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EXECUTIVE SUMMARY

Kenya has a coastline of about 1420 km. Along the coastline,
there are about 64 426 ha of mangrove forests with a large area
near Lamu island and at the mouth of the Tana River. The mangrove
forests playa significant role in maintaining the productivity of
coastal fishery resources providing nursery ground and shelter for
fish and shrimp.

\
Shrimp farming and fish culture in brackish~waterpond are the

main aquaculture systems that found attractive and having a high
potential for alternative use of mangrove forests while the
seafarming such as fish culture in netcages, oyster and seaweed
culture can be a substitution of non-destructive aquaculture
systems alternatives to pond culture. The benefit derived from
shrimp farms are relatively high when compared with forestry
products produced by natural managed mangrove. However the shrimp
culture required a high capital input and expensive to maintain,
and produced disappointing economic result due to low and declining
productivity whereas a natural mangrove is a self sustaining.

At present, only 3 950 ha of mangrove forests are found
suitable for the brackish-water aquaculture development. 58% of the
area are wi thin concession of 'sal t works. The remainings are 400
ha of the low ground area in Port Reitz, and 1000 ha of a high
ground on the North bank of Tana river. The areas suitable for
oyster culture are found along tidal creeks of Matondoni, Mto
Pungani, Mto Wange and Mangoni in Lamu (100 hal. About 5 ha in Paye
of Manda Bay are sui table for netcage culture developments. In
Mombasa, there are about 10 ha in Port Reitz, and 5 ha in Port
Tudor suitable for Tilapia spilurus netcage culture and 15 ha in
Gazi bay are suitable for Gracilaria culture developments.

The salt farms occupied 7 922 ha of the tidal flats and swamps
from the Ngomeni to Kurawa which 1000 ha are not being utilized.
In addition to the existing salt works there are 800 ha of swamp
land in Lamu are suitable for salt farms development. Brine shrimp
cuI tur'e offers another avenue for utilization of unproductive
existing salt ponds without destruction of the mangrove forests.
The economic return from brine shrimp farming is also high when
compared with those derived from salt pond operations.

The financial returns of the semi-intensive culture of ~
monodon culture, the Tilapia culture in brackish-water and in
netcages, and oyster culture in mangrove area are favorable whereas
the extensive culture of P. indicus and marine fish culture in
netcages, is not justifiable in economic terms due to high cost of
production and low market value of the product in Kenya.

vii



Recommendations

To reduce possible impact on capture fishery resources, the
mangrove must be left in a proportion that able to continue its
function in a highly productive manner to maintain the fishery
resources. For the brackish-water pond development, a protective
strip of mangrove must be maintained between the sea shore and pond
sites. The area to be alienated for the brackish-water pond
developments should be small in relation to the area of mangrove
in which the farm is located. Ponds should be sited to towards the
landward side of the mangrove forest, or if possible, where the
mangrove interfaces with other vegetation types of minimal value.
Use of the landward side of the mangrove forest for aquaculture
development not only for conservation of mangrove point of view,
but the farms would get benefit to be closed to existing facilities
such as roads, electricity and potable water.

Whatever, the presently unutilized areas suitable for shrimp
and fish pond development should be considered as possible sites
for brackish-water pond development. Attention should be made for
more efficient uses of the existing pond areas rather than
encourage further destruction or degradation of mangroves. This
involves a fundamental change in funding of aquaculture development
from financing which emphasizes credits for capital investments for
start-up to credits to increase efficiency of the culture systems,
improve siting design and construction for brackish-water pond to
be located outside the mangrove ecosystem, provide technical and
financial assistance to facilitate the selection of alternative
aquaculture sites outside of mangrove, stimulate the development
of other systems of coastal aquaculture which are compatible with
the s~stainable use of mangrove forests, and intensify the existing
ponds to increase in output to satisfy shrimp and fish growers as
a substitute for expansion of pond area.

In view of rational land-use and avoid conflicting between
users of the mangrove areas and coastal zone, the 3 200 ha of
mangrove forests and 135 ha of coastal zone adjacent to mangroves
should be des ignated and reserved for the coastal aquaculture
development. All the environmental impacts of different forms of
utilization of the resource should be assessed. The studies must
include detailed information on the life histories of mangrove
associated organisms of economic importance, comparative studies
on social and economic values of mangrove-associated fisheries and
ecological investigations of the impacts of mangrove destruction
and degradation (including pollution) on aquatic productivity in
and out side the mangrove systems. Such knowledge is essential if
integrated management of mangroves is to be undertaken on a
significant scale.

viii



1. INTRODUCTION

It has been recognized that mangroves are highly productive
ecosystems which are not only able to provide a range of valuable·
forest products, but also maintain estuarine water quality and play
crucial roles in the life cycle of many commercially important
species of fish and shrimp.

Mangrove resources are under growing pressure as a result of
population growth and economic development. The mangrove forests
are now being cleared for the construction of aquaculture ponds and
reclaimed for the cultivation of agricultural crops. While these
alternative forms of land-use can provide food for local
consumption or for export, an adequate balance must be sought
between the environmental benefits of the original mangroves and
the productive role of these ecosystems on a sustained management
basis.

1.1 Terms of reference

Under the direct supervision of the Director of FODO and under
the guidance of the Director, Fishery Resources and Environment
Division (FIRD), and in close collaboration with the FAO
Representative in Kenya, the FAO Mangrove Management Consultant,
and staff of the Forestry and Fisheries Departments, as well as the
Kenya Marine Fisheries Research Institute, the consultant will

i. Investigate the possibilities for the development of
types of fishery and aquaculture exploitation compatible
wi th the mangrove conservation and management systems
recommended by the Project.

ii. Forecast the sites and magnitude of the areas within the
mangrove system likely to be required for fishery and
aquaculture exploitation, and to estimate the costs of
possible alternative settings of such developments
outside the mangrove system.

iii. Prepare a report (field document) containing his
conclusions and recommendations.

1.2 Mission schedule

The mission covered the period from 2 September to 16 October
1990. The consultant was based at Nairobi which served as the
staging area for visits to various places along the coastline of
Kenya. A detailed itinerary is presented in Appendix I. During the
one and half month mission, the author met and was greatly assisted
by people from the Government of Kenya, particularly the Forestry
Department, Fisheries Department, Marine Fishery Research Institute
as well as from the FAO. A list of persons who assist him ,in one
way or another, to perform the duty is presented in Appendix ii.
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2. BACKGROUND

2.1 Nature of the coastline

Kenya has a coastline of about 1420 km (Table 1, Figure 1).
Of this, about 650 km are found in Lamu District. The coastline of
Kenya is very irregular, indented and fronted by several islands
of which the largest in the northern part are Lamu, Manda, Pate and
Kiwayuu islands. Halfway along the coast is Mombasa Island, and in
the southern part Funzi Island. Between and around the northern
islands lie many reefs and shoals, extending in places of five or
six miles offshore from their seaward coasts. The northern islands
have high sand hills on their seaward sides, and fringed by
mangroves. Their mainland coasts are almost entirely bordered by
mangroves. The northern end of the coast from the Somali border
down to the Northern coast of Ngomeni is in general illustrated by
mangroves and tidal flats.

Southward to Ras Ngomeni (including Ungama Bay), the shore
consists of sandy beach wi thin which are numerous creeks and
swamps. Approaching Mal indi and Mombasa, there are long sandy
beaches, backed by thick scrub and bushes, fringed coral reefs
extending in places to two or three miles offshore. The seaward
coast near Mombasa is tidal flat, but there are many over-hanging
cliffs, coral points and sandy beaches around Mombasa island. In
the southern end of the coast from Gaz i bay down to Tanzanian
border, a vast tracts of mangroves are observed. South of Chale
point, the coast is rocky and fringed with reefs (Funzi Island).

2.2 Mangrove forest resources

Along the coastline, there are about 64 426 ha of mangrove
forests with a large concentration near Lamu island and at the
mouth of the Tana River (Table 2).

2.2.1

Lamu district has the largest area of mangrove in Kenya
covering some 46 229 ha. It consists of three biggest islands,
Lamu, Pete and Manda. Except for the south or southeastern coast
of the Islands of Lamu, Pete and Manda and the short stretches of
the continental coastline directly exposed to the Indian Ocean, all
of the Lamu's tidal plains are covered with mangrove forests of
varying depths. The structure of the mangrove forests consists of
a narrow belt of Sonneratria in the seaward margins, a Rhizophora
belt of varying width, and an Avicennia belt at the highest reach
of the tide. A clear space is found directly behind or the middle
of the Avicennia in most places.
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The Lamu mangroves are characterized by their relatively low
elevation, with most areas less than 2.0m above datum. The clear
areas however are at least 2.75 m with most within 3.0 to 3.5 m
above datum. Only in Kimbo was a certain amount of clay-loam found,
the remainings were sandy with peaty characteristics.

The waters around the islands have a salinity level of 35-36
ppt. Wi thin the mangroves and the channels the water has rich,
green color indicating high productivity with transparency of less
than 2 m in most places.

