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Diatom communities in streams draining urban areas: community
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Abstract: Diatoms are good indicators of ecological conditions in lotic systems. The
objective of this study was to assess responses of benthic diatoms to changes in water quality in
tropical streams draining Chinhoyi Town, Zimbabwe. Eight sites were selected to evaluate the
impact of sewage effluent on water quality and the associated diatom communities. Diatom and
water quality sampling were conducted once in January, March, May, June, and August in
2012. Canonical correspondence analysis (CCA) was used to determine environmental gradients
along which species vary with physical and chemical variables. As pollution increased (i.e.,
increase in nutrients, conductivity, and metal levels, and decrease in pH and dissolved oxygen
levels), low or moderate pollution tolerant species such as Cymbela tumida, Cocconeis
placentula, and Eunotia formica were replaced by high pollution tolerant species such as
Gophonema. parvulum, Navicula gregalis, and Nitzschia palea. The autecological data
presented in this study corroborates other studies from tropical regions and further contributes
to our understanding of how diatoms are distributed in tropical lotic systems with respect to
environmental variables.

Resumen: Las diatomeas son buenos indicadores de las condiciones ecoldgicas en sistemas
16ticos. El objetivo del estudio fue evaluar las respuestas de las diatomeas benténicas a cambios
enla calidad del agua en los arroyos tropicales que drenan el poblado de Chinhoyi, Zimbabue. Se
seleccionaron ocho sitios para evaluarel impactodel flujo de aguas negras sobre la calidad del
aguay las comunidades asociadas de diatomeas. El muestreo de las diatomeas y de la calidad de
agua se llev6 a cabo en enero, marzo, mayo, junio y agostode 2012. Se usé un Analisis Canoénico
de Correspondenciapara determinarlos gradientes ambientales a lo largo de los cuales varian
las especies con las variables fisicas y quimicas. Conforme aument6 la contaminacién (i.e.,
aumento enlos niveles de nutrimentos, conductividad y metales, yreducciondel pH y los niveles
de oxigeno disuelto), las especies poco tolerantes a la contaminacién como Cymbela tumida,
Cocconeis placentula y Eunotia formica fueron reemplazadas porespecies con una tolerancia
alta a la contaminacién, tales como Gophonema parvulum, Navicula gregalis y Nitzschia palea.
Los datos autoecolégicos presentadosen esteestudio corroboran los de otros estudios realizados
en regiones tropicales y contribuyen a nuestro entendimiento de cémo las diatomeas se
distribuyenen sistemas l6ticos tropicalescon respectoavariables ambientales.

Resumo: Em sistemas I6ticos, as diatomaceas sdo bons indicadores das condig¢bes
ecologicas. O objetivo deste estudo foi avaliar as respostas de diatomaceas bentdnicas a
mudangas na qualidade de cursos de agua tropicais drenando a cidade de Chinhoyi no
Zimbabwe. Para avaliar o impacto do efluente de esgoto na qualidade da agua e as comunidades
de diatomaceas associadas foram selecionados oito locais. A amostragem das diatoméceas e da
qualidade da agua foi realizada uma vez em janeiro, margo, maio, junho e agostode 2012. A
analise de correspondéncia candnica (CCA) foi utilizada para determinar os gradientes
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ambientais ao longo do qual as espécies variam de acordo com as variaveis fisicas e quimicas.
Como a poluigdo aumentou (i.e. aumento de nutrientes, a condutividade, e niveis de metais,
assim como, diminui¢cdo do pH e niveis de oxigénio dissolvido), espécies tolerantes a niveis
baixos ou moderados de poluigdo, tais como a Cymbela tumida, Cocconeis placentula e Eunotia
formica foram substituidas por espécies tolerantes a alta poluigdo tais como a Gophonema
parvulum, Navicula gregalis e Nitzschia palea. Os dadosautecolégicos apresentados neste
estudo corroboram outros estudos de regiGes tropicais e ainda contribuiram para a nossa
compreensio de como as diatoméceas sdo distribuidos em sistemas 16ticos tropicais no que diz

respeito as variaveis ambientais.
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Introduction

Periphyton communities are a fundamental
part of biota of lotic systems (Azim et al. 2005;
Taylor et al. 2007a, b; Wehr & Sheath 2003). They
are solar-powered biogeochemical reactors, biogenic
habitats, hydraulic roughness elements, early
warning systems for environmental degradation,
and troves of biodiversity (Larned 2010). Thus,
they are important communities that are useful for
assessment of ecological conditions in lotic systems
(Harding et al. 2005). In particular, diatoms
communities, which constitute the major part of
periphyton communities, are composed of a large
number of species with various ecological tole-
rances and preferences, thus, constituting a well-
adapted biological model for environmental moni-
toring (Azim et al. 2005; Bere 2014; Bere &
Tundisi 2009; 2010a, b, 2011a-e, Gémez & Licursi
2001; Nautiyal et al. 2000; USEPA 2001; Wehr &
Sheath 2003).

Diatom community structures in streams are
responsive to multiple factors prevailing at diffe-
rent temporal and spatial scales (Pan et al. 1996).
These factors include water chemistry, substrate,
current velocity, light, grazing, and temperature
(Charles 2003; Pan et al. 1996; Potapova &
Charles 2003, 2005; Round 1991). Most of these
factors depend strongly on climate, geology, topo-
graphy, land-use and other landscape charac-
teristics, and, therefore, diatom communities are
similar within ecological regions defined by these
characteristics (Pan et al. 1996).

