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Abstract
Available information pertaining to water temperature in riverine ecosystems is examined and consolidated into an overview
that describes the spatial and temporal variation in water temperature, the importance of water temperature in lotic ecosystems, the measurement and modelling of water temperature, anthropogenic factors that modify water temperature, the effects
of temperature changes on the physical and chemical characteristics of water; and on aquatic organisms and ecosystems.
Methods for assessing the effects of temperature changes on aquatic organisms are discussed and current water temperature
guidelines for the protection of aquatic ecosystems are outlined. This paper highlights the complexity of water temperature
in the aquatic environment and the importance of understanding the spatio-temporal variability in water temperature and
the variable responses of aquatic organisms to thermal stress. Anthropogenic modifiers of the thermal regime, which include
heated discharges, flow modifications, riparian vegetation removal and global climate change; present ongoing threats to
aquatic ecosystems. Whilst Northern Hemisphere information on water temperature is plentiful, this overview has identified
the huge gap that exists in temperature-related data in South Africa. Without baseline data on water temperature and the
thermal requirements of aquatic organisms, it is extremely difficult to adequately manage aquatic ecosystems. The risk of
increasingly harsh conditions caused by greater water demands and climate change accentuates the need for a greater understanding of the thermal conditions in aquatic ecosystems in South Africa and the requirements and triggers of the associated
aquatic biota. Future directions for thermal research are described.
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Introduction
Natural thermal characteristics of riverine ecosystems are
dependent on hydrological (e.g. source of water, relative contribution of groundwater, rate of flow or discharge, volume of
water, inflow from tributaries); regional (e.g. latitude, altitude);
climatological (e.g. air temperature, solar radiation, cloud cover,
wind speed, vapour pressure, precipitation, evaporation); and
structural features (e.g. topographic features, aspect and slope,
riparian vegetation cover, channel form, geology, substratum,
water depth, turbidity, percentage of pool habitat) of the region,
catchment and site (Fig. 1). The relative importance of these
features differs amongst rivers and river reaches.

Spatial and temporal variation in water
temperature
At the catchment scale, differences are driven by variation in climate, geography, topography and vegetation (Poole et al., 2001).
At a river scale, variation occurs longitudinally down a river system with headwaters typically cooler than lowland areas. Maximum temperatures increase downstream (Ward, 1985), while the
maximum range is often found in the middle reaches (Vannote
and Sweeney, 1980). At a site scale, differences are often determined by geomorphic variation, i.e. laterally across the channel
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Figure 1
Hydrological, regional, climatic and structural factors influencing
water temperature in riverine ecosystems

and in relation to different habitats (Ebersole et al., 2003; Poole
et al., 2001), with different habitats having different temperature profiles (e.g. Appleton, 1976; Harrison and Elsworth, 1958;
Allanson, 1961; Nordlie and Arthur, 1981).
Lotic systems in regions of seasonal climates exhibit diel
(daily) and annual (seasonal) temperature periodicity patterns
(Ward, 1985). Hourly temperatures are generally lowest during
the night time or early morning and highest in the mid to late
afternoon, although this may shift with season (e.g. Hopkins,
1971) and size of river. Small, heavily canopied streams and
large, deep rivers exhibit the least diel ranges in water temperature, while shallow streams exposed to direct solar radiation and
braided rivers exhibit the largest diel ranges in water temperature
(Ward, 1985; Constantz et al., 1994). Seasonally, temperatures
generally exhibit a sinusoidal pattern with temperatures highest
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