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Benthic diatoms and some enwronmental conditions
ln three lowland streams
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This article reports on the ecological preferences of benthic diatoms in relation to pH, conductivity and organic pollution-
eutrophication and their tolerance spectrums. Three Pampean streams subjected to different human impacts. were studied. The
bottom substrate of these streams is mostly composed of slime-clay with low proportions of gravel and sand ; in consequence,
the epipelon is the most represented benthic community. Samples were taken seasonally between 1997-1998 at 9 sampling sites.
In each sampling station ten sub-samples were collected by pipetting a superﬁcml layer (5-10 mm) of sediment from different
places. Physico-chemical parameters were measured. Considering the ranges of pH, conductivity and organic pollution-eutro-
phication the diatom’s tolerance spectrums were established. 162 diatom species were identified. More than 50 % of species
occurred in sites where the conductivity was lower than 600 uS cm-1. More than 50 % of species had their preference range in
sites with moderate organic matter and nutrient content. Diatom species found show defined preferences for organic pollution-
eutrophication, but show less consistent responses for conductivity and, particularly, hydrogen ions content.

Diatomées benthiques de trois fleuves de plaine et leur répartition en fonction des conditions de milieu

Mots-clés : diatomées benthiques, spectre de tolérance, fleuves de plaine, Argentine.

L'objet de cet article est d'exposer les préférences écologiques des diatomées benthiques en fonction du pH, de la conductivi-

- té, du degre d'eutrophisation et de la pollution organique afin de définir leurs spectres de tolérance. Trois fleuves de la Pampa
soumis a différentes influences humaines ont été choisis.
Le substrat de ces fleuves est le plus souvent constitué par de l'argile limoneuse avec une faible proportion de gravier et de sable ;
par suite, la communauté benthique est surtout représentée par I'épipélon. Des échantillons ont été prélevés dans 9 stations de
1997 a 1998 en fonction des saisons. A chaque station, 10 sous-échantillons étaient récoltés en pipetant la couche superficielle
(5-10 mm) de sédiment en différents endroits. Les principaux paramétres physico-chimiques ont ét¢ mesurés. Le spectre de tolé-
rance des espeéces a été défini en fonction du pH, de la conductivité et du degré d'eutrophisation et de pollution organique. 162

~especes de diatomées ont été identifiées. Plus de 50 % des espéces ont été rencontrées dans les stations ol la conductivité était
inférieure a 600 uS cm-1. Plus de 50 % des espéces montrent une préférence pour les stations ot les teneurs en matiére orga-
nique et en nutriments sont modérées. Les espéces rencontrées se répartissent en fonction du degré de pollution organique et
d'eutrophisation. Par contre, il n'y a pas de répartition nette des especes en fonction de la conductivité et du pH.
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1. Introduction

Diatoms are valuable indicators of environmental
conditions in rivers and streams, because they respond
directly and sensitively to many physical, chemical,
and biological changes in river and stream ecosystems
such as temperature, light, flow, nutrient, conductivity,
organic and inorganic pollution, acidification and gra-
zing (Patrick & Reimer 1966, 1975, Lowe 1974,
Schoeman 1976, Lange-Bertalot 1979, Gasse 1986,
Steinberg & Schiefele 1988, Sabater & Roca 1990,
Descy & Coste 1990, Steinberg & Putz 1991, Van Dam
et al. 1994, Krno 1998, Stevenson & Pan 1999, Ander-
son et al. 1999, Forrester et al. 1999, Pan et al. 2000).
Species autoecology is the basis of the composition
and distribution of the diatom assemblages (Sabater &
Sabater 1988, Wilderman 1984).

Lotic systems traversing the NE of Pampean plain
are affected by the activities and products of agricultu-
re, cattle-raising, and industry. In addition, the most
important urban centre in Argentina is located in this
area. Water quality deterioration is mostly caused by
organic enrichment, nutrients’ input, heavy metals, pa-
thogenic agents, pesticides and herbicides.

