Aquaculture and Poverty Alleviation

I.  Cage Culture in Freshwater in Bangladesh
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Recent articles in the World Aquaculture Magazine, by Hecht (March 2000) and Edwards et al. (December 2000), and letters to the Editor (September 2000) have argued and demonstrated the pros and cons of aquaculture in the world’s developing countries, and particularly in rural areas where poverty, malnutrition, and unemployment are all paramount.   

As a further contribution to this important social issue, studies have recently been carried out in Bangladesh and Viet Nam on cage aquaculture and its potential for poverty alleviation. The projects were funded under the UK Department for International Development Aquaculture Research Programme, and by DFIDs Fisheries program through CARE Bangladesh. 
The approaches of the two projects were different. In Bangladesh cage culture was developed specifically as a poverty alleviation tool in association with local NGOs and the help of supporting research. In Vietnam the existing social situation and the nature of existing technologies were first studied to assess the potential of cage culture to help alleviate poverty, and then appropriate ways identified and implemented to take it forward. 

This first article discusses the potential of the small scale cage aquaculture developed by CARE Bangladesh.  The next issue will carry an article on cage culture in Vietnam, and will include a broad overview of the potential of cage culture for poverty alleviation. 

Small-scale Practices

The goal of the project in Bangladesh is to assist poor villagers to develop small-scale cage culture practices to produce a range of freshwater species which could provide food for home consumption or earn income. Species include tilapia, Chinese carps, catfish (Pangasius sps.), silver barb (Barbodes gonionotus), and the freshwater prawn Macrobrachium rosenbergii.  
The technology consists of very small cages, 1m3 in volume, which can be made for about US$5 each.  Depending on the species and local circumstances, the nutrition provided for growth is usually fresh natural foods gathered from the wild (such as duckweed, snails, etc.), and household vegetable wastes. Some low cost feeds are bought in by the households, typically rice bran and oilcake, but these costs are minimal. Occasionally, and particularly in the case of Pangasius, the diet may be supplemented with commercially available compound feeds.  In most cases a mixture of diets is offered, according to their availability and needs of the fish. 
Growth is rapid in the warm climate of Bangladesh and the fish attain marketable size within 3-9 months, providing farmers with a rapid return on their investment and labour, and reducing risk. Depending on species and grow-out period, the annual gross income per cage is between $20 – 100. 
Causes of Rural Poverty

In order to assess the suitability of any new activity for poverty alleviation, it is first necessary to understand the causes of poverty in the country, the strategies adopted by the community to cope with poverty, and finally how these strategies might relate to a new activity and opportunity.

Bangladesh is one of the world’s poorest and least developed countries.  Its population of 130 million is growing at 1.6% annually, but 36% of the people remain below the poverty line.  There are few opportunities in the extensive rural areas for even basic education, and fewer for learning new skills, consequently only 38% of the population aged 15 and above can read and write.  There are also constraints to poverty alleviation from the culture and social structures in the country, especially for women and the extreme poor.

On the other hand, many of the causes of poverty are rooted in the geography of Bangladesh, and in its unique tropical and subtropical climates.  There are three distinct climatic seasons.  The torrential wet monsoon season can start in late May or June and end in early October.  The cool dry winter season can start in mid-October and continue to the end of February, and the hot humid summer season begins in March and ends with the onset of the monsoons.  Superimposed on these seasons are two short cyclone seasons, in May and June, and again in October and November.  At any time during these periods powerful typhoons can come out of the South China Sea and drive north-westerly up through the Bay of Bengal and straight into Bangladesh.  

Bangladesh sits astride the vast delta of the Padma (Ganges) and Jamuna (Brahmaputra) Rivers.  Over 90% of the country is composed of alluvial plains.  Consequently the very flat land is highly susceptible to flooding from the rising waters in the monsoon season, and tidal waves driven by the high winds in the typhoon season.   

Life (and often survival) in Bangladesh is therefore very dependent on the onset and finish of the monsoon and typhoon seasons, which leave some 7 or 8 months for the production of food and to earn a living for a year.  About two-thirds of the country is fertile arable land and the alluvial soils are rich, but still the necessary production of rice, the single-most important activity in the economy, and its safe storage in off-season months, is not guaranteed.  The health of the rural poor is consequently below average not only because of the low level of nutrition but also because of the lack of potable water, no sanitation, and risk of water-borne diseases during the floods. 

