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RESUMO: Decomposigiio espectral de anidlise de agrupamento aplicada a dados limnolégicos.
A formagéo de grupos baseados em dendrogramas obtidos por andlise de agrupamento £ feita usual-
mente de maneira arbitrdria. Neste trabalho € apresentado um método para detectar o nivel de forma-
¢lo dos grupos onde h4 uma maximizacio da correlaclo entre a matriz de distincias originais ¢ uma
matriz modelo derivada do dendrograma. O método € ilustrado com um dendrograma obtido a partir de
varidveis limnolégicas de rios do litoral Sul Paulista. A classificaglio final obtida & congruente com as
espectativas baseadas no conhecimento ecolégico do sistema e em seu nivel de poluigHo.
PALAVRAS-CHAVE: Anilise de agrupamento, classificacio, teste de Mentel, nivel de corte.

ABSTRACT: Spectral decompositions in cluster analysis with applications to limnological data.
The establishment of groups based on dendrograms obtained through hierarchical cluster analysis is
usually done in an arbitrary way. In this paper, it is presented a method to detect at which level of
clustering there is a maximization of the correlation between the calculated distance matrix among
sampling unities (or operational taxonomic unities — OTU’s) and a model matrix obtained from the
dendrogram. The method is ilustrated by grouping sampling stations of six streams in the state of Siio
Paulo {Brazil) by ten physical-chemical parameters of the water. The final classification obtained iz
correspondent to the expectations based on the ecological status of the sysiem and its level of pollution.
KEY WORDS: Cluster analysis, classification, Mcntel test, cut level.

INTRODUCTION

Cluster analysis is an algebric method which allows the establishment of groups from a
distance or similarity matrix among pairs of objects (Sneath & Sokal, 1973}). Sequential,
agglomerative, hierarchical and non-overlapping clustering methods (SAHN) have been
extensively used in systematic (Sneath & Sokal, 1973; Buth, 1984) and ecology (Legendre &
Legendre, 1983; Krebs, 1989). In Brazil, several recent limnological studies (Tolentine
etal.,, 1986; Huszar & Esteves, 1988; Lanzer & Schiifer, 1988; Lobo et al., 1992; Huszar &
Silva, 1992} used these techniques to assess the relationships among sampling stations based
on biotic and/or abiotic data.



36

The outcome of cluster hierarquical analysis is displayed by tree like diagrams, called
dendrograms. These dendrograms can be partitioned in levels of distance or similarity, being
necessary to choose one of them as cut off point to establish the number groups of objects.
This choice, however, has been made in an arbitrary way, sometimes based on theoretical
conceptions established a priori.

In this paper it is presented a method for the decomposition of a dendrogram through the
analysis of its different sections. This analysis is performed by comparing by how much the distances
among groups of objects are larger than the distances within these groups. This decomposition,
therefore, should indicate at which level of the dendrogram there is a maximization of the original
distances among groups, which is suitable to establish biological or ecological classifications.

METHODS

Depending on the nature of the original data, dendrograms are constructed based on a
distance or similarity matrix between pairs of n objects (Sneath & Sokal, 1973; Krebs, 1989;
Gower & Legendre, 1986). '

The coefficient of cophenetic correlation is obtained by comparing the original matrix
{n x n) of distances or similarity with a resemblance matrix between pair of objects obtained
from the dendrograms. It allows the evaluation of how much the clustering processes change
the patterns of multidimensional rescmblance between the objects. The computation of this
coefficient is usually the only evaluation performed in dendrograms, and it does not allow the
definition of the number of groups of objects that can be established.

The method presented in this paper is based on the computation of the cophenetic
correlation coefficient and in model matrices derived from dendrograms (Rohlf, 1974; Manly,
1986; 1991). The main idea is to obtain several correlation coefficients between matrices by
comparing the original patterns of distances or similarities between the objects with several
model matrices (Manly, 1991), as follows: the dendrogram is partitioned in several levels,
and for each one a model matrix is constructed confering the value of 1.0 if the pair of objects
being compared is in the same group and the value of zero otherwise.

The correlations between matrices obtained measure, therefore, the fit of the original
distance or similarity matrix between the objects and the models, defining several patterns of
resemblance. The significance of each correlation can be tested using the Mantel test (Manly,
1991). The Mantel Z statistic is given by:

Z=3%(X,.Y,)

where X and Y, are, respectively, the elements of the matrices X and Y being compared.
The null hypothesis is the independence between matrices {correlation is zero). The significance
of the Z value against the null hypothesis is established, then, by recomputing it a given number
of times by randomly permuting the order of the rows and the columns of one of the matrices
(Manly, 1991). In the present study the model matrix is the independent one (matrix X).

