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In general, aquatlc environmental factors are stabilized and 
uniformized according as a river goes down from ifs source. Thls 
gradual stab` exerts a direct control on the population 
dynam` of aquatic communltles, being able to be differentiated 
characterist�8 blologlcal communities wlthin that ecological 
succession (Ill` and Botosaneanu 1968: Hawkes 1975; Kargalef 
1988; Hellawell 1986). In th�8 way, a natural river can be 
considered as a funct` cont` <Margalef 1960: Vannote et 
al. 1980). However, human actlvlt�8 are causlng envlronmental 
impacts on freshwater ecosystems, breaking the functional 
continuum and modlfyin~ the structure of thelr aquatic 
communities. 

Most envlronmental factors and pollutants act at level of the 
individual organism (Lockwood 1976; Hellawell 1986). If an 
aquatic or~anlsm is hot adapted fo thrive in an environmental 
disturbance, ifs ability to •row, reproduce, or compete in the 
biologlcal community wlll be affected negatively, belng 
substituted for another che more resistant and better adapted to 
environmental stress. Nevertheless, the number of species will 
decrease if the environmental disturbance is excessive OEnd 
aquat~c organisms tan not be replaced. So, the cumulative effects 
of environmental perturbations on many organisms will produce 
shifts in the species composition. 

In this paper is described the performance of a simple 
ecotoxlcological index to assess environmental impacts produced 
by man's activities on freshwater communities. Some 
recommendations fo facllitate use and interpretat` of thls new 
index are ind` 

MATERIALS AND METHODS 

The new ecotoxicological index (EI) was derived by totaling the 
spec�8 deficit index (Koth› 1962) and a new specles substitution 
index. The first index ~easures the percentage difference between 
the number of species occurr` above and below the disturbance 
point, bein 5 equal to "(A-B> • IO0/A". The second index measures 
the species substitution percenta~e between both places, being 
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equal to "(A-C) • IO01A". The variable "A" is the number of 
specles upstream from the dlsturbance point, "B" is the number of 
specles downstream from the dlsturbance point, and "C" is the 
number of common species to both places. So, this new index 
measures the rate of envoEronmental impact or toxlcity produced by 
a disturbance point (discharge of pollutants, sewage effluents, 
dams) on biological communltles, assesslng generated shoEfts in 
number and kind species. This ecotox�8 index takes 
percentage values between 0 (no environmental �8 or toxlclty) 
and i00 (maximum environmental impact or toxicity). 

Thus, the mathematical expression of th�8 new ecotox�8 
index is equal fo: 

EI = (2A - B - C) • 50 
A 

This new index was applied to a field research to verify its 
suitable functlonal character. The data used in thls paper were 
collected in the re•ulated and industrial area of the Durat6n 
River (Segovia, Bpain) in July of 198T. A sample of the benthic 
roEffle macrooEnvertebrate community was taken ai each of foEve 
sampling stations <Figure I), usln~ a cylinder sampler (Hellawell 
1986) whloh enclosed a sampl�8 Z area of 0.i sq m and had a mesh 
slze of 250 ~m. AI1 samples were preserved in Formalin (4 %) 
until theoEr separation, determlnatlon, and counting. Fifth (5) 
and fourth (4) samplln 5 stations were placed about T.5 and 2.4 
km, respectlvely, downstream from dam and industrial effluent, 
the third (8) was p1aced about 800 m downstream from the dam and 
50 m downstream from the industrial effluent, the second (2) was 
placed between dam and industrlal effluent, and the first (i) was 
placed upstream from the dam. 

The following biological parameters and indices were calculated: 
the number of specles or species richness, the organism density, 
the number of common species, the Mar~alef's diverslty index 
(Margalef 1951), the $hannon's diverslty OEndex (Shannon and 
Weaver 1968), the species deflc!t index (Koth~ 1962), the species 
substoEtutlon index, and %he ecotoxlcological index. These three 
last indoEces were calculated between first and rest of sampllng 

stations. 

RESULTS AND DISCUSSION 

From Table 1 it can be seen fiat Duses!a ~onocephala, 
Echlno~ammarus calvu$, Oli~oneuriella rhenana, Protonemura 
meyeri, A~apetus laniger, CA$mmrra margina$a, Hydropsyche lobata, 
Cheumatopsyc~e lepida, _~rachyce~~rus subnub!lus, Allo~amus 
l�8 and Rhee~any%arsus sp, appeared ai the first sampling 
station only. 

