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Abstract
The occurrence of large blooms of Dinoflagellates composed primarily of Ceratium hirundinella, in hypertrophic reservoirs
in South Africa has become more pronounced since 1999. The financial and operational impact of these blooms on the drinking water industry is high as this species produces bad tastes and odours and clogs filters.
In order to enable real-time forecasting for dinoflagellate blooms a hybrid evolutionary algorithm rule set for hypertrophic
reservoirs in South Africa was developed. Data from three known hypertrophic systems were used for training and developing the rule set. Testing was done on two years respectively from the same reservoirs as the training data. The rule set was
also tested on unseen data from two other hypertrophic reservoirs that are known to experience dinoflagellate blooms.
The results show that the developed rule set predicts real-time dinoflagellate blooms quite accurately and the sensitivity
analysis showed that the rule set developed on hypertrophic reservoirs in the summer rainfall and temperate region of South
Africa, is applicable to reservoirs within the same climatic region and of the same hypertrophic status
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Introduction
Numerous studies attempt to increase the understanding of the
significant input variables that drive the establishment of algal
blooms of different dominant species for prediction purposes
(Bowden et al., 2006; Cao et al., 2006; Jeong et al., 2006; Recknagel et al., 2006) with new and emerging computational methods. The emerging discipline of ecological informatics provides
a variety of computational techniques such as fuzzy logic, cellular automata, evolutionary algorithms and adaptive agents that
can be applied to non-linear, dynamic and complex limnological
systems (Jeong et al., 2006).
The occurrence of large blooms of Dinoflagellates composed
primarily of Ceratium hirundinella, in hypertrophic reservoirs
in South Africa, became more pronounced since 1999 (Van Ginkel et al., 2001b) and other South African reservoirs (Hart 2006).
The main characteristics of C. hirundinella are well known. It
has a mean cell length of 180 µm. It has the ability to migrate
from one water-column layer to another with the flagella, to
utilise nutrients; this gives this species an advantage over other
phytoplankton species and may lead to bloom-forming conditions. Furthermore the ability to assimilate both organic and
inorganic phosphorus gives it an advantage over other algal
species that can only utilise inorganic phosphorus. Its ability
to undergo seasonal polymorphism or cyclomorphosis has been
studied by numerous researchers (Hutchinson, 1957; Cranwell,
1976; Heaney, 1976; Harris et al., 1979; Heaney and Furness,
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1980; Moore, 1981; Frempong, 1984; Sommer et al., 1984; Muellerelser and Smith, 1985; Padisak, 1985; Rybak, 1985; Heaney
et al., 1986; Buck, 1989; James et al., 1992; Buck and Zurek,
1994; Péres-Martínez and Sánchez-Castillo, 2001; Wetzel, 2001;
Grigorszky et al., 2003). All these features give C. hirundinella
the potential to form algal blooms.
The main external growth-controlling factors are also well
known, namely the impact of the light intensity in the water
(Buck, 1989; Muellerelser and Smith, 1985), the optimum
growth temperature (ranging from 5°C to 30°C according to
Buck (1989)) and the need for sufficient nutrients within the
water body (Reynolds, 1978; Buck, 1989).
According to Moore (1981), C. hirundinella is primarily a
midsummer species and is scarce or absent in winter, thus meroplanktonic. However, in South Africa the species was also found
during winter (Van Ginkel et al., 2001b). The winter water temperatures in many South Africa impoundments seldom go below
10°C (Van Ginkel et al., 2001a), which is within the optimum
growth temperature range suggested by Buck (1989). In Spain
the species occurs during all four seasons (Péres-Martínez and
Sánchez-Castillo, 2001).
C. hirundinella is a dinoflagellate species that has been implicated in filter clogging and taste and odour problems associated
with the drinking water industry. It has a financial implication
and although it is not a health risk to consumers, numerous complaints showed it to be a problem for the purification industry.
This study was done in order to improve our understanding
of the cause of these extreme dinoflagellate blooms that are currently experienced in a number of South African reservoirs and
to be able to predict future dinoflagellate blooms.
The hypertrophic reservoirs, Bon Accord, Hartbeespoort,
Klipvoor and Rietvlei Reservoirs in South Africa are warm,
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