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Abstract: Aims: The objective of this study was to assess the effects of substrate 
selection on benthic diatom community structure along an urban pollution gradient. 
Methods: Substrate assessment, diatom and water sampling was done four times, two 
times in September and October/08 and two times in May and June/09. Species substrate 
preference was determined using the Indval method. Benthic diatom community structure 
(species richness, diversity and equitability) in relation to pollution levels was also 
evaluated. Results: Species richness, diversity and equitability differed significantly among 
sampling sites, tending to be higher in relatively unpolluted (1, 2, 3 and 7) compared to 
polluted sites (5, 6, 7, 8, 9 and 10). Species richness, diversity and equitability did not 
differ significantly among substrates from the same sites though more species tended to 
prefer natural, especially vegetation, as indicated by their highest indicator values in this 
substrate. Conclusion: Substrate differences may affect benthic diatom communities 
growing on them. Benthic diatoms tend to prefer natural substrates, especially vegetation, 
compared to artificial substrates, because of the selective nature of the physical and 
chemical properties of artificial substrates. 
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Resumo: Objetivo: O objetivo deste estudo foi avaliar os efeitos da seleção do 
substrato na estrutura das comunidades de diatomáceas bentônicas ao longo de uma 
gradiente de poluição urbana. Métodos: Avaliação de substrato, amostragem diatomáceas e 
de água foi feito quatro vezes, duas vezes em setembro e outubro/08 e duas vezes em maio e 
junho/09. Preferência de espécie ao substrato foi determinada através do método Indval. A 
estrutura da comunidade de diatomáceas bentônicas (riqueza de espécies, diversidade e 
equitabilidade) em relação aos níveis de poluição também foi avaliada. Resultados: A 
riqueza de espécies, diversidade e equitabilidade diferiram significativamente entre os 
locais de amostragem, tendendo a ser maiores nos pontos menos poluídos (1, 2, 3 e 
7) quando comparados aos pontos poluídos (5, 6, 7, 8, 9 e 10). A riqueza, diversidade 
e equitabilidade não diferiram significativamente entre os substratos dos mesmos 
pontos de coleta, embora um maior numero de espécies preferiram substratos naturais, 
especialmente vegetação, conforme apontado pelos mais elevados valores indicadores 
nestes substratos. Conclusão: Diferenças de substrato podem afetar as comunidades 
de diatomáceas bentônicas crescendo neles. Diatomáceas bentônicas tendem a preferir 
substratos naturais, especialmente vegetação, quando comparados aos substratos artificiais, 
devido ao caráter seletivo das propriedades físicas e químicas de substratos artificiais. 

 Palavras-chave: substratos naturais e artificiais, espécies indicadoras.
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samples. Indicator species are defined as the most 
characteristic species of substrate, found mostly in 
a single substrate and present in the majority of the 
sites where that substrate is present. This duality, 
which is of ecological interest, is rarely completely 
exploited in most of the methods designed to 
assess the effects of substrate on benthic diatom 
communities in lotic systems. 

2. Methods 

2.1. Study area 

The area under study is shown in Figure 1. 
Headwaters of Monjolinho and the tributaries 
studied fall within mainly agricultural area. From 
agricultural area, the streams run through urban 
area of the city of São Carlos, which covers a total 
area of 1143.9 km2. The area is characterized by 
undulating terrain. The average annual temperature 
is around 19.5 °C, with mean monthly maximum of 
around 21.9 °C recorded in January and February 
and the mean monthly minimum of around 15.9 °C 
recorded in July. 

In 2008, the population of São Carlos was 
estimated at 218, 080 inhabitants by Instituto 
Brasileiro de Geografia e Estatística (IBGE). 
Now, the expansion of the city does not meet the 
technical standards that go with it in terms of sewage 
treatment, collection of garbage, urban drainage 
and so on. Streams in the study area, therefore, 
receive untreated or semi-treated effluent from 
various domestic and industrial sources as well 
as other diffuse sources as they pass through the 
city. This disorderly growth of the city resulted in 
stream health deterioration, loss of the remaining 
primary vegetation and eutrophication among other 
problems.