In addition, human land-use activities act to
change both local and regional variables affecting
the resultant diatom communities. For example,
nutrient concentration, particularly phosphorus,
has been shown to increase with urban develop-
ment, associated with storm water runoff (Duong

et al. 2006; Walker & Pan 2006). Increase in
nutrient concentration is also caused by other
catchment activities such as agriculture, or by
point sources such as sewage treatment plants and
other diffuse sources. Winter & Duthie (2000)
showed that the diatom community composition
along an urban-rural gradient was correlated to
total phosphorus and total nitrogen.

Most of these studies have been carried out in
temperate regions and few studies have been
carried out in tropical streams, especially in
Southern Africa. In particular, studies relating
diatom communities to environmental variables,
and hence their potential role as bioindicators, are
few in Zimbabwe. Phiri et al. (2007) studied
periphytic diatoms attached to the leaves of the
submerged macrophyte Vallisneria aethiopica in
the shallow waters of the Sanyati Basin in Lake
Kariba, Zimbabwe, and concluded that diatoms
may potentially be useful in assessing ecological
conditions or the impact of human activities within
the shallow marginal waters of the lake. Besides
that study, there are no other detailed studies
exploring the role of environmental variables in
determining diatom communities and their
potential use as indicators of water quality in
aquatic systems in Zimbabwe.

Due to lack of information on ecological prefe-
rences and tolerances of diatoms in Zimbabwe,
diatom-based biotic indices developed in temperate
regions are often applied to assess ecological
conditions in tropical context. However, there is
evidence that diatom metrics or indices developed
in one geographic area are less successful when
applied in other areas (Pipp 2002). This is due not
only to the floristic differences among regions (Pan
et al. 1996; Taylor et al. 2007a, b), but also to the
environmental differences that modify species
responses to water-quality characteristics (Potapova
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Fig. 1. Location of sampling sites in the study area. Sites 1, 2, 3, and 5 were moderately polluted, sites 4 and 6
were highly polluted as they located in close proximity to sewage effluent discharge points, and site 7 and 8

were relatively less polluted.

& Charles 2005). Thus, the objective of this study
was to assess response of benthic diatoms to
changes in water quality in tropical streams
draining Chinhoyi Town, Zimbabwe.

Materials and methods

Study area and study design

The study was carried out in four streams
draining the town of Chinhoyi in northern Zim-
babwe (Fig. 1). The study area has an average
annual temperature of 24.5 + 5.1°C, with a mean
monthly maximum of 29.9 + 6.5 °C recorded in
October and November and a mean monthly
minimum of 189 *+ 5.8 °C recorded in July
(Meteorological Services Department of Zimbabwe;
data from 1965 - 2012). In 2012, the population of
Chinhoyi was estimated to be 79,368 inhabitants

by the Zimbabwe National Statistics Agency
(ZNSA). Due to population growth, the capacity of
municipal sewage treatment facilities has been
exceeded. Poor maintenance and breakdowns of
these facilities are also very common because of
the financial constrains currently facing the
municipality. Therefore, streams in the study area
receive untreated or semi-treated effluent from
sewage treatment plants and bust sewage pipes as
well as other diffuse sources as they pass through
the town of Chinhoyi.

Eight sites were randomly established in
different streams draining Chinhoyi Town (Fig. 1).
Sampling sites were selected to evaluate the
impact of a breakdown in municipal service
delivery (especially sewage treatment and asso-
ciated infrastructure and refuse collection) on
water quality and subsequently diatom commu-
nities in streams draining Chinhoyi town. True
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reference sites were difficult to establish as two of
the streams (Coldstream and Katanga Stream)
start in an urban area that is characterised by
flows of sewage from bust sewage pipes and un-
collected refuse scatted across the entire urban
area. The upper reaches of Muzari Stream that
were not affected by urbanisation were not
accessible. Thus, all sampling sites were affected
by pollution in one way or the other.

Site 1 was located in the upstream reaches of
Muzari Stream in low density suburbs that were
expected to be relatively less polluted while site 2
was located in town centre where uncollected
garbage and effluent from bust sewage pipes finds
its way into the stream. Stream bank cultivation
was common along stretches of the stream before
site 1. Sites 4 and 6 were located just downstream
of sewage effluent discharge points in Cold Stream
and Katanga Stream respectively. Heavy overload,
the obsolete nature and constant breakdowns of
the sewage treatment facilities in close proximity
to sites 4 and 6 implies that raw or semi-treated
sewage effluent is always flowing through these
sites as was observed on all field sampling trips.
Sites 3 and 5 were located further upstream of
sites 4 and 6 respectively. Sites 3 and 5 were in
turn affected by sewage effluent from bust pipes,
pollutants from uncollected refuse, as well as other
diffuse sources of pollution. Site 7 was located
upstream of the large Manyame River in a
relatively less polluted area while site 8 was
located further downstream along the same river.
Large flow volumes in the Manyame River (the
upper reaches of which drains less polluted
commercial farms) are expected to have a dilution
effects on pollutants at sites 7 and 8. Diatom and
water quality samplings were conducted once in
January and March (rainy season), and May, June,
and August (dry season) during 2012. Sites 1, 3,
and 5 dried out during the subsequent months
following August sampling; hence, the study was
concluded in August.

