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 Patrik Ronnback, Ian Bryceson and Nils Kautsky 

Coastal Aquaculture Development in Eastern
Africa and the Western Indian Ocean:
Prospects and Problems for Food Security and
Local Economies 

This paper reviews the experience and status of coastal
aquaculture of seaweeds, mollusks, fish and crustaceans
in eastern Africa and the islands of the western Indian
Ocean. In many respects, coastal aquaculture is still in its
infancy in the region, and there is a pressing need to
formulate development strategies aimed at improving the
income and assuring the availability of affordable protein to
coastal communities. This paper also draws from positive 
and negative experiences in other parts of the world. The
requirements of feed and fry, and the conversion of
mangroves are used to illustrate how some aquaculture
activities constitute a net loss to global seafood production.
The paper presents both general and specific sustainability
guidelines based on the acknowledgement of aquaculture
as an ecological process. It is concluded that without clear
recognition of its dependence on natural ecosystems, the
aquaculture industry is unlikely to develop to its full po-
tential in the region. 

Seaweed farms in Zanzibar, Tanzania. Photo: I. Bryceson. 
INTRODUCTION 
Coastal aquaculture production have been increasing rapidly in
the past decade, whereas capture fisheries is facing serious prob-
lems of overfishing of depleted stocks, especially in marine wa-
ters (1, 2). Most coastal aquaculture development has taken
place in Asia, Europe, and South America, whereas relatively
modest production has been achieved in Africa. 

Today, aquaculture supplies more than one fourth of all fish
(both freshwater and marine species) that humans eat (2). The
average fish consumption per person in the world was 16.1 kg
yr-I in 2000. Different regions, however, show very dissimilar
trends. Whereas fish supply in Asia increased by about 70% be-
tween 1984 and 2000 reaching 17.7 kg person-1 yr-1, it decreased
by 14% in Africa from 7.9 to 6.8 kg person-I yr-1 during the
same period. Even to maintain the comparatively low 2000 per
capita supply levels in 2010, the continent would need an
additional 1.8 million tonnes (t) of fish annually, based on
estimates that the' population will grow from 757 to 993 million
people over the same period (3). Taking into account the
population trends in Africa, the state of commercial fish stocks
and the poor prospects for increasing the supply from capture
fisheries, it would be a major challenge to raise aquaculture
production this much (3). Such increased aquaculture production
would mainly be based upon inland freshwater aquaculture, but
coastal aquaculture could also supplement the diets of coastal
villagers with fish protein in addition to providing new sources
of income. 

The potential of coastal aquaculture to improve the income
and assure the availability of affordable protein to the poor in
developing countries has been impeded by the emphasis on the
industrial-scale cultivation of high-valued carnivorous species
destined for export markets in Europe, USA and Japan. The pri-
mary motives are generating high profits for investors and input
suppliers and enhancing export earnings for national treasuries.
This is particularly true for intensive shrimp farming, which have
been severely criticized for the environmental and

socioeconomic problems generated in its backwaters (4-6).
This paper presents an overview of the experience and status

of coastal aquaculture in eastern Africa and the islands of the
western Indian Ocean, and discusses potential prospects and
problems associated with its development. The coastlines of
eastern Africa and the islands are characterized by warm and
relatively unpolluted waters with a wide variety of biotopes and
high biodiversity, well suited for several types of aquaculture
development. Such development presents prospects for
increasing food security for coastal communities and new
sources of income; both for the local economy and for export
markets. However, unregulated growth of certain types of
coastal aquaculture could result in serious environmental
problems and social conflicts in eastern Africa (7-9).
COASTAL AQUACULTURE IN EASTERN AFRICA
The oldest forms of coastal aquaculture in eastern Africa date
back some 200 years to the barachois ponds in Mauritius (10). 
These coastal ponds are constructed with rocky walls that pro-
vide semi-enclosures for the rearing of fishes, oysters and 
crustaceans. The rocky walls have gaps, but their functional
simplicity assures a net influx of organisms that can be 
harvested. Some 
24barachois were operative in 1995 and production levels of fish 
reached 35 t, but these have recently fallen due to problems of
poaching and from unwanted predatory fish species (11). Other
forms of coastal aquaculture in eastern Africa have only begun to 
develop in the past three decades. These include farming of red 
seaweeds, penaeid shrimps, mangrove crabs, brine shrimp,
abalone, edible bivalves, pearl oysters and fishes.