2.2.2 Tana river

As described by Kokwaro (1984), the mangrove forest lining the
banks of Tana is totally different from those that are found
elsewhere along the Coast. Instead of Sonneratia or Rhizophora, it
encountered with a pure stand of evergreen rising as high as 25 m
of Heritiera littoralis. Beyond the evergreen zone, which extends
to a distance of 15 to 20 m from the river's edge, the vegetation
changes to Rhizophora mixed with Xylocarpus and Heritiera
littorialis. In some areas along the bank, there are large sand
ridges rising about 0.7 m above ground. This zone extends landward
for as far as 120 m covering of shrubs and thorn threes. Beyond the
sand ridge, the ground resumes its usual elevation. The vegetations
still consist of the large trees described previously as occurring
after the evergreen zone. Further on towards the high grounds, at
elevation above 3.5 m the Avicennia become dominant.

2.2.3 Kilifi

The elevation of mangrove areas within Mto Kilifi to Ngomeni
are ranging from 2.5 to 3.8 m. Dominant species are Rhizophora at
the lower area and Avicennia at the upper reaches of the tide. The
tidal flats behind the mangrove zone have elevations ranging from
3.5 to 4 m. These are the areas which have been developed as salt
farms. Many of salts farms intrude into the mangrove area and also
use up part of the scrub land immediately above the highest tide
level.

2.2.4 Kwale-Mombasa

Kwale and Mombasa districts possesses 9405 ha of mangrove
forests with a narrow belt of Sonneratria in the seaward margins,
a Rhizophora belt of varying width, and an Avicennia belt at the
highest reach of the tide. Most of areas associated with estuaries,
lagoonal islands and fringe formations in bays. Mombasa tidal flats
and swamps cover almost half of the northern portion of Port Tudor.
The tidal flats are covered by new growth, primarily of Rhizophora.
Together with tidal flats and swamps in the lagoons are estimated
to cover some 3 000 ha of which about 75 percent are in Port Reitz.
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2.3 Fishery resources

In 1988 Kenya had a total catch of marine fish about 4634 mt.
About 4 543 mt are exported at value of 7.72 million US.Dollars.
The import-export of fishery products of Kenya during 1985-1988 are
given in Table 3.

In Lamu district, there are about 3000 artisanal fishermen
operating captured fishery along the coast. From 1980-1989, the
catch has been declined from 2 600-1 143 mt (Table 4). Moreover,
the catch is not only decline in terms of weight, but its size also
becomes smaller. Lamu coastal water has fishing grounds at the
depth from 0-100 m about 2 107 km2 with a productivity of 1.36
mt/km2 (1984). The maximum sustained yield of fish is estimated
around 2 865 mt/yr. These evidences suggested that the coastal
fishery resources off the Lamu's coast has been exploited close to
the sustainable level since 1980. The declining of catch after 1981
suggested that the marine fishery resources off the Lamu's shore
are endangered and needs solutions to prevent further decline of
the resources.

Principal species of fish, crustaceans and molluscs with
economical importance associated with mangrove ecosystem in Lamu
for nursery ground, shelter during their juveniles· and adults are
snappers (Lujanus argentimaculatus, and Lujanus fulviflamus),
grouper (Ephinephelus malabericus, rabbit fish (Siganus sutor),
grunt (Pomadays opercularis), milkfish (Chanos chanos), mullet
(Mugil spp. ),Terapon (Terapon jarbua, Caranx (Caranx igrobilis),
shrimp (Penaeus monodon, P.indicus, crab (Scylla sp.,and Neptunus
sp.),and oyster (Saccostrea cucullata).

2.4 Roles of mangrove forests for maintaining the productivity of
Kenya coastal fishery resources.

Similar to mangrove forests in other parts of the world, the
mangrove forests of Kenya play a significant role in maintaining
the productivity of coastal fishery resources. Mangrove eco-system
provides material, substrate and shelter for coastal fisheries.
Figure 2. gives a simple illustration of the typical
interdependencies existing wi thin mangrove systems, showing the
natural pathways of materials from leaf detritus and other plant
productions inside the mangrove forests, and its subsequent
dissipation outwards and upwards in the food chain. This material
enters the aquatic system as leaves and sticks, and later in the
form of detritus and the excreta of herbivores, and is used as a
substrate for an abundant bacterial flora. It then passes in
sequence through the detritus feeders (shellfish and other
invertebrates), primary (small) carnivores, and secondary and
higher (large) carnivores. This food web of various components are
used by the human inhabitants of the coastal ecosystem.
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The mangrove system receives inputs from terrestrial systems
in the form of runoff and freshwater containing dissolved nutrient
salts, organic material and growth factors, bacteria and often,
pollutants e~ ther in suspension or adhering to silts, clays or
detrital material. The system provides similar outputs to offshore
areas, as well as providing habitats (nurseries) for many coastal
or even off shore species of commercial importance at one or other
stages of their life history. As a consequence of the high
productivity of the mangrove system, yields are correspondingly
high from the fisheries in mangrove-fringed coastal lagoons and
estuaries.

The economic importance of such 'transition areas' as
estuaries and lagoons to fisheries, is documented in various places
and is considerable. For example, it is estimated that as much as
90 percent of the U. S commercial catch, and 70 percent of the
recreation catch in the Gulf of Mexico, is made up of fish,
shellfish and crustacean species that spend all or a vital part of
the ir 1 i fe history in estuarine area (where mangroves form an
important part of the habitat). The relationship between mangrove
forest surfaced area and fishery yield, particularly for shrimp
fisheries has been demonstrated by MacNae (1974) for the Indo
Pacific Region, Martosubroto and Naamin (1977) for Indonesia,
Gedney et al, 1982 for Malaysia, and Turner (1977) for worldwide.

2.5 Natural products from mangrove resources

Table 5 lists the products produced from mangrove resources
and harvested by man. Mangrove forests provide timber for
firewood and a diversity of construction materials, including a
number of valuable and inexpensive components for construction of
fishing gear plus a wide variety of foodstuffs, traditional
medicines, agricultural and other products.

The mangrove forests of Kenya have been heavily exploited for
poles and firewood for both local consumption and exported to the
Oman and Iranian Gulf coasts. The mangrove trade has been declined,
because wood is unable to compete with more sophisticated building
materials in those areas and also cutting has been restricted for
local consumption only in order to conserve the mangrove forests.
At present mangrove wood are used for local consumption mainly for
building construction as supporters of native houses, and for
scaffolds of heavy constructions (70%), fuel wood (25%) and fishing
gears as stakes for shore-based fishing traps, fish attracting
shelters, and as a parts of canoes and boats (5%). A bark from
Rhizophora mucronata and Ceriops of Kenya's mangrove forests used
to export to England and Arabia for tannin extraction. The last use
is discontinued due to tagal yields an extract in which dark
elements are too abundant staining the leather too dark to allow
leather manufacturers to use a range of colors.
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3. FINDINGS AND CONCLUSIONS

3.1 Possibilities for developments of fishery and aquaculture
exploitation compatible with the mangrove conservations and
management systems.

Mangrove forestry, brackish-water pond culture, solar salt
production and agriculture are main forms of land-use in the upper
intertidal zone. Near the urban areas there are also some
reclamation activities for infrastructure (e.g. ports, marinas,
coastal roads), hotel and beach resort, housing and industrial
estates, garbage dumps. For this report only the possibilities for
the development of fishery and aquaculture exploitation compatible
with the mangrove conservation and management system are discussed.

The competition for land among mangrove, brackish-water pond
and salt works exists in some form of zonation according to tidal
and soil conditions. One may find a belt of mangrove trees at the
sea front, followed first inland by brackish-water ponds, salt pans
and then by rice fields. This zonation exists under natural
conditions. Both brackish-water ponds and salt pans are usually
constructed in former mangrove areas as these are on sheltered
shores with good water-holding sediment.

Two questions need to be asked when assessing the alternative
developments being proposed for mangrove areas, First, are the
expected benefits from conversion large and sustainable; and
second, what are the true costs (direct and indirect) of losing the
mangrove ecosystem. Unfortunately the directly marketed goods
(services) produced by a mangrove ecosystem represent only a
fraction of the total array of goods and services that yield
benefi ts to individuals and societies (Table 6). As a result,
mangroves are commonly considered as low-value ecosystems and are,
therefore, prime candidate for conversion to other uses such as
aquaculture ponds, salt works, and agriculture.

3.1.1 Brackish-water aquaculture

Mangrove areas are attractive for the development of coastal
aquaculture. One advantage of aquaculture in mangrove is that
user's rights can be acquired at relatively low cost from the
Government than it would have been if the land belongs to any
individuals. Other benefits are that the mangroves shield ponds
from erosion by wave action and from damage by storms. Physical
mechanical characteristics of soil in mangrove areas are usually
favorable for pond construction. The low elevation of mangrove
lands ensures that excavation and water supply costs is minimal,
and finally multiple-use conflicts in land acquisition are few
because the extraction of forest products represent only a fraction
of value obtained from other alternative uses of mangrove forests.
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However, there are natural factors which I imi t the use of
mangrove areas for pond aquaculture development. Among these are
acid sulfate soils, less than ideal tidal ranges in some tidal
forest areas, seasonally unsuitable salinity conditions, and
remoteness. Based on criteria for suitability of the potential of
a coastal aquaculture site given in Appendix iii, not all of the
existing mangrove forests of Kenya are suitable for the aquaculture
development. Some are too narrow in extent to be of any value.
Other do not have the desired soil type since some of the
swamplands are sandy and peaty type of soil. Some are far from the
seawater source. Some are poor access and communications. Based
on Yap and Landoy's report (1986) only 3950 ha are suitable for the
brackish-water aquaculture development (Table 7). The area can be
classified into two categories:

i. A lower ground sui table for tidal-dependent culture
systems: It consists of 800 ha of salt work concession
and the remaining 500 ha is a dense mangrove forest at
Port Tudor and Port Reitz Mombasa.

