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Summary 

This case study documents the development of earthen pond mariculture from the late 
1980s to 2009 in Kenya and prospects of community milkfish (Chanos chanos) culture 
using satellite farmers along the coast of Kenya, as well as challenges to this kind of 
farming and approaches towards sustainability. Pond mariculture was started in the 1980s 
by the Kenyan Fisheries Department through the onset of prawn farming (Penaeus indicus 
and P. monodon) in large scale demonstration ponds at Ngomeni under funding from FAO 
(www.fao.org/docrep/field; www.unep.org/caf/docs/kenya). The total culture area was 
estimated at 60 ha and milkfish occurred as a by-product of the prawn culture operations 
with indications of good growth. Similar observations were made for the milkfish in the 
artisanal Kwetu prawn culture pond (0.8 ha) that was started in the late 1990s, and one 
individual middle-scale farmer in Mtwapa creek (Wampare) who had interest in prawn 
culture at the time and constructed ponds covering an area of 3 ha. The initial 
recommendations for the potential to culture milkfish in Kenya were made through a 
research project (Mwaluma, 2002) whose objectives were to assess the potential of mud 
crab (Scylla serrata) pen culture in natural mangrove channels at Mtwapa creek. Intense 
participatory research into potential for milkfish culture coupled with extension was 
initiated at the Kwetu Training Centre along the Kenya coast with satellite groups in 2004. 
Consequently, improvements have since been achieved with wild seed collection in 
mangrove pools, use of chicken manure as organic pond fertilizer, and dependency of tidal 
water exchange, which has led to a maximum growth rate of 1.2 g/day. The demand for 
milkfish production has increased greatly among the coastal poor (Mirera, 2009b) and 
presently (Sept 2009) five communities have constructed more than 25 milkfish 
production ponds with a maximum production capacity of more than 70 kg per crop. These 
farmers have appreciated the contribution of milkfish culture to achieving food security 
and income generation for their families. The first harvest of milkfish in the community 
ponds were bought by the research/extension officer, and were fried and eaten together 
by all members of the community (including none group members) to demonstrate that 
milkfish can grow under local culture conditions. In subsequent harvests, the whole 
community is informed a day before the harvest, whereby they come to the farms during 
harvesting and buy the fish in quotas at two dollars per kg. 

All SARNISSA case studies will be included 
in the Aquaculture Compendium, an 
interactive encyclopaedia with worldwide 
coverage of cultured aquatic and marine 
species.  www.cabicompendium.org/ac 
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Sustainability and income opportunities of farming 
milkfish (Chanos chanos) to the local communities in 
Kenya: assessment of initial trials in earthen ponds 

Background 
 

Finfish mariculture in East Africa is still in its infancy and undeveloped (Bryceson, 2002) 
compared with Southeast Asia where it forms a significant proportion of the economy 
(FAO, 2000). In the marine environment in East Africa, finfish culture has focused on 
culture of milkfish (Chanos chanos), mullet (Mugil cephalus) and rabbit fish (Siganus 
sutor). The latter are less tolerant to sudden changes in environmental parameters 
(Mmochi and Mwandya, 2003). Milkfish and mullet often occur together in coastal 
wetlands. They consume similar food items, mainly the abundant detritus comprising of 
lablab (benthic algae) and lumulut (filamentous algae) (Bagarinao, 1999). 

In East Africa and parts of Asia milkfish and mullet farming has been quite extensive using 
small ponds of 0.5- to 1.0-m deep depending on tidal water exchange, natural food, 
minimal use of fertilizers and low stocking density (2-3 fish per m2) (see Mmochi and 
Mwandya, 2003; Bagarinao, 1999). In Kenya, milkfish and mullet have mainly been by-
catch from the earthen Ngomeni prawn pronds since the early 1980s. They were also 
caught in Wampare’s private prawn farm in Mtwapa creek in the 1990s and also at Kwetu 
Training Centre’s (www.kwetukenya.org) prawn pond in the late 1990s (Mwangi et al., 
2000). In the recent past, milkfish and mullet have been harvested as by-catch from mud 
crab pens constructed by enclosing natural channels and pools (Mwaluma, 2002, 2003) 
that led to the 1st 'acadja' marine fish culture trial installed inside mud crab pens at Kwetu 
Training Centre www.ramsar.org/sgf. Researchers from Kenya Marine and Fisheries 
Research Institute (KMFRI) http://www.kmfri.co.ke/ and Moi University 
http://www.mu.ac.ke/ carried out trials in 2004. 

Participatory milkfish research, extension and production in Kenya is hence estimated to 
have begun recently and is only 6 years old (Mirera, 2007) with a relatively longer (10 
years) research history in Tanzania (Mwangamilo and Jiddawi, 2003). Milkfish is 
considered to be suitable for mariculture in Asia and the western Indian ocean region due 
to its tolerance of varied levels of oxygen and salinity (Smith and Heemstra, 2003; Mmochi 
and Mwandya, 2003; Mirera, 2007), which is a common characteristic in the intertidal 
earthen ponds used for culture. The upward trend in milkfish production facilities (ponds) 
and attained harvests for the past six years (2004-2009) within the various satellite 
coastal communities in Kenya indicates their significant potential as a livelihood 
alternative. 
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Map showing the location of Kenya and bordering counties. 
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Description 

This case study discusses community satellite milkfish farming using earthen ponds along 
the Kenyan coast. It reports innovations that have been taken up and adapted to change 
the character of the historical fishing communities into fish farmers, and the associated 
challenges and recommendations for sustainability of these new food production systems.  

