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Gradual changes in environmental factors (e.g., flow, dissolved oxygen, water 
temperature and food resources) along the longitudinal profile of fiver systems 
exert a direct control on the population dynamics of aquatic organisms, resulting 
in characteristic biological communities within this ecological succession (Illies 
and Botosaneanu 1963; Hawkes 1975). In this way, a natural fiver may be 
considered as a functional continuum (Vannote et al. 1980). Nevertheless, many 
human activities are causing major environmental impacts on freshwater 
ecosystems, breaking the functional continuum and modifying the structure of 
aquatic communities. 

Structural alterations in biological communities are frequently examined by 
quantifying changes in species diversity. The species diversity is a function of the 
number of species present and the evenness with which the individuals are 
distributed among these species (Margalef 1958; Lloyd and Ghelardi 1964; Pielou 
1966; Hurlbert 1971), and thereby a fight measure of species diversity should 
take account both the number of species and their relative abundances (Goodman 
1975). Shannon's and MacArthur's indices are the most popular diversity indices 
(Magurran 1988) and have been extensively used for assessing structural 
alterations in aquatic communities during water pollution studies (Washington 
1984). However, Shannon's and MacArthur's diversity indices appear to be more 
sensitive to relative abundances of species and less sensitive to the number of 
species (Balloch et al. 1976; Hughes 1978; Magurran 1988), giving little weight 
to rare species. MacArthur's diversity index is derived from Simpson's 
dominance index (Simpson 1949). 

In this paper is described the performance of a new diversity index to assess 
structural alterations in aquatic communities downriver from disturbance points 
(e.g., discharge of pollutants, sewage effluents and dams). This diversity index is 
derived from Camargo's dominance index (d'), which represents a new 
perspective on dominance in natural communities. The value of Camargo's 
dominance index tends to increase with the number of subordinate species. A 
species i is considered as dominant if its relative abundance (pi) is higher than 
(l/S) and as subordinate if Pi < ( l / S ) ,  S being the number of species present 
(species richness) in the biological community. The values of other dominance 
indices (Simpson 1949; McNaughton 1967) tend to decrease with the number of 
subordinate species. 
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MATERIALS AND METHODS 

This new diversity index is sensitive to the number of species present and the 
whole spectrum of species proportions. Its value (D') is the product obtained by 
multiplying species richness (S) and species evenness (E'): 

D' = S E' (equation 1) 

Because a high value of species evenness implies similar relative abundances 
among species and, therefore, a low value of species dominance (Washington 
1984), the species evenness (E') is estimated as the complement of Camargo's 
dominance index (d'): 

E' = 1 - (D/S) (equation 2) 

where f~ represents the absolute difference between species with regard to their 
relative abundances and is calculated according to the following equation: 

K 

= Y. I Pih -- Pjh I (equation 3) 
h 

where Pih is the relative abundance of a species i in a biological community h, Pjh 

is the relative abundance of a species j in the same community h, and K is the 
maximum number of possible binary subtractions between species, being 
K = S(S-1)/2. In this way, the mathematical expression of this new diversity 
index (equation 1) may be rewritten as: 

D' = S - f~ (equation 4) 

When all species have the same relative abundance, the value of f~ is equal to 0, 
and therefore the species evenness (E') reaches its maximum value of 1 (equation 
2) and the value of species diversity (D') becomes equal to the value of species 
richness (S) (equations 1 and 4). In this sense, the species diversity (D') may be 
interpreted as a measure of species heterogeneity in biological communities and its 
reciprocal value may be considered as a measure of species uniformity (U'): 

D' U' = 1 (equation 5) 

This new diversity index was applied to a field study in order to verify its suitable 
functional character. The data used in this paper were collected in the upper Rio 
Tajufia (Central Spain, Tajo Basin) in July of 1986. Four sampling sites were 
selected along the study area (Figure 1). A reference station (S-l) was placed 
upstream from the fish farm. Second (S-2), third (S-3) and fourth (S-4) stations 
were respectively placed about 0.01, 0.15 and 1 km downstream from the trout 
farm effluent. S-3 was situated just below a small man-made waterfall (1.8 m in 
height). The stream bottom was mainly stony with cobbles and pebbles at all 
sampling sites, except S-2 where it was covered by a thick layer of organic 
sediment. Five samples of the benthic riffle macroinvertebrate community were 
collected at each sampling station, using a Hess cylindrical sampler which 
enclosed a sampling area of 0.1 sq m and was equipped with a 0.5 m net with a 
mesh size of 250 ~tm. All samples were preserved in 4% formalin until laboratory 
analysis. Specimens were identified to species or genus, except aquatic 
earthworms and some midge larvae (identified to family). 
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Figure 1. General diagram of the fish farm showing the location of sampling sites 
along the Rio Tajufia (Central Spain, Tajo Basin). 

