
 

 1 

EC FP7 Project, SARNISSA Challenges and lessons learned in the culture of Indian 
shrimp in hapas in ponds in Kenya 

Challenges and lessons learned in the culture of Indian shrimp, Penaeus 
indicus (H. Milne Edwards, 1837) in hapas inside fertilized ponds in Mtwapa 
Creek, Kenya, 2009  

 

Country Kenya 

Date December 2010 

Author/s and affiliation Caroline Wanjiru 
Aquaculture Program, School of Biological Sciences, University of Nairobi, 
PO Box 30197, Nairobi, Kenya 

Email ckairo2002@yahoo.com 

Keywords  Penaeus indicus, pond systems, Kenya 

 

 

SARNISSA 
Contract number: 213143 
www.sarnissa.org 

Duration: 36 months 

mailto:ckairo2002@yahoo.com
http://www.sarnissa.org/


 

 2 

EC FP7 Project, SARNISSA Challenges and lessons learned in the culture of Indian 
shrimp in hapas in ponds in Kenya 

 
 

Summary  
World capture fisheries are declining while demand for fish is increasing due to population 
increase and an upward trend in diet preference where fish is preferred over white meat. It 
is hoped that aquaculture will help meet this deficit. In Kenya, coastal aquaculture remains 
under-developed even though over 3900 hectares of land have been designated as 
suitable for aquaculture. 

This case study is based on a study where Indian shrimp (Penaeus indicus) were cultured 
for 106 days, in hapas, inside fertilized ponds at Majaoni in Mtwapa creek, Mombasa 
district, Kenya. The manures used for pond fertilization were chicken, urea and cow dung. 
No manure was added in the control treatment. Physical, chemical and biological water 
parameters were taken weekly, fortnightly and monthly, respectively. Growth performance 
of the shrimp in terms of weight (g) and length (mm) was monitored fortnightly. The mean 
growth rates ranged between 1.13 and 2.34 % day-1 in the control and chicken manure 
treated ponds, respectively. The highest net yield (NFY Kg ha-1) and annual production (AP 
Kg ha-1 yr-1) achieved was 18.87 Kg ha-1 and 64 Kg ha-1yr-1, respectively, in the cow dung-
treated ponds.  

The data collected from this study formed part of the author’s MSc thesis in Aquaculture at 
the University of Nairobi.  A major part of the study was funded by Alcoa Foundation’s 
Conservation and Sustainability Fellowship Program which supported the author as a 
Practitioner Fellow in 2008. Additional support was provided through the Western Indian 
Ocean Marine Science Association (WIOMSA) small grant programme. 

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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Challenges and lessons learned in the culture of Indian 
shrimp, Penaeus indicus (H. Milne Edwards, 1837) in hapas 
inside fertilized ponds in Mtwapa Creek, Kenya, 2009 

Background  

Inland aquaculture has begun to gain momentum in Kenya whereby certain communities 
that once did not consider fish in their diet are currently farming fish enthusiastically for 
food and as an alternative source of income. This is in contrast with coastal aquaculture 
which remains largely undeveloped along the Kenyan coast. Baseline surveys carried out 
by FAO in the 1970s revealed that over 3500 hectares of land are suitable for coastal 
aquaculture (Yap and Landoy, 1986). A pilot project by FAO and the government of Kenya 
on the north coast of Kenya at Ngomeni realized a shrimp yield of over 700 Kg ha-1 yr-1 
(Sivalingam, 1981). Production from this pilot project later dropped and finally ceased due 
to land ownership conflict between the government and private developers who claimed 
that the land where the trials were being carried out belonged to them. Another factor that 
contributed to the collapse of initial trials was inadequate extension services to farmers. 
  
Currently, there is great interest among the coastal communities in culturing mullet, 
milkfish, shrimp, rabbitfish, crabs and seaweed. The major handicap in these community 
initiatives has been inadequate technical and extension support from the government, Non 
Governmental Organizations (NGOs) and the private sector. In essence, there has been 
very low production due to mortalities of cultured fish. This has led to low morale among 
community members and near collapse of most aquaculture initiatives along the coast. The 
problem has further been compounded by the fisher community’s tradition of fishing rather 
than farming fish despite the dwindling catches.  

In Kenya’s Vision 2030 (Government of Kenya, 2009) the importance of aquaculture and 
its potential to contribute to food security, poverty reduction and employment creation has 
been recognised. Under the mid-term period of the “Vision 2030” that runs to 2015, the 
government plans to construct 200 inland freshwater fish ponds per constituency for food 
security and job creation (Government of Kenya, 2009). Further, in Section 4.3 of the 
National Ocean and Fisheries Policy, the government of Kenya has shown commitment 
towards promoting aquaculture in rural areas for food security and job creation, 
particularly among women and youth (Kenya Ministry of Fisheries and Development, 
2008). The current study is thus in line with “Kenya Vision 2030” and the components of 
the 2008 National Ocean and Fisheries Policy touching on aquaculture research and 
development.  

