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On concepts and techniques applied in the Ziirich-Montpellier 
method of vegetation survey

M. J. A. W ER G ER  *

ABSTRACT

Because a wider use o f the Zurich-Montpellier method in the study o f vegetation in South Africa 
is envisaged, an outline o f concepts and techniques applied in that method is given.
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INTRODUCTION  

The science of plant ecology has been practised in 
South Africa since the beginning o f the present 
century. O f the early ecological studies in South 
Africa, the comprehensive treatise on the vegetation 
o f the Cape Province by M arloth (1908) is perhaps 
the most significant. For more than half a century 
thereafter South African ecology was predominantly 
inspired bv the writings of Clements (e.g. Bews, 
1918; Phillips, 1931; Bayer, 1955; Killick, 1963) 
and Tansley (e.g. Adamson, 1938; Story, 1952; 
Edwards, 1967). The studies of this period, discussed 
in more detail by Killick (1967), were mainly of a 
non-formal, descriptive nature and often admirably 
accurate and informative. During the early fifties two 
ecological studies were of considerable local signi
ficance. In 1953 Acocks published his “ Veld Types of 
South Africa” , a classification of South African 
vegetation into 70 veld types and 75 variations, based 
on a floristic comparison of stand data. Acocks 
selected well-developed, extensive patches of vege
tation and recorded all species encountered. A bun
dance of each species in each stand was estimated and 
from comparison o f these lists the veld types were
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extracted. Since its publication, Acocks' Veld Types 
has formed the basis o f the majority o f ecological 
studies carried out in South Africa. In 1955 Tidmarsh 
& Havenga published their statistical wheelpoint 
method for surveying and measuring the cover o f 
vegetation, which has since been used extensively in 
Southern Africa in its original as well as in modified 
forms.

The development of statistical techniques in ecology 
received attention in South Africa soon after the in tro
duction o f these techniques in Europe and America 
and, mainly from 1960 onwards, several studies were 
undertaken using G oodall’s (1953) interspecific cor
relation analysis (Van Vuuren, 1961), association 
analysis (e.g. Grunow, 1965; Roberts, 1966; Scheepers 
1969; Taylor, 1969; Coetzee, 1972), inform ation ana
lysis (Grunow & Lance, 1969). hierarchical syndrome 
analysis (Coetzee & Werger, 1973) and various kinds 
of ordination techniques (e.g. W oods & Moll, 1967; 
M orris, 1969; Moll, 1969; G runow  & Morris, 1969; 
Louw, 1970).

The Zurich-M ontpellier or Braun-Blanquet ap 
proach to the study o f vegetation has, since its 
origin in Europe shortly after the turn of the century, 
proved to be an efficient and reliable method for 
vegetation survey and classification in mosUcountries 
of Europe and also in other continents (W hittaker, 
1962; Braun-Blanquet, 1968; Tiixen. 1969. 1970a; 
Doing, 1970). However, until 1969 this approach 
remained virtually unknown in Africa south o f the 
equator, except for work in Zaire, Rwanda and 
Burundi by Belgian phytosociologists, a vegetation 
survey in southern M ocambique by Myre (1960. 1962. 
1964), and a small survey in the W indhoek area of 
South West Africa by Volk & Leippert (1971) (cf. 
Werger, 1973a; Werger et al., 1972). Language 
difficulties, amongst others, were suggested as a main 
reason for this remarkable omission by Werger et al.
(1972). But basic differences between the scientific 
approaches of Anglo-American and continental Euro
pean ecologists should also not be underestimated. 
Although English accounts of several aspects o f the 
method were given by Braun-Blanquet as early as 
1932, and later by Poore (1955, 1956), Becking (1957), 
Moore (1962) and later authors, lack of training as 
well as the local psychological climate that was by then 
so influenced by the attitude of general non-acceptance 
of the method, prevailing amongst the English- 
speaking ecologists, prevented its application until 
1969. In 1969 a phytosociological survey of the 
Upper Orange River valley, in which the Zurich- 
M ontpellier method was applied, was initiated (W er
ger, 1973a) and since then a number of smaller 
surveys, in which this method was successfully applied, 
were carried out (Van Zinderen Bakker, 1971; 
Werger et al., 1972; Werger. 1973b; Leistner & Werger 
1973; Van Zinderen Bakker & Werger, 1973; Coetzee. 
1974; C oet/ee & Werger. 1974). Because of the success 
o f these studies a wider acceptance o f the Zurich-
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M ontpellier method in South Africa is envisaged. A 
discussion of the concepts and techniques applied in 
this m ethod, particularly o f those aspects not covered 
by the previously-mentioned as well as the more recent 
publications in English (Kiichler, 1971; Shimwell,
1971), was therefore thought to be useful. In this 
presentation no pretence to completeness is made.

According to the Zurich-M ontpellier method, 
selected, representative, homogeneous plots o f a 
certain minimum size are sampled in the phytocoe- 
noses (stands) making up the vegetation o f the area 
to be surveyed, recording all species and rating them 
on a cover-abundance and, optionally, a sociability 
scale. Some other analytical characters o f the vege
tation in the plot might also be recorded. The samples 
are entered in a table from which the vegetation 
units are extracted. The units are interpreted ecologi
cally and ranked in a hierarchy. Thus, the method 
consists o f an analytical, sampling phase and a 
synthetic phase, which will be discussed separately.