The bottom substrate is mostly composed of slime-
clay with low proportions of gravel and sand, except
at the mouth of the rivers and streams where sand can
be dominant. Limestone concretions can be found in
mid or lower sections of certain streams (Gémez &
Licursi 2001). In consequence, the epipelon is the
most represented benthic community in these running
waters.

Go6mez (1998, 1999) and Tangorra et al. (1998) des-
cribed the diatom assemblages, found in epipelon of
Matanza-Riachuelo basin and El Gato stream, and
their relationship with water quality. Gémez & Licursi
(2001) have developed an index (IDP- Diatom Pam-
pean Index) which is based on the sensitivity of the
epipelic diatom assemblages integrating the effect of
organic enrichment and eutrophication.

The purpose of this article is to expose the ecologi-
cal preferences of benthic diatoms in relation with pH,
conductivity and organic pollution-eutrophication and
obtain their tolerance spectrums. For this purpose three
Pampean streams subjected to different human im-
pacts were selected.

2. Material and methods

- Study area

Three pampean plain streams were selected in La
Plata surroundings (Buenos Aires province, Argenti-

ne) (Fig. 1). These systems are subjected to different
human-impacts. . '

The Rodriguez stream, 22 km long, runs across sub-
urban areas exposed to permanent contamination. The
upstream section is subjected to agriculture and cattle
farming, in its medium section there are also the ef-
fluents of a meat factory, and downstream the most im-
portant impact is due to urban activities (sewage di-
scharge insufficiently treated). '

In El Pescado stream, 36 km long, agriculture and
cattle farming are the main activities in the basin.

The El Gato stream runs across an urban and indus-
trialised area along its 21 km. Its contamination is a
complex of industrial effluents discharge (metallurgi-
cal, siderurgical and chemical ones, paper industry)
without previous adequate treatment, agrochemical
compounds, and sewage discharge insufficiently trea-
ted.

The studied streams lack autochthonous riparian ve-
getation ; in headwaters there are few hydrophytes, but
they are abundantly developed downstream. The most
frequent species are Sagittaria montevidensis Cham.
and Schl., Roripa nasturtium-aquaticum (L.) Hayek,
Hidrocleis nymphoides (Wild.) Buchenau, Alternan-
thera filoxeroides (Mart.) Griseb., Hydrocotyle bona-
riensis Lam. and Polygonum punctatum Elliot.

- Sampling collection

The samples were taken seasonally between
1997-1998 at 9 sampling sites distributed in Rodri-
guez, El Pescado and El Gato streams (Fig. 1). In each
sampling station ten sub-samples were collected by pi-
petting (Stevenson 1984, Lowe & Laliberte 1996) a
superficial layer (5-10 mm) of sediment from different
places, following Descy & Coste (1990) recommenda-
tions. Samples were fixed in 4 % formalin. The organic
matter was oxidised with hydrogen peroxide. Clean
diatoms were mounted in Naphrax®, counting up to
300 valves in each sample with an optical microscope
BH Olympus with phase contrast, assessing the relati-
ve abundance of each identified taxa. Diatoms were
determined according to : Hustedt (1930), Patrick &
Reimer (1966, 1975), Krammer & Lange-Bertalot
(1986, 1988, 1991a, & b) and Cox (1996).

- Water analysis

Temperature, dissolved oxygen, conductivity, pH,
turbidity and flow were measured with portable me-
ters. Water samples for the dissolved inorganic nu-
trients analysis were filtered immediately through
glass fibber filters (Whatman GF/C) and together wi-
th samples for BOD5 and COD were stored at 4° C un-
til arrival to the laboratory. Soluble reactive phospho-
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Table 1. Average, maximum and minimum (in brackets) values of physical and chemical characteristics of streams studied.

Tableau 1. Moyennes, maximums et minimums (entre parenthéses) des valeurs des parametres physico-chimiques étudiés.