11. A higher ground suitable for pump-assisted system:
It consists of 1000 ha of dense mangrove forests
(Heritiera littoralis) on the North bank of the tana
river, 500 ha in the Tana river delta (Bellazoni Estate)
and 1000ha adjacent to the mangroves within existing salt
work concessions and 150 ha in Port Reitz, Mombasa.

3.1.1.1 Shrimp farming

Shrimp farming seems to be one of the prime candidate for
alternate uses of mangrove forest and received most attention from
private sectors. However, constraints of seed and feed supply as
well as marketing problem might hinder the development. Eventhough,
the culture trials carried out by Ngomeni pilot aquafarm of the
Department of Fisheries, Ministry of Regional Development during
1982-1986 had shown an encouraging results (Kongkeo, 1986).

Since 58% of land suitable for shrimp farm development are
within existing salt work concessions, the areas can be converted
into shrimp ponds at minimal cost. The estimated 800 ha of seawater
reservoir ponds available within the Ngomeni to Kurawa area has a
potential of producing at least 120 mt of P. monodon a year. This
could be achieved without interrupting the salt works operation
and without diminution in their salt production, and also not
destruction the mangrove forests. The salt work entrepreneurs have
advantages not only excess in financial and . availability of
infrastructure, but the cost to convert the existing salt works
into shrimp ponds is also minimal and the evaporating salt pans can
be used for brine shrimp biomass production to alleviate the
problem of feed supply for shrimp culture operations.
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Seed supply is another bottle neck for the shrimp farming
development. Based on shrimp seed survey made by Vandermaele in
1980-1981 and by Kuranty in 1982-1983, eventhough there are natural
seed of P.indicus and P. monodon occurring in the Ngomeni and on
the south coast of Shimoni, but the number captured is still
inadequate for big scale commercial operations.

At present there are two companies using the existing salt
works for shrimp farming purposes. One is in Vanga salt works with
an area between 5-10 ha. The farm are under the management of
Wanainchi Marine Products, who owned a cold storage and having a
shrimp hatchery to support the development. The other is Baobab
Farm who plans to develop some of the Tana salt works into a shrimp
ponds with a hatchery to produce fry for their own uses. The
existing hatchery at Malindi of the Fishery Department initiated
by KEN/80/018 in 1986 is no longer functional at the time visit.
Otherwise it can be another source of seed supply to support the
Kenyan shrimp farming developments which are in a turning point of
the industry.

Marketing of the farm-raised shrimp is another problem that
should not be overlooked, if the Government aims to develop a large
scale shrimp farm production for a source of foreign currency
earner and employment. At present, it seems not to be a constraint
due to only small supply of shrimp entering into the local markets.
The problem will arise once the farms starting to produce their
products. Unless the Government gears it for international markets
which has to compete with other shrimp production countries in Asia
such as Indonesia, Malaysia, Philippines, and Thailand. Only an
advantage that Kenya have is being near to the EEC markets. The
cost of freight might be cheaper and make the Kenya shrimp products
in a position to compete with those from other shrimp producing
countries in Asia.

3.1.1.2 Brackish-water fish culture

At least three species of herbivorous fish, rabbit fish
(Siganus sutor), Mullet (Mugil spp.), and milkfish (Chanos) are
suitable for brackish-water ponds. The advantage of these species
is due to their low trophic level organisms. It feeds mainly on
microorganisms, algae and lab-lab which is cheap to produce in the
brackish-water ponds. The fish can be raised either in monoculture
or integrating farming with shrimp. However their paucity of the
natural supply of seeds during initial stage of the development
might be a constraint. The problem can be gradually resolved by
establishing fish fry collecting industry to support the develop
ment. Milkfish has shown that it can be cultured in brackish-water
ponds with a fast growth rate, but marketing of the products might
be a serious constraint due to consumer preference. Since the
Kenyan rather prefer the meat-fish like nile perch or tilapia to
bonny fish.
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Apart from marine species, there is a species of freshwater
group, Tilapia spilurus, that shown remarkable tolerance to
salinity, surviving and growing in sea water. Its hardiness would
make it possible to farm them in shallower ponds and with less
water exchange rate than for shrimp. This would effectively extend
the elevation range that could be used for tide-dependent system
to as high as 3.0 above datum. Many areas deemed marginal for tidal
dependent shrimp farming would be acceptable for tide-dependent
Tilapia farming.

3.1. 2 Seafarming

Substitution of non-destructive aquaculture systems, in,
mangrove areas such as fish culture in netcages and oyster culture
as alternatives to pond culture, are other attractive management
proposals. However these culture systems require technological and
infrastructural inputs which are not available in Kenya at present
and would requires years to establish.

3.1.2.1 Cage culture

Cage culture is one of the coastal aquaculture system that
lends very well to disseminating among the poor due to requiring
Ii ttle physical facilities, low capital inputs, simple culture
technology, but good returns.

The marine fish occurring in Lamu mangrove forests and its
adjacent water sui table for cage and pen culture are mangrove
snappers (Lujanus spp.),groupers (Ephinephelus spp.) and rabbit
fish (Siganus spp). The snappers and groupers have been cultured
successfully in Indonesia, Hong Kong, Malaysia, the Philippines,
Singapore, and Thailand, but limitations of aquaculture inputs such
as seeds supply, trash fish and fishmeal, and low market values of
the fish in Kenya are major constraints that might hinder the
development. Unless the aquaculture inputs are solved and the
industry is geared for international markets and/or restaurant
catering for tourists who prefer the palatable delicacy food.

The Tilapia spilurus also offers a good potential for netcage
culture. The fish is popular for local market and commands a good
price (Table 21). The fish is found in mangrove forest having a
salinity up to 30 ppt. Its feeding habits also makes it possible
for intensive culture system to realize high· yields and
economically feasible. The fish is now being culture in cages at
the Red Sea in Jeddah where salinity is often above 40 ppt. This
raises the prospects of tilapia cage culture in sheltered waters
within Port Reitz, and port Tudor. Siganids might have a problem
of low market value when compared with Tilapia spilurus. Its slow
growth after attaining a size of 200 g might be also a limitation
for the species, but the fish can be kept in the netcages in
association with Tilapia for cleaning net purposes.
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Prawn, Penaeus monodon, also has a good prospect for netcage
culture. It has been successfully practiced in Indonesia, Singapore
and Thailand. However, similar to culture in brackish-water pond
seed and feed supplies and marketings are major constraints that
need to be solved before the operation can be realized.

3.1.2.2 Oyster culture

Oyster culture is another form of aquaculture that could be
established in shallow waters adjacent to mangrove forests. The
operations require simple technology and easy to disseminate to the
artisanal fishermen. In Lamu mangrove forests, colonies of
Saccostrea cucullata are found on mangrove branches and prop-roots
in large quantity. The young oyster size between 2-3 cm shell
length can be collected and planted on cement or mangrove poles
for further growth. Under culture conditions with less crowding,
the species can attain a size from 2-3 cm to 5-6 cm (shell length)
within 12-18 months. The disadvantages of this species is having
a slow growth and its' irregular shape make it not suitable for
cup-oyster catering in high class restaurant.

Such an approach to aquaculture in mangroves is very positive
because on one hand it increases the productivity and economic
value of the system while using mangroves themselves in a sustain
able way. This method has been successfully in Cuba which 40 per
cent of total oyster production come from culture in mangrove areas
(Cuba, 1984). However, at least, 12 years of applied research on
mangrove oyster biology, ecology and breeding experiments, culmina
ting in the development of a simple, inexpensive culture system
(Nikolic, Bosch and Alfonso, 1976) were required to reach the
present stage. This system can be perfectly applied to mangrove
forests in Lamu district. Problems that might confront the
development of oyster culture in Kenya are the increasing effect
of pollution in coastal areas. At present the Mombasa Marine
Fisheries Research Institute has carried out cultured trials in
Gazi creek by using rack methods. The oyster can attain a
marketable size of 5-6 cm within 10-12 months, but its irregular
shape make it less attractive and difficulty in finding markets for
the product. At present the small oysters are available in seafood
restaurants in Lamu as an hors d'oeuvre.

3.1.2.3 Seaweed culture

Along the southern coast of Ngomeni to Chale Point, there are
areas with coarse sandy bottom mixed with coral fragments and
fringed by coral reef suitable for Eucheuma and Gracilaria culture.
Since this culture system tends to be in coarse sandy beach, not
associated with mangrove forests and the development of this type
of culture not compatible with the mangrove conservation and
management systems, the matter will not be discussed here.
Gracilaria offers a good potential for growing in sandy substratum
where salinity ranging from 8-34 ppt as found in Gazi bay of
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Mombasa bordering to Kwale district. At present the Mombasa Marine
Fisheries Research Institute has been studied on species of
Gracilaria of Kenyan's coast that suitable for culture for alga
extract.

3.1. 3 Salt farming

The salt making industry in Kenya has been established since
1910. The industry has since grown, with a total of six companies
already operating and two more in the developmental stage. Together
with the eight companies occupy a total of 7 922 ha of tidal swamps
and tidal flats within the Ngomeni to Kurawa area (Table 8). Total
volume of raw salt produced in Kenya is estimated at 70 000 tons
per year (Ksh 700/ton).