Species richness, organism density, common species, Margalef's 
diversity and Shannon's dlversity respond inversely with regard 
to deficit, substitution and ecotoxicological indices (Table 2). 
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Figure i. /Cap of sampling stations in Durat6n river, 

Linear correlation coefficients between ecotoxicological index 
and Shannon's and Hargalef's indices are r= -0,848 and -0,976 
(P<O.Oi) respectively, 

This ecotoxicoloEical index takes intermediate values between 
deficit and substitution indices, being equal te the species 
deficit index when there is no substituted species, 
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Table 1, Abundances of taxonemic groups collected ai each of flve 

samplin~ stations, 

Taxonomlc groups Sampl ing stations 

I 2 ~ 4 5 

Du~esia ~onocephala I0 . . . .  

Ancylus fluvia™ 12 9 - 10 I0 

Tubiflcidne - 3 - - - 

Erpobdella mono~triata - 20 - 3 

F~chinoEammmrus ca I vus 9 . . . . .  

Bae~is fuscatus 12 6 - 14 31 

Bae~is rhodanl 21 3 - 3 18 

Oligoneuriella rhenana 148 - - - 

Ecdyonurus sp, 15 - - - 4 

Ephemerella ignita 20 26 1 21 18 

Caenis moes~a 6 41 - 4 5 

Pc~amanthu˜ i uteus - 5 - T - 

Pro~onemura meyeri 9 . . . .  

Capnia biffons 14 - - 9 21 

Orectochilus villosus 1 - - 1 

Flmls mause~il 17 - - 6 5 

Esol us an~ustatus fO - - - 3 

Linmius intermedius 12 - - 3 Z 

Lim_nl us opacus 2 - - 2 - 

Oulimnlus tro~1odytes 15 - - 2 3 

Rhyacophila meridionalls 4 - - 1 

Rhyacophila munda 1 - - i 4 

2hyacep~ila rellcta 1 - 2 3 

Asapetus lani~er 3 . . . .  

Chimarra mar~inata 34 . . . .  

IIydropsyehe bul bi fera 6 - - 41 23 

.~lydropsyche exocel i a %a 5 - - 20 15 

IIydropsyehe 1 oba Ca 2 - - - 

Hydropsyche pel i uci dul a 40 - - 3 - 

Hydropsyehe sil ~alai - - - 23 31 

Cheuma~opsyche lepida 4 . . . .  

Po!7een~ropus flavomacula~us - ™ - Il 3 

Psychomyia pusilla 3 - - 3 13 

Brachycen Er u s su bn u bi I us 2 . . . .  

Allosamus li~onifer 1 . . . .  

Tipula sp. 1 - - - 1 

Eusimullum sp. 20 2 - 4 2 

OdaEmfa sp. 48 7 - fO Z 

Ablabesmya sp, - 2 - - - 

Prodlamesa cllvaeea - 6 - - - 

Diamesa sp. - 2 - 2 2 

Potghas~ia sp, 2 - - - 2 

Orthocladlus sp. 19 17 6 8 28 

Cricotopus sp, 6 i0 fO 6 21 

Camptocladi us sp. 8 2 - 3 ™ 

Euklefferlella sp, 4 3 - 1 1 

Rhee~any™249 sp. 4 . . . .  

Tanytarsu~ sp. 3 4. - - - 

Pen~apedilum sp, 1 6 - 2 - 

Pol.vpedil um sp, 2 10 1 - - 

An~homvldae - 1 - - - 
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Table 2. Values of biolozical parameters and indioes obtained at 
eaoh of five samplin~ stations~ 

Biolosical parameters Samplin~ stations 

Species richness 42 22 4 27 30 

Orzanism density 55q 192 18 222 293 

Common species 42 14 4 28 26 

Deficit index 0.0 47,6 90.5 85.7 28.5 

Substitution index 0.0 66,6 90.5 45,3 88,1 

Ecotoxicolosical index 0.0 57,1 90,5 40.5 83.3 

Marsalef's index 6,49 3.99 1,04 4,81 5.11 

8hannon's index 4,28 3,83 1.46 4,10 4.27 

The hi~hest value of the ecotoxicolo$ical index corresponded with 
the smallest diversity because effects of dam and industrial 
effluent ac% simultaneously on the benFhic mecroinvertebrate 
community aF Fhe third samplin Z station. However, the tank of 
environmental impact decreased wiFh the distance te disturbance 
points, 

For a suitable functional character of this new index iF is 
necessary to use same sampling techniques and habitats ai all 
samplin~ stations~ 

The taxonomic identification of species is perhaps the only and 
major problem in usin~ this index. An alternative fo this prablem 
may be fo use a similar technique fo the sequential samplin~ 
method developed by Cairns et al, (1968). 

Although this ecotoxicolozical index is based on the assumption 
that environmental disturbances produced by human activities 
decrease the number of species in freshwater communities (Koth› 
1962; Rosenber5 and �99 19T6>, if could take negative values, 
This mi~ht imply that environmental perturbations con produce 
beneficial effects on biolo•ical communities increasin~ species 
diverslty. 
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