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A TECHNIQUE FOR SPECIES WEIGHTING AND ITS UTILITY
IN DATA REDUCTION AND MINIMIZATION
OF MISCLASSIFICATION '

S.5. Shaukat, Department of Plant Sciences, University of Western Ontario, London, Ontario, Canada
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multivariate methods of data analysis.

Abstract: This paper describes a technique for ordering species based on their contribution to the total
within species sums of squares. The effect of data reduction, accomplished by the omission of lowly ran-
ked species account for the information on the underlying trends or group structure in vegetation. The
ranking procedure suggested here can be incorporated in an iterative ranking-clustering algorithm in or-
der to minimize misclassification, by excluding species with larger random components in relevé sub-sets.
The implications of within species sum of squares as a ranking criterion are discussed in relation to some

Introduction

An optimal sampling strategy is of utmost importan-
ce to phytosociologists whose interest lies in the reco-
gnition of pattern in vegetation. A successful disclosu-
re of vegetational pattern depends upon an appropria-
te choice of number and position of sampling units
(Borman 1953, Bourdeau 1953, Lindsey et al. 1958,
McNeill et al. 1977), as well as the size of sampling units
(van Dyne et al. 1963, Taaffee 1979, Zeide 1980, Shau-
kat and Orléci 1984). Due to logistic considerations, the
phytosociologist often has to partition the sampling ef-
fort without sacrificing the underlying pattern infor-
mation. In practice, increased efficiency can be attai-
ned by restricting sampling to a subset of the total num-
ber of species present in the landscape.

Species differ in their sensitivity of response to en-
vironmental factors and factor complexes, and there-
by in their ability to contribute to the vegetational pat-
tern. Furthermore, the environmental response of
many species is inherently similar, giving rise to redun-
dancy of pattern information. Several ranking methods
have been proposed that can provide weights based on
species importance. Highly ranked species from among
the total set of species obtained in a pilot survey can
then be chosen to alleviate the species data recording
effort in the main study, and also to'economize the sub-
sequent data analysis without undue loss in the resul-
ting information (Orléci and Mukkattu 1973, Orléci
1978. Jancey 1979).

A wide variety of ranking techniques have been pro-
posed; they differ in the criteria of species importan-
ce, as well as underlying ranking philosophy. Some in-
volve computationally simple weighting criteria such

as arithmetic mean and standard deviation (Grigal and
Goldstein 1971, Grigal and Ohmann 1975) or mean squa-
re contingency (Williams et al. 1954, Macnaughton-
Smith et al. 1964), while others are based on maximal
unique variance or information (Orloci 1973, 1975,
Rohlf 1977), multiple correlation (Gower 1967) or mu-
tual information and related quantities (Orloci 1978).

Regardless of the weighting criterion, species ran-
king is a matter of local relevance and the reduced spe-
cies set, comprising highly ranked species, represents
the non-random component of pattern information in
a specific tract of vegetation. Extension of this concept
can be utilized for minimizing random events in order
to achieve a more refined definition of the underlying
group structure (Jancey 1980). In hierarchic agglome-
rative clustering, at each successive level of clustering
only highly ranked species in the subset of relevés are
included in the analysis to reduce the risk of misclas-
sification. Inclusion of lowly ranked species, i.e., spe-
cies with a larger random component, would only
obscure the pattern. Details of the clustering algorithm
based on the locality of species importance approach
appear in Jancey (1980).

This contribution describes a method of species
weighting based on the partition of total within-species
sum of squares. The applicability of the present weigh-
ting method for data reduction prior to cluster analy-
sis or ordination is investigated, and its utility in the
minimization of noise in the recognition of group struc-
ture is examined.

The ranking algorithm

Many ranking procedures incorporate some measu-

1 Paper presented at the 2nd CETA International Workshop on Mathematical Community Ecology, Gorizia, Italy; 19-25 No-

vember 1988.



164

re of species interaction in their algorithm; in some this
information actually determines the ranking of species.
Co-variation of species is of fundamental importance
when the eventual aim of the user is a formal ordina-
tion. On the other hand, if the final objective is typi-
fication or identification then a ranking algorithm ba-
sed on independent pattern information of species is
indispensable, as it permits increased discrimination.
The algorithm described here ranks the species solely
with respect to their unique component of pattern in-
formation.

