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Summary 
 
Considerable limnological information for lakes Kariba and Chivero starting from their 
formation to the current state is available. For Lake Kariba the focus of the studies has 
been to understand the hydrobiological changes in a man-made impoundment with 
regards to water quality and the aquatic fauna and flora. This information is presented in 
this review. Interest on Lake Chivero has been primarily to understand the impact of 
pollution on a reservoir that serves as a major source of drinking water for the city of 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

LIMNOLOGY – Limnology of Lakes And Rivers (Zimbabwe) – Lindah Mhlanga 

©Encyclopedia of Life Support Systems (EOLSS) 

Harare. Inadequacy of water and lack of a reliable water supply has led to the policy of 
reintroduction of “treated” municipal wastewaters into Lake Chivero. The introduction 
of treated effluent has resulted in enrichment and extremely high productivity in the 
lake. At present Lake Chivero is a system under extreme pressure both as a source of 
water and as a means of waste removal for the city of Harare, two diametrically 
opposing functions. Data on other systems are very scant and the future thrust in 
limnological research should focus on studying other lakes and rivers. 
 
1. Introduction 
 
Limnological studies in Zimbabwe are linked to the establishment of artificial 
impoundments in the country. These impoundments provided opportunities for studies 
of the limnology of reservoirs (Sanyanga & Mhlanga 2004). Since Zimbabwe has no 
natural lakes and very few perennial rivers this has necessitated construction of dams 
across main river systems in order to ensure adequate water supply. There are reservoirs 
of varying sizes, one of the largest being Lake Kariba that was built in 1958 to supply 
hydroelectric power to Zimbabwe and Zambia. Approximately 10 747 listed dams in 
Zimbabwe are 5 ha or less in surface area. Limnological studies have focused on large 
water bodies mainly Lake Kariba and Lake Chivero while other water bodies and rivers 
are less studied if at all. 
 
2. Limonology of Lakes  
 
Limnological studies on Lake Kariba and Lake Chivero have contributed to the 
knowledge on tropical reservoirs. For Lake Kariba, studies commenced immediately 
upon its impoundment with a focus of understanding hydrobiological changes due to the 
creation of the lake while for Lake Chivero it has been to understand the impact of 
anthropogenic pollution. There is paucity of data on riverine limnology except for 
affluent rivers to the two reservoirs with respect to their impact as sources of nutrients 
and pollutants. 
 
2.1. Geographical and Ecological Setting of Lake Kariba 
 
Lake Kariba (16º 28´ - 18º 06´S; 26º 40´ - 29º 02´E) is a tropical man-made reservoir 
that was created in 1958 by damming the Zambezi River at the Kariba gorge (Figure 1). 
It is situated on the border between Zambia and Zimbabwe and is shared by the two 
countries. It is 485 m above sea level (Balon & Coche 1974). The lake has an area of 5 
820 km2 at maximum storage level or 4 325 km2 at lowest drawdown; stretches for 276 
km in an East-West direction; has an average width of 19 km while the maximum depth 
is 120 m and the mean depth is 29.5 m. Some of the morphometric features of Lake 
Kariba are presented in Table 1. 
 

Parameter (unit) Value 
Length (km) 280 
Mean breadth (km) 29.4 
Surface area (km2) 5 500 
Volume (106 m3) 160.5 
Mean depth (m) 29.2 
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Maximum depth (m) 120 
Shoreline length (km) 2 164 
Catchment area (km2) 663 820 
Altitude (m) 485 

 
Table 1. Morphometry of Lake Kariba (Source: Coche 1974) 

 

 
Figure 1. Location map of Lake Kariba showing division into 5 basins. 

 
Lake Kariba can be divided into five geophysical basins along its long axis (Figure 1) 
(Coche 1974). Each of the basins is limnologically distinct and affluent rivers of each 
basin influence that part of the lake in the immediate vicinity of their entry (Begg 1969). 
Basins 1 and 2 have riverine characteristics for six months of the year (Moreau 1997) 
due to the strong influence of the Zambezi River. Basin 1 is riverine, turbid and richer in 
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nutrients and thus has higher densities of phytoplankton and zooplankton. The flow of 
the Zambezi River creates strong water currents between February and April in Basin 1 
and the upper half of Basin 2. Basins 1, 2, 3, 4 and 5 hold approximately 0.7%, 10.4%, 
34.5%, 29.2% and 25.8% of the lake’s total volume respectively and each covers 1.7%, 
12.5%, 37.6%, 25.6% and 22.6% of the lakes surface area respectively (Table 2). The 
other 3 basins are lacustrine all year round since the influence of the Zambezi River is 
less in the lower reaches of the lake. These three basins are mainly influenced by local 
climatic conditions (Coche 1974) although the hydrology of Sanyati River strongly 
affects Basin 5 (Masundire 1997). Basin 3 is the largest of the five basins. 
 
Parameter Basin 1 

(Mlibizi) 
Basin 2 (Binga) Basin 3 

(Sengwa) 
Basin 4 
(Bumi) 

Basin 5 
(Sanyati) 

Length (km) 23 56 96 59 46 
Mean breadth 
(km) 

4 12 21 23 27 

Surface area (km) 91 677 2033 1386 1223 
Mean depth (m) 13 24 27 33 33 
Volume (106 m3) 1 16 54 46 40 

 
Table 2. Summary of basin morphometry of Lake Kariba 

 
The Zambezi River, which covers a catchment area of about 1.19 X 106 km2 contributes 
80% of the inflow into the lake (Coche 1974). Nutrient-poor Kalahari sandy soils cover 
most of its upper catchment and the river therefore brings in nutrient poor water causing 
low productivity in the lake. The main purpose for creating Lake Kariba was to generate 
hydroelectric power, but it now supports an open water fishery for the introduced 
sardine, Limnothrissa miodon (Boulenger) and an inshore fishery taking about eight 
native and one exotic (Nile Tilapia-Oreochromis niloticus) species, of which cichlids 
are the most important. The productivity of the lake is mainly influenced by nutrients 
released from the hypolimnion at turnover (June-August) and during the rainy season 
when nutrients are flushed into the lake from inflowing rivers and when nutrients are 
leached from the shore as the lake level rises (McLachlan 1970).  
 