Seaweed Farming in Eastern Africa 
The culture of red seaweeds in eastern Africa is quite recent, and 
the development has mainly taken place in Zanzibar, Tanzania 



ucts such as "nutraceutical additives" fetch much higher prices.
FMC-Biolpolymer is a major corporation based in the USA with
expanding interests in eastern Africa, but despite increasing de-
mand and prices on the world market, they have lowered the prices
paid to seaweed farmers in Tanzania down to USD 0.09 per kg.
The exploitative attitude of the multinational corporations is
starkly shown in a quotation from FMC-Biolpolymer (21):  

"As a potential seaweed supplier trying to find the best village to
work in, you should be delighted to find a village populated by
consumers with no or little livelihood options. In this case we call
cottonii and spinosum farming the livelihood of last resort. Today
we find the most productive and consistent farmers from villages
like these... In these places it is too arid to farm or the soil is
unsuitable and the reefs have been destroyed and fish stocks
decimated. .. Your ultimate goal is to make seaweed farming
become a way of life for the villagers. This happens after five or so
years. At this stage people don't think too much about price, they
just farm because they have always fanned. Their children will
follow them into that career." 

It is clear that seaweed farming has further potential in eastern
Africa, but the monopoly control of prices unfortunately ensures
super-profits for multinational corporations and yet abject poverty
for coastal villagers. 

Experiences with Shrimp Farming in Eastern Africa 
The shrimp (also referred to as "prawn") species that have been 
cultured in eastern Africa include Penaeus monodon, P. indicus, P.
semisulcatus and Metapenaeus monoceros, but the main emphasis
is upon the first species due to its high growth rate and market
value. 

The first attempt to farm penaeid shrimps in eastern Africa was
at Malindi, Kenya, by an F AO-supported project. Production
commenced in 1989 and rose to 227 t in 1990, but steadily
decreased thereafter and then collapsed in 1995 (Fig. 2). Kenya has
since produced about I to 2 t of farmed shrimp per year. A 60 ha
shrimp farm exists at Ngomeni in a cleared mangrove area. There
is currently a legal conflict surrounding a new and controversial
shrimp farm project proposal for the Tana river delta. 

In the Seychelles, there is one project on the small remote sandy
island of the Coetivy owned by the parastatal Seychelles
Marketing Board Trading. They commenced production in 1989
based upon imported Penaeus monodon fry at high stocking den-
sities (up to 60 individuals m-2) in 39 ha of plastic-lined ponds 

and intensive feeding (22), output peaked at 649
t in 1998, but production has since fallen (Fig.
2). The project recently lost a case in the
Supreme Court over labor disputes, but appar-
ently refused to comply to pay salaries owed to
its employees. 

In Tanzania, a project was initiated in 1986 by
a Norwegian company in cooperation with the
Bagamoyo Development Cooperative. The
project never materialized as it was thwarted by
corruption in land allocations. Recently, other
small commercial initiatives have commenced
production in the I3agamoyo area. 

A major controversy emerged in Tanzania
during 1996-1998 with the exposure of a pro-
posal for a giant-sized shrimp farm project to be
situateu in the Rufiji mangrove lurest con-
servation area. A worst-case scenario appeared to
be looming (7) in which a notorious weapons
dealer (23) was attempting to gain control over
19 000 ha of land in Rufiji. The project was
opposed by the majority of villagers of Rufiji,
who were supported by forestry managers,
Tanzanian and foreign researchers (24),

until now, but it is also spreading to mainland Tanzania and
neighboring Mozambique and Kenya. Tanzania's production has
been increasing steadily and reached 7000 t in 1999 (Fig. 1). 

Keto Mshigeni and Adelaida Semesi of the University of Dar
es Salaam introduced the idea of farming seaweeds into Tanzania 
during the 1970s (12, 13). Adelaida Semesi pioneered the
introduction of farn1ing techniques especially among women in
villages in eastern Zanzibar Island (Unguja). 