Previous studies carried out by the author at Gazi bay indicated the feasibility of integrated 
aquaculture in the mangroves of Kenya (Wanjiru, 2008). The study at Gazi involved the 
culture of the blue spot mullet (Mugil cephalus) in earthen ponds inside mangroves without 
any supplementary feeding. The yield was very low, thus necessitating a search for an 
alternative species under low input systems. In March 2009, the culture of Penaeus indicus 
was initiated in fertilized grow-out ponds. The experiments were carried out for 106 days 
at Mtwapa creek, Mombasa. This report presents the results of the study. 

 

Description 

World demand for fish has increased over time with increasing population whereas the 
supply from capture fisheries has somehow levelled off. Over 40% of world stocks are fully 
exploited and there are problems of over fishing especially in marine waters (Naylor et al., 
2000). Capture fisheries can no longer meet the increased demand for fish in the world 
(FAO, 2006). With improved technology and environmental management, aquaculture has 
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the potential to offset this fish deficit and promote sustainable development in rural areas 
(Primavera, 1995). 

In certain regions of the world, coastal aquaculture has been carried out in mangrove 
areas leading to pollution and destruction of the supporting ecosystem – the mangroves 
(Rönnbäck et al., 2002). For instance, shrimp farming is the largest single contributor to 
the decimation of mangrove forests in South East Asia and Latin America (Spalding et al., 
1997). In the Western Indian Ocean region, shrimp aquaculture has led to loss of 
mangroves in Kenya, Tanzania and Madagascar (Semesi, 1998; Kairo et al., 2001). 

Since mangroves are critical habitats for important commercial fisheries such as barracuda 
(Sphyraena barracuda), rabbitfish (Siganus sutor) and milkfish (Chanos chanos) (Kimani 
et al., 1996), there is a need to promote Mangrove-Friendly Aquaculture (MFA) technology 
that does not necessarily require clearing and destruction of the mangrove vegetation. This 
kind of aquaculture has been practised for centuries in Hong Kong using Gei wai ponds 
with a shrimp harvest of up to 40.9 Kg ha-1 yr-1, as well as the tambak systems in 
Indonesia and Philippines that produce 200-300 Kg ha-1 yr-1 shrimp, 500-700 Kg ha-1 yr-1 
milkfish, and 1,500 Kg ha-1 yr-1 tilapia (Primavera, 2000). 

The world’s marine capture fisheries produced a total of 81 million tonnes in 2006 with 
Africa contributing 4.5 million tonnes (or 5.6 %) of this total (FAO, 2006). In Kenya, 
marine fisheries contribute about 7,000 tonnes/yr, which translates to only 4-7% of total 
fishery production in the country. About 60% of this marine production is from the 
artisanal fishery sector (McClanahan and Obura, 1994) providing direct jobs to an 
estimated 10,000 fishers (Government of Kenya, 2009). Currently, the artisanal fisheries 
at the coast are overexploited due to overfishing and destruction of fish habitats such as 
sea grass beds, mangroves and coral reefs. In addition, climate change impacts have 
negatively affected coastal fisheries, particularly, through increased sea surface 
temperature that has led to bleaching and death of corals.  

There are several opportunities for the promotion of coastal aquaculture in Kenya. Firstly, 
there is a high subsistence dependence on fishery resources. Secondly, because of 
dwindling wild catch, malnutrition is rampant particularly among women and children. 
Thirdly, the government is committed towards promotion of fish farming enterprises for 
food security and wealth creation as spelt out in Kenya’s Vision 2030 as well as the 
National Ocean and Fisheries Policy (Kenya Ministry of Fisheries Development, 2008). This 
project aimed at growing shrimp in fertilized earthen ponds in mangrove forests without 
additional artificial feed subsidy. The project also served to train members of the 
community in adapting to fish farming practices as an economic enterprise. 
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Map of Kenya showing some of the areas at the coast with aquaculture activities 
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Project objective 

The development objective of this project was to enhance food security and wealth 
creation through integrated aquaculture in the coastal areas.  The specific objectives were: 

1. To assess the natural population of P. indicus in the mangrove creeks of Mtwapa creek, 
Kenya, 
2. To determine the specific growth rate (SGR) and annual production (AP) of P. indicus 
grown inside hapas in fertilized ponds under different treatments, 
3. To monitor the water quality in the grow-out ponds. 

The project was implemented by Alcoa Practitioner Fellow, Ms Caroline Wanjiru, under the 
mentorship of Dr. Jorge Garcia of Technologico de Monterrey in Mexico. Local supervisors 
of the project were led by Dr. James Omondi  of the University of Nairobi and Dr. Betty 
Nyonje of the Kenya Marine and Fisheries Research Institute (KMFRI). The entire value of 
the fellowship was US$ 12,500. This was used principally for purchasing scientific 
equipment (such as multimeters), as well as paying for, in-country travel, stipends, 
allowance for two field assistants, and the construction of 2 ponds. The project was carried 
out on communal mangrove land on the portion allocated to the Majaoni Youth 
Development Group. Prior to the start of the project, the group had 3 grow-out ponds and 
3 small nursery ponds. The group members assisted with the day-to-day security of the 
ponds. 