2.1.1. Limnochemistry 
 
Lake Kariba is a warm monomictic lake of meso-oligotrophic character. It experiences 
wide seasonal fluctuations in water temperature (17oC-32oC) and undergoes turnover in 
July-August at a temperature of 20-22oC with a period of maximum stability between 
December and April (Moreau 1997). The total mineral content of the pelagic surface 
waters is characterized by low total solids, salinity and conductivity (Balon & Coche 
1974). 
 
The lake has undergone two distinct phases since its creation, a post-impoundment 
eutrophic or nutrient-rich phase and an oligotrophic or nutrient-poor phase. The 
eutrophic phase caused by the decay of newly inundated organic matter (van der Lingen 
1973) lasted for about five years. It was characterized by anoxic conditions in the 
hypolimnion that lasted for eight months of the year, conductivity levels of 111 µhmos 
and the highest concentrations of nitrogen and phosphorus ever recorded for Lake 
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Kariba (Thornton 1980). As the lake water chemistry stabilized from 1963 to 1967 it 
assumed characteristics of a slightly alkaline, warm monomictic impoundment and after 
1967 the lake become mature. Physico-chemical characteristics of the lake have been 
stable since then. Dissolved oxygen levels range between 7.6 - 7.8 mg L-1 in the 
epilimnion and 0.82-0.89 in the hypoliminion (ILEC 1998). Coche (1974) reported 
ranges of nitrate concentrations of 30-60 µg L-1 in Basins 1 and 2 and 10-27µg L-1 in 
Basins 3, 4 and 5. Masundire (1997) recorded concentrations of < 10 µg L-1 from Basins 
1 to 4 and in Basin 5 concentrations of approximately 10 µg L-1. Phosphate-phosphorus 
concentrations ranged from trace to 50 µg L-1 in Basins 1 and 2 and from trace to 72 µg 
L-1 from Basins 3 to 5 (Coche 1974). Recently levels of 5.7 µg L-1 (range 0.9- 13 µg L-

1) have been recorded (Mhlanga et al. 1999). Nutrient concentrations have remained 
relatively constant in the pelagic waters.  
 
Lake Kariba is stratified from about August until May when overturn takes place and it 
becomes isothermal. Nutrients retained in the hypolimnion during stratification are 
released at turnover. The thermocline shifts from 20 m to 39 m as it develops from 
September to March and its depth varies from basin to basin ranging from 12 to 51 
meters (Balon & Coche 1974). Conductivity ranges from an average of 95 µS cm-1 in 
Basin 1 to 100 µS cm-1 in Basin 5. The water in Lake Kariba is principally phosphorus 
limited for most of the year with a possibility of nitrogen co-limiting at other times 
(Moyo 1991). 
 
Magadza (2000) noted a tight cycling of phosphorus and an estimated input of up to 1 
025 tonnes of phosphate. Phosphorus however becomes barely detectable in the 
epilimnion by end of the dry season. High dissolved phosphorus levels occur following 
the rainy season (April) and at turnover where an internal release of phosphorus from 
deep waters occurs. Nitrogen content is estimated to vary from 1 500 tonnes at peak 
levels to about 900 tonnes towards end of the year and a minimum of about 150 tonnes 
in June. However there is rapid nitrogen utilisation in the photogenic layers throughout 
the year (Magadza 2000). Epilimnetic nitrogen (NO2 +NO3) ranges from 5 mg L-1-30 
mg L-1 while hypolimnetic nitrogen is estimated at 100 mg L-1 (Magadza 2000). 
Shallow inshore areas have higher levels of nitrogen than the deep open water. The 
general productivity of the lake is linked to nutrient fluxes during the rainy season and 
at turn over. 
 
2.1.2. Phytoplankton 
 
During the filling phase large algal species mainly desmids and benthic diatoms, relics 
from the riverine community (Conberg 1997) were dominant while the cyanobacteria 
Microcystis became dominant in the pelagic zone during the eutrophic phase (Mitchell 
1969, Balon & Coche 1974, Thomasson 1980). After the lake attained an oligotrophic 
status blue-green algal blooms only occur in nutrient rich river estuaries. Phytoplankton 
species diversity in the lake only increased following the decline in nutrient levels as the 
lake assumed an oligotrophic status. Microcystis abundance also declined. Ten 
genera/species which included the blue-green algae Anabaena spp., Microcystis spp. 
and Planktothrix agardhii; the green algae Eudorina elegans and Volvox spp.; the 
diatoms Melosira spp. ( = Aulacoseira) and Synedra spp., the dinoflagellates Ceratium 
cf. furcoides, Peridinium gatunense and P. volzii var. cinctiformis; the chrysophyte, 
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Dinobryon sertularia.were recorded between 1959-1964 (Cronberg 1997). The number 
increased to 150 algal taxa between 1986 and 1990, the dominant being green algae, 
blue-green algae, chrysopytes and diatoms. The blue-green algae were the most 
abundant with a representation of 40 taxa including Aphanocapsa, Aphanothece, 
Chroccoccus and Microcystis. Presently the most common phytoplankton is 
Cylindrospermopsis raciborskii and the diatom genera Aulacoseira and Synedra 
(Conberg 1997). The number of species recorded within the algal groups in Lake Kariba 
between 1986-90 is shown in Table 3. 
 

