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ABSTRACT: Ecology of the epilithic diatom community in a low-order stream system of the Guaíba
hydrographical region: subsidies to the environmental monitoring of southern Brazilian aquatic systems. From
the relat ionship between the structure of epi l i thic diatom communit ies in the Schmidt
Stream - a small water course in the Guaíba hydrographical region, RS, Brazil – and changes
in water quality, as well as physical alterations of the environment such as flow, riparian
shading,  width and depth of  the channel ,  th is study aimed to gather subsidies to be
applied in aquatic ecosystem monitoring and conservation programs. Between January
and February 2004, four field trips were conducted to six sampling sites, adding up to 24
samples. Analysis of the epilithic diatom community was carried out on samples scrubbed
off five replicated stones, representing a total area of 125 cm2. Samples were cleaned with
k2Cr207, H2SO4 and HCl prior to the assembly of permanent glass slides. Species distribution
and abundance patterns were explored through the use of the Indicator Species Analysis
and environmental factors inf luencing this configuration were singled out by Canonical
Correspondence Analysis. The results confirmed the preference of the genera Cymbella
and Encyonema for environments where slow current and high luminosity prevail, and the
adaptability of Cocconeis to shading. The species Nitzschia acicularis and Surirella tenera
were found to be good indicators of meso-eutrophic conditions. Encyonema perpusil lum
stood out as a representative of oligo/β -mesossaprobic habitats, while Sellaphora pupula
was abundant in ion- r ich environments.  Compar ing the species responses to oxygen
saturation, BOD, COD, conductivity, total phosphorus, total dissolved solids and turbidity,
two indicator groups were established.
Key-words: periphyton, natural substrata, lotic environments, biomonitoring.

RESUMO: Ecologia da comunidade de diatomáceas epilíticas de um sistema de rio de baixa ordem da
Região Hidrográfica do Guaíba: subsídios ao monitoramento ambiental de ecossistemas aquáticos sul-brasi-
leiros. A partir da relação entre a estrutura da comunidade de diatomáceas epil ít icas de
uma microbacia sul -brasi leira, mudanças na qual idade da água e alterações f ísicas do
meio, como fluxo, sombreamento ripário, largura e profundidade, objetivou-se colher sub-
sídios para aplicação em programas de manejo e conservação de ecossistemas aquáticos.
No verão de 2004 foram realizadas quatro excursões científicas a seis estações, totalizando
24 amostragens. Para o estudo das diatomáceas, uma área de 25 cm2 foi raspada de cinco
rochas submersas,  obtendo-se 125 cm2 por s í t io .  O mater ia l  fo i  oxidado com k2Cr207,
H2SO4 e HCl para confecção de lâminas permanentes. Padrões de distribuição e abundân-
cia das espécies foram explorados através da Análise de Espécies Indicadoras e os fato-
res ambientais responsáveis por esta configuração foram evidenciados pela Análise de
Correspondência Canônica .  Os resul tados conf i rmaram a preferência de Cymbel la  e
Encyonema por ambientes de baixo fluxo e elevada luminosidade, bem como a adaptabi-
lidade de Cocconeis ao sombreamento. Nitzschia acicularis e Surirella tenera revelaram-se
indicadoras de ambientes meso-eutróficos. Encyonema perpusillum destacou-se no habitat
oligo/β -mesossapróbico, e Sellaphora pupula no sítio de maior concentração de eletrólitos.
Pelo cruzamento das respostas das espécies à saturação de ox igênio ,  DBO 5,  DQO,
condutividade, fósforo total, sólidos totais dissolvidos e turbidez, foi possível estabelecer
ainda dois grupos sinalizadores da qualidade da água.
Palavras-chave: perifíton, substrato natural, ambientes lóticos, biomonitoramento.
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Introduction

A thorough knowledge of the structure
and function of periphytic communities is
essent ia l  for  a  bet ter  unders tanding of
freshwater systems; however, this sort of
in format ion in  Braz i l  is  s t i l l  recent ,  and
remains scarce (Oliveira, 1996). Periphytic
communities have yet to be recognised as
key -components  in  the metabol ism of
aquatic systems, mainly in small and shallow
water bodies, abundant in Brazilian territory.
Such lack of  in format ion might  even
compromise the application of conservation
measures and alternatives of environmental
management (Bicudo et al., 1995). Potential
bioindicators are, therefore, under-explored,
and s tud ies wi th  th is  approach are
rest r ic ted,  main ly ,  to  Southern Braz i l ,
emphasising epilithic diatoms (e.g. Lobo &
Cal legaro, 2000; Lobo et al . ,  1996; 2002;
2004a;  2004b;  2004c;  Sa lomoni ,  2004) .
Recently, in the South-East, Mourthé-Junior
(2000) studied epil i thic diatoms related to
water quality in the Velhas River, near Belo
Hor izonte,  capi ta l  of  Minas Gera is State .
Also,  Souza (2002)  researched the same
subject in the Monjol inho River region of
São Carlos, São Paulo State.

Cons idered as e f f ic ient  in format ion
systems in  envi ronmenta l  moni tor ing ,
explored through the analysis of structural
characteristics of the communities, several
auto -ecolog ica l  ind ices –  us ing re la t ive
abundance and ecological preferences of
d ia tom species –  have been widely
developed and put  in to  use in  Europe
(Stevenson & Pan, 1999). These indices are
either based upon detailed characterisation
of communities comprised of several taxa
(Prygiel, 1991) or simple description based
on few genera and species, allowing its use
by non-specialists (Rumeau & Coste, 1988).
Most  of  these indices detect  organic
pol lu t ion (e .g .  Lange-Ber ta lo t ,  1979a)
a l though recent ly ,  Kel ly & Whi t ton ( 1995)
developed a speci f ic  index for  the
evaluat ion of  the t rophic  s ta te  o f  water
systems (recalibrated later by Kelly, 1998).

Along the same lines, in Latin America,
Gómez & Licuirsi (2001) published a regio-
nal water quality evaluation index, for rivers
and s t reams of  the Argent inean Pampa,
denominated Pampean Diatom Index (IDP).
This index is based upon the sensitivity of
the epipelic diatom biocenosis, integrating
ef fects  o f  organic  enr ichment  and
eutrophication.

In Brazil, Lobo et al. (2002) developed
the f i rs t  saprobic system in the country ,
based upon the use of epilithic diatoms for
water quality assessment in lotic systems
of  Southern Braz i l ,  hav ing s tudied 183
samples f rom 31  sampl ing s i tes in  18
s t reams and r ivers  o f  the Guaíba
Hydrographica l  Region.  Th is  s tudy was
complemented by Lobo et  a l .  (2004a) ,
incorporating the eutrophication problem.

However ,  changes to communi ty
s t ructure a long envi ronmenta l  grad ients
have been observed in several systems and
in different scales (e.g. Whittaker, 1967). In
addition, several natural factors have been
considered to cause variations in specific
composit ion of r iver diatom communit ies
(Katoh,  1991 ) .  Current veloci ty ,  d issolved
oxygen and light intensity usually show one
single environmental gradient, varying from
headwaters to the lower regions, known as
the longitudinal “continuum” (Vannote et al.,
1980). A great number of biotic and abiotic
character is t ics  have a l ready been
investigated along these gradients (Naiman
& Sedel l ,  1979;  Minshal l  e t  a l . ,  1983) .
Consequent ly ,  mathemat ica l  ind ices wi l l
have l i t t le  s igni f icance unless the above
mentioned natural variations are taken into
account. Significant changes in community
composition do not necessarily confirm the
hypothesis that pollution events are taking
place. The correct conclusions can only be
reached when species ecology and their
interactions are taken into account (Patrick,
1993) .

