more than 17% of water surface area, although this figure should be decreased in poorly flushed areas. If cages are to be set at higher densities than this, they would have to be moved, and the area “fallowed” or rested  on a regular (say 3year) cycle, to allow sediment recovery. Most of the impact is from wasted uneaten food, and this could be substantially reduced through better feed and waste feed management.

Within the aquaculture zones (see below), only a proportion should be allocated to lobster and finfish culture aquaculture to ensure that local build up of organic matter does not occur.  Seaweed culture would not be subject to such restriction, and could be a profitable “gap filler”.  

Recommendation

7. Restrict cage density to 20% of water area in well flushed aquaculture zones and (say) 10% in poorly flushed areas. If effective codes of practice for feed and waste management were to be widely taken up, the density could probably be more than doubled.

8. Monitor impacts of cages on sediments as described in Annex 5  and refine these estimates of acceptable cage density

Promoting good practice

Whatever approach is taken to limiting overall nutrient discharge, there should also be a concerted effort to promote good practice, especially in respect of feed management. The code should be as simple as possible at first but steadily refined through time. Adherance to the code could be linked to quota allocation. If farmers fail to abide by the code, their quota is reduced. An outline which might serve as the basis for developing a code is provided in annex 4. This should be further developed and refined with farmers, administrators and aquaculture scientists.

Recommendation

9. Develop a code of good practice for all farmers and systems/technologies within the bay

Ensure that the supply of feed, seed and other inputs is sustainable

The sustainability of both grouper and lobster culture remains questionable so long as seed and feed is sourced from stock which may be over-exploited. 

Recommendations:

10. Develop a simple stock assessment program for lobster seed based on catch per unit effort by fishermen (adults and seed), supplemented if necessary with an abundance survey of mature adults at key local sites;

11. Include in the code of practice maturation and maintenance of lobster broodstock in at least 4? cages per aquaculture site, coupled with farmer monitoring of their behaviour and spawning activity, supported by local scientists. 

12. Promote and facilitate production of seed for key species in hatcheries

13. Undertake research to maximise both survival and food conversion efficiency

14. Assess and monitor feed stocks (shellfish; trash fish) and introduce management measures if appropriate, or 

15. Identify alternative sustainable feed sources if existing sources turn out to be unsustainable and management cannot be improved

Ensure that aquaculture does not conflict with or compromise tourist development, fishing and navigation

There is a perception in some quarters that aquaculture and tourism development are not compatible. This is not necessarily the case, and there are many examples throughout the world where they are complementary rather tan conflicting. Aquaculture represents an interesting local enterprise and provides quality seafood for the restaurants. The key here is to agree on zoning and codes of practice to ensure that tourism interests are not compromised

Recommendation:

16. Nha Trang City and/or Khan Hoa province  should convene a meeting of stakeholders/regulators + expert facilitator to agree on zones for tourism, navigation, and  aquaculture development within the MPA.

Maximise economic and livelihood benefits from aquaculture within the constraints implied by the first two objectives

Aquaculture should be allowed to develop and evolve within the overall constraints on total nutrient loading, density, total area and location implied by the foregoing objectives. The choice of technology or aquaculture system should not be restricted. Farmers will then find the best way to maximise their income within the constraints imposed, so long as they are well informed of the options.

However, it may be that farmers would like to develop certain forms of aquaculture but are constrained by “developmental blocks” such as inadequate scale to access markets; inadequate market information; inadequate skill. The MPA project and the local and national government should assist farmers in overcoming these blockages.

Recommendation

17. Develop a support service for aquaculture in Khan Hoa province which goes beyond conventional extension, by addressing infrastructure, marketing, scale, supply and credit issues in addition to providing basic information and training on alternative species and technologies

Ensure that the benefits of  cage culture within the MPA can be captured by the local community

It is already proposed to exclude outsiders from exclusive ownership of aquaculture operations within the original MPA. While this should contribute to this objective, care must be taken to ensure that the poorest people do have the capacity to “take up the slack”

Annex 1: Strengths and weaknesses of alternative forms of aquaculture

This annex presents some additional information and perspective on the issue of technology assessment to supplement that presented in the main report.

