The hydrodynamic response of a semi-arid headwater
wetland to technical rehabilitation interventions
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Abstract
Loss of wetland extent continues to be documented as a significant problem and this is true for the headwaters of the Sand
River system in the north-east of South Africa. Here wetlands are undergoing severe down-cutting by erosion gullies (dongas) leading to desiccation of the system and loss of viable substrate that is used for subsistence agriculture. The Manalana
sub-catchment was the focus of an integrated wetland rehabilitation programme between 2004-2009, a major focus of which
was the stabilisation of such erosion gullies by large retaining structures. This paper presents findings of a hydrological
monitoring study of the shallow groundwaters to determine the wetland’s hydrodynamic behaviour and the extent to which
this had degraded as a result of erosion. Furthermore, whether technical rehabilitation could ameliorate any degradation
in the wetland’s hydrological condition was also assessed. The findings show that the wetland groundwater hydrology is
strongly controlled by the distribution of clays within it, facilitating distinct hydrological micro-regions within the wetland
spatially and vertically. Based on these findings it is revealed that the loss of these clays impacts severely on the system’s
hydrology. The installation of an impermeable buttress weir was able to restore these hydrodynamics as observed through
the reversal of the hydraulic gradients between groundwater observation stations, but the precise placement of the structure
was shown to be crucial for this effect. This finding demonstrated the requirement of informed, or wise, technical rehabilitation principles based on hydro-geomorphic understanding of the system. A downstream pervious gabion dam was also
monitored for its effect on restoring the wetland’s hydrology, but observed responses showed little change, and, in fact, the
wetlands hydrology here remained intact, attributed to the presence of a clay plug that was saved from erosion by the placement of this structure.
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‘Wetland rehabilitation’ has recently been put forward,
particularly within South Africa, as the process by which one
seeks to re-establish ecological driving forces within part or the
whole of a degraded wetland to recover former or desired ecosystem structure, function, biotic composition and/or ecosystem services (Grenfell et al., 2007). Since it is the hydroperiod,
or temporal pattern of wetland water levels, such as seasonal
variations in hydrological inputs and outputs from the system,
which is the criterion for characterising each wetland type
(Mitsch and Gosselink, 2007), this is what needs to be restored
when rehabilitating a wetland whose hydrological regime has
been altered. It is the hydrodynamics, or the ability of water to
do work, specifically the direction and force of flow (Brinson,
1993), that controls the water storage of the system, as well
as allogenic factors such as climate that define the wetland’s
hydroperiod. Monitoring of a wetland’s hydrodynamics, such
as water table depths, can reveal important insights into the
likely response of wetland sites to changes in their contributing area as well as in-situ impacts whether they be natural or
artificial (e.g. Gilman, 1994; Dixon 2002; Voldseth et al., 2007).
Furthermore these approaches were useful for tracking the trajectory of attempts to restore a wetland’s hydrology (Moorhead,
2003). Monitoring the hydrodynamics of wetlands is also
useful for quantifying the extent of wetland degradation, as has
been characterised for communally-used wetlands in Ethiopia
(Conway and Dixon, 2000).
This study, initiated in 2005, was in response to the technical rehabilitation, on a larger scale, of erosion gullies which
were deemed to be threatening the integrity of the wetlands

http://dx.doi.org/10.4314/wsa.v38i1.8
Available on website http://www.wrc.org.za
ISSN 0378-4738 (Print) = Water SA Vol. 38 No. 1 January 2012
ISSN 1816-7950 (On-line) = Water SA Vol. 38 No. 1 January 2012

55

Wetland loss through erosion and conversion to alternative land
uses in South Africa is extensive, and within several major
catchments of the country some 35-60% loss of wetland extent
has been experienced (Dada et al., 2007). This loss may have
significant implications for streamflow regulation processes
given that wetlands are thought to be important for base-flow
augmentation and flood peak attenuation, although these are
still poorly understood phenomena (e.g. Bullock and Acreman,
2003). Wetlands within the savanna biome of sub-Saharan
Africa are well utilised due to the potential, if properly managed, for diverse crop productivity and an array of other direct
and indirect benefits. A wetland’s economic and hydrological values were recognised as key factors that engender the
need for their management by integrated means (Scoones,
1991). Nevertheless, wetlands continue to play a crucial role in
livelihood security for a large part of the rural South African
population and were most often not stringently subject to ‘best
management practices’ and adequate governance systems that
facilitate sustainable use of these environmental resources
(Kotze and Silima, 2003). Wetland degradation thus poses a
serious threat to the country’s water and livelihood-sustaining
resources.

