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Abstract: The robustness of MULVA and PC-ORD clustering techniques were measured with three different new indices.
A method is robust when the results for a given data set are stable despite minor perturbations of the data. In order to test the
robustness of these methods 22 plots were classified according to the abundance of trees or trees and shrubs and then 10 new
plots were added and reclassified. Of the tested methods, Minimum Variance with Cross Product matrix of non-centred data
was the most robust and Complete Linkage with Chord Distance was the least robust.

Introduction

Numerical methods are increasingly used in vegetation
analysis and continuously new algorithms and more sophis-
ticated techniques are being developed. The two main types
of numerical methods used in vegetation analysis are ordina-
tion and classification.

Their most noted advantage over classical phyto-
sociological methods is that they are more objective.
However, the choice between two different methods is not
always as objective as it should be. Frequently, different
clustering algorithms produce dissimilar classifications
when applied to the same set of data (Podani 1989a) and dif-
ferent ordination techniques may produce different results
under the same circumstances.

Mazzoleni et al. (1991) identify three main groups of
papers in the ecological literature comparing different
methods. In the first group, classical phytosociological clas-
sification has been compared with different numerical
methods; in the second, different techniques of numerical
clustering were compared to observe the effects of changing
resemblance measures or agglomeration criteria and the third
group examined the results of applying various ordination
techniques to different data sets, both real and simulated, to
compare their relative performance.

Clustering methods should produce good classifications,
the heterogeneity between groups should be larger than the
heterogeneity within groups (Orléci 1978) and hierarchical
relationships between groups should be shown by
dendrograms. Dendrograms may be compared with several
descriptors such as the cophenetic correlation coefficient
(Sokal & Rohlf 1962), the topological distance (Phipps
1971), cluster membership divergence, subtree membership
divergence, and partition membership divergence (Podani &
Dickinson 1984, Podani 1989b)

Good numerical methods should be robust, i.e. effective
results are produced in most applications of the technique
(Gauch 1982). Robustness has two components: a) the

“results for a given data set are stable despite minor perturba-

tions of the data and b) effective results are produced for a
wide variety of data sets.

The usefulness of several ordination techniques in the
survey of the centre of North England mires was analysed by
Clymo (1980). An evaluation of the robustness of different
ordination techniques was done by Minchin (1987). When
different classification techniques are compared, usually
only the results over the same set of data are considered.

Two sets of programs are widely used in vegetation
analysis, MULVA (Wildi & Orléci 1990) and PC-ORD
(McCune 1991). The objective of this paper is to evaluate the
robustness of their programs when new plots are added to an
original set of plots and when different sets of species are
used to classify the different plots. If a method is robust,
when a new set of plots is added it shoud be expected that
they will form new groups altogether if they are completely
different from the original ones, or if they are members of the
same universe, they will be classified into the original
groups. The original plots should remain in the original
groups. We test the techniques under this proposition.

Material and methods

Data are from a Schinopsis balansae forest of the Gran
Chaco analysed by Lewis (1991). Along two parallel tran-
sects, 22 and 10 plots of 10 x 10 m were laid, and the number
of trees and shrubs were counted. These data were analysed
with the different combinations of methods and similarity
measures provided by the MULVA and PC-ORD program
packages. The results of the analysis of 22 plots in one of the
transects were compared with the results of the analysis of all
the 32 plots from both transects. First the analysis was done



Table 1. Robustness of different methods tested with three indices when tree and tree and shrub data were analyzed. Con-
fidence limits for p=0.01.