DO Conductivity COD

: v ; BODsl PRS NH,* NO; NOy pH
mg | 1S cm mg 1 mg I mg PI’  mg NI' mg NI' mg NI
Rodriguez 57 947.2 37.9 15.6 7.4 1505 045 3.76 7.8
(9.8-2.7) (1593.0-299.0) (104.0-10.6) (34.0-3.0) (58.3-0.3) (45.90-0.05) (0.87-0.02) (21.82-0.04) (9.1-7.0)
El Gato 3.4 967.6 4238 13.7 18 - 676 0.22 1.53 8.1
(10.0-0.2) (1354.0476.0) (142.0-12.0) (28.04.0) (4.2:03) (16.18-1.14) (0.78-0.02) (6.31-0.16) (9.2-7.1)
El Pescado 6.3 401.6 414 9.6 0.4 0.37 0.03 0.29 8.3
(8343) (713.0-171.0) (109.04.0) (21.02.0) (1.1-0.1) (0.950.06) (0.09-0.01) (0.84-0.02) (9.3-7.0)
rus, nitrite and ammeoniacal nitrogen, sulphate, carbo- - Spectrums

nate, bicarbonate, chloride, calcium, magnesium, so- .
dium, potassium, BOD5s and COD were determined
following standard procedures (Mackereth et al. 1978,
Tabatabai 1974, APHA 1998). The ionic composition
was represented according to Maucha (1932).

The ranges selected for pH, conductivity and organic
pollution-eutrophication and showed in Table 1, 2 and
3. According to Gémez & Licursi (2001), BODs, PO4
and NH,* showed a close relationship with organic
pollution and eutrophication and are considered as use-

Fig. 1. Map showing the streams studied and location of sampling sites. -

Fig. 1. Localisation des fleuves et des stations de prélévements.
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ful indicators of these phenomena in the Pampean
streams. Using this information diatom’s tolerance
spectrums were established including only species wi-
th a relative frequency greater than or equal to 1 % in
three samples and 5 % at least in one sample.

- Statistical methods

Pearson’s correlation analysis and multiple correla-
tions were used in order to explore the relation among
relative abundant species with variables chosen for the
spectrums (Sokal & Rohlf 1969).

- Granulometric methods

The gravel and sand fraction was determined with
sieves ; the Stoke’s principle was applied for clay and
slime fraction (Depetris 1995).

3. Results

3.1. Water quality

The ionic water composition, in the streams analy-
sed, is sodium-carbonated. In El Gato and Rodriguez
streams the Nat, K+, Mg**, Cl-, CO;=, HCO5- amount
is higher than in El Pescado stream (Fig. 2). Conducti-
vity, BODs, PRS, NH,*, NO;-, NO,= average amounts
increase in El Gato and Rodriguez stream while DO
decreases (Table 1).

These streams can be enriched by organic matter or
minerals, natural means (El Pescado stream), and/or
contamination (El Gato and Rodriguez streams). In El
Pescado stream the high organic matter concentration
coming from macrophyte detritus and humic com-
pounds can increase the COD values.

3.2. Bottom

The analysis of granulometric composition from the-
se streams shows sediments dominance with a diame-
ter 62 - 425 um (44 % of the samples). In 33% of the
samples the sediments are bigger than 425 um and in
the rest of the samples (23 %) the sediments are smal-
ler than 62 pum.

3.3. Ecological preferences

A total of 162 diatom species were identified : 91 in
Rodriguez stream, 43 in El Gato stream and 143 in El
Pescado stream.

According to the established criterion for the selec-
tion 32 species were included in tolerance spectrums.
More than 50 % of species were found in sites where
the conductivity was lower than 600 uS cm-!. Only the
16 % of species were indifferent to the conductivity

(Fig. 3a). The Pearson coefficients (p < 0.05) showed -

that Cocconeis placentula, Nitzschia amphibia, Ach-

1 mea.l

1 mea.ll

Ca2+

C
HCO3-
-, CO32-
SO42-

1 mea.l

Ca2+

Fig. 2. Ionic composition of : a) El Gato stream ; b) El Pescado
stream ; ¢) Rodriguez stream.

