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ABSTRACT
Benthic macroinvertebrate tolerance to water acidity in the Grande river sub-basin (San Luis, Argentina)

Acidic stress induces multiple adverse effects on the benthic macroinvertebrate community. The methods used to assess the
taxa tolerance limit are based on qualitative relations between species at different pH values. The aim of this work was to
estimate the tolerance of benthic macroinvertebrates to water acidification. Four sampling stations were established in the
sub-basin of the Grande River, three of them (G, G, and G3) on the Grande River and one (C) in one of its tributaries, the
Carolina Stream, which receives the acid drainage of an abandoned gold mine. Sample collection (n = 24) was carried out
with a Surber net and recorded bimonthly between May 1997 and December 1998. The tolerance limit (TL), the optimal pH,
the tolerance range (TR) and the acidification index (AI) were calculated for each taxon. pH values ranged between 3.6 and
9.6. Sixty eight taxa were identified and separated into three groups, according to the TL: > 5.5 with 50 %, an intermediate
group with a value of 5.5 and the remaining ones (40 %) with values < 4.7. Several acid-sensitive taxa were not present in
station C. Dipterans presented higher tolerance to acidity. The application of the acidification index (Al) resulted in category
1 (not acidified) in Gy, Gy, and G3 and in category 0.5 (acidity episodes) in C.

Key words: pH, tolerance limit, benthic macroinvertebrates, acid stress.

RESUMEN

Tolerancia de los macroinvertebrados bentonicos a la acidificacion del agua en la subcuenca del rio Grande (San Luis-
Argentina)

El estrés dcido induce efectos miiltiples perjudiciales para la comunidad de macroinvertebrados bentonicos. Los métodos que
valoran el limite de tolerancia de los taxones, se basan en relaciones cualitativas de especies a diferentes pH. El objetivo de
este trabajo fue estimar la tolerancia de los macroinvertebrados bentonicos a la acidificacion del agua. Se establecieron 4
estaciones de muestreo en la subcuenca del rio Grande, tres de ellas (G;, G2 y G3) sobre en rio grande y una (C) en uno de
sus afluentes, el arroyo Carolina que recibe el drenaje dcido de una mina de oro abandonada. La recoleccion de las muestras
(n = 24) se realizo con red de Surber bimensualmente entre mayo/97 y diciembre/98. Para cada taxon se estimd el limite de
tolerancia (LT), el pH dptimo, el rango de tolerancia (RT) y el indice de acidificacion (RI). El rango de pH varié entre 3.6-9.6.
Se registraron 68 taxones se separaron en tres grupos teniendo en cuenta el LT: > 5.5 con un 50 %, un grupo intermedio con
un valor de 5.5 y los restantes (40 %) con valores < 4.7. Varios taxones dcido sensibles no estuvieron presentes en la estacion
C. Los dipteros presentaron mayor tolerancia a la acidez. La aplicacion de IA resulto categoria 1 (sin acidificar) en Gy, G2 y
G3 y con categoria 0.5 (episodios de acidez) en C.

Palabras clave: pH, limite de tolerancia, macroinvertebrados bentonicos, estrés dcido.
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INTRODUCTION

Stream acidification, an increasing and well-
known environmental problem, is a consequence
of the entrance into the system of substances that
surpass the limit of the water buffer capacity,
thus producing a decrease in its pH (Jeffries &
Mills, 1990). One of the causes for this acidi-
fication is acid mine drainage (AMD), whose
chemical composition depends on the surround-
ing geology (Aslibekian, 1999). The mixture of
these drainages with the natural waters of rivers
or streams causes an important impact on the
chemistry and biology of these ecosystems since
the acidity and the dissolved metals produce sig-
nificant problems in the water quality, turning it
toxic for the aquatic life (Hare, 1992; Herrmann
et al., 1993; Vuori, 1995). These effects can con-
tinue for many years after the mine activity has
ended (Cairns et al., 1971).

Several studies have demonstrated a strong re-
lation between water acidity and the composition
of the macroinvertebrate community (Raddum et
al., 1988; Mulholland et al., 1992; Herrmann et
al., 1993; Winterbour & Mc Diffett, 1996; Earle
& Callaghan, 1998; Varner, 2001).

There are differents methods for the assess-
ment of taxa tolerance limits to pH, and they
are based on the presence or absence of species
at different pH values (Raddum et al,. 1988).
Himaéldinen & Huttunen (1990) have applied
multivariate methods to infer the minimum pH of
a stream from the macroinvertebrate community.

