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Abstract
Microcosm experiments were conducted to assess nitrate-induced changes and the effect of varying the ratio of total nitrogen to total phosphorus (TN:TP) on the winter and late summer phytoplankton communities in Lake Chivero, Zimbabwe.
In both winter and summer, nitrate addition altered species composition from a cryptophyte-dominated to a chlorophytedominated assemblage and increased chlorophyll a concentration and total algal biomass. The shift in algal dominance
and increase in chlorophyll a concentration and total algal biomass also occurred in the control showing that isolation
from allogenic processes like turbulence had an effect on phytoplankton structure. Microcystis aeruginosa, a common
cyanobacterium in Lake Chivero, did not assume dominance in any of the treatments. From an application perspective it is
interesting that varying nitrate loadings in microcosms favoured chlorophytes rather than increasing undesirable cyanobacteria. Nutrient manipulation can be used as a management option to avoid cyanobacteria occurrence, by maintaining either
cryptophytes or chlorophytes. However, the practicality of such an intervention needs to be assessed.
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Introduction
Lake Chivero, Zimbabwe, is a man-made reservoir that was
created in 1956 and is located approximately 40 km southwest of the city of Harare. It is the city’s primary water supply
reservoir. The lake is hyper-eutrophic (Magadza, 2003), owing
to the discharge of nutrient-rich sewage and industrial effluent from Harare and satellite towns into its tributary streams.
This has led to a predominance of cyanobacteria (Munro, 1966;
Marshall, 1997), the detrimental effects of which have included
gastroenteritis outbreaks in children correlated with decay
of Microcystis aeruginosa blooms (Zilberg, 1966; Marshall,
1991), periodic fish kills due to depletion of oxygen in the
hypolimnion (Moyo, 1997; Mhlanga et al., 2006a), transient
influenza-like reactions upon inhalation of aerosols from tap
water linked to high endotoxin levels (Annadotter et al., 2005)
and objectionable tastes and odours in the drinking water
(Marshall, 1997).
Despite the ecological and potential health challenges
posed by the predominance of cyanobacteria there has been
limited work done in Lake Chivero on phytoplankton ecology,
with the exception of the unpublished work by Falconer (1973).
Development of effective lake and watershed management
strategies for Lake Chivero will be determined by assessing
which nutrient limits phytoplankton growth, especially the
predominance of cyanobacteria. Phosphorus has been considered to be the primary nutrient limiting phytoplankton growth
in freshwater ecosystems and management efforts have focused
on controlling phosphorus loading (Dzialowski et al., 2005).

Lake Chivero, which receives high loadings of nitrogen and
phosphorus (Nhapi, 2004), has a relatively low total nitrogen
to total phosphorus (TN:TP) ratio. This is attributed to the
low TN:TP ratio of sewage effluent (Robarts, 1981), which is
the main source of nutrients in the lake. The nutrient-loading
ratio of the sewage effluent in Lake Chivero is in the order of
1:2 TN:TP and has produced a system that is nitrogen-limited
(Robarts, 1981). It has been observed that nitrogen limitation
occurs more commonly than previously thought (Dzialowski
et al., 2005). Using bioassay cultures with Selenastrum capricornutum, Robarts and Southall (1975; 1977) established that
nitrogen was potentially the primary growth-limiting nutrient
in Lake Chivero.
This study was conducted to determine how varying nitrate
loadings would influence phytoplankton species composition
and biomass in Lake Chivero. It is of management interest to be
able to maintain optimal TN:TP ratios that can support sociallyand ecologically-preferable chlorophytes, baccillariophytes
and cryptophytes rather than undesirable cyanobacteria. The
objectives of this study were:
• to determine the effect of increasing nitrate concentration
and the associated increase of TN:TP ratio on phytoplankton species composition, biomass, succession, and dominance patterns; and
• to determine species-specific differences in phytoplankton
responses to the changes of TN:TP ratio in microcosms and
compare these to changes in the lake.

Materials and methods
Microcosm experiments
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Two in-situ microcosm experiments of 9 days duration
(Experiment 1: end of winter, August 2005 and Experiment
2: end of the rainy season, April 2006) were run in a small
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