Field sampling

Twelve physical and chemical variables were
measured during the study period. At each site,
dissolved oxygen (DO), electrical conductivity,
temperature, pH, and turbidity were measured in
the middle of the stream at a depth of 20 to 30 cm
below the surface of the water using portable
probes (YSI, Yellow Springs, Ohio, USA). The
percentage riparian vegetation cover was visually
estimated at each site over 20 to 30 m riparian

width. Water samples were collected at each site at
a depth of 20 - 30 cm below the surface of the water
during the day into acid-cleaned 100 ml polye-
thylene containers (APHA 1988). Epilithic diatoms
were sampled at each site by brushing stones with
a toothbrush. Prior to sampling of epilithic
surfaces, all substrata were gently shaken in
stream water to remove any loosely attached
sediments and non-epilithic diatoms. At least five
pebble-to-cobble sized stones were randomly
collected at each sampling site and brushed, and
the resulting diatom suspensions were pooled to
form a single sample, which was then put in a
labelled plastic bottle.

Laboratory analysis

The concentrations of ammonium, nitrites,
phosphates, iron, and manganese were determined
using a Hach DR/2010 spectrophotometer (Hach
Company, 1996 - 2000). Calcium levels were deter-
mined by ethylenediamine tetra-acetic acid (EDTA)
titrimetric method following APHA (1988). Sub-
samples of the diatom suspensions were cleaned of
organic material using wet combustion with
concentrated sulphuric acid and mounted in
Naphrax (Northern Biological supplies Ltd., UK,
RI = 1.74) following Biggs & Kilroy (2000). Three
replicate slides were prepared for each sample. A
total of 250 - 600 valves per sample (based on
counting efficiency determination method by
Pappas & Stoermer (1996)) were identified and
counted using a phase-contrast light microscope
(X1000; Leica Microsystems, Wetzlar GmbH, Type
— 020-519.503 LB30T, Germany). The diatoms
were identified to species level based mainly on
studies from South Africa (Taylor et al. 2007c);
studies from other tropical regions were consulted
when necessary (e.g. Metzeltin & Lange-Bertalot
1998, 2007).

Data analysis

The mean and standard deviation of physical
and chemical variables were calculated for each
sampling site during the study period (January to
August 2012). Multivariate data analyses were
performed on the diatom community data to
explore the main gradients of floristic variation
and to detect and visualize similarities in diatom
samples. Diatom counts from each site were
expressed as relative abundances. Input for
multivariate analysis included the diatom taxa
that were present in a minimum of two samples
and had a relative abundance of > 1 % in at least
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one sample. This was done in order to eliminate
the effects of rare species. Preliminary detrended
correspondence analysis (DCA) was applied on
diatom data set to determine the length of the
gradient. The DCA revealed that the gradient was
greater than three standard deviation units, justi-
fying the use of unimodial ordination techniques
(Ter Braak & Verdonschot 1995). Thus, canonical
correspondence analysis (CCA) was performed to
relate diatom community structure to simul-
taneous effects of predictor environmental vari-
ables, and to explore the relationship amongst and
between species and predictor variables. Preli-
minary CCA identified collinear variables and
selected a subset on inspection of variance inflation
factors (VIF < 20; Ter Braak & Smilauer 2002).
Monte Carlo permutation tests (999 unrestricted
permutations, P < 0.05) were used to test the signi-
ficance of the axis and determine if the selected
environmental variables could explain nearly as
much variation in the diatom community structure
as all the 12 environmental variables combined.
DCA and CCAs were performed using CANOCO
version 4.5 (Ter Braak & Smilauer 2002).

Results

Physico-chemical variables

Temperature was relatively low in winter
months, May and June, compared to the rest of the
months. Temperature was comparable among
sampling sites for all the sampling periods, though
sites 1, 2, and 3, with high vegetation cover,
generally tended to be cooler compared to the rest
of the sites (Table 1). Conductivity, DO, pH,
turbidity, nitrite, ammonium, phosphate, calcium,
iron, and manganese levels were comparable
among the sampling periods. The pH was also
comparable among sites, though it tended to be
generally low at sites 4 and 6, which were affected
by sewage effluent, compared to the rest of the
sites. In addition, turbidity, nitrite, and phosphate
were relatively high and DO was relatively low at
sites 4 and 6 compared to the rest of the sites.
Ammonium and manganese levels were relatively
high at sites 4, 5 and 6 compared to the rest of the
sites. Conductivity was relatively low at Manyame
River sites 7 and 8 where large flow volumes of
‘clean water’ had a dilution effects on pollutants
compared to the rest of the sites. Calcium levels
were relatively high at sites 1, 2, and 3 compared
to the rest of the sites. Iron levels were relatively
high at site 4.