While there is enormous potential in Vietnam for the development of a very wide range of aquaculture products, there are relatively few which are “ready to go” and which generate significant income with limited risk on a scale suitable for adoption by poor people with limited skills and education. Those which meet these practical criteria often score less well on environmental sustainability criteria – and indeed on the various criteria used in the “Guidelines on selection of species for aquaculture trials within the Hon Mun Protected Area” (September 2002). This presents the MPA and its associated institutions with a dilemma: to stop those aquaculture  practices of questionable sustainability; or to accept the reality that these production systems are highly attractive income generating activities, and take steps to improve the management and practice of these activities to improve their sustainability while at the same time working to develop and demonstrate financially attractive and more sustainable alternatives.

The following graphs are derived from data presented in the assessment document. It should be noted that the different financial models presented in that document are derived from different sources: commercial operations in different parts of Khanh Hoa; trial data; estimates based on predicted production parameters. Great care should therefore be taken in interpretation.

The data graphs suggest that Babylonia, soft shell crab, lobster and Cobia are all highly attractive in terms of profit per ha, but with high investment and operating costs. However, while the figures for grouper, soft shell crab, Babylonia and lobster refer to products for which there is an established local distribution and marketing network, and widely established production on a small scale, this is not the case for Cobia and green mussel. Development of these technologies by small scale producers would be slow in the absence of marketing support. Furthermore the trials for green mussel suggest the returns presented in the assessment will not be achieved in practice in the MPA due (probably) to low levels of suitable phytoplankton and possibly sub-optimal salinity. Seaweed is notable as being almost off the graph with relatively very low investment, but correspondingly very low returns per unit area. In other words you can make a good business, but only if you have access to a very large area
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Profit margin offers a different perspective on profitability, indicating vulnerability to increased costs or reduced price as well as return on investment.  All forms of enterprise appear to be promising in this regard, achieving 19%+. Green mussel scores very well here, but as noted above the financial model is probably not applicable to the conditions in Hon Mun. babylonia, grouper, lobster and Cobia all score well in the 31%-41% bracket. However, recent experience suggests that intensive culture of Babylonia is highly vulnerable to disease, so that these returns are frequently not realised. Seaweed and soft shell crab are somewhat lower at around 20%, but are probably less risky.
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6. Overall the choice will depend on the particular circumstances of the farmer and the constraints under which he is operating. 

The table below offers an assessment of the alternatives in terms of practical limitations applying to a farmer:

Technology/species
Limited area
Limited investment
Limited suitable phytoplankton
Limited experience or skill
Unwilling or unable to take risk
Unwilling/unable  to innovate 

Green mussel
**
**
*
**
**
***

Babylonia
***
*
***
**
***
**

Cobia
**
*
***
*
**
*

Grouper
***
**
***
**
***
***

Lobster
***
*
***
***
**
***

Seaweed
*
***
***
**
**
**

Softshell crab
***






This assessment should be seen as a simpler alternative to the assessments made in the assessment report and in the main part of this report. It is clear from this simple presentation that it would be inappropriate to “push” certain technologies. They have varying characteristics suited to different site and farmer characteristics. Overall however, and assuming that small scale producers in the Hon Mun MPA are not rich, are not  highly educated, and are relatively risk averse ….grouper, lobster, babylonia and seaweed are all attractive in different ways. If however sites and area becomes limiting, seaweed becomes much less attractive.
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Annex 2: Acceptable nutrient loadings from aquaculture in Hon Mun MPA and corresponding production limits

In this Annex we present some preliminary estimates of environmental capacity of the wider environment (within the MPA) and corresponding carrying capacity for different forms/combinations of aquaculture. It should be emphasised that these estimates are very rough, and some basic survey followed by some routine monitoring will be required to make more robust estimates and validate/refine these estimates over time.

The main findings are presented and can been explored in the accompanying spreadsheet “carrying capacity models”. As better information becomes available the parameters and data used in the model can be refined to generate more accurate estimates. 

There are two dimensions to carrying capacity: nutrient enrichment in the wider environment, and in particular in the water around Hon Mun itself (the core area); and organic matter accumulation in the vicinity of the cages. 

In the case of the former, carrying capacity should be defined in terms of acceptable water quality in the core area, and this acceptable water quality standard should relate to the core area objectives, and in particular to the integrity of coral and sea grass.