/ .  SAMPLING
1.1 Site selection

In the Zurich-M ontpellier School the selection 
o f a site for a plot is generally carried out subjectively. 
Although much and severely criticized, this procedure 
is in accordance with the com m unity-unit theory, 
which postulates that vegetation consists o f natural 
entities usually in contact with each other along 
narrow boundaries (cf. Werger, 1973a; W hittaker, 
1956, 1962, 1967). The most efficient way to find the 
units or associations, which are types abstracted from 
actually-occurring stands or phytocoenoses, is to 
select for sampling those stands which may possibly 
be examples o f such an association. Stands which are 
obviously heterogeneous in habitat, structure or 
floristic com position, and might therefore logically be 
expected to represent parts o f two or more units or 
associations, should be avoided because they do not 
con tribu te  inform ation which can be used to describe 
the two or more community-types that they represent. 
Thus, the subjective decision to avoid mixed stands 
does not imply the circularity suggested by W hittaker 
(1956): “ associations are being studied in terms of 
samples taken in terms of associations". The real 
procedure is that associations are being studied in 
terms of plot samples taken in terms of phytocoenoses 
which are possible association-individuals. It is 
obvious that the question of subjective selection of 
phytoceonoses for sampling is closely related to the 
question of representativeness, homogeneity and total 
num ber of plots to be sampled. The area of investi
gation must be well known in all its variety before 
the study is started, since a good knowledge of the 
variation in the study area allows a more representative 
sampling of the various stands (phytocoenoses). Pre
judice about the expected results o f the study should 
be avoided in this selection. The subjective selection 
o f stands for sampling, guarantees an optim al sam p
ling efficiency, because obviously heterogeneous 
plots are avoided as far as possible (Ellenberg, 1956; 
Becking, 1957; Dahl 1957; Barkman, 1958; G ounot, 
1961, 1969; Braun-Blanquet, 1964; Daubenm ire, 1968; 
M oore et a i .  1970; Knapp, 1971). The strength of the 
argum ents against the procedure of subjective 
selection of plot sites is often overestimated, since it 
seems to be difficult, according to the experience of 
Ivimey-Cook & Proctor (1966) to “ collect any 
substantial body of phytosociological data to support 
a conclusion seriously at variance with the facts". 
On the other hand, this question need not be crucial 
in the decision to apply the Zurich-M ontpellier 
method, since there is no fundam ental objection

against stratified random , random  and systematic 
sampling. These sampling strategies can also yield 
good results. Particularly in the last two cases, 
however, a considerable am ount of plot data will be 
too heterogeneous to be used in the extraction of 
community-types (cf. Taylor, 1969). A test for hom o
geneity o f the plots might prove useful when these 
strategies are used. When they are used in an area 
where different communities occur in a mosaic of 
patches of small dimensions, the possibility exists that 
virtually no plot may be usable, or that so many plots 
are situated on similar transitions that these transitions 
are also extracted from the tables and can wrongly be 
interpreted as types. G reat care should thus be taken in 
evaluating the plot data and the synthetic results 
based on random  and systematic sampling strategies.

1.2 Representativeness
Stands for sampling should be selected in such a 

manner that each is representative of the vegetation 
of which it is part and that each plot sampled therein 
should yield a more or less typical description of 
that vegetation in terms o f both floristic composition 
and structure. Each plot should represent only one 
entity of vegetation (Ellenberg, 1956; Dahl, 1957; 
G ounot, 1961; Braun-Blanquet, 1964; Knapp, 1971). 
In an open tree or shrub vegetation, for example, 
the situation of plots should be such that the relative 
im portance o f the tree or shrub com ponent within the 
plot is com parable with that o f the surrounding 
vegetation to be represented.

The requirement of representativeness of the 
vegetation in the sample plot should not be confused 
with the question of the degree o f development or 
disturbance of the vegetation. Although samples taken 
in optimally developed vegetation are most suitable 
for the first description o f a new syntaxon (Westhoff, 
1967, 1968; WesthofT & Den Held, 1969), it will often 
be useful to sample stands representative of below-op- 
timally developed vegetation, such as overgrazed 
grassland. Such a sample is im portant in the establish
ing of the status o f the grassland concerned and of the 
successional trends under the influence of a specific 
treatm ent of the vegetation to which the sample 
belongs. When random  or systematic sampling is 
carried out, the question of the representativeness of 
each individual plot is, o f course, by-passed. This 
disadvantage is particularly im portant in open vege- 
vegetation.

The representativeness o f a plot is closely related to 
its homogeneity.

1.3 Homogeneity
According to Goodall (1952), “ homogeneity has 

bulked large in ecological literature, because most 
schools of plant sociology specify it as a first desidera
tum for a ‘stand’ or area of vegetation, which can 
serve as a unit o f classification” .

The approaches based on the com m unity-unit 
theory and those based on the individualistic hypo
theses both require homogeneous sample plots (Bray 
& Curtis, 1957; Curtis, 1959; G runow  & Morris,
1969). W orkers using the various ordination techni
ques often assess only floristic homogeneity of the 
sample plot, relating homogeneity to the distribution 
of the species present in the sample plot. In the Zurich- 
M ontpellier School floristic, structural and environ
mental homogeneity are usually assessed visually. 
Homogeneity is im portant in the com m unity-unit 
theory approaches because inform ation per sample 
of one vegetation entity only, and not o f mixtures, is 
wanted (Ellenberg. 1956; Dahl, 1957; B ;rkm an. 
1958; G ounot, 1961. 1969; Braun-Blanquet, 1964; 
Daubenmire, 1968; Tiixen, 1970b; Knapp, 1971;
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Shimwell, 1971). M ost techniques for testing hom o
geneity of the sample plot start tacitly from one of two 
assum ptions; either that if the plot is floristically 
homogeneous it is also structurally and environ
mentally homogeneous and thus only floristic hom o
geneity needs to be tested, or that structural and 
environmental heterogeneity not expressed in the 
floristic com ponent is irrelevant.

