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ABSTRACT

High algal biomass arising from cultural eutrophication is a common feature of shallow tropical African

reservoirs. The eutophication problem is expected to increase in these reservoirs due to economic reasons and

global warming. The effects of this problem in the reservoir include low transparency, anoxia, and loss of

biodiversity and socio-economic functions of the reservoir among others. Biomanipulation is a veritable tool

to control the high algal densities and restore the lake to a clear water state as well as improving the water

quality, conserving the biodiversity, enhancing the fisheries and promoting the socio-economic functions of the

reservoir. Top-down grazing effect of zooplankton, phytoplanktophagous fish assemblages, zooplanktiovorous

and benthivorous fish removal, stocking of piscivores fish species, use of microbial pathogens and moderate

macrophytes abundance were some of the biomanipulation “tools” that could be employed in these reservoirs

to control the high algal abundance. The chances of success of this technique will be high if all the strategies

are fully adopted.
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Introduction

The use of biomanipulation as a tool for water management started in the 1970’s in small lakes and was

later applied to large lakes in 1990’s because of its success (Lammens, 2001). Biomanipulation or biological

restoration is seen as an option for restoring turbid lakes and reservoirs characterized by high phytoplankton

biomass often with no plants to clear water with diverse aquatic plants and fish community. According to

Shapiro and Wright (1984), biomanipulation is the deliberate exploitation of the interactions between the

components of the aquatic ecosystem in order to reduce the algal biomass. High algal biomass in lakes and

reservoirs commonly results from eutrophication brought about increase in nitrate and phosphate loading into

the reservoir. In most shallow topical African reservoirs, eutophication is accelerated through cultural means

where human activities especially farming bring into the reservoir nitrate and phosphate through fertilizer run-

off. 

Majority of the shallow tropical African reservoirs are built for domestic and industrial water supply,

irrigation, fish production and recreation. These shallow lakes are more prone to eutrophication because of the

intense exchange of nutrients between the water column and sediments (Ekhol et al., 1997). Loss of

biodiversity and socio-economic functions of the reservoir, poor water quality, anoxia, low transparency and

disruption in food web interactions are some of the effects of cultural eutrophication in these lakes. The

eutrophication problems in these reservoirs are expected to increase in the near future due to economic

development and global warming (Jeppessen et al., 2008). Based on this assumption, biomanipulation will be

a ready tool to address the problems and challenges that is posed by this inevitable phenomenon especially

in tropical Africa.The success of biomanipulation in lake restoration for temperate lakes is well known. The

application of this tool directly in shallow tropical African lakes is little, in spite of the fact that these lakes
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are more eutophicated than the temperate lakes. This could be due to reasons adduced by Jeppessen et al.

(2008).

The objective of this paper is to look at various ways by which biomanipulation could be applied to

eutrophied shallow tropical African reservoirs. This is a with a view to control algal bloom, increase the water

clarity, enhance fish production, conserve biodiversity and promote the socio-economic functions of the

reservoirs. 

 

Methods of application of biomanipulation in eutrophied shallow tropical african reservoirs

The bottom-up effect created by high nitrate and phosphate loading in reservoirs resulting in dense algal

bloom could be effectively checked by top-down grazing effect of zooplankton. McQueen et al., (1986)

reported that grazing zooplankton and not the quantity of nutrients control the amount of algae in open water.

Shallow tropical African reservoirs are characterized by high species diversity and biomass of phytoplankton

and low species number of zooplankton (Mustapha, 2009). With the onset of eutrophication in these lakes, the

algal biomass increases in multiple folds thereby exacerbating the challenges of reservoir usage.

In order to control the high algal abundance occurring from eutrophication without the use of expensive

physical and chemical means, various autochtonous biological components of the reservoir as well as

allochtonous biological resources could be exploited for this purpose. This includes the use of microbial

pathogens, aquatic macrophytes and fish. To achieve a complete success of biomanipulation, various

interactions between the watershed, sediments, physico-chemical and biological components of the reservoir

should be taken into consideration.

Zooplankton grazing

Effective zooplankton grazing on the phytoplankton is a powerful means of controlling the high population

density of algae in eutrophicated shallow African reservoirs. Large bodied zooplankters such as Daphnia,

Bosmina which are found in relatively high numbers in many topical shallow reservoirs could effectively check

high algal biomass in these waters. The conditions which can reduce the population of these herbivores such

as anoxia (Holdren et al. 2001), zooplantivorous phatom midge Chaoborous (Branco et al., 2000), high fish

predation (Garcia et al., 2002) are often absent in shallow tropical African reservoirs. This is due to the

morphological features, hydrodyanamics and biotic composition of the reservoir among others. These conditions

should therefore be prevented in these shallow reservoirs if algal biomass is to be effectively controlled by the

zooplankton. 

High silt and clay in reservoirs could be a threat to effective zooplankton grazing. This is because silt and

clay suppress the growth and abundance of zooplankton through food availability (Mustapha, 2009), and this

could cause great juvenile mortality of the zooplankton. This scenario is more pronounced in the rainy season

in the tropics when turbidity of the water increases due to run-off and silt and clay from the watershed into

the reservoir. The integration of watershed best management practices (BMP) which reduce the amount of silt,

clay and nutrients run-off into the reservoir with biomanipulation will ensure the control of algal bloom arising

from cultural eutrophication.