Community composition

A total of 101 diatom species belonging to 35
genera were recorded in 39 samples. All the sites
were subject to some form of pollution (agricultural
or urban); hence, species distribution was strongly
biased towards those that are cosmopolitan and
tolerant of elevated or slightly elevated levels of
pollution. The first four CCA axes accounted for
80.5 % of the total variance in the community due
to measured environmental variables. Axis 1 and 2
significantly explained 29.6 % and 24.1 %
respectively of the diatom species variance (Monte
Carlo unrestricted permutation, P < 0.05) (Fig. 2).
Conductivity and nitrite levels (the latter was
positively correlated with turbidity, ammonium,
phosphate, and manganese) were positively asso-
ciated with the first axis, while DO and pH were
negatively associated with the first axis.
Temperature was negatively associated with the
second axis, while canopy cover and calcium levels
were positively associated with the second axis.

CCA axis 1 and 2 separated the sites into
roughly three groups. The separation was based
more on spatial than temporal variation; with
samples from the same site generally being
grouped closer to each other compared to those
from other sites. The first group consisted of sites 4
and 6 that were affected by sewage effluent as well
as site 5. These sites were positively associated
with the first axis (Fig. 2). These sites were
associated with high ammonium (which was
positively correlated with turbidity, nitrite, phos-
phate, and manganese) and low pH and DO levels.
Diatom species characterising these sites include
species such as Aulacoseira muzzanensis, Cy-
clotella ocellata, Gomphonema parvulum, G.
gracile, G. pseudoaugur, Navicula gregalis, and
Nitzschia palea.

The second group consisted of Manyame River
sites 7 and 8 that were negatively associated with
the first and second axis. These sites were asso-
ciated with high pH, temperature and DO and had
low vegetation cover, conductivity, and nitrite
levels. Diatom species characterising these sites
include species such as Aulacoseira granulata,
Cymbella tumida, Cocconeis placentula, Eunotia
formica, Encyonema perpusillum, Fragilaria
pinnata, Fragilaria ulna, Gomphonema pumilum,
and Navicula rhynchocephala.

The third group consisted of sites 1, 2, and 3
that were positively associated with the second
axis. These sites were associated with high vege-
tation cover and high calcium levels and had low
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Table 1. The mean (n = 5) and standard deviation of physical and chemical variables recorded at all the sites
during the study period (January to August 2012).

Variables

Sites

1

2

3

4

5

6

7

8

Water Temperature (°C)
Conductivity (uS.cm)

19.8+4.4 193+4.5 209+3.6
70.2+15.6 68.0+2.3 585+3.5

22.6+3.1

85.0+14.3 40.4+6.9 68.2+17.2

21.1+4.1 21.9+3.8

23.3+3.7 22.8+ 4.6
30.4+2.3 31.0+2.9

DO (mg.L'h) 6.1+£0.7 55+£0.7 6.0£0.6 3.0+0.8 54+06 36+1.1 7.1+£03 72+05
pH 74+02 7.3+0.0 7.5+0.2 7.0+£0.1 74+01 7.1+01 7.7+£01 7.8+0.3
Turbidity (NTU) 3.5+2.1 40+1.8 27+1.8 61.3+17.7 22+16 372+6.7 1.5+0.7 1.1+£0.3
Nitrite (mg.L1) 09+1.3 08+15 05+08 152+81 08+15 11.1+6.6 0.5+08 0.1+0.1
Ammonium (mg.L1) 04+03 06+£03 1.0+1.0 9.6+ 8.2 26+39 81+83 19+04 0.3£0.2
Phosphate (mg.L1) < 0.1 < 0.1 0.3+0.5 33+58 01+02 22+26 03+£06 < 0.1

Calcium (mg.L1) 9.1+1.1 6.8+13 58+06 42+2.0 39+1.2 52+12 43+20 4.0+4.2

Iron (mg.Li't) 0.03+0.04 0.20+£0.20 0.01+0.01 1.1+0.56 0.1+0.15 0.4+0.37 0.20+0.29 0.04£0.05
Manganese (mg.L1) 0.13+£0.29 0.22+0.40 <0.02 1.04+1.27 0.57+1.04 0.561+0.46 <0.02 0.02+0.04
Canopy Cover (%) 60 90 75 15 45 55 5 10
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Fig. 2. CCA triplot showing the relationship between measured environmental variables and select diatom

species (present in a minimum of two samples and had a relative abundance of > 1 % in at least one sample)
recorded at 8 sampling sites in streams draining Chinhoyi Town in January (gray), March (red), May (black),
June (blue), and August (green) 2012. Site 3 was not sampled in August as it was dry. Species codes are
presented in Table 2.
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temperature and pH. Nutrient levels were
generally low compared to those of sites 4 and 6
that were affected by sewage effluent. These sites
were associated with such species as Amphora
copulata, Amphora ovalis, Eunotia bidentula,
Eunotia bilunaris, Eunotia sudetica, Fragilaria
fasciculata, Fragilaria tenera, Gomphonema affine,
Gomphonema venusta, Navicula radiosa, Nitzschia
dissipata, Nitzschia linearis, Nitzschia pura, and
Surirella linearis.

