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Abstract: With the aim to recognize the epilithic diatoms that identify sites with different organic
contamination degrees in Guaiba Lake (29° 55°-30° 24’ S and 51° 01°-51° 20’ W), every three months
sampling was performed at six stations, two classified as oligosaprobic (BOD < 2 mg.L™), three as
B-mesosaprobic (BOD < 4 mg.L™") and one as oligo a B-mesosaprobic, between June 2005 and February
2006. The samples were collected using epilithic diatoms samplers (EDS) exposed for four weeks in the lake.
After species identification, the organism with chloroplasts were quantified by the Uterméhl method and
the indicators species were recognized by multivariate analyses (TWINSPAN) and the habitat specificity
analysis. As a result, among the 49 taxa identified, Cocconeis placentula var. lineata, Encyonema minutum,
Eolimna subminuscula and Navicula cryptotenella were indicators of oligossaprobic conditions. The species
richness and community density did not show a relationship with the organic contamination degrees.
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Resumo: Com o objetivo de reconhecer as diatomdceas epiliticas que identificam locais com diferentes
graus de contaminagio orginica no lago Guaiba ( 29° 55’-30° 24’ S e 51° 01’-51° 20’ W), amostragens
trimestrais foram realizadas em seis estagoes, duas classificadas como oligossaprébicas (BOD < 2 mg.L™),
trés como J-mesossaprébicas (BOD < 4 mg.L™!) e uma como oligo a J-mesossaprébica, no periodo entre
junho de 2005 a fevereiro de 2006. As amostras foram coletadas usando amostradores EDS exposto por
quatro semanas no lago. Apds identificagao das espécies e quantificagio dos organismos com cloroplastos
pelo método de Uterméhl, o reconhecimento das espécies indicadoras foi efetuado através da andlise
multivariada (TWINSPAN) e andlise de especificidade de habitat. Como resultado, dentre as 49 espécies
identificadas, Cocconeis placentula var. lineata, Encyonema minutum, Eolimna subminuscula e Navicula
cryprotenella foram indicadoras de condigoes oligossaprébicas. A riqueza de espécies e densidade da
comunidade nio mostrou relagio com os graus de contaminagao orginica.

Palavras-chave: diatomdceas, bioindicadoras, gradiente organico, lentic system.

1. Introduction

The high population density and the development of
economic activities in large urban centers have been caused
an increase in environmental impacts on the hydrographic
basins, especially regarding to domestic and industrial
wastes. The intensity of these impacts is directly related to
the effluent volume and load, as well as, to the flow in the
receiving system.

Water quality in aquatic ecosystems is generally moni-
tored by physical and chemical analyses. These analyses
provide information only on environmental conditions
at the time measurements are performed. The analysis of
biological variables, specifically, the evaluation of epilithics
diatoms, can supply more precise information on environ-
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mental changes that may have occurred, not only in the
present, but also in the recent past.

Diatoms, organisms that are generally abundant
and diverse in aquatic systems, respond to changes in envi-
ronmental conditions, and therefore they have been widely
used as indicators of organic pollution and eutrophication
(Descy and Ector, 1999; Prygiel and Coste, 1993).

European Union countries are using diatoms as
part of routine monitoring programs to evaluate water
quality, as well as acidification and eutrophication in riv-
ers (Schoeman and Harworth, 1986; Round, 1993; Kelly
and Whitton, 1995; Whitton and Rott, 1991, 1996; Kelly,
2002).

Biological Limnology
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In Brazil, studies using diatoms as water quality in-
dicators are basically concentrated in the Southern State
(Lobo and Torgan, 1988; Lobo et al., 1996, 1999, 2002,
2004a, b, ¢; Lobo and Bender, 1998; Mourthé-Jr, 2000;
Rodrigues and Lobo, 2000; Souza, 2002; Salomoni, 2004;
Salomoni et al., 2006). However, in previous studies the
results were based on oxidized material only. Since this deals
with bioindication, it is important to observe also whether
the species are viable (with intact chloroplasts).

Our goal was to identify the epilithic diatoms that
can identify the habitats with different degrees of organic
contamination in Guaiba Lake for future use of this algal
group in biomonitoring.