Addit ional ly,  mult ivar iate techniques
may revea l  impor tant  fac tors  and
environmental gradients, not known prior
to the analysis. In contrast, biotic indices
are used to eva luate one prev ious ly
determined factor (Lobo et al. , 1995; Lobo
et al., 2002). However, research on diatom
communi t ies us ing the mul t ivar ia te
approach is scarce in Brazi l  (e .g .  Souza,
2002; Lobo et al., 2004a). Even rarer is the
ef fect ive number of  s tud ies concern ing
community variation on less impacted sites,
where natural structural variations are more
evident (e.g. Miranda, 2003). Information on
these aspects is of fundamental importance
in order  to  va l idate  the auto -ecolog ica l
systems.

As well as application on environmental
monitor ing, information about ecological
preferences of indicator species from
quanti tat ive data of present day s tudies ,
aiming to locate optimal development points
and tolerance ranges along environmental
gradients in lakes (e.g. Hall & Smol, 1992)
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and rivers (e.g. O´Connel et al., 1997; Winter
& Duthie, 2000), become efficient reference
sources to  the s tudy of  hydrochemica l
changes in  f reshwater  env i ronments in
paleolimnological research. This knowledge
of ecosystem natural variability, as well as
condi t ions prev ious to  impact ,  may
cont r ibute great ly  to  management
strategies, based on realistic goals for the
recovery of areas impacted by human action
(Reavie e t  a l . ,  1998;  Hal l  &  Smol ,  1999;
Stevenson & Smol, 2002).

An impor tant  cont r ibut ion to  our
understanding of diatom ecology has been
made by Shirata (1985), Moreira Filho et al.
(1990), Torgan & Biancamano (1991) and Moro
& Fürs tenberger  ( 1997) ,  who publ ished
dia tom species cata logues,  l is t ing
envi ronmenta l  requi rements  (such as
sa l in i ty ,  saprobi ty ,  pH,  cur rent ,  hab i ta t ,
trophic state and temperature). In Rio Gran-
de do Sul  S ta te ,  however ,  quant i ta t ive
studies, generating statistically tested data
from epilithic diatoms, on aspects such as
light, current velocity and ionic concentration
are still scarce (e.g. Miranda, 2003).

Therefore, the present research aimed
to investigate the longitudinal variation on
epil i thic diatom community structure in a
low order watershed in the hydrographical
region of Guaíba, Rio Grande do Sul State,

Brazi l ,  in relat ion to  al terat ions in water
quality as well as physical changes, such
as flow, riparian shading, channel width and
depth.

Material and methods

Study area
The Schmidt Stream Hydrographical

Basin has an area of  50.53 km 2 and  i s
located in the central region of Rio Grande
do Sul State, to the East of Santa Cruz do
Sul Municipal Distr ict ,  in a transit ion area
between the Centra l  Lowlands and the
beginnings of the State’s highlands. Its main
course extends for 14.2 km, with its source
located at  52 °24 ’25 ' ’  West  and 29°39 ’ 10 ' ’
South. Its confluence with the River Taquari-
Mirim is located at 52°18’20' ’  West and 29°
40’15 ' ’  South. The range of al t i tude along
the stream course goes from 260 m at the
main source to 59 m at its mouth (Fig. 1) .
The stream runs through sandstone and its
bed is mainly made of cobbles. The climate
is characterised as Cfa – humid sub-tropi-
cal - according to the Köppen classification
(Moreno, 1961).

On 5 th,  13 th,  and 17 th January, and 3 rd

February 2004, field trips were carried out
to six sampling stations - S1 to S6 - along
the Schmidt Stream (Fig. 1 ) ,  adding up to

Figure 1: Map of study area with the location of Schmidt Stream hydrographical basin in Rio Grande do Sul
State, Brazi l ,  contextual ized in the Guaíba Hydrographical Region, and showing the sampling
s i t es .
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24 sampl ings.  At  s ta t ion S1 ,  where the
stream is of first order, the average width
was 1.8 m, and average depth was 6.3 cm.
At stations S2, S4 and S5 the stream is of
second order, and average width equalled
3.3 m, 2 .6 m, and 3.6 m, respect ively.
Average depth was 9.8 cm at S2, 11.7 cm at
S4, and 13.8 cm at S5. Finally, at stations
S3 and S6, the stream is a third order ca-
nal; average width at the former was 6.4 m,
with 29.7 cm of average depth,  whereas
the latter had an average width of 3.2 m,
and 8.5 cm of average depth.

The main activities in the surrounding
area include agriculture - tobacco and rice -
(S1, S5 and S6) as well as cattle farming (S1
and S4) .  There are also i l legal  dwel l ings
located near the stream banks, along the
RS-287 road near S2 and S3.

Physical and chemical analyses
The fo l lowing var iab les were

measured: electric conductivity (COND), %
of O2 saturation (%02), pH, turbidity (TURB),
b iochemica l  oxygen demand (BOD) ,
chemica l  oxygen demand (COD) ,  to ta l
phosphorus (TP) ,  n i t ra te  (NO 3

- ) ,  to ta l
dissolved sol ids (TDS) ,  suspended sol ids
(SS)  and s i l icon (S iO 4

–2 ) .  Sampl ing and
analyses techniques were car r ied out
accord ing to  Amer ican Publ ic  Heal th
Association (1999).

Levels of saprobity were defined after
the chemical classification of Hamm (1969)
and Dworsk i  ( 1982) ,  based on average
values of oxygen saturation defici t  (OSD),
BOD and COD.  The most  cr i t ica l  va lue
def ined the f ina l  c lass i f ica t ion of  the
sampling site.

Other variables measured were depth
of rock substrate,  current veloci ty at  the
same depth where stones were col lected
(using a current meter for shallow waters),
s tone d iameter ,  and channel  width a t
sampl ing s i te  and t ime.  Shading due to
riparian forest was subjectively calculated,
according to Kawencka (1985, 1986) using
a l ightmeter  on an open sky day,  wi th in
one hour and ten minutes from the first to
the last sampling site.

Sampling
At each sampling unit, an area of 25

cm2 was scrubbed off the upper surface of
five submerged stones using a toothbrush,
following Kobayasi & Mayama (1982), Lobo
(1995), Kelly et al. (1998), Miranda (2003) and
Souza (2002). A 125 cm2 composed sample
was thus obtained from each sampling site.
Se lected s tones were f i rs t  sprayed wi th

deionised water in order to remove sand
and sediment layers,  as wel l  as diatoms
associated with these substrates (Round,
1993) .  Samples were then t reated wi th
potassium dichromate, sulphuric acid, and
hydrochloric acid, prior to the assembly of
permanent glass sl ides using Naphrax as
mounting medium. Three drops of ethanol
were placed on the covers l ip dur ing the
drying process, in order to avoid clustered
distribution of cells (Round, 1993).

In order to est imate species density
as the number  o f  va lves per  square
centimetre, the result ing numbers of cells
were mult ip l ied by the conversion factor
given by Souza (2002) and Lobo (1995):

Cf = [ (N 0/N 1)  * (VO 0/VO 1) * (V0/V 1) * (1/A0) ] ,
where:

N0 = total number of transects on the slide;
N1 = number of transects counted on the

sl ide;
VO0 = original sample volume, obtained

from the scrubbed stones;
VO 1 = volume of the sub-sample, used in

the cleaning process;
V0 = volume of the f inal sample, di luted

and cleaned;
V1 = volume of sample used to mount the

glass slide;
A0 = original stone area where the sample

was obtained.

