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INTRODUCTION 
 

AQUACULTURE 
 
Aquaculture or farming in the aquatic environment is a fast growing mode of food 
production in the world. Furthermore, increase in human population, desertification, 
environmental degradation and construction are continuously reducing the available arable 
land while increasing the demand for food. One of the available, expandable sources of 
food is through aquaculture of edible organisms. 
 
Marine aquaculture (mariculture), is a growing industry all over the world, as a result of 
limited fishery landings and a rise in the demand for sea food.  These global phenomena 
support a firm economical basis for future mariculture development.  During the last few 
decades intensive mariculture has been developed mainly in floating cages, located in 
protected waters such as fjords, inlets and caves.  Recently, due to pollution problems 
caused by organic loads (excessive food and fish excretions) cage culture is moving to the 
open sea.  On land, intensive sea water pond systems for culturing fish and shrimp, are 
also discharging organic matter and inorganic nutrients through their effluent thus causing 
eutrophication of the local marine environment. While feeding cultured fish or shrimps, a 
significant part of the ingested food is discharged to the environment as excretory 
products.  These products contain nitrogen and phosphorous, which are limiting nutrients 
in the marine environment.  These nutrients are the foundation stones of proteins 
(especially reduced nitrogen) and from global conservation of protein point of view, the 
release of these nutrients to the environment is wasteful considering the global nutrient 
cycle.  The development of a technology that is environmentally friendly and efficient in 
minimising nutrient loss is necessary for future development of mariculture. 
In 1994 WIOMSA sponsored a multi-disciplinary study on the environmental 
considerations for possibilities of developing mariculture ponds at Pete, Zanzibar, 
Tanzania (Mmochi et al., 1996). The study that was done by the Institute of Marine 



Sciences involved fishery biologists, ecologists, botanists, chemists, and physical 
oceanographers (Mmochi et al., 1996). The study was aimed at enhancing the Institutes 
manpower capacity in sustainable mariculture development. The interest in mariculture 
was enhanced by the increasing interests, inquiries and attempts on mariculture in the 
Island. The interest is also enhanced by a reported decline in fish catches from 20,000 
tonnes in the eighties to around 10,000 tonnes in the nineties (Jiddawi and Omar, 1995).   
 
However, aquaculture needs to be introduced with care because it has already shown 
negative environmental impacts in some places. There is an emerging trend where fish 
farmers having destroyed the aquatic environment through pollution and genetic 
interference, move on to fresher grounds where aquaculture practices and impacts are 
unknown.  This has been especially pronounced in shrimp and prawn mariculture 
(Kapetsky, 1986).  The process is going on, efforts in environmental education and 
awareness not withstanding.  The overriding problem is possibly the ignorance of the 
environment problems caused by specific aquaculture practices by inexperienced 
communities. Because of the experiences else where we have a chance of learning from 
their mistakes and take precautions against unsustainable aquaculture. Development of 
sustainable aquaculture  will probably be an area of emphasis in 21st century. 
 
Properly planned mariculture can be done in a way that is friendly to the environment, an 
exercise which will give Tanzania and Eastern Africa a chance to avoid the mistakes  that 
were made in Asia and South America where pollution, uncontrolled cutting of mangrove 
trees and salt water intrusion into land in the process of shrimp farming have reduced the 
productive mangrove ecosystems into barren mud flats. If proper plans are not made now 
fish and shellfish mariculture will still mushroom in the region with unpredictable 
consequences to the environment. The speed with which seaweed farming developed in 
Zanzibar is a good example of how fast fish and shellfish mariculture can develop. 
 

PROBLEMS RELATED TO ANIMAL MARICULTURE 
 
Animal mariculture is affected by upstream runoffs carrying sewage, industrial and 
agricultural pollutants as well as sediments from land.  It is also affected by ocean waves 
and storms if farms are located near the shore or in the ocean. On the other hand it can 
have a down stream effect through organic loading, antibiotic and genetic interference 
with local organisms. As such it requires technical know how  as well as environmental 
and economic planning.  
 

HOW DID IT BEGIN  
 
The Commissioner of the Prisons Department, Zanzibar, requested the Institute of Marine 
Sciences to do a feasibility study on the possibilities of converting salt pans at Makoba 
(fig. 1) into prawn mariculture ponds (Mmochi, 1995 a and b; Mozes, Gordin and 
Mmochi, 1995). The study was also directed towards finding out the reason for fish 
mortality in the area.  Water quality analysis was also conducted. After the preliminary 
study the Prisons Department again requested the Institute of Marine Sciences to develop 
a methodology and find a means to initiate fish and shellfish mariculture in the former salt 
pans 



A preliminary visit to Zanzibar was made by one of the Israel scientists from the National 
Centre for Mariculture (NCM), and subsequent discussions with scientists in the IMS, it 
was concluded that a fruitful co-operation between the two institutions was possible.  It 
seemed that the concept of the Integrated Mariculture Pond System (IMPS) that has been 
developed at the NCM in Eilat, Israel, might be applied in the development of mariculture 
in Zanzibar. 
 