In Argentina there are few antecedents about
this problem. There is a study on the Quebrada
Minas River (Andalgald River basin, Catamarca
province) which has shown a pH of 3 due to a
mine acid drainage (Gonzélez & Lavilla, 1999),
where Chironomidae were found almost exclu-
sively (Grosso et al., 1999). In the Carolina
stream (Quinto River basin, San Luis province)
Tripole et al. (2006) have found changes in the
macroinvertebrate community, such as a decrease
in its abundance and richness, and a replacement
by more tolerant species.

The purpose of this study was to determine
the tolerance of benthic macroinvertebrates

to water acidification in the Grande River
sub-basin (San Luis-Argentina).

MATERIALS AND METHODS

The study was carried out in the Grande River
sub-basin, which starts at 2.160 m a.s.l. near La
Carolina village and flows south 30.6 km to
the Quinto River at 1.070 m a.s.l. The Grande
River is a 6! order river whose basin includes
291.3 km?. One of the river tributaries, the Ca-
rolina stream, receives the acid drainage of an
ancient gold mine abandoned during the first
decades of the 20™ century. In this region, rains
mostly occur from October to March.

Four sampling sites were established for the
study (Fig. 1), three of them in the Grande River
(G4, G, and G3) and the other in the Carolina
stream (C), which is located downstream from
the acid drainage. The G site is located up-
stream the river confluence with the Carolina
stream whereas the other two are located down-
stream from it. The samplings were carried out
bimonthly from May 1997 to March 1998.

The sampling stations selected were similar,
especially in the substrate type with predomi-
nance of grave and sand, and with scarce aquatic
and riverside vegetation.

To estimate the hydraulic parameters of the
riverbed, two transversal transects were done to
measure width and depth every 30 cm. Surface
current velocity was measured using a floater
three times every 5 m and averaging the mea-
sures. Flows were calculated using mean data
for depth, width and, current velocity. Tempera-
ture (accuracy + 0.5° C), conductivity (accuracy
+ 1 %), and pH (accuracy + 0.01 pH) were mea-
sured in situ using CONSORT C532 portable
sensors. Water samples for the chemical analy-
ses were collected in polythene bottles and trans-
ported to the lab where alkalinity was deter-
mined using a potentiometric titration method
(ORION 940-960) and sulphuric acid as reagent
titre. Hardness was determined using an EDTA
titration and Eriochrome black T as an indicator.

The design for field sampling was stratified
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Figure 1.

Sampling sites established in the Grande River G;, G, and Gs, and the Carolina stream C before and after the acid

drainage of an abandoned gold mine. Sitios de muestreo sobre el rio de Grande G;, G, y G y el arroyo Carolina C antes 'y después

del drenaje dcido de una mina de oro abandonada.

at random. Samples of benthic macroinverte-
brates were obtained using Surber samplers (with
an area of 0.09 m*> and 300 um net mesh size).
Three pseudo-replicates were taken from each
station (72 samples in all) and averaged for
the analysis. The material was fixed in situ
and preserved in alcohol (70 %). The organisms

were isolated under the microscope, and the
counts were carried out considering the complete
sample. The organisms identification was done
up to family and/or genus or species level since
the taxonomic definition level would not signifi-
cantly affect the final results.

The mean values, standard deviation, and



32 Tripole et al.

Table 1.

Number of taxa and percentage of contribution of the insects in relation to non-insects in the sites studied in the sub-basin

in the Grande River (San Luis). Niimero de taxones y porcentaje de contribucion de los insectos con respecto a los no insectos en los

sitios estudiados de la subcuenca del rio Grande.

Gy G, G; C
pH=6.8-9.5 pH=06.7-8.6 pH=6.8-8.5 pH=3.6-5.5
Hydroidea 1 1 1 1
Tricladida 1 1 1
Basommatophora 2 2 2
Oligochaeta 9 9 7 6
Amphipoda 1 1
Ephemeroptera 5 6 6 1
Odonata 3 4 3 2
Heteroptera 5 1 2 2
Trichoptera 9 7 5 1
Lepidoptera 1 1 1
Coleoptera 11 7 8 9
Diptera 10 9 8 12
% of insects 76 73 73 79
value ranges were calculated for the different RESULTS

variables of each station. Each station’s pH was
correlated with the flow.