This strategy was adopted instead of
re la t ive abundance,  which is  commonly
used, especially in Brazil and Europe, (e.g.
Lobo et al., 2004a; 2004b; 2004c; Rimet et
al., 2004), following Cox (1998) due to the
great  heterogenei ty  o f  habi ta ts  a t  the
d i f fe rent  sampl ing s i tes .  A l l  ind iv idua ls
found on the s l ide were counted and
identi f ied under l ight microscopy (1 ,000x)
unt i l  a  representa t ive popula t ion was
recorded,  determined by the method of
graph s tab i l isa t ion (B icudo,  1990) .  A
min imum of  90% count ing e f fec t iveness
(Pappas & Stormer, 1996) and 600 valves
were always registered.

Taxa ident i f ica t ion was based on
specia l ised b ib l iography and journa ls .
Permanent  g lass s l ides are kept  a t  the
Limnology Laboratory of the University of
Santa Cruz do Sul (slides EL-918 to EL-940).

Summer was the season of choice for
this research to be conducted, essentially
a iming to generate new in format ion to
improve biomonitoring techniques. This was
based on Kelly et al. (1998), who stated that
the use of diatoms as bioindicators should
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be put to test when water level is lowest,
and expected pol lu tant  concentrat ion is ,
therefore,  h ighest .  Also according to the
same authors, algal communities react more
rapidly to alteration in water quality when
temperature is higher. The same research
st ra tegy has recent ly  been used by
O´Connell et al. (1997), Ghosh & Gaur (1998)
and Soininen et al. (2004).

Statistical analyses
Indicator Species Analysis (Dufrêne &

Legendre,  1997)  was used to explore
species d is t r ibut ion and abundance
standards, applied on the species density
matrix, and using sampling sites (Fig. 1) as
categorical variable.

Subsequently,  Canonical  Cor respon-
dence Analysis (CCA) (Ter Braak, 1986) was
applied, to identify the environmental factors
most influential to species distribution. Score
ordination scale was optimised by species,
selecting for the scatter plot those derived
from the environmental matrix (linear corre-
lation scores) - an option recommended by
Palmer (1993). Data variability was explained
by means of intraset correlations (McCune &
Mefford, 1999), described by Ter Braak (1986)
as immune to the multicolinearity problem.
Monte Carlo Test (999 permutations; p≤0.05)
was used to verify the significance of the
results (whether the values were or not at-
tr ibuted by chance). Log of indicator spe-
cies densities (log |x+1|) and of abiotic vari-
ables, except r iparian shading comprised,
respectively, the biotic and the abiotic data
matr ices. Both analyses were carr ied out
using PC-Ord for Windows version 4.0 soft-
ware (McCune and Mefford, 1999). The abi-
ot ic var iables which showed the highest
correlations with the ordination axes were
selected to characterise the ecological pref-
erences of the diatom species.

As long as ordination is an analysis of
exploratory character, statistical significance
of  the d i f ferences found between
environmental variables were investigated
by means of randomization test using block
design, (Pillar & Orlóci, 1996). Thus, sampling
dates were used as blocks, isolating tem-
poral influence.

Corre la t ions between species and
var iab les were a lso s tud ied through
randomizat ion tes ts .  The cor re la t ion
coef f ic ient  between the var iab les was
ca lcu la ted and tes ted f rom the nu l l
hypothes is  (Ho)  that  there was no
associa t ion between pa i rs  in  10 ,000
iterations (Pillar, 2001). Correlations between
environmental  var iables,  us ing the same
procedure,  were a lso tested when

necessary for better discussion of results.
Randomization tests were carr ied out

with the Multiv 2.1.1 software (Pillar, 2001).

Results

Water quality – physical and chemical
aspects

Table I shows the variation ranges of
physical and chemical variables of water at
the different sampling units of the experi -
mental design.

During the sampling period, the depth
of Schmidt Stream, ranged from 5 cm to 34
cm, and channel width varied from 1.5 m to
6.8 m. Station 3 (S3 - middle course) had
the deepest points as well as the greatest
channel width, as opposed to S1,  (upper
course)  which had the shal lowest  water
column and nar rowest  channel .  Average
stone d iameter  was s imi la r  among a l l
sampling sites. Greatest current velocit ies
were found at stations S5 and S6, - lower
course. At S1 ,  water f low was below the
flow-meter’s detection level (Tab. I).

Water pH was close to neutral in al l
sites, varying from 6.4 to 7.7. Conductivity
and total dissolved solids had the greatest
values at sites S1, S2 and S5. Turbidity was
highest  a t  S1  and S4.  Sampl ing s i te  S3
showed the lowest  average va lue of
suspended sol ids (2 .4 mg L - 1) ,  and the
values of this variable were highest at S1
(9.6 mg L - 1) (Tab. I).

Regarding nut r ients ,  the h ighest
average nitrate concentrations were found
at S2 (888 µg L - 1) and S4 (845 µg L - 1), while
the lowest mean values were registered at
S5 (590 µg L -1). Phosphorus and silicon were
also high at S2 (Tab. I).

Average biochemical oxygen demand
was very low at  a l l  s i tes ( <2 .0 mg L - 1) ;
chemical  oxygen demand,  on the other
hand,  was h igh at  S1  ( 1 1 .0  mg L - 1) .
Never the less undetectable levels  of  th is
variable were found at sites S3, S4, S5 and
S6 (Tab. I). Saturated dissolved oxygen was
highest at S3 and lowest at S1, S2 and S4.
Due to the use of the most cr i t ical value
for classification regarding saprobity, levels
at all sampling sites were defined according
to this latest variable.

Thus, three levels of organical pollution
were identified: oligo/β -mesossaprobic (very
low pollut ion) at si te S3;β -mesossaprobic
(moderate pollution) at sites S5 and S6, and
β /α-mesossaprobic (crit ical pollution) at S1,
S2 and S4.

Results of randomisation tests applied
to abiotic data are given in Table II.
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Table I:  Mean, standard deviation (±) and range (minimum and maximum) of environmental variables at the
sampl ing  s i tes .  (BOD:  B iochemica l  oxygen demand;  COD:  chemica l  oxygen demand;  COND :
Conduct ivi ty;  COORD:  geographical coordinates; D:  density of valves; DEPTH:  r iver depth; DMT:
diameter of stones; LIG: light intensity; NO3

-: nitrate; SiO2
-2: silicon; SS: suspended solids; TDS: total

dissolved solids; TP: total phosphorus; TURB: turbidity; VEL: current velocity; WIDTH: width of river
channel ; %O2: saturated dissolved oxygen).