2. Material and Methods

2.1. Study area
Guaiba Lake (29°55’-30° 24’ Sand 51° 01°-51° 20’ W)

contains a volume of water of approximately 1.5 billions
cubic meters. The Jacui, Cai, Sinos and Gravatai Rivers
discharge directly into this lake, and their drainage areas
together are 82,439 km?* (DMAE, 1986). Guaiba lake
is used for public supplying leisure, tourism, recreation
and fishing. Therefore, this system receives a large load of
domestic and industrial sewage compromising its water
quality. The sampling were carried out in this Lake at six
stations (Figure 1) located next to the water intake for the
Water Treatment Stations named: E1 — Ilha da Pintada;
E2 — Moinhos de Vento; E3 — José Loureiro da Silva;
E4 —Tristeza; E5 — Belém Novo and E6 — Lami, every three
months from June 2005 to February 2006.

2.2. Epilithic diatom sampling

The samples were collected using epilithic diatoms
samplers (EDS) according to Salomoni et al. (2007), which
consists of three medium-sized stones, supported by an arti-
ficial floating system at a depth of 20 cm. The substrata were
exposed for four weeks, following the recommendations of
Lobo and Buselato-Toniolli (1985). Twenty samples were
used for quantitative analysis where the upper surfaces of
three stones were scraped off the upper surfaces of three
stones using a toothbrush, totalizing a composite sample
of 75 ecm? preserved with 4% formaldehyde.

The organisms were quantified in a 2 or 5 mL settling
chamber and efficiencies were at least 80% according to
Pappas and Stoermer (1996) and previously identified.
Only organisms with chloroplasts were quantified. The den-
sity estimates was expressed as the number of individuals per
cm?. For a precise taxa identification the quantified aliquots
were cleaned with potassium permanganate and hydro-
chloric acid and mounting these on slides using Naphrax®.
Species identification were based on Krammer and Lange-
Bertalot (1986; 1988; 1991a, b), Lange-Bertalot (1993;
1995; 1996a, b, 2001), Lange-Bertalot and Metzeltin
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(1996) and Metzeltin and Lange-Bertalot (1998, 2002).
To determine abundant and dominant species the criterion
of Lobo and Leighton (1986) was followed. Samples are
stored in the Herbarium, at the Natural Science Museum,

Zoobotanical Foundation of Rio Grande do Sul, numbered
HAS 107066 to 107088.

2.3. Abiotic variables and data analysis

The abiotic variables (turbidity, conductivity, pH, dis-
solved oxygen (DO), biochemical oxygen demand (BOD 5
chemical oxygen demand (COD), ammoniacal nitrogen
(NH,), organic nitrogen (Norg), nitrate (NO,-N), nitrite
(NO,-N), total phosphate (PO,T), thermotolerant coli-
forms and total coliforms were analyzed according to the
American Public Health Association — APHA (1992). The
results of the analyses were supplied by the “Departamento
Municipal de Agua e Esgoto” (DMAE).

Inidially, in order to verify the similarity among the
sampling units based on the environmental variables,
cluster analysis was used through Euclidean distance
(Ward’s method) with the abiotic variables transformed
into log x + 1. To identify possible indicator species, the
analysis of habitat specificity for indicator species was
performed (Dufréne and Legendre, 1997), and the Monte
Carlo Test was applied (999 permutations; p < 0.05), where
the indicative values ranged from 0 to 100. The analysis
was applied on the density matrix and the sampling sta-
tions were considered the categorical variable. This method
combines information on the species abundance in a given
group of sampling units and of its occurrence reliability to
the group. For the same purpose, program TWINSPAN
was used (double entry analysis for indicator species), which
consists of a hierarchical technique that concurrently classi-
fies species and samples (Hill, 1979). The analysis followed
the dichotomy levels 2.5; 5.0; 7.5, and 10, preserving the
quantitative information of the data. The software used for
multivariate analyses was the PC-ORD, program version
4.10 for Windows (McCune and Mefford, 1999). The
saprobic classification, oligosaprobic (BOD < 2 mg.L™),
and B-mesosaprobic (BOD < 4 mg.L™) classification was
based on Cox (1996).