Algal group Number of species 
Cyanophyceae 41 
Chlorophyceae 
Volvocales 
Tetrasporales 
Chlorococcales 
Desmidales 

 
6 
2 
42 
14 

Bacillariophyceae 12 
Chrysophyceae 16 
Haptophyceae 1 
Cryptophyceae 4 
Dinophyceae 6 
Euglenophyceae 8 
Raphidophyceae 3 
Total numbers 155 

 
Table 3. The number of species recorded within the algal groups in Lake Kariba (1986-

90) (Source: adapted from Cronberg 1997) 
 
The blue-greens (Cylindrospermopsis and Anabaena ~ 80%) attain the maximum 
biomass during the rainy season (December –January) while diatoms (Aulacoseira, 
Cyclotella, Synedra) attain a maximum biomass at turn-over (June-July). The average 
biomass in 1982—83 was estimated to be 0.29 mg L-1 about 60% being blue-green 
algae mainly genera Cylidrospermopsis and Anabaena (Ramberg 1984). Cronberg 
(1997) also observed that biomass rarely exceeded 1 mg L-1 (range 0.2-0.9 mg L-1) 
except when occasional blooms of Anabaena in Basin 1 attained a biomass of 7.8 mg L-

1. The mean biomass in the pelagic zone ranges from 0.5 –1.3 mg L-1. The horizontal 
distribution shows a decrease of the proportion of blue-green algae from the inflow of 
the Zambezi River in Basin 1 to the outflow in Basin 5. With respect to phytoplankton 
the lake has reached stability and a regular seasonality pattern has been established 
(Cronberg 1997). Phytoplankton follow a cycle with a major peak in abundance in July 
following overturn and a smaller one during the rainy season when rivers are flowing. 
An average biomass of 4.5 gm-2 (fresh weight), primary production of 0.42 g C m-3 d-1 
or 4.2 g m-2 d-1 (fresh weight), daily turnover rate of 0.933 and annual P/B ratio of 340 
have been estimated (Cronberg 1997). The annual phytoplankton primary production 
for Lake Kariba has been estimated to be 7.65 million tonnes (fresh weight) equivalent 
to 765, 000 tonnes of C (Cronberg 1997). 
 
2.1.3. Zooplankton 
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Prior to the introduction of Limnothrissa miodon (1967-1968) larger cladocerans 
(Diaphanosoma and Ceriodaphnia) and calanoid copepods (diaptomids) were dominant 
while small cladocera, nauplii and rotifers were unimportant (Marshall 1997a). Due to 
predation larger crustaceans, the diaptomids, Ceriodaphnia and other daphniids 
declined in abundance and presently the zooplankton assemblage is dominated by two 
small species Bosmina longirostris and Mesocyclops leukartii (Masundire 1997). The 
dominance of small species has been attributed to predation by Limnothrissa miodon 
(Masundire 1989). Masundire (1989) recorded 57 zooplankton species from the pelagic 
zone of Lake Kariba, comprising 40 species of rotifers, 9 cladocerans and 8 copepods 
(Table 4). Later Masundire (1997) recorded 21 species in the pelagic zone and noted 
that crustacean species composition was uniform throughout the lake except for 
Daphnia lumholtzii recorded only in Basin 1. Similarly to phytoplankton, the biomass 
of the pelagic crustacean zooplankton is linked to nutrient dynamics, being 
characterized by two peaks of high density that coincide with periods of high nutrient 
fluxes (Masundire 1994). The first density peak in January-February dominated by 
Mesocyclops leukartii is associated with the rainy season and the second major one in 
June-August coincides with turnover and is dominated by Bosmina longirostris. 
Bosmina longirostris is the most dominant species in all basins (Masundire 1997). 
Zooplankton densities are highest in Basin 1 followed by Basin 2 and then Basin 5 in 
response to the gradient in nutrient concentration. 
 

Subclass Branchiopoda 
Order: Cladocera 
Alona sp. Baird 1850 
Bosmina longirostris O.F. Muller 1785 
Ceriodaphnia cornuta Sars 
C. dubia Sars 
Chydorus sphaerica O.F. Muller 
Daphnia lumholtzii Sars 
Daphnia laevis Burge 
Diaphanosoma excisum Sars 
Moina micrura Kurz 1874 
 
Subclass: Copepoda 
Order: Cyclopoda 
Mesocyclops ooganus Onabamiro 1957 
Macrocyclops albidus (Jurine) 
Microcyclops sp. 
Thermocyclops emini (Mrazek) 
T. neglectus Sars 1901 
T. hyalimus (Rehberg) 
 
Order: Calanoida 
Thermodiaptomus syngemes (Keifer) 
Tropodiaptomus kraepeline (Pope and Mrazek) 
T.hutchinsonii (Keifer) 
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Order: Harpacticoida 
One unidentified species 
 
Order: Ostracoda 
One unidentified species 
 
Subclass: Malacostraca 
Order: Decapoda 
Caridina sp. 

 
Table 4. Pelagic crustacean plankton of Lake Kariba (Source: Masundire 1997) 

 
2.1.4. Aquatic Weeds 
 
Salvinia molesta was the dominant floating aquatic weed during the eutrophic post-
impoundment phase when the lake was filling (Marshall & Junor 1981) from 1958-
1963. It grew rapidly during Lake Kariba’s early years and, by 1963, it covered almost 
22% of the lake’s surface, approximately 1 003 km2 (Mitchell 1969). In 1964 following 
a rapid drop in lake level there was a massive kill of Salvinia by stranding. In the mid-
1970s its extent decreased as the lake assumed oligotrophic status and is now no longer 
an important species on the lake. The decline of Salvinia was partly attributed to 
biological control by a grasshopper, Paulinia acuminata whose introduction in the lake 
coincided with the receding of lake level and the decline in nutrient levels.  
 
