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ABSTRACT

Based on the benthic macroinvertebrate community, a multiple biotic index was defined, determined by the di-
versity parameter H' from Shannon-Weaver and by the sensitivity of a list of organisms to eutrophication. This
compiled list was derived using a multivariate technique —DECORANA-— which allowed the characterization of
a species according to its typological level and tolerance to organic loads. The method presented here takes into
account the faunal composition and diversity patterns from the upper to the lower reaches and also the temporal
variability. Thus, more reliable comparisons can be achieved in the evaluation of water quality for different order
reaches of the river system, independent of seasonal fluctuations.

INTRODUCTION

As regards the indices for assessing the stages
of deterioration and recovery of communities in
flowing water in response to organic enrichment,
two distinct procedures must be mentioned, the
saprobien system devised by Korkwitz & Mars-
soN at the beginning of this century and later
developed numerically by Knopp (1954), PANTLE
& Buck (1955) and SLapecek (1967), and on the
other hand, the mathematical indicesderived from
diversity (H'-Shannon-Weaver, 1949; hierarchical
diversity —e.g. KAEsLER €t al., 1984; rarefaction
curves —e.g. SIMBERLOFF, 1978) or community
structure like the log-normal model of Preston
(1948). Combining both aspects — tolerance of
key speciesand a measure of diversity (n. of taxo-
nomic groups) — are the biotic indices, exempli-
fied by the work of Woopwiss (1964), adapted and
improved later by numerous authors.

Pollution indices have been widely used to
detect and quantify organic contamination in
freshwaters and this has proved to be a consistent
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method in situations of heavy contamination. But
lotic ecosystems are characterized by high resilien-
ce to disturbance and inversely low resistance
(WEBSTER €t al., 1983), which makes these indices
less accurate for moderate organic loads which do
not disrupt the homeostatic equilibrium. On the
other hand, there is an obvious longitudinal suc-
cession of species composition and, therefore, in-
dicator taxa in some stretches are possibly absent
in others or, if present, may reflect idfferent eco-
logical factors. Diversity also has a strong spatial
dynamism and can be related to stream order or
environmental variability (VANNOTF et al., 1980;
StanForD & WARD, 1983).

For these reasons we have established a biotic
index which combines the tolerance of local
benthic fauna to contamination (generally consi-
dering the identification to species level because
it has a narrower spectrum), the natural spatial re-
placements of the organismsfrom source to mouth
in the river system and aso changes in diversity
along the horizontal axis. The list of organisms
was restricted to taxa which gave more stable
temporal information, in order to reduce stochastic
interference.
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MATERIAL AND METHODS

The biological survey was carried out in an area
forming part of the Douro catchment and includ-
ed several tributaries, along which 42 sampling
stations were located (fig. 1). The purpose was to
collect data from the different typological stream
levels and also to assessthe effects of organicinput
and its self-purification capacity.

The streams in this region are generaly free
from major sources of sewage and industrial
pollution and from the effects of flow regulation.
The water quality is related largely to soil struc-
ture and the underlying geology of the catchment.

R.DOURO

Nutrient concentrations and D.O.M. increase
steadily downstream, but because the watersdrain
the mineral-poor granite and schist there is a low
content of salts, not modified by the agricultura
practices where the rough pasture and mixture o
forest and (few) arable crops do not change the
nutrient-poor water significantly. Nevertheless,
some specific reaches are affected by sources of
disturbance, mainly organic effluents. This is the
case at sites C, and C, —receiving sewage from
towns; B, influenced by fish-farming, and C,
Ci9, To; and Tu,— where irregular discharges
from agroindustries occur. A different input oc-
curs at Ts, which receives the run-off from spoil
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Figure |.- Geographical localization of the studied area and selected sites.
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heaps resulting from mining, the major metals in-
troduced being Arsenic and Zinc.

Table 1 shows low strong levels of contamina
tion, rarely creating anaerobic conditions, becau-
se the low water hardness and residence time do
not provide opportunity for algal or macrophytic
blooms.

Each site was sampled over a period between |
(4 samples) and 2.5 years (10 samples), covering
each season. This procedure takes into account
that many aquatic insects are seasonal and it was
our purpose to obtain a representative species list
for data analysis. Macroinvertebrates were sam-
pled by a kicking method using a hand-net with a
constant active removal effort of 4 minutes at each
point. This technique covered all the major habi-
tats within the sampling area. Measurements of 17
chemical parameters were made regularly and ex-
tensively in the area studied (Tablel includes only
the most representative ones).

