Ecological impacts of small dams on South African rivers
Part 1: Drivers of change – water quantity and quality
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Abstract
Impacts of large dams are well-known and quantifiable, while small dams have generally been perceived as benign, both
socially and environmentally. The present study quantifies the cumulative impacts of small dams on the water quality
(physico-chemistry and invertebrate biotic indices) and quantity (discharge) of downstream rivers in 2 South African
regions. The information from 2 South African national databases was used for evaluating the cumulative impacts on
water quality and quantity. Physico-chemistry and biological data were obtained from the River Health Programme, and
discharge data at stream flow gauges was obtained from the Hydrological Information System. Multivariate analyses were
conducted to establish broad patterns for cumulative impacts of small dams across the 2 regions – Western Cape (winter
rainfall, temperate, south-western coast) and Mpumalanga (summer rainfall, tropical, eastern coast). Multivariate analyses
found that the changes in macroinvertebrate indices and the stream’s physico-chemistry were more strongly correlated with
the density of small dams in the catchment (as a measure of cumulative impact potential) relative to the storage capacity of
large dams. T-tests on the data, not including samples with upstream large dams, indicated that the high density of small
dams significantly reduced low flows and increased certain physico-chemistry variables (particularly total dissolved salts)
in both the regions, along with associated significant reductions in a macroinvertebrate index (SASS4 average score per
taxon). Regional differences were apparent in the results for discharge reductions and the macroinvertebrate index. The
results suggest that the cumulative effect of a high number of small dams is impacting the quality and quantity of waters
in South African rivers and that these impacts need to be systematically incorporated into the monitoring protocol of the
environmental water requirements.
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Introduction
Impacts of large dams have been quantified in terms of changes
in the flow regime, water quality, sediment transport and channel structure, which affect the fauna and flora (periphyton,
macrophytes, invertebrates and fishes) assemblages of rivers
(e.g. Petts, 1984; Pringle et al., 2000; WCD, 2000; SADC et
al., 2002). Large dams provide a ‘significant contribution to
human development’, although at ‘an unacceptable and often
unnecessary’ social and environmental price (WCD, 2000).
Globally, 59% of all global large river systems are moderately
or strongly impacted by river fragmentation and flow regulation by large dams (Nilsson et al., 2005). These modifications
have resulted in the loss of regionally distinct flow regimes
and helped the proliferation of cosmopolitan species through
reduced magnitude and modified timing of ecologically important flows in US rivers (Poff et al., 2007). Therefore, there has
been an increased momentum for the removal of dams (particularly those that are no longer operational) in some countries
(Bednarek, 2001; Poff and Hart, 2002).
South African river ecosystems experience high variability
in rainfall and runoff (Davies et al., 1995). On average, South
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Africa receives 497 mm of rainfall (vs. a global average of 860
mm) with western areas receiving much lower amounts relative
to eastern parts that receive ~1 000 mm rainfall (DWAF, 1986).
The effects of the low rainfall are exacerbated by the high
potential evaporation rates (1 100 to 3 000 mm range; DWAF,
1986), leading to a value of mean annual precipitation to mean
annual runoff of only 8.6%, similar to Australia (9.8%) but
much lower than other parts of the globe (e.g. Canada 65.7%)
(Davies et al., 1995). Nevertheless, environmental water
requirements (EWR) are enshrined in South African legislation (National Water Act, No. 36 of 1998) and they represent
‘the water provided within a river, wetland or coastal zone to
maintain ecosystems and the benefits they provide to people’
(GEFN, 2008). Inter-basin transfers and large dams have
been emphasized as solutions to improve water security in the
past in South Africa. Their impacts on South African rivers
(geomorphology, physical and biological parameters, distribution of pest species) have been investigated (e.g. O’Keeffe and
De Moor, 1988; O’Keeffe et al., 1990; Palmer and O’Keeffe,
1990a; b; c; 1995; Rivers-Moore et al., 2007). In comparison,
the environmental impacts (particularly the cumulative effects)
of small dams (<15m height or <3x106 m3 storage capacity if
5 to 15 m in height; WCD, 2000) have been generally ignored
(Davies et al., 1993; Hart and Hart, 2006), although they comprise the vast majority of impoundments (>500,000 with ~600
being large dams; DWAF, 1986). South African research on
small dams has primarily focused on their hydrological impacts
(Maaren and Moolman, 1985; Pitman and Pullen, 1989),
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