Ten sites were established along Monjolinho 
River and its tributaries: four sites (1, 2, 3 and 
7) in the relatively less impacted agricultural and 
forested headwaters to act as reference sites; 3 sites 
(4, 5 and 6) in the moderately polluted urban 
area; and 3 sites (8, 9 and 10) in highly polluted 
downstream area after the urban area (Figure 1). 
These three site categories roughly compares 
with classification of these sites based on physical 
and chemical variables (Table 1). The rational 
for choosing the sampling sites was to obtain a 
pollution gradient of all the stream systems from 
relatively unpolluted agricultural headwaters to 
highly polluted urban downstream sites.

2.2. Data collection

Substrate assessment, diatom and water 
sampling was done during summer season when 

1. Introduction

Diatoms are good indicators of environmental 
conditions in lotic systems. Round (1991) noted 
three features that have confused the use of diatoms 
in biological monitoring of lotic systems. These 
include: 1) an almost total lack of appreciation 
of microhabitats with their characteristic floras; 
2) semantic problems in language, translation 
and writing in languages other than one’s own; 
and 3) the excessive searching for and counting 
of numbers of cells (valves) of species, resulting in 
lengthy lists which are simply list of few abundant 
species confused by multitudes of causal species. The 
first feature bears special relevance to this study.

Species composition and abundance of benthic 
diatom communities sampled at the same site but 
from different substrates (e.g., sand, rock surface, 
submerged or emergent macrophytes) often differ 
substantially because species are better adapted to 
one substrate than other substrates (Round, 1991; 
Patrick and Hendrickson, 1993; Potapova and 
Charles, 2005; Fisher and Dunbar, 2007). Substrate 
differences can potentially affects responses of 
diatom assemblages to stress associated with human 
activities and may interfere with water quality 
assessments based on knowledge of these responses. 
This is particularly important in large-scale water 
quality assessment surveys that are carried out in 
diverse landscapes where a single substrate may 
not be present at all sampling sites (Potapova and 
Charles, 2005). Therefore, a careful consideration 
of these factors during sample collection and 
subsequent data interpretation is necessary as 
ignoring them is likely to lead to biased results.

Previous diatom-based water quality assessment 
studies offers contrasting results with others 
emphasizing the importance of substrates (e.g., 
Lowe and Pan, 1996; Kelly et al., 1998) while 
others have not found significant between-substrate 
differences in diatom assemblages possibly because 
the effects of other environmental variables was 
overriding (Jüttner et al., 1996; Rott et al., 1998; 
Kitner and Poulícková, 2003; Soinine and Eloranta, 
2004). More work is therefore called for to shade 
more light on the importance of substrates in 
diatom-based water quality assessment.

The objective of this study was to assess the 
effects of substrate selection on benthic diatom 
community structure along an urban pollution 
gradient using the Indicator Value (Indval) method. 
The novelty of this approach lies in the way it 
combines a species’ relative abundance to its relative 
frequency of occurrence in the various groups of 
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Figure 1. The location of the sampling sites in the study area.

Table 1. The mean (n = 4) values of physical and chemical variables measured at 10 sites during four sampling 
periods. 

Site 1 2 3 7 4 5 6 8 9 10

Temperature °C 18.3 ± 1.1 20.9 ± 1.6 20.6 ± 1.7 24.0 ± 2.6 21.2 ± 1.7 21.2 ± 1.1 20.4 ± 1.5 24.8 ± 3.0 23.0 ± 1.9 21.3 ± 2.2

Altitude (m) 761 837 831 774 794 745 761 724 630 627

Canopy cover (%) 80 95 60 20 50 4 45 20 50 5

BOD5 (mg L-1) 0.9 ± 0.2 1.0 ± 1.2 2.6 ± 0.2 1.6 ± 0.6 6.9 ± 0.2 1.2 ± 2.3 7.2 ± 1.1 19.5 ± 1.1 24.5 ± 1.2 26.2 ± 1.3

COD (mg L-1) 3.7 ± 0.8 4.2 ± 1.3 12.3 ± 4.2 6.3 ± 0.5 83.3 ± 14.5 4.8 ± 0.7 11.7 ± 1.5 54.0 ± 19.9 103.0 ± 3.2 103.0 ± 22.7

DO (mg L-1) 7.3 ± 2.3 8.2 ± 1.0 7.6 ± 0.6 6.8 ± 2.1 6.9 ± 1.0 7.6 ± 1.3 7.2 ± 1.5 1.9 ± 2.8 2.1 ± 1.0 0.4 ± 1.2