3. Results

3.1. Water quality

The abiotic variables analyzed montly at six stations in
the Guaiba Lake from March 2005 to May 2006, showed
that the water was turbid (transparency < 1.1 m), and varied
from slightly acidic pH (6.6) to basic pH (8.3) condictions,
however the stations were different to some variables that
determine organic contamination degrees. The cluster
analysis revealed two large groups (Figure 2). Group I
(GI) includes stations E1, E5, and E6 which presented the
best water quality conditions, with high mean DO values
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Figure 1. Location of the six sampling stations at the Guaiba Lake, in the State of Rio Grande do Sul, Brazil.

(8.13 mg.L"'£0.91), and low BOD, (1.29 mg.L"'£1.10),
conductivity (66.6 pS.cm™ = 15.7), and ammonium values
(0.18 mg.L "' +0.14), and relatively low values of thermotol-
erant coliforms (219 NMP.100 mL" #+ 378) and total coli-
forms (85 NMP.100 mL £+ 3767). Group II (GII), which
includes stations E2, E3, and E4, presented low mean DO
values (6.41 mg.L"'£ 0.85), higher BOD, (2.08 mg.L™'+
0.83), conductivity (82,4 pS.cm™+20.4), and ammonium
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values (0.67 mg.L™' £ 0.34) and more elevated thermotoler-
ant coliforms (15,742 NMP.100 mL"' +21,790) and total
coliforms (100,642 NMP.100 mL' + 105,029).

The BOD, during the sampling period (Table 1)
showed that the Ilha da Pintada (E1), and Lami (EG) sta-
tions were characterized by having less organic contamina-
tion (oligosaprobic); Belem Novo (E5) station as oligo to
[-mesosaprobic, and, the Cais do Porto (E2), Menino Deus
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Figure 2. Dendrogram (euclidean distances) resulting from cluster analysis based on similarities among the abiotic variables.
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Table 1. Mean value (+ standard deviation [sd]), minimum and maximum values of water variables at six sampling stations in the
Guaiba Lake during the four sampling seasons: June/2005-Autumn; September/2005-Winter; November/2005-Spring; February/2006-
Summer (Data supplied by DMAE).