To summarize and arrange the species data and
to detect the relationship between taxa and sites,
that is, the interaction between biotic and abiotic
components, we used the DECORANA ordina
tion method (HiLt, 1979). This multivariate tech-
nique is based on a Reciprocal Averaging Analy-
sis(R.A.) and uses a two-way weighted averaging
algorithm, designed to correct the compression on
the axis edges (by rescaling) and the systematic re-
lation between the second and the first axes: arc-
shoe effect (by detrending).

Plots were established for each sampling period
(14 ordinations were created) with the objective
of characterizing the taxa according to each typo-
logical level and to polluted and unpolluted rea-
ches, paying particular attention to the species
that explained most of the variance in each period
for the first two eigenvectors. The respective dia-
grams appear in Cortes (1989) and MonNzON &
CorTEs (1989).

Biotic Index for North Portugal (B.I.N.P.)

The B.1.N.P. is based on the general conside-
ration of two effects of pollution, reduction in
community diversity (assessed here by H') and the
progressive loss of taxa from clean water in res-
ponse to organic enrichment and their replace-
ment by tolerant fauna. In addition, B.I.N.P. de-
fines a specific formula for each typological level

Table 1.- Average values of chemical parameters for the dif-
ferent sampling stations. Values of hardness in mg C,CO5l .
Valores medios de los parametros quimicos en las diferentes
estaciones de muestreo. Valores de dureza en mg C,CO;l™".

PH O Hardness Cond.  Cl N-NO; P-PO;
(mg.l ) (uS.cm ) med )

0, 64 101 7.0 101 26 <01 <01
0, 63 95 65 256 28 <01 <01
0, 65 100 150 295 36 001 <01
Ta, 66 108 350 623 54 01 <01
C 59 88 275 881 83 03 0.1
G, 63 99 1.0 270 36 01 <0.1
C, 64 101 175 618 89 01 <01
Cs 65 101 175 595  S3 0l <0.1
C, 65 91 320 1301 147 63 <01
G 69 109 455 1085 94 03  <0.
G, 62 98 200 588 53 03  <0.1
c, 67 106 290 1140 123 03 0.1
Cu 68 103 300 1213 122 04 0.1
P, 65 87 125 368 49 <01  <0.1
P, 65 99 145 666 56 <01 <0.1
P 61 90 155 701 69 <01 0.1
P, 66 99 290 1067 101 01 <0.1
T, 61 91 215 561 66 <01 <0.1
T, 65 101 215 426 58 <01 <0
T 65 103 300 764 45 <01  <0.1
T, 62 85 225 84 52 01 <01
T 67 93 30 740 61 01 <01
Ra, 71103 165 S06 27 03 <01
Ra, 73101 439 1057 49 02 <01
Ra, 7398 94 260 45 03 01
Ra, 7093 114 399 41 05 02
Ras 69 100 174 370 64 02 <0.1
Ra, 70 95 16 441 S5 05 <01
Ra, 71109 109 435 61 03 <01
To, 70 98 199 708 92 08 0.1
B, 70 100 115 283 36 08 <0.
B, 72103 265 661 44 04 06
Tu, 71 111 85 245 41 07 <01
Tu, 74 103 257 644 43 05 06
Tu, 73 16 211 544 18 02 <01
Tu, 74 104 215 558 16 03 <01
Tus 7199 202 552 43 02 <01
Tug 7.0 89 176 616 57 03 <01
Tu, 71 88 190 813 83 04 <01
Tu, 7195 188 692 57 04 <01
Tuyg 71 110 375 958 60 01 <01

in order to correct the longitudinal variation both
in composition and diversity of benthic communi-
ties, which often leads to higher values in the
upland streams asa result of the dominance of po-
[lution-intolerant organisms. A type of differential
index along the horizontal gradient was devel oped
by GoNzALEz DEL TANAGO & GARcia DE JALON
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Table 2.- Indicator taxa for H.I.N.P.
Taxones indicadorcs para ¢l B.ILN.P

Upper rhitrhon

Lower rhitrhon

Potamon

Futrophic conditions

Plecoptera
Siphonoperla torrentium
Leuctra leptogaster
Protonemura pyrenaica
Nemoura mimma ceciliue
Brachyprera risi
Ephemeroptera
Baetis alpinus

Plecoptera
Lewctru fusca
Ephemeroptera
Fedvonurus venosus
Buaetis fuscatus
Caenis luctuosa