Conductivity  
(µScm-1)

45.0 ± 7.5 20.0 ± 10.5 53.0 ± 9.5 28.0 ± 7.7 89.0 ± 8.9 103.0 ± 6.4 30.0 ± 4.0 715.0 ± 22.3 322.0 ± 191.3 283.0 ± 201.7

pH 6.6 ± 0.8 6.4 ± 1.0 6.3 ± 1.0 6.7 ± 0.6 6.8 ± 0.9 7.2 ± 0.4 6.8 ± 1.0 7.2 ± 0.5 7.2 ± 0.4 7.1 ± 0.4

TDS (g L-1) 29.4 ± 0.5 13.4 ± 1.2 22.6 ± 3.2 18.1 ± 1.4 57.4 ± 3.4 66.5 ± 2.9 19.3 ± 0.2 457.8 ± 27.1 206.1 ± 11.1 182.0 ± 34.1

Turbidity(NTU) 0 0 0 0 0 0 0 0.1 0.1 0.1

TN (mg L-1) 0.65 ± 0.3 0.18 ± 0.3 0.24 ± 1.4 1.72 ± 0.5 1.29 ± 0.4 1.41 ± 0.5 0.93 ± 0.7 38.32 ± 8.3 14.87 ± 4.1 10.17 ± 2.9

TP (mg L-1) 0.01 ± 0.0 0.01 ± 0.0 0.01 ± 0.1 0.03 ± 0.0 0.16 ± 0.2 0.06 ± 0.1 0.02 ± 0.0 2.97 ± 1.0 1.12 ± 0.2 0.75 ± 0.2

Mean depth (m) 0.2 ± 0.02 0.3 ± 0.08 0.4 ± 0.10 0.2 ± 0.05 0.4 ± 0.08 0.3 ± 0.05 0.4 ± 0.01 0.5 ± 0.07 0.3 ± 0.04 0.3 ± 0.01 

Velocity (m s-1) 2.5 ± 1.3 2.8 ± 1.4 2.6 ± 1.3 2.23 ± 1.1 2.7 ± 1.2 1.4 ± 0.6 2.9 ± 1.1 3.5 ± 1.8 2.4 ± 0.9 2.34 ± 1.0

Silt-Clay (%) 95 95 10 30 15 10 50 5 10 10

Sand (%) 2 0 90 60 50 90 80 10 90 10

Gravel (%) 0 2 3 40 5 5 5 5 3 15

Cobble (%) 0 2 4 10 20 5 5 5 5 50

Boulders (%) 0 3 0 0 5 2 2 10 0 60

Silt-gravel (%) 95 97 95 85 80 83 85 35 95 40

Gravel-Cobble (%) 0 2 5 10 15 10 10 50 5 50

Cobble-Bolder (%) 0 1 0 5 10 7 5 60 0 70

Embeddedness 0 0 1 2 3 1 1 5 1 4
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were randomly collected along each sampling stretch, 
brushed and the resulting diatom suspensions were 
pooled to form a single sample that was then put 
in a labelled plastic bottle. Epiphytic diatoms were 
sampled from various submerged macrophytes 
at each site depending on the availability of 
the macrophytes. The macrophyte’s whole stalk 
comprising of stalk and leaves was carefully removed 
from the stream. Periphyton was then removed from 
the macrophytes by brushing with a toothbrush 
adding distilled water. The resulting diatom 
suspensions from all the submerged macrophytes 
sampled were pooled to form a single sample, which 
was then put in a labelled plastic bottle. Epipelic 
and epipsammic diatoms were sampled by pressing 
a Petri dish lid into the top layer of sand or silt/clay 
to a depth of 5-7 mm followed by sliding a spatula 
blade under the Petri dish to isolate the contents 
in the dish that were then gently brought to the 
surfaces. The contents were then emptied into a 
labelled container. 

At each site, two bricks and four rough glass 
slides, as artificial substrate for algal attachment, 
were immersed in the water column, parallel to 
the current at a depth of 20 to 30 cm below the 
surface. The first batch of artificial substrates was 
placed at all sites in September/08 and sampled in 
October/08. The second batch was placed at all sites 
in May/09 and sampled in June/09. In all the cases, 
the artificial substrates were left for 4 weeks, which is 
the recommended colonization time of periphyton 
(Round, 1991; Descy and Coste, 1991; Kelly et al., 
1998). The glass slides were placed on a metal rake 
that was secured by means of wire, pegs, and stones. 
On sampling, the artificial substrates were carefully 
brought to the surface and thoroughly rinsed with 
filtered river water. Biofilms were collected by 
brushing material with a toothbrush. The resulting 
suspensions from the replicates were pooled.