According to Hamildinen & Huttnen (1990),
the tolerance limit (TL) is defined as the low-
est pH value at which the taxon is found; the
optimal pH was defined as the pH mean value
and the tolerance range (TR) as the standard de-
viation. The TL, the optimal pH, and the TR
were estimated for each taxon.

The acidification index (Al) proposed by Rad-
dum et al. (1988) to infer the river acidifica-
tion state considering the observed organisms
was calculated. This index uses a hierarchi-
cal system, which attributes a category to the
species according to their acidity tolerance. Con-
sidering the TL, the organisms were ordered in
four categories: category 1 (environment with-
out acidification) at a pH higher than 5.5; cate-
gory 0.5 (with acidity episodes) with a pH be-
tween 5.5 and 5; category 0.25 (marked acid-
ity) with pH values between 5 and 4.7, and ca-
tegory O (highly acidified) with a pH lower than
4.7. To infer the condition of each site, an aci-
dification number was assigned taking into ac-
count the presence of organisms with a higher
tolerance limit as an indicator of higher pH.

The relative abundance of insects in relation
to non-insects was calculated considering the to-
tal benthic taxa (Table 1).

The characterization of each sample station with
the geographical features and hydrological, phy-
sical and chemical variables is shown in Table 2.

The mine acid drainage produced a decrease
in the pH values and in the total alkalinity
below the detection limit (<0.1 mg/L of
CaCQO3) in the studied stream section. Total
hardness increased by an average of 173.5 %
65.2 mg/LL of CO;Ca as a result of the mineral
erosion. An increase in the ionic concentration,
reflected in the specific conductivity values
whose average increased in relation to the other
stations, was also observed (Table 2).

The comparison of pH mean values showed
significant differences between the reference sta-
tions and station C with a marked decrease in the
latter (Fig. 2 and Table 2).

The estimated values of TL, Al, optimal pH,
and pH range can be observed in Table 3. Sixty-
eight taxa were identified and were separated in
three groups keeping in mind the TL: > 5.5 with
50 %, an intermediate group with a value of 5.5
and the remaining ones (40 %) with values < 4.7.
The acid-sensitive taxa absent in station C were:
turbellaria, gastropods, crustaceans, lepidoptera,
trichoptera (except for Metrichia neotropicalis)
and ephemeroptera (except for Caenis sp.) (Table
3). Dipterans exhibited higher tolerance to acidi-
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Table 2. Geographical parameters and mean values, standard deviation, and range of the physical and chemical variables of the
sites studied in the sub-basin in the Grande River (San Luis). Pardmetros geogrdficos y valores medios, desviacion estdndar y rango
de las variables fisicas y quimicas de los sitios estudiados en la subcuenca del rio Grande (San Luis).

G, G, G3 C
Elevation (m s.n.m.) 1660 1600 1560 1690
Longitude (km) 2.35 6.72 9.77 2.50
Stream Order 2° 3° 4° 2°
Wide (m) 5.45+0.48 9.51 = 2.09 10.06 + 3.11 3.27+0.22
(4.7-6.0) 5.4-11) (5.8-15.5) (3-3.6)
Depth (m) 0.21 £ 0.07 0.07 = 0.04 0.15 +0.03 0.18 £ 0.03
(0.13-0.3) (0.03-0.14) (0.12-0.19) (0.14-0.21)
Velocity (m/seg) 0.06 + 0.03 0.41 +0.15 0.29 +0.19 0.03 = 0.004
(0.005-0.1) (0.18-0.64) (0.05-0.53) (0.02-0.03)
Discharge (m?/seg) 0.07 £ 0.04 0.29 = 0.17 0.51 +0.39 0.017 + 0.004
(0.02-0.14) (0.08-0.52) (0.4-1.01) (0.01-0.023)
Water Temperature (° C) 15+4.7 158 +32 16.0 £ 3.8 16.6 + 4.3
(7-19) (12-20) (11-22) (10.5-22)
pH 8.1+1.1 7.6 +0.8 7.5+0.6 45+0.8
(6.8-9.5) (6.7-8.6) (6.8-8.5) (3.6-5.5)
Conductivity (uS/cm) 166.4 + 19.2 1753 £21.2 209.8 + 17.1 449.8 + 193.2
(144-185) (152-196) (190-239) (239-700)
Alkalinity (mg/L CO;Ca) 85.6+72 81.8 +27.7 1322 + 6.3 0
(72-92) (26-99) (121-139)
Total Hardness (mg/L. CO;Ca) 77.5+54 90.6 + 18.4 104.8 £7.9 173.5+65.2
(70-85) (80-128) (90-111) (108-263)

ty except for Stratiomidae and Simuliidae.

