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Introduction I. Main characteristics of Lake Victoria and its basin

In East Africa, Lake Victoria (LV) is a unique and vital resource 
providing multiple ecological services, including food and 
drinking water. The LV basin currently hosts a total population 
of ca. 42 million inhabitants, with a 2.4 – 3.2% annual growth 
(> 5% in some urban areas such as Kampala, Uganda). This 
population growth has resulted in an increase in anthropogenic 
pressures acting on the lake and in a degradation of the water 
quality. One of the main consequences of this degradation 
is the recurrent occurrence of cyanobacterial blooms in the 
main lake but also in the numerous bays and gulfs (B&Gs), 
which are distributed all around the lake.

Proliferations of cyanobacteria disturb the physicochemical 
and biological functioning of lakes and have an impact on 
various water uses, including the water supply. For these 
reasons, numerous studies have been performed during 
the past 20 years to better understand the causes and 
consequences of cyanobacterial blooms in LV.

This synthesis note aims to present the main conclusions 
of a bibliographic analysis performed on these issues in the 
framework of the WaSAf project (review paper published 
in Harmful Algae journal in 2020, https://doi.org/10.1016/j.
hal.2020.101829).

Bibliographic analysis 
of the causes and 
consequences of 
cyanobacterial blooms 
in Lake Victoria (East 
Africa)

LV has a 68,000 km2 surface area, making it the world’s 
second largest freshwater lake and the largest lake in the 
intertropical area. The maximum depth of the lake is 80 m, 
the average depth is 40 m, and the residence time of the 
water is 23 years. LV is the source of the White Nile (Figure 
1). Its catchment area (184,200 km2) is shared between five 
countries (Burundi, Kenya, Rwanda, Tanzania and Uganda).

Migration in the Great Lakes Region and demographic 
growth of the local populations have led to a strong increase 
in the population density in the LV basin, both in rural and 
urban areas. In rural areas, population growth has resulted 
in deep changes in landscapes and land use patterns, for 
example, with significant deforestation and the cultivation 
of large areas. In urban areas, rapid urbanization has led to 
the development of large cities located on the B&Gs, such as 
Kampala on Murchison Bay (Uganda), Kisumu on the Nyanza 
Gulf (Kenya) and Mwanza on the Mwanza Gulf (Tanzania).

I. 
Main characteristics 
of Lake Victoria and 
its basin

It has been shown that phosphorus concentrations increased 
from 1.1 to 2.9 µmoles L-1 between the 1960s and 1990s and 
that eutrophication manifested towards the end of the 1980s. 
The most visible sign of the lake eutrophication process 
concerns the recurrent proliferation of cyanobacteria and 
floating plants (mainly water hyacinth) (Figure 2). In the B&Gs, 
phytoplankton biomasses are often >30 µg Chl-a L-1, with 
cyanobacteria often comprising more than 80% of the total 
phytoplankton biomass. In the main lake, phytoplanktonic 
biomasses are generally <20 µg Chl-a L-1, and changes from 
a dominance of diatoms to a dominance of cyanobacteria are 
frequently reported.

The dominant cyanobacteria genera are Microcystis 
and Dolichospermum, this last genus being able to fix 
free nitrogen. From the measured chemical and biological 
variables, it has been established that the open lake (OL) 
is now characterized by  an eutrophic status, while several 
B&Gs are considered hypereutrophic (for example, Murchison 
Bay in Uganda, Nyanza Gulf in Kenya and Mwanza Gulf in 
Tanzania).

Finally, LV has experienced profound changes in its fish 
fauna in the last 40 years with the development of high 

II. 
Ecological status of 
Lake Victoria and 
cyanobacterial blooms

Fig 1. The white Nile emerges from 
Lake Victoria (Jinja)
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biomasses of invasive species, such as Nile perch (Lates 
niloticus) or Nile tilapia (Oreochromis niloticus). These fishes 
have supplanted the local Cichlid species since the 1980s, 
although in recent years, a reverse phenomenon has been 
observed, probably caused by overfishing of Nile perch. The 
links between eutrophication and these changes in fish 
community composition are still debated in the scientific 
community.

II. Ecological status of Victoria and cyanobacterial blooms III. Causes of cyanobacterial blooms in the Lake Victoria

From the analysis of the available literature, the three main 
ways connecting human population growth in the LV watershed 
and the increasing occurrence of cyanobacterial blooms in 
the LV have been identified (Figure 3). As summarized in this 
figure, the increase in population density in the LV basin has 
resulted in increasing food, housing and product demands, 
with many consequences for land occupation and use in 
the watershed, including farming and fishing activities, as 
well as formal and informal urbanization and industrial and 
commercial activities.

The main consequence of increasing population densities 
in rural areas is a change in land use, particularly in cropland 
areas. Moreover, deforestation for settlement and agricultural 
development is still spreading at an alarming rate. All these 

III. 
Causes of 
cyanobacterial blooms 
in the Lake Victoria

Fig 2. Proliferations of 
cyanobacteria (green color of the 
water) and of water hyacinth in the 
Murchison Bay of Lake Victoria

changes in land use patterns have led to enhanced erosion 
and dust emissions, which have contributed to a large part 
of the eutrophication of the lake. In addition, the increase in 
farming activities has also resulted in an increase in organic 
and inorganic pollution of the rivers.