In the case of organic matter accumulation the limit defining carrying capacity is more closely related to the need to ensure water quality appropriate for aquaculture (and in particular lobster) production, and to ensure that the local environment can actually assimilate the solid organic waste generated.

Environmental capacity and carrying capacity in relation to water quality standards in Hon Mun Core Area

Two models are developed for illustrative purposes. The first is based on the simple assumption of perfect mixing in the whole area SW of Hon Tre, and a flushing rate of once every two days. A water quality standard of 0.5mg/litre total nitrogen is suggested as appropriate to the objectives of the MPA. In the dry season typical background concentrations are 0.4mg/l, leaving a “capacity” of 0.1mg/l corresponding to around 63 tonnes of nitrogen per day. This would correspond in turn to around 63,000 tonnes of annual lobster production. On this basis there is no problem whatever with lobster culture at any conceivable scale.

The second, and probably more useful model assumes that the soluble nitrogen does not disperse beyond 1.5km from the SW shore of Hon Tre, and is carried toward Hon Mun by prevailing currents in a “cylinder”. Assuming a net current of around 5cm/sec, background concentrations and environmental quality standards as above, this generates a total capacity of 1,852 tonnes, suggesting a possible constraint on production at some point in the future. Current production is estimated at around 350 tonnes.

Work is required to check the net direction and strength of the current so that this model could be refined to give more accurate estimates.

Environmental capacity in terms of sediment assimilation capacity in the vicinity of the cages

A simple mass balance model has been developed to predict organic matter and carbon loadings on the seabed in the vicinity of lobster cages. Again there are many guesses and assumptions which need to be checked. However, this suggests that the intense loading of organic matter beneath the cages is a problem and any increase in density is likely to be unsustainable. The model suggests a requirement for a ratio of 6:1 open water:cage area to avoid long term accumulation of organic matter and sediment degradation.

There are currently around 5,000 cages corresponding to an area requirement of 50ha for steady state assimilation of wastes. 

It is clear that sediment accumulation will become a problem very rapidly in areas which are poorly flushed and in which density exceeds the 6:1 ratio. However, good management practices relating to food handling/waste management could probably reduce organic matter loadings by 50% or more, allowing for higher densities, at least in well flushed areas.

Overall, these calculations suggest that lobster culture will become self limiting well before it begins to have significant impact on the wider environment, and in particular on the Hon Mun Core Area. 

The relative contribution of aquaculture to the total nutrient budget

The models suggest that impact of aquaculture on water quality in the wider environment will be relatively trivial (corresponding to increased total nitrogen of only 0.02mg/l) in the dry season. However, the data from monitoring suggests a massive increase in nitrogen and phosphorus loading in the wet season, presumably from land based sources (a combination of agriculture, shrimp farming, processing, and human waste) entering from the Cai and Be rivers. Concentrations of total nitrogen rise to 2mg/l or more, well above environmental quality standards appropriate for a reef or seagrass system, and corresponding to a loading orders of magnitude higher than that from aquaculture.

It is clear that the main focus for any further research and management initiatives designed to protect the water quality in the MPA should focus on these other sources as a matter of urgency. Indeed it is arguable management initiatives to address these issues are a greater priority than further more detailed local research. Unless the levels of nutrients can be reduced the coral and seagrass beds will be threatened.

Annex 3: Capacity of seaweed to remove nutrients

The assimilative capacity is roughly estimated in the spreadsheet, based on nitrogen content of Kappaphycus. No data was available relating specifically to seaweed produced in Khan Hoa, but rough estimates are available from other sources. Assuming a nitrogen content of 1% dry weight and 0.1% wet weight the following areas would have to be utilised to produce sufficient seaweed to balance nutrient production from intensive aquaculture. Huge amounts would be required to have a significant impact on nutrient concentrations in the wet season. 
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In conclusion, seaweed should be assessed  as a commercial opportunity rather than as a solution to nutrient enrichment in the bay, whether caused by aquaculture or from land based sources in the wet season.

Annex 4: Towards a code of practice

It is clear from the models, from diving beneath the cages, and from Tropeca research at Xuan Tu Village in N Khanh Hoa that local enrichment of sediments is likely to be a significant problem at most cage aquaculture sites. Steps can and should be taken to tackle this straight away.