Homogeneity was first discussed by Nordhagen 
(1923) and soon became the object o f a polemic 
between Kylin and Romell (cf. Kylin, 1923, 1926; 
Romell, 1925, 1926). Kylin, assuming that, on the 
average, the species in a community are distributed 
randomly, regarded homogeneity as depending on 
variations in density am ong the species and suggested 
that species-area curves and frequency-distribution 
curves are useful tools for determining the hom o
geneity of a patch of vegetation. Kylin (1926) dis
tinguished homogeneity of vegetation based on the 
distances between the individuals o f a species, which 
is homogeneity in the sense o f N ordhagen (1923), 
from homogeneity o f vegetation based on distances 
between all the various species, which deals with the 
com position o f the vegetation. Romell (1925, 1926), 
who also distingiushed homogeneity of distribution 
from homogeneity o f com position, pointed out that, 
with respect to the former, homogeneity is a m atter 
o f scale. A lthough a patch o f vegetation might 
be heterogeneous if studied on a small scale, 
as a consequence o f the fact that plant-indivi- 
duals occur as discrete units, the same area 
might be homogeneous when studied on a larger scale. 
This m atter o f scale also applies to plants occurring in 
clumps (compare also G oodall, 1954a, 1961, 1970; 
Van der Maarel, 1966a). Since plant individuals are 
more often under- or overdispersed (cf. Ashby, 
1948; G oodall, 1952, 1970; Augarde, 1957; Greig- 
Smith, 1964; Kershaw, 1964; Segal, 1969) than 
randomly distributed, the question of scale is of 
crucial importance in statistical tests for homogeneity. 
Thus, Tuom ikoski’s (1942) proposal to determine 
homogeneity on lack of correlation between the 
occurrence of different species is meaningless unless 
the question of scale is regarded at the same time.

Dahl & Hadac (1949) gave a definition of hom o
geneity that is often regarded as fairly satisfactory: 
“ A plant species is said to be homogeneously distri
buted within a certain area if the probability of finding 
an individual o f a plant species within a test area of 
given size is the same in all parts o f the area. A plant 
community is said to be homogeneous if the in
dividuals o f the plant species which we use for the 
characterization o f the community are homogeneously 
distributed” . They further point out that plant 
communities are never fully homogeneous, and that 
one should be satisfied with more or less homogeneous 
plant communities. They also state that “ the human 
eye, badly adapted to measurement, but well to 
comparison, rapidly gives the trained sociologist an 
impression of whether a plant community he has 
before his eyes is highly homogeneous or not". As 
pointed out by Goodall (1961), the definition by Dahl
& Hadac (1949) does not fit vegetation with a mosaic 
pattern. Goodall (1961) then suggested the following 
definition: “ the distribution of a species in an area of 
vegetation is homogeneous if there exists some sample 
size for which the variation between replicate samples 
is independant of the distance between them ” . Hence, 
the question of homogeneity is linked to the concept of 
minimum area. If homogeneity in the sense of Goodall 
(1961) could be proved, then a statistically valid 
minimum area would exist (cf. G oodall, 1961; 
Kershaw, 1964). Testing G oodall’s definition involves.

however, a considerable am ount o f cumbersome 
field work and com putation. Besides, this and 
other tests usually do no more than give an indication 
of the degree of heterogeneity.

Since many ecologists agree with Greig-Smith 
(1964), that “empirical description of vegetation 
cannot wait for clarification of theoretical concepts” , 
in particular not if these concepts bear relatively 
little importance in many fields of ecological interest, 
the suggestion by Dahl & Hadac (1949) to assess 
homogeneity subjectively has often been accepted 
(e.g. Ellenberg, 1956; Dahl, 1957; Braun-Blanquet, 
1964; Daubenmire, 1968; Knapp, 1971). For instance 
Daubenmire (1968) defines a homogeneous patch of 
vegetation as “ one in which variations are a ttri
butable to chance, rather than to instrinsic habitat 
factors’', and comments that one should not try to 
find homogeneity but rather try to eliminate as much 
heterogeneity as possibe. This should be done sub
jectively, because “ the results o f lengthy com putation 
often do no more than verify vegetation discontinui
ties that are evident to a trained synecologist by 
careful inspection” . An ecological definition o f 
homogeneity is given by G odron (1968): “ une station 
est homogêne lorsque chacque espêce peut y trouver 
des conditions de vie équivalentes d 'une extrémitée 
á l'autre, et non pas en tous les points de la station” 
(a stand is homogeneous when every species experiences 
equivalent living conditions throughout the entire 
extent o f the stand and not necessarily in every point 
o f it). Inform ation theory tests to determine hom o
geneity have been applied by G odron (1966). Since 
statistical testing of homogeneity is cumbersome, 
many ecologists take the practical approach of sub
jectively assessing homogeneity of the plot in terms of 
the least possible obvious heterogeneity in floristics, 
structure and environmental features.

1.4 MinimaI area and plot size; plot form
A nother much-discussed and criticized concept is 

th a t o f minimal area, dealt with recently by Werger
(1972) and M oravec (1973). Two basic approaches to 
the concept o f minimal area can be observed:

(1 )T he  approaches based on the community-unit 
theory try to determine a certain minimal size of 
area in which the community can be represented. 
The determ ination o f this size of area is im portant, 
since communities can be sampled most efficiently 
with plots the size of minimal area or slightly larger. 
If a community is sampled with plots smaller than the 
minimal area then the community-type cannot 
easily be extracted from the data ; if it is sampled with 
plots larger than the minimal area then much effort is 
wasted.

(2) One aim of the statistical approach to vegetation 
is to establish whether plant communities exist or not. 
This involves pattern studies that lead automatically to 
studies of minimal area, again as the minimum size of 
area in which the community, if it exists, can be 
represented.