The correlations between the reference sta- PH 9,6
tions’ pH and flows were not significant, in- 8,6
dependently from the season and the rains 76
(G1:R?=2.34,p=0.80; G,: R>=14.45, p = 0.46 '
and G;: R? = 4.91, p = 0.67), whereas in station 6,6
C, with a pH lower than 5.5, the correlation was 5,6
significant in relation to the low water period in 46
winter (R? = 68.5, p = 0.042). ’

The application of the acid number yielded 34 3,6 ' : -
taxa with Al =1, present in G, G, and G; and G1 G2 G3 c
corresponding to category 1 (not acidified), and Sampling stations
7 taxa with Al = 0.5, present in C corresponding
to category 0.5 (acidity episodes) (Table 3). Figure 2. Comparison of pH among the sampling stations

Ad . . b di (Analysis of the variance and Turkey’s test). Comparacion de
ecrease In aquatic sects was observed i pH entre las estaciones de muestreo (Andlisis de la varianza y

station C. Howeyver, there was an increase in their test de Tukey).
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Table 3. Raddum acidification index (AI) estimated values (Raddum et al. 1988), the tolerance limit (TL), optimum pH, and range
of tolerance observed in the taxa registered in the studied stations. Valores estimados del indice de acidificacion (IA) de Raddum et
al. (1988), limite de tolerancia (TL), el pH optimo y el rango de tolerancia observados en los taxones registrados en las staciones

estudiadas.
Order Taxa Al TL Range Optimal pH Studied station
Hydroidea Hydra sp. 0.5 5.5 5.5-9.5 7.8 Gl G2 G3 C
Tricladida Girardia sp. 1 6.8 6.8-9.5 8.1 Gl G2 G3
Basommatophora Biomphalaria sp. 1 6.7 6.7-9.5 7.9 Gl G2 G3
Stenophysa sp. 1 6.7 6.7-8.6 8.2 Gl G2 G3
Tubificida Nais communis 0.5 5.5 5.5-9.5 7.5 Gl G2 G3 C
Nais variabilis 1 8.0 8-8.8 8.4 Gl G3
Nais elinguis 1 6.7 6.7-8.9 7.9 Gl G2
Chaetogaster sp. 0.5 5.5 5.5-9.5 7.5 Gl G2 G3 C
Pristinella sp. 1 6.7 6.7-8.9 7.7 Gl G2 G3
Pristina sp. 0 4.1 4.1-8.9 7.1 Gl G2 G3 C
Tubificidae 0 3.6 3.6-8.6 6.9 Gl G2 G3 C
Enchytraeidae 0 4.3 4.3-9.5 6.6 Gl G2 G3 C
Megadrila Megadrili 0.5 5.5 5.5-8.6 7.3 G2 C
Aphanoneura Aelosoma 1 7.0 7-8.5 7.6 Gl G2
Amphipoda Hyalella sp. 1 6.8 6.8-9.5 7.7 Gl G3
Ephemeroptera T. popayanicus 1 6.7 6.7-9.5 6.6 Gl G2 G3
Leptohyphes sp. 1 6.8 6.8-8.9 6.4 Gl G2 G3
Caenis sp. 0 4.0 4-9.5 6.1 Gl G2 G3 C
Baetodes sp. 1 7.5 7.5-8.5 7.8 G2 G3
Camelobaetidius penai 1 6.8 6.8-8.9 7.5 Gl G2 G3
Baetidae 1 6.7 6.7-9.5 6.7 Gl G2 G3
Odonata Progomphus sp. 0 4.0 4-8.6 6.5 G2 G3 C
Aeshna sp. 1 6.7 6.7-8.9 7.6 Gl G2 G3
Limnetron sp. 1 6.7 6.7-9.5 8.0 Gl G2
Argia sp. 0 4 4-9.5 7.8 Gl G2 G3 C
Heteroptera Sigara sp. 0 3.6 3.6-9.5 6.6 Gl G3 C
Ectemnostega sp. 1 6.8 6.8-8.9 7.6 Gl
Lethocerus sp. 1 6.8 6.8 6.8 Gl
Ambrysus sp. 0 4.0 4-8.9 7.3 Gl G2 G3 C
Notonectidae 1 7.5 7.5 7.5 Gl
Trichoptera Metrichia neotropicalis 0.5 5.5 5.5-9.5 7.5 Gl G2 G3 C
Hydroptila sp. 1 6.7 6.7-8.9 6.1 Gl G2 G3
Oxyethira sp. 1 7.5 7.5-8.9 8.3 Gl G2 G3
Marilia cinerea 1 6.8 6.8-8.9 6.8 Gl G3
Helicopsyche sp. 1 6.7 6.7-9.5 6.6 Gl G2 G3
P. joergenseni 1 6.8 6.8-9.5 8.1 Gl G2
Chimarra sp. 1 6.7 6.7-9.5 8.1 Gl G2
Smicridia spp. 1 6.8 6.8-8.8 7.9 Gl G2
Protoptyla dubitans 1 9.5 9.5 9.5 Gl
Lepidoptera Pyralidae 1 6.7 6.7-8.9 7.8 Gl G2 G3
Coleoptera Dytiscidae (larvas) 1 6.8 6.8-9.5 8.1 Gl
Liodessus sp. 0 3.6 3.6-9.5 6.7 Gl G2 G3 C
Hydroporinae 0 3.6 3.6-8 6.2 G3 C
Lancetes sp. 0 4.0 4-9.5 6.9 Gl G2 G3 C
Elmidae (larvas) 0 3.6 3.6-9.5 7.3 Gl G2 G3 C
Cylloepus sp. 0 4.0 4-8.6 7.3 Gl G2 G3 C
Austrolimnius sp. 1 6.7 6.7-8.6 7.6 Gl G2 G3
Hidrophilidae 0 4.0 4-9.5 6.3 Gl C