Two species of seaweeds have been farmed since 1989:
Eucheuma denticulatum (formerly E. spinosum) and Kappa-
phycus alvarezii (formerly E. cottonii). These species are found
naturally in East Africa (14), and used to be collected from the
wild for export to France and Denmark. Although these species
are found locally, the farmed strains are mainly imported from
the Philippines, and the consequences of this introduction should
be studied further. 

The method of farming is the tie-tie system whereby fronds of
seaweeds are tied to strings stretched between wooden pegs.
These are situated in shallow intertidal lagoons inside the fring-
ing reefs. They grow rapidly (up to 12% per day) and are har-
vested at spring low tides each fortnight. The seaweeds are then
dried by the villagers, sold to agents and exported to USA and
Europe for the extraction of carrageenan polysaccharides as gel-
ling, thickening and emulsifying agents in foods, cosmetics, and 
phannaceuticals. Commercial interests from the Philippines and 
Denmark played an important role in developing production and
markets, and recently a large corporation from USA has engaged
itself in purchasing farmed seaweeds from Tanzania. Growth and
survival of these seaweeds have generally been good in eastern 
Africa, but recent problems of slow growth and disease suscep-
tibility have been experienced with Kappaphycus alvarezii
(Matern Mtolera, pel's. comm.). This may be a monoculture-re-
lated syndrome. 

Socially and economically the fanning of seaweeds initially
represented an opportunity for coastal villagers, especially
women to earn money (15, 16), and as a consequence standards
of living in the villages were improved during the first decade 
of production. Seaweed farming also represents an earning of
foreign exchange for the countries of eastern Africa. 

The total global market value of carrageenan products annu-
ally made by a few multinational corporations is about USD 10
billion and is growing at 3-5% yr-1 (17, 18). Low-grade carra-
geenan can be ordered over the internet for USD 50 kg-1 (19) or 
USD 30 kg-1 from the Philippines (20), and high-value prod
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Figure 1. Aquaculture production of seaweeds (tonnes dry weight) in
Tanzania (1989-2000) based on FAD data (2). 
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national environmental authorities (NEMC), environmental jour-
nalists, and lawyers. Finally, legal action by villagers with the
support of the Lawyers' Environmental Action Team and Issa
Shivji gained a legal injunction to halt the project. 
In Mombasa during 1998, in the wake of the Rufiji controversy, 
environmental NGOs from Kenya and Tanzania held a workshop
on mangrove conservation and industrial shrimp aquaculture. They
advocated for management measures by the governments of the
region to guard against shrimp farm projects that lack local
support and result in large-scale mangrove conversion (9). 
Madagascar has become the major producer of cultured shrimp in
the region with 2 large projects at Mahajanga and Morondova with 
French technology and capital involved (25). The production 
reached 3486 tons in 1999 (Fig. 2), and further expansion is
underway. The International Finance Corporation (World Bank
affiliate) was involved in Mahajanga and is now funding the con-
struction of a new 1000 ha project there (26). 
In Mozambique, a small shrimp farm was attempted at
Costa da Sol, just north of Maputo, in the early 1990s, but failed
to produce. A South African investment in a shrimp farm in a
mangrove area near Quissanga in northern Cabo Delgado
province was reported by fisherfolk, but unknown to
environmental authorities in 1997. Large-scale shrimp farming
that may cause environmental impacts (27) is currently under
planning in Mozambique with 7500 ha allocated in the Maputo 
area, 19 500 near Beira and 6000 ha near Quelimane. Chinese
interests have also been negotiating with Mozambican authorities
for a major project proposed for north of Beira. 
In South Africa, the farming of shrimps (mainly Penaeus indicus)
has taken place at aMatikulu and Mtunzini in KwaZuluNatal 
province since 1992. Production reached 104 t in 1998 (28). The F
AO data (2) suggest that P. indicus and P. monodon production in 
South Africa occurs on the Atlantic coast, but we assume that it
should be the Indian Ocean coast. 

Aquaculture of Other Organisms in Eastern Africa 
Edible oyster (Saccostrea cucullata) culture has been tried in
mangrove areas in Gazi Bay, Kenya (29) and may have a po-
tential along the east African coast (30). Cockles also present
possibilities (31), as do several other edible bivalves. Mussels
have been cultured in South Africa, but these are based on an
imported invasive species, Mytilus galloprovincialis, from the
Mediterranean and annual production has been erratic and faced

Figure 2. Aquaculture production of penaeld shrimp (tonnes) in
eastern Africa (1989-2000) based on (2). 