Variables E1 E2 E3 E4 E5 E6
Temperature (°C) 20,6 +£5,85 21,1 +5,66 21,5+5,85 21,5+5,85 21,1 +£6,01 21,8+6,09
15-28 16-28 15-28 15-28 16-27,5 16-27,5
Depth (m) 4,0+0,15 6,7+0,17 9,4+0,74 47+149 4,0+0,54 2,0+0,66
3,8-4,1 6,5-6,8 8,9-10,5 3,1-6,5 3,547 1,3-2,7
Secchi depth (m) 0,5+0,37 0,4+0,14 0,4+0,13 0,5+0,13 0,5+0,10 0,8+0,25
0,2-1,0 0,3-0,6 0,25-0,5 0,3-0,6 0,4-0,6 0,5-1,1
Turbidity (UNT) 37,6 £27,17 31,8+14,8 29,3+ 11,46 27,9 +10,59 27,4 +8,96 29,1+28,10
10-7,3 12-44.8 44,5-18 18-42,5 19-39,1 13-71,2
Conductivity (uS.cm-) 53,7+4,49 88,1+5,97 77,0+ 17,89 71,8+ 1575 67,3+8,43 60,2 £ 21,91
48,2-58,9 81,5-95,8 65,8-103,7 60,6-95 55,6-75,4 29,1-77,4
pH 7,1+0,30 6,9+0,38 7,0+0,29 7,1+0,31 7,5+0,54 754015
6,9-7,5 6,6-7,4 6,7-7,4 6,8-7,5 7,1-8,3 74-1,7
DO (mg.L"0,) 8,0+1,27 6,0+ 0,66 6,5+0,79 6,7 +£0,68 8,5+ 0,61 8,0+0,97
6,6-9,6 54-6,9 57-7,3 6-7,4 7,6-8,9 7-9
DO saturation % 87,8+£4,92 66,5+ 8,35 73,8 +£12,53 76,1+12,33 95+ 10,1 90,0 £2,94
84-95 55-74 61-91 68-94,5 88-110 86-93
BOD (mg.L™' 0,) 0,8+0,43 25+0,88 2,1+0,56 1,5+0,69 1,7+0,70 0,9+0,59
0,2-1,2 1,8-3,6 14-2,7 0,9-2,5 0,8-2,4 0,3-1,6
COD (mg.L"0,) 16,5 + 14,40 17,8+£5,74 14,3+1,98 14,7 +£3,32 13,7+4,94 13,1+2,98
4,8-37,4 13,2-25,8 1,7-16,2 10,1-17,5 9,3-20,4 10,5-16,8
NH, (mg.L"'N) 0,1+0,05 0,7+0,16 0,6+0,46 0,5+0,46 0,3+£0,17 0,2+0,07
0,08-0,2 0,54-0,89 0,28-1,28 0,28-1,23 0,08-0,44 0,1-0,24
Norg (mg.L~" N) 0,3+019 0,4+0,35 0,5+0,18 04+0,28 044045 0,5+0,01
0,12-0,39 0,14-0,64 0,41-0,66 0,25-0,64 0,09-0,73 0,53-0,54
NO,N (mg.L" N) 0,0+ 0,0+0,02 0,0+0,02 0,0£0,02 0,0£0,01 0,0£0,0
0,02-0,02 0,02-0,05 0,02-0,05 0,01-0,04 0,01-0,02 0,02-0,02
NO,-N (mg.L""N) 0,8+0,43 0,7+0,40 0,7+0,09 0,7+£0,12 0,7+0,43 0,8+0,48
0,54-1,48 0,4-1,32 0,58-0,79 0,57-0,86 0,29-1,31 0,08-1,18
PO,T (mg.L"" PO,) 0,1+0,05 0,2+0,07 0,1+0,03 0,3+0,34 0,1£0,01 0,1+0,01
0,05-0,17 0,11-0,28 0,12-0,19 0,12-0,82 0,09-0,11 0,09-0,11
Thermotolerant coliforms 370 +238 22925 + 19685 16150+ 18651 8850+ 4416 553 + 666 15+ 20
(NMP.100 mL™") 170-690 8700-52000 4400-44000 4600-14000 20-1300 1-38
Total coliforms 3250+ 870 114750+ 83136 99500 +81410 52000 + 23051 3550 + 4080 2170 + 3421
(NMP.100 mL-) 2400-4400 28000-200000 28000-170000 32000-84000 1000-9600 340-7300

(E3) and Tristeza (E4) were environments [3-mesosaprobic

environments.
3.2. Community of epilithic diatoms

The community was composed by 49 taxa distributed in
12 families and 23 genera. Encyonema Kiiezing, Gomphonema
Agardh, Navicula Bory and Pinnularia Ehrenberg were the
genera with the highest species richness.

The attributes of community (richness and density) did
not show a relationship with the organic contamination
degree. Richness (Figure 3) was highest at station E2 (mean
of 17 taxa) compared with stations E5 and E6 (mean of 9 to
11 taxa), respectively. The density (Figure 4) varied between
the mean estimates of 25,254 to 36,330 ind.cm™ among
stations E2 and E6, and it was much higher at station EI,
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(mean 110,247 ind.cm™) and lowest at station E6 (mean
3,829 ind.cm™).

As to species distribution, Gomphonema parvulum
(Kiitzing) Kiitzing; Navicula cryptotenella Lange-Bertalot
and Nitzschia palea (Kiitzing ) Smith were present
throughout the study period. The species restricted to
GI, which included stations E1, E5, and E6 with less
organic contamination were: Amphipleura lindheimeri
Grunow, Cocconeis placentula (Ehrenberg) Cleve var.
lineata, Encyonema silesiacum (Bleisch) D.G. Mann,
Encyonema perpusillum (A.Cleve) D.G. Mann, Synedra
goulardii Brébisson, Geissleria aikenensis (Patrick) Torgan
and Oliveira, and Planothidium dubium (Grunow) Round
and Bukhtiyarova. Furthermore, the species exclusive to
GII, which consisted of stations E2, E3, and E4 with a
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higher degree of organic contamination were: Achnantidium
microcephalum Kitzing, Cyclotella meneghiniana Kitzing,
Frustulia saxonica Rabenhorst, Gomphonema mexicanum
Grunow, Neidium sp., Pinnularia microstauron (Ehrenberg)
Cleve, Planothidium frequentissimum (Lange-Bertalot)
Round and Bukhtiyarova, Sellaphora pupula (Kiitzing)
Moreschkowskly, and Surirella angusta Kiitzing.