 

Map showing the villages doing milkfish culture with proximity from Mombasa city 

Kenya Marine and Fisheries Research Institute (KMFRI, http://www.kmfri.co.ke/) and 
Kwetu Training Centre are carrying out major research in the production of milkfish along 
the Kenya coast using fingerlings collected from the wild. Effort has been made to assess 
the seasonal availability of fingerlings for stocking the culture ponds since there is 
currently no hatchery production of juveniles in sub-Saharan Africa to supply seed stock. 
Other aspects that have been investigated with respect to milkfish culture in Kenya 
include; water quality requirements and seasonality in milkfish growth. The government 
fisheries officers along the coast of Kenya, Kwetu Training Centre (www.kwetukenya.org) 
and the Anglican Church of Kenya (http://www.ackdoss.org/) have been at the forefront of 
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providing extension services to the satellite milkfish farmers along the Kenyan coast. 
Milkfish mariculture research in Kenya has also received support from the Commission for 
Higher Education (http://www.che.or.ke/) through Moi University, Western Indian Ocean 
Marine Science Association (WIOMSA, http://www.wiomsa.org/) and Coastal Oceans 
Research and Development in the Indian Ocean (CORDIO EA, http://www.cordioea.org/). 

Milkfish culture systems and siting 

Milkfish farming is carried out in small earthen ponds (12 m x 12 m, or 12 m x 15 m within 
in communities (http://www.nation.co.ke/magazine/artandculture) with relatively larger 
ponds at Kwetu Training Centre 29 m x 31 m) constructed on the intertidal mangrove sand 
flats with no mangrove tree cutting. 

 

Layout of the milkfish fish pond with outlets and inlets 

©David Oersted Mirera 

The elevation of the earthen pond culture sites varies between 0.5° and 1.1° while the 
water depth in the ponds is maintained at 0.8 to 1.2 m. The ponds are mainly surrounded 
by a mixture of mangrove tree species; at the upper landward side by Avicennia marina 
(local name Mchu) and at the lower ocean side by a mixture of Ceriops tagal (local name 
Mkandaa) and Rhizophora mucronata (local name Mkoko); however, in some areas 
Avicennia marina may occur on both sides. 
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Milkfish culture trials 

The development of mariculture in Africa has experienced several setbacks including lack 
of appropriate technology; poor or no extension services; high cost of labour per unit 
output (Christensen, 1995); lack of documentation on possible impacts to the 
environment; lacking in facilities, infrastructure and government policies. Despite this, the 
demand for marine fisheries production is increasing with the expansion of tourism and 
increasing human population (Zanzibar Department of Statistics, 1997). 

Going by the recommendations of Mwaluma (2002), milkfish culture could be explored for 
possible polyculture in pens together with crabs so as to increase income for the crab 
farmers. It was from this primary recommendation that intensive milkfish research was 
initiated using a 0.018-ha earthen pond in 2004 at Kwetu Training Centre. The milkfish 
research aimed at modifying the technology used in Southeast Asia into local conditions 
and to assess its applicability. A simple earthen pond was constructed using as little money 
as possible and trials made through two production cycles in a year before the results were 
disseminated to the farmers. The research results indicated that milkfish grew well under 
the earthen pond conditions in the intertidal area where there were greater fluctuations in 
salinity and temperature, indicating high level of tolerance to environmental factors. 
After developing knowledge of simple marine fish pond construction, fingerling collection, 
and the culture and growth cycle for milkfish, it was seen necessary to disseminate the 
technology to interested communities for participatory research with the aim of setting up 
a farmer field school and a demonstration farm in two coastal districts to enable easy 
accessibility and sharing of technology. Hence the initiation of milkfish farming at 
Makongeni’s Baraka conservation group as well as Majaoni Youth Development group in 
2005. 

Milkfish technology was first researched and tried at Kwetu Training Centre with assistance 
from Kenya Marine and Fisheries Research Institute where it was first proven to work and 
to be financially viable before dissemination to the communities for implementation 
(www.wiomsa.org/newsbrief). Any method that did not work was discarded or modified 
until satisfactory results were attained. Through this approach confidence in provision of 
services to the farmers was achieved and chances of discouragement, non- or delayed 
adoption of the technology were minimized. 

Milkfish grow faster during the dry season (1.21 g/day) than the wet season (0.5 g/day) in 
earthen ponds where organic manure is applied to promote primary productivity (Mirera, 
2010) reaching market size within 3 months during the dry season and four months in the 
rainy season (Mirera, 2007). Therefore highest production could be realized during the dry 
season because of the abundant lab-lab production that is observed floating on the surface 
of ponds prompting active feeding by fish unlike the wet season when lumut takes over 
(Bagarinao, 1999). 