The relationship between the correlation coefficients obtained and the levels of section
of the dendrogram can be considered similar to a spatial correlogram (Sokal & Oden, 1978),
or as a spectre of the relationships among the elements of the dendrogram. Because of this the
proposed method has been called spectral decomposition of cluster analysis,
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APPLICATION OF THE PROPOSED METHOD

To illustrate the proposed method, it was used data on chemical composition of water of
13 sampling stations (objects) of 6 rivers of S&o Paulo State (Brazil) located in the Itanhaém
and Cananéia Basin. The variables analysed were: temperature, pH, alkalinity, salinity, CO,,
0,, total-N, total-P, and organic Carbon . More details about data gathering and it ecological
interpretation can be found in Bini (1991).

The measure between pairs of sampling stations used was the average euclidian distance,
computed after the standardization of the data. The dendrogram was obtained using UPGMA
{unweighted pair group method - arithmetic average) (Sneath & Sokal, 1973).

The dendrogram obtained was arbitrarily sectioned in 13 levels, at intervals of distance
equal to 0.25, allowing the construction of 13 model matrices. The model matrices 1 and 13
have, respectivelly, all values equal to 1.0 and 0.0, since at level 1 all the sampling stations
form a single group, and at the level 13 each sampling station forms a group. Those two
matrices were excluded from the analysis. The correlations between the matrices were tested
with the Mantel test. One thousand random permutations of each matrix were run, using the
routine MXCOMP from NTSYS-PC, version 1.5 (Rohlf, 1989).
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Figure § - Deadrogram of classification of |3 sampling stations and section levels established for this study.
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Figure 2 - Corvelation between mairices (R} obtained from different section levels of the dendrogram (ns A; P < 0.05 B P < 0.01@),

RESULTS

The dendrogram obtained using UPGMA, already sectioned, is given in the fig. 1. The
cophenetic correlation coefficient was 0.806. The correlations between matrices obtained
and their significance levels computed show that between levels 5 and 6 (distances equal to
1.75 and 2.00) is the highest correspondence between the original distances and the groups
established by the dendrogram (fig. 2). At those levels, thus, there is a maximization of the
average euclidean distances among groups in relation to the within groups distances. As a
result, 3 groups of sampling stations can be observed: A) O1, 02 and 03; B} J1, 11, J2 and J3
andC)12,P1,B1, B2, P2 and Mu. The fig. 2 shows the relation between the matrix correlations
obtained and the levels of section. However, it is important to note that significant correlations
between matrices (P < 0.05) were obtained for sections § to 12.

DISCUSSION AND CONCLUSIONS

The groups formed at levels 5 and 6 are the most representative regarding the
maximization of distance among the groups of sampling stations. The groups defined at these
levels correspond to the classification of rivers in endogenous (J1, 32, I1, J3) and exogenous
(12, P1, B1, P2, B2, Mu) proposed by Navarra (1988). The sampling stations of the Olaria
river (O1, 02, 03), considered endogenous, formed an isolated group because of the strong
discharges of organic sewer in this river (Bini, 1991). In this way, the ecological interpretation
of the data demonstrates the relevance of the analytic method proposed.

At levels 5 and 6 occur the highest correspondance between the original distances and
the model. However, other levels, such as level 8, can alsa give information about the pattern
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of resemblance. At this level, the correlation between matrices was 0.564 (P<0.001) and allows
the analysis of a heterogenity among the sampling stations of the Olaria stream (01 and O2 in
a sabgroup and O3 in another) and the group B, separating the sampling stations J1 and I1
from the sampling stations J2 and J3. This level, however, does not indicate a maximization
Jovel and must be considered in a secondary way. Other groups established at other levels, e.
g.2,3and 4 or 11 and 12, are not valid, since the distance among groups of stations are not
significantly greater than the distances among the stations of another group.

In this example, the number of sections (13} of the dendrogram was established at
intervals of average euclidean distance equal to 0.25, chosen arbitrarily, like the number of
distances classes in spatial correlograms (Sokal & Oden, 1978). The number of levels of
section to be established, however, must take into account the number of elements in the
dendrogram and also the complexity of their linkages, allowing a more detailed definition of
the ecological and biological relations among the elements considered.
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