The abundant taxa of GI were: Encyonema minutum,
Eolimna subminuscula, Eunotia pectinalis, Gomphonema
augur, G. angustatum, G. parvulum, Luticola goeppertiana,
Navicula cryptotenella, Nitzschia palea and Sellaphora
seminulum/Eolimna minima and Syndedra goulardii.

For GII the abundant and/or dominant taxa were
Achnanthidium microcephalum, Eolimna subminuscula,
Gomphonema angustatum, G. augur, G. turris £. coarcrata,
G. mexicamum, G. parvulum, Navicula cryptotenella,
Nitzschia palea, Pinnularia microstauron, Planothidium
[frequentissimum, Sellaphora seminulum, Sellaphora pupula
and Ulnaria ulna, and many of these also occurring abun-
dantly in GI.

Species analysis of species indicating habitat specificity
(Table 2) showed four species: Cocconeis placentula var.
lineata, Encyonema minutum, Eolimna subminuscula and

25 A
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Richness of species

E1 E2 E3 E4 E5 E6

Figure 3. Mean value (+ standard deviation [sd]) of the com-
munity richness from June 2005 to February 2006, at the six
sampling stations in the Guaiba Lake.
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Figure 4. Mean value (+ standard deviation [sd]), of the com-
munity density from June 2005 to February 2006, at six sampling
stations in the Guaiba Lake.
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Navicula cryprotenella, the first since it only occurs at El,
and the others due to their high density at the same sta-
tion, as indicators of water with a lower degree of organic
contamination.

Figure 5 presents the results of the analysis and Twinspan
classification for the diatoms found in the 20 sampling
units, in which six clusters could be identified (G1-G6).
This analysis complemented the habitat specificity analysis
and the similarity analysis between sampling units, distin-
guishing clusters G1, G5, and G6 with species that are more
sensitive to organic contamination from clusters G2, G3,
and G4 with species that are more tolerant to this type of
contamination.

In G1 we have Cocconeis placentula var. lineata, which
was limited to station E1 in autumn and winter 2005, and
Synedra goulardii which was outstanding for its abundance
at G5 and G6, which corresponding to E5 and E6 in the
spring of 2005 and summer of 2006. It is interesting to
note that Encyonema minutum was outstanding in G6 by
its absence at EG.

In G2, G3, and G4 the outstanding ones were
Gomphonema mexicanum, Achnantidium microcephalum and
Gomphonema mexicanum was abundant at stations E2, E3
and E4 and E6, especially in winter, while Achnanthidium
microcephalum was abundant at stations E3 and E4, in
winter and autumn 2006, respectively (Figure 6).

4. Discussion

The epilithic diatoms demonstrated a significant rela-
tionship only with the station E1 by their exclusivity or
by their highest density. Cocconeis placentula var. lineata
(Figure 7) was limited to station E1, whereas Encyonema
minutum (Figure 8), Eolimna subminuscula (Figure 9) and
Navicula cryptotenella (Figure 10) demonstrated their high-
est density at the same station. This fact proved to be species
that can indicate habitat suffer less impact from organic
matter. The Ilha da Pintada (E1) differs from the others by
its position in the Basin, almost exclusively receiving water
from the Jacu{ River, which has the best water quality and
by have the lowest BOD (Table1).

Some results can be confirmed by the literature.
Cocconeis placentula var. lineata was also considered sensi-
tive to organic pollution in Germany rivers (Lange-Bertalot
1979, Krammer; Lange-Bertalot 1986) and in a recent
study on epilithic diatoms influenced by fish farming in the
Antas river (Schneck et al., 2007) where a high density of
this variety occurred at less impacted stations.