Discussion

On the basis of physical and chemical vari-
ables, pollution levels, especially eutrophication,
differed among the sites sampled depending on
sewage effluent discharge points in the catchment.
Diatom community structure and composition
closely followed the observed changes in pollution
levels, with less polluted sites 7 and 8 being asso-
ciated with diatom communities that were
different from highly polluted sites 4, 5, and 6.
Different diatom species in a community respond
differently to changes in pollution because of
differences in tolerances (Azim et al. 2005; Nau-
tiyal et al. 2000; Pan et al. 1996; Potapova &
Charles 2003; Patrick & Reimer 1966; Wehr &
Sheath 2003). Therefore, the composition of diatom
communities at different locations, or at different
points in time, provide useful information about
the environmental conditions. As pollution
increased, low or moderate pollution tolerant
species such as C. tumida, C. placentula, E.
formica, and E. perpusillum, were replaced by high
pollution tolerant species such as A. muzzanensis,
C. ocellata, G. parvulum, G. gracile, G. pseu-
doaugur, N. gregalis, and N. palea. The former
group of species consisted of cosmopolitan species
found in oligo- to mesotrophic water with moderate
conductivity (Bere 2014; Taylor et al. 2007b; Van
Dam et al. 1994). On the other hand, the latter
group of species have also been  frequently
recorded in waters that are nutrient rich and
poorly oxygenated with high conductivity;
variables that were retained in the CCA (Bere
2014; Bere & Tundisi 2009, 2010b, 2011a-e; Gémez
& Licursi, 2001; Kobayasi & Mayama, 1989; Lobo
et al. 2004; Van Dam et al. 1994). This group of
species 1s known to be resistant to metal
pollution (Bere & Tundisi 2012a-c; Duong et al.
2010).

Many studies describe Nitzschia palea (whose
relative abundance was high at highly polluted
sites) as cosmopolitan, high pollution tolerant

species, especially to eutrophication (e.g., Kobayasi
& Mayama 1989; Lange-Bertalot 1979; Lobo et al.
2002). The success of this species in eutrophic
conditions has been attributed to obligate nitrogen
heterotrophy, which is common in some Nitzschia
species (Kilham et al. 1986). This in addition,
would help them overcome the problem associated
with low N : P ratios. This species as well as
Gomphonema parvulum recorded at highly polluted
sites, often become dominant in streams where
treated sewage constitute the major component of
the flow (Fukushima et al. 1994) or untreated
sewage, as was the case in highly polluted sites.
Nitzschia palea and G. parvulum have also been
shown to be tolerant to metal pollution (Bere &
Tundisi 2012 a-c, 2011f; Duong et al. 2010; Gold et
al. 2003; Morin et al. 2008).

Studies carried out in rivers of Japan by
Kobayasi & Mayama (1989) classified G. parvulum
(whose relative abundance was high at highly
polluted sites) as highly tolerant to eutrophication,
which is in agreement with the results of this
study. Similarly, Kelly et al. (1995), working in
rivers of United Kingdom described this species as
highly tolerant to eutrophication (indicative value
= 3 and sensitivity value = 5) in their calculation of
the Trophic Diatom index (TDI). Gomphonema
parvulum has also been described as an indicator
of high organic pollution, low concentrations of
DO, and eutrophication (Lobo et al. 2002; Van
Dam et al. 1994).

Perhaps the most relevant study to our study
is that conducted by Gémez & Licursi (2001) on
epipelic diatoms in the tropical streams of Argen-
tina in an environment similar to this study. They
classified 88 diatom species frequently found in the
epipelion of Pampean streams and rivers based on
ecological preferences according to water quality.
Twenty of these species were among the most
frequently occurring species in our study (Table 2):
A. minutisimum, A. lanceolata, A. granulata, A.
ambigua, C. placentula, D. vulgaris, D. ovalis, E.
bilunaris, E. sudetica, F. capucina, F. ulna, G.
gracile, G. parvulum, G. pseudoaugur, G. trun-
catum, N. radiosa, N. rhynchocephala, N. linearis,
and N. palea. The distribution of all these species
in relation to pollution was consistent with that
described by Gémez & Licursi (2001).

Patrick & Reimer (1966) showed significant
differences between diatom communities in cal-
careous and calcium-poor rivers. In this study,
diatom communities at sites with high calcium
levels (1, 2, and 3) differed from those at the rest
of the sites. Calcium affects diatom motility and
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Table 2. The relative abundance of the most abundant diatom species recorded at 8 sampling sites during the
study period (January to August 2012). * = 0-10 %, ** = 10-30 %, *** = >30 %).