3.1. 4 Brine shrimp farming

Another entry point for aquaculture are the evaporation ponds
where brine attains a concentration of 60-90 ppt. This would be
ideal for the brine shrimp, Artemia sal ina, culture. The brine
shrimp offers two valuable products cysts both for shrimp
hatchery, and live biomass for P.monodon culture. The production
of live biomass as direct feed even at a supplemental basis could
help alleviate of possible constraint to shrimp production in
Kenya.

In Kenya, Artemia can be seeded in salt works in two period,
January-March, and June-September. After 14 days at salinity
between 100-120 ppt, an average production-of 1.5 kg/day can be
obtained. The price of Artemia cysts in Kenya local market is 8000
Ksh/kg.The culture system can be developed by using the existing
areas under salt works concession without destruction of any
mangrove forest. The benefit per unit area from conversion of salt
works to brine shrimp ponds are relatively large when compared with
those derived from salt ponds. The initial capital investments are
also small, since the existing salt ponds can be used for brine
shrimp culture with little modifications.

3.2. Sites and magnitude of areas wi thin mangrove systems. required
for fishery and aquaculture exploitations

3.2.1 Brackish-water aquaculture development

As discussed in 3.1.1, only 2150 ha of mangrove forests are
suitable for new allocations of shrimp farms development. About 65%
of the area can be exploited for brackish-water aquaculture
development without disturbance to mangrove eco-system. The areas
are 400 ha of the low ground area at Port Reitz , Mombasa and 1000
ha of a high ground on the North bank of Tana river. The rest
should be preserved in their natural conditions to continue it's
function to maintain the fishery resource.
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Unfortunately, the vast mangrove and tidal flat areas in Lamu
are not suitable for brackish-water pond development due to sandy
nature of the substrate.

3.2.2 Seafarming development

Based on criteria given on Appendix III, the areas that
suitable for the oyster culture are along tidal creeks of Maton~i,
Mto Pungani, Mto wange and Mangoni in Lamu (100 hal and only 5 ha
in Paye of Manda Bay are suitable for netcage culture development
(Figure 3). The remaining areas in Mto Pungani, Mangoni, and Dodori
creeks are found not suitable for net cage culture development.
Some areas are not shelter and possessing a strong current. Some
areas are too far from fishing communities taking at least about
4-5 hrs by outboard engine boat to reach the size. Most of areas
in the inner part of creeks in Lamu do not have a water quality
sui table for marine species due to high contents of tannin and
suspended materials flowing out from mangrove forests as a result
of logging operations. In Mombasa district, there are areas
suitable for netcage culture of Tilapia spilurus. These areas are
10 ha in Port Reitz, 5 ha in Port Tudor (Figure 4). In Gazi creek
there are about 15 ha suitable for Gracilaria culture development
(Figure 5). The area can be accessible by road from Mombasa.

3.2.3 Salt farm development

The salt farms have been well established in areas behind the
mangrove zone having elevations ranging from 3.5 to 4.m. There are
now eight companies occupying 7 922 ha of the tidal flats and
swamps in the Ngomeni to Kurawa (Table 8). Only 1000 ha of mangrove
areas remain undeveloped outside the perimeter of the actual salt
works. But these areas are also within the salt work concessions.

Salt productions does not seem to interact with other land
uses except through competition for land and removal of the
mangrove forest. From the land-use point of view, the land can
brings more benefits if the excess salt works are converted to
shrimp ponds for shrimp production and/or to Artemia culture for
brine shrimp biomass as well as Artemia's cyst productions. For
long-term mangrove forestry managements, the lower salinity of
shrimp ponds will reduce the impact on environments to mangrove
forests due to the high saline water of salt works penetrating into
mangrove area through underground seepage. There are evidences
shown that the mangroves bordering to the salt works subsequently
are dieing off due to underground seepage of high saline water from
salt pans into the mangrove area.

3.2.4 Brine shrimp farm development

The brine shrimp culture can be developed using unproductive
existing salt works without destruction of mangrove forest. If 100
ha of salt works are used for brine shrimp culture operations, at
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least 63 mt of brine shrimp cysts with a value of 504 million Ksh
are produced a year.

4. ECONOMIC EVALUATION OF SELECTED CULTURE SYSTEMS

Financial models below are analyzed with a view to assess the
value of culture systems that can be alternative uses of mangrove
areas for aquaculture development to facilitate decision makers for
rational of land-uses.

4.1 Shrimp culture in brackish-water ponds.

Attention is made to two types of shrimp culture that have
been taken up by Kenyan since 1980's. The analysis can be a
guideline for Government Agencies concerned and private sector for
long-term planning for shrimp culture development in Kenya.

4.1.1 Semi-Intensive farming system

The model is based on the technical data obtained from the
culture trials carried out by the Ngomeni Aquaculture farm during
1982-1986 and up-dates with information received from interviewing
resourced persons met during the mission.

A.

B.

c.

Outputs
Number of shrimp at harvest
Average size at harvest
Weight at harvest
Ex-farm price

Inputs
Stocking density
Price of postlarvae
Feed, 34 Ksh/kg, amount
fuel 300 l/month
Labors, 10 labors,
Equipment-baskets ,nets
Lime 200 kg/ha,Cow dung 50kg/ha,
NPK 10Kg/ha, and Pesticide
Other items
Survival rate

300 000
30

900 000
195

50 000
60

180 000
30

1 000
20 000

7 080

50

pcs
g
kg
Ksh

pcs/ha
Kcent/pc
kg

Ksh/l
Ksh/month
per yr

Ksh/ha

per cent

For a 5-ha shrimp pond operating semi-intensive system
required the total capital investment cost of a around Ksh 1.18
million (Table 9). The annual production cost is Ksh 1.48 million
(Table 10). I f the product sold at a price of Ksh 195 per kg
(exfarm), the farmer will have a net return about Ksh 333 290 per
year. The pay back period is around 42 months. The cost of
production of shrimp per kg is Ksh 164. The net present value (NPV)
at the 5th year is Ksh 3.58 million and the rate of return (IRR)
is 37 percent (Table 11). The selling price given in this model is
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a minimum price at break-even point. Based on information obtained
from a shrimp dealer in Mombasa, the price of shrimp size about 30
g or above can reach 300-350 Ksh/kg for domestic market (Table 21).
This revealed that the semi-intensive as well as intensive culture
of P.monodon is economically viable.

4.1.2 Extensive farming system

The model is derived from a system used in Ngomeni shrimp
farm. The cultured species is mainly P. indicus. The fry used for
the operation is collected from the natural ground wi thin the
Ngomeni area. The annual production and residual value data for the
culture are following:

A.

B.

c.

Outputs
Number of shrimp at harvest
Average size at harvest
Weight at harvest
Ex-farm price

Inputs
Stocking density
Price of postlarvae
Lime 200 kg/ha, price
Cow dung (50kg/ha, price exfarm)
NPK 10Kg/ha, price/kg
Labors, 4 labors,
Equipment-baskets ,nets

Other items
Survival rate
Operating

420 000
12.5

5 250
200

40 000
20
1.5
1
6

1 000
20 000

70
3

pcs
g
kg
Ksh

pcs/ha
Kcent/pc
Ksh/kg
Ksh
Ksh
Ksh/month
per yr

per cent
crop/yr

The total capital investment and annual production costs of
a 5-ha shrimp farm operating extensive system is lower when
compared with the semi-intensive system (Tables 9 and 10). The net
return of the farm is also less. Table 11 shown that the operation
can be economically viable only the product can be sold at 200
Ksh/kg. The main factors contribute to uneconomically feasible of
the system are due to a low production per unit area and low market
price of the P.indicus when compared with those derived from semi
intensive culture of P. monodon. Under pond environments the
P.indicus is hardly grown beyond 15 S, and the growth becomes slow
after the fish attaining a size of 12 g. So it is not economical
to keep the shrimp beyond a size of 12.5 g. Another disadvantage
of P. indicus is sensitive to handling. The shrimp can not be
selected harvesting for the marketable size and left the undersize
shrimp in ponds for further growth as practiced in P. monodon
culture. Under the present Kenyan shrimp market, the shrimp (fresh
or frozen) size between 10-15 g can command a price only 120 Ksh/kg
at the most (Table 21)
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4.2 Fish culture in brackish-water ponds.

This model is based on technical inputs received from Baobab
farm in Mambosa with modifications for brackish-water pond culture.

A. Outputs
Number of Tilapia at harvest
Average size at harvest
Weight at harvest
Ex-farm price

B. Inputs
Stocking density
Price of fingerlings
Lime 200 kg/ha, price
Cow dung (50kg/ha, price exfarm)
NPK 100Kg/ha, price 6Ksh/kg
Labors, 10 labors,
Equipment-baskets ,nets
Feed,Tilapia pellet crude protein
35% conversion ratio 2:1, price

C. Other items
Survival rate
Rearing period 5 months
Growth rate

90 000 pes/crop
300 g

27 000 kg/crop
32 Ksh

2 pcs/m2
3 Ksh/pc
1.5 Ksh/kg
1 Ksh
6 Ksh

1 000 Ksh/month
64 000 per yr

6 Ksh/kg

90 per cent
2 crops/yr
2 g/day

The total capital investment cost of a 5-ha fish farm
operating Tilapia culture is about Ksh 1.19 million (Table 12). The
annual production cost is Ksh 1.54 mill ion (Table 13). I f the
product is sold at a price of 32 Ksh/kg (exfarm), the net return
is about Ksh 252 398 per year. Pay back period is around 60
months. Cost of production of Tilapia is Ksh 29/kg. The NPV at the
5th year is Ksh 4.42 million and the IRR is 39 percent (Table 14).
The analysis suggested that the operation is economically feasible.

