
Introduction

The procedure originally described by Braun-Blan-

quet (1928) for reporting the composition of vegetation

samples (“relevés”) and classifying them has come to be

known as “phytosociology”, and has been widely used

throughout the world (Moore 1962, Mueller-Dombois

and Ellenberg 1974) The classification methods used in

this procedure have, however, been largely intuitive, and

there is scope for introducing a more objective approach

– particularly one involving the concept of a null hypothe-

sis and the statistical significance of a departure from it.

It is shown here that probabilistic classification can offer

such an approach. An earlier version of the procedure was

applied to scree communities in the Italian Appennines

(Goodall and Feoli 1988); but probabilistic classification

has been much improved in the intervening fourteen

years, and it seems worth while to revisit the question.

Classification may sometimes be intended purely to

serve pragmatic purposes, to facilitate discourse, or to en-

able particular predictions to be made about the objects

classified. In the latter case, the classsification procedure

is validated by the effectiveness with which this particular

end is served.

Most classification procedures, however, including

phytosociology, are intended to reflect underlying rela-

tions in the real world, and not simply to serve a practical

purpose. The very process of classification, in this sense,

implies an underlying assumption that the objects to be

classified (relevés, in this case) may be regarded as falling

ultimately into discrete groupings differentiated by the

joint occurrence of certain attributes – in the present in-

stance, quantities of different plant species.

The advantages that may be claimed for probabilistic

classification as a tool for the analysis of vegetation data,

in comparison with those more commonly applied to

them, are:

• that data can be used in the original form of an ordi-

nal scale, without conversion to percentages;

• that incomplete data sets can be used;

• that multiple values for the quantity of a species pre-

sent in a relevé or group of relevés may be used as

they stand, in the proportions in which they occur,

rather than reducing them to a mean;

• that the procedure takes account of all species re-

corded rather than concentrating attention on a few

“characteristic” species; and
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• that probabilistic classification is based on a null hy-

pothesis of uniformity, and provides a statistical test

of this hypothesis.

Probabilistic classification

The concept of probabilistic classification was intro-

duced in the 1960’s (Goodall 1964, 1966, 1966a, 1968),

but has in the past decade been much improved and ex-

tended (Goodall 1993, 1994). It may be unfamiliar to

many readers, so the principles involved will first be out-

lined.

Probabilistic classification can, like many classifica-

tion procedures, be applied to any objects (“operational

taxonomic units” — OTU’s) such as relevés which can be

described in terms of a number of logically independent

attributes such as the quantity of different species.

As a first step, for any particular attribute, all possible

pairs of values are arranged in order of likeness. The or-

dering principle varies according to the type of attribute.

For a quantitative attribute, the ordering principle is sim-

ply the unsigned difference between the two values; for

an unordered qualitative attribute differing pairs are

treated as uniformly unlike, but agreeing pairs are consid-

ered more alike if the value in which they agree is an un-

common one. For ordered variables, correspondingly, the

likeness between any two values is the complement of the

probability that any random pair of values would be

equally close or closer in the ordered series. For spatial

attributes, the two-dimensional continuum is divided into

a number of cells, and the likeness between different cells

depends on the distance between their centroids. For each

possible pairing of values, the cumulative probability of a

pair of values being as or more alike is then calculated. If

more than one value has been recorded for an attribute in

an OTU, the proportions of these values within the OTU

are used as weights in calculating the likeness between

different value pairs.

For any given pair of OTU’s, the resemblance in re-

spect of a given attribute may be expressed by the sum of

the likenesses between each pair of values recorded,

weighted by their proportions in these OTU’s. These val-

ues for resemblance may then be used to order all possible

pairs of OTU’s in respect of this attribute. The proportion

of OTU pairs resembling one another as closely or more

so is then an inverse measure of the similarity in respect

of this attribute – a similarity index.

For each attribute, a norm within a set of OTU’s may

be defined as having the overall distribution of values for

the OTUs in that set, each value with its average weight.

Suppose now that one wants to consider the extent to

which a particular OTU deviates from the norm of the

whole set considered. The procedure is the same as for the

similarity matrix, but instead the comparisons are be-

tween each OTU and the set norm. Again, the weighted

sum of likenesses between each pair of values is calcu-

lated, these values are ordered, and the proportion of

OTU’s with resemblance to the norm greater than that of

the OTU under consideration is an inverse measure of its

deviation from the norm for this attribute – a deviant in-

dex.