The focus on milkfish research and production in Kenya is now in its advanced stages, with 
greater potential of higher production for sustainability of the coastal poor. Five key 
strategies were used to promote milkfish as a potential candidate for mariculture in 
satellite communities along the Kenyan marine waters: Farming, Research, Extension, 
Training and Silvofisheries techniques (www.wiomsa.org/newsbrief/september2006). 

Farming 

Culture ponds are designed to allow seawater to flow from the creek and bay to exchange 
up to 40% of the pond water every fortnight at high spring through four inch PVC overflow 
pipes. The PVC pipes are covered with screen nets on both sides to filter predator fish from 
incoming and out flowing water. They are fixed on the pond dykes at one meter from the 
pond bottom to enable retention of 0.75 m water depth in the pond at all times during 
culture. The tide helps to enrich the culture ponds with planktonic materials and nutrients 
from the Ocean water to develop the required lablab (benthic algae), which the milkfish 
consume, whilst also replacing any water lost due to evaporation. 
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Milkfish earthen pond in one of the community sites showing overflow/inflow pipes and stand 
pipe for pond drainage 

©David Oersted Mirera 

Ponds are fertilized with chicken manure as a supplement at neap tide (when the tidal 
range does not allow water to enter the ponds) every fortnight. Dry chicken applied as 
organic manure is bought from the local villages at US $1 (70 K Sh) per 30-kg sack. The 
manure is applied at the rate of 15 kg per pond per 2 wks by floating in tied up manila 
sacks at opposite corners of the pond to enable slow release of nutrients (Mirera, 2010) for 
primary production and to avoid oxygen depletion due to decomposition. Replacement of 
old manure sacks is done after every two weeks following recommendations by Knud-
Hansen (1998). Experiments using bamboo stakes in milkfish ponds as substrates for 
periphyton have been carried out and preliminary data shows good performance (Liti et al, 
2008), though more investigation on the same are needed to assess their effectiveness. 

Limited feeding with wheat bran is provided to the cultured fish during experimental trials 
(Mirera, 2010) to assess growth performance (www.Iucn.org/esaro ). Wheat bran was 
chosen for milkfish culture trials because of its availability in coastal towns at affordable 
prices. 
History of milkfish production in Kenyan satellite communities since 2004. The production 
is limited to one crop per year. 
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Milkfish culture earthen ponds at Majaoni Youth Development Group farm 

©David Oersted Mirera 

 



 

  10

EC FP7 Project, SARNISSA Sustainability and income opportunities of farming 
milkfish to local communities in Kenya 

History of milkfish production in Kenyan satellite communities since 2004. The production 
is limited to one crop per year.  

Community  Location  Date of 

start  

Year  No. of 

ponds  

Production  Sales 

(K Sh)  

2004  -  -  -  

2005  2  4.6 kg  460  

2006  2  15.7 kg  1884  

2007  3  45.8 kg  5496  

2008  3  56.9 kg  6828  

Makongeni’s 

Baraka 

Conservation 

Group  

Gazi Bay  2004  

2009  7  -  -  

2005  -  -  -  

2006  2  30 kg  3000  

2007  3  76 kg  9120  

2008  7  91.65 kg  10,998  

Majaoni 

Youth 

Development 

Centre  

Mtwapa 

Creek  

2005  

2009  8  -  -  

2005  1  12.2 kg  1220  

2006  2  41.46 kg  4975.2  

2008  7  18 kg  2160  

Kwetu 

Training 

Centre  

Mtwapa 

Creek  

1997  

2009  7  70 kg  8400  

US $1 = 75.00 K Sh 

Milkfish fingerlings are collected using push nets and identified using a milkfish manual 
developed by WIOMSA along the mangrove channels and pools at low tides in the creeks 
and bays, making it possible for women and children to participate. They are later 
transported to the culture ponds using buckets filled midway with clean sea water in which 
99% survival has been recorded with a transportation period of less than one hour. The 
fingerlings (3 to 6 g) are put into 1-mm mesh size mosquito net hapas, staked in the 
ponds for acclimatization and measurements (weight and length) and then after 24 h are 
stocked into the ponds. Fingerling collection takes place for a relatively long time (more 
than one month) due to inconsistent capture on a daily basis and seasonal seed occurrence 
(Mirera, 2010). 
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Cultured fish in the ponds are sampled using seine nets once a month to measure growth 
in both length and weight. Seining is done by a crew of three where two hold the net and 
the third moves ahead on one side chasing the fish to the net making it both a male and 
female activity. Harvesting is done after four or five months and it involves draining all the 
water from the pond through the outlet PVC pipes to allow effective harvesting to take 
place. Harvested fish are grouped into sizes classes before measuring total length and wet 
weight (180-280 g/fish). 

The harvest is sold fresh at the farm site to the local people at reasonable prices of 
between 120 and 200 K Sh/kg of fish (US $1.6- 2.7) to create awareness of the 
importance of mangrove conservation through livelihood opportunities like fish culture. 
This makes the harvesting costs very small since a limited quantity of ice cubes are used 
to preserve the fish before they are sold on the farm and no transport costs or storage 
costs are incurred. The harvest does not quite meet the demand of the villages for fish, 
leading to a quota system of sale so that everyone can take home a meal.  