In the com m unity-unit theory approaches, however, 
the analytic and synthetic concepts of minimal area 
are often confused. The analytic concept o f minimal 
area implies determination of the size of area on 
which a phytocoenosis (community, in W hittaker's 
(1956, 1962) terminology) is fully represented, in 
order to ascertain a suitable plot size for sampling 
that and similar phytocoenoses. The synthetic 
concept o f minimal area implies determ ination of the 
average size of area on which a particular association 
(community-type, in W hittaker's (1956. 1962) 
terminology) is represented. To determine this area it 
is, amongst other requirements, necessary to know the
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total num ber of species of an association (compare 
R aabe’s remarks following a paper by Van der Maarel,
1970). Due to the varying distance between the species 
within each of several phytocoenoses of the same 
association, Raabe regarded it as impossible to deter
mine the minimal area of an association. Only the 
minimal area of a particular phytocoenosis can be 
determined.

Since the problem of a suitable plot size for sampling 
vegetation is more im portant in vegetation survey 
than the possible determ ination of the minimal area 
of an association, the analytic concept o f minimal 
area will be further considered here.

Braun-Blanquet (1913) originally determined mini
mal area as the area above which no new species occur 
in the association (probably meaning the phytocoeno
sis). This size of area is determined with the species- 
area curve (cf. Werger, 1972). Later Braun-Blanquet 
(1928, 1951, 1964) modified this to the area at which 
the species-area curve becomes more or less horizontal 
(cf. also Ellenberg, 1956). Recently, Tiixen (1970c) 
reinterpreted this curve, regarding it as consisting of 
three phases: (a) a strongly curved phase; (b) a 
slanting straight line; (c) a horizontal line. It seems 
that this reinterpretation deserves further investigation 
to establish to what degree the three phases are a 
result o f scale and a neglect o f mathematical inter
polation.

Relative scales o f abscissa and ordinate axes are 
im portant in determining the position of the inflection 
point o f the species area curve (Cain & Castro, 1959; 
cf. Werger, 1972).

The Uppsala School defined minimal area as the 
area above which there was no increase in constant 
species, constant species being those with a percentage 
frequency over 90%  on an area of sufficient size, that 
is, above the minimal area. The constancy-area 
curve is supposed to show a step above which only 
extremely large areas would add new constant 
species (Du Rietz et al., 1920; Du Rietz, 1921).

Poore (1964, 1968) constructed species-area curves 
for stands o f a tropical rain forest in Malaysia and 
found that only the curves for constant tree species 
flattened out. Hopkins (1955, 1957), however, could 
neither find a break in the species-area curves nor a 
step in the constancy-area curves from data o f several 
British stands of vegetation. G oodall (1970) argued 
that the asym ptotic form o f the species-area curve is an 
illusion due to the use o f linear scale for a measure of 
area.

After he had made a detailed study o f Dutch dune 
vegetation, Van der Maarel (1966a) concluded that 
minimal area cannot satisfactorily be defined as an 
absolute intrinsic character o f the vegetation and 
advocated a pragmatic approach, defining minimal 
area as the minimal size of area to be analysed to get 
a representative view of a phytocoenosis.

Several other definitions o f minimal area were 
attem pted (cf. Goodall, 1952; Werger, 1972) without 
solving the matter.

Calléja (1962), Segal (1969), Van der M aarel (1970), 
Werger (1972) and others emphasized that, apart from 
floristic richness, minimal area also depends on struc
ture o f the phytocoenosis. Thus, the species-area 
relation is an interwoven expression o f floristic rich
ness and structure of a patch of vegetation.

Statistical tests, usually based on homogeneity 
assum ptions in a phytocoenosis, failed to determine a 
minimal area objectively (cf. G oodall, 1954b, 1961; 
Greig-Smith et al., 1963; Greig-Smith, 1964; Kershaw, 
1964), with the possible exception of some vegetation 
types in Western Australia (Goodall, 1963).

Werger (1972) concluded that no convincing mini- 
mal-area definition had been form ulated and regarded 
the concept unsuitable for ascertaining a suitable plot 
size for sampling the vegetation. He suggested that 
optimal plot size be determined rather than minimal 
area, and described a procedure for doing so based on 
the regression equation of Gleason (1925) and obser
vations by Williams (1943) that the average uniform 
stand or phytocoenosis seems to be manifested within 
an area of about a half to one hectare. Optimal plot 
size determined according to this procedure appeared 
to depend on floristic richness and structure of 
various phytocoenosis (cf. Werger, 1972, 1973a). 
This agrees with the previously mentioned argum ents 
of Raabe (see Van der Maarel, 1970) and indicate that 
suitable plot size is likely to differ slightly from phyto
coenosis to phytocoenosis, even if they belong to the 
same community.

Moravec (1973) has recently proposed using the 
relationships between area and similarity- and homo- 
geneity-coefficients to determine minimal area. After 
taking a number of nested quadrats (more than five) 
in a phytocoenosis, he calculated the similarities 
and homogeneity-coefficients between quadrats o f the 
same size. To calculate similarity he used Ceska’s 
(1966) formula and to calculate homogeneity- 
coefficients, M oravec’s (1971b) formula. Plotting the 
mean similarity- and homogeneity-coefficient values 
against increase of area, resulted in quickly rising 
curves which, after reaching certain values, fluctuated 
around these values or even decreased. He regarded as 
the minimal area o f the phytocoenosis the area corres
ponding to the value reached by the curves after 
which they started to fluctuate or decrease. Although 
this seems to be a promising approach, Moravec 
(1973) found that it did not give unequivocal results in 
phytocoenoses showing a regular increase in species 
with regularly decreasing density.