Many of people who are forced to survive on these flood-prone lands through farming and fishing are therefore landless.  Nothing they do guarantees them food or an income.  They have no financial reserves or material wealth for collateral.  For laborers, the competition for the seasonal jobs is high and wages are correspondingly low.

The seasonality of labor and low income is important and commonly raised as a key issue by poor villagers.  The nature of this seasonality, in terms of both income and food availability, which are closely correlated, is shown in Figure 1. 

Figure 1: Seasonality of income deficit and food shortage in poor villages in Bangladesh
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Strategies for Poverty Alleviation

An important strategy by Bangladeshis to alleviate property is to invest in livestock when cash is available and to realize income by selling during times of financial hardship.  For the poorest people this means investment in chickens and possibly a goat; for the slightly better off it means investment in cattle.

Any new activity suited to poverty alleviation should take into account the causes of poverty and the constraints on new enterprise described above. It should not undermine any of their current coping strategies unless it can effectively replace them.  Taking these issues into account, we developed a set of  key characteristics of importance for poverty alleviation, and rated the potential of small scale cage culture against them.


· Cage culture has no requirement for land – clearly a key strength for the landless; however, it is possible that access to water may be limiting.
· Capital investment and working capital requirements for each crop (mainly feed and seed) is low for most systems, related to the small scale of enterprise and the short production cycle. However, systems generating the highest returns typically require the highest start-up investment.
· Financial return varies from medium to very high depending on the species and culture system.  The return to labor when operating only one cage is rather low, but increases rapidly as cage numbers increased.  Co-operative use of labor could also result in high returns to labor irrespective of the number of cages. 
· Maximum labor requirements are in the months leading to fish harvest, typically between June and October. This is typically also the time of labor surplus.

· The risk to cages from flooding and cyclones was generally rated low by villagers, since small cages are relatively easy to move and re-moor. Theft and vandalism varied greatly between communities, but was sometimes significant.  
· The risk from disease has not been an issue to date, but experience elsewhere in Asia suggests that disease may be anticipated if cage culture takes off.  
· Almost every kind of enterprise has economies of scale, especially in terms of labor productivity, and cage culture is no exception.  This makes small scale production vulnerable to competition from larger and more efficient enterprises. However, co-operative use of labour may allow small scale producers to realise these economies of scale and remain competitive.

· Cage culture generates most income and food between July and October, which is the period of maximum hardship in terms of both income and food availability. 
· Cage culture fits very well with existing coping strategies. Investment in fish seed can be made during the time of relatively high income from wage labour and harvest, and income can be realised during periods of shortage. 
· It also builds on existing strengths and resources: plenty of natural food is available from the wild, and it is possible to use flexible labour from within the family.

· Comparative advantage will vary greatly according to local skills, resources, and access to the markets and is difficult to assess in general terms.  
· Finally, the market for fish in Bangladesh is very strong with relatively high prices and high volumes of fish traded. Any increased production of fish is unlikely to have a major impact on price in the short and medium term.

Flexible Technology

It is clear that small scale cage culture scores well against a wide range of livelihood criteria.  Perhaps the most important characteristic is the flexibility and adaptability of the production system.  Small-scale cage aquaculture is not a single technology but rather a suite or continuum of different activities targeting different stages of different species, and using different inputs.  It ranges from activities which require little investment in seed and feed, with short cycles between crops, and modest returns (such as those based on natural food and kitchen wastes) to those which require significant investment in seed and feed, have longer cycles between crops, but generate higher returns.  Other activities fall between these extremes.  Therefore different aquaculture activities can be adopted and adapted to the specific needs and conditions of particular households.  A financial profile of a selection of activities is summarized in Table 1 to illustrate the range.  These figures are based on actual current performance, and there is substantial scope for increased returns. 