Fig. 2. Spectre de la composition ionique des 3 fleuves : a) El Gato ;
b) El Pescado ; ¢) Rodriguez.
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Fig. 3. Ecological preferences of benthic diatoms in the studied streams in relation to : a) conductivity ; b) pH; ¢)
organic pollution and eutrophication. '

Fig 3. Préférences écologiques des diatomées benthiques en fonction de : a) conductivité ; b) pH ; c) pollution or-
ganique et eutrophisation.
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nanthes hungarica, Denticula elegans, Melosira va-
rians, Gomphonema clavatum, Nitzschia frustulum
and N. filiformis were negatively related with conduc-
tivity while Nitzschia palea and N. umbonata were po-
sitively related. Although some of them showed a wi-
de tolerance range to the salt amount in the environ-
ment, their optimum growth was reached in determi-
ned ranges of conductivity eg. Nitzchia palea, N. um-
bonata, Melosira varians (Table 2).

In relation with pH spectrum (Table 3) species did
not show a defined preference in the established ranges
(47 % indifferent species) (Fig. 3b). This fact was sup-
ported by the absence of significant correlation with
this variable. :

The organic pollution and eutrophication spectrum
showed that more than 50 % of species had their prefe-
rence range in sites with moderate organic matter and
nutrient amount (Table 4). The 31 % of the taxa had
their optimum in sites rich in organic matter and nu-
trients (Fig. 3c). Cocconeis placentula, Gomphonema
clavatum, Nitzschia amphibia, N. palea, N. umbonata
and Navicula cryptocephala showed significant
R (p < 0.05). Some species like Nitzschia angustata,
Melosira varians, Fragilaria ulna and N. filiformis ob-
tained r (-) with NH,*, while Gomphonema parvulum
and Nitzschia umbonata obtained r (+) with p < 0.05.

4. Discussion

The hydrochemical composition of the streams ana-
lysed was determined by the nature of the substrate,
the discharges, and point of diffuse source of pollution.
The small streams analysed present filtration and eva-
poration as predominant processes (Sala et al 1983,
Hernandez & Gonzalez 1993). According to Giménez

et al.(1992) the soils in the study area have high so-

dium quantities and the phreatic water is sodic bicar-
bonated. Moreover, the pollution leads to marked
changes in the composition of major elements mainly
in industrial zones (Descy & Empain 1984). In our stu-
dy the Na* amount in El Gato stream and Rodriguez
stream doubled the concentration measured in El Pes-
cado stream. The latter is subject to a lower level of hu-
man-impact (Rodrigues Capitulo 1999).

According to the information obtained from spec-
trums and following the established ranges the species
show defined preferences for organic pollution-eutro-
phication amount. Whilst for conductivity and, parti-
cularly, hydrogen ions amount the species show res-
ponses less consistent, possibly because of the narrow
range of values measured in the streams.

According to the environmental definitions of autoe-
cological classification systems for algae (Stevenson
& Bahls 1999) the diatomological flora found is oligo-
halobic (subclass halophilous), which includes fresh-
water algae with their optimum growth in freshwater-
stimulated by some salt. In relation with pH spectrum
the diatoms studied are mainly alkaliphilic. The ben-
thic diatoms found respond to eutrophic environments
with moderate to high organic pollution according to
Goémez & Licursi (2001).

The results obtained and the extension of new infor-
mation coming from other running waters will allow to
generate a baseline to improve the spectrums, special-
ly for pH and conductivity and will provide a valuable
tool for the identification of indicator species in epipe-
lic assemblages and for the environmental assessments
of running-water from the Pampean area.
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