Finally, one may have distinguished a subset of

OTU’s, and be interested in the relation of other OTU’s to

this subset. One calculates the norm of this subset, and

then (excluding this subset from the calculations) finds

the resemblance of every other OTU to this norm. The

OTU’s of the complementary subset are then ordered in

respect of this resemblance, and the proportion with equal

or greater affinity to the subset constitutes the contribu-

tion of this attribute to an inverse affinity index.

Once these contributions have been calculated for

each attribute, the question arises of how the attribute con-

tributions (each an estimate of probability) can be com-

bined. For a small number of discrete probabilities, exact

combination is quite practicable. But, as the number of

probabilities to be combined increases, and as the number

of possible values for each increases, the computing load

increases exponentially, and soon becomes quite imprac-

ticable. Luckily, an approximation is available. Fisher

(1934) pointed out that, for independent continuous prob-

abilities, the combined probability could be obtained by

calculating

where n independent probabilities p� are to be combined.

X
�

is then distributed as χ�
with 2n degrees of freedom.

Lancaster subsequently (1949) provided an approxima-

tion for discontinuous probabilities, such as data for at-

tribute probabilities would always yield:

where p'� is the probability next smaller than p� in the se-

ries of discrete cumulative probabilities from which p� is

taken.

Since the probability values calculated are often very
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–log�� P. The fact that this transformed figure increases

with similarity, deviation or affinity, rather than being in-

versely related as is the case with P, makes comprehen-

sion easier.

Application to classification of vegetation

Turning now to the application of this method to phy-

tosociological data, the OTU’s here are the relevés, the

attributes are most commonly the quantities of different

species, usually expressed by a number on an arbitrary

scale depending on the proportion of ground covered by

the species. The scale is often converted to a sequence of

percentage figures, in the middle of the range implied by

the recorded scale number. A location is recorded, and

also sometimes some environmental data such as aspect

or soil type.

The three tools described – the deviant index, the

similarity index and the affinity index – can be used to

illuminate the relations among the relevés, in whatever

form these data are recorded, as will be shown. It should

be noted that the indices can be used for any types of at-

tribute, in any mixture, all being reduced to the common

terms of probability. An attribute may be recorded for

only some of the OTU’s, and indeterminate or unknown

for others (for instance, if bryophytes have been recorded

only for some of the relevés, that information can be in-

cluded where it exists, while those variables are indeter-

minate elsewhere). Several different values may be re-

corded for a given species in a given relevé – if, for

instance, the relevé includes subsamples, the proportions

of the different values are then taken into account.

In any attempt to apply objective methods to phy-

toscociological data, it must be remembered that these

data themselves include a strong subjective element. Se-

lection of the sites for relevés is generally on the basis of

uniformity (which can in principle be assessed objec-

tively), but also often on conformity with a preconceived

notion of the community sampled. Thus, an objective

analysis of published data may well be objective as far as

the analysis goes, but cannot remedy (or even determine

the influence of) the subjective element in the collection

of the data. At least, though, one may hope that conclu-

sions drawn are objectively justified by the data pre-

sented, and introduce an element of hypothesis-testing

which is often missing from vegetation analysis.

An advantage of the probabilistic approach to phy-

tosociology is that it can make use of the data in their

original form, as a value on an ordinal scale, rather than

first converting them to percentages, which fail to reflect

the great differences in precision in different parts of the

scale. If the ecologist is estimating percent. cover by eye,

he or she is much more certain about a difference between

3 and 5%, let us say, than between 73 and 75%. This dif-

ference in precision is reflected in the ordinal scales

which the majority of phytosociologists use, but not in

their percentage transforms.

The approach adopted here starts from the “null hy-

pothesis” that the different relevés in the collection are

samples from the same vegetation type, in which the val-

ues recorded for each species are randomly distributed

among the relevés, and the occurrence and quantity of dif-

ferent species are not correlated.

Some applications of the principles of probabilistic

classification to phytosociological data are offered here.

The applications are intended merely to show the poten-

tiality of the method, rather than to produce results of

value in their own right. It is not suggested that this new

approach should replace other more traditional ap-

proaches; but at least it offers an objective method of

analysis which makes it possible to draw clear conclu-

sions, based on an unambiguous model.

A classical set of relevés

The first set of phytosocoiological data to be analysed

was collected and published by the father of the subject,

Josias Braun-Blanquet (1936). It consists of some dry

grassland data from the eastern Alps, which he assembled

in the alliance Festucion valesiacae. There were 22

relevés; relevés 1 to 9 were placed in the association Fes-

tuceto-Caricetum supinae, relevés 10 to 13 in the Stipeto-

Seselietum, and relevés 14 to 22 in the Festuceto-Poetum

xerophilae. A total of 90 species were tabulated. The re-

cords were in the form of ordinal values (up to a code of

4).

