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Abstract
The Sundays Estuary is permanently open to the sea and experiences regular freshwater inflow in the form of agricultural
return flows with large supplies of nutrients. The objectives of this study were to measure microalgal biomass and community composition and relate these to freshwater inflow, water quality and other environmental variables. These data can then
be used in setting the ecological water requirements of the estuary. Surveys in August 2006, March 2007, February, June
and August 2008 showed that salinity less than 10, expressed in practical salinity units, mostly occurred from 12.5 km from
the mouth in the middle reaches of the estuary, which was also where the highest water column chlorophyll a (>20 µg·ℓ-1)
was found. The study showed that different groups of microalgae formed phytoplankton blooms during individual sampling sessions. These included blooms of green algae (August 2006), flagellates (March 2007), dinoflagellates (June 2008)
and diatom species (February and August 2008). The estuary was then sampled over 5 consecutive weeks from March to
April 2009 to identify environmental factors that support different microalgal bloom species. Phytoplankton blooms were
found during Weeks 1, 4 and 5 from the middle to the upper reaches of the estuary. It was shown that diatoms occurred in
blooms during warm, calm conditions whereas wind-mixing and reduced temperature, as a result of a cold front during 17
to 19 March 2009, promoted the dominance of flagellates throughout the estuary although they were present at all times.
Dominant diatom species (Cylindrotheca closterium, Cyclotella atomus and Cyclostephanus dubius) indicated brackish,
nutrient-rich water. Nanoplankton (2.7 - 20 µm) was dominant during each week sampled and contributed 55 - 79% to the
phytoplankton biomass. Maximum benthic chlorophyll a was found 12.5 km from the mouth. This study is the first to show
successive chlorophyll a blooms consisting of different phytoplankton groups in an estuary, an indication of the eutrophic
state of the system.
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Introduction
The Sundays River Estuary is an important recreational and
tourist attraction, and now forms part of the Addo Elephant
National Park. The estuary ranks 39 out of the top 50 South
African estuaries (Turpie et al., 2002) in terms of biodiversity
conservation importance. The estuary is permanently open,
increasing its importance, as only 18% of South African
estuaries have a permanently open connection with the sea.
The Sundays Estuary does not have extensive intertidal sand
banks, mudflats or salt marshes. Microalgae contribute 95% to
primary production as there is little suitable habitat for macrophytes (Adams et al., 2008).
Phytoplankton play a significant role in nutrient cycling;
they serve as a primary food source and are used as indicators
of change in ecological conditions because they are sensitive
to environmental perturbations (Lucas et al., 1999; Paerl et
al., 2006). Benthic microalgae also play an important role in
estuaries because they stabilise the sediment surface through
growth and the production of extracellular polymeric substances (Underwood et al., 1995; MacIntyre et al., 1996); regulate nutrient fluxes/cycles and gas exchange (Sündback et al.,
2003; Sündback et al., 2004); and serve as a highly nutritious
food source for various benthic and pelagic fauna (Kibirige
and Perissinotto, 2003; Nozais et al., 2005). The diversity of
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microphytobenthos species also provide numerous, sensitive
indicators of environmental change and the specific conditions
of their habitat.
As microalgae are an important source of primary production in the Sundays Estuary, studies of biomass and species
composition are necessary to understand the functioning of
the estuary. Phytoplankton in the Sundays Estuary were first
investigated by Archibald (1981), with a focus on the taxonomy
of diatoms, and subsequently Hilmer (1990) showed that
the recurrent formation and decay of flagellate blooms was
closely related to the spring-neap tide cycle. Blooms formed
when semi-closed circulation increased the residence time
of the water during stratified periods, usually at neap tides.
Phytoplankton blooms have been recorded in the upper reaches
of the estuary, when there was a water residence time of 7 neap
tidal cycles and 3 spring tidal cycles (MacKay and Schumann,
1990). Phytoplankton from groups such as flagellates, dinoflagellates, and euglenoids have been recorded in the Sundays
Estuary (Hilmer, 1990). Although diatom species have been
shown to be continually present, they generally occur at low
densities (Archibald, 1981; Hilmer, 1990) and high densities
have been recorded shortly after flooding events (Jerling, 1994).
Dinoflagellates have been found to be the dominant phytoplankton community (Hilmer, 1990; Jerling, 1994), particularly in the vertically stratified middle reaches of the estuary,
and cyanophytes have only been recorded in the upper half
of the estuary (Hilmer, 1990; Archibald, 1981). Most blooms
identified by Hilmer (1990) were caused by the dinoflagellate Katodinium rotundatum and a chlorophyte Micromonas
pusilla.
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