Activities 

During the entire study period (November 2008 – June 2009), the following activities were 
undertaken in partnership with the community: 
1. Weekly -  measurement of dissolved oxygen, pH, temperature and salinity,  
2. Fortnightly - sampling of nutrients (nitrate, nitrite, total ammonia nitrogen and 
phosphate), 
3. Monthly - sampling of phytoplankton and zooplankton, 
4. Fortnightly - assessment of growth of shrimps through measurements of weight and 
length of shrimp, 
5. Fortnightly - experimental fishing of P. indicus in the mangrove creek to estimate their 
natural population. 

Culture of P. indicus 

Pond preparation 

Four earthen ponds owned by the Majaoni Youth Group were used in the study. In each 
pond, hapas were used as experimental units. The hapas served as replicates of small 
ponds of similar treatments. This approach was purely meant to cut production costs; 
otherwise, a total of 12 earthen ponds would have been required for this study. Therefore 
it should be noted that the hapas were used in this study for convenience and not as a 
system of production. This was explained to the group members. The most preferred 
system of production for P. indicus is the pond system. Hapas can, however, be used in 
nursery ponds for raising larvae as is the case in various culture systems in the world 
(Little et al., 1996). 

Two of the grow-out ponds measured 12 m x 12 m while the other two measured 12 m x 
17 m. It was not possible to have four ponds of equal dimensions due to time and financial 
constraints and therefore we just had to use what was available. Ponds of similar size 
would have been ideal. Future trials should be carried out in ponds of similar dimensions. 
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Pond construction by the community 

©C. Wanjiru 

 

One pond was newly constructed while another, which was leaking and had broken dykes, 
was rehabilitated during the project term. The other two ponds were in good condition. 
The three ponds in existence before the project commenced had been used once for trial 
culture of milkfish (Chanos chanos) and mullets (Mugil cephalus).  

Each pond had inlet and outlet PVC pipes which served as sluice gates. The inlet pipes 
were 20 cm in diameter and 8 m in length. The outlet pipes were of similar diameter but 
the length was divided into two halves. The two pieces were joined with a 90° elbow to 
form a flexible stand pipe which could easily be swiveled to alter pond water depth. The 
stand pipe was used to drain water during harvesting. 

The four ponds had four different treatments. Pond 1 (newly constructed) had no manures 
added and so served as the control; ponds 2, 3, and 4 were treated with chicken manure, 
urea and cow dung, respectively. Pond water was recharged fortnightly during spring tides 
and this could go on for about three days. The excess water in the pond was let out by the 
outflow pipes. 
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Arrangement of ponds at the study site 

©C. Wanjiru 

 

The hapas inside each pond were 2-m long, 2-m wide and  1-m deep, and were installed in 
the ponds using strong mangrove stakes. Strong disused fishing nets of 2-mm mesh size, 
were used to make the hapas. A fisherman with the help of the youth group members 
sewed them with plastic thread into big open-top bags. They were then fixed inside the 
ponds using strong mangrove stakes. The nets could allow water in and out without 
clogging. The depth of the hapas under water was 1.5 m. Hapas were cleaned and 
maintained weekly by a group member. 
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Schematic presentation of the pond layout in the study area 

©C. Wanjiru 
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Hapas inside the pond 

©C. Wanjiru 

 

Stocking of shrimp post larvae 

As recommended by the FAO, the stocking rate of P. indicus in a semi-intensive system 
ranges from 2-4 shrimp m-2 (Kungvankij and Chua, 1986). In this study, it was decided to 
use a stocking density of 5 shrimp m-2 and therefore each hapa had a total of 10 shrimp. 
At the time of stocking, the shrimp post larvae measured between 3.13 and 3.61 cm in 
length and weighed between 0.22 and 0.48 g. The post larvae were collected by two of the 
group members from a nearby mangrove creek using a seine net. The post larvae were 
placed in the nursery pond for two weeks for acclimatization before being transferred to 
the hapas. 
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Seining of post larvae from the mangrove creek  

©C. Wanjiru 

 

Pond fertilization 

The choice of chicken manure and cow dung as fertilizers was due to their ease of 
availability in the project area. Many farmers in Mtwapa keep chicken and cattle in their 
homesteads for the provision of milk, meat and eggs and also manure for their small 
subsistence farms. Farmers with excess manure sell it to their neighbours during farming 
seasons, thus earning some extra income. These manures were, therefore, sourced from 
nearby farms, the nearest one being about 300 m from the project site. Commercial urea 
was purchased from a local shop. The manure was transported to the project site by the 
youth members of the group using wheelbarrows. It was then weighed and taken to the 
ponds using buckets and applied fortnightly between 12.00 and 13.00 h. Pond fertilization 
was carried out at the rate of: 34 Kg 144 m-2 chicken manure, 63 Kg 144 m-2 cow dung 
manure and 1.5 Kg 204 m-2 commercial urea. This translated to: 2361 Kg ha-1 chicken 
manure, 4,375 Kg ha-1 cow dung manure and 73.5 Kg ha-1 commercial urea. These rates 
were expected to supply 16 Kg ha-1 of nitrogen per week. Similar rates had been applied 
by Gichuri (1999) in a culture of tilapia and catfish using fresh water. 
  