A similarity matrix showed that 42 of the 231 prob-

abilities had values (after logarithmic transformation)

greater than 1.0 (against the 23 expected in random data),

and of these 20 were greater than 2.0 (Table 1), the largest

being 6.3 (a probability of 0.0000002); these figures jus-

tified rejection of the null hypothesis. One may note that

all but one of the high similarities were between relevés

attributed to the same association. The highest similarity

is between two relevés of the Stipeto-Seselietum, num-

bers 11 and 13. These two, however, constitute the core

of a small group of four relevés with high similarities, the

six pair-wise comparisons within this subset of four

relevés all showing similarities greater than 2.2. The

chance that a set of six values from a uniform distribution

between 0 and 1 should all be less than .01 is 10
���

; the

number of ways in which a subset of four can be selected
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from a set of 22 is 7315, so the probability that any such

set of four might appear in these data by chance is less

than 10
��

. These four relevés are exactly those which

Braun-Blanquet grouped in the association Stipeto-

Siselietum.
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Thus, this objective analysis shows that the 22 relevés

included in the Festucion valesiacae included three dis-

tinct groups representing the three associations, together

with eleven relevés not showing high affinity with any

one of them. If the underlying philosophy calls for any

relevé within the alliance to be attached to one or other of

the associations, the question arises of how these eleven

should be distributed. For an answer to this, the question

of significance does not arise – merely, to which of the

three association clusters each of the residual relevés

should be attached. One can use the affinity index to an-

swer these questions in conformity with the probabilistic

approach. Attaching to the residue the relevés already rec-

ognized as representing one of the associations, affinity

indices are calculated in each of the three cases, and each

residual relevé is then transferred to the grouping with

which it shows closest affinity (Table 2).

It will be noted that relevés 4,5,7 and 8 show greatest

affinity with the cluster C – that is, with those identified

with the Festuceto-Poetum xerophilae — whereas Braun-

Blanquet had placed them in the Festuceto-Caricetum

supinae. On the other hand, relevés 19 and 21 show great-

est affinity with cluster A (the Festuceto-Caricetum), al-

though Braun-Blanquet placed them in the Festuceto-Po-

etum. Thus, though there are core groups of relevés which
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agree well with the original subjective conclusions, this

concordance does not extend to the rest of the relevés re-

corded. In a spatial analogy, the data are not as well rep-

resented by three discrete clusters as by three smaller clus-

ters around which the other relevés are distributed in a

rather structureless cloud.

A large data set from the Netherlands data bank

The data comprise a random set of 100 relevés from

those ascribed to the Alliance Nardo-Galion in the Neth-

erlands data bank. These relevés are listed in the Appen-

dix. The species recorded in them numbered 346. The

data came into my hands converted from the ordinal data

into percentages. In this conversion, which is often used

as a preliminary to quantitative analyses, it should be

borne in mind that the quasi-continuous scale may con-

ceal marked discontinuities. The data as tabulated may in-

clude a number of figures of “37%”, for instance, and no

others between 31% and 45%, the apparently continuous

percentage transformation giving a misleading appear-

ance of precision.

The probabilistic procedure enables analyses to be

done either with the original score data or with the derived

percentages. Furthermore, an argument can be made that

absence should be treated rather differently from the

quantity if present – it is not just one end of a continuum

(Goodall and Feoli 1988). Two zeroes are not to be re-

garded as indicating closer similarity between relevés

than, say, values of 9% and 10% This point of view can

be accommodated by the procedure described if each spe-

cies is represented by two logically independent attrib-

utes: presence (a qualitative attribute taking the value

“Present” or “Absent”), and quantity if present, which

could either be an ordinal (score) or quantitative variable,

in either case indeterminate if the species is absent (cf.

Williams and Dale 1973).

When a similarity matrix was calculated from the data

in the form of percentages (column 2 in Table 3), only five

of the values showed a probability less than .01 — con-

siderably fewer than is to be expected in a sample of 4950

values (the number of pairwise comparisons among 100

items) from a random sample of a uniform distribution be-

tween 0 and 1. The data were converted back to an ordinal

scale similar to that used in the original observations, and

a similarity matrix was again calculated. Here the results

were completely different (Table 3, column 6). The

number of probabilities less than .001 (i.e., with a loga-

rithmic index greater than 3.0) was 60, as against 5 ex-

pected on the null hypothesis. Six values even exceeded

10.0.