Following the decline of Salvinia molesta, submerged macrophytes colonised the lake 
(Mitchell 1969, Machena 1989). Submerged macrophytes appeared more slowly, 
beginning with Potamogeton pusillus, followed by Lagarosiphon ilicifolius in 1966, 
Vallisneria spiralis in 1969 and Najas horrida in 1971 (Donnelly 1969, Bowmaker 
1973). These species are now the most important and widespread submerged 
macrophytes in the lake (Machena & Kautsky 1989). 
 
 Their earlier establishment had been suppressed by the exclusion of light to the bottom 
by mats of Salvinia molesta. A succession had been observed where Potamogeton 
pusillus, P. schweinfurthii, V. aethiopica, which were dominant in the early stages, were 
competitively excluded by L. ilicifolius which was first noticed in 1966 and is now the 
dominant submerged and rooted macrophyte (Machena & Kautsky 1989). 
 
Eichhornia crassipes appeared in the late 1980s and is now the dominant floating 
macrophyte along the shoreline, although, unlike S. molesta in the 1960s and 70s, it 
does not form extensive mats or cover large areas of the lake’s surface (Mhlanga 2001). 
It was first observed in estuaries in Basin 5 in 1988 and by December 1994 it had 
covered all the sheltered estuaries, bays and shallow waters of the lake.  
 
However permanent mats did not occur in open water. The chemical 2,4D was used to 
control the potential spread over the whole lake in August and December 1988, 
although the weevil Neochetina eichhorniae had also been already introduced (Mhlanga 
et. al. 1999).  
 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

LIMNOLOGY – Limnology of Lakes And Rivers (Zimbabwe) – Lindah Mhlanga 

©Encyclopedia of Life Support Systems (EOLSS) 

- 
- 
- 
 

 
TO ACCESS ALL THE 41 PAGES OF THIS CHAPTER,  
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx 

 
 
Bibliography 
 
Annadotter H., Cronberg G., Nystrand R., Rylander R. (2005). Endotoxins from cyanobacteria and gram-
negative bacteria as the cause of an acute influenza-like reaction after inhalation of aerosols. Ecohealth 2, 
1-14. [A study attributing the occurrence of an influenza-like reaction to endotoxins]. 

Balon E.K., Coche A.G. (1974). Lake Kariba: A Man-Made Tropical Ecosystem in Central Africa. Dr. 
W. Junk b.v. Publishers, The Hague. 767pp. [A textbook on the limnology and fisheries of Lake Kariba 
during its early years]. 

Ballinger B.R., Thornton J.A. (1982). The hydrology of Lake McIlwaine catchment. in: Lake McIlwaine: 
The eutrophication and recovery of a tropical African man-made lake, Chapter 3, 34-41. Thornton J.A., 
Nduku W.K. (eds) Dr. W. Junk Publishers, The Hague, The Netherlands. [Chapter discussing the 
hydrology of Lake Chivero catchment, previously Lake McIlwaine]. 

Begg G.W. (1969). Observations of the water quality of the affluent rivers of Lake Kariba, with reference 
to their biological significance. Newsletter of the Limnological Society of Southern Africa 13, 26-33. [An 
article discussing the water quality of the affluent rivers of Lake Kariba]. 

Begg G.W. (1970). Limnological observations on Lake Kariba during 1967 with emphasis on some 
special features. Limnology and Oceanography 15, 776-788. [ An article on limnological aspects of Lake 
Kariba in 1967]. 

Berg H. (1995). Modelling DDT dynamics in Lake Kariba: A tropical man-made lake and its implications 
for the control of tsetse flies. Annales Zoologici Fennici 32, 331-335. (The article discusses impact of the 
use of DDT within the Lake Kariba environments on the aquatic ecosystem]. 

Berg H., Kiibus M., Kautsky N. (1992). DDT and other insecticides in the Lake Kariba ecosystem, 
Zimbabwe. Ambio 21, 444-450. [The article discusses levels of DDT in biota in Lake Kariba]. 

Berg H., Kiibus M., Kautsky N. (1995). Heavy metals in tropical Lake Kariba, Zimbabwe. Water, Air and 
Soil Pollution 83, 237-252. [ The article discusses heavy metal bioaccumulation in the aquatic ecosystem 
of Lake Kariba]. 

Berg H., Michaelsen P., Troell M., Folke C., Kautsky N. (1996). Managing aquaculture for sustainability 
in tropical Lake Kariba, Zimbabwe. Ecological Economics 18, 141-159. [The article discusses the role 
and impact of aquaculture in Lake Kariba].  

Bowmaker A.P. (1973). A hydrological study of the Mwenda River and its mouth, Lake Kariba. Ph. D. 
Thesis. University of Witwatersrand, Johannesburg. 576pp. [Thesis on benthic fauna, hydrology and 
limnology of Mwenda river and its mouth an affluent river of Lake Kariba]. 

Brendonck L., Maes J., Rommens W., Dekeza N., Nhiwatiwa T., Barson M., Callebaut V., Phiri C., 
Moreau K., Gratwicke B., Stevens M., Alyn N., Ollevier F., Marshall B. (2003). The impact of water 
hyacinth (Eichhornia crassipes) in a eutrophic subtropical impoundment (Lake Chivero, Zimbabwe). II. 
Species diversity. Arch. Hydrobiol. 158(3), 389-405. [The article discusses the impact of water hyacinth 
on phytoplankton, zooplankton and macroinvertebrate species diversity in Lake Chivero, Zimbabwe].  

Burke N.A., Thornton J.A. (1982). The creation of Lake McIlwaine: history and design, in: Lake 
McIlwaine: The eutrophication and recovery of a tropical African man-made lake, Chapter 1, 1-9. 

https://www.eolss.net/ebooklib/sc_cart.aspx?File=E2-08-19-00


UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

LIMNOLOGY – Limnology of Lakes And Rivers (Zimbabwe) – Lindah Mhlanga 

©Encyclopedia of Life Support Systems (EOLSS) 

Thornton J.A., Nduku W.K. (eds) Dr. W. Junk Publishers, The Hague. [A chapter that describe the history 
and design of Lake Chivero, previously Lake McIlwaine]. 