In the Zurich-M ontpellier method one is neither 
bound to a fixed plot size, nor to a fixed plot form in 
sampling the vegetation of a region, because species 
are rated on a cover-abundance scale with relative 
values. It is im portant that plot size be adapted 
to give a more or less typical description o f the phyto
coenosis that is represented by the vegetation in the 
plot, and that the vegetation in the plot should 
represent an example o f one vegetation type only 
(compare Chapters 1.2 and 1.3 above).

1.5 Structure
In sampling, an im portant decision with regard to 

the structure of a phytocoenosis has to be taken, 
namely, the decision on structural homogeneity. 
Particularly in semi-arid, open shrubby vegetation, 
such as the hillside vegetation of the Karoo, low 
trees and shrubs are often scattered, singly or in small 
groups, over an open vegetation of dw arf shrubs and 
grasses. Under these low trees and shrubs certain 
smaller species occur, which are usually not found in 
the open dwarf-shrub layer (cf. Werger, 1973a). One 
can regard such a vegetation as consisting of a mosaic 
of two vegetation types, a dw arf shrub and grass 
com munity, and a low tree and shrub community. 
However, one can also regard it as consisting of one 
vegetation type. In this example, the latter view should 
be taken for the following reason. If it were a mosaic 
of two communities one would expect to find locally 
more extensive homogeneous patches of either o f the 
two communities. This is, however, not the case. 
The hillside vegetation of the Karoo represents, 
apparently, a stable ecological-sociological equili
brium of different growth forms that constitute one 
inseparable entity. That certain species occur only
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under the shrubs or low trees should be interpreted as 
a consequence of their specific ecological amplitude, 
and the occurrence of low trees and shrubs in the 
community, which have an impact on microclimate 
and local soil moisture conditions. M oreover, the 
absence of more extensive homogeneous patches of 
such a vegetation of low trees or shrubs with a 
specific understory, strongly suggests that the trees or 
shrubs do not constitute a vegetation type on their 
own, and that the hillsides of the Karoo are not 
covered with a close mosaic o f two communities but 
with one open shrub community. A similar structure 
was recently reported by O berdorfer (1970) from the 
Canary Isles, and Dahl & Hadac (1949) interpreted, 
according to the same principles, a superficially similar 
structure from South Norway, that was properly 
considered a mosaic of two communities.

In general, samples should be taken in such a 
m anner that each plot adequately represents the 
structure of the surrounding vegetation. Thus, the 
plot line can often cut halfway through a small group 
o f shrubs, rather than including either a complete 
group of shrubs or of the dw arf shrubs and grass 
vegetation only.

A nother feature of structure in a phytocoenosis is 
stratification. Various vegetation layers can often be 
recognized in a phytocoenosis, sometimes clearly 
distinguishable from each other, at other times hardly 
recognizable as separate strata. In the Zurich-M ontpel- 
lier School it is believed that these strata are in mutual 
ecological interaction and cannot be considered as 
separate, independent ecological units (Braun-Blan- 
quet, 1964; Westhoff, 1967, 1968; Boerboom, 1960). 
There are exceptions to this rule, such as in the case of 
crustal lichen communities on tree trunks (cf. Barkman 
1958), because such communities do not root in the 
same substratum  as the trees and other layers, and in 
the case of aquatic communities (cf. Den Hartog & 
Segal, 1964; Segal, 1965; Westhoff, 1967; W esthoff & 
Den Held, 1969), although there is not unanimity in 
the latter case (De Lange, 1972). However, the ques
tion of scale also plays a role. In order to have a record 
o f the structure o f a sampled phytocoenosis, Zurich- 
M ontpellier workers traditionally keep notes at each 
plot o f the various vegetation layers distinguished, 
their ranges in height and an estimation of the aerial 
cover of each layer. An estimation of total aerial 
cover of the entire vegetation of the sample plot, 
including all strata, is also recorded.

TUxen (1957) proposed a simple formula for com 
parison of the cover values of the various vegetation 
strata and thus the structure of vegetation samples. 
However, since the various layers o f a phytocoenosis 
are not always clearly separable from one another this 
procedure is o f only limited value.

1.6 Floristic lists
At each sample site complete lists o f the species 

occurring in the plot should be drawn up. These can 
include vascular plants as well as mosses, hepatics, 
lichens, fungi, algae, and other organisms. Since the 
later extraction of syntaxa in phytosociological tables 
is based on these floristic lists, it is of great importance 
that all species of the taxonomical groups considered, 
which are present in the plot, be recorded and that 
the plant individuals should be correctly identified. 
The requirement of complete species lists cannot 
easily be met in arid and semi-arid areas, since, 
depending on irregular rainfall, some geophytes and 
annuals might not be visible every year or at any 
particular time of the year (cf. Werger & Leistner.

1973). Complete species lists would thus require 
multiple visits to each plot site. The extent o f a study 
area and the time available for study often do not 
allow this, so that one has to utilize permanently 
recognizable species in such cases (cf. Werger et al., 
1972; Werger, 1973 a. b). In floristically rich areas 
particularly this is usually not a serious drawback and 
the communities can be clearly characterized floristi
cally on the bases o f floristic lists in which only 
permanently recognizable species are entered. Further
more, Batanouny & Abu El-Souod (1972) concluded 
that in arid regions perennials are generally better 
indicators of specific habitat factors than ephe- 
merals. The results o f the survey by Leistner & Werger 
(1973) of the southern K alahari, seem to comfirm this 
conclusion. Also G runow  (1965), Ayyad & Am m ar
(1973) and Zohary (1973) indicate the relatively 
unim portant role of annuals in vegetation classification 
in dry regions, but Garcia-M oya (1972) found them 
very useful in a phytosociological classification o f arid 
vegetation of Arizona.