4.3 Netcage culture

The production values of this model are based on a stationary
netcages which use mangrove wood supporting the netcages and
catwalks. One ha area accommodates 50 netcage units. One unit has
a size of 6.0mx6.0m each. each cage consists of 4 compartments size
3.0x3.0x3.0m each.

Tilapia : The model is derived from results obtained from culture
trials carrying out by Cruz and Ridha of Mariculture and Fisheries
Department, Kuwait Institute for Scientific Research, Salmiyah,
Kuwait (1990)



A.

B.

C.

Outputs
Number of fish at harvest
Average size at harvest
Total weight at harvest
Ex-farm price

Inputs
Stocking density
Price of fingerlings size 0.5g
Labors, 4 labors,
Nets 600 pcs@ 2000 Ksh
Supporting facility
Feed,Trout pellet 35% protein
price

Other items
Survival rate
Food conversion
Growth rate

3 888
396

154 159
31

120
3

1 000
1 200 000

216 384

6

90
2: 1
2.2

pes/unit cage
g
kg/yr
Ksh

pcs/m2
Ksh/pc
Ksh/month
Ksh/5yrs
Ksh/5yrs

Ksh/kg

per cent

g/day
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The total capital investment cost of a 1-ha fish farm
operating 50 netcage unit of Tilapia culture is about Ksh 2.82
million (Table 15). The annual production cost is Ksh 4.37 million
(Table 16). I f the product sold at a price of Ksh 31 per kg
(exfarm), the project will have a net return about Ksh 824 124 per
year. The pay back period is around 41 months. The cost of
production of Tilapia in netcages is Ksh 28/kg. The NPV at the 5th
year is Ksh 9.73 million and the IRR is 45 percent (Table 17).

Grouper This model derived from culture techniques successfully
practiced in Indonesia applicable to Kenya conditions.

A.

B.

C.

Outputs
Number of fish at harvest 1 575 pes/unit cage
Average size at harvest 800 g
Total weight at harvest 630 000 kg
Ex-farm price 32 Ksh

Inputs
Stocking density 10 pcs/m2
Price of fingerlings 10 KCent/pc
Labors, 10 labors, 1 000 Ksh/month
Nets 600 pcs@ 2000 Ksh 1 200 000 Ksh/5yrs
Supporting facility 216 384 Ksh/5yrs
Feed,Trout pellet 35% protein
price 5 Ksh/kg

Other items
Survival rate 90 per cent
Food conversion 3:1
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The total capital investment cost of a 50-netcage units
operating grouper culture is about Ksh 1.84 million (Table 15). The
annual production cost is Ksh 1.48 million (Table 16). If the
product sold at a price of Ksh 150 per kg (exfarm), the farmer will
have a net return about Ksh 680 898 per year. The pay back period
is around 33 months. The cost of production of grouper is about
128 Ksh/kg. The NPV at the 5th year is Ksh 6.13 million and the IRR
is 16 percent (Table 17).

Eventhough there are some possibility for netcage culture
development for groupers Epinephelus spp. and snappers Lu,janus
spp., but the cost-benefit analysis shown that the operation can
be economically viable only when the fish can be sold at a price
of 150 Ksh/kg at least (Table 17). However, the fish can fetch the
high price only when the product is sold as a live-fish for
restaurant catering as practiced in Indonesia, Hong Kong, Malaysia,
Singapore, and Thailand. In Lamu the price of fresh grouper in
local market is only 35-40 Ksh/kg (Table 21). Moreover when
compared with Tilapia netcage culture in Mombasa, the culture of
marine fish in Lamua required a higher capital investment due to
the area is more open and has to operate in a distance far form the
fishing village which required bigger boat. These make the culture
of marine fish in Lamu not economically viable.

4.4 Oyster culture.

The model is based on a low-yield system of oyster culture
achieved in Thailand of the following assumptions.

A. Outputs
Number of oyster harvested 100
Average size at harvest (with shell)
Total weight at harvest 10
Ex-farm price

000
10

000
20

pcs/ha/yr
pes/kg
kg/ha/yr
Ksh

B. Inputs
Stocking density 20 spats/stake
one m2 having 1 stake
Price of mangrove stake 10 Ksh/pc
Labors, 3 labors, 1 000 Ksh/month
Boat (Dhow) 800 000 Ksh/10yrs

c. Other items
Survival rate 50 per cent
8 kg (shell on) equivalent 1 kg meat wet wt.
Growing period 1 yr
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The total capital investment required for a 1-ha oyster farm
is about Ksh 226 800 (Table 18). The annual production cost is Ksh
105800 (Table 19). The net return is about 122 780 Ksh/yr with 24
months pay back period. The cost of production of oyster per kg
is Ksh 11. The NPV at the 5th year is Ksh 701 315 and the IRR is
23 percent (Table 20).

4.5 Brine shrimp farming

Under Kenya conditions, Artemia can be seeded in salt work in
two period, January-March, and June-September. After 14 days at
salinity between 100-120 ppt, an average production of 1.5 kg/day
can be obtained.

5. RECOMMENDATIONS

Mangrove provide attractive site for the brackish-water pond
culture developments, "and also function to maintain highly
productive and valuable capture fisheries. However, mangroves
might be rapidly disappearing from the nation's shorelines if the
mangrove forests are not properly conserved. For both of these
reasons, it is clearly advantageous for the Kenya Forestry
Department in collaboration with Fisheries Department and the
Department of Land for promoting the conservation of the nation's
remaining mangrove resources for fishery and aquaculture uses. In
order to have a rational use with a minimal loss and disturbance
to the remaining mangroves, the recommendations are as follows:

5.1. Preservation of a functional mangrove ecosystem

Mangroves are important both to provide sites for aquaculture
developments and to maintain capture fishery resources. Thus, for
the latter, mangroves must be left to continue to function in a
highly productive manner. For the former, at least a protective
strip of mangrove must be maintained between the sea shore and pond
sites. To ensure that mangroves continue to function in these ways,
it is advisable that the pond area to be devoted to pond culture
farm development should be small in relation to the area of
mangrove in which the farm is located.

From the fishery point of view, clear cutting over large areas
would provide a tremendous shock to the productive process of the
aquatic eco-system. Such destruction of large areas of riverine
mangrove would increase sediment flow, in turn impacting nearby
sea grass and coral reefs. Clear cutting along fringing mangroves
could result in excessive outflows of particulate and dissolved
organic matters with consequent smothering, shading and eutrophi
cation and subsequent reduction of nutrient inputs to adjacent
systems.
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In contrast, mangrove forest management for a sustainable
harvest as practiced in parts of Peninsular Malaysia and in the Rio
San Juan area of Venezuela (Frisk, 1984) do not greatly impact
fisheries, but have a posi tive effect on aquatic production by
increase in overall the "terrestrial" and aquatic production per
unit of managed area. This based on the assumption that a "climax"
mangrove forest has a low rate of production in comparison with one
which is still growing rapidly and which has net growth. Therefore,
more litter would be produced in the rapidly regenerating forest
than in the climax forest. Thinning to stimulate growth of
mangroves in managed forests such as is practiced in malaysia would
further stimulate litter fall.

To enable ~he Kenyan Government to benefit from the
experiences of other countries, exchanges of information, existing
knowledge among groups which actively support sustainable uses of
mangroves should be promoted. The ultimate objective of such
exchange should be the estimation of the economic benefits of
mangroves when they are managed on an integrated and sustainable
basis as against the costs which they are destroyed or degraded.
This, in tern will facilitate the develop-ment of integrated
management plans.

5.2 Use of reclaimed land

Where possible, the reclaimed mangrove lands, but not being
utilized, should be given first priority to brackish-water pond
developments. For example 800 ha suitable for shrimp and fish pond
cul ture development wi thin salt works concession, which are located
on reclaimed mangrove lands, should be considered as possible pond
sites for brackish-water farming development. An advantage is also
the clearing costs for fish ponds incurred would be minimal or
negligible.

Emphasize should be made on technical and financial assistance
which stimulates more efficient use of existing pond areas rather
than encouraging further destruction or degradation of mangroves.
This involves a fundamental change in the funding of aquaculture
development, from financing which emphasizes credits for capital
investments for start-up, to credits to increase the efficiency of
culture operations. Rapidly disseminate advances in siting design,
construction and aquaculture to be located outside of the mangrove
ecosystem. Government should provide technical and financial
assistance to facilitate the selection of alternative aquaculture
sites outside of mangrove, and stimulate the development of other
systems of aquaculture in mangroves which are compatible with the
sustainable use of mangroves.
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5.3 Intensification of the existing ponds

Another solution of viable mangrove management is
intensification of the existing ponds on the assumption that
intensification will provide an increase in output that will
satisfy shrimp and fish growers as a substitute for expansion of
pond area. However, in order to be able to achieve a high yield,
in addition to using pump for water circulation and water exchange,
complex management is required including feeding (based on a
knowledge of shrimp nutritional requirements), disease control, and
high stocking density.