Encyonema minutum was also classified by Kobayasi
and Mayama (1989) as a species sensitive to organic pol-
lution. At the Guaiba Lake this species was present in the
majority of the stations; however its high density at E1
makes it likely an indicator of water with a lower degree
of saprobity. This species was considered an indicator of
o-mesosaprobic conditions by Lobo and Torgan (1988) in
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Table 2. Results of indicator species analysis according to Dufréne and Legendre’s (1997).

Species Groups Value Mean S.Dev p*
1 Achnanthidium microcephalum 4 326 42.0 18.23 0.6051
2 A. exiguum 4 18.7 24.0 13.69 0.5591
3 Achnanthes coarctata 4 25.0 30.0 4.08 1.0000
4 Amphipleura lindheimeri 1 25.0 30.0 4.08 1.0000
5 Caloneis sp. 4 25.0 30.0 4.08 1.0000
6 Cocconeis placentula 1 75.0 275 14.12 0.0103*
7 Cyclotella meneghiniana 4 241 33.0 10.76 1.0000
8 Diadesmis confervacea 4 22.1 31.3 11.28 1.0000
9 Encyonema minutum 1 66.3 37.6 10.47 0.0098*
10 E. mesianum 1 20.6 35.7 15.96 0.7818
11 E. perpusillum 5 66.7 292 12.13 0.0636
12 E. silesiacum 1 48.8 29.6 14.55 0.1443
13 Eolimna subminuscula 1 56.4 29.0 12.16 0.0430*
14 Eunotia sp. 2 33.3 30.0 4.08 0.6001
15 E. bilunaris 5 12.9 26.3 13.72 0.7931
16 E. pectinalis 4 18.0 29.5 13.49 0.7906
17 Fragilaria sp. 2 17.5 233 13.74 0.9154
18 Frustulia crassinervia 1 18.2 30.9 14.22 1.0000
19 F. saxonica 2 56.0 30.0 15.04 0.0573
20 Geissleria aikenensis 1 25.0 30.0 4.08 1.0000
21 Gomphonema pseudoaugur 4 31.7 37.3 8.95 0.7715
22 G. turris 4 20.6 322 14.33 0.7891
23 G. gracile 3 44.3 355 11.81 0.2478
24 G. mexicanum 3 315 285 10.08 0.3152
25 G. angustatum 2 39.1 295 12.51 0.1847
26 G. parvulum 1 59.1 56.5 8.96 0.3742
27 G. acuminatum 1 25.0 30.0 4.09 1.0000
28 Luticola goeppertiana 1 455 51.6 20.35 0.5491
29 Navicula pseudoanglica 6 33.3 30.0 4.08 0.6017
30 N. cryptotenella 1 52.6 33.8 6.55 0.0100*
31 N. laevissima 3 23.1 25.7 13.30 0.6635
32 N. radiosa 5 26.7 272 12.76 0.3781
33 N. rostellata 1 37.5 30.3 15.14 0.2651
34 N. symmetrica 1 54.0 33.7 15.04 0.1002
35 Neidium sp. 4 218 31.1 11.42 1.0000
36 Nitzschia clausii 2 714 375 16.56 0.0524
37 N. palea 5 431 46.9 6.72 0.7079
38 Pinnularia acrosphaeria 4 52.0 301 14.00 0.0679
39 P, braunii 4 1.8 25.1 14.37 1.0000
40 P. microstauron 4 37.6 39.1 17.60 0.4764
41 Pinnularia sp. 1 25.0 30.0 4.09 1.0000
42 Planothidium frequentissimum 3 66.7 32.8 10.98 0.0649
43 P, dubium 1 50.0 26.8 12.90 0.1266
44 Sellaphora pupula 4 16.1 34.2 16.38 1.0000
45 S. seminulum 1 276 37.2 14.99 0.7410
46 Surirella angusta 3 33.3 30.0 4.08 0.6008
47 Synedra goulardii 6 374 253 14.54 0.2107
48 Ulnaria ulna 4 25.0 33.6 12.47 0.7896
49 Tryblionella victoriae 2 19.0 22.7 13.91 0.6328

In the classification, species only with (p < 0.05)* were selected. Proportion of randomized trials with indicator value equal to or
exceeding the observed indicator value.
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Figure 5. TWINSPAN analysis classification for 20 sampling units (su). The stations (E) and the seasons of the years (A = autumn,

W = winter, Sp = spring, S = summer) are shown inside the squares.

plankton samples in Guaiba Lake, but this study did not
consider the viability of the cells.