The cost of the manure was US$ 0.1, 0.2 and 0.5 per kg for chicken manure, cow dung 
and urea, respectively (in October 2009 US$ 1.00 was equivalent to 75 KSh). The manure 
was broadcast fortnightly in the whole pond. In the case of urea, it was first dissolved in 
water and then applied in liquid form to the pond. This task was carried out by the author, 
assisted by members of the youth group. Different workers have favoured different 
manure application frequencies in ponds with some opting for daily, weekly, fortnightly 
and monthly applications. 
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Assessment of water quality 

Measurement of physical and biological water parameters was carried out weekly at 
07.00 and 14.00 h by the author assisted by group members. Sampling for nutrients, 
phytoplankton, and zooplankton was done fortnightly and monthly, respectively. Keying of 
biological samples was done with assistance from technicians and scientists from the 
Kenya Marine and Fisheries Research Institute (KMFRI). The group members were 
enlightened on the importance of these tests and samplings in aquaculture but were not 
expected to carry out chemical and biological procedures as part of their routine duties in 
production. However, they were told why such parameters were important in shrimp 
farming. They were given the opportunity to contact KMFRI in case they encountered 
water quality problems which were beyond them. 

Recommended simple ways of measuring water quality 

It was appreciated in this study that the group members may not be able to carry out all 
necessary water quality tests as most water measuring instruments as well as chemicals 
are expensive and require technical knowledge. Simpler ways of assessing water quality 
were, therefore, introduced to the group. 

Some of the parameters that  group members measured using very simple equipment 
included: temperature, pH and pond productivity. A simple thermometer was 
recommended for taking water temperatures. Such a thermometer costs less than US$ 14 
which the group can afford. Water from different depths could be taken using a container. 

pH can be monitored using pH papers and the changes on the paper colour would tell 
when the water is acidic or alkaline and to what extent. Farmers could be taught to 
observe the colours that signify danger to the cultured organisms. 

Pond productivity is very important in low input aquaculture. The greenness of the pond 
water is an indication of its productivity, which can be measured using a secchi disk. The 
disk is usually lowered into the water and the depth of visibility is measured. A secchi disk 
visibility of 35-45 cm is considered safe in most aquaculture ponds. This device is easy to 
use and read even for a farmer with a low level of education. The farmers can be taught to 
be aware of the required measure of greenness for a healthy pond using a secchi disk. Low 
visibility could signify overfertilization of the ponds while high visibility indicates low pond 
productivity. In both cases, intervention is needed. 

Monitoring of shrimp growth 

The performance of the cultured shrimp was monitored fortnightly, through measurement 
of length and weight of shrimps. The importance of this simple exercise was to monitor the 
growth rate as well as the health of the shrimp. This activity allowed us to determine 
whether the shrimp were growing as expected and whether they would attain the market 
weight within the grow-out period which is 3.5–4 months. In the event the growth rate 
was not satisfactory, then perhaps some intervention measures could be employed to 
improve it. A simple ruler and field weighing balance was all that was needed along with 
careful handling and observation of the shrimp from the hapas. 

Experimental fishing 

In order to have an idea of the population structure of the wild shrimp in the study area, 
weekly experimental fishing activities were conducted in Mtwapa creek. Despite the limited 
time frame of the study (December 2008–2009), the highest population of post larvae was 
observed in the month of May. Further sampling is, however, recommended to ascertain 
the annual cycles. 
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Results 

Water quality 

The physical parameters of the water inside the ponds remained within acceptable levels 
throughout the study period. The pond treated with commercial urea showed an upsurge 
of total ammonia nitrogen from day 35, resulting in >50% mortality of shrimps. Although 
it was not possible to conclude that ammonia toxicity was the cause of death, it was 
nevertheless established that the concentration of ammonia in the water was enough to 
cause considerable stress to the shrimp. Therefore, ammonia toxicity combined with other 
factors could have triggered this mortality. It is recommended that farmers should be very 
cautious about using urea as a source of nitrogen in ponds. Apart from being expensive, 
urea leads to a build- up of ammonia in the water which can be lethal to the culture 
organism. 

There were sufficient numbers of phytoplankton and zooplankton in the fertilized ponds, 
indicating that manures enhanced the production of natural food for the shrimp. The 
results from this study also showed that cow dung is good organic manure as it gave the 
best final weight. However, cow dung was more expensive per unit weight compared to 
chicken manure, and its application was almost twice that of chicken manure. This made it 
more expensive overall despite its availability on most farms around the study site. 

Mean (±s.d) Morning/afternoon DO, Temperature, pH and salinity in the treatments. Pond 
(Treatment) 1 had no manures added and so served as the control; ponds 2, 3, and 4 
were treated with chicken manure, urea and cow dung, respectively. 
  