TREE DATA ALONE TREE + SHRUB DATA
RESEMBLANCE MATRIX AGGLOMERATION CRITERIA N° IRy Irs Ip3 Ir] Ipy Ir3
MULVA  Cross product of centred data Complete linkage 1 067 0.80 0.73 08 * 0.80 0.76
Covariance Complete linkage 2 067 0.80 0.73 086* 0.80 0.76
Correlation coefficient Complete linkage 3 069 0.87 0.77 0.80 0.85 0.82
Euclidean distance Complete linkage 4 072 098* 092* 083 095* 091*
Chord distance Complete linkage 5 014 0.58 0.55 0.27 0.61 0.61
Ochiai’s coefficient Complete linkage 6 072 0.87 0.82 0.81 0.83 0.79
van der Maarel’s coefficient Complete linkage 7 100* 1.00* 095* 083 096* 0.96*
Cross product of non-centred data Complete linkage 8 052 0.79 0.75 0.83 096* 094*
Cross product of centred data Minimum variance 9 092* 093* 090* 0.67 0.83 0.77
Covariance Minimum variance 10 092* 093* 090* 0.67 0.83 0.77
Correlation coefficient Minimum variance 11 0.71 0.86 0.78 090* 095* 0.86
Euclidean distance Minimum variance 12 0.89* 0.94 * 0.94 * 0.60 0.92 0.90 *
Chord distance Minimum variance 13 083 0.91 0.87 092* 0.87 0.79
Ochiai’s coefficient Minimum variance 14 083 0.91 0.87 0.90 * 0.75 0.66
van der Maarel'’s coefficient Minimum variance 15 1.00* 1.00* 085 0.89 * 094* 094+
Cross product of non-entred data Minimum variance 16 1.00* 096* 096* 1.00 * 1.00* 096*
PC-ORD  Squared euclidean distance Complete linkage 17 0.81 098* 098* 0.83 096* 0.96*
Squared relative euclidean distance ~ Complete linkage 18 085* 0.9 090* 078 095* 0.90*
Serensen's coefficient Complete linkage 19 0.76 0.86 0.78 0.92 * 1.00* 092*
Squared euclidean distance Median 20 0.60 0.58 0.55 0.61 0.90 0.89
Squared relative euclidean distance  Median 21 0.80 0.84 0.84 0.68 098* 085
Serensen'’s coefficient Median 22 0.70 0.76 0.73 0.60 0.92 0.90 *
Squared euclidean distance Group average 23 095* 0.80 0.78 1.00 * 1.00* 096 *
Squared relative euclidean distance ~ Group average 24 08* 095* 092* 045 0.74 0.74
Serensen’s coefficient Group average 25 0.66 0.90 0.84 0.85* 097* 095*
Squared euclidean distance Centroid 26 0.80 0.70 0.68 1.00 * 1.00* 095*
Squared relative euclidean distance ~ Centroid 27 0.70 0.90 090* 070 096* 0.87
Serensen'’s coefficient Centroid 28 095* 083 0.80 0.67 095* 0.94*
Squared euclidean distance Ward's method 29 0.80 094* 092* 0.60 0.92 0.92 *
Squared relative euclidean distance ~ Ward’s method 30 0.78 0.89 0.86 0.83 094* 088
Serensen’s coefficient Ward's method 31 0.80 092* 0.89* 0.54 0.83 0.63
Squared euclidean distance Mc Quitty’s method 32 0.69 0.89 089* 0.54 0.77 0.76
Squared relative euctidean distance  Mc Quitty’s method 33 087* 094* 090* 1.00* 1.00* 090 *
Serensen's coefficient Mc Quitty’s method 34 0.83 0.91 091* 053 0.92 0.81
INDEX AVERAGE 0.77 0.87 0.83 0.76 0.90 0.86
INDEX STANDARD DEVIATION 0.1667 0.1034 0.1062 0.1707 0.0936 0.1010
UPPER VALUE OF THE CONFIDENCE LIMITS  0.85 0.92 0.88 0.84 0.94 0.90

with only tree data and then with the tree and shrub data
together.

The robustness of methods was measured with the fol-
lowing three indices:

1) Fixed weighted index, Ir;:

k
| nj
=— i — 1
Ikt =¢ ;p,n (1)

where k is the number of groups, pj is the weight of group i,
nj is the size of group i and n is the size of the initial set of
data.

The size of groups is the number of plots from the initial
set of data. Their weights are obtained in the following way:
Groups from the original set of data are divided in three clas-
ses (A, B and C) according to the percentage of plots that
remain united when the analysis is done with all data; A if
100% remain united, B from 70% to 99% and C less than
70%. Then each class is divided in two (o and n) if the order

of plot fusion is kept in more or less than 70% of the cases.
The weights willbe Ao=5,An=4,Bo=3,Bn=2,Co=1
and Cn = 0. This index varies from 0 to I (maximum robust-
ness).

2) Plot permanence index, Iry:

1 mj
IR2=E 2—‘ (2)

where m; is the number of plots that remain in group i of the
original set when data from more plots is added, and k and n;
are the same as in (1). This index also varies from 0 to 1.

3) Plot order index, Ir3:
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i=1

where 0; is the number of plots that remain in the same order



as in the original analysis when the analysis is done with
added data. k and n; are defined as before. This index also
varies from O to 1.

A method is robust if the index value approaches 1. To
test relative robustness measured with any particular index
confidence limits were estimated for p = 0.01; if robustness
value was higher than the upper limit, the method is sig-
nificantly robust (Sokal & Rohlf 1979).

In order to test if robust methods produce ecologically
meaningful results they were compared with the outcome of
the classical phytosociological method (Werger & Sprangers
1982, Mazzoleni et al 1991).

