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Abstract
Epilithic diatom communities offer a holistic and integrated approach for assessing water quality as they remain in one
place for a number of months and reflect an ecological memory of water quality over a period of time. The objective of
this study is to use diatom assemblages to distinguish between particular land types and associated water quality impacts
that are linked to these land-use patterns. Water quality and diatom community data were collected from sites in the
Crocodile and Magalies Rivers (Gauteng and North West Province, South Africa) associated with agricultural, urban and
natural (reference) adjacent land use respectively. The data collected were subjected to multivariate statistical techniques
to analyse spatial and temporal patterns in water quality (principal component analysis) and diatom community structures (non-metric multidimensional scaling) to elucidate hypothesised differences in community structure per land-use
type. Five diatom response indices (Generic Diatom Index, Specific Pollution Sensitivity Index, Biological Diatom Index,
Eutrophication/Pollution Index and Percentage Pollution Tolerant Valves) incorporated in the OMNIDIA software were
implemented to assess the integrity of diatom communities per land-use type. Principle component ordination of water
quality describes 56.6% of the variation in data observed, and indicates the separation of reference sites from test sites
for low and high flow conditions combined. It was, however, not possible to distinguish between the agricultural and
urban land-use sites using PCA based on water quality data. One-way ANOSIM showed a significant difference ( p <
0.05) between reference groups, agricultural groups and urban groups, with no significant differences noted ( p > 0.05)
between groups made up of sites exhibiting the same land-use patterns. Diatom indices showed that agricultural sites
were in a slightly more modified ecological state than urban sites overall. Based on the species similarity (SIMPER
analyses), reference sites showed strong associations with Achnanthes minutissima, Gomphonema venusta and Cocconeis
placentula var. euglypta, whilst urban sites were associated with Diatoma vulgaris, Navicula tripunctata and Amphora
pediculus. Agriculture could be separated into high- and low-intensity practices based on species composition. Sites
where high-intensity agriculture took place were dominated by motile species of the genus Nitzschia, and low-intensity
agriculture was indicated by motile species of the genus Navicula. Urban sites contained a combination of species that
were tolerant of spikes in water quality.
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Introduction
The use and relevance of diatoms as biomonitoring tools in riverine environments in South Africa have recently been investigated (De la Rey et al., 2004; Harding et al., 2005; Taylor et al.,
2005b; Taylor et al., 2007a). Diatoms have recently been used in
the State of the Rivers Report for the Crocodile (West) Marico
Water Management Area as an indicator of water quality and
have been useful in indicating specific water quality problems
such as organic pollution, eutrophication and heavy metal
pollution (RHP, 2005; Taylor et al., 2005b). The motivation for
using diatoms for biomonitoring is that they are cosmopolitan,
their cell cycle is rapid and they can provide a relatively rapid
indicator of disturbance. Unlike other aquatic biota, diatoms do
not have specialised habitat niches and are not predominantly
governed by streamflow.
Because diatoms comprise a large proportion of epilithic
algal communities they provide a representative group of species that are indicative of the effects of specific water quality
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problems. Changes in water chemistry will inhibit the multiplication of some species, while supporting that of others, thus the
percentage composition of certain species within a community
will be changed (Cholnoky, 1960 cited in Harding et al., 2005).
Changes in species composition can thus be used to reflect
changes in water quality in a more integrated manner than
traditional monitoring of water chemistry.
Modern agriculture is responsible for chemical and physical impacts due to increased contaminant and nutrient runoff,
increases in suspended solids and changes in discharge and
channel morphology (Skinner et al., 1997). Thus, potentially there could be high water pollution at sites where the
upstream and adjacent land use is agricultural. A multi-spatial
scale assessment of land-use and diatom assemblages using
partial canonical correspondence analysis (CCA) showed
that the percentage of agricultural land use at varying spatial
scales explained between 3.7% to 6.3% of variability in the
diatom species dataset, suggesting that linkage between agricultural land use and diatom community structure was weak
(Pan et al., 2004). This study did, however, show that 72% of
diatom taxa sampled from agriculturally impacted streams
were salt-tolerant taxa which suggest that sampled streams
are affected by salinisation due to irrigation. It is possible to
use diatom community structures to differentiate between
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