 

Four months old farmed mikfish awaiting sorting and packaging for sale at the farm 

©David Oersted Mirera 
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Manual weighing of milkfish at harvest 

©David Oersted Mirera 
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Size-graded milkfish ready for sale at the community farm 

©David Oersted Mirera 

Farmers in Southeast Asia will always anticipate getting a milkfish growth rate of 2-3 
g/day using pelleted feeds (Bagarinao, 1999), but this has not yet been achieved in Kenya 
since such trials have not been performed in the western Indian Ocean (WIO) region 
because pellets are not available and the cost of specialized feeds have been calculated. 
Studies by James et al. (1984) in polyculture (milkfish and mullet) at stocking densities of 
0.83 milkfish/m2 recorded a growth rate of 0.64 g/day when rice bran was used as a 
supplementary feed. Gandhi et al. (1988) observed that milkfish grew between 0.4 and 
0.6 g/day under monoculture while in polyculture with mullet growth rate varied between 
0.6 - 0.8 g/day with a supplementary feed of ground nut cake mixed with rice bran in 
equal proportions. 

Milkfish growth rates varied greatly when trials of stocking density were performed in the 
community ponds; ranging from 0.19 g/day as the lowest at 3 fish/m2 and no 
supplementary feed to 1.58 g/day as the highest at 2 fish/m2 and no supplementary feed 
or organic manure fertilization (Mirera, 2009a). The observed growth rates were higher 
than those recorded by Swanson (1998) in his salinity experiments using plastic tanks 
(0.018 g/day and 0.011 g/day, respectively), though at different stocking densities, but 
are similar to those recorded by Eldani and Primavera (1981) who stocked milkfish at 0.2 
fish/m2 in a mixed culture with shrimps where all formed a stocking density of 0.6 
individuals/m2 with no supplementary feed. Also, the milkfish study in community ponds 
revealed that growth rate is more influenced by stocking density (66.82 %) compared with 
feed (33.18 %); meaning that if milkfish culture is given the optimum stocking density, 
farmers will be able to gain profits with the advantage us using low-cost feeds. Feed price 
is often a significant constraint in other forms of aquaculture development. 
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Milkfish (Chanos chanos) growth experiments at two sites along the Kenyan coast under 
earthen ponds culture system (Mirera, 2009a). 
BW = body weight 

Paramete

r  

Site   No feed, 

3 fish per 

m2  

No feed, 2 

fish per m2  

2 fish per 

m2 5% BW 

feed  

2 fish per 

m2 10% BW 

feed  

Majaoni  3.2±0.80  91.8±23.27  33.88±6.27  106.5±34.16  Initial 

mean 

weight 

(g)  

Makonge

ni  

22.7±11.5

3  

22.7±18.03  68.81±47.9

0  

29.33±10.93  

Majaoni  33.88±6.2

7  

119±19.26  49.58±6.56  153.63±76.2

8  

Final 

mean 

weight 

(g)  
Makonge

ni  

32±9.79  111.15±21.6

2  

89.28±45.3

6  

98.98±33.2  

Majaoni  0.56±0.40  0.61±0.82  0.23±0.07  0.76±0.07  Growth 

rate 

(g/day)  
Makonge

ni  

0.19±0.27  1.58±0.99  0.93±1.18  0.98±0.57  

Studies of occurrence of milkfish in Kenyan coastal waters have shown that the supply of 
wild fingerlings can be reliable twice per year between March and June with a higher peak 
in May and a relatively small peak in December (Mirera, 2010). This observation in Kenya 
is supported to some extent by the Philippines experience, which indicates that milkfish fry 
occur throughout the year with the peak season being April-July and October-November 
(Villaluz, 1986), while Indonesia has two milkfish fry seasons; April-June and September–
December (Chong et al., 1984). Results of this study are vital for the milkfish farmers as 
indicators of planning for collection of seed stock and production cycles since presently no 
Kenyan hatchery exists (SEAFDEC, 1999). 
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Milkfish economic resturns at harvest 

©David Oersted Mirera 

Extension 

Results from the milkfish culture research trials at Kwetu Training Centre were interpreted 
for extension to satellite farmers (Majaoni youth development group, 13 members, and 
Makongeni’s Baraka conservation group, 25 members). Whereas Majaoni youth 
development group tested the technology, Makongeni’s Baraka conservation was involved 
as a way of addressing declining fisheries based on long-term research by Coral Reef 
Degradation in the Indian Ocean (CORDIO EA, www.cordioea.org). These two community 
groups and others like the Abent youth group that was involved much later were selected 
based on specific extension strategies: 

• Awareness was provided to every group on what milkfish mariculture entails as the 
first strategy.  

• Following awareness raising, some groups expressed interest in acquiring and 
trying the technology and were selected (Molnar, 1987), while the rest were 
eliminated from the process.  

• In the process of initializing roles for participants, some groups dropped out due to 
their having higher expectations while others feared the repeat of poor experiences 
from other projects.  

• Other groups were not given awareness but on hearing about the initiatives looked 
for assistance to start milkfish culture technology and were accepted into the 
process. 