Caulton M.S. (1970). A quantitative analysis of the mode of replacement of inorganic phosphates and 
nitrates in the waters of Lake Kariba during the period December 1969-1970. Newsletter of the 
Limnological Society of Southern Africa 15, 52-61. [An article describing inorganic phosphate and 
nitrates replacement in the waters of Lake Kariba]. 

Chikwenhere G.P. (2001). Current strategies for the management of water hyacinth on the Manyame river 
system in Zimbabwe, in: Proceedings of the 2nd IOBC Global Water Hyacinth Working Group, 105-108. 
Australia Centre for International Agriculture Research, Canberra. [The article discuses physical and 
biological control of water hyacinth in Lake Chivero, Zimbabwe]. 

Chikwenhere G.P., Phiri G. (1999). History of water hyacinth and its control efforts on Lake Chivero in 
Zimbabwe, in: Proceedings of the 1st IOBC Global Water Hyacinth Working Group, pp 91-100. Hill 
M.P., Julien M.H., Center T.D. (eds) Plant Protection Institute, Pretoria. [The article presents a historical 
account on water hyacinth infestation and control in Lake Chivero, Zimbabwe]. 

Coche A.G. (1974). Limnological study of a tropical reservoir, in: Lake Kariba: A man-made Tropical 
Ecosystem in Central Africa, Chapter 1, 1-246. Balon E.K., Coche A.G. (eds), Dr. W. Junk Publishers, 
The Hague. (The chapter presents information on the limnochemistry of Lake Kariba during its filling 
phase]. 

Cronberg G. (1997). Phytoplankton in Lake Kariba, 1986-1990, in: Advances in the Ecology of Lake 
Kariba, Chapter 3, 66-101. Moreau J. (ed). University of Zimbabwe Publications. Harare. [The chapters 
discuses the development of the algal community in Lake Chivero between 1986-1990]. 

Donnelly B. (1969). A preliminary survey of the Tilapia nurseries in Lake Kariba. Hydrobiologia 34, 
195-206. [The article presents preliminary data on Tilapia nurseries in Lake Kariba, Zimbabwe]. 

Douthwaite R.J. (1992). Effects of DDT on the Fish Eagle, Haliaeetus vocifer population of Lake Kariba 
in Zimbabwe. Ibis 134, 250-258. [The article discuses the impacts of DDT on Fish Eagle]. 

Du Toit R. F. (1985). Unexpected growth of Pistia stratiotes in Sanyati Gorge, Lake Kariba. Journal of 
the Limnological Society of Southern Africa 11(2), 51-53. [Article with information of the invasion of 
Pistia stratiotes in Sanyati Gorge, Lake Kariba]. 

Falconer A.C. (1973). The Phytoplankton Ecology of Lake McIlwaine, Rhodesia. M. Phil. thesis, 
University of London. 182pp. [A thesis on the ecology of phytoplankton in Lake Chivero, previously 
Lake McIlwaine during its early years]. 

Green J. (1990). Zooplankton associations in Zimbabwe. Journal of Zoology, London 222, 259-283. 
[Information on zooplankton taxa in small dams in Marondera and Nyanga, Zimbabwe]. 

Harding W.R. (1996). The phytoplankton ecology of a hypertrophic, shallow lake, with particular 
reference to primary production, periodicity and diversity. D. Phil. Thesis. University of Cape Town, 
South Africa. 199pp. [Thesis on the phytoplankton ecology of Zeekovlei, Cape Town, South Africa]. 

ILEC (International Lake Environment Committee Foundation) (1998). Study Report for the Lake 
Environment Conservation in Developing Countries-Zimbabwe. Environment Agency, Government of 
Japan. 229pp. [A report on the snapshot survey of limnology of selected reservoirs in Zimbabwe]. 

Kenmuir D.H.S. (1980). The mussel resources of Lake Kariba. Transactions of the Zimbabwe Scientific 
Association 60(2), 7-10. [Article on the ecology of mussels in Lake Kariba, Zimbabwe]. 

King B. (1994). Ecological studies on the intermediate hosts of human schistosomiasis in Lake Kariba. 
Ph.D. thesis. University of Zimbabwe. Harare. 211 pages. [Thesis on the ecology of bilharzias vectors in 
Lake Kariba, Zimbabwe]. 

Kritzberg E., Hultin S. (2000). Occurrence and effects of cyanobacterial toxins on irrigated crop in 
Zimbabwe. Minor Field Study 60. Arbetsgruppen för Tropisk Ekologi. Uppssala Universitet, Sweden. 
27pp. [Minor study on presence of cyanobacterial toxins in selected reservoirs and effects on selected 
crop species]. 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

LIMNOLOGY – Limnology of Lakes And Rivers (Zimbabwe) – Lindah Mhlanga 

©Encyclopedia of Life Support Systems (EOLSS) 

Legget K. (1994). Trace metal concentration in Lake Kariba. ULKRS Bulletin 1/94, 1-10. University 
Lake Kariba Research Station, Kariba, Zimbabwe. [Article discussing levels of trace metals in Lake 
Kariba]. 

Machena C. (1989). Ecology of the Hydrolittoral Macrophyte Communities in Lake Kariba, Zimbabwe. 
Ph.D. thesis. University of Uppsala, Uppsala. Sweden. 196 pp. [Thesis on the ecology of submerged 
macrophytes in Lake Kariba, Zimbabwe]. 