Species Code 1 2 3 4 5 6 7 8
Achnanthes lanceolata Lange-bertalot Alan * * * * * * * *
Achnanthidium minutissimum (Kitzing) Czarnecki Amin *
Amphora copulata (Kiitzing) Schoeman and Archbald Acop * *
Amphora ovalis (Kiutzing) Kiitzing Aova ok * * * * * *
Anomoneis serians Cholnoky Aser *
Aulacoseira ambigua (Grunow) Simonsen Aamb * * * * * *
Aulacoseira granulata (Ehrenberg) Simonsen Agra * ok *
Aulacoseira muzzanensis (Maister) Krammer Amuz * * *
Cocconeis placentula Ehrenberg Cpla * * * * ok
Cyclotella ocellata Pantocsek Coce * * * *
Cymbella tumida (BrEbisson) Van Heurck Ctum * * * wk * ok *
Diadesmis confervacea (Kitzing) Mann Dcon * * * * * * *
Diatoma vulgaris Bory Dvul * * * *
Diploneis ovalis (Hilse) Cleve Dova * *
Diploneis puella (Schumann) Cleve Dpue * * *
Encyonema perpusillum (Cleve) Mann Eper * * * *
Eunotia bidentula Smith Ebid * * *
Eunotia bilunaris (Ehrenberg) Mills Ebil * * * *
Eunotia formica Ehrenberg Efor * *
Eunotia sudetica Miller Esud * * * *
Fragilaria biceps (Kiitzing) Fbic * ok ok ok * * * *
Fragilaria capucina Desmaziéres Fcap wE o wE * * * *
Fragilaria fasciculata (Agardh) Lange-Bertalot Ffas * * *
Fragilaria pinnata Ehrenberg Fpin * *
Fragilaria tenera (Smith) Lange-Bertalot Ften * *x * * *
Fragilaria ulna (Nitzsch) Lange-Bertalot Fuln * *
Gomphonema accuminatum Ehrenberg Gace * * *
Gomphonema gracile Ehrenberg Ggra * *
Gomphonema affine Kiutzing Gaff * *
Gomphonema insigne Gregory Gins * * *
Gomphonema minutum (Agardh) Agardh Gmin * * * wk
Gomphonema parvulum (Kitzing) Cleve Gpar * ok * wk wk * *
Gomphonema pseudoaugur Krammer Gpse * * * *
Gomphonema pumilum Reichardt and Lange-Bertalot Gpum * * * * *
Gomphonema truncatum Ehrenberg Gtru * * *
Gomphonema venusta Passy, Kociolek and Lowe Gven * * * *
Gyrosigma acuminatum (Kitzing) Rabenhorst Gacu * * * * * * *
Navicula gregalis Cholnoky Ngre ok * *
Navicula halophila (Grunow) Cleve Nhal * * * * * * *
Navicula radiosa Kiitzing Nrad * * *
Navicula recens (Lange-Bertalot) Lange-Bertalot Nrec *
Navicula rhynchocephala Kiutzing Nrhy * *
Navicula tripunctata Miller Bory Ntri * * *
Nitzschia dissipata (Kiitzing) Grunow Ndis * *
Nitzschia linearis (Agardh) Smith Nlin * * * * * *
Nitzschia palea (Kiitzing) Smith Npal * * i ok * wk * *
Nitzschia pura Hustedt Npur * *
Pinnularia divergens Krammer Pdiv * * * * * *

* * * * * * *

Surirella linearis Smith Slin
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adhesion to surfaces (Cohn & Disparti 1994), but
the exact physiological mechanisms responsible for
the higher or lower affinity of diatoms to calcium
are still unknown.

Vegetation cover, temperature, and pH were
also found to be important in structuring benthic
diatom communities in the study area. Vegetation
cover has an attenuation effect on light intensity
and penetration and hence photosynthesis
(Potapova & Charles 2005). Temperature is an
important driver of metabolic activities in benthic
diatoms in lotic systems (Pan et al. 1996), while
pH exerts a direct physiological stress on diatoms
(Gensemer 1991; Round 2004), and also strongly

influences other water chemistry variables
(Stumm & Morgen 1981).
Conclusions

The autecological data presented in this study
further contributes to our understanding of how
diatoms are distributed in tropical lotic systems
with respect to environmental variables. This is
useful for the purposes of effective diatom-based
water quality assessment and general assessment
of ecological conditions of Ilotic systems and
contributes to further understanding of the ecology
of diatoms in tropical systems. Certain species like
A. muzzanensis, C. ocellata, G. parvulum, G.
gracile, G. pseudoaugur, N. gregalis, and N. palea
associated with the pollution extremes may be
used in future studies as potential indicator species
for eutrophication. These species can be subjected
to further experiments to confirm their status of
indicator species. Further studies encompassing
additional river systems (as opposed to the current
study) with different environmental conditions are
required to ascertain the behaviour of these
species. Better coverage (more sites per area) would
further improve the autecological information
needed in the country for production of a sound
diatom-based water quality assessment protocol as
autecology of more diatom species could be
quantified. Special attention also needs to be paid
to diatom taxonomy, which was one of the major
challenges in this study.

Acknowledgements

This study was made possible by the provision
of funds from International Foundation for Science
(IFS). T also wish to thank Tangayi Mwedzi and
Beaven Utete for their support during field work.

References

APHA. 1988. Standard Methods for the Examination of
Water and Waste Water. American Public Health
Association, Washington, D.C.

Azim, M. E., M. C. J. Verdegem, A. A. Van Dam & M. C.
M. Bederidge (eds.) 2005. Periphyton Ecology, Ex-
ploitation and Management. Cambridge: CABI
Publishing.

Bere, T. 2014. Ecological preferences of benthic diatoms
in a tropical river system in Sdo Carlos-SP, Brazil.
Tropical Ecology 55: 47-61.

Bere, T. & J. G. Tundisi. 2012a. Effects of cadmium stress
and sorption kinetics on tropical freshwater peri-
phytic communities in indoor mesocosm experi-
ments. Science of the Total Environment 432:
103-112.

Bere, T., M. A. Chia & J. G. Tundisi. 2012b. Effects of Cr
III and Pb on the bioaccumulation and toxicity of Cd
in tropical periphyton communities: implications of
pulsed metal exposures. Environmental Pollution
163: 184-191.

Bere, T. & J. G. Tundisi. 2012¢. Cadmium and lead
toxicity on tropical freshwater periphyton commu-
nities under laboratory-based mesocosm experi-
ments. Hydrobiologia 680:187-197.