Six years since the onset of the milkfish mariculture initiatives, eight community groups 
(Makongeni’s Baraka conservation group, Majaoni youth development group, Abent youth 
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group, Nkunazini fishers group, Dabaso conservation group, Jimbo conservation group, 
Gazi womens group and Mwambiweje womens group) are at different stages of milkfish 
production while a number of others have shown interest in starting the process after 
seeing the benefits from pioneer satellite groups. 

During the initiation of milkfish mariculture in Kenya, communities were not given fully 
resourced with equipment because of the fear for lack of sustainability when such support 
ceases. Similar observations were made by Rogers (1973) who argued that even though 
incentives increase the quantity of adopters, the quality of such adoption decisions may be 
relatively low, thus limiting the intended consequences of adoption. The techniques that 
assisted in getting milkfish farmers to adopt the new technology centred on determining 
research and information needs and delivering the new technology at the time and place it 
was required. 

Involving all the community in decision making slowed down the adoption process but 
increased confidence and accountability of all members. However, it is evident that 
collective innovation decisions need to be minimized to facilitate the adoption process as 
observed by Katz (1961). 

Established groups were encouraged to set up village representation to minimize the 
theft at the culture sites. Such representation was observed to be better in mixed groups 
(composed of male, female and youth members) than where either males or females 
worked alone. However, group numbers of less than 30 were recommended for easy 
management and coordination in the pioneer trials. 

It was found that for successful operation of milkfish farming initiates effective 
organization at the village leadership level was required to minimize theft and other 
related conflicts. The heads of the village helped to spearhead and support developments 
within the village, which is critical for all mariculture initiatives along the coast of Kenya. 
Due to the building of functional organizational structures and collaboration with village 
elders, some of the groups have managed to survive the test of time and are now are in 
the process of expansion. 

Equal opportunity was given to men and women in the milkfish culture initiatives within 
the established groups even though women had lower levels of participation due to the 
local coastal culture. Women were encouraged to form independent groups and get help 
from men since they were generally more impacted by poor livelihoods in coastal areas. 
The results indicated that the adoption rate was slow in female compared with male groups 
but sustainability was better in women’s groups. Youth groups were faster in adopting the 
technology but were quick to loose focus due to their high demands and urgent 
requirement for financial return. Milkfish mariculture needs to be nurtured over time to 
attain profitable levels. 

Observations indicated that those groups that sought the technology were easier to work 
with compared with those groups in which the technology was introduced through 
awareness campaigns. It was concluded that extensionists were able to show better results 
working with “seekers” than working with “soughts”. However, Lionberger and Gwin 
(1991) suggest that this phenomenon can increase the gap between the “haves” and 
“have-nots”. Hence by actively seeking the “have-nots” as clients, there are prospects of 
reaching those in need, but the achievements observed toward conservation and national 
production will be fewer in the short run. Also, programme costs will be higher, with fewer 
people reached per extension worker. However, programmes that lift non-seekers off the 
public welfare rolls, in the long-term, might provide greatest returns in happiness and 
income and it is for these reasons that this approach has been mainly employed for 
milkfish farming in Kenya aimed at improving the livelihoods of the coastal poor. 

The approach used in development of milkfish culture in earthen ponds in Kenya was tied 
to mangrove conservation initiatives where the community was meant to appreciate the 
direct benefits through farming fish in the mangrove sand-flats. The process of bringing 
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everybody along may take a long time in mariculture development, but the best in any 
mariculture activity taking place in conservation areas like mangroves. However perhaps 
the different option of developing milkfish culture by entrepreneurial, self driven 
individuals to begin producing milkfish as a financially viable business may jumpstart the 
activity into a viable commercially business  where pumps could be used to supply water 
into land based coastal ponds or by venturing into deeper water cage culture (SEAFDEC, 
2009). Such initiatives could create employment for the local people and may also bring 
resources to invest in the development of the first hatcheries (www.seafdec.org.ph) that 
would be of significant importance for the sustainability of all including the smaller 
community based milkfish farmers. 

Training 

Communities organized into clusters were trained and given supportive advice by the 
author of Kwetu Training Centre through a participatory learning approach to enable their 
effective participation. During the project period, trainings were also provided to other 
stakeholders (Forest officers, Fisheries officers, National Environment Management 
Authority (NEMA, www.nema.go.ke) officers and a wide range of other NGOs working 
along the coast) to ensure sustainable technology transfer and effective monitoring. Three 
approaches to training were employed to achieve the objectives: 

1. On-station training at the Kwetu Training Centre’s basic research facility ponds: The 
training comprised of simple Swahili classroom theoretical lectures and field work at the 
culture ponds where demonstrations on pond construction, fingerling collection, pond 
management, sampling and water management were demonstrated to raise the curiosity 
of the farmers and expose them to the realities of milkfish culture. 

2. On the job training at each community site: The training here comprised of practical 
work where the farmers got access to learn by doing while asking questions and sharing 
knowledge on what they know and the best way of carrying out particular activities. A 
considerable knowledge base of socio-economic information on coastal communities was 
developed by researchers and the extension agents during this process. The process 
employed the Farmer Field Schools (FFS) approach (Gustafson, 2002). This laid emphasis 
on farmer empowerment through participatory technology development of indigenous 
knowledge and experiences while extension agents and researchers had the opportunity to 
interact as partners. 