Machena C. (1997). The pollution and self-purification capacity of the Mukuvisi River, in: Lake Chivero 
a polluted lake, Chapter 8, 75-91. Moyo N.A.G. (ed). University of Zimbabwe Publications, Harare. 
[Chapter on levels of pollution in Mukuvisi River, an affluent river of Lake Chivero]. 

Machena C., Kautsky N. (1989). A quantitative diving survey of benthic vegetation and fauna in Lake 
Kariba, a tropical man-made lake. Freshwater Biology 19, 1-14. [Article with data on biomass of 
submerged macrophytes in Lake Kariba]. 

Magadza C.H.D. (1980). The distribution of zooplankton in the Sanyati Bay, Lake Kariba: A multivariate 
analysis. Hydrobiologia 70, 57-67. [A multivariate analysis of zooplankton distribution data in Lake 
Kariba, Zimbabwe].  

Magadza C.H.D. (1997). Water Pollution and Catchment Management in Lake Chivero, in: Lake 
Chivero: A Polluted Lake, Chapter 2, 13-26. Moyo N.A.G. (ed). University of Zimbabwe Publications, 
Harare. [Chapter on water pollution in relation to catchment management ].  

Magadza C.H.D. (2000). Synopsis of Scientific results of the SAREC sponsored project on the ecology of 
Lake Kariba, in: Management of River Basins and Dams: The Zambezi River Basin, pp297-302. 
Tumbare, M.J. (Ed) A.A. Balkerma, Rotterdam, Brookfield. [Summary chapter on results of the SAREC 
project on Lake Kariba from 1985-1989]. 

Magadza C.H.D. (2003). Lake Chivero, A management case study. Lakes & Reservoirs: Research and 
Management 8, 69-81. [Article on the eutrophication of Lake Chivero, Zimbabwe]. 

Magadza C.H.D., Heinenan A., Dhlomo E. (1987). Some limnological data from the Sanyati Basin, Lake 
Kariba and the Zambezi River below the dam wall. University Lake Kariba Research Station Bulletin 
1/86, Kariba, Zimbabwe. [Booklet on limnochemistry data of the Sanyati Basin of Lake Kariba, 
Zimbabwe]. 

Marshall B.E. (1982). The influence of river flow on pelagic sardine catches in Lake Kariba. Journal of 
Fish Biology 20, 465-469. [Article discusses influence of river flow on sardine catches]. 

Marshall B.E. (1991). Toxic cyanobacteria in Lake Chivero: a possible health hazard? Transactions of the 
Zimbabwe Scientific Association 65, 16-19. [Assessment on the possible role of cyanobacterial toxins on 
recurrent outbreaks of gastroenteritis in Harare]. 

Marshall B.E. (1995). Changes in the benthic fauna of Lake Chivero, Zimbabwe, over thirty years. South 
African Journal of Aquatic Science 21(1/2), 22-25. [Article on changes in benthic fauna of Lake Chivero 
in relation to pollution]. 

Marshall B.E. (1997a). A review of zooplankton ecology in Lake Kariba, in: Advances in the ecology of 
Lake Kariba, Chapter 4, 102-119. Moreau J. (ed). University of Zimbabwe Publications, Harare. [A 
review chapter on zooplankton ecology in Lake Kariba]. 

Marshall B.E. (1997b). Lake Chivero After Forty Years: The Impact of Eutrophication, in: Lake Chivero: 
A polluted Lake, Chapter 1, 1-12. Moyo N.A.G. (ed), University of Zimbabwe Publications, Harare. 
[Chapter discussing the ecological impact of eutrophication in Lake Chivero]. 

Marshall B.E. (2005). The impact of eutrophication on Lake Chivero, Zimbabwe: A Tropical African 
reservoir, in: Restoration and management of tropical eutrophic lakes, pp165-186. Reddy M.V. (ed). 
Science Publishers, Playmouth, UK. [Chapter discussing the historical development of eutrophication in 
Lake Chivero]. 

Marshall B.E., Falconer A.C. (1973). Physico-chemical aspects of Lake McIlwaine (Rhodesia), a 
eutrophic tropical impoundment. Hydrobiologia 42, 45-62. [Article with data on the limnochemistry of 
Lake Chivero, previously Lake McIlwaine]. 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

LIMNOLOGY – Limnology of Lakes And Rivers (Zimbabwe) – Lindah Mhlanga 

©Encyclopedia of Life Support Systems (EOLSS) 

Marshall B.E., Junor F.J.R. (1981). The decline of Salvinia molesta in Lake Kariba. Hydrobiologia 83, 
477-484. [Article discussing the causes of the decline of Salvinia molesta in Lake Kariba]. 

Masundire H. (1989). Zooplankton composition and abundance in relation to water transparency and 
predation in Lake Kariba, Zimbabwe. Archiv für Hydrobiologie Beiheft Ergebneisse Limnologie 33, 513-
520. [Article discussing the relationship between zooplankton composition and abundance in relation to 
transparency and predation]. 

Masundire H.M. (1992). The filling phase of Mazvikadei Reservoir, Zimbabwe. Hydrobiologia 232, 11-
17.[Water quality and zooplankton data during the filling phase of Mazvikadei reservoir]. 

Masundire H.M. (1994). Seasonal trends in zooplankton densities in Sanyati basin, Lake Kariba, 
multivariate analysis. Hydrobiologia 272, 211-230. [A multivariate analysis of zooplankton density in 
Sanyati basin of Lake Kariba].  

Masundire H.M. (1997). Spatial and temporal variations in the composition and density of crustacean 
plankton in the five basins of Lake Kariba, Zambia-Zimbabwe. Journal of Plankton Research 19(1), 43-
62. [A discussion on spatio-temporal distribution of zooplankton in Lake Kariba]. 

McLachclan A.J. (1969). The effect of aquatic macrophytes on the variety and abundance of benthic 
fauna in newly-created lake in the tropics (Lake Kariba). Archiv für Hydrobiologie 66, 212-231.[A study 
on the effect of macrophytes on bottom fauna in Lake Kariba]. 

