Predicting freshwater habitat integrity using land-use surrogates
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Abstract
Freshwater biodiversity is globally threatened due to human disturbances, but freshwater ecosystems have been accorded less
protection than their terrestrial and marine counterparts. Few criteria exist for assessing the habitat integrity of rivers and
data used for such assessments are generally of limited geographical coverage. Here, we use a fine-scale dataset describing
river integrity in north-western South Africa to explore the extent to which measures of freshwater habitat integrity can be
predicted from remotely sensed data, which are readily available in many parts of the world. A spatial statistical model was
built using broad land-cover variables to predict the habitat integrity (subdivided into riparian and instream integrity) of rivers. We also explored the importance of the spatial scale. Results showed that riparian and, to a lesser degree, instream habitat
integrity of river systems could be predicted with reasonable accuracy. The total area under natural vegetation was the most
significant predictor of riparian integrity, which is best predicted by land-use activities at catchment level, rather than more
locally. Our GIS-based model thus provides a fine-scale approach to assessing river habitat integrity as a supplement to landscape-level conservation plans for river systems, and represents a significant contribution towards the monitoring component
of the River Health Programme (RHP), which reports on the state of rivers in South Africa.
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Introduction
The conservation status of freshwater ecosystems worldwide is
poor and declining fast, with rivers and wetlands among the most
threatened of all ecosystems (Vitousek et al., 1997, Revenga et
al., 2000) as a result of severe alteration by human activity
(Moyle and Williams, 1990; Jensen et al., 1993). Although a
comprehensive global assessment of the status of freshwater biodiversity is difficult to carry out (Revenga et al., 2000), the few
estimates that exist are cause for serious concern. About 30% of
freshwater vertebrate species in the world have become extinct,
threatened or endangered (World Conservation Union, 2000).
The situation is even more serious for other freshwater faunal
groups (Abell, 2002). The challenge to conservation biologists is
to acknowledge the freshwater biodiversity crisis, and to focus
research on topical issues. Current research does not seem to
reflect adequate concern for this crisis (Abell, 2002).
Despite their obvious importance and the seriousness of the
threats they face, freshwater ecosystems remain poorly understood and inadequately represented in biodiversity assessments
(Higgins, 2003). One reason for the disparity between freshwater and terrestrial conservation planning is the lack of techniques
for rapid assessment of the ecological/ habitat integrity of fresh-
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water ecosystems. Such assessments are resource intensive, so
there is a dearth of information on many freshwater ecosystems
and those data that are available for conservation planning are
often inadequate for fine-scale planning.
Definitions of river health and ecological integrity, and
methods for their assessment, are still a subject of considerable
debate (Wicklum and Davies, 1995; Norris and Norris, 1995;
Norris and Thoms, 1999; Quigley et al., 2001). Ecological integrity may be defined as ‘the ability to support and maintain a
balanced, integrated, adaptive community of organisms having
a species composition, diversity, and functional organization
comparable to that of natural habitat of the region’ (Angermeier
and Karr, 1994). However, these terms are used loosely in this
study as its main focus is on the physical/habitat integrity of the
river systems.
In South Africa, the status of freshwater ecosystems matches
trends worldwide, recent assessments showing that 44% of the
main stems of South Africa’s rivers are critically endangered;
main stems here refer to rivers of order 4 and above (Nel et al.,
2004. These statistics reflect the dire need to incorporate freshwater ecosystems into the mainstream conservation planning
process. Assessment of freshwater ecosystems has focused todate on the main stem of rivers leaving out tributaries (e.g. the
National Spatial Biodiversity Assessment, Nel et al., 2004), even
though most of these have been greatly transformed by human
impacts. With the main stem of some of the rivers already seriously damaged, conservation attention could usefully focus on
tributaries, although data on most of these is extremely limited
for conservation planning.
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