S1 S2 S3 S4 S5 S6

COORD. (UTM) 22J 0364875 22J 0364734 22J 0367805 22J0368872 22J 0369402 22J 0371301

6718002 6716080 6714323 6711905 6715839 6716076

LIG. (lux) 10000 220 > 50000 2400 4200 3000

COND (µS cm-1) Mean 182(±27) 160(±13) 85(±8) 79(±10) 110(±5) 80(±5)

Min.-Max 153-219 144-173 74-93 65-90 104-116 73-83

% O2 Mean 60.0(±4.0) 61.4(±10.1) 88.1(±6.9) 63.2(±9.8) 74.7(±8.0) 77.6(±7.8)

Min.-Max 55.9-65.0 50.1-74.4 80.2-95.3 52.6-75.0 66.2-81.7 70.0-84.5

pH Mean 7.1(±0.3) 7.1(±0.4) 7.2(±0.6) 7.2(±0.5) 7.2(±0.6) 7.2(±0.5)

Min.-Max. 6.6-7.4 6.6-7.4 6.5-7.7 6.7-7.7 6.4-7.6 6.6-7.7

WIDTH (m) Mean 1.8(±0.2) 3.3(±0.9) 6.4(±0.4) 2.6(±0.4) 3.6(±0.5) 3.2(±0.5)

Min.-Max. 1.5-2.0 1.9-3.9 6.0-6.8 2.2-3.0 3.0-4.1 2.4-3.5

DMT (cm) Mean 17.3(±5.4) 14.4(±1.6) 14.9(±5.5) 14.6(±5.5) 20.1(±5.4) 13.8(±1.4)

Min.-Max. 12.6-25.0 12.5-16.1 6.7-18.4 9.9-22.5 15.4-27.0 12.2-15.5

DEPTH (cm) Mean 6.3(±1.2) 9.8(±1.2) 29.7(±4.5) 11.7(±5.3) 13.8(±2.3) 8.5(±1.3)

Min.-Max. 5.0-7.7 8.3-11.1 24.7-34.1 7.5-19.4 10.5-15.3 6.6-9.3

VEL (cm s-1) Mean <0.1 10.3(±4.0) 6.7(±2.1) 11.2(±2.1) 32.3(±10.1) 50.3(±11.1)

Min.-Max. - 6.6-15.4 4.0-8.8 8.6-13.0 23.0-46.4 40.4-65.6

BOD (mg L-1) Mean 1.8(±2.9) 1.3(±1.2) 0.3(±0.4) 0.6(±0.9) <0.2 0.6(±1.0)

Min.-Max. <0.2-6.1 <0.2-2.8 <0.2-0.9 <0.2-1.8 - <0.2-2.1

COD (mg L-1) Mean 11.0(±1.4) 7.7(±1.1) 5.0(±1.1) 5.1(±0.4) <5.0 7.6(±4.5)

Min.-Max. 9.0-12.1 6.3-8.9 <5.0-6.0 <5.0-5.6 - <5.0-14.2

TP (µg L-1) Mean 26(±13) 76(±15) 30(±5) 30(±8) 26(±6) 26(±9)

Min.-Max. 20-45 59-94 22-33 20-39 20-32 20-39

NO3
- 
(µg L-1) Mean 685(±59) 888(±85) 685(±128) 845(±210) 590(±328) 748(±126)

Min.-Max. 600-730 800-1000 500-780 600-1100 100-800 600-900

TDS (mg L-1) Mean 112.4(±16.4) 95.8(±7.3) 55.9(±9.7) 61.9(±7.1) 72.0(±8.9) 53.3(±8.8)

Min.-Max. 96.0-135.0 89.5-104.5 47.5-69.5 51.5-66.5 59.5-80.0 42.5-63.5

TURB (uT) Mean 16.1(±8.7) 6.2(±1.1) 5.3(±1.7) 20.6(±10.6) 4.4(±1.3) 11.9(±2.9)

Min.-Max. 9.7-28.9 5.3-7.7 4.0-7.7 12.7-35.8 3.4-6.1 8.2-15.1

SS (mg L-1) Mean 9.6(±8.8) 9.3(±4.9) 2.4(±1.3) 8.1(±4.1) 3.8(±1.4) 3.9(±1.5)

Min.-Max. 3.0-22.5 2.0-13.0 1.0-4.0 3.5-12.5 2.0-5.5 2.0-5.5

SiO2
-2 (mg L-1) Mean 19.5(±2.1) 30.8(±16.4) 22.3(±1.1) 18.9(±1.2) 23.8(±1.1) 18.9(±0.4)

Min.-Ma. 16.8-21.5 21.5-55.4 20.7-23.1 17.5-19.9 22.3-24.9 18.3-19.1

D (val/cm2) Mean 35,711(±14,622) 10,610(±3,178) 177,290(±46,893) 6,688(±3,761) 31,142(±24,370) 32,314(±31,157)

Min.-Max. 19,765-54,995 7,176-14,872 126,671-239,693 2,825-10,138 8,856-57,415 2,468-61,537
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Diatom community composition
Diatom community analysis found a

total of 147 species, distributed in 41 gen-
era and 23 famil ies: Achnanthaceae (Ach-
nanthes,  Lemnicola ,  P lanoth id ium) ,  Ach-
nanthidiaceae (Achnanthidium), Naviculace-
ae (Adlafia, Eolimna, Geissleria, Mayamaea,
Navicula, Naviculadicta, Nupela), Amphipleu-
raceae (Amphipleura, Frustulia), Catenulace-
ae (Amphora), Aulacoseiraceae (Aulacosei-
ra), Stauroneidaceae (Carpatograma, Cratic-
ula,  Fistul l i fera) ,  Cocconeidaceae (Cocco-
neis), Stephanodiscaceae (Cyclotella), Cym-
bel laceae (Cymbel la ,  Encyonema,  P laco-
neis), Diadesmidaceae (Diadesmis, Lutico-
la ) ,  Diploneidaceae (Diploneis) ,  Eunotiace-
ae (Eunotia), Sellaphoraceae (Fallacia, Sell-
aphora) ,  Gomphonemataceae (Gomphone-
ma), Pleurosigmataceae (Gyrosigma), Bacil-
lariaceae (Hantzschia, Nitzschia, Tryblionel-
la )  Melos i raceae (Melosi ra ) ,  Ne id iaceae
(Neidium), Pinnulariaceae (Pinnularia) ,  Sur-
irel laceae (Surirel la, Stenopterobia ) ,  Fragi -
lar iaceae (Ulnar ia )  and Thalassiosiraceae
(Thalassiosira).

Lowest average density was registered
at  s ta t ions S2 and S4 ( 10 ,610 and 6 ,688
valves/cm2, respectively), while the highest
values were found at S3 (average of 177,290
valves/cm 2,  wi th  a  maximum of  239,693
valves/cm2), S1 (average 35,711 valves/cm2) ,
S6 (average 32,314 va lves/cm 2) ,  and S5
(average 31,142 valves/cm2) (Tab. I).

Indicator species analysis singled out
31 taxa with abundances and frequencies
signif icantly associated to one of the tes-
ted environments (p≤0.05) .  Six taxa were
indicators of S1, eight of S2, thirteen of S3,
one of S4, two of S5 and again one of S6
(Tab. III; Fig. 2).

Joint analysis and community
environmental preferences

Canonica l  cor respondence ana lys is
explained 51.9% of the data variabil i ty on
the first three axes. According to Ter Braak
and Prentice (1988), such low explicabil i ty
is to be expected in ordination analyses of
ecological data, due to the complexity of
factors determining community structure.
However, species-environment correlations
for  axes 1  ( r=0 .974) ,  2  ( r=0 .965)  and 3
( r=0 .958) ,  ind icated s t rong l inear  re la t i -
onships between epil i thic algae and envi-
ronmental variables. Results of Monte Car-
lo test gave statistical significance (p≤0.05)
to all three ordination axes (Tab. IV).

On the first axis (explaining 23.4% of
the variability) intra-set correlations revealed
as the strongest variables: total phosphorus
(r=-0.748), conductivity (r=-0.634) and total
dissolved solids (r=-0.625), on the negative
end of the axis. Additionally, on the positive
end of axis one, saturated dissolved oxygen
was a s t rong var iab le  ( r=0 .623) .  On the
second axis (explaining 15% of the variability)
in t ra -set  cor re la t ions gave the greatest
weights to total dissolved solids (r=0.519)
and conduct iv i ty  ( r=0 .495) ,  both on the
posi t ive end.  F ina l ly ,  on the th i rd  ax is
(explaining 13.5% of the var iabi l i ty )  there
was a  s t rong pos i t ive  cont r ibut ion f rom
turb id i ty  ( r=0 .750)  and chemica l  oxygen
demand (r=0.626) as well as current velocity
(r=0.703) and channel width ( r= -0.649) on
the negative end (Tab. IV; Fig. 3).