Bere, T. & J. G. Tundisi. 2011a. Influence of land-use
patterns on benthic diatom communities and water
quality in the tropical Monjolinho hydrological basin,
Sao Carlos-SP, Brazil. Water SA 37: 93-102.

Bere, T. & J. G. Tundisi. 2011b. The effects of substrate
type on diatom-based multivariate water quality
assessment. Water, Air and Soil Pollution 216: 391-
409.

Bere, T. & J. G. Tundisi. 2011c. Influence of ionic
strength and conductivity on benthic diatom
communities in a tropical river (Monjolinho), Sio
Carlos-SP, Brazil. Hydrobiologia 661: 261-276.

Bere, T. & J. G. Tundisi. 2011d. Applicability of the
Pampean Diatom Index (PDI) to streams around
Sao Carlos-SP, Brazil. Ecological Indicators 13: 342-
346.

Bere, T. & J. G. Tundisi. 2011e. Applicability of borro-
wed diatom-based water quality assessment indices
in streams around Sao Carlos-SP, Brazil. Hydro-
biologia 673: 193-204.

Bere, T. & J. G. Tundisi. 2011f. Toxicity and sorption
kinetics of dissolved cadmium and chromium III on
tropical freshwater periphyton communities in
laboratory mesocosm experiments. Science of the
Total Environment 407: 4772-4780.

Bere, T. & J. G. Tundisi. 2010a. Biological monitoring of
lotic ecosystems: the role of diatoms. Brazilian
Journal of Biology 70: 493-502.



280 DIATOM COMMUNITIES IN URBAN STREAMS

Bere, T. & J. G. Tundisi. 2010b. Epipsammic diatoms in
streams influenced by urban pollution. Brazilian
Journal of Biology 70: 921-930.

Bere, T. & J. G. Tundisi. 2009. Weighted average
regression and calibration of conductivity and pH of
benthic diatoms in streams influenced by urban
pollution - Sao Carlos/SP Brazil. Acta Limnologica
Brasiliensia 21: 317-325.

Biggs, B. F. F. & C. Kilroy. 2000. Stream Periphyton
Monitoring Manual. National Institute of Water and
Atmospheric Research (NIWA), Christchurch, New
Zealand.

Cohn, S. A. & N. C. Disparti. 1994. Environmental
factors influencing diatom cell motility. Journal
Phycology 30: 818-828.

Duong, T. T., S. Morin, M. Coste, O. Herlory, A. Feurtet-
Mazel & A. Boudou. 2010. Experimental toxicity
and bioaccumulation of cadmium in freshwater peri-
phytic diatoms in relation with biofilm maturity.
Science of the Total Environment 408: 552-562.

Duong, T., M. Coste, A. Feurtet-Mazel, D. Dang, C. Gold,
Y. Park & A. Boudou. 2006. Impact of urban pollution
from the Hanoi area on benthic diatom communities
collected from the Red, Nhue and Tolich Rivers
(Vietnam). Hydrobiologia 563: 201-216.

Fukushima, S., Y. Koichi & H. Fukushima. 1994. Effects
of self-purification on periphytic algal communities.
Ver Int Verein Theor Angewandte Limnol 25: 1966-
1970.

Gensemer, R. W. 1991. The effects of pH and aluminum
on the growth of the acidophilic diatom Asterionella
ralfsii var. Americana. Limnology and Oceanography
36: 123-131.

Gold, C., A. Feurte-Mazel, M. Coste & A. Boudou. 2003.
Effects of cadmium stress on periphytic diatom
communities in indoor artificial streams. Freshwater
Biology 48: 316-328.

Gémez, N. & M. Licursi. 2001. The Pampean Diatom
Index (Idp) for assessment of rivers and streams in
Argentina. Aquatic Ecology 35: 173-181.

Harding, W. R., C. G. M. Archibald & J. C. Taylor. 2005.
The relevance of diatoms for water quality assess-
ment in South Africa: A position paper. Water SA
31: 41-46.

Kelly, M. G., C. J. Penny & B. A. Whitton 1995. Compa-
rative performance of benthic diatom indices used to
assess river water quality. Hydrobiologia 302:
179-188.

Kilham, P., S. S. Kilham & R. E. Hecky. 1986.
Hypothesized resources relationships among African
plankton diatoms. Limnology and Oceanography 31:
1169-1181.

Kobayasi, H. & S. Mayama. 1989. Most pollution-
tolerant diatoms of severely polluted rivers in the

vicinity of Tokyo. Japanese Journal of Phycology 30:
188-196.

Lange-Bertalot, H. 1979. Pollution tolerance of diatoms
as criteria for water quality estimation. Nova
Hedwigia 64: 283-304.

Larned, S. T. 2010. A prospectus for periphyton: recent
and future ecological research. Journal of North
American Benthological Society 29: 182-206.

Lobo, E. A., V. L. Callegaro, G. Hermany, D. Bes, C. E.
Wetzel & M. A. Oliveira. 2004. Use of epilithic dia-
toms as bioindicator from lotic systems in southern
Brazil, with special emphasis on eutrophication. Acta
Limnologia Brasilliense 16: 25-40.