Let X jj be an element in the raw data matrix X with
p species (rows) and n relevés (columns). First, parti-
tion the total sum of squares in the data matrix into two
independent components, a within species sum of squa-
res and a between species sum of squares:

P n
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where X.. is the grand mean and X ; equals the mean
of ith species. The first term to the right is the total wi-
thin species sum of squares. Species are ranked in ac-
cordance with their contribution to the total within spe-
cies sum of squares, represented here as Q ;. For the
ith species this would be:
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Next, the values of Q ; are ranked (Q ;) and a cut-off le-
vel C is specified to obtain the reduced species list con-
sisting of m species that stand above the cut-off point:

C2

m
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The greatest advantage of using the above ranking
approach is that it is directly compatible with some im-
portant numerical techniques of data analysis, such as
minimum variance (sum of squares) method of hierar-
chical agglomerative clustering (Ward 1963, Orléci 1967)
and Jancey's k-means method of non-hierarchical clu-
stering (Jancey 1966) which are based on total within
group sum of squares. In addition, the present ranking
method also appears to be compatible with distance-
based informal ordination methods such as Kruskal’s
nonmetric multidimensional scaling (Kruskal 1964a, b).
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Fig. 1. The number species retained at various cut-off le-
vels using species sum of squares ranking criterion.
CD = complete data.

Applications

Tﬁe data set

The vegetation data set that will be used to test the
applicability of the present ranking method comes from
pilot sampling of urban weed communities of London,
Ontario. A stratified multistage sampling was perfor-
med using a plot size of 2.5x2.5 m. The data consists
of 30 relevés and 74 species for which relative abun-
dance was estimated by a modified Braun-Blanquet
cover-abundance scale (van der Maarel 1979).

Effect of species reduction on group structure

The 74 species data set was reduced using the wi-
thin species sum of squares criterion at cut-off levels
of 0.6, 0.7, 0.8, 0.9 and 0.98. Fig. 1 shows the number
of species retained at different cut-off levels. Cluste-
ring was performed on complete and reduced data sets
using a minimum variance technique (Orléci 1967) and
Euclidean distance as the resemblance function. To-
pology matrices (Phipps, 1975) and cophenetic matri-
ces (Sneath and Sokal 1973, Rohlf 1974) for each of the
resulting dendrogram were computed. The dissimila-
rity matrices, topology matrices and cophenetic matri-
ces derived from reduced data sets were compared with
those based on complete data set using the correlation
coefficient, r (Sokal and Rohlf 1962) and A u (Dy,Dy),
of Jardine and Sibson (1968).

The dendrograms resulting from minimum variance
clustering of complete and reduced data sets are pre-
sented in Fig. 2. A marked degree of similarity bet-
ween dendrograms based on the complete data set and
those based on the reduced data sets is readily appa-
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c Fig. 2. Dendrogram resulting from minimum variance clu-
stering of complete and reduced data sets obtained at va-
rious ranking cut-off points. a) Complete data, b-f) redu-
ced data sets obtained at various cut-off levels: b, 0.98;
c, 0.9;d, 0.8; e, 0.7; £, 0.6. Numbers at the base identify
releve numbers, while vertical axis represents total wi-
thin group sum of squares.

rent. Fig. 3 provides an objective comparison of Eucli-
dean distance matrices of reduced data sets with that
derived from the complete data set. The correlation

L L between the distance matrix of the complete data set
-LJ:; L I | - q’;:\q;ll and that of the reduced data sets declines slightly with
coallna ;ll 4= decreasinc cut-off levels. However, even at a cut-off
level of 0.6, corresponding to a subset of 11 species, the
correlation coefficient equals 0.858. Jardine and Sib-
son’s A, (D 1, D), which measures the degree of di-
sagreement between the matrices rather than simila-
rity, shows progressively reduced levels of disagree-
ment between dissimilarity matrix of complete data and

that of reduced data sets with the increasingly higher
cut-off levels of ranking.

T RERT =2 =22z~ a

Fig. 4 shows the comparison of the cophenetic ma-
trices of complete data set to those of reduced data sets
derived from minimum variance clustering. High levels
of correlation indicate a great degree of similarity bet-
ween the dendrograms derived from clustering of re-
duced data sets with that developed from the comple-
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Fig. 3. Degree of similarity (correlation coefficient) and
disagreement (A , (D 1, D 3)) between the Euclidean di-
stance matrix of complete data set and that of reduced data
sets obtained at various ranking cut-off points.

te data set. Though the level of r declines slightly and
steadily with the reduction in the ranking cut-off point,
even at the species reduction level of 0.6 the value of
r is 0.9775. The disagreement function shows a decli-
ning trend (Fig. 4) with increasing cut-off point. Ho-
wever, consistent low values of the disagreement
function indicate a great degree of correspondence
between the cophenetic matrices derived from redu-
ced data sets and that corresponding to complete data
set.