Consequently, while figure 3 shows the
importance of trophic and ionic enrichment
on species distribution and abundance, fi -
gure 4 -  in tersect ion of  axes 3 and 1  -
exhibits the contribution of physical factors
and var iables der ived f rom them, mainly
turbidity and current velocity.

Species envi ronmenta l  preferences
where determined according to the location
of sampling units along the ordination axes
(Figs. 3 and 4). S2, for instance, is situated
near  the negat ive ext reme of  ax is  1 ,
showing greater  a f f in i ty  o f  i ts  ind icator
species for environments with higher levels
of phosphorus and ionic concentration, as
well as higher tolerance for dissolved solids.
In contrast, S3 located closer to the positive
extreme, is characterised by communit ies
typical of well oxygenated habitats.

Figure 4 displays the location of S1 and
S4 on the pos i t ive end of  ax is  3 ,
characterising the taxa present at these sites
as more to lerant  to  habi ta ts  o f  h igher
turbidity, and slower current. The ordination
of  sampl ing un i ts  located c loser  to  the
negative end of this axis - towards which
the vectors  of  cur rent  ve loc i ty ,  channel
width and oxygen saturat ion extended  -
was not  as sharp,  due to the reduced
number of indicator species found at the
si tes where the former var iables had the
highest scores. Still, dissolved oxygen was
an important  factor over the populat ions
found a t  S3 ,  and so was the d i rec t
relat ionship between current velocity and
oxygena t ion  o f  s i t es  S5  and  S6 ,
cons ide r ing  the  s ign i f i can t  co r re la t ion
found (r=0.4;  p=0.04) .

Corre la t ions between species and
abiotic variables (Tab. V) were used to shed
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Table I I I :  Resu l ts  o f  Ind ica tor  Spec ies Ana lys is  us ing sampl ing s i te  as  ca tegor ica l  var iab le  and the
Monte Car lo test  wi th  10 ,000 in teract ions.  Only s ta t is t ica l ly  s ign i f icant  (α≤0.05)  resul ts  are
shown.  Ecological  preferences of epi l i th ic diatom species,  indicat ing di f ferent zones of the
Schmidt Stream Hydrographical Basin, RS, Brazil. C: ionic concentration (1- low [74-93 µS cm - 1] ;
2- intermediate [104-116 µS cm -1]; 3- high [144-219 µS cm -1] . S: Saprobity (1- Oligo/β-mesossaprobic;
2- β -mesossaprobic; 3- β /α-mesossaprobic) .  T: Trophy (1- oligotrophic [< 45 µg L - 1 PT]; 2- meso/
eutrophic [59-94 µg L -1 PT]; IV: indicative value). p=probability that IV obtained by randomization
be as extreme as IV of observed data in 10,000 i terat ions.Ø=requirement not def ined for the
character.

a l igh t  onto which fac tors  or  groups o f
fac tors  were most  in f luent ia l  on the
distribution and abundance of each taxa, in
cases when the environment to which the
taxon was l inked by the indicator species
analysis was determined by more than one
single abiotic variable. This is the case, for
instance, of sampling site S2 which, as well
as its high phosphorus values, showed high

ion concentration. Thus, it was possible to
conclude that the response of the species
Nitzschia acicular is,  for example, is
associated to total phosphorus rather than
conductivity, since significant correlation of
this species was only found with the first
variable (Tab. V).

Following this interpretation, the ecological
classifications were obtained (Tab. III).

Sampling Species IV p C S T 
Unit        

S1 Cymbella tumida (Brébison) Van Heurck  98.4 0.0003 Ø Ø Ø 

S1 Gyrosigma acuminatum (Kützing) Rabenhorst  87.1 0.0011 Ø Ø Ø 

S1 Sellaphora pupula (Kützing) Mereschkowsky  80.2 0.0003 3 3 Ø 

S1 Gomphonema brasiliense Grunow 58.5 0.0391 Ø Ø Ø 

S1 Neidium affine (Ehrenberg) Pfitzer 57.9 0.0164 Ø Ø Ø 

S1 Navicula viridula (Kützing) Ehrenberg 56.5 0.0039 Ø Ø Ø 

S2 Stenopterobia sp. 89.3 0.0004 3 Ø 2 

S2 Navicula angusta Grunow 75.0 0.0109 3 3 2 

S2 
Planothidium rupestoides (Hohn) Round & 
Bakhtiyarova 75.0 0.0138 Ø Ø 2 

S2 Achnanthes sp. 3 68.7 0.0046 3 Ø 2 

S2 Nitzschia acicularis (Kutzing) W. Smith 63.4 0.0063 Ø Ø 2 

S2 Pinnularia sp. Krasske 62.1 0.0059 3 Ø 2 

S2 Tryblionella victoriae Grunow 61.4 0.0340 Ø 3 2 

S2 Surirella tenera Gregory 53.8 0.0225 Ø Ø 2 

S3 Encyonema perpusillum (Cleve) D.G. Mann 98.4 0.0009 1 1 Ø 

S3 
Encyonema silesiacum (Bleich in Rabenhorst) 
D.G. Mann  93.1 0.0002 Ø Ø Ø 

S3 
Adlafia drouetiana (Patrick) Metzeltin & Lange-
Bertalot 80.6 0.0009 Ø Ø Ø 

S3 Luticola goeppertiana (Beisch) D. G. Mann  80.5 0.0007 Ø 1 Ø 

S3 Geissleria aikenensis (Patrick) Torgan & Oliveira  69.0 0.0013 Ø 1 Ø 

S3 Achnanthidium minutissimum (Kützing) Czarnecki 67.8 0.0020 Ø Ø Ø 

S3 Nupela sp. 67.7 0.0011 Ø Ø Ø 

S3 Achnanthes sp. 2  64.7 0.0052 Ø 1 Ø 

S3 Nitzschia amphibia Grunow 64.0 0.0008 Ø Ø Ø 

S3 Eolimna subminuscula (Manguin) Lange-Bertalot  63.4 0.0077 Ø Ø Ø 

S3 Achnanthes exigua Grunow 58.9 0.0013 Ø Ø Ø 

S3 Encyonema mesianum (Cholnoky) D. G. Mann  49.5 0.0478 Ø Ø Ø 

S3 Sellaphora seminulum (Grunow) D.G. Mann  47.7 0.0191 Ø Ø Ø 

S4 Cocconeis fluviatilis Wallace  74.1 0.0093 Ø 3 Ø 

S5 Sellaphora sp. 53.4 0.0155 Ø Ø Ø 

S5 Ulnaria ulna (Nitzsch) Compère  46.9 0.0318 Ø Ø Ø 

S6 Navicula symmetrica Patrick 64.1 0.0465 Ø 2 Ø 
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  Axis 1  Axis 2  Axis 3  