3. Cross or exchange visits: Cross/exchange visits between farmers were prioritized as a 
means of enabling farmers to learn from each other. A visit to working and running 
milkfish initiatives formed an important method in the learning process of technology 
generation and dissemination. Learning through these forums involved: observation, 
discussion and interaction among peers, which helped motivate farmers. 

Silvofisheries 

Milkfish culture in Kenya was streamlined on the basis of ‘Silvofisheries’. Silvofishery is a 
technology that involves the culture of organisms within the mangrove ecosystem. It is a 
culture system that promotes sustainable use of the mangrove ecosystem. It was based on 
the fact that milkfish farming could improve the understanding of people on how to 
manage mangrove forests while making income by producing fish from the system 
(www.seafdec.org.ph, www.wiomsa.org/newsbrief). 

All the milkfish culture ponds were constructed in the intertidal areas behind the mangrove 
forests where no mangrove trees had colonized. Upon successful construction of ponds, 
the dykes were planted with mangrove tree species on the inside and outside of ponds to 
provide shade, and natural mangrove environment with roots extending into the ponds 
where the big fish could hide. 
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In addition to making year round mangrove nurseries to provide trees for planting, to 
ensure sustainable outputs from mangroves, each participating group was encouraged to 
plant mangrove seedlings in areas where degradation had previously occurred. Some 
management plans were set up involving village elders and awareness provision to school 
children to facilitate knowledge dissemination. This could be achieved and sustained 
through networking with different government departments, NGOs and communities 
involved in milkfish culture and mangrove conservation initiatives. Constant follow-ups 
were required before full adoption was achieved. 

Challenges to milkfish farming in Kenya 

• Policy: There is no policy within national strategic plans or legislature that guides 
mariculture in Kenya and most of the sectoral policies governing the ocean lack 
clear boundaries. This has made the milkfish culture development process slow 
since the farmers are never sure of what will happen to their culture ponds in the 
future. However, efforts are being made by the newly created Ministry of Fisheries 
to ensure that a more specific and relevant aquaculture policy is in place.  

• Lack of suitable feed to increase milkfish production for the farmers. The feeds for 
milkfish production are being developed at the KMFRI laboratory using expertise 
gained from Philippines (SEAFDEC - Southeast Asian Fisheries Development Centre 
– www.seafdec.org.ph). Efforts are being made to organize exchange visits 
between Kenya and Philippines, which can improve capacity in this area. There is 
also a key focus on research to see how milkfish respond to the various diets that 
have been developed.  

• Seasonal availability of fingerlings impact on and constrain production thus calling 
for the establishment of a hatchery to supply seed for the farmers to ensure 
consistent production systems. Research that has been carried out helps the 
farmers to know when the fingerlings are available, how to collect and stock to 
ensure a whole year round production. However, efforts are underway by KMFRI to 
develop a hatchery for milkfish as one of the best, most promising candidate 
species in coastal aquaculture.   

• The need for farmers to have adequate knowledge of business and production 
planning. The capacity of fish farmers in the various business aspects will be 
provided through the enterprise component of a big coastal development project 
that is being conceptualized for financing by World Bank through KMFRI and other 
government sectors.  

• More pond production facilities for further increasing production are lacking due to 
financial support. With the future involvement of the private developers and 
government in aquaculture, more funds will be available to undertake research in 
milkfish production along the coast leading to increased milkfish production and 
marketing.  

• More institutional support for the farmers through extension and research, which 
may be achieved through the currently created Ministry of Fisheries, which has 
streamlined aquaculture as a key component of improving livelihoods.  

• Theft of market sized milkfish from the ponds. The security of milkfish in ponds is 
a big problem in Kenya. It is difficult to catch milkfish in a pond under normal 
circumstances, however, they become easier to catch with the incoming tide when 
they swim towards the inlet pipes thus making it easy to collect them. Farmers 
have tried to avoid this through the hire of security staff and adjusting the inlet 
pipes to have incoming water trickle water in at the centre of the ponds rather 
than from the pond bank. Also awareness efforts to enable community members 
report any theft problems have been key in this process.  
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Market-size milkfish are sometimes stolen from the ponds using nets similar to those shown 

©David Oersted Mirera 

Conclusion  

Milkfish aquaculture in Kenya has considerable potential as a source of livelihood 
improvement given the interest it has generated among the communities. The sheltered 
waterways that are a feature of the Lamu, Kwale and Kilifi mangrove swamps appear to 
have potential also for cage culture of fish in the future. 

In earthen ponds within the intertidal mangrove sand-flats, milkfish grow faster reaching 
market size earlier than mullet with a higher survival rate. During the dry season milkfish 
utilize lablab, which is abundant and grows faster in the dry than in the wet season. Due to 
problems in seed availability, milkfish farming is best if done during periods of peak 
fingerling abundance. Milkfish have wide tolerance to sudden changes in environment, 
making them good candidates for earthen pond culture. 

