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Data processing

Surveillance programmes generate large volumes of data, which are best stored and analysed using computers. Archiving systems for storing water quality data have been developed in the USA and Great Britain and the advantages are discussed by Pearson (1978). Coded checklists, which aid in storing biological data in a uniform way, have been provided in Great Britain on freshwater animals by Maitland (1977), on algae by Whitton et al (1978) and on freshwater macrophytes by Holmes et al (1978).
The analysis of surveillance data may be done by multivariate techniques (as CANOCO, FUZZY, PRIMER) or by using biotic or diversity indices, the latter two methods being most widely used in the water industry. Biologists in the water industry, as already stated, must communicate their findings to managers and the public, who are usually unfamiliar with ecological techniques. 
A single figure describing the biological impact of water quality at a site is therefore a tempting way to present data and is generally preferred by water managers (Thomas, 1976). It does, however, reduce the amount of information extracted from the data, and the ready calculation of indices tends to replace more sophisticated analyses. These would enable the relationships between organisms and the measured physicochemical parameters of water quality to be better understood, eventually placing the biological management of freshwaters on a sounder footing, but it is dangerous if indices become the be-all and end-all of biological surveillance programmes, as they so often are in the water industry.
Multivariate analyses can be carried out on both presence-absence and quantitative data and a number of authors (e.g. Hurlbert, 1969) suggest that, as abundance is easily influenced by extraneous factors, presence-absence data give a less ambiguous measure of association. 
Multivariate techniques can identify discontinuities present within communities which can be related to environmental change. They can be used to generate hypotheses about the causality of distribution, but the relationship of distribution to environmental features must then be studied using experimental techniques.
Green (1979) strongly recommended that principal components analysis (PCA) should form the basis of a multivariate analysis, the principal component score being the variable which can be subjected to ordination, clustering or other statistical techniques. 
PCA

PCA summarizes sets of correlations between variates. A principal component is an additive combination of alxl + a2X2 + - a„x,, of the n original variables, with the coefficients (a,, a2, . . . a,z) chosen so that, as nearly as possible, aiaj equals the correlation rirj between the ith and jth variables. The first principal component is chosen to make the agreement as close as possible and so on until n principal components have been calculated for the n variables. Together they reproduce the observed set of correlations which are usually summarized closely by the first two or three principal components. The method is explained by Williamson (1972).
Coefficients of similarity can be calculated before a cluster analysis is carried out. Kaesler et al (1971), Kaesler and Cairns (1972), Hocutt et al (1974) and Edwards et al (1975) have used the Jaccard coefficient, Sj (Jaccard, 1908) for comparing community species lists:
CLUSTERING TECHNIQUES

Using a clustering technique based on Jaccard coefficients for macro-invertebrates collected from the River Cynon in South Wales, Edwards et al (1975) were able to identify three primary groups (Fig. 6.3), the species being listed in Table 6.1. Group C was abun​dant in the upper stretches of the river, but declined downstream, probably due to the intermittent release of coal washings. Group A increased downstream, associated with other pollutional factors. The study of this river, receiving a complex mixture of pollutants, is described in more detail in Chapter 2.
Bryce et al (1978) used a single linkage clustering technique of quotients of similarity to examine the macro-invertebrate fauna of the River Lee in south-east England and a dendrogram of their results is shown in Fig. 6.4. Stations 2-8 and station 10, on a tribu​tary, formed a faunistically close group in the upper part of the river, where the water was free of pollution. A second grouping was formed by stations 9, 11-15 and 17, which were in a clean-water, but canalized, section of the lower river. Station 16, on a tributary with a silted substratum, also fell into this group. Stations 18-20 made up a third group occurring in a polluted stretch of the river. Station 1 was isolated from the other sites and received a considerable quantity of urban run-off, but no pollution by sewage effluent.
PRIMER & SIMPER  (Field et al., 1982)

•Produces a similarity dendrogram of sampling stations based on the presence – absence and the abundance of benthic macroinvertebrate taxa. 
•Measures the similarity of stations and groups of stations, using the Bray-Curtis similarity index. 

•Then by SIMPER analysis it may be explained which families of macroinvertebrates contribute to the similarity or dissimilarity between groups. 

FUZZY CLUSTERING (Equihua, 1990)

Fuzzy Clustering analysis (Equihua, 1990) was also performed, in order to obtain both ordination and classification of the sites. Fuzzy technique, which is an extension of TWINSPAN (Hill, 1979b), produces clusters according to the assemblages of benthic macroinvertebrates in each site, according to the membership value. The numbers of Fuzzy clusters are selected according to the higher partition coefficient. Fuzzy analysis, is more suitable for the description of ecological communities in comparison with TWINSPAN, as  similar macroinvertebrate communities may overlap in a lot of sites along a river. 

CANOCO

The relationships between the macroinvertebrate lowest taxonomic level {data transformed to ln(x+1)}, the sampling sites and the physicochemical parameters were analysed by canonical correspondence analysis (program CANOCO, Ter Braak, 1988). This method is not based on the assumption of linearity and is able to detect unimodal relationships between species and external variables. It is particularly suited for a forward selection of environmental variables in order to determine which variables best explain the species data. CANOCO, which is an extension of DECORANA (Hill, 1979) selects a linear combination of environmental variables, while it maximizes the dispersion of the scores of the species. It does not assume linear relationships between species and environmental variables. The graphical representation of sampling sites or species is carried out by the program itself, with regard to the physicochemical parameters. 