2.3. Laboratory analysis 

The concentrations of TN and TP in the water 
samples were determined following Golterman et al., 
(1978) and Valderrama (1981) respectively. BOD5 
and COD were determined following standard 
methods 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 and Kilroy 2000). 
Three replicate slides were prepared for each sample. 
A total of 250-600 valves per sample (depending 

flow was stable. Four samples were collected, two 
in September and October/08 and two in May 
and June/09. Sampling was done during dry 
season to avoid variable effects of rainy season like 
great variations in water level and velocity, floods 
and inundations. These factors affect diatom 
development, especially growth rate and relative 
abundance of different species (Round, 1991; 
Biggs, 1990, 1995; Patrick and Hendrickson, 1993; 
Duong et al., 2006, 2007). All the physical and 
chemical characteristics that vary with time were 
measured during every sampling event.

At each site, dissolved oxygen (DO), electrical 
conductivity, temperature, pH, concentration of 
total dissolved solids (TDS) and turbidity were 
measured using a Horiba U-23 and W-23XD 
Water Quality Meter (Horiba Ltd, Japan). Depth 
and current velocity were measured at each site 
with an FP 201 global flow probe (Global Water 
Instrumentation Inc. Alaska, USA). The percentage 
riparian vegetation cover was estimated at each 
site. Altitude was determined at each site using a 
GPS (Northport Systems, Inc. Toronto, Canada). 
The percentage embeddedness was also estimated 
along each stretch and rated on a 0-5 scale following 
Platts et al., (1983).

The following physical substrate characteristics 
were visually estimated following USGS NAWQA 
protocol (Fitzpatrick et al., 1998): percentage of 
silt-clay size particles, sand size particles, gravel size 
particles, cobble size particles, boulder size particles; 
ratio of silt-gravel size particles, gravel-cobble size 
particles, and cobble-boulder size particles. 

Water samples for total nitrogen (TN) and 
total phosphorus (TP) analysis were also collected 
at each site into acid-cleaned polythene containers 
(Valderrama, 1981). Water samples for biological 
oxygen demand (BOD5) and chemical oxygen 
demand (COD) were also collected following 
APHA (1988). 

Substrates present at each sampling site were 
classified into four categories; (1) stones – epilithic, 
(2) vegetation (submerged/emergent) – epiphytic, 
(3) sand – epipsammic and (4) silt/clay – epipelic, 
based on USGS NAWQA protocol (Fitzpatrick et al., 
1998). At each site, epilithic, epiphytic, epipelic 
and epipsammic diatoms were sampled separately, 
avoiding mixing as much as possible. 

Epilithic diatoms were sampled by brushing 
stones with a toothbrush. Prior to sampling, the 
stones were gently shaken in stream to remove 
any loosely attached sediments and non-epilithic 
diatoms. At least five pebble-to-cobble sized stones 
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in a single substrate and present in the majority 
of those substrates. Kruskal-Wallis, with Mann-
Whitney pairwise comparisons and Bonferroni 
correction tests was used to compare indicator values 
of species on different substrates.

Kruskal-Wallis with Mann-Whitney pairwise 
comparisons and Bonferroni correction was 
performed using PAlaeontological STatistics (PAST) 
software version 1.95 (Hammer et al., 2009).

