First steps in the development of a water temperature
model framework for refining the ecological Reserve
in South African rivers
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Abstract
Ecological Reserve determination for rivers in South Africa presently does not include a water temperature component,
in spite of its importance in determining species distribution patterns. To achieve this requires an understanding of how
lotic thermographs from South African rivers differ from northern hemisphere rivers, to avoid mismanaging rivers based
on incorrect regional assumptions. Hourly water temperatures from 20 sites in four river systems, representing a range of
latitudes, altitudes and stream orders, were assessed using a range of metrics. These data were analysed using principal component analyses and multiple linear regressions to understand what variables a water temperature model for use in ecoregions
within South Africa should include. While temperature data are generally lacking in low- and higher-order South African
rivers, data suggest that South African rivers are warmer than northern hemisphere rivers. Water temperatures could be
grouped into cool, warm and intermediate types. Based on temperature time series analyses, this paper argues that a suitable
water-temperature model for use in ecological Reserve determinations should be dynamic, include flow and air temperature
variables, and be adaptive through a heat exchange coefficient term. The inclusion of water temperature in the determination
and management of river ecological Reserves would allow for more holistic application of the National Water Act’s ecological management provisions. Water temperature guidelines added to the ecological Reserve could be integrated into heuristic
aquatic monitoring programmes within priority areas identified in regional conservation plans.
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Introduction
Global ecosystems face unprecedented crises in habitat fragmentation, destruction and ultimately extinction, and of all the
varying ecological systems rivers are the most neglected and
endangered (Groves, 2003; Driver et al. 2005; Roux et al., 2005.).
The greatest threat to these systems is the loss or degradation
of natural habitat and processes, and water temperatures, after
flow volumes, are a primary abiotic driver of species patterns
within river systems (Driver et al., 2005). Stuckenberg (1969)
highlighted the links between temperature, topography and faunal assemblages, while Rivers-Moore et al. (2004) highlights the
major impacts of water temperatures on organisms and illustrate
how water temperatures are one of the primary environmental
drivers structuring fish communities in the Sabie River, arguably the most ichthyologically species-rich river in South Africa.
Taking cognisance of the crisis faced in managing lotic
resources, current conservation planning aims to maintain not
only biological diversity, but also the ecological and evolutionary processes which ensure the continued positive functioning
of such systems (Groves, 2003). This can only be achieved
through a thorough understanding of these processes, and in
defining conservation goals and objectives. However, Tear et al.
(2005) point out that it remains difficult to set quantitative targets. Without targets, the objectives of systematic conservation
* To whom all correspondence should be addressed.
 +2733 845 1429; fax: +2733 845 1226;
e-mail: riversmn@kznwildlife.com

Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 34 No. 5 October 2008
ISSN 1816-7950 = Water SA (on-line)

planning, representation, redundancy, and resilience of ecosystems (Margules and Pressey, 2000), with an inherent recognition of the need to preserve processes and system variability are
unattainable. In conservation planning, the ‘range of variability’ or ‘natural range of variation’ approach has been advocated
as a useful tool in adaptive management for setting flow targets
(Richter et al., 1997; Groves, 2003), and the role of disturbance
and variability is recognised in maintaining diversity (Richter et
al., 1997). To attempt such an approach both temporal and spatial dimensions need to be specified to take into account nested
geographical and seasonal variation. To apply this requires that
the time scale and geographical area are first specified (Groves,
2003), while analyses are typically based upon frequency distributions of physical and biological conditions. Temperature is
a continuous climatological variable, which is both temporally
and spatially conservative, such that record lengths do not need
to be as long as for other variables (such as precipitation) to evaluate time series with confidence (Schulze and Maharaj, 2004).
The National Water Act (Republic of South Africa 1998) provides legal status to the quantity and quality of water required
to maintaining the ecological functioning of river systems,
through the declaration of the ’ecological Reserve‘ (see Chapter
3, Part 3 of the National Water Act of 1998). To date, no methods have been developed for the water temperature component
of the Reserve, although the importance of water temperatures
in maintaining river systems is fully recognised (Poole and Berman, 2001; Johnson, 2003). Understanding temporal variability
of temperature time series, regional variation, and how aquatic
macroinvertebrates respond to thermal regimes both spatially

585