a)
10 4
- 0-093
09 1 F 0:063
z - 0.033
w
2 0.8 0-003
L
[r —_
i o~
Pl {/\,' T T T o
© -
o
z -
2 b 3
5 *<
-
w
-4
=4
o]
Q
10 4 012
0.9 - 0.09
0-8 F 0-03
{J\'Y T \ T v
0 O 07 08 0-g 10

LEVEL OF DATA REDUCTION

Fig. 4a. Degree of similarity (correlation coefficient) and
disagreement (A ¢ (D 1, D 2)) between the cophenetic ma-
trix of complete data set and that of reduced data sets ob-
tained at various ranking cut-off points.

Fig. 4b. Degree of similarity (correlation coefficient) and
disagreement (A , (D 1, D 2)) between the topological ma-
trix of complete data set and that of reduced data sets ob-
tained at various ranking cut-off points.

Fig. 5. Stereograms based on NMDS ordinations of com-
plete and reduced data sets obtained at various ranking
cut-off points. a) complete data, b-f) reduced data at va-
rious cut-off levels: b, 0.98; ¢, 0.9; d, 0.8; e, 0.7; £, 0.6.

Fig. 4b shows a steady decline in the level of cor-
relation coefficients between the topology matrices de-
rived from clustering of reduced data sets and that de-
rived from complete data set, but consistently high va-
lues of r indicate a high order of similarity between the
dendrograms. Jardine and Sibson’s measure of disa-
greement shows a mirror image trend to that shown by
the correlation coefficient.

Effects of species reduction on relevé ordination

Reduced data sets were obtained at cut-off levels of
0.98, 0.9, 0.7 and 0.6 using the within species sum of
squares ranking criterion. Ordinations were performed
on complete and reduced data sets using Kruskal’'s
nonmetric multi-dimensional scaling (NMDS). Relevé
configurations were obtained for 3-dimensions and re-
presented as stereograms (Fig. 6). In general, the distri-
bution of relevés in the stereogram for complete data
set matches remarkably well with the configuration ba-
sed on reduced data sets. The objective comparisons are
made in Table 1 that gives product-moment correlation
coefficients (r) between the pairwise relevé distances
in the ordination of complete data set with those for
reduced data sets in X, XY and XYZ ordination spaces.
Note that the correlation coefficient is used here as an
index of similarity rather than as a statistic and hence
no significance level is attached. The values of r are ge-
nerally high, indicating a high level of similarity bet-



Table 1. Degree of similarity (r) between MDSCAL ordi-
nation of complete data set and that of reduced data sets.
Data reduction was performed by total within species sum
of squares ranking.

Number of dimensions used
1 2 3

0.88645 0.870805 0.939265
0.94616 0.934563 0.964844
0.978202 0.960259 0.974728
0.985994 0.974302 0.985698
0.991923 0.982578 0.991579

Date sets compared

CD* and 11 spp. (0.6)+
CD and 14 spp. (0.7)
CD and 18 spp. (0.8)
CD and 24 spp. (0.9)
CD and 44 spp. (0.98)

*CD = complete data set with 74 species.

+Numbers in brackets indicate the ranking cut-off points (pro-
portion of the sum of within species sum of square for the spe-
cies above cut-off point to the total within species sum of squa-
res of all species).

ween the ordination based on complete data set and
those based on reduced data sets. Degree of similarity
appear to be higher when the ordinations are conside-
reds in 3-dimensions (XYZ space) rather than one or
two-dimensions. Degree of similarity between ordina-

tions slightly decreased as more and more species were

eliminated from the analyses.

Minimization of misclassification

As pointed out earlier, in order to minimize misclas-
sification in a hierarchical clustering, species displaying
locally a greater random component should be exclu-
ded from the clustering procedure at the corresponding
clustering level. Thus, at each clustering pass, the to-
tal species set should be subjected to the ranking pro-
cedure since species that are unimportant in the com-
plete relevé set may attain significance in a sub-set of
relevés being used for sub-clustering.

An iterative species ranking and agglomerative clu-
stering technique developed by Jancey (1980) was used
to reduce the risk of misclassification. The technique
incorporated the within group sums of squares cluste-
ring (minimum variance method) and the within spe-
cies sum of squares ranking method which is directly
compatible with the former algorithm.