The following biological parameters and indices were estimated using data in 
Table 1: the total density (N), the species richness (S), the species dominance 
(d'), the species evenness (E'), the species diversity (D'), the species uniformity 
(U'), the Shannon's diversity index (H') (Shannon 1948), the MacArthur's 
diversity index (D) (MacArthur 1972), the Chandler Biotic Score (CBS) 
(Chandler 1970), and the Biological Monitoring Working Party score system 
(BMWP) (Armitage et al. 1983). The Shannon's diversity index was calculated 
with natural logarithms. 

RESULTS AND DISCUSSION 

Plecopterans, ephemeropterans, coleopterans, trichopterans, amphipods and 
planarians decreased their abundances or were absent downstream from the fish 
farm effluent, whereas leeches, simuliids, chironomids and tubificid worms 
increased their abundances with regard to the reference station (Table 1). 
Similar changes in zoobenthic composition have been found in other freshwater 
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Table 1. Mean (11=5) densities (individn_al~sq m) for each taxon collected at sampling sites. 

S-I S-2 S-3 S-4 

Polycelis sp. 20 0 0 0 
Polycelisfelina 62 0 0 0 
Tubificidae 226 1640 362 116 
Lumbr/cu//dae 22 0 0 0 
Helobdella stagnalis 0 70 194 32 
Glossiphonia complanata 2 0 0 0 
Erpobdella sp. 18 44 388 208 
Bythinella sp. 358 0 0 0 
Ancylus fluviatilis 112 0 72 24 
Planorbis sp. 0 48 20 36 
Pisidium sp. 0 108 20 54 
Echinogammarus longisetosus 792 0 16 0 
Epheraera danica 64 0 0 0 
Ecdyonurus sp. 38 0 0 0 
Baet/s rhodan/ 32 0 260 538 
EphemereUa i gnita 94 0 0 0 
P araleptophlebia submarginata 8 0 0 0 
Nemoura sp. 2 0 20 6 
Leuctra sp. 36 0 0 0 
lsoperla sp. 16 0 0 0 
Perlama~ginata 10 0 0 0 
Sialis sp. 0 10 0 0 
Elmis maugetti 36 0 0 0 
Esolus angustatus 242 0 26 0 
Limnius wolkmari 202 0 4 0 
Riolus cupreus 24 0 0 0 
Haliplus sp. 0 0 0 58 
Rhyacophila meridionalis 10 0 0 0 
Agapetusfuscipes 54 0 0 0 
Hydroptila sp. 22 0 34 128 
lthytrichia sp. 30 0 12 0 
Hydropsyche pictetorum 14 0 22 50 
Plectronemia conspersa 4 0 0 0 
Lepidostoma hirtum 18 0 0 0 
Sericostoma baeticum 44 0 0 0 
Tipula sp. 0 0 12 0 
Eusimulium sp. 12 0 548 872 
Odagnda ornata 34 0 536 646 
Ablabesmyia sp. 4 0 0 0 
Cricotopus sp. 58 97 856 356 
Eukiefferiella sp. 20 130 628 372 
Orthocladius sp. 54 0 0 0 
Thienemaniella sp. 0 0 26 40 
Chironomus thummi 0 3743 107 0 
Pentapedilum sp. 0 363 20 0 
Polypedilum sp. 50 67 148 66 
Micropsectra sp. 0 106 298 232 
Tanytarsus sp. 0 40 428 308 
Ceratopogonidae 0 0 22 26 
Emp/d/dae 0 0 134 18 
Athericidae 20 0 0 0 
Anthomyidae 0 0 10 0 
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Table 2. Values of biological parameters and indices estimated at sampling sites. 