ENVIRONMENTAL CONCERNS OF COASTAL 
AQUACULTURE 
Environmental impacts of coastal aquaculture arise from the
consumption of resources, such as land, water, fry and feed, their
transformation into products valued by society, and the subse-
quent release into the environment of wastes (6, 33, 34). Nega-
tive effects may be direct, through release of eutrophicating sub 

stances, toxic chemicals, the transfer of diseases
and parasites to wild stock, and the introduction
of exotic and genetic material into the environ-
ment, or indirect through loss of habitat and
niche space, and changes in food webs. Perhaps
the most critical environmental aspect to address
for individual aquaculture systems is that of net
loss or gain of animal protein, which has direct
socioeconomic implications. 

Coastal communities may suffer socioeco-
nomic problems in the backwaters of polluted
and deteriorated natural environments (5, 6, 35).
Aquaculture activities often utilize common
property resources such as land, water and man-
grove areas. These common property resources
contribute greatly to social equity, since net mon-
etary benefits are distributed to large groups of
politically and economically marginal people.
The development of shrimp pond aquaculture
has, for example, caused privatization and dete-
rioration of common property resources, and
consequently this economic activity has brought
about social displacement and marginalization of
fishermen and agriculturists (5, 6). 
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problems with toxic algae. An imported oyster, Crassostrea 
gigas, was cultured until 1997 but has been abandoned due to 
problems with toxic algae and mud blister worms (28). 

At Praslin Island, Seychelles, a small farm successfully grows
black-lipped pearl oysters (Pinctada margaritifera) that produce 
highly valuable black pearls and giant clams (Tridacna spp.). 
During the mass death of corals and giant clams in the extreme 
warm conditions of the central Indian Ocean during the EI Nino
event in March 1998, the only giant clams to survive in Sey-
chelles were those in the aquarium tanks of this small farm. The
subsequent voluntary re-stocking of Tridacna clams back to the 
reef from the farm is an interesting positive contribution by
aquaculture to the environment (Kari Nilsen, pers. comm.). 

Integrated farming systems where several species are co-cul-
tivated in order to improve resource-use efficiency, and reduce 
waste outputs and environmental impacts are of special interest. 
Experiments are presently underway with integrated multispecies 
pond systems at the Institute of Marine Sciences in Zanzibar, 
where milkfish, rabbit fish, and mullets are cultivated together 
with mollusks and seaweeds (32). Integrated farming of
seaweeds and abalone are already applied on a commercial scale
in South Africa. Here the seaweeds are grown in the nutrient rich
outlet water from the abalone tanks, and then used as feed for the
abalone. This system is very cost-efficient and has reduced needs
to harvest wild seaweeds by 40% (C. Halling, pers. comm.). 

Fish species that are herbivorous (e.g. Siganus or Scanls) or 
detritus-feeding (e.g. Chanos or MugU) provide further potential 
for coastal aquaculture, since they are ecologically more energy-
efficient and less polluting than carnivorous species (e.g.
Epinephelus or Lutjanus). The latter may, however, fetch a
higher market price, especially if one ignores externalized eco-
logical costs. Mangrove crabs (Scylla serrata), brine shrimp 
(Artemia), and sea cucumbers (Holuthuria) are other candidates 
for increased aquaculture production. 



 

iorated by improved feeds that are based on formulations that use
greater amounts of vegetable protein and less fish meal and fish oil
(37).

The development of coastal aquaculture in eastern Africa can
learn from many positive and negative lessons experienced in
other parts of the world. Aquaculture is basically an ecological
process, and many environmental concerns can be ameliorated
if culture practices are more in tune with ecosystem processes.
Unregulated expansion of aquaculture may, for example, cause
deteriorating water quality in the production site as well as the
recipient, which in turn lead to physiological stress for the cul-
tured organisms. This results in lowered immune response,
which increases the risk for disease outbreaks. The wide-scale
abandonment of shrimp ponds in many countries has, for
instance, often been due to the proliferation of initially
successful farms that ultimately overwhelms the system and
triggers disease outbreaks (36). In this context, it is important to
regulate the local and regional development of coastal
aquaculture to avoid exceedance of the "waste" absorbing or
assimilate capacity of the environment. By doing so, the risk of
deteriorating water quality and subsequent disease problems is
lowered, and consequently the need for chemical and antibiotic
use is reduced. Conflicts with other resource users are also
minimized. 