3. Results

3.1. Physical and chemical variables

The values of physical and chemical variables 
measured in the study area during the study period 
are shown in Table 1. The water quality generally 
tended to deteriorate downstream as the streams pass 
through the urban area due to discharge of treated 
and untreated domestic and industrial effluent as 
well as other diffuse sources of pollution from the 
city. The pH increased slightly down the agricultural 
to urban gradient being slightly acidic at upstream 
sites and slightly alkaline/neutral at downstream 
sites. However, the difference in pH among the three 
site categories described above was not statistically 
significant (Kruskal-Wallis, p > 0.05). Temperature 
increased downstream, but as in the case of pH, 
the increase was not significant (Kruskal-Wallis, 
p > 0.05). On the other hand, conductivity, BOD5, 
COD, TDS, turbidity, TN, TP and embeddedness 
increased significantly downstream (Kruskal-Wallis, 
p < 0.05) while percentage of fine particles, DO 
and percentage riparian vegetation cover decreased 
significantly downstream (Kruskal-Wallis, p < 0.05). 
No significant difference was observed in means of 
environmental variables among the four sampling 
periods (Kruskal-Wallis, p > 0.05). This is expected 
since all sampling was confined to stable base flow 
period when variations in water chemistry are low 
compared to the rainy season. Therefore, a pooled 
data set, consisting of environmental variables 
sampled during four sampling periods was used to 
investigate the effects of substrate type on diatom 
communities and spatial trends in the composition 
of diatom communities.

3.2. Community structure

A total of 208 diatom species belonging 
to 63 genera that are distributed among the 
families Achnanthidiaceae, Achnanthaceae, 
Bacillariaceae, Eunotiaceae, Cymbellaceae, 
Gomphonemataceae, Fragilariaceae, Melosiraceae, 
Naviculaceae, Rhoicospheniaceae, Rhopalodiaceae 

on the abundance of diatoms) were identified and 
counted using the phase contrast light microscope 
(1000×) (Leica Microsystems, Wetzlar GmbH, 
Type - 020-519.503 LB30T, Germany). The mean 
and standard deviations of counting efficiencies 
of diatom communities calculated according to 
Pappas and Stoermer (1996) on different substrates 
were as follows: vegetation, 82.5 ± 11.4%; sand, 
86.1 ± 7.6%; stones, 83.6 ± 18.5%; silt/clay, 
82.9 ± 14.2%; bricks, 76.4 ± 15.3% and glass, 
78.0 ± 17.1%. The diatoms were identified to 
species level based on studies by Bourrelly (1981), 
Oliveira et al. (2001), Souza (2002), Lobo et al., 
(2002, 2004), Metzeltin et al., (2005), Bicudo and 
Menezes (2006), Salomoni et al. (2006), Metzeltin 
and Lange-Bertalot (2007), Delgado et al. (2007), 
Moura et al. (2007), Soares et al. (2007), Zalocar 
de Damitrovic et al. (2007) and Souza and Senna 
(2009). In all cases, identification of diatom 
specimens was based on acid-cleaned specimens. 
Fresh specimens were not used for identification 
hence no confirmation of the presence or absence 
of plastids was made.

2.4. Statistical analysis 

Species richness (S), Shannon’s diversity (H´) 
and equitability indices (E) calculated according 
to Shannon (1948) were used as measures of 
community structure. A nonparametric test, 
Kruskal-Wallis, analogous to analysis of variance, 
with Mann-Whitney pairwise comparisons and 
Bonferroni correction, was used to compare 
means of S, H´ and E among substrates sampled 
and among the four sampling periods. This 
nonparametric method was chosen to avoid the 
distortion of the natural information resulting from 
powerful transformations, needed to compensate 
for the fact that normality rarely occurs in nature 
(Jongman et al., 1987). This test was also used to 
compare means of S, H´ and E among four natural 
and two artificial substrates sampled and to compare 
the means of these community attributes among 
three site categories described above. This test was 
also used to compare means of environmental 
variables among the sampling seasons and among 
the sampling site categories.

The IndVal method (Dufrêne and Legendre, 
1997) was used to find indicator species and species 
assemblages characterizing different substrates. This 
method combines a species’ relative abundance with 
its relative frequency of occurrence in the various 
substrates. Indicator species are defined as the most 
characteristic species of each substrate, found mostly 
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(Kruskal-Wallis, p < 0.05) among the three sampling 
site categories, tending to be highest at upstream 
relatively unpolluted mainly agricultural and forest 
area reference sites and lowest at downstream highly 
polluted mainly urban sites (Table 3).

