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Abstract
Micro-scale heterogeneity in water temperature was examined in 6 upland sites in the Western Cape, South Africa. Hourly
water temperature data converted to daily data showed that greatest differences were apparent in daily maximum temperatures between shallow- and deep-water biotopes during the warmest period of the year. Pool depth affected water temperature with deeper pools creating a more stable thermal environment. Groundwater-dependency affected water temperature
differences with less groundwater-dependent rivers exhibiting greater differences in daily maximum temperatures. The
importance of maintaining instream and riparian habitat, including pools, undercut banks, marginal vegetation, and an
intact hyporheos, is discussed, giving examples of organisms utilising such habitats as thermal refugia. Considerations
when choosing an appropriate model to simulate water temperatures, including groundwater-dependency, temporal and
spatial scale, and study objectives, are discussed.
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Introduction
Natural variation in water temperature occurs regionally at
the catchment scale; longitudinally down a river system; and
at a finer scale due to geomorphic variation, i.e. that of biotope (riffles, pools, backwaters, etc). Broad-scale differences
between river catchments are driven by differences in climate,
geography, topography and vegetation (Poole et al., 2001).
Longitudinal variation often occurs down a river system, with
headwaters typically cooler than lowland areas, with maximum
temperatures increasing downstream (Ward, 1985; RiversMoore et al., 2004), while the maximum range is often found
in the middle reaches (Vannote and Sweeney, 1980). At a local
scale, channel complexity influences water temperature, with
variation occurring laterally across the channel and in relation to side-channels and different biotopes (e.g. wood snags,
off-channel biotopes) (Poole et al., 2001). Complex channels
with backwaters, shallow margins, deep pools, side channels,
etc., have more diverse temperature regimes, whereas simple
uniform channels have more homogenous temperature regimes
(Poole et al., 2001; Dallas, 2008; 2009). Backwaters may
attain higher summer maxima than water of the main channel
(e.g. Appleton, 1976; Harrison and Elsworth, 1958; Allanson,
1961) and marginal/lateral areas have been reported to have
higher temperatures than mid-channel ones (Clark et al., 1999).
Biotopes such as riffles may have a different temperature profile to pools (e.g. Nordlie and Arthur, 1981), which often exhibit
vertical stratification in relation to water depth (e.g. Elliot,
2000). For example, Harrison and Elsworth (1958) reported a
10oC gradient in a 2 m deep pool on the Berg River, Western
Cape, South Africa, while Appleton (1976) observed a 0.9oC
and 1.9oC difference in temperature of 0.70 m and 1.4 m pools,
respectively, in the Gladdespruit, Mpumalanga, South Africa.
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The inflow of groundwater has also been shown to greatly
influence water temperature heterogeneity at a site; for example, Mosley (1983) observed a 17.7oC range in temperature,
from 17.2 to 34.9oC, in a single reach of the Ashley River in
New Zealand. This was the result of temperature differences in
small side channels, which received seepage of cool underflow
from the streambed. Variation within a riffle has also been
linked to upwelling of groundwater at the tail of riffles, compared to down-welling of surface water at the heads of riffles
(Evans and Petts, 1997). Cold water patches, which were at
least 3oC cooler than ambient water temperature, were found
to be associated with side-channels, alcoves, lateral seeps and
floodplain spring brooks (Ebersole et al., 2003).
Understanding of the variation in water temperature
between shallow-water biotopes such as riffles and runs, and
deep-water biotopes such as pools, will provide insights into
potential thermal stress and thermal refugia under changing
flow conditions. Riffles and runs have high productivity (Biggs
and Hickey, 1994; Biggs et al., 1998), high concentrations of
dissolved oxygen, accumulate organic material and generally
support a high diversity and density of invertebrates. These
biotopes may be more susceptible to elevated water temperatures, as they are generally shallower (often as little as 0.1 m
deep during the low flow period), although this would depend
on flow volume and retention time. Pools, which are typically
areas of deposition and settling out of suspended sediment,
may provide refuge areas for organisms during periods of high
water temperatures, and may become isolated pockets of water
during low flows and droughts.
The extent to which water temperatures vary amongst biotopes will also have implications for the selection of an appropriate model to simulate water temperatures, which should be
governed by the purpose of the research (for example, biological stress or habitat range studies versus meeting of ecological
Reserve thresholds). The aim of this research was to examine
micro-scale heterogeneity in water temperature in rivers in
upper catchments, based on hourly water temperature data.
The biological consequences of micro-scale heterogeneity and
the implications for water temperature modelling are discussed.
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