The Mangrove Conversion Paradox 
More than 50% of the world's mangroves have been removed, and 
the establishment of brackish water ponds has been a major cause 
behind this loss in many countries (5, 6). In recent decades, shrimp 
farming has been responsible for a significant share of the 
mangrove conversion. For example, mangrove conversion into 
shrimp ponds covered 102000 ha in Vietnam in 1983-1987, 65 000 
ha in Thailand in 1961-1993, and most of the 180 000 ha of ponds 
in Ecuador (reviewed in 5). Local and foreign shrimp farm 
investors have major interests to expand in eastern Africa, which 
may have dire consequences for the mangroves in the region. 

As a paradox, the productivity and sustainability of fish and
shrimp aquaculture is often directly dependent on the continuous
support of mangrove goods such as fry and broodstock as well as
services including water quality maintenance and erosion control
(33, 34, 40). The industry thus challenges its own life-support
system. It has been estimated that the spatial mangrove ecosystem
support, or “ecological footprint”, required to produce food inputs,
nursery areas and clean water, as well as to process wastes, was up
to 160 times the surface area of a semi intensive shrimp farm (41,
42). 

Making the proper choice of sites for the ponds is one of the
easiest and best ways for farmers to limit environmental damage and
to improve the lifetime of their ponds (6, 36). There is no defense for
large-scale clearance of mangroves to accommodate aquaculture
ponds. First, mangrove soils are not suitable for aquaculture
purposes. Secondly, the opportunity cost of converting mangroves is
very high in terms of the substantial natural production of fish and
shellfish supported by this system. Thirdly, the adverse impacts on
the livelihood of coastal communities dependent on mangrove goods
and services are considerable (6, 43). 

Each ha mangrove can generate 1100-11 800 kg fisheries catch
mean (3600 kg) (reviewed in 40), which illustrates the potential life-
support value of mangroves. This productivity is, for example, much
higher than the 10-370 kg ha-1 yr-1 proposed for coral reefs (44). In
developing countries, the annual market value of fisheries supported
by mangroves range from USD 900 to USD 12400 ha-1 mangrove
(USD .3400 ha-1 as mean) (40). It must be emphasized that this
value is based on one mangrove good, i.e. fisheries production,
alone. Additional efforts to estimate the economic value of forest
resources and ecological services generated by mangroves would
further highlight the significant value of this ecosystem and its
importance to subsistence, local and national economies. The
significant economic value of mangroves places serious doubt on
the low land purchase price or annual lease fees (sometimes only a
few dollars per ha mangrove) paid by aquaculture prospectors. Such
conversions definitely imply the privatization of a common property
resource. 

Bycatch Problems Associated with Fry Inputs 
The farming of fish, shrimps and crabs depends on fry (larvae)
collected from the wild or reared in hatcheries from eggs of wild
broodstock, thereby putting additional pressure on marine fisheries.
The quantity of by catch associated with such wild catches is
directly proportional to the natural abundance of the target species
for culture. Fish and shrimp fry are caught in coastal waters using
fine-meshed nets that inevitably trap large quantities of fish and
crustaceans, which are usually sorted out and discarded on land. For
example, milkfish (Chanos chanos) constitute only 15% of total fish
fry in daily inshore collections by seine net (45). The annual
utilization of 1.7 billion wild fry for stocking in Philippine milkfish
ponds (46) means a correspond- 

FOOD SECURITY: DOES AQUACULTURE ALWAYS 
GENERATE A NET GAIN OF FISH AND SHELLFISH? 
Many people believe continued growth in aquaculture will au-
tomatically relieve pressure on deteriorating wild fish stocks, al-
lowing their populations to recover while supplying an ever-in-
creasing demand for protein to nourish a growing human popu-
lation. However, current trends in the world aquaculture industry
do not always support that belief. As practiced today, aquaculture
is a mixed blessing for the sustainability of ocean fisheries. The
diversity of production systems leads to an underlying paradox:
aquaculture is a possible solution, but may also be a contributing
factor, to the collapse of fisheries stocks worldwide. The full
acknowledgement of this paradox is vital for the successful
development of aquaculture in eastern Africa. 