Eigenvalues (µ)     0.174      0.112      0.101  

% of variance explained     23.4       15.0      13.5  

Cumulative % explained     23.4      38.4      51.9  

Pearson correlation (Species-environment)   0.974    0.965    0.958  

Monte Carlo Test (p)  0.0130  0.0260  0.0010  

Eigenvalues  Species-environment correlations 0.0200  0.0260  0.0050  

Variables "intra-set" correlations 
Conductivity  -0.634  0.495  0.323  

Saturated dissolved oxygen 0.623  0.205  -0.544  

pH 0.126  0.241  -0.155  

Turbidity 0.006  -0.289  0.750  

Width of river channel 0.311  -0.209  -0.649  

Diameter of stones 0.056  0.176  -0.045  

River depth 0.433  -0.219  -0.540  

Current velocity 0.132  -0.349  -0.703  

Biochemical oxygen demand -0.384  -0.130  0.315  

Chemical oxygen demand -0.420  0.185  0.626  

Total phosphorus -0.748  -0.129  -0.381  

Nitrate -0.373  -0.270  0.072  

Total dissolved solids -0.625  0.519  0.430  

Suspended solids -0.431  -0.265  0.406  

Silicon -0.482  -0.169  -0.347  

 

Figure 3:  Scatter plot based on Canonical  Correspondence Analysis (CCA).  Ordinat ion of the sampling
uni ts a long axes 1  and 2 (COND: conduct iv i ty ;  TP: tota l  phosphorus;  TDS: tota l  d issolved sol ids ; %O 2 :
percentage of O2 saturation).

Table IV:  Results of Canonical Correspondence Analysis (CCA) using the indicator species matrix and the
physical and chemical variables of the different sampling sites along Schmidt Stream, RS, Brazil.
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Figure 4: Scatter plot based on Canonical Correspondence Analysis (CCA).  Ordinat ion of the sampling
units along axes 3 and 1. (COND: conductivity; COD: chemical oxygen demand; WIDTH: width of
stream at the sampling site; TP: total phosphorus; TDS: total dissolved sol ids; TURB: turbidity;
VEL: current velocity; %O2: percentage of O2 saturation).

Table V: Correlations of indicator species with environmental variables singled out by CCA (COD: chemical
oxygen dernand; COND:  Conduct iv i ty ;  TDS:  tota l  d issolved sol ids;  TP : tota l  phosphorus;  TURB:
turbidity; VEL: current velocity; WIDTH: width of r iver channel; %02:  saturated dissolved oxygen).
* = significant results with α≤ ;0.05. ** = significant results with α≤0.01.

  
Cond 

(µS cm-1) 
% O2 

 
Turb 
(uT) 

Width 
(m) 

Vel 
(cm s-1) 

COD 
(mg L-1) 

TP 
(µg L-1) 

TDS 
(mg L-1) 

Achnanthes exigua -0.16  0.13 -0.29  0.43* -0.05 -0.29  0.13 -0.09 

Achnanthes sp. 2 -0.25  0.54** -0.43*  0.57**  0.10 -0.41*  0.00 -0.14 

Achnanthes sp. 3  0.56** -0.23 -0.34 -0.16 -0.05  0.09  0.60**  0.55** 

Achnanthidium minutissimum  0.08 -0.05  0.03  0.39 -0.49* -0.07  0.00  0.10 

Adlafia drouetiana  0.01  0.28 -0.24  0.45* -0.37 -0.25 -0.21 -0.03 

Cocconeis fluviatilis  0.11 -0.66**  0.53** -0.33 -0.24  0.18  0.22  0.22 

Cymbella tumida  0.67** -0.45*  0.37 -0.53** -0.82**  0.62** -0.04  0.65** 

Encyonema mesianum -0.05  0.20  0.25  0.09 -0.35  0.33 -0.16  0.07 

E. perpusillum -0.43*  0.54** -0.34  0.68**  0.12 -0.43* -0.03 -0.57** 

E. silesiacum -0.14  0.16 -0.11  0.40 -0.26 -0.01 -0.14 -0.31 

Eolimna subminuscula  0.47*  0.17 -0.60**  0.35 -0.45* -0.06  0.10  0.36 

Geissleria aikenensis -0.34  0.67** -0.47*  0.56**  0.07 -0.50* -0.10 -0.18 

Gomphonema brasiliense  0.22  0.26 -0.05 -0.01 -0.40  0.08 -0.25  0.28 

Gyrosigma acuminatum  0.70** -0.44*  0.12 -0.48* -0.59**  0.52**  0.05  0.75** 

Luticola goeppertiana -0.13  0.63** -0.42*  0.48* -0.07 -0.25 -0.18 -0.12 

Navicula angusta  0.44* -0.47* -0.21 -0.01 -0.03  0.24  0.67**  0.32 

N. symmetrica -0.30  0.62** -0.36  0.31  0.36 -0.27 -0.27 -0.20 

N.viridula  0.26 -0.14  0.17 -0.47* -0.30  0.35 -0.28  0.40 

Neidium affine  0.32 -0.28  0.33 -0.43* -0.57**  0.45* -0.08  0.44* 

Nitzschia acicularis  0.19 -0.08 -0.15  0.20  0.13  0.07  0.64**  0.22 

N. amphibia  0.39  0.14 -0.50*  0.43* -0.36  0.10  0.05  0.31 

Nupela sp.  0.06  0.23 -0.32  0.40 -0.12 -0.24  0.33  0.08 

Pinnularia sp.  0.56** -0.30 -0.13 -0.22 -0.10  0.34  0.52**  0.53** 

Planothidium rupestoides  0.37 -0.13 -0.20 -0.01  0.00  0.18  0.75**  0.35 

Sellaphora pupula  0.52* -0.58**  0.41* -0.52** -0.41  0.27 -0.09  0.59** 

S. seminulum  0.01  0.39 -0.38  0.37 -0.28 -0.22 -0.17  0.05 

Sellaphora sp.  -0.10  0.35 -0.49**  0.21  0.41* -0.63* -0.07 -0.05 

Stenopterobia sp.  0.48* -0.31 -0.36  0.03  0.05  0.07  0.72**  0.34 

Surirella tenera  0.13 -0.40  0.07  0.03  0.06  0.11  0.43*  0.28 

Tryblionella victoriae  0.23 -0.58**  0.15 -0.10 -0.02  0.17  0.61**  0.22 
Ulnaria ulna  0.12  0.18 -0.27 -0.08  0.14 -0.27 -0.08  0.22 
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Discussion

Physical and chemical variables
On the hypothetical profile of any lotic

system, the decrease of variables such as
oxygen saturation and current velocity, as
well as the increase of depth, width, oxygen
consumpt ion,  temperature,  nut r ients and
suspended sol ids are usual ly  expected
(Vannote et al., 1980;  Schäfer, 1984; Silva
et al., 1998).

However, the situation found in Schmidt
Stream contradicts theoretical hypotheses
-  more speci f ica l ly ,  regard ing oxygen
saturation, current velocity and suspended
solids. While oxygen saturation was higher
on third order channels, current velocity was
highest at si tes near the confluence with
Taquar i  River ,  where depth and channel
width, on some sampling dates, were even
lower than in second order tributaries (Tab.
I ) .  Such uncharacter is t ic  features of  the
lower  por t ion o f  the s t ream may be a
consequence of land use and occupation
around i ts  course,  where i r r iga ted r ice
cul tures and a ser ies of  smal l  reservoirs
bui l t  by farmers have al tered the natural
hydrodynamic of the channel.

Schmidt  s t ream is ,  ac tua l ly ,  a
hydrographica l  bas in  o f  incomple te
zonat ion, where the theory presented by
Vanote et al. (1980) has limited application.
Moreover, the stream ends on the middle
course of Taquari-Mirim River, which, in turn,
turns out its waters into the middle reach
of the Taquari River.