Cont.
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Table 3. Cont.

Order Taxa Al TL Range Optimal pH Studied station
Berosus spp. 0 4.0 4-9.5 6.9 Gl C
Hemiosus spp. 1 6.8 6.8-8.5 7.6 Gl G2 G3
Staphylinidae 0 4.0 4-8.8 7.1 Gl G2 G3 C
Gyrinus (O.) argentinus 0.5 5.5 5.5-9.5 7.6 Gl C
Helichus cordubensis 1 6.7 6.7-8.6 7.9 G2

Diptera Chironominae 0 3.6 3.6-9.5 6.9 Gl G2 G3 C
Orthocladinae 0 3.6 3.6-9.5 6.9 Gl G2 G3 C
Tanypodinae 0 4.0 4-9.5 72 Gl G2 G3 C
Tipulidae 0 4.0 495 7.2 Gl G2 G3 C
Stratiomidae 1 6.8 6.8-8.5 7.6 Gl G2
Dolichopodidae 0 4.1 4.1 4.1 C
Muscidae 0 3.6 3.6-8.9 6.7 Gl G2 G3 C
Psychodidae 0 4.0 4-8 5.7 Gl G3 C
Ceratopogonidae 0 3.6 3.6-9.5 6.9 Gl G2 G3 C
Forciypominae 0.5 5.5 5.5 5.5 C
Ephydridae 0 3.6 3.6-8.5 5.8 Gl G3 C
Empididae 0 4.0 495 6.1 Gl G2 C
Culicidae 0 4.1 4.1-5.5 5.1 C
Simulium lahilei 1 7.5 7.5-8.5 8.0 G2
Simulium wolffueguelli 1 7.0 7-9.5 8.1 Gl G2 G3

relative abundance since some taxa of non-insects
diminished when the pH decreased (Table 3).

DISCUSSION

The sub-basin pH values ranged between 3.6 and
9.6. The stations with a pH lower than 5.5 showed
exclusion of macroinvertebrates.

Although taxonomic identification is difficult
to carry out and the local fauna does not fit into
the taxonomic lists proposed by Hidméldinen &
Huttunen (1990), thus making the comparisons
difficult, the TLs determined in this study are
similar to those found by these authors when
comparing the highest taxonomic levels.

Besides, even though the insects exhibit a
global reduction in acid biotopes, their relative
abundance may be increased since some non-
insect taxa diminished when the pH decreased
(Ward, 1992). This situation is similar to that
observed in the studied sub-basin with the
disappearance of gastropods, crustaceans and
three taxa of oligochaeta.