The relatively uninformative character of the percent-

age data was explored further. The zero values were re-

moved from the percentages, and a new set of qualitative

attributes was introduced. Thus, as suggested above, the

involvement of a species in a relevé was expressed by two

variables logically independent of one another – (a)

whether it was present or absent (P/A); and (b) if present,

the percentage of area that it covered [if it was absent, at-

tribute (b) was indeterminate and did not enter into the

calculations for that relevé]. When this was done – using

692 attributes, instead of the 346 previously – the results

were as shown in the third column of Table 3. It will be

noted that the similarity values here are much closer to

those obtained using the ordinal values than to those with

the raw percentage data.
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In what follows, the data have been used in ordinal

form, and the analysis of the data set proceeds exhaus-

tively, guided only by the criterion of probability, and

without reference to the sources or nature of the data. Sub-

division of the data set has been pursued so long as the

final groupings appear to be heterogeneous according to

the probabilistic criteria used – the deviant index, and the

similarity index. The earlier stages of the analysis are de-

scribed at length, so as to make clear the logic of the proc-

ess.
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Following the exhaustive analysis of the 100 relevés

into clusters, one would like to compare the groupings

found with those recognized by traditional phytosociol-

ogy. In the Netherlands data base, all these relevés were

ascribed to the alliance Nardo-Galion (the criterion of se-

lection), but divided between four associations: Galio her-

cynici-Festucetum ovinae, Gentiano pneumonanthes-
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Nardetum, Botrychio-Polygaletum and Betonico-

Brachypodietum. In Table 6, the appropriate association

is indicated for each relevé. In the majority of cases, the

ultimate sub-clusters are of relevés attributed to the same

association, and there is broad agreement even at higher

levels. But there are many discrepancies. Though tradi-

tional phytosociology uses agreement in the presence

and/or quantity of species in order to group relevés, the

species used are only a relatively small proportion of all

those recorded; probabilistic analysis, on the other hand,

makes use of information from all species recorded which

differ from relevé to relevé (species absent from all can

contribute nothing to the analysis, and this would also be

true if a species was present to the same extent in all).

Discussion

It has been mentioned that many plant ecologists have

reservations about traditional phytosociology, largely be-

cause of the subjective element in the selection of sites for

relevés (e.g., Poore 1955a,b, Kershaw 1964, Moore and

Chapman 1986). But the methods described here would

be equally applicable to samples collected with full objec-

tivity; in any case, the method of analysis is logically

quite independent of the way in which data have been col-

lected.

The power of the probabilistic approach in separating

relevé records according to their species composition is

clear. One may note that the degree of subdivision indi-

cated by this method is considerably finer than the tradi-

tional division into Associations.

The possibilities of analysing vegetation data by these

techniques are not limited to data on the presence or abun-

dance of species. Environmental data could well be in-

cluded in the analyses if available – including spatial data

(geographical location) or variables like aspect, which are

difficult to handle in many systems. The opportunity to

use data in which a range of values is recorded for each

species at each location (e.g., from subsamples) could

also be valuable.

No well-defined “stopping rule” has been adopted in

this study. The “null hypothesis” underlying the prob-

ability calculations is that, at each stage, the species re-

cords are distributed independently among the relevés in-

cluded, and on this hypothesis the probability estimates

will be distributed uniformly between 0 and 1. Any test of

this uniform distribution could be used, and different tests

would give slightly different results, so that strict applica-

tion of a conventional significance level of .05, say, might

lead to different conclusions as to the inclusion of a par-

ticular relevé in a cluster. In any case, though, the choice

of this or any other significance level would be an arbi-

trary decision.

The model of discrete vegetation types within which

any “uniform” sample will fit, which underlies traditional

phytosociology, is itself open to question. In this model,

any sample would be from one or another of these discrete

types, and would differ only randomly from other samples

of the same type. If this model reflected reality, one would

expect to find clusters being built up by clear-cut step-

wise decisions, after which the relevés within the cluster

would show no significant differences. However. the way

in which clusters are repeatedly divided in this study, and

the steady decline in index values as a cluster increases in

size, support rather the concept of a number of centres

around which relevés are concentrated, within a matrix of

relevés whose composition resembles more or less re-

motely those represented by one or more of the centres of

concentration.

The programs used in these analyses are freely avail-

able by writing to the author.
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Appendix

Identification in the Netherlands national data base of

the relevés used in this analysis.
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