Trt DO  

(am) 

DO  

(pm) 

Temp.oC 
(am) 

Temp.oC 
(pm) 

pH  

(am) 

pH  

(pm) 

Salinity 
ppt 
(am) 

Salinity 
ppt 
(pm) 

1 6.3±1.3 8.4±2.1 30.3±1.3 32.6±1.6 7.1±0.6 7.2±0.8a 41 ±4a 40± 4a 

2 7.6±1.9 10.6±1.9  31.4±1.2 33.5±1.7 6.8±0.8 6.9± 1.2b 50±5b 46 ± 5a 

3 7.1±2.9 10.1±2.7 31.0±1.2 33.2±1.5 6.6±0.6 6.8±0.9b 47±2c 45± 3a 

4 5.2±1.8 9.2± 2.4 30.2± 1.4 32.5±1.6 7.2±0.3 7.5±0.5c 41±3d 46± 5a 

Key: Trt = treatment, DO, dissolved oxygen, temp =temperature 

Growth performance 

There was a drop in weight in Treatment 2 (chicken manure) on day 70 caused by 
mortalities. The cause of the mortalities was not established but it could have been a 
combination of factors, including management problems. The pond fertilized with 
commercial urea (Treatment 3) showed the highest mean growth rate until day 84 when 
50% of the shrimps died. Overall, production experienced in this study was below the 
expected rates. The highest net yield (NFY Kg ha-1) and annual production (AP Kg ha-1 yr-1) 
achieved was 18.87 Kg ha-1 and 64 Kg ha-1 yr-1, respectively, in the cow dung-treated 
ponds. 
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Harvested shrimp 

©C. Wanjiru 

In order to make small-scale aquaculture attractive to coastal communities, more research 
and trials need to be conducted to improve yields, with particular focus on identifying the 
safe and optimum rates for pond fertilization using different fertilizers. Cost benefit 
analysis should be carried out in order to assess the financial viability and environmental 
sustainability of different culture systems, including the one used in the present study.  
Polyculture systems, where shrimp are integrated with finfish (such as milkfish and mullet) 
should also be investigated to test their production levels and economic viability. For 
instance, polyculture of shrimp and finfish has been practised in Gei wai and tambak 
systems in Hong Kong and Indonesia. The yields range between 40 Kg ha-1 yr-1 in Gei wai 
to 300 Kg ha-1 yr-1 of shrimp in the tambak systems (Primavera, 2000).  

Values (±S.E) of specific growth rate, net fish yeild and annual production. Pond 
(Treatment) 1 had no manures added and so served as the control; ponds 2, 3, and 4 
were treated with chicken manure, urea and cow dung, respectively. 

 Treatment Final wt (g) SGR % NFY (Kg ha-1) AP (Kg ha-1 yr-1) 
1 2.9±0.2 a 1.8±0.3 a 12.4±0.5 a  42.5±1.8 a 
2 3.4±0.1 b 2.3±0.5 b 15.9±0.2 b 54.7±0.6 b 
3 3.2±0.3 ab 2.1±0.7 ab 14.7±1.9 ab 50.5±3.7 ab 
4 4.1±0.1 c 2.2±0.5 ab 18.9±0.4 c 65.0±1.3 c 

  

 *Mean values with different letters in the same column were significantly different 
(p<0.05). SGR means: specific growth rate; NFY: net fish yield; AP: annual production  
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Growth of P. indicus growth under different treatments (manure types). Pond (Treatment) 
1 had no manures added and so served as the control; ponds 2, 3, and 4 were treated 
with chicken manure, urea and cow dung, respectively. 

©C. Wanjiru 

 

Natural population of P. indicus in the mangrove creeks of Mtwapa 

The results from seining showed that post larvae P. indicus were available throughout the 
study period. Mean densities of shrimp ranged from 0.34±0.35 individuals m-2 in transect 
5 to 0.67±0.79 individuals m-2 in transect 1. The highest shrimp density in Mtwapa was 
recorded in May. A study of longer duration is needed in order to understand seasonal 
variation of post larval densities so that farmers have information that they can use to help 
them plan their stocking and production cycles.  However, a shrimp density of <1 shrimp 
m-2 may not be a sustainable source of seed for shrimp farming, therefore necessitating 
the construction of a hatchery. 
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P. indicus density/m² in the mangrove creek. 

©C. Wanjiru 

 

Challenges observed in the study 

Coastal aquaculture has not been given priority in Kenya. This means that there is no 
infrastructure in place where proper research can be carried out. This study had to find a 
way round this problem by carrying out the trials in hapas in place of earthen ponds. One 
of the disadvantages of using hapas was that we could not carry out a comprehensive cost 
benefit analysis that could clearly tell us whether or not it was economical to invest in 
small scale shrimp culture. 

The land on which the shrimp were grown is government trust land and so it was not 
possible to estimate its cost. The cost of pond construction was 343 KSh m-2. Recurrent 
costs incurred in this study were fertilizer and labour costs, which included security and 
maintenance. The person in charge of security at the site (a member of the youth group) 
was expected to also carry out simple maintenance of the ponds. Table 2 gives a summary 
of the expenditure and incomes in the four treatments. From this table, the income in US$ 
per hectare for the trial as a result of the different treatments was: US$ 135, US$ 161, 
US$ 173 and US$ 193 ha-1 for control, chicken manure, urea, and cow dung manure, 
respectively. This is from a 106-day growing period which is within the recommended 3.5– 
to 4-month grow-out period for P. indicus to reach market size. 