Results and discussion

Single Linkage (Nearest Neighbor) agglomeration
methods from both MULVA and PC-ORD were discounted
because these methods are prone to produce chaining, that s,
the sequential addition of single plots to one large group.
Therefore, no defined groups are formed and as a whole they
can be considered a second order method of ordination
(Nimis, pers. comm.). Flexible beta also was discarded be-
cause its results depend on the stated value of B which varies
from 1 to -1; if it approaches 1, chaining increases so results
will be like those of Single Linkage and if it approaches -1,
the results will be similar to Complete Linkage (Mc Cune
1991). All other 34 possible combinations of methods and
similarity measures, even if they were incompatible, were
tested. In a compatible method, similarity measures calcu-
lated later in the analysis are of the same kind as the initial
interstand similarity measures (Greig-Smith 1983), which is
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not the case when Sorensens coefficient is used with the
Median, Ward’s or Mc Quitty’s agglomerative strategies of
PC-ORD. Ward’s method in PC-ORD is equivalent to the
Minimum Variance method in MULVA.

Complete Linkage using van der Maarel’s coefficient (7
in Table 1), Minimum Variance using van der Maarel’s coef-
ficient (15) and Cross Product of non-centred data
resemblance matrix (16), all from MULV A and Mc Quitty’s
method with the square of relative Euclidean Distance
(squared Chord Distance, 33) from PC-ORD were the most
robust methods measured by any of the robustness indices
whether tree alone (Fig. 1) or tree plus shrubs (Fig. 2) data
were analysed (Table 1). From these, MULVA’s Minimum
Variance with cross product matrix of non-centred data (16)
and PC-ORD’s Mc Quitty’s method with squared Chord Dis-
tance (33) appear to be the most robust methods. Minimum
variance with van der Maarel’s coefficient (15) or cross
products of non-centred data (16) and Complete Linkage
with van der Maarel’s coefficient (7) produced the same
groups (clusters) and were almost equally robust.

MULVA’s Minimum Variance with Cross Product
matrix of centred data (9) and Covariance matrix (10) as well
as PC-ORD’s Group Average with the square of relative
Euclidean Distance (squared Chord Distance) (24) were very
robust when only tree (14 species) data were analysed, but
when tree and shrubs (27 species) data were analysed their
robustness was lower, especially the latter (Group Average).
It may be that higher diversity (floristic richness) affects the
robustness of these methods. However, this is not the general
case, as several methods, especially PC-ORD’s Complete
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Figure 1. Robustness of all tested methods estimated with the three indices when only tree data are analysed. Methods num-

bered as in Table 1.
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Figure 2. Robustness of all tested methods estimated with the three indices when tree and shrub data are analysed.
Methods numbered as in Table 1.
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Linkage and Group Average with Sorensen coefficient (19
and 25) as well as Centroid with the square of Euclidean Dis-
tance (D%, 26) were more robust when the larger set of data
is analyzed (Table 1).

When the agglomeration method is not compatible with
the resemblance measure, robustness tends to be low.
However, other combinations are even less robust as in the
case of Complete Linkage with Chord Distance (5) which is
apparently the worst of all the methods. With these data, ab-
solute abundance, Chord distance as similarity measure has
very poor performance, however, with other types of data it
may be not the case.

Minimum variance with van der Maarel’s coefficient
(15) for tree data and Minimum Variance with Correlation
Coefficient (11); Median, Centroid and Ward’s method with
squared relative Euclidean Distance (21, 27 and 30) for tree
and shrub data were robust when they were measured with
the plot permanence index (Ir2). However, this was not the
case when they were measured with the plot order index
(Ir3). These results show that some methods could be robust
in keeping the same groups but not their internal stability.

Four methods for tree data (18, 27, 32 and 34) and three
methods for tree and shrub data (12, 22 and 29) were sig-
nificantly robust when they were measured with the third
index (Ir3) but were not when measured with the second one.
This may be due to differences between the upper values on

the confidence limits of each index, since Ir3 values must be
less than or equal to those of Irs.

The first index (Ir1) is a good measure of robustness, but
it has the disadvantage that external information is added to
the data in the fixed weighting. The second one (Iry)
measures only if groups remain stable while the third (Ir3)
measures the internal stability of groups as well; the disad-
vantage of both indices is that stable small groups are over-
valued.

The results of the most robust method, MULVA’s Mini-
mum Variance and Cross Products of non-centred data, were
more similar to those of the classical phytosociological
method (Braun Blanquet 1932) than other less robust method
like PC-ORD’s Complete Linkage with D’ (Figures 3 and 4).
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