Feed Inputs 
The farming of carnivorous species such as grouper, sea bass,
shrimp, etc. requires vast quantities of wild-caught fish as feed -
indeed, 2 to 5 kg of wild fish biomass to produce a single kg
of these highly commercial species (37). In contrast, the farming
of herbivorous and omnivorous species such as rabbit fish,
milkfish, and tilapia that eat aquatic plants and algae, or oysters,
clams, and mussels that filter plankton from the water can make a
large contribution to local, regional, and global fish supplies as
well as food security. However, the trend toward industrial-scale
production also of herbivores and omnivores has led to increasing
use of manufactured feed pellets that incorporate fish meal and
fish oil, also for many of these species (37). 
At the same time as we are farming up the food chain, we are
fishing down the food web (38), partly as a result of increased
demands for fishmeal. Despite the surge in production of farmed
fish, the tonnage of wild fish harvested has not declined. As wild
catches of large, valuable carnivorous fish such as cod and tuna
have decreased, there has been a gradual shift to harvesting of
smaller, less valuable species such as anchovy that are ground into
fish meal or fish oil for use in manufacturing feed for livestock and
farmed fish. Currently, about II3 of the total harvest of capture
fisheries is used to produce fish meal, one third of which is used by
the aquaculture industry (37). Between 1986 and 1997,4 of the top
5, and 8 of the top 20 wild species harvested from the Ocean were
small fishes used in production of animal feed (39). The heavy
fishing pressure on small oceanic fish for fish meal has also led to
the depletion of food for wild carnivorous fish such as tuna, as well
as seals, dolphins, and sea birds. 

The wasteful resource use in feed management can be amel 



 

ing loss of nearly 10 billion fry of other fish
species alone. In India and Bangladesh where
ponds are predominantly stocked with wild
Penaells monodon shrimp fry, up to 1000 fish
and other shrimp fry are discarded for every
penaeid shrimp collected (5). The amount of
shrimp fry bycatch destroyed globally is
staggering and could have major
consequences for biodiversity and capture
fisheries production. 

Closure of the hatchery cycle by improved 
breeding and domestication programs would 
reduce the demand for wildcaught fish and
crustacean fry as well as 
broodstock, and consequently the bycatch
problems associated with these fisheries are
ameliorated (6). Another positive side effect
is that worldwide transfer of fry and
broodstock of cultured organisms would be
halted, thus minimizing the risk of introduc-
ing alien species and spreading disease. Tanzania mangrove clearance for salt production, which may be a

precursor to shrimp ponds. Photo: I. Bryceson.
aquaculture development at the expense of viable mangrove 
ecosystems, which threatens the livelihood of coastal 
communities. 

Contrary to common belief, most aquaculture systems 
developed in the last few decades, are not an independent food 
producing process, but are strongly coupled to Nature' s subsidies 
and services to sustain production. Important ecological 
principles should be borne in mind when planning for sustainable 
development of coastal aquaculture in Africa. The "ecological 
foot print" can help to indicate the development limitations of 
aquaculture systems (47, 48). Without clear recognition of its 
dependence on natural ecosystems, the aquaculture industry is 
unlikely to develop to its full potential or continue to supplement 
ocean fisheries. In line with Naylor et al. (37) we recommend the 
adoption of 4 priority goals for aquaculture in Africa: 

• Encourage farming of species lower on the food web-that is,
fish with herbivorous diets, filter feeders such as oysters or
plants such as seaweeds 

• Improve feed efficiency in industrial aquaculture systems and
develop substitutes for fish-derived feed ingredients 

• Develop integrated fish farming systems that use multiple
species to reduce costs and wastes while increasing productivity 

• Promote environmentally sound aquaculture practices and re-
source management. 