♦ Mr. Noam Mozes, Director of Aquaculture Engineering Department at the NCM visited 

IMS in July 1995.  During the stay in Zanzibar a visit to Makoba Bay salt pans was made 
and discussions held.  The discussions led to a proposal from IMS to NCM and GIFRID 
Foundation (Mmochi, 1995b).  A joint proposal by Mmochi from IMS and Mozes and 
Gordin from NCM was submitted to GIFRID Foundation in Germany in 1995 (Mozes, et 
al, 1996).  GIFRID agreed to finance the scientific study. Mr. Noam Mozes and Dr. Hillel 
Gordin visited Zanzibar from 30th July to 5th August 1996 to discuss with IMS scientist 
on construction, feed formulation, fingerling selection,  availability and collection. 

THE AIM 
This proposal deals with the implementation of the IMPS model within the socio economical, 
technological and environmental conditions that prevail in Zanzibar. 
OBJECTIVES OF THE PROJECT 
This project will focus on two main objectives Develop a model system that is 
environmentally friendly for the culture of fish, shellfish, and seaweed.  Produce fish, 
shellfish and algae at cost and technology that is manageable by local entrepreneurs.The 
approach will be to adapt the Eilat situation in Zanzibar by reducing the level of 
intensification and the cost of production especially the production of fish feed and energy 
cost in the seaweed ponds. 
In order to start the scientific experiment an Environmental Impact Assessment (EIA) for the 
change in the land use from solar salt mining to fish and shellfish mariculture was conducted.  
 
THE FINDINGS OF THE EIA 
 
The Mahonda-Makoba drainage basin has perennial peasant farms with coconuts, bananas 
and  a variety of fruits. These use little agrochemical if any. However, there are also rice 
farms, a sugar cane plantation and a rubber plantation. In the farms there are a cattle ranch, a 
rubber factory and a sugar factory. The EIA was done on possible upstream effects to the 
project and downstream effect of the project to the environment. Among the upstream effects 
studied were possibilities of pollution by chemicals from Mahonda sugar factory, agricultural 
chemicals from rice and sugarcane farms in the drainage basin. There are reports of fish 
mortality in the rivers in the area. Local information (from fishermen) suggests that the fish 
deaths occur within one week following release of some materials from the sugar factory. 
That the fish stop dying after these releases discounts pollution by pesticides as they are 
mostly insoluble in water and would remain in sediments and kill continuously for a longer 
time. Furthermore, pesticides are usually applied during the planting season which is a rain 
season. Agrochemicals  are usually transported to the rivers during rainfalls as rain runoffs. 
According to the local information the mortalities do not occur in the rainy season. If 
pesticides sprayed in the farms were the cause of mortality, then it would be expected to 
occur in February-March or September-October at the beginning of long and short rains 
respectively.  
 



Fusel oil which is a by product of alcoholic fermentation has been proved to cause fish 
poisoning and may be the cause of fish mortality in Makoba (Prof. Chan of the United 
Nations University (UNU), Japan and Manager, Mahonda sugar factory, pers. comm.). Fusel 
oil is a volatile mixture of isoamyl, butyl, propyl and heptyl alcohols (Parker, 1989). The 
mixing ratios of sea water to the river water at high tide at Makoba bay (that is expected to be 
tapped for aquaculture) is expected to be so high that pollutants carried by the river water are  
likely to be reduced to negligible concentrations. 
  
Following the conclusions, fish and shellfish mariculture at Makoba was judged to be 
feasible because: 

• The concentrations of dissolved inorganic nutrients, and suspended substances including 
the amount of organic matter was within acceptable ranges for mariculture  

 
• The water concentration at high tide which is expected to be tapped for mariculture is 

almost sea water (salinity 34-35) 
 
Despite the optimism, studies on heavy metal, pesticides and nutrient concentrations are now 
being carried out at the inlet, in the ponds and at the outlets. The pollution studies are  being 
carried on the sediments and the water column. Futhermore, the bay has been included in the 
long term pollution monitoring programme so as to ensure that changes in uses upstream can 
be monitored before they can affect the cultured species and their consumers. Already, 
discussions have been carried out on the possible control of fusel oil pollution in the area. 
The project and the associated studies is a challenge to integrated  coastal management for 
the area. Successes for the project will mean availability of manpower to solve similar 
problems in the island and the region. 
 
