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Abstract
Key aspects of a river’s temperature regime are described by magnitudes, timing and durations of thermal events, and
frequencies of extreme exceedance events. To understand alterations to thermal regimes, it is necessary to describe thermal
time series based on these statistics. Classification of sites based on their thermal metrics, and understanding of spatial
patterns of these thermal statistics, provides a powerful approach for comparing study sites against reference sites. Water
temperature regime dynamics should be viewed regionally, where regional divisions have an inherent underpinning by an
understanding of natural thermal variability. The aim of this research was to link key water temperature metrics to readilymapped environmental surrogates, and to produce spatial images of temperature metrics: 37 temperature metrics were
derived for 12 months of sub-daily water temperatures at 90 sites in the Eastern Cape and Western Cape provinces, South
Africa. These metrics were correlated with 16 environmental variables. Correlations enabled development of multiple
regression models which facilitated mapping of temperature metrics over the study area. This approach has the potential
to be applied at a national scale as more thermal time series are collected nationally. It is argued that the appropriateness of
management decisions in rivers can be improved by including guidelines for thermal metrics at a regional scale. Such maps
could facilitate incorporation of a temperature component into management guidelines for water resources.
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Introduction
Measured stream temperatures are final values resulting from a
number of complex assimilated physical processes. These can
be grouped into drivers (which operate beyond the boundaries
of the stream, and control the rate at which heat and water are
delivered to the stream system); insulators (which influence the
rate of heat exchange with the atmosphere) and buffers (which
store heat already in the system, and integrate the variation in
flow and temperature over time) (Poole and Berman, 2001).
Water temperatures, together with flow regimes, are
equally important ‘master variables’ in explaining differences
in invertebrate community structure (Jackson et al., 2007; Poff
and Zimmerman, 2010). The importance of water temperatures to aquatic biota has been well documented (Claska and
Gilbert, 1998; Eaton, 1996; Elliott, 1994; Sullivan et al., 2000),
with temperature being a key factor affecting the number and
kinds of species in a stream (Vannote and Sweeney, 1980).
Annual thermal variation allows closely-related species to be
sequenced temporally, and thus avoid competition, while diel
temperature change increases the potential number of species
which can coexist, as each one will be exposed to an optimum
temperature during the day (Vannote and Sweeney, 1980).
The degree of predictability in a stream’s water temperatures
provides an indication of the degree of structure and functional predictability of invertebrate communities (Vannote and
Sweeney, 1980).
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Changing the thermal regime of a river alters a primary
component of the environment for which river organisms are
adapted (Ward, 1985), and decreased values of ecological
metrics typically mirror changes in temperature/flow metrics
(Jackson et al., 2007; Poff and Zimmerman, 2010). In general,
human activities tend to simplify the physical structure of
aquatic systems, thereby eliminating natural buffers and insulators. Daily, seasonal and intra-annual temperature ranges all
increase with the loss of temperature buffering and insulating
processes, because maximum temperatures become higher
and minimum temperatures become lower (Poole et al., 2001).
Increased water temperatures have been associated with shifts
from temperate to neotropical assemblages (Bogan and Lytle,
2007).
There has been a renewed interest recently in statistical
analysis of water temperatures (e.g. Nelitz et al., 2007) and in
the generation of temperature criteria for aquatic ecosystems.
Mean daily water temperatures are inadequate on their own to
be able to describe changes in river ecosystems, because such
a metric fails to capture data on extreme events which lead to
chronic/ acute ecosystem stress. Rather, it is helpful to think
of stream temperatures in terms of a ‘temperature regime’, and
to describe the regime based on its statistical characteristics.
Temperature criteria typically have 3 key elements: (i) a threshold temperature that signals when adverse biological responses
are likely to occur, (ii) temperature statistics within the amplitude of fluctuation (e.g. maximum, mean or minimum); and
(iii) an averaging period that indexes the duration of exposure
likely to trigger that response (Sullivan et al., 2000). To derive
a meaningful biological measure for specific life-phase requirements, careful consideration must be given to both magnitude
and duration of temperature, since these factors together have
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