Biological responses to a resumption in river flow in a freshwaterdeprived, permanently open Southern African estuary
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Abstract
The Kariega Estuary is a freshwater-deprived system due to numerous impoundments in the catchment. This system has had
little or no horizontal salinity gradient over the last 15 years, with hypersaline conditions sometimes predominating in the
upper reaches. Following high rainfall events in the catchment during the spring of 2006, including a flood event (approximate
1:10 year) in August 2006, a series of riverine pulses entered the estuary and a horizontal salinity gradient was established.
This study examined the influence of this freshwater pulse on four components of the biota within the estuary, namely the
zooplankton, and larval, littoral and demersal fishes. The study demonstrated that in three of these components elevated
densities were recorded following the riverine input, with only the littoral fishes retaining an almost constant density. In addition, changes in the relative contributions of the estuarine utilisation classes for all three fish groups examined indicated that
freshwater input into these systems positively influences the abundances. This has significant implications for water managers
as it demonstrates the importance of an Ecological Reserve (defined as ‘the water required to protect the aquatic ecosystems
of the water resource’) for this system.
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Introduction
South Africa has a semi-arid climate with the average precipitation being 497 mm compared to the world average of 860 mm
(DWAF, 1986). This, in addition to growth of the South African
economy, has led to increased demand for freshwater which has
resulted in the establishment of impoundments for the retention
of surface water resources (DWAF, 2004; Jezewski and Roberts,
1986). Additional freshwater loss occurs in the form of invasive alien trees which have been reported to negatively impact
flow volumes from river catchments (DWAF, 2004). The various forms of water usage have modified the river flow patterns
entering estuarine ecosystems. Base flows into estuaries are
often considerably reduced or removed altogether, while minor
flood events may be entirely removed or considerably attenuated, depending on various factors (Davies and Day, 1986).
These factors include the magnitude of the flood event, available storage capacity in impoundments, and the proximity of the
impoundments to the head of the estuary (Davies et al., 1993;
Davies and Day, 1986).
Several summary publications exist in the South African
scientific literature describing the effects of freshwater deprivation on estuaries (e.g. Grange et al., 2000; Whitfield and Bruton,
1989; Whitfield and Wooldridge, 1994). These effects include
reduced nutrient input, lack of salinity gradients and a reduction
in land-based olfactory cues entering the coastal environment,
all of which affect the biology in these systems. A number of
studies have demonstrated that natural river flow variations are
required to allow estuarine biotic communities to function opti-

mally (Froneman, 2002; Garcia et al., 2003; Kibirige et al., 2006;
Ter Morshuizen et al., 1996). Indeed, recent research has demonstrated strong links between freshwater flow volumes entering
estuaries and the biota in the adjacent near-shore environment
(Vorwerk, 2006).
The Kariega Estuary is a freshwater-deprived Eastern Cape
system, primarily due to numerous impoundments within its
relatively small catchment. Monthly rainfall in the Port Alfred
region ranged between 0 mm·month-1 and 149 mm·month-1 for
the period 1 January 1995 to 31 December 2005, with only 3
months exceeding 90 mm· month-1 during this period. Higherthan-average rainfall was recorded in August and September
2006 (205 mm·month-1) in the Eastern Cape that has resulted
in comparatively large river volumes in all estuaries along the
coastline. In the Kariega Estuary the high rainfall led to the
establishment of a horizontal salinity gradient in the system
for the first time in 15 years (Allanson and Read, 1995; Ter
Morshuizen and Whitfield, 1994; Vorwerk, 2006; Whitfield
and Paterson, 2003). A combined study was initiated between
researchers at Rhodes University, the South African Institute
for Aquatic Biodiversity and the Elwandle Node of the South
African Environmental Observation Network to establish the
impact of this freshwater pulse on the biology of selected components in the Kariega Estuary. The biota were sampled shortly
after the freshwater pulse in 2006 and compared to those
recorded under modified low-flow conditions in 1991, 1996,
1999 and 2005.

Materials and methods
Study area
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The Kariega Estuary (Fig. 1) is a marine-dominated, permanently open system on the south-east coast of South Africa
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