A species which occurs in more than one vegetation 
layer of the plot is sometimes recorded for every 
layer in which it occurs and each time rated on the 
cover-abundance and sociability scales (see below). 
This is especially im portant in, for example, rejuve
nation studies in forests and in succession studies.

Some workers have included animal species in 
their plot lists in an attem pt to delineate types of 
biocoenoses (see Braun-Blanquet, 1964; TUxen, 
1969). Studies that have taken smaller animals like 
A rthropoda or Mollusca into account, have been 
markedly successful (e.g. Molinier, 1960).

Although the Zurich-M ontpellier system is based on 
floristics, this is not necessarily the only criterion for a 
detailed classification system of vegetation (cf. 
Langford & Buell, 1969). In an ordination study 
Knight & Loucks (1969) used structural-functional 
characters, such as life form, leaf size, pollination 
mechanism, bark thickness, seed-dispersal mechanism, 
etc., regardless of species, to group stands o f forest. 
Limitations of such an approach are due to structural- 
functional characters usually not being unanimously 
acceptably defined as are species. Further, such an 
approach often requires a better autecological know
ledge of species in the plot, than has been gained 
of the species o f most areas.

1.7 Cover-abundance
The relative importance of each species in a quadrat 

is assessed on the well-known cover-abundance 
scale used by the Zurich-M ontpellier School (Braun- 
Blanquet, 1928, 1951; Ellenberg. 1956; Becking, 
1957; Schmithiisen, 1968; Knapp. 1971). This scale, 
which is based partly on cover and partly on abun
dance. has received a good deal o f criticism (Barkman 
et al., 1964). Cover refers to aerial cover, or the area 
covered when the canopy is vertically projected onto 
the ground. Cover and abundance are estimated. 
Although this is basically a subjective procedure, the 
estimates o f different phytosociologists analysing the 
same patch of vegetation, prove to be amazingly 
similar, so that the procedure is not entirely hap
hazard (Dahl. 1957; Van der Maarel, 1966b). The 
common cover-abundance scale, which is easily 
com parable with other cover-abundance scales such 
as the Domin-scale (cf. Becking. 1957), reads as 
follows:

r Very rare and with a negligible cover, (usually a 
single individual).

-I- Present but not abundant and with a small 
cover value (less than 1 % of the quadrat area).
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1 Num erous but covering less than 1 % of the quad
rat area, or not so abundant but covering 1-5 % of the 
quadrat area.

2 Very numerous and covering less than 5%  of the 
quadrat area, or covering 5-25%  of the quadrat area 
independent o f abundance.

3 Covering 25-50%  o f the quadrat area independent 
of abundance.

4 Covering 50-75%  o f the quadrat area independent 
o f abundance.

5 Covering 75-100%  of the quadrat area indepen
dent o f abundance.

As shown, scale-units 3, 4 and 5 refer to cover, 
whereas the other scale-units can refer to cover and 
abundance. Barkman et al. (1964) argued that the 
steps in the scale are not proportional to one another 
and that the com bination of abundance and cover in 
one and the same scale is in principle illogical. 
They criticized particularly the broad definition of 
scale-unit 2. W ithout altering the basic units o f the 
cover-abundance scale, they advocated modifications 
by adding secondary symbols to the above-listed ones. 
This had the advantage o f enabling more precise and 
narrower definitions of the scale-units, and floristic 
lists rated on their scale allowed direct comparison 
with older ones rated on the traditional Ziirich- 
M ontpellier scale by simply disregarding the additional 
symbols. The scale of Barkman et al. (1964) appears, 
however, to be more suitable for detailed survey of 
perm anent quadrats, and the like. Only their m odi
fication of scale-unit 2 was adopted in some vegetation 
surveys in South Africa (Werger, 1973a, b), reading 
as follows:

2m Very numerous, covering less than 5%  of the 
quadrat area.

2a Covering between 5 and 12% of the quadrat 
area independent o f abundance.

2b Covering between 13 and 25%  o f the quadrat 
area independent o f abundance.

A useful and practical way of estimating cover is in 
terms o f the average canopy diam eter o f individuals 
o f a species. Assuming a circular form to species, 
it can be readily calculated that the following relation
ship exists independently of the size of the particular 
diam eter (data from the Botanical Research Institute, 
Pretoria):

diameters apart
more than 8 
8 to 3 
3 to 1 
less than 1

cover
less than 1 %
1 to 5%
5 to 25%  
more than 25 %

Z-M  symbol

1
2
3 ,4  or 5

In the latest edition o f his Pflanzensoziologie, 
Braun-Blanquet (1964) slightly changed the cover- 
abundance scale w ithout giving reasons for doing so. 
Instead o f the traditionally used lower limit of 
5%  o f scale-unit 2, he now takes 10% as the lower 
limit. This is very disadvantageous as the traditional 
scale was used for about half a century and an exten
sive data  collection has been built up. The new defi
nition o f scale-unit 2, which does not constitute an 
obvious improvement, can thus only be confusing and 
should be avoided.

1 .8 Sociability

All species occurring in a quadrat are often also 
rated on the sociability scale which is devised to 
indicate the grouping o f individuals o f the same 
species. For this purpose, any sprout coming out o f the

soil is regarded as a separate individual, regardless of 
its subterranean connections with other “ individuals” . 
The scale, which is “circular” rather than linear 
(cf. Barkman et al., 1964), reads as follows:

1 Single individuals.
2 G rouped or tufted.

3 In troops, small patches or cushions.
4 In small colonies or extensive patches, or forming

carpets.
5 In extensive crowds or pure populations.