According to Vannote et  a l .  ( 1980) ,
headwater  s t reams a l low the greatest
interaction with the surrounding landscape
along a lo t ic  system;  hence,  they are
predominantly col lectors,  processors and
carr iers of material  or iginated in the land
system.  Consequent ly ,  the s ign i f icant
increase in total dissolved sol ids at si tes
S1 and S2 (Tab.  I  and I I )  i l lus t ra tes the
important role played by superficial drainage
on e lect ro ly te  input  to  the water.  Th is
process is more prominent at sites located
c loser  to  the main source of  Schmidt
Stream, as the primary land use activity is
growth of grazing fields for dairy farming.

Whitton (1975) separates the increase
of phosphorus concentrat ion in water by
natural  causes (e.g.  weather ing of rocks)
from that caused by man, since the later is
usually linked to nitrogen increase. At site
S2, where the highest phosphorus levels
were found,  one of  the h ighest  average

nitrogen levels of the whole sampling period
was concomitant ly  reg is tered.  Between
si tes S1  and S2,  the s t ream receives
domestic effluents from a small village, as
wel l  as ef f luent  f rom farm houses.  I t  is ,
therefore, possible to infer that the increase
of phosphate between these si tes is due
to human occupation.

Severa l  t r ibutar ies  or ig inat ing in
regions of preserved forests reach the main
course before the th i rd sampl ing s i te ,
contributing to the dilution of solids carried
from upstream (Fig. 1, Tab. I).

Diatom community
Hi l l  ( 1996)  postu la ted that  a lga l

biomass in streams is often related to the
level of canopy development of the riparian
forest. In some cases, biomass determined
by chlorophyll-a on open habitats may reach
four to six t imes the values found where
t ree shading by r ipar ian vegeta t ion is
greater .  Besides,  Lamb & Lowe (1987)
demonstrated that diatom cell density may
be up to three times higher at low current
veloci ty si tes (15 cm s - 1) ,  than at s i tes of
more rapid waters (40 cm s-1). This proclivity,
however, was not confirmed by the present
study, s ince no signi f icant di f ferences of
diatom cell density were found between S1
and S6, si tes of contrast ing f low regimes
(Tab. II).

B iomass a t  sampl ing s i te  S3,
calculated from average valve density, was
26 times greater than biomass at S4, and
16 t imes greater than values found at S2
(Tab. I  and I I ) ,  the latter two being highly
shaded envi ronments (Tab.  I ) .  Thus,
fluctuations of density appear to be primarily
reflecting the community response to light
energy availabil i ty.

Hill (1996) also pointed out the indirect
effects of l ight on community architecture
which,  u l t imate ly ,  in f luences communi ty
composi t ion.  Wi th increments in  ver t ica l
s t ructure caused by enhancement  o f
primary production, there may be selection
pressure, favouring species which are able
to extend above or  move among the
periphytic matrix. Such circumstances were
verified at sampling sites S1 and S3, which
had the greatest light incidence among the
selected sampl ing s ta t ions (Tab.  I ) ,  and
where the most  express ive ind icat ive
values were given to species of the genera
Cymbella and Encyonema (Tab. III).

According to Admiral & Peletier (1979),
facultat ive heterotrophic species, such as
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representatives of the genera Nitzschia and
Navicula,  make use of this feature under
low l ight  reg imes;  th is  may expla in  the
predominance of Ni tzschia acicular is and
Trybl ionel la  v ic tor iae (S in .  N i tzsch ia
levidensis var. victoriae) at station S2, the
most shaded site (Tab. I).

On the other  hand,  the decrease of
species significantly associated to stations
S5 and S6, shown by the indicator species
analys is  (Tab.  I I I ) ,  re f lects  the negat ive
influence of high current velocity over the
communi ty .  At  such envi ronments,  a b i -
dimensional structure prevails, determined
by prostrate or apically attached species,
the ones that ,  accord ing to  Stevenson
(1996) ,  a re  best  adapted to  s i tes where
intense flow predominates. In contrast, taxa
as Cymbel la  tumida (S in .  Cocconema
tumidum Brébisson in Kütz ing;  Cymbel la
s tomatophora  Grunow)  and Encyonema
perpusillum (Sin. Cymbella perpusilla Cleve),
wi th weak f ixat ion s t ructures,  are easi ly
dis lodged and are,  therefore,  associated
with sites of lower current velocities.

Hence,  the genera Encyonema and
Cymbel la  met ,  a t  s ta t ions S1  and S3,
favourable condi t ions of  low cur rent
velocity, aiding their development (Tab. I ) .
Therefore, due to their anatomic structure,
which guarantees greater competitive ability
on the use of avai lable l ight energy ( foot
and muci lage tube) ,  they surpassed the
development of species composing lower
s t ra ta ,  and estab l ished themselves as
dominant colonizers.

Marga lé f  ( 1983)  po in ted out  tha t
suspended materials accumulating in river
zones of low velocity are colonized by algae
of slow sliding motion, such as Nitzschia,
Navicula, Pinnularia, Surirella, Stenopterobia
and Gyrosigma. Supporting this postulate,
the genera listed above were found in high
numbers at sampling stat ions S1 and S2,
environments where the lowest f low and
highest concentrations of suspended solids
were registered (Tab. I and III).

 Factors determining the predominance
of Cocconeis fluviati l is at S4 may also be
emphasised. Even though Cocconeis is a
genus usually referred to as characteristic
of  h igh f low habi ta ts  (e .g .  Opshal  e t  a l . ,
2003), in Schmidt Stream, flow did not seem
to be a major variable determining the high
indicator value of Cocconeis fluviatilis. This
comes on account of the similarity of flow
values among S2,  S3 and S4,  and the
absence of significant differences between

these sampling si tes (Tab. I I ) ,  as wel l  as
the lack of correlation of this species with
current velocity (Tab. V).

Studying the ef fects of  shading by a
bridge on the benthic algal community of
the River  Olczysk i  in  Pol land,  Kawecka
(1985, 1986) ,  found posi t ive development
numbers for  the genus Cocconeis  (C .
placentula var. euglypta, in this case) under
reduced l ight  condi t ions ,  conf i rming
prev ious research data that  showed
extensive populations of this species only
in mounta in s t reams wi th in tact  r ipar ian
forest  (Kawecka,  1980) .  Fur thermore,
Robinson & Rushfor th ( 1987)  found good
adaptab i l i ty  o f  Cocconeis  to  shaded
environments which were also affected by
substrate disturbance.

Considering the above, along with the
data shown in Table I - which define S4 as
a habi ta t  o f  h igh r ipar ian shading and
turbidity - the light gradient may be singled
out  as one of  the major  var iab les
determining distribution and abundance of
th is  species in  the Schmidt  S t ream
hydrographical basin. Other elements such
as grazing by macroinvertebrates may also
inf luence these patterns. This postulat ion
is based on previous studies of periphytic
communi t ies .  For  instance,  Moore ( 1975)
work ing on  an Engl ish r iver ,  found that
Cocconeis placentula was barely affected
by grazing, compared to other diatoms, due
to its adnate habit and strong adherence to
substrata .  According to Ste inman ( 1992) ,
prostrate forms such as Cocconeis are well
adapted to hard graz ing pressure whi le
bigger forms, with vertical growth, are more
susceptible to i ts effects. Further studies
regarding the influence of these variables
over the periphytic diatom community are
needed in order to clarify this question.

