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Abstract
Environmental Water Assessments (EWAs) aim to protect the ecological integrity of rivers amidst increasing anthropogenic
pressures on freshwater resources, and fish communities are the ecosystem component most commonly included. The Fish
Response Assessment Index (FRAI) was developed to assess the integrity of fish communities in South African rivers and
is commonly applied in EWA studies. This paper reports on the suitability of the FRAI for the non-perennial Seekoei River
and discusses some of the challenges faced. Our relatively long and thorough study on the Seekoei River confirmed the
concerns that earlier, snapshot, fish integrity assessments in the Orange River system raised: that the existing fish indices
are not ideally suited for these rivers with their naturally low species richness and hardy, generalist fish communities. Other
difficulties with the use of a score-based method include prediction of the expected species, calculation of a frequency of
occurrence rating, selection of the right sampling times for comparative purposes, loss of habitats and sampling points
under different flow conditions, and problems experienced when using accumulated data to try to correct for a situation of
having too few sampling points. At this stage a more generalised approach is suggested for the Seekoei River, and ultimately other similar non-perennial systems. This could include a number of community characteristics, such as abundance,
species richness, species diversity and evenness, recruitment, fish health and the presence/absence of exotic species.

Introduction
The environmental water requirements of the fish community
of the Seekoei River, an ephemeral southern tributary of the
Orange River, South Africa, were assessed as part of a larger
Water Research Commission-funded research programme. The
aim of the programme was twofold: to investigate the suitability of existing EWA methods used on perennial rivers for use in
non-perennial rivers, and to develop a methodology for determining environmental water requirements for these systems.
Environmental Water Assessments (EWAs) aim to protect
the ecological integrity of rivers under increasing anthropogenic pressures, by trying to predict how much water can be
harvested from a river without causing ecological damage
(Pusey, 1998). In order to predict how much water can be harvested, the quantity of water needed to maintain river integrity
in a particular state, often referred to as the ecological Reserve,
needs to be known (Acreman and Dunbar, 2004). In South
Africa, the determination of the ecological Reserve is required
by law (National Water Act, No. 36 of 1998 (NWA)) before
water use licences may be issued. This implies the necessity to
develop appropriate methodologies to give effect to the legislative requirements.
Historically, fish were the centrepiece of most EWAs (also
referred to as instream flow assessments (IFRs); Arthington
et al., 2003). The earliest EWAs were designed to protect the
habitat required by particular fish species of recreational or
commercial value; e.g. the Montana method which predicted
the ecological condition of a river on the basis of the relationship between the percentage of flow in a river (MAR) and the
quality of its instream fish habitat (Tennant, 1976). With the
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development of the holistic methodologies in the 1990s, the
emphasis has moved away from preserving only certain valued species to the protection of entire river ecosystems. Three
holistic methodologies have been developed for perennial rivers
in Southern Africa: the Building Block Methodology (BBM;
King et al., 2000; Tharme and King, 1998), the Downstream
Response to Imposed Flow Transformations (DRIFT) method
(King et al., 2003; Brown and King, 2000) and the Flow StressResponse Method (FSR; O’Keeffe et al., 2002). These holistic
methodologies consider a range of biophysical river components: hydrology, geomorphology, physic-chemical characteristics, fish, aquatic invertebrates and riparian vegetation.
In South Africa, EWA methods are applied within the
context of a Reserve determination process, in order to comply
with the legal requirements for determining the Reserve (see
Fig. 1). In essence, a variety of tools can be applied to inform
two important processes within this context: the determination
of the Ecological Categories for present and future conditions
(also referred to as EcoClassification; see Step 3 of the Reserve
process) and the determination of the environmental water
requirements with regards to both quality and quantity (Step
4 of the Reserve process) (Louw, 2004). The main objective
of the EcoClassification process is to create an understanding
of the present ecological state (PES), or integrity, of a river, in
order to set attainable ecological objectives for the future management of the river (Kleynhans and Louw, 2008). As part of
the EcoClassification process, the PES of each of the biophysical river components is determined and described in terms of
ecological categories, where a Category A represents close to
natural conditions and a Category F represents a criticallymodified condition. Methods to guide the determination of the
PES for each of the components are in various phases of development (Kleynhans and Louw, 2008). The method most often used
to determine the PES of fish communities is the Fish Response
Assessment Index (FRAI; Kleynhans, 2008a), an extension of
the earlier Fish Assemblage Integrity Index (Kleynhans, 1999).
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