All the treatments resulted in a net loss on the scale the experiment was carried out 
and the cost of land and pond construction was not included. 

Another challenge encountered in this study was lack of baseline data. It was, therefore, 
not possible to compare this study with any other carried out in Kenya. It is hoped that 
this can be used as a baseline study and further research can be carried out so as to build 
on this work. 
  
If further research indicates that such small scale shrimp farming is viable in Kenya, the 
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availability of capital to venture into such an enterprise would be a challenge to many. 
Most of the farmers targeted by such a project are poor fishermen and cannot afford the 
capital needed to start such a venture. This problem would thus have to be addressed by 
all the stakeholders including the government and the private sector. 

Total expenditure, gross income and profit for 0.0002 ha in the present study 

Trt Expenditure (KSh) Income (KSh) Net Profit (KSh) 
1 60.36 a 2.02 a - 58.34 a 
2 66.21 b 2.41 ab - 63.80 b 
3 64.56 c 2.26 b - 62.27 c 
4 70.63 d 2.90 c - 67.73 d 

*Mean values with different letters in the same column differ significantly (p<0.05) 

Conclusions and recommendations 

Despite the challenges encountered during this preliminary study, important outputs were 
realised. Data and information on shrimp culture, water quality, as well as growth rates 
under different fertilization regimes is now available for use by extension officers, 
researchers and other stakeholders interested in coastal aquaculture. Apart from 
temperature and salinity, most other water quality parameters were within the acceptable 
range for P. indicus aquaculture. 

Growth rates and net production achieved in this study were below those recorded for 
similar studies elsewhere. A number of factors could have contributed to the low 
production. First, the fertilization regime applied could have led to build-up of ammonia 
levels in the water which is toxic to shrimp at higher concentrations. Second, levels of 
phytoplankton and zooplankton produced could have been limiting to shrimp growth or 
failed to provide the required nutrients for the optimum growth of the shrimp. Thirdly, the 
hapa system could have affected the growth rates due to their size. It is strongly 
recommended more trials be conducted using earthen ponds to ascertain these results. 

Planting of mangrove trees on the pond dykes, as in the gei wai system in Hong Kong, are 
recommended so as to prevent water temperatures and salinities from getting very high in 
the pond water. This would provide shade for the shrimp at the same time help lower the 
rate of evaporation and thus increases in salinity. 

It is still not possible to know whether the densities of shrimp post larvae in the wild are 
enough to supply shrimp farmers. This would have to wait until research has shown the 
viability of such a project and the right stocking densities have been established. However, 
hatcheries are still an important component of shrimp farming. Pond fertilized with cow 
dung gave the highest growth rate of cultured shrimps. 

The involvement of both the government and the private sector cannot be overemphasised 
if coastal aquaculture is to take off in Kenya. In South East Asia where aquaculture is a 
multi-billion dollar industry, there has been investment from both the government and the 
private sector in terms of infrastructure, capital, research and technical support. However 
it is primarily through private investment and entrepreneurial capacity that mariculture in 
South East Asia has developed. 

Lessons learned  

Coastal aquaculture has lagged behind in Kenya partly due to lack of baseline data as well 
lack of adequate trained man-power for mariculture.  This study further confirms that it is 
possible to culture shrimp in Kenya. Unique problems posed in this case included high 
water temperatures, salinity build-up, as well as ammonia toxicity inside the ponds. This 
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has to be dealt with, possibly through shading to reduce evaporation and increasing the 
frequency of water recharge. 

For coastal aquaculture to take off and succeed in Kenya, there is need for co-operation 
between the government, private sector and the potential shrimp farmers. This is because 
the land suitable for coastal aquaculture is mostly owned by the government which has to 
decide how the farmers can access it. For example, would the government sell the land, 
lease it or will the government enter into agreements with individual farmers or 
cooperatives? The private sector is needed for financing in terms of loans, construction of 
hatcheries and other infrastructure needed in aquaculture. This has not yet taken place but 
it is hoped that it will be considered the way forward for coastal aquaculture. 

Marketing 

Due to lack of active shrimp farming activities, the issue of marketing has not been 
addressed in this study. The experiment was carried out on a very small scale and the 
shrimp harvested could not be taken to the market. They were weighed and then given to 
the youth group members who helped with the study. However, if we were to consider 
what happens with the capture fisheries, the shrimp that are fished by the artisanal 
fishermen are usually sold at the landing site mostly by brokers. The brokers then take 
them to the tourist hotels where they sell them at the going rate at the time. There is 
obviously the need for further market-based surveys/studies on the current shrimp market 
chain in Kenya, its main players, access and financial implications for different categories 
of potential producers, from small scale community level to more medium to larger scale 
investors. Such studies will provide much valued information on price and value chains 
which will better inform potential shrimp farmers at different levels of production on their 
potential volume of sales and income and thus profitability of entering into farming shrimp 
in coastal ponds. 