The technology is also very flexible in so far as farmers may stock relatively few seed if they are short of investment cash, and can sell their fish in small or large “packages” as and when required.  In this sense fish are far more flexible as a “coping strategy” to deal with seasonal variations in income and food availability than a goat, or indeed chickens, which are the most common investment alternatives.  Fish can also be more readily used as gifts or to provide a meal for esteemed visitors, thereby helping social cohesion.
Three Areas of Concern

However, there are three areas of concern.  The first is risk.  Although risk of failure appears to be low (and was perceived as such by most participants), not all farmers succeeded, especially in the first two years of production.  In practice losses by farmers were reimbursed by the project in the experimental years.  However, in the future new entrants will be able to learn from past experiences and more farmers are likely to succeed more quickly.  Learning appears to be a rapid process, as illustrated in Figures 2.  Nonetheless there is a cost associated with the learning curve for individuals and the sector as a whole, and for reducing risk exposure of poor people.
Figure 2: Performance of cage farmers in 1999-2000 in terms of profit or loss (Taka)
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More serious is the potential risk from disease, although no outbreaks have occurred among project farmers so far.  Intensive aquaculture is commonly associated with disease problems and therefore, should the technology take off, it is probable that disease will arise at some point, with potentially serious consequences. The degree of risk cannot be readily assessed, although stock held in small-scale cages scattered around villages will probably be less vulnerable than stock held in more 
concentrated and centralized commercial systems. The risk from theft and vandalism is a serious problem in some places.  This is especially real for the poorest people who are perceived as easy victims or, in the case of farmers working with this project, were targeted because of jealousy.

Another concern relates to economies of scale.   Almost all enterprises are subject to economies of scale, and cage culture is no exception. The labor of looking after one small cage is far greater per kilogram of product than that for looking after a large one. The cost of the cage per kilogram of production will also be higher for a small cage versus a large cage.  However, co-operative use of labour can be used to realise economies of scale in relation to labour, and this is already done in many villages. Where labour is in surplus, due to seasonality or the ready availability of family labour, the issue no longer exists.   As for the additional costs of small cages, these have to be balanced against the lower overall investment requirements, reduced risk, and the flexibility they offer for production. 

The third concern, related to the second, is comparative advantage.   A significant proportion of the fish is intended to be sold for cash rather than consumed by the farmer and his family.  In the medium term, an important question is whether small-scale producers in villages are well placed to compete – either with larger commercial producers, or producers from elsewhere.  If they are not, and if competition increases, then prices - and returns - will steadily decline.  In practice there is strong local demand for fish throughout the country, and small-scale producers are well placed to serve widely-dispersed rural markets.  Secondly, the use of surplus off-season and/or family labour is itself a comparative advantage.  Thirdly, in those systems which use local food resources, such as natural foods and kitchen wastes, feed costs are relatively low compared with those for commercial producers.  Small-scale fish producers should therefore be able to survive competition in much the same way as village-scale poultry producers have survived, and even to some extent benefit from the increasing number of intensive poultry operations.

Constraints to Entry and Success

Notwithstanding the strengths and suitability of small-scale cage farming for the rural poor, there are significant constraints to entry and success.  Surprisingly, access to credit is less of a problem than in the past since many NGOs now make micro-credit available at reasonable interest rates, even for the poorest members of society.  Nonetheless it remains a problem in some areas. Access to a suitable body of water may be limited for geographic, social, or legal reasons.  The country has abundant water resources and obviously this should not be a limiting factor but in practice suitable water bodies are not always close.  If cage culture is undertaken on a small-scale as a supplementary activity it has to be carried out close to the home to be worthwhile and secure, as theft and vandalism are a problem if the cages are not regularly observed. 

Access to resources is typically controlled by the more affluent and powerful in most societies, and this applies to water as much as to land.  Access issues are complex in Bangladesh, but NGOs and some branches of government are now fighting for improved access for the poor.  Access to water is therefore a possible constraint in some places, and the issue needs to be tackled.

The main constraint to success lies in identifying the most appropriate cage-culture practice to meet the needs, resources, and capacity of each individual household.  This requires a new and flexible approach to extension and training which does not promote a particular technology but effectively communicates key characteristics of a range of options (including non-aquaculture options), and assists the potential farmer to select the most appropriate through the development of joint understanding. 