Fish assemblages

The fish assemblages of shallow tropical African reservoirs are usually dominated by phytoplankton-eating

fish species most especially Tilapia, Heterotis and Synodontis species (Mustapha, 2009). These cichlids will

naturally control algal population through predation except the toxic blue-green algae which are often inedible

for them. Although zooplanktivorous species such as Barbus, could be found in these lakes, their numbers are

insignificant to impart substantial predation effect on large bodied zooplankton. These zooplanktivorous fish

are themselves controlled by piscivores like Clarias species which feed on their fries. Thus top-down control

of by piscivores on zooplanktivorous fish species is therefore stronger in shallow tropical African reservoirs

than in the deep lakes.

Because of the shallow nature of the reservoir and the intensity of fishing activities with various mesh size

nets, the dominance of small fish high abundance which could lead to higher fish predation on zooplankton

(Kalff, 2002) is often absent in these reservoirs. This further enhances the development of large bodied

zooplankton for the control of high algal population. Bottom browsers in these lakes, however, could be a

serious challenge to the application of biomanipulation by fish to control the algae. Bottom browsers are known

to release significant amount of nutrients to the water column as these fish feed and digest food (Holdren et

al., 2001). Elimination, removal or reduction of these benthivorous fish species which sometimes could be
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difficult will help in improving the lake transparency (Lammens, 2001). Stocking the reservoirs with

piscivorous fish such as Clarias species will also reduce the population of planktivorous and benthivorous fish

thus ensuring high population of zooplankton and phytoplankton- eating fish. 

Microbial pathogens

Inoculation of eutrophied reservoir with pathogens of virus, bacteria, fungi and protozoa can be a possible

control of algae. The use of such pathogens to control algae has been tried in temperate reservoirs (Lindmark,

1979), but none has proved effective and controllable in these reservoirs (Holdren et al., 2001). The

ineffectiveness of the pathogens to control the algal could be due to the certain physico-chemical and biological

conditions prevalent in these temperate reservoirs. The application of this method of biomanipulation may be

effective in shallow tropical African reservoirs as a result of more favourable phyico-chemical, biological,

morphological and hydrodynamics of the reservoirs. Special care should however be taken in the use of these

microbial pathogens for bioremediation in water supplies reservoirs because of the attendant health implications

in humans.

Microbial additives developed largely in waste water treatment industry could also be added to the

reservoirs. These microbes function in limiting the availability of nutrients such as nitrate and phosphate which

are essential for algal growth, thus reducing algal biomass.

Aquatic macrophytes 

Aquatic macrophytes plants play a very important structuring role in most freshwater ecosystems (Thomas

and Bini, 2003). Negative interactions that exist between rooted plants and algae might be harnessed to control

high algal biomass. Allelopathic substances released during the macrophytes active growth phase could inhibit

algal growth. Many planktonic algal species have been shown to decline when rooted plant growths are dense

(Holdren et al., 2001). The macrophytes usually provide refugia and feeding conditions for phytoplankton

feeding fish, but offer relatively poor conditions for benthivorous and piscivorous species. 

Various species of aquatic macrophytes are found in different parts of shallow tropical African reservoirs

(Mustapha, 2008). Although, they could sometimes be a nuisance, their total eradication can promote a high

algal biomass due to lack of competition for nutrients and light between the two. Macrophytes can therefore

be planted in reservoirs to limit algal access to nutrients or shade out algal growth at elevated densities.

Barley straw

Barley straw is a biological agent which on decomposition produces allelopathic compounds that act as

algaecides in reservoirs. According to Barret et al., (1996), and W yn and Langeland (1996), barley straw are

able to control algal densities through substances it gives out that inhibit algal growth especially that of blue-

green algae. The use of barley straw for controlling algae in shallow tropical African reservoirs will be cost

effective and highly efficient considering the availability of barley in Africa and the ease of its application.

 

Conclusion

The presence of high algal biomass occurring from eutrophication of the shallow tropical African reservoirs

will jeopardize the effective functions of the reservoir in providing domestic and industrial water supply, fish

production, irrigation, recreation as well as loss of biodiversity and other socio-economic functions of the

reservoir. Though, a drastic reduction of the external nutrient loading (Jeppessen et al ., 2008) and the use of

watershed best management practices (Mustapha, 2009) seems to be the best way of restoring eutrophied lakes,

the use of these methods in restoring eutrophicated shallow tropical African reservoirs might be impossible

because of the tightly coupled interactions between the reservoir, watershed and stakeholders use of the

reservoir and its watershed for various purposes most especially agricultural activities which are the main

sources of nutrients run-off into the reservoir.

In order to control this inevitable process in shallow tropical African reservoirs, biomanipulation with the

use of autochtonous and allochtonous biological resources “in situ” will be a veritable tool for restoring the

eutrophied lakes to clear water state, improve the water quality, conserve the biodiversity, enhance its fisheries

and promote other socio-economic functions of the reservoirs. The application of biomanipulation in shallow

African reservoirs will be a success because it does not involve high expenses compared to physical and

chemical methods of controlling algae in reservoirs.

But, the success and effectiveness of biomanipulation in controlling high algal densities in these eutrophied
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reservoirs can only be better achieved if it is combined with other management options. If all these strategies

are adopted, the chances of success will surely be higher in shallow tropical African reservoirs than in

temperate reservoirs.
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