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Abstract
Rising eutrophication in South African reservoirs is of major concern, leading to the consideration of top-down biomanipulation as a management option – reducing zooplankton-eating fish to sustain zooplankton grazing pressure and thus restrict
autotrophic plankton that proliferate with nutrient increases. The biomass ratio of zooplankton to phytoplankton (ZB/PB) is
used as an index of the likely value of biomanipulation to achieve this outcome, but values have not been explored for South
African systems. Using chlorophyll (Chl) as a surrogate for PB, available ZB/Chl data are assembled for the first time for
ten reservoirs of three types (minerally-turbid systems, oligo/mesotrophic clear water systems, and eutrophic/hypertrophic
systems), and the results are discussed in relation to a generalised conceptual model proposed. With the exception of one
minerally-turbid system, ZB/Chl values decline quasi-exponentially with rising chlorophyll within individual reservoirs.
Conversely, between individual systems, median (or mean) values of ZB/Chl conversely increase rather than decline with
rising trophic status – broadly contradicting observations reported elsewhere. Underlying causal reasons for the observed
pattern and its implications for biomanipulation are considered. This assessment evaluates: the negative impacts of general
declines in food quality that stem from rising eutrophication on zooplankton feeding ability and resulting seasonal changes
in ZB and community structure; prospects of food sources other than living autochthonous autotrophs in sustaining ZB
between systems; and inferences about fish predation pressure on zooplankton, derived from empirical data regarding the
large body sizes of species and individuals of Daphnia that occur in the reservoirs. Observed increases in median ZB/Chl
ratios with rising nutrient status are consistent with the inference that obligate visual zooplanktivorous fishes are scarce or
absent, particularly in eutrophic reservoirs, suggesting that biomanipulative management is unlikely to assist in controlling
the consequences of nutrient enrichment in local reservoirs.
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Introduction
Cultural eutrophication is a familiar phenomenon known for decades (e.g. OECD, 1982; Schindler, 2006). Smith and Schindler
(2009) state that it has become the primary water quality issue
in most of the freshwater and coastal marine ecosystems in the
world. Its impact is of growing global concern in view of its multiple adverse consequences on the structure and functioning of
affected ecosystems (e.g. Holdren, 2001; Jeppesen et al., 2003b;
Osborne, 2005; Phillips, 2005; Søndergaard and Jeppesen, 2007).
Harmful algal blooms (HABs) with adverse ecosystem implications and potential human health problems commonly emerge
(Graham, 2007). Krantzberg et al. (2010) indicate that 20% of
the world’s population (more than one billion people) are at risk
of water-related diseases associated with water pollution, while
pathogens can benefit from the higher nutrient levels in eutrophic
waters (Smith and Schindler, 2009). The greater vulnerability of
warm and tropical waters to eutrophication problems (Jeppesen
et al., 2003b, 2005; Hart, 2006b) is an emerging concern of particular relevance to South Africa, a water-scarce country, largely
dependent on water stored in man-made reservoirs (reservoirlakes) for the sustained supply of raw potable and irrigation
water.
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South African reservoirs impound at least 50% of the mean
annual runoff in the country (DWAF, 2004). Some 35% of this
stored water is currently classified as eutrophic or hypertrophic
– with nutrient levels greatly exceeding generally-accepted
trophic boundaries (Harding et al., 2009). Bulk nutrient loading
of many inland South African reservoirs derives from wastewater return flows, leading in many cases to cyanobacterial
blooms (Van Ginkel et al., 2000, 2006; Harding et al., 2009).
Harding (2008) has estimated that nutrient load reductions of
between 25 and 96% will be necessary to attain in situ threshold concentrations amenable to an acceptable reduction in the
frequency of cyanobacterial blooms. However, the prospects of
such reductions are poor, given the parlous state of increasingly
over-loaded wastewater treatment plants in the country (DWA,
2009). Accordingly, alternative in-lake management options
attract growing consideration, with food web modification (biomanipulation) emerging as a possible prospect (e.g. Harding et
al., 2009).
The basic principles behind the biomanipulation approach
to lake restoration are widely known (e.g. Gulati et al., 1990;
Moss, 1998a; Hansson et al., 1998), and are not elaborated
here. While the approach has been widely applied internationally, its successes are outnumbered by failures, certainly in
the longer term (Gulati and Van Donk, 2002; Søndergaard
and Jeppesen, 2007; Søndergaard et al., 2007; Gulati et al.,
2008). Successful outcomes are more frequent in shallow
natural lakes where submerged hydrophytes compete with
phytoplankton for nutrients, and also provide a visual refuge

513