McLachlan S.M. (1970). The influence of lake level fluctuations and the thermocline on water chemistry 
in two gradually shelving areas of Lake Kariba, Central Africa. Archiv fur Hydrobiologie 66, 499-510. 
[Data on how water chemistry is affected by lake level fluctuations and the thermocline]. 

Mhlanga L. (2001). Water quality of the Eastern basin of Lake Kariba, Zimbabwe in relation to the 
encroachment of Eichhornia crassipes. Verhandlungen der Internationale Vereinigung für theoretische 
und angewandte Limnologie 27, 3595-3598. [Data on the invasion of water hyacinth in relation to water 
quality]. 

Mhlanga L., Magadza C.H.D., Mandima J., Chifamba P.C. (1999). Water hyacinth in Lake Kariba, 
Zimbabwe. ULKRS Bulletin 1/99. University Lake Kariba Research Station, Kariba, Zimbabwe. [Report 
on water hyacinth invasion, limnochemistry and chemical control by 2,4D]. 

Mhlanga L., Day J., Chimbari M., Siziba N., Cronberg G. (2006). Observations on limnological 
conditions associated with a fish kill of Oreochromis niloticus in Lake Chivero following collapse of a 
bloom. African Journal of Ecology 44, 199-208. [Article on the cause of a fish kill in Lake Chivero]  

Mhlanga L., Siziba N. (2006). The association between invertebrates and macrophytes in a tropical 
reservoir, Lake Kariba, Zimbabwe: a preliminary survey. African Journal of Aquatic Sciences 31(2), 271-
274. [Data on fauna associated with aquatic macrophytes]. 

Mhlanga W. (2000). Mercury in tigerfish (Hydrocynus vittatus, Castelnau), Greenhappy (Sargochromis 
codringtonii, Boulenger) and Kapenta (Limnothrissa miodon, Boulenger) from Lake Kariba, Zimbabwe. 
African Journal of Ecology 38, 224-229. [Article on bioaccumulation of mercury along a trophic chain]. 

Mhlanga, L. (2008). Environmental variables and the development of phytoplankton assemblages in a 
hypereutroptic African Reservor. Ph.D. thesis. University of Cape Town, Cape Town, South Africa. 
241pp. [Thesis on the phytoplankton development and limochemistry in Lake Chivero]. 

Mitchell D.S. (1969). The ecology of vascular hydrophytes in Lake Kariba. Hydrobiologia 34, 448-464. 
[Study of macrophytes in Lake Kariba during the early years]. 

Mitchell S.A. (1976) The marginal fish fauna of Lake Kariba. Kariba Studies 8, 109-162. [Article 
discusses the marginal fish fauna of Lake Kariba]. 

Mitchell D.S., Marshall B.E. (1974). Hydrobiological observations on three Rhodesian reservoirs. 
Freshwater Biology 4, 61-72. [Data on the limnochemistry of 3 reservoirs in Zimbabwe]. 

Moreau J. (Ed) (1997). Advances in the ecology of Lake Kariba. 271 pp. University of Zimbabwe 
Publications, Harare. [A book summarizing research done on Lake Kariba from 1985-1989]. 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

LIMNOLOGY – Limnology of Lakes And Rivers (Zimbabwe) – Lindah Mhlanga 

©Encyclopedia of Life Support Systems (EOLSS) 

Moyo N.A.G. (1997). Causes of massive fish deaths in Lake Chivero. in: Lake Chivero: A polluted lake, 
Chapter 10, 98-104. Moyo N.A.G. (ed). University of Zimbabwe Publications, Harare. [Chapter outlining 
the causes of fish deaths in Lake Chivero]. 

Moyo S.M. (1991). Cyanobacterial nitrogen fixation in Lake Kariba, Zimbabwe. Verhandlungen 
Internationale Vereinigung für Limnologie 24, 1123-1127. [Article on the role of cyanobacteria in 
nitrogen fixation in Lake Kariba]. 

Munro J. L. (1966). A limnological survey of Lake Mcllwaine, Rhodesia. Hydrobiologia 28, 281-308. 
[Early limnochemistry data on Lake Chivero, previously Lake Mcllwaine]. 

Ndebele M. R., Magadza C.H.D. (2006). The occurrence of microcystin-LR in Lake Chivero, Zimbabwe. 
Lakes & Reservoirs: Research and Management 11, 57-62. [Article discussing the presence of 
microcystin-LR in Lake Chivero].  

Ndebele M.R. (2003). Some aspects of the ecology of phytoplankton in Lake Chivero, Harare, Zimbabwe. 
MSc. Thesis. University of Zimbabwe. 55pp. [Thesis on the ecology of phytoplankton in Lake Chivero]. 

Ndebele M.R. (2009). Primary production and other limnological aspects of Cleveland Dam, Harare, 
Zimbabwe. Lakes & Reservoirs: Research and Management 14, 151-161. [Article discussing limnology 
data on Cleveland dam]’ 

Nduku W.K. (1976). The distribution of phosphorus, nitrogen and organic carbon in the sediments of 
Lake Mcllwaine, Rhodesia. Transactions of Rhodesia Scientific Association 57, 45-60. [Article discussing 
distribution of P, N and C in sediment in Lake Chivero, previously Lake Mcllwaine]. 

Nhapi I. (2004). Options for wastewater management in Harare, Zimbabwe. D. Phil Thesis. Wagenigen 
University, The Netherlands. 179pp. [Thesis on wastewater management in Harare in order to abate 
pollution]. 

Nhapi I., Tirivarombo S. (2004). Sewage discharges and nutrient levels in Marimba River, Zimbabwe. 
Water SA 30(1), 107-113. [Data on the impact of sewage pollution in Marimba River]. 