Price fluctuation 

Prices fluctuate according to the season. During the April to June shrimp season the supply 
of wild caught shrimp is high though the price of shrimp remains relatively constant. This 
is because even during the peak season, the supply is never enough to meet the demand.  
However, during the low shrimp season, August to February, the scarcity tends to push the 
prices even higher and only those willing to pay the highest price obtain the shrimp. A 
kilogram of shrimp in the low shrimp season can be as high as 700 KSh kg-1 and as low as 
600 KSh kg-1 in the high season, equivalent to US$ 9.3 kg-1. 

Measures of success 

This work was carried out with only one youth group which owned the study site. The 
group members were given the opportunity to learn the basics of aquaculture which they 
seemed to enjoy. The skills acquired by the community from this study will definitely find 
their way into other groups along the coast. Members were taught the basic principles of 
aquaculture. The group learned measurement (using equipment) of water quality 
parameters including: dissolved oxygen, salinity, pH and temperature, as well as the 
optimal and lethal levels of these parameters. They were also taught how to observe or tell 
whether some of the parameters were limiting. This is because they were not expected to 
use equipment to measure these parameters as they could not afford them. For example, 
when dissolved oxygen is limiting, the cultured organisms tend to come to the surface to 
gasp for air. If this is noted, then the water should be stirred to allow for the diffusion of 
more oxygen into the water to help save the cultured organisms. Community members 
were given practical training using simple reference materials, including prepared 
classroom notes, and published scientific information. The training was informal and 
carried out on-site. The group was also trained in pond fertilization and how to assess 
growth by measuring length and weight of the shrimp. It is expected through this study 
and others, that coastal communities could be better prepared to venture into shrimp 
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farming and thus reduce pressure on capture fisheries. Throughout the study, emphasis 
was laid on an ecosystem approach to shrimp farming. For instance, the dependance of 
shrimp on mangroves was emphasised. This enhanced group involvement with mangrove 
conservation activities such as replanting of clear cut areas and surveillance. 

As one of the supervisors of this project (Dr. Betty Nyonje) is the national coordinator of 
coastal aquaculture at the KMFRI, all the data from the present study will therefore be 
available to KMFRI.  It is hoped that further follow–up studies will focus on clarifying 
optimum, safe levels of pond fertilization, shrimp stocking densities in ponds, clear cost 
benefit analyses of financial viability which identify most profitable and sustainable 
production systems, and an associated comprehensive market study, all of which clearly 
will inform and help potential new shrimp farmers in their decision as to whether or not to 
go ahead with such an activity. 

There are also clearly other issues which need to be clarified if such an activity can go 
ahead including the current situation over coastal land ownership; the future provision of 
hatchery-produced shrimp post larvae to meet increased demands – for example, refer to 
the recent Cameroonian community shrimp hatchery and ongrowing project Concepto Azul 
carried out through a public private partnership; and finally the statutory, regular and 
effective regulation and environmental monitoring of the development of shrimp culture in 
Kenya by the government authorities so as to prevent the considerable problems 
encountered by South Asian and South American shrimp farmers. 
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Organizations 
Organization Organization Address  Main Contact Web Address  

Concepto Azul Mz. 10, Villa 34, Guayaquil, 

Ecuador 

 http://www.concept

oazul.com.ec/indexe

singles.html 

Anglican Church of 

Kenya 

PO Box 80072- 80100, 

Mombassa, Kenya 

 http://www.ackenya

.org 

Kenya Marine and 

Fisheries Institute 

PO Box 81651, Mombassa, 

Kenya 

bnyonje@kmfri.co.ke http://www.kmfri.co

.ke 

Kenya Ministry of 

State and National 

Heritage and 

Culture 

Kencom House, 1st and 2nd 

Floor, PO Box 48849-00100, 

Nairobi, Kenya 

 http://www.national

heritage.go.ke 

Kenya Vision 2030 Ministry of State for Planning, 

National Development and 

Vision 2030, Treasury Building, 

Harambee A, PO Box 30005, 

Nairobi, Kenya 

 http://www.plannin

g.go.ke 

Kwetu Youth 

Center 

Kwetu Training Center, PO Box 

685-80109, Mtwapa, Kenya 

 http://www.kwetuk

enya.org 

University of 

Nairobi, School of 

Biological Sciences 

PO Box 30197, Nairobi, Kenya Caroline Wanjiru 

ckairo2002@yahoo.com 

http://www.uonbi.a

c.ke 

Tecnológico de 

Monterrey 

Ave. Eugenio Garza Sada, 2501 

Sur Col. Tecnológico, CP 64849, 

Monterrey, Nuevo León, Mexico 

Jorge Garcia 

jorge.garcia@itesm.mx 

http://www.itesm.e

du 

Western Indian 

Ocean Marine 

Science 

Association 

PO Box 3298, Zanzibar  http://www.wiomsa.