As clearly pointed out by Barkman (1958), it is not 
the sociabilities o f different species that are com pared, 
but the sociabilities o f the same species in different 
habitats.

Many workers consider that sociability is a specific 
feature o f each species and they regard it an un
necessary recording (e.g. Ellenberg, 1956; Barkman 
et al., 1964), whereas others emphasize its im portance 
and document how certain species have varying 
degrees of sociability under different ecological 
conditions and in different associations (M eltzer & 
Westhoff, 1942; Pfeiffer, 1962; Braun-Blanquet, 1964).

Van der Maarel (1966a, 1970) emphasized the 
correlation o f the sociability o f a species with its 
growth form, and used a modified sociability scale for 
studying vegetation structure.

If the sociability of the species in a community 
remains largely the same, its summarized values are 
often listed in the end column o f the phytosociological 
table in order to avoid enlarging the table unneces
sarily.

1.9 Other analytic characters o f  the vegetation

Many other analytic characters o f the flora and 
vegetation in a quadrat can be recorded, such as 
local frequency, density, vitality, fertility, phenology, 
growth and life form of the species, and yield of the 
vegetation in the quadrat. Some of these characters 
are more commonly used in detailed studies o f perm a
nent quadrats, or are suitable for special purpose 
studies.

For vitality, a num ber o f scales have been developed 
(Barkman, 1958; Braun-Blanquet, 1964; Knapp, 1971) 
Life forms are usually determined following the system 
of Raunkiaer (1934), or modified versions of it 
(e.g. Ellenberg, 1956; Braun-Blanquet, 1964; Ellenberg
& M ueller-Dombois, 1967). For growth forms, 
comprehensive systems have been worked out (e.g. 
Schmithusen. 1968).

1.10 Habitat characteristics

At each quadrat site, habitat characteristics are 
noted. Such notes may be rather superficial or reach a 
high degree of detail, and should generally be in 
correspondence with the purpose and scale of the 
survey and the time available. For instance, statistical 
ecologists, who are often more interested in plant- 
habitat correlations than merely in a multi-purpose 
classification system (cf. Lambert & Williams, 1962; 
Lambert & Dale ,1964), often aim for a rather detailed 
habitat characterization. The phytosociological school 
o f Emberger in M ontpellier records habitat features in 
great detail. Standard checksheets were developed 
for this purpose (G odron, 1968). The im portance of 
standardization o f habitat observations is emphasized 
by G odron & Poissonet (1970).
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It is obvious that the more precisely habitat obser
vations are made the more clearly associations 
extracted from the data can be characterized eco
logically later. A part from the usual identifying 
information such as locality, date of sampling and 
size of the plot, the following can also be im portant:

(a) height above sea level;
(b) position in the landscape;
(c) slope angle and slope direction;
(d) details on soil profile, soil depth, rockiness of the 

soil, etc.;
(e) water table;
(f) geological substrate;
(g) climatic information.
(h) biotic and other influences;

These data are often entered in the headings of 
phytosociological tables, together with information 
on vegetation layers, total cover and total num ber of 
species in each plot sample.

1 . 11 Relevé

Such a completed site record of species, their 
relative importance, other analytic characters o f flora 
and vegetation, and habitat notations is generally 
called a relevé.

An appropriate definition of the term relevé is 
given by G odron (1968): “ Le relevé est un ensemble 
d 'observations écologiques et phytosociologiques 
qui concernent un lieu déterm iné” (The relevé 
constitutes the total o f ecological and phytosociolo
gical observations at a certain point).

1.12 Number o f relevés

There is no fixed rule concerning the exact number 
of relevés needed to survey an area adequately. 
The number depends entirely on the scale of the 
survey, the variety in the survey area and the degree of 
precision which one wants to achieve. At the “ Centre 
d 'E tudes Phytosociologique et Ecologique’’ at M ont
pellier the number of relevés to be taken in an area 
is determined by the size and heterogeneity of the 
area and the cost o f sampling (G odron, pers. comm.). 
Statisticians agree that a higher sampling intensity 
reduces the variance in the data more effectively 
than improved sampling precision (Goodall, 1970). 
The total set o f relevés ti-ken should as adequately as 
possible reflect the total variety in the study area. Even 
distribution of relevés over the study area usually en
sures this. In exceptional cases, such as for example 
that o f the dune area o f the southern Kalahari (Leist- 
ner & Werger, 1973), there is so little variation in the 
study area, and homogeneous phytocoenoses cover 
such extensive areas that an even spread o f the relevés 
is not strictly necessary.

The statement by Shimwell (1971) that the number 
o f relevés collected is “ usually less than the manage
able number of 40“ is meant to illustrate when a start 
with tabulation can be made and should not be 
interpreted as binding advice.

For the compilation o f a sound phytosociological 
classification system, a large number of relevés from 
a wide area is necessary (cf. Tiixen. 1970b).

2. SYNTHESIS

The synthetic stage of the survey follows the 
sampling of the field data and should finally lead to 
interpreted results. Several concepts and technical 
procedures used in the process of synthesis are briefly 
elucidated below.

2.1 Tabulation

The compilation of phytosociological tables from 
field data has been described in great detail by Ellen
berg (1956), and English and French translations of 
that account have been published by Kiichler (1967) 
and G ounot (1969), respectively. Shimwell (1971) 
has also discussed the tabulation procedures in 
English so that only a brief outline need be given here.