3.3. Species distribution

The most frequently occurring diatom species 
had a generally widespread distribution, occurring 
in almost all the substrates sampled. The upstream, 
relatively less impacted sites (1, 2, 3, and 7) 
were characterized by such species as Aulacoseira 
ambigua (Grunow) Simonsen, Aulacoseira granulata 
(Ehrenb) Simonsen and Cymbopleura naviculiformis 
(Auerswald) Krammer. On the other hand, 
downstream highly impacted sites were characterized 
by Gomphonema parvulum (Kützing) Cleve, 
Nitzschia palea (Kützing) Smith, Nupela praecipua 
(Reichardt) Reichardt, Rhoicosphenia abbreviata 
(Kützing) Grunow, Sellaphora pupula (Kützing) 
Mereschkowsky Fallacia monoculata (Hust) 
Mann and Luticola goeppertiana (Bleisch) Mann. 
Moderately impacted sites were dominated by 
Eunotia bilunaris (Ehrenberg) Mills, Fragilaria 
capucina Desmaziéres, Gomphonema angustatum 

and Surirellaceae were recorded in all the diatom 
samples collected. Of the 208 species observed, 
45 species (Table 2, Figure 2) were considered the 
most dominant in the study area (≥ 5% occurrence 
and present in at least 2 substrates from all sampling 
sites following Potapova and Charles (2003, 2005) 
and Doung et al. (2007). Twenty-four genera 
made up 88.6% of the overall diatom community. 
These were Nitzschia, Gomphonema, Eunotia, 
Pinnularia, Fragilaria, Rhoicosphenia, Aulacoseira, 
Nupela, Frustulia, Ulnaria ulna, Navicula, 
Achnanthidium, Sellaphora, Encyonema, Meridion, 
Cyclotella, Hantzschia, Amphora, Cymbopleura, 
Melosira, Neidium, Surirella, Psammothidium, and 
Achnanthes.

No significant differences (Kruskal-Wallis, 
p > 0.05) in S, H´ and E were observed among the 
four sampling periods. Therefore, a pooled data 
set, consisting of diatoms sampled during four 
sampling periods was used to investigate the effects 
of substrate type on diatom communities and spatial 
trends in the composition of diatom communities. 
Species richness, diversity and equitability did 
not differ significantly (Kruskal-Wallis, p > 0.05) 
among the six substrates sampled. However, 
these community attributes differed significantly 

Table 2. The most frequently occurring diatom taxa with the highest indicator values (%) in the different micro-
habitats sampled. 
Vegetation Sand Silt/clay Stones Glass Bricks
Aulacoseira  
agassizii 43.9

Achnanthidium  
biasolettianum 41.2

Aulacoseira  
distans 44.8

Aulacoseira  
ambigua 39.7

Fallacia  
monoculata 49.5

Gomphonema 
angustatum 43.4

Diatoma hiemale 52.8 Achnanthidium  
minutissimum 36.6

Encyonema  
silesiacum 41.4

Cymbopleura  
naviculiformis 41.7

Nitzschia palea 28.6 Luticola  
geoppertiana 30.0

Diatoma vulgare 47.2 Aulacoseira  
alpigena 39.7

Eunotia intermedia 39.0 Neidium ampliatum 31.7 Nupela praecipua 33.5

Eunotia bilunaris 71.3 Cyclotella  
meneghiniana 50.8

Frustulia saxonica 28.0 Stauroneis phoenicenteron 46.3

Eunotia papilio 69.5 Eunotia pectinalis 29.4 Frustulia vulgaris 23.7
Fragilaria  
intermedia 42.6