org/ 

Alcoa Foundation's 

Sustainability and 

Conservation 

Fellowship 

Program 

Alcoa Corporate Center 201 

Isabella Street, Pittsburgh, PA 

15212-5858, USA 

 http://www.alcoa.co

m 

Institute of 

International 

Education 

1400 K Street, NW, Suite 650, 

Washington DC, USA 

  http://www.iie.org 

http://www.conceptoazul.com.ec/indexesingles.html
http://www.conceptoazul.com.ec/indexesingles.html
http://www.conceptoazul.com.ec/indexesingles.html
http://www.ackenya.org/
http://www.ackenya.org/
mailto:bnyonje@kmfri.co.ke
http://www.kmfri.co.ke/
http://www.kmfri.co.ke/
http://www.nationalheritage.go.ke/
http://www.nationalheritage.go.ke/
http://www.planning.go.ke/
http://www.planning.go.ke/
http://www.kwetukenya.org/
http://www.kwetukenya.org/
mailto:ckairo2002@yahoo.com
http://www.uonbi.ac.ke/
http://www.uonbi.ac.ke/
mailto:jorge.garcia@itesm.mx
http://www.itesm.edu/
http://www.itesm.edu/
http://www.wiomsa.org/
http://www.wiomsa.org/
http://www.alcoa.com/
http://www.alcoa.com/
http://www.iie.org/
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Appendix 

The Majaoni Youth Development Group, Mtwapa Creek 

Majaoni Youth Development Group (MYDG) is a community-based organization (CBO) 
registered with the Ministry of State and National Heritage and Culture in Kenya as a 
community based organization. This was founded in 2003 and comprises 12 members (2 
women and 10 men) of between 20 and 40 years of age. One of the women works as a 
nursery school teacher and she is also the group’s Treasurer. The other member is 
employed as a police officer. The group is run by a committee comprising the Chairman, 
Vice Chairman, Secretary, Vice Secretary and a Treasurer. The group has a registered 
bank account for their funds, and at the time of the study the group had not applied for 
any loan facilities. 

All the members of the group are currently from Majaoni village in Mtwapa. This group 
came together with the aim of exploiting the marine living resources in Mtwapa creek in a 
sustainable way. The current group activities include mangrove reforestation, small scale 
aquaculture, bee keeping and beach management within and adjacent to Mtwapa creek. 
With support from KWETU Youth Center, the group constructed their first pond for milkfish 
culture.  

To be a member of Majaoni Youth Development Group, one has to be a member of the 
Majaoni community and interested in fish farming and environmental conservation. One 
must also be available for group activities which include pond construction, seining for 
fingerlings, and pond maintenance. Most of the members have secondary school education 
certificates, but lack of funds for college fees have stopped them from proceeding beyond 
this level. Some members have formal employment in the hotel industry and only attend 
group activities when tourism is down. The chairman of the group, Mr. Lucas Fondo, has a 
part-time job with an human rights advocacy group - Muslims for Human Right (MUHURI). 
The group meets every Sunday to agree and approve workplans and activities. There are 
currently four grow-out ponds and three nursery ponds that the group uses for fish 
farming. 

Another member of the group, Mr. Kahindi, is 40 years old and married with four children. 
Mr. Kahindi does subsistence farming of mixed crops and animals on his small farm. He 
oversees the day-to-day running of the fish ponds. Prior to the current engagements, Mr. 
Kahindi was a boat operator in a tourist hotel. Following the mass layoff of hotel workers in 
1997-98 and the collapse of the tourism industry in Kenya, Mr. Kahindi lost his job. He 
then had temporary periods of employment in the hotel business until he joined the 
Majaoni Youth Development Group in 2003. 

Mr. Kahindi receives some wages from Majaoni Youth Development Group or from the 
researchers working at the site. This allowance helps him pay for his children’s school fees. 
Mr. Kahindi has gained a lot of experience in aquaculture from the KWETU Centre and 
especially from Mr. David Mirera who has worked with KWETU for a long time. When 
KWETU introduced fish farming in his village, Mr. Kahindi showed a lot of interest and is 
now regarded as an ‘expert’, often consulted by other villages to construct and stock 
ponds. He is very proud of his skills and is willing to teach them to many more people as 
the need arises.  

Recently, organisations interested in mariculture research have taken an interest in the 
Majaoni site and have from time to time used it as an experimental site for their studies; 
this is because it is the only site with easily accessible large ponds. The integrity and 
organisation of the group has also been a strong factor in attracting researchers. During 
the period when the ponds are being used for experiments, the group is given a small 
amount of compensation equivalent to the money they would have made had they 
cultured fish instead. This money is put in the bank and then used to pay the person in 
charge of security and maintaining the ponds. 
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Several NGOs and religious groups like the Anglican Church of Kenya (ACK) community 
development division have also shown interest in the group and have helped them to 
construct ponds; the group appointed Mr. Kahindi to be in charge of all these activities. 
Bee keeping activities have also been introduced with each member having 3 hives. They 
also have a board walk inside the mangroves for ecotourism. 
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