5.4 Marginally productive areas

Those areas in the mangrove forest likely to contribute most
to capture fisheries by providing feeding and nursery areas, are
the portions of the forest which are most deeply frequently
inundated by tides. This corresponds to the forest areas which are
lowest in elevation and therefore, closest to the sea. Thus, to
reduce possible impact on capture fishery resources, wherever
possible, ponds should be sited to towards the landward side of the
mangrove forest, or if possible, where the mangrove interfaces with
other vegetation types of minimal value. Use of the landward side
of the mangrove forest for aquaculture development in practiced
with success in Thailand and in Ecuador. Apart from conservation
of mangrove, an additional benefit that is likely to occur is that
the farms would be close to existing facilities such as roads,
electricity and potable water. Thus, site development cost could
be reduced by such location. The disadvantages of such a location
for the ponds is that more pumping or canal construction might be
required because the landward side of the forest is more elevated
than the seaward side.

5.5 Coastal zone land-use planning

Land-use management plans should be formulated. This could
include five classes:

i. Areas to be preserved in their natural conditions, e.g.
as nation parks or parts thereof, for the protection of
wildlife, genetic resource, fisheries, etc.

ii. Areas to be managed as production forests,regeneration
must be ensured to maintain the resource and to protect
the interest of fisheries.

iii. Areas to be alienated for development of the brackish
water aquaculture ponds. Such areas should be clearly
demarcated and sui table forest areas should be left along
the coast and on river banks to serve as wind-breaks etc.
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i v. Areas to be used for salt works and cuI tivated for
agriculture should be on high grounds. For salt works,
the areas should be clearly separated from mangrove
forests at least 500 m as transition area to prevent
underground seepage of high saline water from salt pans
into mangrove areas. The transition area should be
maintained in their natural conditions to reduce the
impact to environments.

v. Areas for the construction of houses, industries etc.
Here also suitable mangrove areas should be maintained.

In view of rationale of the coastal resources and avoid
conflicting among users, land use in coastal zone such as for
commercial and sport fishing, aquaculture development, recreation
boating, navigation, waste disposal, mangrove preservations, the
areas should be clearly demarcated and incorporated into the
Seventh national Plan Development (1994-1998) It is recommended
that about 3 200 ha of mangrove forests (5% of the existing
mangrove forests) and 135 ha of coastal areas (10% of the coastal
area .1/) should be designated for brackish-water farming and
seafarming development purposes.

The 3 200 ha of mangrove forests would consist of 1200 ha of
the low ground area at Port Reitz Mombasa and 1000 ha of high
ground on the North bank of Tana river and 1000 ha in Tana river
delta (Bellazoni estate). The 135 ha of coastal zone consist of the
105 ha of coastal water adjacent to mangrove forest in Lamu
district (5 ha in Paye for netcages and 100 ha in Mangoni creek for
oyster culture operations) and 30 ha in Mombasa (10 ha in Port
Reitz and 5 ha in Port Tudor for Tilapia netcage culture and 15 ha
in Gazi bay for Gracilaria culture).

Areas suitable for shrimp culture development in Port Reitz
Mombasa and on the North bank of Tana river mentioned above should
be reserved for estate concept scheme only with a view to give the
opportunity to small holders to own and operate shrimp ponds and
to ensure that the benefits obtained from conversion of the
mangrove forests to shrimp ponds are large and permanent. Under
this scheme an appropriate government agency would obtain the
necessary financing, and undertake the design, construction and
overall management of the estate. The estate consists of family
size production units, as well as central support facilities and
services such as a pumping station, a hatchery-nursery complex, a
feed mill, a processing plant and the necessary "soft-ware"
support in the form of extension technicians and training
programme. Since limited area available per family, the operations
should be designed for the intensive system of P. monodon in order
to make the basic family pond viable •

.1/ Based on coastal area within 1 km radius from shore line
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In Lamu there are at least 800 ha of swamp land suitable for
salt farms development. Since the existing areas occupied by salt
works are large enough to produce salts for the domestic demands,
the area should be preserved in their natural conditions for
protection of mangrove forests in lower area.

5.6 Environmental impact assessment studies

For the development of rational land-use systems it is
necessary to assess, under local conditions, all the environmental
impacts of different forms of utilization of the resource. Semi
intensive and/or intensive shrimp farming systems can be a
potential source of pollution in form of eutrophication resulting
from excess fertilizers and feed. pesticides used against pests,
predators and diseases may also constitute a pollution source. The
studies must include the contribution of mangrove forests to
fisheries. Another priority is for detailed information on the life
histories of mangrove-associated organisms of economic importance.
Comparative information on mangrove-associated fisheries is
required to better estimated yields, particularly the social and
economic values of these fisheries. Possible pollution effects
should also be considered.

5.7 Socio-economic aspects

The studies should be closedly coordinated with economic and
socio-economic studies of the current and potentially compatible
land-use patterns. This implies the .collection of information on
fisheries, aquaculture, local and national economics, social
policies, and development goals. Research is required to support
the economic and social value estimation process. Ecological
investigations of the impacts of mangrove destruction and
degradation (including pollution) on aquatic productivity in and
around the mangrove systems. Such knowledge is essential if
integrated management of mangroves is to be undertaken on a
significant scale.

5.8 Alternative use of mangrove forests

Shrimp culture offers excellent opportunities for alternate
use of mangrove forests. However, the industry has been taken up
by the private sectors. The immediate and essential task is the
Government should have a definite policy to support the
development.

Apart from limitations in area available for shrimp farm
development, shrimp culture also required relatively large
investment and high level of farm management·per viable production
uni t. It is unlikely to cope by the small scale farmer unless
extending it to the grassroot farmers through the estate concept.
'venthough the value derives from shrimp farms are higher than
forestry products produced by natural managed mangrove, but the
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shrimp farm have proved to be expensive to construct and maintain,
or produced disappointing economic yield due to low and declining
productivity whereas a natural mangrove is a self sustaining.

Brine shrimp culture offers another avenue for utilization of
salt ponds without destruction of the mangrove forests. The
economic return from brine shrimp farming is relatively high when
compared with those derived from salt pond operations.

Fish farming in brackish-water pond has a good prospect to
util ize the exist ing reclaimed mangrove forests. To test the
economical viability of the model given in 4.2 the Fisheries
Department should carry out culture trials, using the existing
facilities at Ngomeni, with milkfish (Chano~, mullet and Tilapia
spilurus using natural food, lab-lab, as practiced in Indonesia and
in the Philippines.

In Lamu, the Department of Fisheries in corporation with the
Department of Forestry should establish pilot farms for oyster
cui ture with a view to test the economical viabil i ty of the
operation as shown in 4.4. In the mean times, the Marine Fisheries
Research Institute should play a major role to carry out the
applied research on mangrove oyster biology, ecology and breeding
experiments. If the results shown to be encouraging and have all
indications of generating an economically viable technology, a
long-term plan for a coastal aquaculture development should be
established and implemented.

5.9 Development programmes

In collaboration with the Nation of Kenya Rangeland Ecological
Monitoring Unit (KREMU) and Department of Fishery, the Department
of Forestry should request FAO/UNDP for technical assistance for
long term development programmes for mangrove management,
rehabilitation and land use. In this formulation, there is a need
for all tradition disciplines to participate in to realize and
integrated programme of forestry, fisheries and agriculture which
will meet the local needs for food, wood, income and employment.
The programmes should cover the use of remote sensing and
Geographical Information system (GIS) to get base-line
environmental data and mapping areas suitable for the development
of aquaculture and areas for rational use of mangrove forests and
coastal zone for seafarming development.
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Table 1 Length of Kenya's coastline by district
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District Length of coastline (km)

1 2

Lamu 422 650
Tana river & Kilifi 213 385
Mombasa 97 175
Kwale 142 210

Total length 874 1 420

Source: 1. Coppola (1989) based on aerial frame surveys
2. Yap and Landoy (1986) based on topographic maps

Table 2. Distribution of mangroves by district

district

Lamu
Tana River
Kilifi
Mombasa~/

Kwale

Total

Area (ha)
.1/ Z/

28 400 46 229
3 000 2 415
6 400 6 378
3 100 2 415
9 100 6 346

50 400 64 427

.1/ Source :Yap and Landoy 1986
Z/ Source :Forestry Department, 1989
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Table 3 . Import-export of Kenyan fishery productions

Types of fishery product 1985 1986 1987 1988

Yield (mt)

1. Fish, fresh, chilled, frozen 2500 2640 3873 4634
2 . Fish, dry, salted smoke 11182 10745 12301 14403

Import (Q = mt, V = 1000 US$)

1. Fish, fresh, chilled, frozen Q 707 83 1 0
V 14 22 4 0

2 . Fish, dry, salted smoke Q 269 181 120 97
V 73 53 35 45

3 . Crustaceans, molluscs Q 10 4 0 1
V 12 1 0 2

4. Fish, canned Q 16 49 2 30
V 43 47 2 29

5 . Crustaceans & molluscs Q 1 0 0 0
V 4 1 0 0

Export

1. Fish, fresh, chilled, frozen Q 227 784 2813 4543
V 379 1383 5019 7716

2. Fish, dry, salted smoke Q 14 100 45 120
V 97 151 181 317

3 • Crustaceans, molluscs Q 1204 426 388 492
V 819 1483 1523 2052

4. Fish, canned Q 10 8 2 0
V 28 6 10 0

5 . Crustaceans & molluscs Q 2 26 23 4
V 17 92 122 24
V 4 1 0 0

(Source FAO, ,1988)
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Table 4. Marine fish production in Lamu district, 1980-1989

Year Mt 1000 Ksh

1980 2601 7960
1982 1983 6900
1983 1851 7992
1984 1531 7036
1985 1282 6478
1986 1392 7721
1987 1341 8307
1988 1284 10030
1989 1143 12000

(Source Fisheries Department, 1990)



Table 5
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Direct and indirect products harvested from a mangrove
forest.

