Ecological impacts of small dams on South African rivers
Part 2: Biotic response – abundance and composition of
macroinvertebrate communities
Sukhmani K Mantel*, Nikite WJ Muller and Denis A Hughes

Unilever Centre for Environmental Water Quality – Institute for Water Research (UCEWQ-IWR), Rhodes University,
PO Box 94, Grahamstown, South Africa

Abstract
This paper investigates the cumulative impacts of small dams on invertebrate communities in 2 regions of South Africa
– the Western Cape and Mpumalanga. Previous research found reduced discharge, increased total dissolved salts, and a
decrease in average score per taxon (ASPT; collected using SASS4 methods) at sites with high density of small dams in
their catchment. These changes in ASPT are investigated using the invertebrate abundance data available in the River
Health Programme. Multivariate analyses found differences in invertebrate communities in rivers with high densities of
small dams in their catchment in foothill-gravel streams (in both Western Cape and Mpumalanga) and in foothill-cobble
streams (in Western Cape only). Opportunistic taxa that are tolerant of pollution, and capable of exploiting various habitats,
and those that prefer slower currents increased in numbers, while other taxa that are sensitive to pollution and disturbance
declined in numbers. Some regional differences were noted possibly reflecting climatic differences between the regions.
Since the results of this study are correlative, it highlights the need for a systematic (by sites and seasons) and detailed (at
species level) collection of data to verify the results of cumulative effects of small dams. This can further the development
of a framework for small-dam construction and management that will limit their impact on river catchments.
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Introduction
The Serial Discontinuity Concept stresses the importance of
longitudinal, lateral and vertical connectivity of rivers to the
health and biodiversity conservation of a riverine ecosystem.
The predictions of the concept regarding the impacts of regulation on riverine biodiversity have been tested in various rivers
(Stanford and Ward, 2001). Impoverishment of riverine fauna,
replacement by lentic species, and possible recovery of fauna
with distance from the impoundment, particularly for macroinvertebrates below a confluence with an unregulated tributary,
has been established (e.g. Hauer et al., 1989; Stanford and
Ward, 1989; Bournaud et al., 1996; Pringle et al., 2000). The
serial discontinuity concept is primarily relevant to large dams
(≥3x106 m3 or >15 m height; World Commission on Dams, 2000)
with deep or hypolimnial releases, which contrasts with small
dams and weirs that are generally surface releasing. However,
the principle of the accumulation of the impacts of dams is one
that this paper investigates in terms of the ecological cumulative impacts of small dams.
Individual small dams and the associated changes in ecological communities below them have received attention for
facilitating the spread of pest species (e.g. black-flies: Palmer
and O’Keeffe, 1995), acting as barriers to migratory species
(e.g. amphidromous shrimps: Benstead et al., 1999), reducing macroinvertebrate abundance and diversity (Ogbeibu and
Oribhabor, 2002, but see Cortes et al., 1998 for variation in
impacts by dam usage), and reducing fish densities (Lessard
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and Hayes, 2003). Authors of these studies have linked these
changes to the variation in water quality, water quantity, particle size of organic matter, and habitat modification, amongst
other factors. The permanence of changes in the ecosystem
variables was investigated by Doyle et al. (2005) for 5 small
dams that were removed from US rivers. They found that
macroinvertebrate communities, as an ecosystem response
variable, were more resilient in comparison to riparian vegetation; however, some invertebrate species, including some
endangered unionid mussels, recovered only partially following
the removal of dams.
In South African rivers, research on the effects of changes
in discharge on riverine macroinvertebrates have focused on
two aspects – flow reduction due to a series of impoundments
(all large, except one small dam), and flow increase and regime
change due to inter-basin transfers. Palmer and O’Keeffe (1995)
found that no flow below dams during low-flow periods led to
the absence of black-flies below a small dam in an Eastern Cape
river. Additionally, the dams shifted the distribution of some
blackfly species (many of which are pest species) upstream.
On the other hand, increased flow volumes due to inter-basin
transfer have led to the dominance of a livestock pest species
Simulium chutteri over other simuliid species (O’Keeffe and
De Moor, 1988; Rivers-Moore et al., 2007). This summary of
South African research on the impacts of dams on rivers highlights the gap in our knowledge on the effects of small dams.
This paper thus focuses on the impacts on riverine fauna due to
an accumulation of small dams in catchments which we refer to
as ‘cumulative impacts of small dams’.
South Africa records approximately 500 000 small farm
dams (DWAF, 1986), which are primarily associated with
agriculture and livestock farming. The present research has
investigated their potential cumulative impacts on South
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