Concurrently, human population growth in urban and 
suburban areas and the associated commercial and industrial 
activities have generated increasing quantities of solid and 
liquid waste, which are poorly treated. Moreover, urban and 
suburban sprawl have contributed to the reduction and 
degradation of wetlands.
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Fig 3. Links between the increase 
in population density around Lake 
Victoria and the occurrence of 
cyanobacteria blooms in the open 
lake and in the bays and gulfs. OM: 
organic matter; P: phosphorus; N: 
nitrogen
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IV. V. Consequences of cyanobacterial blooms for Lake Victoria

Several characteristics and processes are involved in the 
greater amount of eutrophication observed in the B&Gs 
compared with the OL.

First, several large towns are located on the banks of the 
B&Gs, such as Kampala on Murchison Bay, Kisumu on the 
Nyanza Gulf and Mwanza on the Mwanza Gulf. As shown for 
Murchison Bay (Uganda), the exponential deterioration of 
the water quality between 1990 and 2014 was largely due to 
increasing quantities of waste generated in Kampala City and 
discharged in the bay. Numerous B&Gs also receive water 
from rivers carrying high nutrient loads originating from 
agricultural farmland in the upper catchment.

Second, the hydrodynamic conditions experienced by the 
B&Gs favor cyanobacteria blooms. For instance, in closed 
B&Gs (e.g., Murchison Bay, the Nyanza and Mwanza Gulfs), 
limited exchange with the OL, long water residence times 
and high nutrient loads from their watersheds promote and 
sustain the development of cyanobacterial blooms.

Third, the majority of the B&Gs are very shallow and are 
characterized by an alternation of mixing and stratified 
periods, potentially promoting the release of nutrients 
from the sediments and consequently the production of 
high cyanobacterial biomasses. Finally, the high turbidity 
occurring in these shallow and mixed B&Gs, resulting in 
low light penetration, could promote the development of 
cyanobacteria such as Microcystis spp. or Dolichospermum 
spp., which are able to occupy the top of the water column 
where light is available for their growth due to their gas 
vesicles.

IV. 
What explains why 
eutrophication and 
cyanobacterial blooms 
are more important in 
bays and gulfs than in 
open lakes?

The consequences of the cyanobacterial blooms in Lake 
Victoria concern both its functioning and the goods and 
services provided by this lake.

Regarding the functioning of the lake, there are still 
uncertainties about the role of eutrophication and therefore 
of cyanobacterial blooms in the changes that have occurred 
in the fish communities of the lake during the past 30 years. 
Conversely, it is well known that cyanobacterial blooms 
have an impact on several physicochemical parameters 
of lake water, such as pH, water transparency and oxygen 
concentrations. Concerning this last parameter, the recurrent 
anoxia of certain deep areas in the LV is due to bacterial 
respiration generated by the mineralization of organic matter 
produced during blooms.

Regarding the goods and services provided by the lake, 
cyanobacterial blooms have direct and indirect consequences 
for the price and quantity of drinking water produced by the 
treatment plants. In Uganda, it has been shown, for example, 
that cyanobacterial blooms impacted the price of the water in 

V. 
Consequences of 
cyanobacterial blooms 
for Lake Victoria

different ways. First, cyanobacterial blooms require changes 
in the technical design of water treatment plants to improve 
the water quality. Second, cyanobacterial blooms lead to an 
increase in the amount of chemicals (aluminum sulfate, for 
example) used at the coagulation step. 

Cyanobacterial blooms also have an impact on the 
availability of water to local populations due to changes 
in water treatment processes (for example, an increased 
frequency of backwashing, which consequently decreases 
the quantity of water produced by the plant). The costs 
of production and the availability of treated water are very 
important in developing countries because price increases 
and/or availability decreases lead to local populations 
using alternative water resources that are not safe for their 
health. For example, if local populations use nontreated 
lake water, they will be exposed to harmful toxins produced 
by cyanobacteria. It has been shown that microcystin 
concentrations in B&Gs are potentially dangerous to human 
health.

Finally, the consumption of fishes is an important source 
of proteins for local populations living around the lake. 
During blooms, it has been shown that MCs produced by 
cyanobacteria can accumulate in fish tissues. The extent 
of this MC accumulation displayed considerable variability 
among fish species. However, for some of them, the estimated 
daily exposure to MC could exceed the tolerable daily intake 
(TDI) proposed by the WHO for chronic exposure from fish 
consumption.

Due to demographic growth and the rising concentration of 
the population in urban areas in Africa, we may fear that in the 
coming decades, eutrophication of freshwater ecosystems 
and associated cyanobacterial blooms will continue to 
increase in LV, particularly in B&Gs, but also in many other 
African lakes. Knowing that all these lakes provide numerous 
ecosystem goods and services and are vital for the water and 
food supply, the potential toxicity of cyanobacterial blooms 
constitutes a serious health concern for local populations 
and decision makers. The same is probably true in many 
countries of the intertropical area in Africa.

Consequently, it is becoming urgent in Africa (i) to 
implement long-term monitoring programs of cyanobacteria 
and cyanotoxins in water bodies, (ii) to define water policies 
and regulations regarding cyanobacteria and cyanotoxins and 

VI. 
Conclusions
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to inform human populations about sanitary risks and (iii) to 
take actions to reduce the exposure of human populations 
to cyanotoxins while knowing that among these actions, the 
provision of affordable and easily available treated water is 
an urgent priority.

From a longer-term perspective, the battle against 
eutrophication will be a great challenge for the five countries of 
the LV basin. In particular, the effort to reduce eutrophication 
and cyanobacterial blooms will concern (i) the improvement 
of wastewater collection and treatment, (ii) the protection 
and restoration of wetlands, and (iii) the reduction in nutrient 
inputs from rivers, which requires an integrated approach for 
the protection of the catchment area, including better soil 
cover management and improved land use patterns.

VI. Conclusions
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