Environmental preferences of indicator
species, emphasizing biomonitoring

Progress ive decrease of  oxygen
saturation and increase of biochemical as
well as chemical oxygen demand are usual
ind icators  o f  organic  po l lu t ion in  water
systems (Branco & Necchi Jr., 1997; Silva et
al., 1998). Conductivity, on the other hand,
is said to be an efficient indicator of nutrient
enrichment, since the ions determining its
intensity are not involved in biological pro-
cesses, and are less susceptible to relative
osc i l la t ions than nut r ients  themselves
(Biggs, 1995; Soininen et al., 2004). Sudden
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changes of phosphate concentrations, along
with increase of nitrogen ions indicate arti-
f ic ia l  eut rophicat ion processes (Whi t ton,
1975; Esteves,  1998) .  F inal ly ,  increase in
turbidity and total dissolved solids indicate,
in  water  qua l i ty  eva luat ion s tud ies ,
environmental degeneration (COMITESINOS,
1990, 1993; DMAE, 2003).

Based on these s ta tements and
cross ing species responses wi th the
var iables ment ioned (Tab.  V) ,  two water
qual i ty s ignal l ing groups for the Schmidt
Stream were out l ined: Achnanthes sp. 3,
Cocconeis  f luv ia t i l i s ,  Nav icu la  angusta ,
Nitzschia acicularis, Tryblionella victoriae,
Pinnular ia sp.,  P lanothidium rupestoides,
Se l laphora pupula  (S in .  Nav icu la  pupula
Kütz ing) ,  S tenopterobia sp . and Sur i re l la
tenera, related to zones of human impact
and Achnanthes sp.  2,  Encyonema
perpusi lum, Geiss ler ia  a ikenensis  (S in .
Geiss ler ia  schimid iae Lange-Ber ta lo t ,
Navicu la a ikenensis  Patr ick ) ,  Lu t ico la
goeppert iana (Sin.  Navicula goeppert iana
(Bleisch) H. L. Smith), Navicula symmetrica
and Ni tzschia amphibia,  character is t ic of
environments with low mineral and organic
content as well as high oxygen levels.

Sur i re l la  tenera  has a l ready been
referred to as a species character ist ic of
contextually meso-eutrophic waters by Van
Dam et  a l .  ( 1994) .  S imi lar ly ,  N i tzsch ia
acicularis characterised these environments,
according to Van Dam et al. (1994), Lelan &
Porter (2000) and Winter & Duthie (2000).

Wetzel  et  a l .  (2002) ,  work ing in the
upper ,  middle,  and lower courses of  the
River Pardo hydrographical basin, RS, Brazil,
registered mean total phosphorous values
of 13, 54 and 134 µg L - 1  TP respectively, in
three months of  sampl ing .  Af ter  the
application of the Indicator Species Analysis
(Dufrêne & Legendre,  1997) ,  Se l laphora
pupula (Sin. Navicula pupula Kützing) was
associa ted wi th  the lower  courses .  In
addi t ion ,  Lobo et  a l .  (2004a;  2004b)
regarded S .  pupula  as character is t ic  o f
sampl ing s i tes where to ta l  phosphorus
averaged 82 µg L - 1.  The preference of  S .
pupula for  more eut rophic envi ronments
was also recorded by Lobo et al (2004c),
through the s tudy of  the urban s t reams
Condor and Capivara, in the City of Porto
Alegre, RS, Brazil. Total phosphorus average
in the former equalled 119 µg L - 1, whereas
the later averaged 454 µg L - 1 for the same
variable. S. pupula was therefore associated
only with Capivara Stream.

In the Schmidt st ream, nevertheless,
S.  pupula d id not  show such af f in i ty  for
eutrophic waters, being more abundant and
frequent at S1, a less eutrophic site, where
conductivity is high (tab. I and III). Surveys
carr ied out in the Guaíba hydrographical
basin (Wetzel  e t  a l . ,  2002;  Lobo et  a l . ,
2004c) supported the referred preference
of  Se l laphora pupula  for  s i tes of  h igher
electrolyte concentrat ion, s ince the most
eutrophic sites in those studies were also
the ones wi th the h ighest  conduct iv i ty
values.

I t  is therefore, possible to infer that
the response of  th is  popula t ion is
determined not by phosphorus availabil i ty
in the environment, but instead by the set
of  non-speci f ic  ions which increase
conduct iv i ty  leve ls .  Th is  hypothes is  is
sustained by the lack of correlation of this
species with total phosphorus as well  as
by its positive association with conductivity
(Tab. V).

Van Dam et  a l .  ( 1994) ,  based upon
Lange-Berta lot  ( 1978;  1979b) ,  establ ished
f ive water  qua l i ty  c lasses ,  jo in ing up
oligossaprobic with oligo/β -mesossaprobic
and β /α-mesossaprobic with α-mesossaprobic.
Data  f rom the Schmidt  s t ream have
conf i rmed Encyonema perpusi lum as an
oligo/β -mesossaprobic species.

The envi ronmenta l  response of
Achnanth id ium minut iss imum (S in .
Achnanthes minutissima), Cymbella tumida,
Eol imna subminuscula  (S in .  Nav icu la
subminuscula  Manguin ) ,  Gyros igma
acuminatum, Neidium affine and Sellaphora
sp. to chemical stressors was masked by their
correlat ion with current velocity (Tab. V) .
Regarding Encyonema mesianum,
Encyonema s i les iacum, Gomphonema
bras i l iense,  Nupela  sp. ,  Se l laphora
seminulum (S in .  Nav icu la  seminu lum
Grunow) and Ulnaria ulna (Sin. Synedra ulna
(Nitzsch) Ehrenberg; Fragilaria ulna (Nitzsch)
Lange-Bertalot  var .  u lna) ,  no corre lat ions
with the main variables given by the CCA
ordinat ion were found (Tab.  V ) .  These
species have, therefore, been considered
of low descriptive potential within this par-
ticular hydrographical basin.

I t  must  be poin ted out  that  the
classification given hereby is a tentative one,
evolving in concert with other bioindication
techniques,  as the unders tanding of  the
in teract ions between water  qual i ty  and
community integri ty increases (Hi l l  et al . ,
2000) .  Thus,  the permanent  rev is ion of
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species environmental  requirements is  a
fundamental aid to validation and calibration
of specific tolerances (Lobo et al., 2004c).
Moreover, Van Dam et al . ( 1994) ,  quot ing
Lange-Berta lot  ( 1978,  1979b) ,  pointed out
that  the appearance of  spec ies h igh ly
tolerant to organic pollution cannot indicate,
by i tse l f ,  h igh ly  saprobic  env i ronments ,
s ince taxa d is t r ibut ion is  not  l imi ted by
decreases in  saprobi ty ,  but  by the
increasing degradation of the system. On
the other hand, the presence of taxa not
to le rant  to  h igh po l lu t ion leve ls  may be
considered evidence of i ts absence. May
be c i ted as examples of  th is  s i tuat ion,
Sel laphora seminulum, widely referred to
as to lerant  to  organ ic  po l lu t ion and
eut rophicat ion (Lange-Ber ta lo t ,  1979a;
Kobayas i  & Mayama,  1982;  Kobayas i  &
Mayama, 1989; Van Dam et al., 1994; Lobo
et  a l . ,  2002;  Lobo et  a l . ,  2004a;  2004b;
2004c; Rimet et al., 2004; Salomoni, 2004),
and Lut ico la  goepper t iana,  descr ibed as
res is tant  to  organic  po l lu t ion by Lange-
Bertalot (1979a), Van Dam et al. (1994), Lobo
et a l .  (2002) and Salomoni (2004) .  In the
Schmidt  St ream, however,  these species
were found in oligotrophic and oligosaprobic
waters, mainly at sampling site S3.
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