Stocking density of 2 fish/m2 is recommended if production is based on natural 
productivity, which is dependent on algal mat as food for milkfish, generated by nutrients 
in the water column. The observations create a challenge for further development of 
optimum feeding strategies and a readily available commercial diet that could increase 
growth of fish in earthen ponds. 



 

  20

EC FP7 Project, SARNISSA Sustainability and income opportunities of farming 
milkfish to local communities in Kenya 

References 

Bagarinao T, 1999. Ecology and farming of milkfish. Iloilo, Philippines: SEAFDEC 
Aquaculture Department, 171 pp. 

Bryceson I, 2002. Coastal aquaculture developments in Tanzania. Sustainable and non-
sustainable experiences. Western Indian Ocean Journal of Marine Science, 1: 1-10. 

Chong KC, Poernomo A, Kasryno F, 1984. Economic and technological aspects of the 
Indonesia milkfish industry. In: Juario JV, Ferraris RP, Benitz LV, eds. Advances in Milkfish 
Biology. Manila, Philippines: Island Publishing House, Inc., 199–213 pp. 

Christensen MS, 1995. Small-scale aquaculture in Africa: Does it have a future? World 
Aquaculture, 26:30-32. 

Eldani A, Primavera JH, 1981. Effect of different stocking combinations on growth, 
production and survival of milkfish (Chanos chanos) and prawns (Peneaus monodon) in 
polyculture in brackish water. Aquaculture, 23:59-72. 

FAO, 2000. World Review of Fisheries and Aquaculture. 160 pp. 

Gandhi V, Raju A, Rengaswamy VS, Mohanraj G, Dorairaj K, 1988. Further obsrvations on 
the suitability of the marine fish farm at Mandapam for the culture of milkfish and grey 
mullets. Indian Journal of Fisheries, 35(3):178-185. 

Gustafson DJ, 2002. Supporting the demand for change: recent project experience with 
farmer learning grants in Kenya: Presented in a workshop hosted by the World Bank, US 
AID and the Neuchatel Initiative on Extension and Rural Development: a convergence of 
views on international approaches?, 12-15 November 2002, Washington DC, USA. 

James PSBR, Rau A, Rengaswamy VS, 1984. Further observations on polyculture of 
finfishes and prawns in saltwater ponds and in a net-pen at Mandapam. Indian Journal of 
Fisheries, 31:31-46. 

Katz E, 1961. The social itinerary of technical change. Human Organization 20:70-82. 

Knud-Hansen CF, 1998. Pond fertilization; ecological approach and practical applications. 
Corvallis, USA: Aquaculture Collaborative Research Support Program, Oregon State 
University, 157pp. Online. 
http://pdacrsp.oregonstate.edu/pubs/fertguide_PDF/fert_guide_TOC.html. Accessed on 15 
January 2010. 

Lionberger HF, Gwin PH, 1991. From Researchers Technology to Users Transfer. Columbia, 
USA: University of Missouri Extension. 

Liti D, Munguti JM, Mirera HOD, 2008. Promotion of mangrove-fish aquaculture 
(silviculture) within the coast communities as an alternative source of livelihood in the 
conservation of the mangrove wetlands of Kenya. In proceedings of the Commission for 
Higher Education Research Dissemination Workshop, Confronting the challenges of food 
security through research Mombasa beach Hotel, Kenya, 26-30 August 2008. 

Mirera, OD, 2010. Experimental polyculture of milkfish (Chanos chanos) and mullet (Mugil 
cephalus) using earthen ponds in Kenya. WIO Journal of Marine Science (in press). 

Mirera HOD, 2009a. Community mariculture; influence of stocking density/supplementary 
feed on wild caught milkfish (Chanos chanos) fingerlings cultured in earthen ponds. Poster 
presentation at the 6th WIOMSA Symposium, Reunion, 23-29 August 2009. 



 

  21

EC FP7 Project, SARNISSA Sustainability and income opportunities of farming 
milkfish to local communities in Kenya 

Mirera OD, 2009b. Overview of mariculture development in Kenya; presentation made at 
the IFS/WIOMSA workshop, Mariculture in the WIO Region, Challenges and Prospects, 
Zanzibar, Tanzania, 29 November-4 December 2009. 

Mirera HOD, 2007. In the face of poverty mangrove wetlands are lifelines: Viability 
indicators in assessing polyculture of milkfish (Chanos chanos) and mullets (Mugil 
cephalus). In: Obura DO, Tamelender J, Linden O (eds.). CORDIO Status Report, 2008, 
419–432. 

Mmochi AJ, Mwandya AW, 2003. Water quality in the integrated mariculture ponds 
systems (IMS) at Makoba Bay, Zanzibar, Tanzania. Western Indian Ocean Journal of 
Marine Science, 2(1):15-23. 

Molnar A, 1987. A review of rapid appraisal tools for use in natural resource management 
planning and project design and execution. Rome, Italy: FAO. 

Mwaluma J, 2003. Culture experiments on the growth and production of mud crabs, 
mullets, milkfish and prawns in Mtwapa mangrove system, Kenya. WIOMSA. Online. 
http://www.wiomsa.org/. Accessed on 15 January 2010. 