1. Direct products

Use Product(s)

Fuel

Construction

Fishing

Agriculture
Drug
Household
items
Textiles
production

Firewood for cooking, heating, smoking fish,
smoking sheet rubber and pumping bricks
charcoal, alcohol.
Timer for scaffolds and heavy construction
(e. g bridges), railroad ties, mining pi t props, deck
pilings beams and poles for building, flooring,
paneling, boat building materials, fence posts,
chipboards, glues.
Poles for fish traps, fishing floats, fish poison,
tannin for net preservation, fish attracting
shelters.
Fodder, green manure.
Medicines from bark, leaves and fruits.
Furniture ,glue, hairdressing oil, tool handles,
incense.
Synthetic fibers, dye for cloth, tannin for leather
preservation

2. Indirect products

Source Product(s)

Finfish Food, fertilizer
(many species)
Crustacean Food
(shrimp crab)
Molluscs Food
(oysters, mussels, cockles)
Bee Honey, wax
Birds Food, feathers, recreation (watching, hunting)
Reptiles Skin, food, recreation
Other fauna Food, recreation
(e.g, amphibians, insects)

Source Hamilton and Snedakar (1984)



Table 6.
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Economic comparison of various forms of land used in the
mangrove area of Kenya

Production
Kg/ha/yr

Price
Ksh/kg

Net income
Ksh/ha/yr Remark

Forestry
Timbers 0.24 .1/ 320 .1/ 77 Present income

Fishery inside estuarine 91 Z/ 30 2 730 Present income

Mangrove-dependent
Fishery outside (Lamu) 0.06 :J../ 30 1.8 Present income

Oyster culture
Stake method 10 000 .4./ 20 112 780 Potential income

(Table 20)
Shrimp farming

P.monodon
(semi-intensive) 1 800 195 333 290 Potential income

(Table 11 )
P.indicus

(extensive) 720 §../ 110 19 252 Present income

Fish farming
Tilapia culture 10 800 32 50 480 Potential income

(Table 14 )

Tilapia cage culture 154 159 31 824 124 Potential income
(Table 17)

Salt farming 9 000 0.70 6 300 Present income

Brine shrimp farming 270 8000 2 160 000 Potential income

Source :.1/ 0.24 m3/ha/yr, price 320m3/Ksh
Z/ Kepetsky (1985)
:J../ Estimation based on Sousa's data (1990)
.4./ with shell
§../ under management of private farm, actual production
Q/ Based on estimated yield 35 kg/m2, 1 ha accommodates 50

cage units, one unit consists of 4 compartments, size
3.00x3.00 each



Table 7. Potential shrimp culture areas in Kenya

Location Extensive Intensive Total (ha)

Tana River 0 1000 1000

bellazoni Estate 0 500 500

Ngomeni to Kurawa 0 1000 100q,\

Port Reitz 150 150 300

Port Tudor 350 0 350

500 2650 31501,.1

(Source :Yap and Landoy, 1986)

1/ Excluded a 800 ha of salt works reservoir in Ngomeni and
Kurawa.

Table 8. Areas of salt works occupied by private sector
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company

Tana salt works ~/

Kurawa salt works
(Name unknown)
Kristalline
Malini salt works
Kensalt salt works
Eundisa salt works
Ngomeni salt works

Total

(Source: Yap and Landoy, 1986)

Area (ha)

380
800

1 300
1 200

664
2 264
1 018

296

7 722

~/ Abandoned but proposed for rehabilitation



Table 9. Capital investment of a 5-ha shrimp farm
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Capital investment
Initial

cost
(Ksh)

Life Depreciated
expectancy annual cost

(yr) (Ksh)

Semi-intensive P.monondon culture

I. Fixed assets

1. Concession fee
2. Construction of pond

Ksh134000/ha lL,5 ha
3. Farm supporting

equipments
4. Shelter

5. Contingency fund
( 1. .4) x5%

Sub total

II. Working capital

III. Total capital investment

750

670 000

64 000
10 000

37 238

781 988

397 950

1

10

5
5

750

67 000

12 800
2 000

82 550

(1)+(11) 1 179 938

Extensive-culture of P. indicus

I. Fixed assets

1. Concession fee
2. Pond construction
3. Farm supporting

equipments
4. Shelter
5. Contingency fund

Sub total

II. Working capital

III. Total capital investment

(1)+(11)

750 0 750
670 000 10 67 000

20 000 5 4 000
10 000 5 2 000
35 038

735 788 73 750

186 228

922 016
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Table 10. Annual cost and production of a 5-ha shrimp farm

Annual cost of production (Ksh) (%) of
annual production

Semi-intensive culture P.monodon
I. Fixed costs

1. Depreciation
2. Cost of capital

20% interest

Total fixed cost

II.Variable costs
1. Postlarvae,5pcs/m2,50000pcs/crop,

2crops/yr,100 000pcs/yr@Ksh20/pc
2. Feed,FCR 2:1,Ksh10/kg
3. Labors,Ksh1000/month,15 labors
4. Fuel
5. Pesticide, lime and fertilizers
6. Maintenance (1 .. 5)x5%

82 550

20 000

282 550

360 000
540 000
120 000
108 000

9 000
56 850

6

15

21

13
37

8
7
1
4

Total variable cost

III.Total annual cost of production
(1)+(11)

Extensive culture of P.indicus
I. Fixed costs

1. Depreciation
2. Cost of capital

20% interest(Loan 900,000)

Total fixed cost

II. Variable costs
1. Postlarvae,40000pcs/crop,

3crops/yr,price Ksh20/pc
2. Labors,Ksh1000/month,10 labors
3 Pesticide, lime and fertilizers
4. Maintenance (1 .• 3)x5%

Total variable cost

III.Total annual cost of production
(1)+(11)

1 193 850

1 476 400

73 750

180 000

253 750

120 000
357 000

48 000
7 080

588 648

812 434

81

100

9

22

31

15
44

6
1

69

100



Table 11. Cost-benefit analysis of a 5-ha shrimp farm
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Cost-benefit Semi-intensive extensive

l. Total annual cost of
production 1 476 400 812 434 Ksh

2 . Annual yield 9 000 5 250 kg
3 . Cost of fish/kg (1)/(2) 164 155 Ksh
4. Sale price 195 200 Ksh
5. Annual return(2)x(4) 1 710 500 1 050 000 Ksh
6. Return per 100 Ksh

investment (4)/(3) 119 129 Ksh
7 . Taxable income (5)-(1) 278 600 237 566 Ksh
8. Depreciation 82 550 73 750 Ksh
9. Total annual cost

less depreciation (1)-(7) 1 393 850 738 648 Ksh
10.Gross return (5)-(1) 361 150 311 316 Ksh
11.Taxes (7)x10% 27 860 23 757 Ksh
12.Total capital investment 1 179 938 922 016 Ksh
13.Net return (10)-(11) 333 290 287 559 Ksh
14.Payout period (12)/(13) 42 38 months
15.NPV at 5th yr

(discount rate 15%) 3 578 222 3 126 618 Ksh
16.IRR @ 5 yrs

(approx. discount rate 20%) 37 25 Percent
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Table 12. Capital investment of a 5-ha fish farm operating
Tilapia culture

Capital investment
Initial
cost

(Ksh)

Life
expectancy

(yr)

Depreciated
annual cost

(Ksh)

I. Fixed assets
1 . Concession fee 750 1 750
2. Construction of pond

Ksh134000/ha,5 ha 670 000 10 67 000
3 . Farm supporting

equipments 64 000 5 12 800
4. Shelter 10 000 5 2 000
5 . Contingency fund

(1. .4)x5% 37 238
Total 781 988 82 550

II. Working capital 406 910

III. Total capital investment
(1)+(11) 1 188 890

Table 13. Annual cost and production of a 5-ha fish farm
operating Tilapia culture

Annual cost of production (Ksh) (% )

I. Fixed costs
1. Depreciation 82 550 5
2 . Cost of capital

20% interest 236 000 17
Total 318 550 21

II.Variable costs
1. Fingerlings, price 10 Kcent/pc 300 000 19
2 . Feed,FCR 2:1,6Ksh/kg 648 42
3 . Labors,Ksh1000/month,15 labors 180 000 12
4 . Fuel 24 000 1
5 . Lime and fertilizers 10 000 1
6. Maintenance (1..5)x5% 58 130 4

Total 1 220 730 79

III.Total annual cost of production 1 539 280 100
(1)+(11)



Table 14. Cost-benefit analysis of a 5-ha fish farm operating
Tilapia culture

Cost-benefit
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4 423
20%)