Feed management

I understand that some producers are already removing wastes from cages to ensure that they do not degrade in situ or fall beneath the cages. It should be a major priority to ensure that better practice in this regard is encouraged. Simple better practice should allow for at least 50% reduction in pollution.

Density limits

The authorities and the farmers need to agree on a density limit for intensive cage culture. For lobster culture overall the figures suggest that this should be roughly 0.7 ha per tonne of production, or 40:1 open water area/cage (net) area. In practice this could probably be halved in well flushed areas (0.35ha/tonne; 20:1) and doubled in poorly flushed areas (1.4ha/tonne; 80:1). Where best practice in feed management is applied these areas could be halved.

Location

Location should be chosen taking into account the need for well flushed sites (or much greater area); the interests of navigation; and tourism development. Ideally a zoning system should be developed to resolve/avoid conflict.

Chemicals

It is inappropriate to use any toxic chemicals within an MPA. If use is to be considered at all it should only be through strict licensing in exceptional circumstances. The presumption should be zero use.

Seed and feed

Ideally farmers should commit to obtaining seed and feed from sustainable sources. In practice they lack the capacity to do this. Government intervention will be required to ensure that source stocks are monitored and well managed. Once a clear choice is available to farmers, then sustainable sourcing should be introduced to the code of practice.

A code requiring hatchery seed and pelleted feed could do significant damage to the poor in supply industries, and would not necessarily address the sustainability issue, especial in relation to feed. Few commercial pelleted feeds can be claimed to be sourced from sustainable stocks. 

Annex 5: Further research/survey required to refine estimates of environmental capacity

Net current and or flushing rate of area to SW of Hon Tre

The project should undertake some simple research on net water transport around the Hon Mun MPA. 

We suggest that simple drogues (a float with an aluminium drogue suspended below) and hand held GIS  are used to track water currents. If these are not available compass fixes can be used instead.

The following assumes there is a dominant NW to SE current flow to the SW of the MPA. If this is not the case the position for setting the drogues will have to be modified.

A set of (say) 5 drogues should be released off the Western point of Vung me (Hon Tre) at mid tide and at high and low tides. They should be set in a line from roughly 20m offshore to 1.5km off shore. They should be tracked using a small boat and hand held GIS (or compass fixes) taking position every 15 minutes or half hour. This should be repeated to cover the major monthly and seasonal variations in tide and current.

This data can be averaged or entered into proprietary hydrodynamic software to make estimates of net water transport, which can then be used in the simple dilution model given in the spreadsheet. If currents turn out to be much more complex and variable, more complex calculations may be needed, and appropriate advice will be offered.

Water quality and sediment sampling

The existing water quality sampling regime should be continued but extended to include sediment samples (organic matter content; BOD; total nitrogen) at existing sample sites. In addition we propose that transects of sediment samples (say every 50m) be taken in the form of a cross (parallel with shore and perpendicular to shore) at the major aquaculture sites, with the centre of the cross corresponding to the most impacted zone and the outer limits corresponding to undetectable impact. Ideally such samples would also be taken on a monthly basis.

Further assistance will be offered with respect to analysis of sample data.

Nutrient budget

The existing nutrient budge for lobster culture is very rough. To make more accurate assessments we need:

· Clear indication of FCR for lobster culture including and excluding shell;

· Carbon, nitrogen and phosphorus content of trash fish (excluding shell);

· Carbon, nitrogen and phosphorus content of whole lobster (market size)

· Settling characteristics of lobster (and if appropriate other) aquaculture feeds. This will require collection of feed wastes from cage culture sites and releasing into a settling column, with facility for removal of accumulated waste in different settling speed classes Classes should be exponentially defined – eg 0-1cm sec; 1-2cm/sec; 2-4cm/sec/4-8cm/sec etc . Further advice can be offered if required.

Estimates of nutrient input from alternative sources (domestic waste; agriculture; aquaculture; processing; industry) and river water discharge to Nha Trang Bay.

� Doan Van Dau, Ton Nu My Nga 2002. Guidelines on selection of species for aquaculture trials within the Hon Mun protected Area; Aquaculture team 2002. Primary assessment of candidates for cultivation in the Hon Mun MPA. Hon Mun protected Area Pilot Project Aquaculture Report.
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