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Abstract
A multidisciplinary and multi-institutional research programme studied the influence of river flow rate on salinity distribution
and response of the biota in three Eastern Cape estuaries, South Africa. Elevated flow rates increased the size of the riverestuary interface (REI) zone (< 10 g·l-1) both longitudinally and in volume. In the Gamtoos Estuary, a flow rate of between 0.8 and
1.2 m3·s-1 produced a maximum phytoplankton biomass, both as concentration and total within the estuary. There was no clear
relationship between measurable mineral nutrient content in the water and phytoplankton biomass, presumably because minerals
are taken up rapidly by microalgae and are therefore not reflected in the water analyses. The rate of water flow and the size of the
REI were shown to affect the distribution of invertebrates. Pelagic and benthic invertebrates showed distinct species assemblages
along the longitudinal salinity gradient, with filter-feeding forms dominating the benthic community in the REI region. The effect
of the REI zone on fish was examined in the freshwater-rich Great Fish Estuary and in the freshwater-deprived Kariega Estuary.
Estuarine associated fishes responded strongly to river flow in the Great Fish Estuary but a number of these taxa were limited or
absent from the Kariega Estuary. These findings are discussed in relation to the determination of the quantity and quality of water
required to sustain ecologically sound estuarine ecosystems in terms of the South African National Water Act (36) of 1998.

Introduction
Observations in a number of Eastern Cape estuaries (Hilmer, 1990;
Wooldridge, 1999) indicated that biological activity varies along
the salinity gradient. This raised the question as to how salinity
influences biological activity and whether salinity per se is the
determining factor, or whether it is only correlated with high
activity and diversity. This resulted in the identification by members
of the Consortium for Estuarine Research and Management (CERM)
of an area known as the river-estuary interface (REI) region, here
defined as the sector where integrated vertical salinity values are
generally less than 10 mg·l-1.
Sediment transported into or out of the estuary is unequal over
a tidal cycle. In South African estuaries, sediment load is usually
greater on the incoming tide, leading to the natural tendency for the
mouth to block up with marine sediments. Along the southern coast
of South Africa particularly, large flood tidal deltas develop in the
lower reaches of estuaries. These flood tidal deltas can extend for
kilometers above the mouth in some cases. Consequently, the state
of the mouth is an important determinant of the hydrological
characteristics (and hence biotic response) within the estuary. Inter
alia, the state of the mouth influences the extent of water exchange
with the sea, vertical and horizontal salinity distribution in the
water column as well as water velocity within the estuary. The state
of the estuary mouth is constantly changing, ranging from a
tendency to block during times of low river inflow to scour events
during river flooding. Thus, the rate at which river water flows into
an estuary is largely responsible for establishing specific estuarine
characteristics over time.
With water being needed inland to support human needs,
managing the estuarine environment translates to ensuring that
sufficient freshwater is permitted to flow into estuaries to retain an
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acceptable ecological status as required by the National Water Act
(No. 36) of 1998.
The purpose of the work reported here was to identify aspects
of estuarine ecology that will contribute to sound decision- making
with respect to the amount of water required to support natural
estuarine functions, especially related to salinity distribution. This
study only aimed to represent estuaries that, in their natural
condition, are normally open to the sea. The scope of this paper is
confined to the importance of the REI region and not to the amount
of water required to keep the mouth open. Hence, only a portion of
the whole study is reported here and interested readers are referred
to the report compiled by Whitfield and Wood (2002) for further
details. Additional information can also be obtained by reference
to Bate and Adams (2000), for similar work published on the
freshwater-starved Kromme Estuary.

The study sites
The main study site for this interdisciplinary project was the
Gamtoos Estuary in the Eastern Cape Province, South Africa
(Fig. 1). Additional sites where fish studies were undertaken were
the Kariega Estuary and Great Fish Estuary.
The mouth region of the Gamtoos Estuary is shallow (<1.5 m)
and narrow (<50 m) and, for the first 1.5 km upstream, an extensive
flood tide delta has developed. Beyond the flood tide delta, the main
channel deepens to ~ 4 m in the middle reaches, but upstream of 8
km the estuary becomes progressively narrower (<100.0 m) and
shallower (<2.5 m). This trend continues all the way to the tidal
head (20 km), where water depths are usually <1 m.
Three major dams are situated in the catchment (34 450 km2 in
area) of the Gamtoos Estuary, and the total storage capacity of these
reservoirs (249 x 106 m3) is equivalent to half the mean annual
runoff (501 x 106 m3; Jezewski and Roberts 1986). The tidal
reaches of the estuary extend over approximately 20 km, though
the exact position of the tidal head shifts several kilometers,
depending on river scouring and the amount of freshwater entering
the estuary.
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