Environmental Impact Assessment for a change in the land use has been completed and sent 
to Department of Environment and Sub-Commisson of Fisheries Zanzibar for their comments 
and permission. In the EIA the possibilities of upstream effect on the farms were noted due to 
rice farms sugar cane plantation and sugar factory upstream.  
 

THE METHODOLOGY AND DOWNSTREAM EFFECTS 

THE PROPOSAL 

THE MODEL SYSTEM - INTEGRATED MARICULTURE POND SYSTEM (IMPS) 
The proposed model system is built by three modules in serial arrangement (fig. 2).  The fish 
pond is located at the top of the system and receives sea water supply.  Effluent water from 
the fish pond flows by gravitation through the shell fish pond and downstream to the seaweed 
pond.  
 
The species being considered for fish culture are Siganus (rabbit fish), Lethrinus, Lutjanus    
and Chanos. Pinctada, Anadara, Crassostrea and Oysters are among the shellfishes being 
considered while the sea weeds are Eucheuma cottonii, ulva and Grassilaria. 
LEVEL OF CULTURE INTENSIFICATION. 
At the beginning a density of 1 kg/m3  will be studied. Depending on the results the level of 
intensification for rabbit fish will be 1-5 kg/m3.  The intensification will not be higher because 
there will be no facilities for aeration. To support the fish culture artificial feeding will be 



added to supplement the natural food in the pond. The stocking density for clams will be 500 
ind/m2.  Initial density of seaweed culture will be similar to the local traditional technique of 
seaweed farming in Zanzibar, although possibly the supply of nutrients from the fish and 
clam ponds could support higher seaweed densities up to a level where radiation would be 
the limiting factor.The level of intensification is a major subject for experimental work to be 
done on the site.  Fish, shellfish and seaweed density experiments will take place during the 
second year of operation, based on oxygen and nutrients budgets that will be measured in the 
first year. OUTPUT WATER QUALITY AND NUTRIENT BUDGETS 
One of the target functions of the IMPS is to minimize the organic enrichment of the 
environment.  The IMPS performance in Eilat has shown that a large part of the organic 
matter is removed from the water while passing the sedimentation-clam pond.  In previous 
nutrient budgets, focusing on the total nitrogen, it was found that out of the 100% of nitrogen 
input (by fish food), about 20-25% of the nitrogen is used for fish growth and accumulated by 
the fish, 5-10% accumulates in harvested seaweed (Ulva) and about 1% is used for clam 
growth.  About 10-15% of the nitrogen leaves the system in the outflow. The remaining 
nitrogen fluxes were unknown. It is thought that 10% is lost by seepage and 50% lost around 
the sedimentation-clam pond (Mozes and Saban, 1994).  The nitrogen budget of the IMPS 
needs additional research, especially on qualified processes in the sedimentation-clam pond 
and finding ways to intensify the shellfish yield as a sink of nitrogen. 
 
The methodology that was used for the assessment of the water quality output was 
monitoring the different parameters along the system and in the outflow and calculating mass 
balances, mainly total nitrogen.  However, monitoring the total nitrogen at Makoba will 
probably not be feasible.  Instead of that, BOD 24h readings (Boyd, 1973) which are more 
simple to conduct, will serve as a monitoring parameter.  In addition, the food input and the 
harvest biomass of fish, shellfish and seaweed will be recorded and will represent the organic 
input and the yield output respectively.  The rest of the organic matter either accumulates in 
the sediment, or is released to the atmosphere, or suspended in the water column. 

CONCLUSIONS 
 
From the various studies that have been conducted, the Makoba bay has proved to be 
reasonably environmentally clean to be able to allow sustainable mariculture. The river water 
and rain runoffs in the area have high concentrations of nutrients and low concentrations of 
oxygen. However, the concentrations are still within the accepted levels for fish and shellfish 
mariculture. Besides, the water that is going to be tapped for mariculture is diluted so much 
by the sea water that there is little likeliness of wastes from the industries and farms to affect 
the fishes and the consumers. Despite this there will be a constant monitoring of the water 
and sediment qualities in the inlets, ponds and outlets to ensure that the present quality of the 
environment is maintained. The project is environmentally and economically sustainable. The 
project is being run under continuous supervision of multi-displinary team and adapting a 
tested model. The project will also be used as a model to other projects expected to be 
initiated in the area. This is important because the human population growth, habitat 
development, desertification, overfishing and pollution favours development of aquaculture. 
From the trends therefore aquaculture is bound to start in the region in the near future. If the 
model is successful the associated research will provide information to policy makers and 
communities in the region  and prepare them for future developments in mariculture. The 
project is in effect an academic endeavour for the future developments in the country and the 
region.    
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