Mwaluma J, 2002. Pen culture of the mud crab Scylla serrata in Mtwapa mangrove system. 
Kenya. Western Indian Ocean Journal of Marine Science, 1(2):127-133. 

Mwangamilo JJ, Jiddawi NS, 2003. Nutritional studies and development of a practical feed 
for milkfish (Chanos chanos) culture in Zanzibar, Tanzania. Western Indian Ocean Journal 
of Marine Science, 2(2): 137-146. 

Mwangi S, Wakwabi E, Mitto C, Muthama C, Emuria J, Mathendu P, 2000. Assessment on 
the status of the prawn farm at Kwetu Training Centre. Assessment Report by KMFRI. 

Rogers EM, 1973. Communication strategies for family planning. New York, USA: Free 
press, 451 pp. 

SEAFDEC, 1999. The commercialization of SEAFDEC/AQD's milkfish fry production 
technology. Iloilo, Philippines: Aquaculture Department, SEAFDEC, 20 pp. 

SEAFDEC, 2009. Milkfish culture in sea cages. Iloilo, Philippines: Aquaculture Department, 
SEAFDEC, 10 pp. 

Smith MM, Heemstra PC, 2003. Smiths’ sea fishes. Cape Town, South Africa: Struik 
Publishers, 1047 pp. 

Swanson C, 1998. Interactive effects of salinity on metabolic rate, activity, growth and 
osmoregulation in the euryhaline milkfish (Chanos chanos). Journal of Experimental 
Biology, 201:3355-3366. 

Villaluz AC, 1986. Fry and fingerling collection and Handling. In: Lee CS, Gordon MS, 
Watanabe WO, eds. Aquaculture of milkfish (Chanos chanos): State of the Art. Waimanalo, 
Hawaii, USA: Oceanic Institute. 

Zanzibar Department of Statistics, 1997. Zanzibar Statistical abstract. Zanzibar, Tanzania: 
Department of Statistics, 30 pp. 

 



 

  22

EC FP7 Project, SARNISSA Sustainability and income opportunities of farming 
milkfish to local communities in Kenya 

Organizations 
 

Institution  Type of 

Institution  

Institutional address  Contact 

Name  

Web address  

Kenya Marine 

and Fisheries 

Research 

Institute 

(KMFRI)  

Government:R

esearch  

KMFRI,  

P. O. Box 81651 

, 80100-Mombasa-Kenya  

director@kmfri.co.ke  

Betty Nyonje / 

David Mirera  

www.kmfri.co.ke  

Kwetu Training 

Centre  

Local NGO  Kwetu, P. O. Box 685-80109, 

Mtwapa-Kenya  

kwetu@sollatek.co.ke  

Project 

Manager, 

Kwetu 

Training 

Centre  

http://www.kwetukenya.org/  

CORDIO East 

Africa  

NGO: 

Research 

CORDIO,  

P. O. Box 10135 

, Bamburi-Mobasa  

dobura@cordioea.org  

David Obura  www.cordioea.org  

Western Indian 

Ocean Marine 

Science 

Association 

(WIOMSA)  

Research 

Consortium 

and Donor  

WIOMSA, P. O. Box 3298, 

Zanzibar, Tanzania  

secretary@wiomsa.org  

Julius Francis  www.wiomsa.org  

Moi University, 

Eldoret, Kenya  

University  Moi University,  

P. O. Box 1125 

, Eldoret, Kenya  

d_liti@yahoo.com  

David Liti  http://www.mu.ac.ke  

Ministry of 

Fisheries 

Development, 

Kenya  

Governement:

Enforcement 

Agency  

Coast province  

P. O. Box 90423-Mombasa, 
Kenya 
adfcoast@africaonline.co.ke  

Martha Mukira  http://www.fisheries.go.ke  

Anglican 

church of 

Kenya  

Faith based 

organization  

P.O. Box 40502 - 
00100 

Nairobi, Kenya.  

ackdev@africaonline.co.ke  

John 

Mangenge  

http://www.ackdoss.org  
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Ramsar  International 

NGO  

Ramsar Convention Bureau, 

Rue Mauverney 28, CH-1196 

Gland, Switzerland (tel +41 

22 999 0170, fax +41 22 999 

0169, e-mail : 

ramsar@ramsar.org   

  

Ramsar 

secretariet  

http://www.ramsar.org  

South East 

Asia Fisheries 

Development 

Centre  

Research 

Institution  

SEAFDEC Aquaculture 

Department, 5021 Tigbauan, 

Iloilo, Philippines  

colosor@seafdec.org.ph  

Relicardo 

Coloso  

www.seafdec.org.ph  

IUCN  International 

NGO  

IUCN Eastern and Southern 

Africa Regional Office 

(ESARO)  

PO Box 68200 

, 00200 Nairobi, Kenya  

  

  

 www.iucn.org/esaro  

  

Commission 

for Higher 

Education 

(CHE)  

Government  The Commission 

Secretary/Chief Executive 

Officer.  

Postal address:  

P.O. Box 54999 – 

00200, Nairobi, Kenya 

Telephone: 254 – 020 –

7205000, 020-2021150,020-

2021154/56  

 www.che.or.ke  
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