Lobo, E. A., V. L. Callegaro & P. Bender. 2002. Utiliza¢do
de Algas Diatomdaceas Epiliticas como Indicadoras da
Qualidade da Agua em rios e Arroios da Regido
Hidrogrdfica do Guaiba, RS, Brasil. Santa Cruz do
Sul, EDUNISC, Brazil.

Metzeltin, D. & H. Lange-Bertalot. 1998. Tropical Diatoms
of South America I. Iconographia Diatomologica, 5.
Metzeltin, D. & H. Lange-Bertalot. 2007. Tropical Diatoms

of South America II. Iconographia Diatomologica, 18.

Morin, S., T. T. Duong, A. Dabrin, A. Coynel, O. Herlory,
M. Baudrimont, F. Delmas, G. Durrieu, J. Schéfer, P.
Winterton, G. Blanc & M. Coste. 2008. Long-term
survey of heavy-metal pollution, biofilm conta-
mination and diatom community structure in the Riou
Mort watershed, South-West France. Environmental
Pollution 151: 532-542.

Nautiyal, R., P. Nautiyal & H. R. Singh. 2000. Species
richness and diversity of eplithic diatom commu-
nities on different natural substrates in the
coldwater river Alaknanda. Tropical Ecology 41:
255-258.

Pan, Y., R. J. Stevenson, B. H. Hill, A. T. Herlihy & G.
B. Collins. 1996. Using diatoms as indicators of
ecological conditions in lotic systems: a regional
assessment. Journal of North American Bentho-
logical Society 15: 481-495.

Pappas, J. L. & E. F. F. Stoermer. 1996. Quantitative
method for determining a representative algal
sample count. Journal of Phycology 32: 693-696.

Patrick, R. & C. W. Reimer. 1966. The Diatoms of the
United States. Academy of Natural Sciences, Phila-
delphia.

Phiri, C., J. Day, M. Chimbari & E. Dhlomo. 2007.
Epiphytic diatoms associated with a submerged
macrophyte, Vallisneria aethiopica, in the shallow
marginal areas of Sanyati Basin (Lake Kariba): a
preliminary assessment of their use as biomoni-
toring tools. Aquatic Ecology 41: 169-181.

Pipp, E. 2002. A regional diatom-based trophic state
indication system for running water sites in Upper
Austria and its overregional applicability. Verhand-



BERE & MANGADZE 281

lungen der Internationalen Vereinigung fiir The
Oretische und  Angewandte Limnologie 27:
3376-3380.

Potapova, M. G. & D. F. Charles. 2003. Distribution of
benthic diatoms in U.S. rivers in relation to conduc-
tivity and ionic composition. Freshwater Biology 48:
1311-1328.

Potapova, M. G. & D. F. Charles. 2005. Choice of sub-
strate in algae-based water quality assessment.
Journal of North American Benthological Society 24:
415-427.

Round, F. E. 1991. Diatoms in river water-monitoring
studies. Journal of Applied Phycology 3: 129-145.
Round, F. E. 2004. pH scaling and diatom distribution.

Diatom Research 20: 9-12.

Stumm, W. & J. J. Morgan. 1981. Aquatic Chemistry: an
Introduction Emphasizing Chemical Equilibria in
Natural Waters. New York: Wiley-Interscience.

Taylor, C. J., A. V. Prygiel, P. A. De La Rey & S. Van
Rensburg. 2007a. Can diatom-based pollution indices
be used for biological monitoring in SA? A case
study of the Crocodile West and Marico water
management area. Hydrobiologia 592: 455-464.

Taylor, J. C., M. C. Janse Van Vuuren & A. J. H. Pie-
terse. 2007b. The application and testing of diatom
based indices in the Vaal and Wilge Rivers, South
Africa. Water SA 33: 51-59.

Taylor, J. C., C. G. M. Archibald & W. R. Harding.

2007c. An Illustrated Guide to Some Common
Diatom Species from South Africa. Water Research
Commission Report, TT 282/07.

Ter Braak, C. J. F. & P. Smilauer. 2002. CANOCO
Reference Manual and CanDraw for Windows User’s
Guide: Software for community ordination, version
4.5. Microcomputer Power, Ithaca, New York.

Ter Braak, C. J. F. & P. F. M. Verdonschot. 1995. Cano-
nical corespondence analysis and related multi-
variate methods in aquatic ecology. Aquatic Science
37:130-137.

USEPA. 2001. Water Pollution Legal Aspects, Monitoring
Water Quality. Online document available at: http:/
WWW.epa.gov.

Van Dam, H., A. Mertens & J. Sinkeldam. 1994. A coded
checklist and ecological indicator values of fresh-
water diatoms from the Netherlands. Aquatic
Ecology 28: 117-133.

Walker, C. E. & Y. Pan. 2006. Using diatom assem-
blages to asses urban stream conditions.
Hydrobiologia 516: 179-189.

Wehr, J. D. & R. G. Sheath. 2003. Freshwater Algae of
North America, Ecology and Classification. Acade-
mic Press, San Diego, CA, USA.

Winter, J. G. & H. C. Duthie. 2000. Epilithic diatoms as
indicators of stream total N and total P
concentrations. Journal of North American Bentho-
logical Society 19: 32-49.

(Received on 05.11.2012 and accepted after revisions, on 28.02.2013)