Fragilaria capucina 27.7 Navicula  
cryptocephala 31.3

Gomphonema  
accuminatum 40.0

Gomphonema  
augur 47.4

Navicula cryptotenella 38.2

Gomphonema  
parvulum 37.0

Gomphonema  
gracile 18.0

Hantzschia  
amphioxys 49.9

Navicula radiosa 23.9

Nitzschia scalaris 48.3 Nitzschia linearis 35.8
Pinnularia divergens 31.8
Pinnularia lata 26.1
Sellaphora pupula 55.6      
Neidium affine 49.3
Pinnularia gibba 44.0
Ulnaria ulna 29.8
Pinnularia braunii 49.4
Pinnularia viridis 45.4
Rhoicosphenia  
abbreviata 43.9
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Figure 2. Common diatom species from the Monjolinjo River. Scale = 10 µm. 1) Achnanthidium biasolettianum (Kützing) Bukhtiyarova, 
2-4) Achnanthidium minutissimum (Kützing) Czarnecki, 5) Aulacoseira alpigena (Grunow) Krammer, 6-7) Aulacoseira agassizii (Hustedt) 
Simonsen, 8) Aulacoseira distans (Ehrenberg) Simonsen, 9) Aulacoseira ambigua (Grunow) Simonsen, 10-11) Diatoma hiemale (Ehrenberg) 
Grunow, 12-14) Diatoma vulgare Bory, 15) Cymbopleura naviculiformis, 16) Cyclotella meneghiniana Kützing, 17-18) Encyonema silesiacum 
(Bleisch) Mann, 19) Eunotia bilunaris (Ehrenberg) Mills, 20-21) Eunotia intermedia (Krasske) Nörpel-Schempp & Lange-Bert, 22) Eunotia 
pectinalis (Kiitzing) Rabenhorst, 23) Eunotia papilio (Ehrenberg) Grunow, 24-25) Fallacia monoculata (Hust) Mann, 26) Fragilaria capucina 
Desmazières, 27) Fragilaria intermedia Grunow, 28) Frustulia saxonica Rabenhorst, 29) Frustulia vulgaris (Thwaites) De Toni, 30-31) 
Gomphonema accuminatum Ehrenberg, 32-33) Gomphonema angustatum (Kützing) Rabenhorst, 34) Gomphonema augur (Ehrenberg) Lange-
Bertalot, 35) Gomphonema gracile Ehrenberg, 36-37) Gomphonema parvulum (Kützing) Kützing, 38) Hantzschia amphioxys (Ehrenberg) 
Grunow, 39-40) Luticola goeppertiana (Bleisch) Mann, 41) Navicula cryptocephala (Grunow) Cleve, 42) Navicula cryptotenella Lange-Bertalot, 
43-44) Navicula radiosa Kützing, 45) Neidium affine (Ehrenberg) Pfitzer, 46) Neidium ampliatum (Ehrenberg) Krammer, 47) Nitzschia 
linearis (Agardh) Smith, 48-49) Nitzschia palea (Kützing) Smith, 50) Nitzschia scalaris (Kützing) Grunow, 51) Pinnularia divergens Krammer, 
52) Pinnularia lata (Brébisson) Rabenhorst, 53) Pinnularia gibba Ehrenberg, 54) Pinnularia braunii (Grunow) Cleve, 55) Pinnularia 
viridis (Nitzsch) Ehrenberg, 56) Rhoicosphenia abbreviata (Agardh) Lange-Bertalot, 57) Nupela praecipua (Reichardt) Reichardt, 58-59) 
Sellaphora pupula (Kützing) Mereschkowsky, 60) Ulnaria ulna (Nitzsch) Compère, 61) Stauroneis phoenicenteron (Nitzsch) Ehrenberg.



88 Bere, T. Acta Limnologica Brasiliensia

Species belonging to the genera Aulacoseira, 
Diatoma, Eunotia, Fragilaria, Frustulia, Pinnularia, 
Navicula, Neidium, Ulnaria, some Gomphonema 
and Nitzschia species commonly reported to be 
associated with relatively clean to moderately 
polluted waters (Round, 1991; Biggs and Kilroy, 
2000; Potapova and Charles, 2003; Bicudo 
and Menezes, 2006, Duong, 2007), thought 
some of the species are pollution tolerant, were 
associated with natural substrates i.e. vegetation, 
sand, silt/clay and stones. Among the natural 
substrates, the traditionally preferred stones for 
periphyton sampling (Descy and Coste, 1991; 
Round, 1991; Pan et al., 1996; Biggs and Kilroy, 
2000; Duong et al., 2006; Lowe and Pan, 1996; 
Kelly et al., 1998) had the least number of species 
(4; Table 2) associated with them.

4. Discussion

4.1. Community structure in relation to  
environmental gradients

Species richness, diversity and equitability 
differed significantly among sampling sites, tending 
to be higher in relatively unpolluted compared to 
polluted sites. As pollution increased, low pollution 
tolerant species such as A. ambigua and Cymbopleura 
naviculiformis were replaced by high pollution 
tolerant species such as G. parvulum, N. palea, 
N. praecipua, R. abbreviata, S. pupula, F. monoculata 
and  L. goeppertiana. The letter group of species 
has been commonly reported to be associated with 
waters of relatively high ionic strength and high 
conductivity (Round, 1991; Biggs and Kilroy, 
2000; Potapova and Charles, 2003; Duong et al., 
2006), are known to be resistant to heavy metal 
pollution (Gold et al., 2003; Morin et al., 2007, 
2008a, b; Duong et al., 2008, 2010) and have been 
frequently recorded in waters with high organic 
pollution (Sladecek, 1986; Salomoni et al., 2006), 
eutrophication (Lavoie et al., 2008; Ponader et al., 
2007; Kelly and Whitton, 1995), and low dissolved 
oxygen (Round, 1991; Biggs and Kilroy, 2000; 

(Kützing) Rabenhorst, Pinnularia gibba (Ehrenb.) 
Grunow and Ulnaria ulna (Nitzsch) Compère. 