Fig. 7 shows a dendrogram derived from the itera-
tive agglomerative clustering algorithm. Comparison of
this dendrogram with that based on the complete data
set (Fig. 1a) reveals that the group structure in the for-
mer is much more compact, with lower total within
group sum of squares, than in the latter. Furthermore,
relevés 2 and 13, which were members of group 2 in
the hierarchical clustering based on total species set,
fall in group 1 in the iterative clustering. Examination
of various ordinations, average linkage clustering and
environmental data corresponding to relevés all indi-
cated that relevés 2 and 13 were misclassified in the
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agglomerative classification based on all species. In or-
der to test the affiliation of relevés 2 and 13 with ei-
ther group 1 or 2, Mahalanobis’ generalized distance
(D 2) (Rao, 1952) was computed between the relevés
and the groups 1 and 2. The D 2 values between group
1 and relevés 2 and 13 were 2.98 and 4.12 respectively
as opposed to 63.05 and 36.65 between group 2 and re-
levés 2 and 13 respectively, indicating that the two re-
levés were better placed in group 1 as in the iterative
clustering procedure.

Discussion and conclusions

This paper describes a computationally simple tech-
nique of species ranking based on the contribution of
species to the total within species sum of squares. The
technique differs from many other ranking techniques
(e.g. Orloci 1973, 1975, Gower 1976, Rohlf 1977) in that
the present method is exclusively based on the inde-
pendent pattern information contained in the species
and disregards the shared information. In a recent re-
view, Jancey (1979) concluded: ‘‘The decision whether
to rank on maximal shared variance as opposed to spe-
cific variance has not been resolved‘‘. He pointed out
that: ‘‘Perhaps more important than the question of
which is fundamentally correct is the need to match the
ranking philosophy to that of subsequent data analy-
gis‘‘. In this regard the ranking method based on the
partition of total - within species sum of squares is exac-
tly compatible with one of the most popular clustering
method, namely the minimum variance method (Orlé-
ci 1967), which minimizes the total within group sum
of squares. Besides, the ranking method proposed here
is also congrous with the k-means method of non-
hierarchical clustering, in which total within species
sum of squares provides the basis for cluster detection
(Jancey 1966).

When minimization of misclassification is the objec-
tive, Jancey’s iterative clustering using minimum va-
riance clustering and the within species sum of squa-
res ranking criterion will not only minimize ‘‘noise*‘ in
unfolding group structure but will also provide inter-
nal consistency and compatibility in the iterative clu-
stering. ‘

One advantage of such a consistency in the algorithm
is that at each clustering level the ratio of the total wi-
thin species sum of squares of the reduced species set
to that of complete species set is a constant ratio which
is equal to the ranking cut-off level used. Thus, despi-
te the changing role of species in pattern formation in
the different sub-sets of the study area, together the
ranked species represent a correspondent non-random
component of pattern information as a consistent pro-
portion of the total information in the sample sub-set.
Such a consitency and compatibility is unique to the
presently described ranking method when used in con-
junction with the minimum variance method for itera-
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tive clustering. )
An examination of the effect of species reduction on

the disclosure of group structure strongly indicated that
a relatively small proportion of the total species pre-
sent in a study area accounts for the information on the
underlying group structure in vegetation. There was lit-
tle change in the classification hierarchies derived from
successively reduced sub-set of species, obtained at va-
rious ranking cut-off points based on within species sum
of squares ranking criterion. This corroborates and ex-
tends the findings of Orléci and Mukkattu (1973) who
found little distortion in the resemblance structure of
the relevé sample even when the number of species
were drastically reduced, though their species sub-sets

were derived from covariance ranking.
Relevé ordinations based on sub-sets of species ob-

tained at successively lower cut-off levels also showed
close correspondence with that resulting from the full
species set. The ordination method chosen was Kru-
skal’s non-metric multi-dimentional scaling (NMDS) to
achieve some degree of compatibility between the pre-
sent ranking method and the ordination algorithm. The
fact that NMDS works on proximities (or distances) bet-
ween objects, and that the sum of squares divergence
between two objects is a function of distances, provi-
des the basis for compatibility between the ranking and
the ordination method. In the case of eigenvector me-
thods of ordination (viz., principal component analy-
sis, reciprocal ordering), however, co-variation of spe-
cies is of paramount importance and in that situation
species ranking on the basis of covariance or shared in-
formation would be more desirable.

Apart from the utility of the within species sum of
squares ranking for data reduction prior to both clas-
sification and ordination and in the minimization of mi-
sclassification, the ranking method requires minimal
computational time. The ranking program (RANKO5)
required only 1.85 c¢.p.u. seconds for the data set used
in the numerical examples above on a P.D.P. 10 com-
puter with a KL10D central processor. Listings of the
computer program written in BASIC are available from
the author.
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