Oligoneuriella duriensis
Trichoptera

Trichoptera

Qecetis testacea

Hyvdropsyche exocellata
Heteroptera

Micronecta meridionalis

Naucorus maculatus

Plccoptcra

Perla marginata

Trichoptera

Hydropsyche pellucidula
Hydropsyche lobata
Limnephilus guardarramicus

Anomalopterygella chauviniana

Callyarcis humilis Chewrnatopsyche lepida
Habrophlebia fusca

Ecdyonurus forcipulalangelieri

Calamoceras marsupus
Mystacides longicornis

Ecdyonurus aurantiacus Chimarra marginata

Trichoptera Ceraclea
Plectrocnemia inflaia Ieteroptera

Micrasema mininum Aphelocheirus montandoni

Odonata
Boyeria irene

Micrasema servatum

Micrasema moestum

Micrasema togatum N
. Pyrriiosoma nymphula

Odontocerum albicorne

. . Bivalvic

Larcasia partita atvia

. i3 i nifium
Ptilocolepus extensus Pisidum miliu

Philopotamus montanus Unio elongatulus
Chaeopteryx lusitanica
Allogamus ligonifer
Rhvacophila adjuncia
Rhyacophila intermedia
Hydropsvche tibialis
Thremma tellae

Heteroptera
Hespecorixa sahlbergi

Diptera
Limoniidae
Dicranota

Odonata

Cordulegaster bidentatus
Colcoptera

Orectochilus villosus
Tricladida

Polycelis felina

QOdonata
Plactycnemis Helycopsyche lusitanica
Ophiogomphus serpentinus Glossomua

Crustacea Heteroptera

Atyaephira desmarestii Sigara venusta

Parasigara infuscata
Diptera

Prodiamesa olivacea

Chironomus gr. thummi

Chironomus gr. plumosus

Tipula

Anthomyidac
Coleoptera

Haliplus

Agabus

Scarodytes

Hirudinea
Glossiphonia complanata
Batracobdella palludosa
Helobdella stagnalis
Erpobdella testacea
Erpobdellu monostriata
Bivalvia
Sphurrium corneum
Gastropoda
Lymnaea peregra
Physa acuta
Planorbarius corneus
Crustacca
Bragasellus cortesi
Tricladida
Dugesia gonocephala

(1984) for the upper Douro basin, which has a dis-
tinct geomorphological and rnorphometric charac-
ter. The B.I.N.P. has already been described by
Corrtes (1989) for a smaller geographical area and
lower typological range, for which this work pro-
vides some corrections and additional informa-
tion.

Theindicator species (table 2) were obtained by
the above-mentioned partial ordinations for each
sampling period. Because the ordination diagram

mirrors the species data (although with some dis-
tortion — e.g. species points on the edge of the
diagram are often rare species) we can make eco-
logical inferences about the species represented in
these diagrams. With Hill's scaling, site scores are
weighted averages of the species scores and besi-
des DECORANA is agood approximation to fit-
ting bell-shaped response surfaces to the species
data. That is, in this unimodal technique species
that lie close to the point of a polluted site are the-



refore likely to be more resistant to that type of
disturbance, and the expected probability of oc-
currence of an intolerant species increases with
distance from the position of that site on the plot.
In this way, we can obtain an indicator species, if
it is possible to associate the axes scores with the
underlying gradients (we used Pearson correla
tions between site scores and the environmental
variables). On the basis of the B.I.N.P. it is clear
(demonstrated by the ordination analysis) that eu-
trophication results in the upstream movement of
representative taxa of lower reaches. Asintolerant
species we considered the organisms belonging to
the upper rhitrhon, thus oligosaprobic ones, re-
presentative of zones with low nutrient content;
ubiquitous taxa or particular taxa of specific bio-
topes were excluded.

Thefollowing formulae were established for the
B.I.N.P. determination, depending upon the site
position over the longitudinal profile:

Upper rhitrhon: (C,. H) + (2 — s, — 2s);
Lower rhitrhon: (C,. H') + (3s, — s, — s):
Potamon: (C,. H') T (45, ts, — s):

where: s; — n. of intolerant species; s, — n. of to-
lerant species; s, — n. of species representative of
the following reaches; s, — n. of species represen-
tative of the preceding reaches.