Indicator species analysis showed that common 
diatom species were not restricted to single 
substrate. Indicator values ranged from 18.0 to 
71.3% in this study (Table 2). Indicator values 
can vary from 0% for a taxon that has the same 
occurrence and abundance in all the groups of 
substrates to 100% for a taxon that is confined 
to one group of substrate. However, some species 
tended to prefer certain substrates as indicated 
by their high indicator values in these preferred 
substrates. Mean species preference was significantly 
high (Kruskal-Wallis, p < 0.05) on vegetation 
compared to sand, stones and silt/clay (Table 4). No 
significant difference in mean species preference was 
observed between natural and artificial substrates 
(Kruskal-Wallis, p > 0.05). However more species 
had highest preference on vegetation (19 species) 
compared to other substrates i.e. 10, 7, 4, 3 and 2 
species for sand, silt/clay, stones, glass and bricks 
respectively (Table 2).

Few species that preferred artificial substrate 
(glass and bricks) include F. monoculata, N. palea, 
G. angustatum, N. praecipua and L. geoppertiana. 
These species are commonly reported to be associated 
with waters of relatively high ionic strength and 
high conductivity (Round, 1991; Biggs and Kilroy, 
2000; Potapova and Charles, 2003; Duong et al., 
2006), are known to be resistant to heavy metal 
pollution (Gold et al., 2003; Morin et al., 2007, 
2008a,b; Duong et al., 2008, 2010) and have been 
frequently recorded in waters with high organic 
pollution (Sládecék, 1986; Salomoni et al., 2006), 
eutrophication (Lavoie et al., 2008; Ponader et al., 
2007; Kelly and Whitton, 1995), and low dissolved 
oxygen (Round, 1991; Biggs and Kilroy, 2000; 
Potapova and Charles, 2003; Duong, 2007). 
Achnanthidium minutissimum, also commonly 
considered a disturbance-tolerant species (Stevenson 
and Bahls, 1999), was often associated with 
vegetation. 

Table 4. Results of Kruskal-Wallis with Mann-Whitney pairwise comparisons of species substrate preferences. 
Significant differences (p < 0.05) are highlighted

 Vegetation Sand Silt/clay Stones Glass Bricks
Vegetation 0.01 0.00 0.03 0.18 0.12
Sand 0.16 0.83 0.54 1.00 0.91
Silt 0.05 1.00 0.30 0.82 0.88
Stones 0.47 1.00 1.00 0.86 0.82
Glass 1.00 1.00 1.00 1.00 0.77
Bricks 1.00 1.00 1.00 1.00 1.00
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management results as the absence of a particular 
species on a given site is likely to be mistaken for 
the effects of the perturbations under study.

Komárek and Sukacová (2004) have shown 
that introduced artificial substrates are often 
characterized by diatom communities indicative of 
more successional processes than water quality. They 
recommend leaving artificial substrate for a year 
before sampling to allow the diatom communities to 
progress from a colonization community to a stable 
community reflecting environmental conditions 
and typical of natural communities. This prevents 
rapid estimation of water quality such as can be 
obtained within hours of direct sampling of natural 
substrates. Besides, use of artificial substrate requires 
apparatus to be fixed in the river and there are 
often losses, as in our case, and random sampling 
is not possible (Round, 1991; Descy and Coste, 
1991). This further complicates the use of artificial 
substrate in benthic diatom studies. Sampling of 
natural substrates is thus highly recommended 
compared to artificial substrates.

5. Conclusion

Substrate differences may affect benthic 
diatom communities growing on them. Benthic 
diatoms tend to prefer natural substrates, especially 
vegetation, compared to artificial substrates, because 
of the selective nature of the physical and chemical 
properties of artificial substrates.
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