S-1 S-2 S-3 S-4 

Total density (N) 2864 6466 5223 4186 

Species richness (S) 38 13 28 21 

Species dominance (d') 0.648 0.763 0.614 0.571 

Species evenness (E') 0.352 0.237 0.386 0.429 

Species diversity (D') 13.376 3.081 10.808 9.009 

Species uniformity 03') 0.075 0.325 0.093 0.111 

Shannon's index (H') 2.625 1.309 2.660 2.485 

MacArthur's index (D) 8.547 2.463 11.490 9.174 

BMWP biotic index 168 19 64 53 

CBS biotic index 2052 271 870 678 

macroinvertebrate communities exposed to this type of organic pollution (Mantle 
1982; Markmann 1982), the dominant development of tubifieid worms and red 
chironomids (containing haemoglobin and other respiratory pigments for 
regulating their oxygen uptake) being favored just below fish farm outlets. Mufioz 
(1989) monitored the alterations in physicoehemical conditions upstream and 
downstream from this trout farm during the summer of 1986, and found that the 
concentration of nitrogen and phosphorus compounds, such as total ammonia, 
nitrite and ortho phosphorus, increased significantly below the fish farm effluent, 
whereas the concentration of dissolved oxygen decreased down to a value of 2.7 
mg/L. However, the siltation of suspended solids (mainly organic matter) as an 
apparently anaerobic sludge deposit on the stream bottom at S-2 would be the 
primary cause of structural alterations in the macrobenthic community at this 
sampling station. 

The values of biological parameters and indices estimated at each sampling station 
are presented in Table 2. Values of species richness (S), Camargo's diversity 
index (D'), and BMWP and CBS biotic indices were higher at the reference 
station (S-l) than at downstream sampling sites, exhibiting higher values at S-3 
than at S-4 and their lowest values just below the trout farm effluent (S-2). 
Shannon's (H') and MacArthur's (D) diversity indices had their highest values 
just below the waterfall (S-3) and their lowest values at S-2, the MacArthur's 
index exhibiting a higher value at S-4 than at S-1. The species evenness (E') had 
its highest value at S-4 and its lowest value at S-2, exhibiting a higher value at S-3 
than at S-1. On the contrary, values of total density (N), species dominance (d') 
and species uniformity 03') were higher just below the trout farm effluent (S-2) 
than at other sampling stations, the total density and the species uniformity 
exhibiting their lowest values at S-1 and the species dominance exhibiting its 
lowest value at S-4. 

Linear correlation coefficients between species richness, diversity indices and 
biotic indices are presented in Table 3. All coefficients are positive. The species 
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Table 3. Correlation matrix (n---4) for the spatial variation of species richness (S), 
biotic indices (BMWP and CBS), and diversity indices (D', H' and D) 
estimated along the study area. 

S D' H' D BMWP CBS 

S 1.000 

D' 0.957 a 1.000 

H '  0.801 0.939 

D 0.647 0.821 

BMWP 0.958 a 0.866 

CBS 0.946 0.851 

a = P < 0.05 

1.000 

0.957 a 1.000 

0.645 0.427 1.000 

0.626 0.400 0.999 a 1.000 

richness (S) exhibits its lowest coefficients with Shannon's (H') and MacArthur's 
(D) diversity indices and its highest coefficients with Camargo's diversity index 
(D') and with BMWP and CBS biotic indices. Moreover, values of linear 
correlation coefficients between biotic indices and D' are higher than those 
between biotic indices and H' and D diversity indices. 

Because species richness and biotic indices exhibit their lowest coefficients of 
linear correlation with Shannon's and MacArthufs indices, and values of these 
two diversity indices are higher at S-3 than at the reference station (S-l), 
Camargo's index (D') appears to be a more sensitive diversity index for assessing 
structural alterations in aquatic communities. Furthermore, Camargo's diversity 
index is more sensitive to changes in the species richness than Shannon's and 
MacArthur's diversity indices. However, diversity indices are insensitive to 
changes in species composition, and therefore they cannot replace biotic indices 
during pollution studies in order to assess the degree of water quality degradation. 
In this way, both diversity and biotic indices should be complementarily used in 
this kind of ecological studies. 

On the other hand, the lower values of species dominance (d') estimated at S-3 
and S-4 with regard to the reference station (S-I) would indicate that intermediate 
environmental perturbations can generate a reduction in the concentration of 
dominance in biological communities, the value of species evenness becoming 
higher. In addition, the fact that values of all diversity and biotic indices are higher 
at S-3 than at S-4 (Table 2) is probably due to a significant recovery of 
environmental conditions, such as dissolved oxygen concentrations and redox 
potential, just below the man-made waterfall. In this sense, it is concluded that 
small waterfalls may improve the stream's self-purification of organic pollution 
generated by inland fish farms, the recovery of macrobenthic community structure 
being accelerated. 
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