1. Total annual cost of production
2. Annual yield
3. Cost of fish/kg (1)/(2)
4. Sale price
5. Annual return(2)x(4)
6. Return per 100 Rp investment (4)/(3)
7. Taxable income (5)-(1)
8. Depreciation
9. Total annual cost less depreciation

(1)-(7)
10.Gross return (5)-(1)
11.Taxes (7)x10%
12.Total capital investment
13.Net return (10)-(11)
14.Payout period (12)/(13)
15.NPV at 5th yr (discount rate 15%)
16.IRR @ 5 yrs (approx. discount rate

1 539
54

1 728

188
82

1 456
271

18
1 188

252

280
000

29
32

000
112
720
550

730
270
872
890
398

57
972

39

Ksh
kg
Ksh
Ksh
Ksh
Ksh
Ksh
Ksh

Ksh
Ksh
Ksh
Ksh
Ksh
months
Ksh
Percent
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Table 15. Capital investment of net cage culture, 50 cage units
size 3.0x3.0x3.0m each

Capital investment
Initial

cost
(Ksh)

Life
expectancy

(yr)

Depreciated
annual cost

(Ksh)

Tilapia

1. Fixed assets

1. Net 800 000 2 400 000
2 Supporting facilities 216 384 5 43 277
3 . Farm equipments 10 000 5 2 000
4. Boat 40 000 10 4 000
5 . Shelter 20 000 5 4 000

6 . Contingency fund
(1 .. 5)x5% 54 319

Sub total 1 140 703 453 277

II. Working capital 1 676 803

III. Total capital investment
(1)+(11) 1 817 506 453 277

Grouper

1. Fixed assets

1. Net 800 000 2 400 000
2 Supporting facilities 216 384 5 43 277
3 • Farm equipments 10 000 5 2 000
4. Boat 80 000 10 8 000
5 . Shelter 20 000 5 4 000

6. Contingency fund
(1..5)x5% 5 6319

Sub total 1 182 703 457 277

II. Working capital 662 256

III. Total capital investment
(1)+(11) 1 844 959 457 277
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Table 16. Annual cost and production of netcage culture, 50 cage
units, size 3.0x3.0x3.0m each

Tilapia Grouper

Annual cost of production Ksh Percent
-------------------------------------------------------------
I. Fixed costs

1. Depreciation 453 277 10 457 277 31
2 . Cost of capital

20% interest 560 000 13 360 000 24

Total fixed cost 1 013 277 23 817 272 55

II.Variable costs
1. Seed 1 296 000 1 192 000 13
2. Feed, 1 849 910 53 414 720 28
3 . Labor 48 000 1 240 000 2
4 . Maintenance

(1. •. 4)x5% 159 696 4 31 536 2

Total variable cot 3 353 606 72 662 256 45

III.Total annual cost of production
(1)+(11) 4 366 883 100 1 479 533 100
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Table 17. Cost-benefit analysis of net cage culture,50 cage units,
size 3.0x3.0x3.0 each

----------------------------------------------------------------
Cost-benefit Tilapia Grouper

----------------------------------------------------------------

45 Percent

1. Total annual cost
of production

2. Annual yield
3. Cost of fish/kg (1)/(2)
4. Sale price
5. Annual return

(2)x(4)
6. Return/100 Ksh investment

(4)/(3)
7. Taxable income

(5)-(1)
8. Depreciation
9. Total annual cost

less depreciation (1)-(7)
10.Gross return

(5)-(1)
11. Taxe s (7) xl 0%
12.Total cap. invest.
13.Net return (10)-(11)
14.Payout period (12)/(13)
15.NPV at 5th yr

(discount rate 15%)
16.IRR @ 5 yrs

(discount rate 20%)

4 366 833 Ksh
154 159 kg

28 Ksh
31 Ksh

4 778 935 Ksh

109 Ksh

412 050 Ksh
453 277 Ksh

3 913 606 Ksh

865 329 Ksh
41 205 Ksh

2 817 506 Ksh
824 124 Ksh

41 Months

9 726 763 Ksh

1 479 533 Ksh
11 520 kg

128 Ksh
150 Ksh

1 728 000 Ksh

117 Ksh

248 467 Ksh
457 277 Ksh

1 022 256 Ksh

705 744 Ksh
24 847 Ksh

1 844 958 Ksh

33 months

6 133 391 Ksh

16 Percent

Table 18. Capital investment of oyster culture of 1-ha farm

Capital investment
Initial

cost
(Ksh)

Life
expectancy

(yr)

Depreciated
annual cost

(Ksh)

I .

II.

Fixed assets
1 . Culture facilities 100 000 5 20 000
2 . Boat 80 000 10 8 000
3. Contingency fund

(1 .. 2)x5% 9 000
Sub total 189 000 28 000

Working capital 37 800

III. Total capital investment
(1)+(11) 226 800 28 000



Table 19. Annual cost and production of oyster culture
of 1-ha farm
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Annual cost of production

I. Fixed costs
1. Depreciation
2. Cost of capital 20% interest

Total fixed cost

II.Variable costs

1. Labors, Ksh1000/month,3 labors
2. Maintenance(lx5%)

Total variable cost

III.Total annual cost of production
(1)+(11)

Ksh

28 000
40 060

68 000

36 000
1 800

37 800

105 800

Percent

26
38

64

34
2

36

100

Table 20. Cost-benefit analysis of oyster culture of
a 1-ha farm

Cost-benefit

1. Total annual cost of production
2. Annual yield
3. Cost of fish/kg (1)/(2)
4. Sale price
5. Annual return(2)x(4)
6. Return per 100 Ksh investment (4)/(3)
7. Taxable income (5)-(1)
8. Depreciation
9. Total annual cost less depreciation

(1)-(7) 2 829 200 Ksh
10.Gross return (5)-(1)
11.Total capital investment
13.Net return (10)-(11)
14.Payout period (12)/(13)
15.NPV at 5th yr (discount rate 15%)
16.IRR @ 5 yrs (approx. discount rate 20%)

105 800
10 000

11
20

200 000
189

94 200
18 000

77 800
122 200
226 800
112 780

24
701 315

23

Ksh
kg
Ksh
Ksh
Ksh
Ksh
Ksh
Ksh

Ksh
Ksh
Ksh
Ksh
months
Ksh
Percent
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Table 21. Retail price of marine fish and shrimp suitable for
farming in local markets in Lamu, Mombasa and Nairobi

Species

Epinephelus

Lutjanus

Tilapia

Penaeus (12-15 g )

Penaeus (30 g and above)

Artemia cysts

Price/kg (Ksh L1/

35-40

35-40

40-45

110-120

300-350

8000-8500

1/ Based on retail price quoted in Sept, 1990
Z/ 23 Ksh = 1 US$
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Figure 3. Area Suitable For Sea Farminc;j Development In Lamu
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Fiqure 5. Area Suitable for Gracilaria culture development in Gazi Bay
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APPENDIX I. MISSION SCHEDULE (continued)

21 Friday

22 Saturday
23 Sunday
24 Monday

25 Tuesday
26 Wednesday

18

19
20

27

28
29
30

Tuesday

Wednesday
Thursday

Thursday

Friday
Saturday
Sunday

Departure Mombasa to Malindi by land.
Mr. S.W. Kahunyo, Assistant Kirifi District
Forest officer, Mr.B.W Kayu, Malindi District
Officer met. Under direction of Mr.G. Mjomba,
Fisheries Extension officer and Mr.Munyau
Officer of Gede Forest Station, Ngomeni
Aquaculture Farm and Salt works were visited.
Discussions were made with Mr.S.Mwaura,
shrimp farmer on production and system used
at Ngomeni Aquaculture Farm.
Departure Malindi for Lamu by air
Meeting fisheries officers, and forestry
officers of Lamu. With Forestry of Lamu,
discussions were made for tentative plan for
survey in Lamu district. Testing the boat
engine and make the necessary preparations for
the survey.

Survey of Motondoni area and Mto Pungani creek
for suitable site for seafarming development.

Survey of Mto Wange, Mongoni and Dodori creeks
for sui table size for cage culture development.
Consolidation of field data collected.
Departure Lamu for Mombasa, arrangements made
for meeting with mr R.D. Haller of Baobab farm
for up-date data on Tilapia culture in Mombasa
area.
Discussions were with Mr.Mahmud Y.K.Tung of
Wanchai Marine Products (K)Ltd.and Mr. Adrian
G. Hiller, Director of Gyma good years marine
agriculture Ltd. regarding the hatchery fry
productions as well as the production targets
for their grow-out pond in Vanga salt works.
Mr. Rene D. Haller and Miss Sabine of Baobab
Farm met for information about the Tilapia
spilurus 's fry and price concerned. Survey of
Gazi bay, Port Tudor and Port Rietz for
suitable site for aquaculture development.
Return to Nairobi via Mombasa



APPENDIX 1. MISSION SCHEDULE (continued)

Oct 1 Monday Consolidation of field data.
2 Tuesday Report preparation
3 Wednesday Report preparation
4 Thursday Report preparation
5 Friday Report preparation
6 Saturday
7 Sunday
8 Monday Report preparation
9 Tuesday Finalization of draft report and briefing at

FAOR office in Nairobi
10 Wednesday Departure for Rome
11 Thursday Briefing, Rome
12 Friday Briefing,Rome
13 Saturday
14 Sunday
15 Monday Briefing, Rome
16 Tuesday Departure for Bangkok