For the coefficient C,—H' correction factor-we
suggest— C: 3.0; C,: 3.5; C;: 4.0. The basis for
this H' weighting is derived from the recognition
that thisindex increases by an average of 0.5 units
for each typological level (Cortes, 1989). Hydro-
biological research carried out in Portuguese ri-
vers(Graca e al.,1989) presented acommon pat-
tern of diversity variation, which waslinked to the
structurally more complex stony substrates in the
upper areas, thus providing a higher number of
species . Most macroinvertebrates could generally
be identified to species level, except for Diptera,
Oligochaeta and Hydracarina, where identifica-
tion was taken to genus or family levels. Even if
aconsistency in the levels of identification wasen-
sured we must point out that H' reflects the res-
trictions created by the absence of available keys
for those groups.

For computing B.I.N.P. and in order to make
it comparable and less subjective, it is essential to

define the three typological levels, established by
us on the base of the classification of ILLies &
Botosaneanu (1963) and on the morphology
of the rhitrhonic streams, which appear in ELiis
(1989).

The upper rhitrhon —the main erosiona re-
gion— comprises the crenon and the metarhitr-
hon, with mean monthly water temperatures of
< 15"C, oxygen levels near supersaturation, do-
minance of riffles with a substrate of gravel, cob-
bles and boulders.

The lower rhitrhon corresponds mainly to the
hyporhitrhon: mean temperatures may reach
20 °C, pools are common and sand with silty pat-
ches often cover larger materials.

Finally the potamon is the depositional zone
where monthly temperatures rises in general to
over 20"C, oxygen defficiency may occur, flow
is not turbulent and substrates are sand to fine
silts.

So, the simplification of the 8 zonesof Illies and
B otosaneaNu (1963) makes the B.I.N.P. less de-
pendant on the personal criteria of the observer
and avoidsitsvariation in situationsof dight chan-
ge in physical conditions.

The typological classification of the stretch stu-
died istherefore the first step for the B.I.N.P. de-
termination in order to select one of the 3 formu-
lae presented. After that, the site species list is
compared with those on table 2 and the number
of representative taxa of each ecological condition
(higher and lower rhitrhon, potamon and conta-
minated streams) are counted. The B.l.N.P. can
be computed after the calculation of H', correc-
ted by the factor C,, which is dependent on the
same typologica level.

The B.1.N.P. computed for the streams studied
ranged between —10 and +30. For reference pur-
poses, we offer the following interpretation of the
scale of index values, which are spread by 5 qua-
lity classes, to make it comparable with similar
methods (e.g. B.M.W.P* of ALBA-TERCEDOR &
SANCHEZ-ORTEGA, 1988):

> 10:  clean, unpolluted waters
0-10: waters dightly enriched
< 0: moderate eutrophication
< =5:  polluted waters

< —10: highly polluted waters



RESULTS: SPATIAL AND TEMPORAL
VARIATION OF THE B.I.N.P.

Figs. 2, 3, 4, 5 and 6 exhibit the index scores se-
parately for each basin. Thus, it is possible to ob-
serve its spatio-temporal variation and also to as-
sess the accuracy of B.I.N.P.in evaluating the dis-
turbance created by organic inputs.

Fig. 2 refers to the absolute values in the Tua
river (sites were sampled only during 1 year) and
it appears that the index used is effective in mea-
suring the organic enrichment in B; and To,. It
also seems sensitive in detecting the dight and
very temporary organic loadsin Ras, Ra, and Ra,
from small distilleries (and at the last 2 points the
joint effect of self-purification after To,), which is
higher in the autumn period.

The remaining figures represent the biotic index
variation along the other streams obtained
through the calculation of the average values for
each season. They reveal the performance of the
index in assessing the constant decrease of water
quality in C; and C,. Moreover —as an important

feature— they show a general stability over the
different seasons: this fact makes the B.I.N.P. a
most appropriate method in biologica surveillan-
ce, as it is more independent of seasonal fluctua-
tions, which often arise because of the life cycles
of many insects. However, this index is inappro-
priate for measuring the dramatic changes oc-
curred in T;, caused by heavy metals and suspen-
ded solids (fig. 4).

DISCUSSION

The composition and structure of aquatic com-
munities depend on the overall physical and che-
mical characteristics, food availability and the bio-
tic interactions (BErvoETs €t al., 1988). Thus, the
degree of environmental stress cannot be evalua-
ted by a reduced number of abiotic variables, not
isit linked in linear form to these parameters (Tor-
kamP, 1985). Thisisin part because there is a sta-
bilization in the chemical composition and the ac-
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Figure 2.- Spatio-temporal variation of the biotic index B.l.N.P.in the Tua catchment.
Variacion espacio-temporal del indice bidtico B.l1.N.P.en la cucnca del Tua.
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Figure 3.- Spatio-temporal variation of the biotic indexs B.I.N.P. in the Rivers Olo and Tamcga sampling stations
Variacién espacio-temporal del indice biotico B.I.N.P. en |as estaciones de muestreo del rio Olo y Tamega.
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Figure 4.- Spatio-temporal variation of the biotic index B.I.N.P. in the Tinhela sampling stations (including site Tut0 of the River
Tua).