Environmental Sustainability

The majority of the cage-culture practices proposed for development appear to have the necessary environmental sustainability.   Most systems rely on natural vegetation and household wastes as the main diet, supplemented with animal protein in the form of snails or occasional moist compounded feed supplements.  A significant expansion of cage culture activities in some villages could lead to local depletion of snail or other food organisms, to the detriment of ducks and other domestic and wild animals that feed on them.  Studies undertaken by CARE suggest that so far this has not been a problem, but the situation will be monitored as the number of cages increase.  If and when these resources become limiting, farmers will probably shift to increased use of purchased feeds – resulting in increased costs and increased returns.
Some of the high-investment high-return systems depend on the use of trash fish or fish meal in compounded diets, and the social, environmental and economic impacts of this at local level deserve further study. 

Most of the species currently used in the cages in Bangladesh are exotics.  However, for decades these fish have bred naturally and distributed themselves throughout the flood plains and the delta. Whatever the impacts, the issues remains contentious and there is a need for clear government policy .  Obviously in the medium and long-term interests of aquaculture in the country it is desirable to develop technologies for indigenous species, and CARE has encouraged this. In particular Koi (Anabas testidunous) has been found to thrive in cages, providing good returns on investment due to the high market price of this well liked indigenous fish.

Input-Output Profiles































































































































































Key financial characteristics and performance indicators of some of the cage culture options studied are presented in Table 1.  The data clearly show the wide range of input-output options.  Start-up costs for the carnivorous species are higher, but so are financial returns.  These figures are illustrative and actual performance varies considerably according to skills and local circumstances.  They are based on models developed with CARE project staff, cross checked against actual performance of participant farmers as recorded in the annual survey of 2000.

Conclusions

Small-scale cage culture is particularly suited to poverty alleviation in Bangladesh.  It rates highly against a range of criteria – and perhaps most significantly there are increasing signs of secondary adoption. 

Perhaps its most important strength is that it is not a single system or technology, but a flexible package which can be adapted to the needs, capacity and resources of different people. It can generate income, nutrition, and/or social benefits as required. Investment can be made in times of income surplus, and cash or food can be realised in times of shortage.

This variety and flexibility has implications for extension and promotion. Development workers need to be able to communicate a range of possible options and their strengths and weaknesses, and assist farmers in the selection of options appropriate to their particular situation.
Table 4.  Summary of typical costs (in US$), inputs and returns per cycle per m3 cage volume for a selection of cage culture options.

Grass carp (nursing)
Grass carp (natural food)
Tilapia (natural food)
Tilapia (supplemental feed)
Silver barb (natural food)
Pangas (compound feed)
Pangas (nursing trial)

Labour
(person days)
30
40
26
19
26
30
15










Financial inputs








Cage capital charge
2
2
2
2
2
2
2

Seed
6
11
4
4
6
6
37

Feed
4
1
0
4
0
50
7










Sales revenue
22
46
22
24
24
106
111










Financial returns
and risks








Gross margin 

(excl. labour )
11
33
17
15
16
48
65

Return on labour ($/person day)
0.4
0.8
0.6
0.8
0.6
1.6
4.3

Profit margin 

(excl. labour)
51%
71%
76%
63%
68%
45%
59%

Length of production cycle (months)
8
8
3.5
3.5
3.5
9
3.5

Minimum start-up capital 
16
18
10
14
13
63
51

Payback period - cycles 

(excl. Labour)
2
1
1
1
1
1

Note. “natural food” refers to vegetation and snails etc gathered locally.



There remain some areas of concern. As cage culture develops, the sustainability of seed and fed supply will need to be examined carefully. The use of non-indigenous species needs more comprehensive assessment and clear government policy. Finally, if development becomes concentrated in specific areas, environmental capacity issues will need to be addressed.


· 
· 
· 
· 
· 
· 
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� The sample for the data was different in the two years (all participants in 1999; and a representative stratified sample for 2000). Also the 2000 data is for the first crop only. Close comparison is therefore questionable, but the data is informative and illustrates the issues
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