Nhiwatiwa T. (2004). The limnology and ecology of two small man-made reservoirs in Zimbabwe. M. 
Phil thesis. Department of Biological Sciences, University of Zimbabwe, Harare. 112pp. [Thesis on 
phytoplankton, zooplankton and fish communities in 2 small dams]. 

NIWR (1985). The limnology of Hartbeespoort Dam. South African National Scientific Progress Report 
No 110. Foundation for Research Development, Pretoria. 269pp. [Report on the limnological research 
carried out in Hartbeespoort Dam, South Africa]. 

Phiri C. (2000). An assessment of the health of two rivers within, Harare, Zimbabwe on the basis of the 
macroinvertebrate community structure and selected physico-chemical variables. African Journal of 
Aquatic Sciences 25, 134-145. [An assessment of macroinvertebrate community and water quality in two 
rivers as indicators of pollution] 

Ramberg L. (1984). Phytoplankton gradients during the rainy season in Lake Kariba. Verhandlungen 
Internationale Vereinigung für Limnologie 22, 1590-1593. [A study on the phytoplankton community in 
the Sanyati Basin of Lake Kariba]. 

Robarts R.D. (1979). Underwater light penetration, chlorophyll a and primary production in a tropical 
African lake (Lake McIlwaine, Rhodesia). Archiv für Hydrobiologie 86, 423-444. [A study on light, 
chlorophyll a and primary production in Lake Chivero, previously Lake McIlwaine]. 

Robarts R.D. (1981). The phytoplankton. The Zimbabwe Science News 15, 95-96. [A study of the 
phytoplankton in Zimbabwe]. 

Robarts R.D., Thornton J.A., Watts C.J. (1982). Phytoplankton, primary production and nutrient 
limitation, in: Lake McIIwaine: The Eutrophication and Recovery of a Tropical Man-made Lake, Chapter 
5, 106-110. Thornton J.A., Nduku W.K. (eds). Dr. W. Junk Publishers, The Hague, The Netherlands. 
[Chapter discussing phytoplankton ecology in Lake Chivero]. 

Sanyanga R., Mhlanga L. (2004). Limnology of Zimbabwe, in: Limnology in Developing Countries vol. 
4, Chapter 2, 117-170. Gopal B., Wetzel R.G, International Association of Theoretical and Applied 
Limnology. International Scientific Publications, New Delhi, India. [An extensive review chapter on the 
limnology of Zimbabwean water bodies]. 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

LIMNOLOGY – Limnology of Lakes And Rivers (Zimbabwe) – Lindah Mhlanga 

©Encyclopedia of Life Support Systems (EOLSS) 

Thomasson K. (1980). Plankton of Lake Kariba re-examined. Acta Phytogeographica Suec. 68, 157-162. 
[A study on early algal communities in Lake Kariba]. 

Thornton J. A. (1981). Chemical changes in Lake McIlwaine. Zimbabwe Science News 15(4), 92-94. [A 
study on nutrient changes in Lake Chivero, previously Lake McIlwaine]. 

Thornton J.A. (1980). Factors influencing the distribution of reactive phosphorus in Lake McIlwaine, 
Zimbabwe. D.Phil Dissertation, University of Zimbabwe. 248pp. [Thesis on the distribution of reactive 
phosphorus in Lake Chivero, previously Lake McIlwaine]. 

Thornton J.A., Cotterill N.G. (1978). Some hydrobiological observations on five tropical African 
montane impoundments. Transactions of the Rhodesian Scientific Association 59, 22-29. [ A study on the 
hydrobiology of five reservoirs in the eastern highlands of Zimbabwe]. 

Thornton J.A., Nduku, W.K. (1982). Water chemistry and nutrient budgets, in: Lake McIIwaine: The 
Eutrophication and Recovery of a Tropical Man-made Lake, Chapter 4, 43-59. Thornton J.A., Nduku 
W.K. (eds) Dr. W. Junk Publishers, The Hague, The Netherlands. [Chapter on water chemistry and 
nutrient budgets in Lake Chivero, previously Lake McIlwaine]’  

van der Lingen M.I. (1973). Lake Kariba. Early history and south shore, in: Man-Made Lakes: Their 
problems and environmental effects. Geophysical Monography Series 17, 132, Ackerman W. C., White 
G. E. & Worthington E. B. (Eds). [Chapter outlining the early historical limnological development in 
Lake Kariba]. 

Zanawe L. (1997). Population growth and land use in the Manyame catchment area, in: Lake Chivero A 
polluted lake, Chapter 12, 113-123. Moyo N.A.G (ed). University of Zimbabwe Publications, Harare. 
[Chapter outlining population growth and land use in Manyame catchment]. 

Zilberg B. (1966). Gastro-enteritis in Salisbury European children- a five-year study. Central African 
Journal of Medicine 12(9), 164-168. [A study attributing the yearly occurrence of gastro-enteritis to 
collapse of algal blooms in Lake Chivero].  

 
Biographical Sketch 
 
Dr. Lindah Mhlanga: Freelance Consultant Ecologist (Environment). B.Sc. Biological Sciences 
(Honours), M.Sc. Conservation and Utilization of Plant Genetic Resources. D.Phil. Freshwater Ecology 
(Limnology). 1990-1994:- Research Officer, National Herbarium & Botanic Gardens, Harare, Zimbabwe. 
1994-2007:- Research Fellow, University of Zimbabwe Lake Kariba Research Station, Kariba, 
Zimbabwe. 2007-2008:- Team member to regional programme entitled Cross Sectoral Commons 
Governance in Southern Africa (CROSCOG), funded by European Commission: 2010-2012:- Team 
member to a regional programme entitled Defragmenting African Resources Management funded by 
ACP. Author of 16 journal articles and 2 book chapters. 