Variacién espacio-temporal del indice bidtico B.I.N.P. en las estaciones de mucstreo del rio Tinhela (incluyendo la estacién Tul0
del rio Tua).
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Figure 5.- Spatio-temporal variation of the biotic index B.I.N.P. in the River Pinhao sampling stations.
Variacion espacio-temporal del indice bidtico B.I.N.P. en las estaciones dc muestreo del rio Pinhao.

30 ~
20 A
>
= 10 A
a
&
<3
0 - - -
&+ SUMMER
J -~ AUTUMN
'10 1 v 1 v T L L j * T d T v T v L o [ 1
C1 C2 C3 C4 C5 Ce c7 cs C9 c10

SITES

Figure 6.- Spatio-temporal variation of the biotic index B.I.N.P. in the River Corgo sampling stations
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quisition of a chemical inertia as the drained sur-
face increases (FERNANDEZ ALAEZ et al., 1988).
This means that upstream water iS |€SS minerali-
zed and therefore more unbuffered — notethat C,
has a higher degree of contamination than C, but
the ecological disturbance probably has a more
important effect in this latter site (lower
B.I.N.P.). This is the main difficulty for a direct
interpretation of the ability of a biotic index like
B.I.N.P. to detect faunal changes created by or-
ganic effluent discharges, SImply by comparing the
index SCOres with the chemical data.

The relative merit of the proposed index is the
inclusion of reference organisms for each typolo-
gical level and the determination d the diversity
pattern along the spatial gradient. JENSEN & AA-

RESUMEN

GAARD (1981) and VEKNEAUX (1983) agree on the
necessity 0f comparing a polluted station with are-
ference one, to increase the efficiency of biologi-
cal monitoring, and we believe B.I.N.P. provides
a useful tool in this direction. A suitable method
is fundamental when assessing moderate levels of
enrichment which do not seriously affect the resi-
lience of the ecosystem, like the Cases discussed
in thissurvey.

However, We should not deny that B.I.N.P. is
more time consuming in identification and com-
puting than traditional indices and hasa regionally
restricted usefulness. But, on the other hand, the
method described here can be adapted to any
other type of running water by choosing the local
indicator species and coefficient values.

VALORACION BIOLOGICA DE LA CALIDAD DEL AGUA EN EL NE DE PORTUGAL
MEDIANTE UN METODO QUE COMBINA LA TOLERANCIA DE LAS ESPECIES
Y LA DIVERSIDAD A LO LARGO DEL EJE LONGITUDINAL

Partiendo de la comunidad bentica fue definido un indice biotico multiple, determinado por el parametro de
diversidad H' de Shannon-Weaver y por la sensibilidad de una lista seleccionada de organismos a la eutrofizacion.

Esta lista fue elaborada a traves de la tecnica multivariante —DECORANA-— que permite caracterizar las
especies de acuerdo con su nivel tipologico Yy tolerancia a descargas organicas.

El método presentado aqui, toma en consideracion la composicién y los modelos de diversidad de los tramos
superiores hacia los inferiores asi como la variabilidad temporal.

De esta forma, se pueden obtener comparaciones mas realistas en la evaluacién de la calidad del agua en los
diferentes tramos del sistema hidrico, independientemente de las fluctuaciones estacionales.

BisLioGRAPHY

ALBA-TERCEDOR, J. & A. SANCHEZ-ORTEGA, 1988. Un méto-
do ripido y simple para evaluar la calidad bioldgica de las
aguas corrientes basado en el de Hellawell (1978). Limnéti-
cu, 4: 51-56.

BERVOETS, L., B. BRUYLANTS, P. MARQUET, A. VANDELAN-
NOTE & R. VERHEYEN, 1988. A proposa for modification
of the Belgian bioticindex method. Hydrohiologia, 174.

CorTES, R.M.V.. 1989. Biotipologia de Ecosistemas Loticos
do Nordeste de Portugal. U.T.A.D.,Vila Real. 305 pp.

Erus, K.V., 1989. Surface Water Pollution und its Control.
MacMilfan, London. 373 pp.