Eolimna subminuscula is considered as less tolerant to
organic pollution according to Lobo and Kobayasi (1990).
Van Dam et al. (1994) classified this species as an indicator
of o-meso/polysaprobic conditions, eutrophic, with low
O, concentrations. Souza (2002) recorded this species in
abundance in Monjolinho River, Sao Paulo, classifying it as
o-mesosaprobic. In Gravataf River, Salomoni et al. (2006)
found a greater density of this species in the more eutro-
phic portion of the river, where domestic and industrial
effluents are discharged, considering it tolerant to organic
pollution. In Guaiba Lake, E. subminuscula also proved be
tolerant to organic contamination; it was abundant at E2
in autumn and winter (Figure 6), but it has high density
at E1, and therefore may be considered an indicator of a
less impacted habitat.

There is some controversy about Navicula cryptotenella =
Navicula radiosa Kiitzing var. tenella (Brébisson) Grunow. It
was considered by Slddec¢ek (1973) and Patrick and Palavage
(1994) as oligosaprobic, occurring in natural water and it is
not tolerant in large amounts of organic pollution. On the
other hand, Van Dam et al. (1994), Salomoni et al. (2006)

Acta Limnol. Bras., 2008, vol. 20, no. 4, p. 313-324.

and Lobo et al. (2002) mentioned this species as tolerant
to a range of conditions, varying from [-mesosaprobic,
o-mesosaprobic, and o-polysaprobic, respectively. In
Guaiba Lake this species was present at every stations, show-
ing a saprobic tolerance, but its maximum density peaks was
in station E1, where the conditions were oligosaprobic.

Encyonema silesiacum was exclusive to E1. These spe-
cies were found in oligo to mesosaprobic waters (Patrick
and Reimer, 1966; Slddec¢ek 1973; Whitmore, 1989; Van
Dam etal., 1994). Gomphonema mexicanum, in our study,
presented an adaptation to the different saprobity condi-
tions, it was abundant at the stations with different organic
contamination degrees. On the other hand, Achnanthidium
microcephalum was abundant at more organic matter im-
pacted stations (E3 and E4).

Synedra goulardii was limited to E5 and E6, but litde
information is available on its ecology. According to Silva-
Benavides (1996) this species prefers waters without organic
pollution and Aguiar and Martau (1979) mentioned that
this species is an oligosaprobic indicators.

Gomphonema parvulum and Nitzschia palea, did not
prove to be indicators species in Guaiba Lake. These species
were present at every stations during the annual cycle and
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Figure 6. Density variation of the diatoms at six sampling stations in the Guaiba Lake, from June/05 to Feb./06 and four sampling
seasons: June/05 — Autumn (A); Sept./05 — Winter (W); Nov./05 — Spring (Sp); Feb./06 — Summer (S).

Acta Limnol. Bras., 2008, vol. 20, no. 4, p. 313-324.



322 Salomoni, SE. and Torgan, LC.

Figures 7-10. 7. Cocconeis placentula var. lineara; 8. Encyonema
minutum; 9. Eolimna subminuscula; and 10. Navicula
cryptotenella.

the highest density of G. parvulum and N. palea (Figure 6)
were found at the oligosaprobic and -mesosaprobic con-
dictions respectively. In more recent studies performed
in Brazilian rivers G. parvulum was also recorded in high
densities in oligosaprobic environments (Rodrigues and
Lobo 2000; Lobo et al. 2002; Souza 2002; Salomoni et al.
20006).

In summary, we can conclude that the richness and den-
sity of the epilithic diatoms could not distinguish environ-
ments with higher or lower organic impact. However, the
indicator species analyses proved be effective in recognizing
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the diatom species that could identify habits with lower
degree of organic contamination in Guaiba Lake.
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