Much could be learnt from successes and failures in Asia.
Shrimp farming in Asia has been far from as successful as the
industry claims, especially when environmental costs are inter-
nalized. Despite heavy use of chemicals and antibiotics (49, 50),
the disease problems prevail and an increasing number of ponds
and entire farming areas have had to be permanently abandoned
(36). There is also an increasing awareness among consumer or-
ganizations in countries importing shrimp, and recently several
shipments from Asia have been stopped because of antibiotic
residues. In fact, some farmers are realizing these problems and
now reduce the farming intensity and overcrowding of shrimp
grow-out ponds by setting aside ponds for treatment of waste
water, creating buffer zones between ponds, and integrating sys-
tems for improved resource-use efficiency. Interesting experiments
with multi-species integrated systems (as those begun in Zanzibar)
may be further developed to combine silviculture of mangroves
with fishes (especially herbivorous and detritus-feeding species),
shrimps, crabs, clams, etc. as are being tried in several countries in
South East Asia. It is also important to appreciate and learn from
traditional knowledge based in coastal aquaculture technology in
Asia such as the Indian "pokali" and 

541

DISCUSSION 
Aquaculture is a very diverse activity with a large number of
species and technologies used, each with their environmental,
.social and economic impacts. There is a clear difference between
large scale intensive and industrial aquaculture that generates
export incomes, but also tends to produce more environmental
problems, and small-scale integrated aquaculture that satisfies the
protein needs of rural communities, and is more environmentally 
friendly. Both are needed in Africa, but have their restrictions and 
advantages, and must be developed within the capacity of 
ecosystems to maintain biodiversity, and sustain social and
economic development. 

The pressure for development of aquaculture of cash crops, such
as seaweeds, shrimp and abalone has mainly been by private 
investors, while attempts to improve local food security has largely
been pursued by aid and development agencies. However, success, 
especially for small-scale aquaculture, has so far been rather
limited in eastern Africa. One restriction to coastal 
aquaculture development in Africa has probably been the lack of
traditional knowledge in this field. Compared to Asia, where
aquaculture has traditions of more than 2000 years, fishing and 
intertidal gathering have until recently been the main ways of
obtaining food along the east coast of Africa. 

The future balance between farmed and wild-caught fish, the
total supply of fish available for human consumption, and the very
health of the marine environment will depend to a large degree on
future trends in aquaculture practices. One of the most unfortunate
development scenarios of aquaculture in eastern Africa would be if
all efforts were put on a rapid expansion and intensification of
shrimps and high-value carnivorous fish, where production of I kg
uses 2 to 5 kg of wild-caught fish processed into feed pellets. This
type of aquaculture definitely does not contribute to increased fish
supply, especially in a region where poor people usually eat small
fresh or dried pelagic fish. Apart from the risks of overfishing and 
collapse of local stocks, there is a risk that capital intensive
aquaculture will pay more for these small fish than the local
people can afford, then use it as feed for export commodities, thus
depriving local people of affordable fish. 
Bycatch problems associated with fry and broodstock fisheries, 
and large-scale deforestation of mangroves to accommodate
aquaculture ponds are other serious concerns that result in net loss
to seafood production in the region. As a paradox, the conversion 
of mangroves also challenges the aquaculture industry's own life-
support system. There is no excuse for major coastal



velopments of Integrated Coastal Zone Management (ICZM), 
Environmental (and social) Impact Assessment (EIA) and 
other organizational and institutional frameworks including 
trade rules and regulations. Governments have a key role to 
play in developing regulations to protect coastal ecosystems 
and in re-examining subsidies to unsustainable marine 
fisheries, Development agencies are strategically placed to 
help in developing and implementing sustainable production 
practices and in financing otherwise economically and sociaIly 
unattainable reforms in developing countries. If public and 
private interests act jointly to reduce the environmental costs 
generated by aquaculture, present unsustainable trends can be 
reversed and aquaculture can make an increasingly positive 
contribution to global fish supplies.  

Indonesian “tambak” system (5). The future development of coastal aquaculture in
eastern Africa must, however, be based on native species, and the local
environmental conditions as well as socioeconomic and institutional
setting. 

Principles of social equity and transparent democratic procedures are 
imperative if aquaculture is to be developed sustainably. Short-term profits 
for a small number of opportunistic investors should not be allowed to
infringe upon the resource access rights or to harm the long-term interests 
of coastal communities. In cases where awareness of environmental conse-
quences is low, or where the impacts do not affect profitability of the
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