FERNANDEZ ALAEZ, M.C.. M. FERNANDEZ ALAEZ & E.L.Ca-
LABUIG, 1988. Variations in time and space d some phys-
cd and chemicd variables in the Berncsga River (Leon.
Spain) Anns. Limnol., 24 (3): 285-291.

GONZALEZ DEL TANAGO, M. & D. GARCiA DE JALON, 1984
Desarrollo dc un indice biologico para estimar la caidad
de las aguas de la cuenca del Duero. Limnética, 1 (1): 263-
272.

GRACA, M.A.S., D.M. FOonSECA & S.T. CASTRO, 1989. The
distribution of macroinvertebrate communities in two por-
tuguese rivers. Freshw. Biol., 22: 297-308.

HiLL, M.O., 1979. DECORANA - a FORTRAN program for
detrended corrcapondence anaysis and reciproca avera-
ging. Cornell University. Ithaca. New Y ork.

ILLies. J. & L. BotosaNeaNu. 1963. Problémes et méthodes
dela classificationet de la zonation écologique des €aUX cou-
rantcs. considereessurtout du point de vue faunistique. Mir:.
Internut. Verein. Limnol., 12: 1-57.

JENsEN, F. & P. Aacaakp, 1981. A critical comparison of
some indices used for measuring stream pollution. Natura
Jutlandia, 19: 147-160.



KAESLER. R.L.. E.E. HERRICKS & J.S. CROSSMAN, 1978. Use
of indices of diversity and hierarchical diversity in strcam
survey. In: Biological Data in Water Pollution Assessment;
Quuntitive and Satistical Analyses. ASTM STP 652. Eds.
K.L. Dickson. J. Cairns Jr. & R.J. Livingston. 92-112. Ame-
rican Society for Testing and Materials, Philadelphia.

Kn~opp, H.. 1954, Ein neucr Weg Zur Darstellung biologischer
Vorfluteruntersuchungcn. erlautcr an einem Gutelangsschitt
des Mains. Wasser-wirtsch, 45: 9-15.

MoONZON, A. & CorTEs, R.M. V., 1989. Técnica de analisis di-
recta de gradiente en la ordenacion dc las comunidades de
macrobentos en la Cuenca del rio Tua. Sientia Gerunden-
sis (in print.).

PanTLE, R. & Buck, H., 1955. Die biologische Uberwachung
der Gewasser un die Dartcllung der Ergebenissc. Gas-u.
Wasserfach, 96.

PrestoN, F.W., 1948. The commness and rarity of species
Ecology, 29: 254-283.

SiIANNON, C.E. & WEAVER, W.. 1949. The Mathematical
Theory of Communication. University of Illinois Press. Ur-
bana 424 pp.

SIMBERLOFF, D., 1978. Use of rarefaction and related methods
in ecology. In: Biological Data in Water Pollution Assess
ment: Quuntitive and Satistical Analyses. ASTM STP 652,
Eds: K.L. Dicson, J. Cairns Jr. & R.J. Livingston, 150-165.
American Society for Testing and Materials. Philadelphia.

SLADLCEK. V., 1967. The ecological and physiologica trends
in the saprobiology. Hydrobiologia, 30: 513-526.

STANPORD. J.A. & WARD. J.V., 1983. Insect species diversity
as a function of environmental variability and disturbance
in stream systems. In: Siream Ecology. Eds: J.R. Barnes &
G. Minshall, 265-278. Plenum Press, New Y ork.

TorLkamp, H.H., 1985. Using several indices for biological as-
sessment of water quality in running water. Verh. Internat.
Verein Limnol., 22: 2281-2286.

WEBSTER, J.R., M.E. Curtz, J. Hains, J.L. MEYER, W.T.
SAanK. J.B. WaAIDE & J.B. WarLacek, 1983. Stability of
stream ecosystem In: Stream Ecology. Eds: J.R. Barnes &
G.W. Minshall, 355-396. Plenum Press, New Y ork.

Woobpwiss, F.S., 1964. A biological system of stream classifi-
cation used by Trent River Board. Chemy Ind., 11: 443-447.

VanNOTE, R.L., G.W. MinsHALL, K.W. Cumwmins, J.R. Se-
DELL & C.E. CUSHING, 1980. The river continuum concept.
Can. J. Fish. aquatic. Sci.. 37: 130-137.

VERNEAUX, J., 1983. Indice Biologique de Qualité Generale
(I.B.G.). Universit¢ de France-Compté, Besangon. 19 pp.