In general terms, the biological association
observed in this stream section was comparable
to that found in other streams acidified by AMD,

where the presence of Chironomidae, Dytisci-
dae, and Corixidae was observed together with
the disappearance or decrease of Ephemeroptera,
Plecoptera, and Thrichoptera (EPT) (Earle &
Callaghan, 1998; Last, 2001; Varner, 2001).

Ephemeroptera and Trichoptera are strongly
affected by a decrease in pH, and they are ge-
nerally used for monitoring acidified environ-
ments (Raddum er al., 1989; Himildinen &
Huttunen, 1990; Mulholland et al., 1992; Fjell-
heim & Raddum, 1995; Barbour et al., 1997;
Varner, 2001). Few Ephemeroptera are toler-
ant to AMD, and some families have been ob-
served in the northern hemisphere at pHs higher
than 4.9 (Rosemond et al., 1992; Last, 2001).
In this study, Caenidae (Caenis sp.) were found
at pH =4 and the rest at a TL higher than 6.7.
Roback & Richardson (1969) have observed the
disappearance of Odonata, Ephemeroptera, and
Plecoptera in constant AMD conditions, whereas
the effect is smaller under intermittent condi-
tions. Although the Carolina stream is not un-
der intermittent conditions, it exhibits seasonal-
ity with a period of low waters in winter. During
this period, although there is a pH decrease, the
presence of some Odonata such as Progomphus
sp. and Argia sp. was observed at pH = 4.
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Species that depend on the calcium ion for the
formation of their shells, such as mollusks and
crustaceans, are sensitive to acidification (Appel-
berg et al., 1993; Herrmann et al., 1993) and
are restricted to pHs higher than 5.5 since the
calcium ions dissolved in water are insufficient
in relation to protons (Allan, 1995). However,
these groups are infrequent, but abundant when
present, in the streams in the province of San Luis
(Medina et al., 1997, Vallania et al., 2002).

The acidity increase in the water column and
the discharge of metals caused by the AMD are
usually followed by the deposition on the sub-
strate of sediments contaminated by metals (Last,
2001). Oligochaeta are organisms strongly asso-
ciated with a sediment that possesses great buffer
capacity, thus making them more tolerant to acid-
ity since they are not affected by the water pH
(Mulholland et al., 1992). In this study a slight
decrease of these organisms was observed.

In relation to Coleopterans, Liodessus sp.,
from the Dytiscidae family, which is the most
frequently cited as an acid stress tolerant, was in
high abundance (Earle & Callaghan, 1998; Win-
terbourn & Mc Diffett, 1996).

Chironomidae larvae, which comprised most
of the dominant fauna, have been cited as the
most tolerant to acid stress by various authors
(Zullo & Stahl, 1987; Appelberg et al., 1993; Tank
& Winterbourn, 1995), especially due to AMD
(Winterbourn & Mc Diffett; 1996; Varner, 2001).
In the Carolina stream, they were found with a TL
of 3.6 and with a wide pH range. Experimental
studies by Rousch et al. (1997) have shown that
Chironomidae larvae are tolerant to acid conditions
and are affected at pHs lower than 4.

It can be considered that the TL and the
acidification number are good indicators of the
water biological quality (Raddum et al., 1988;
Himéldinen & Huttunen, 1990).

The behaviour and physiology of the benthic
organisms are quite varied, and generalizations
seem to be difficult to make. It is not possible
to have an absolute TL for each species due to
the natural differences in the populations’ sensi-
tivity, food availability, and other factors that can
modify the effect of pH on the presence/absence
of species in acidified rivers (Himéldinen & Hut-

tunen, 1990). Some species were not observed at
a determined pH, whereas they were present in
another sample with the same value, which might
indicate that there are other factors, besides pH,
that can modify the community.

The tolerance limit and the prediction method,
based on species categorization according to pH,
allowed for the estimation of the pH of the studied
section. Therefore, the resulting category was 0.5
(acidity episodes) although most of the species were
found at a pH lower than 4.7 (Raddum et al.,
1988). This result is comparable to that obtained by
multimetric indices (Tripole & Corigliano, 2005),
through which the environment resulted to be a
moderately deteriorated one.

The macroinvertebrate community present in
a particular region is an indicator of the environ-
mental conditions. The biological evaluations of
these macroinvertebrates offer crucial informa-
tion about stream health, which cannot be ob-
tained through water chemistry alone.
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