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Abstract
A lake-wide bloom of the dinoflagellate Ceratium hirundinella, discovered in Albert Falls Dam in October 2006, exposed
a significant ecological change indicative of reduced water quality in this historically mesotrophic reservoir. The spatial
distribution of the bloom was examined synoptically in October 2006 and January 2007; these surveys revealed generally
higher dinoflagellate densities in inshore reaches of the lake, and especially in the discharge plume of the inflowing Mgeni
River. Ceratium totally dominated the phytoplankton assemblage, accounting almost completely for coincident chlorophyll
levels, which generally increased with depth to generate a ‘deep’ chlorophyll maximum. Vertical oxygen profiles during the
bloom differed substantially from corresponding profiles during non-bloom conditions historically typical in this reservoir.
Direct count data and ordination analysis using non-metric multidimensional scaling exposed marked changes in zooplankton community structure compared to seasonally congruent non-bloom conditions in other years. Changes included the
effective replacement of Moina by Bosmina, substantial reductions in Daphnia and Ceriodaphnia, and smaller but definite
increases in abundance especially of calanoid copepods, as well as cyclopoid copepods and of Chaoborus, although not
all of these differences were apparent in both survey months. These compositional changes are attributable to intrinsic
differences in feeding biology among taxa and their associated susceptibility to the altered food environment, which was
commensurate with Ceratium’s emergence. In addition, chydorid cladocerans appeared as a new (but spatially restricted)
eutrophic bio-indicator component of the zooplankton, and the species diversity of cyclopoid copepods was enriched.
The historical incidence of Ceratium in the lake since 1995 coincided with low NO3-N:TP values (used here as an N:P
ratio proxy), particularly of inflow waters, and with broadly coincident values in the open lake. Ceratium was present
but sparse in 1995, at average N:P ratios around 5.5. It disappeared in 1996 when the ratio increased radically to >10, and
reappeared in 2004 after an erratic decline of the ratio to < 5 in the lake. The decline in N:P ratio of inflow waters since
1996 was clearly associated with a consistent rise in TP levels in inflows, most plausibly attributable to inputs of (Howick)
wastewater treatment (WWT) plant origin. The appearance of Ceratium blooms is accordingly related to progressive elevations in mean annual P concentrations in inflows from ~40 µg/l in 1995 to 120 µg/l in 2007 (broadly mirrored in annual TP
loadings), suggesting that improved operational efficiency (and capacity) of the WWT plant offers a plausible prospect for
mitigation and reversal.
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Introduction
An expansive literature (not reviewed here) attests that blooms
of dinoflagellates (Ceratium and Peridinium species) have
become widespread and prominent in many lentic freshwaters,
while coastal marine environments have experienced similar blooms (‘red tides’) especially in the past 3 decades (e.g.
Reynolds, 2006). The incidence, severity and prominence of
bloom events in standing freshwater ecosystems appear to be
growing exponentially, although the causes of such outbreaks
remain ambiguous and/or contradictory. The relatively sudden onset of blooms of Ceratium hirundinella (O.F. Müller)
Bergh in lakes and reservoirs is especially noteworthy. In South
Africa, blooms appeared suddenly in 7 reservoirs in the 1990s
(Van Ginkel and Silberbauer, 2006) – most prominently in
Hartbeespoort Dam in 1999 (Van Ginkel et al., 2001). Parallel
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appearances were recorded in several reservoirs in Argentina
in 1990, with northwards expansion to reach the neo-tropical
Río Tercero Reservoir, also in 1999 (MacDonagh et al., 2005).
Its appearance in the Paso de las Piedras Reservoir (Buenos
Aires) in 1997 (Parodi et al., 2007) represents a broadly corresponding temporal profile. MacDonagh et al. (2005) suggest that its occurrence in the neo-tropics ‘could be a regional
phenomenon associated with some dispersal mechanisms and
favourable local conditions for its proliferation’, implying that
this nuisance alga (see below) may become more widespread.
The analysis of factor(s) underlying or stimulating its emergence becomes correspondingly important.
Reviewing the literature, Whittington et al. (2000) describe
Ceratium hirundinella as a ubiquitous, relatively large and
slow-growing species characteristically found during late summer, in water bodies with a warm stable epilimnion and low
nutrient concentrations. Under these low-turbulence conditions, its ability to undertake significant diel vertical migrations (DVM) apparently enables its optimal exploitation of
light and nutrients – 2 essential resources whose availability
contrasts directly in the vertical dimension during stratification
(Heaney, 1976; Heaney and Furnass, 1980; James et al., 1992;
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