The field data are entered into a matrix in which 
the rows represent species and the columns relevés. 
When this matix is completed, the result is called the 
‘raw table’. The next step is a visual study o f the asso
ciation between species. Positive as well as negative 
association is im portant (Tuomikoski, 1942). The 
matrix is rearranged so that positively associated species 
are grouped together, apart from the general and the 
most infrequent species that do not show clear dis
crim inant floristic associations and are listed in the 
lower part o f the table. A species’ membership of a 
species group is not necessarily determined by 
association with any individual species in that group; 
it can also be based on the restriction of the species to 
the general distribution range in the table o f a group of 
associated species. A second rearrangem ent of the 
matrix places the relevés with a strongly similar species 
content together. These successive rearrangem ents of 
rows (species) and columns (relevés) in the matrix 
should be continued until a clear pattern of mutually 
discriminant noda of species-relevé groups is obtained. 
This way of grouping species and relevés into species- 
relevé groups is in theory similar to taxonomical 
classification procedures in which, according to Hull 
(1964-65) “ usually no one particular property or set of 
properties is necessary and any one of num erous sets is 
sufficient” , Wittgenstein (1960) originally discussed 
this classification process under the term “ Familien- 
ahnlichkeiten” , o r family resemblances (cf. G ilm our
& W alters, 1964; Bambrough, 1966; K hatchadourian. 
1966: Werger, 1973a).

Com pilation of a final phytosociological table from 
a raw table may be facilitated by the use of certain 
expedients, such as the apparatus described by Muller 
et al. (1972). The latter authors also give a brief review 
of similar useful tools.

The process of rearranging a raw table into a final 
phytosociological table is largely objective, as has 
been emphasized by Ellenberg (1956) and dem onstra
ted by Spatz & Siegmund (1973) and Coetzee & 
Werger (1973). The latter authors carried out hier
archical syndrome analysis on Fynbos data, which 
had previously been used to construct phytoso
ciological tables. The results o f the analysis matched 
well with the structure o f the tables. Spatz & Siegmund
(1973) developed a com puter programme to prepare 
phytosociological tables. They took data from Ellen
berg (1956) and were able to compile a computer- 
made table, which was nearly identical to that made by 
hand by Ellenberg. This and several other computer- 
based methods might yield even better results when 
quantitative measures o f absence similar to those 
described by Swan (1970) are used.

It is common practice to place the individual 
relevés within a nodum in a specific sequence. This 
sequence can be according to decreasing total number 
of species, according to any environmental gradient 
observed, or to any other varying character o f the 
vegetation or habitat observed (Braun-Blanquet, 
1964). Species are usually placed in order of presence 
in each nodum. Table units which differ greatly from 
one another in floristics are often presented in separate 
tables.

1 7 7 49-8
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The question o f whether or not to leave unrepre
sentative relevés out o f the final table has been dis
cussed at great length. Both sides have convincing ar
gum ents for their points o f view. Tiixen (in lit.), for in
stance, argues that in initial surveys the object is not so 
m uch to  show all possible transitions and fragm en
tary forms in which an association can occur, but to 
describe syntaxa as clearly and definitely as possible. 
Heterogeneous, transitional and fragm entary relevés 
should thus be om itted from the table. Zonneveld 
(1960), Segal (1969), G ounot (1969) and Klótzli (1972), 
on the other hand, strongly reject the practice 
o f leaving “ bad” relevés out o f the table. Ac
cording to G ounot it is possible in such cases 
that the table is an illustration o f the au thor's  
preconceived ideas rather than a means o f syn- 
taxonom ical research. He adds, however, that such 
practices do not invalidate the method as such, but 
merely throw  doubt upon certain results. The present 
au thor considers that, in addition, the retention of 
relevés tha t are atypical representatives o f a nodum 
has definite advantages in initial studies o f unde
scribed areas, since there relevés may well prove valu
able data  for the later recognition o f previously unre
cognized and undersampled syntaxa. In this context, it 
is worthwhile referring to W esthoff & Den Held (1969), 
who argue tha t once a proper syntaxonomical system 
is available, interm ediate or transitional relevés are 
valuable in that they give inform ation on the habitat 
o f these transitional vegetation stands. They show that 
the transitional habitat is a mixture o f the habitat 
requirements of the communities that constitute the 
transitional stand. The relative im portance o f the 
various habitat factors is in direct correspondence 
with tha t o f the constituent communities. Therefore, 
relevés should not be rejected on prejudice. Each 
relevé should be interpreted and a relevé should, 
a t most, be om itted from the table when it appears to 
be clearly heterogeneous.

2 .2  Synthetic characters, character species, diffe
rential species

A finalized phytosociological table contains far 
more inform ation than the sum o f the inform ation in 
each relevé (Tiixen, 1970b). It displays the main 
synthetic characters o f a community. Since the species 
are arranged according to presence within the noda, 
the phytosociological table shows, at a glance, the 
constant o r dom inant species. A num ber of species 
will occur constantly over the entire table, whereas 
others will be limited, completely or largely, to one or 
a num ber o f noda or table-units, that may, after ecolo
gical confirm ation, represent communities. These spe
cies tha t are restricted in their occurrence are faithful to 
one or more noda or possible communities. They may 
be called differential species, because they differentiate 
between noda (cf. Ellenberg, 1956; Dam m an, 1964). 
This need not coincide with a high presence value 
within the nodum. Faithfulness to a com m unity or 
certain communities is called fidelity and is a synthetic 
character. Besides presence, fidelity can also be based 
on cover-abundance, sociability and vitality values 
(Pfeiffer, 1962; Braun-Blanquet, 1964; Segal, 1969; 
W esthoff & Den Held, 1969). The Zurich-M ontpellier 
School, following Szafer & Pawlowski, recognizes 
five degrees o f fidelity—

species that are exclusive to a com m unity in a 
particular geographical region, are called exclusive 
(treu);

species that are found mainly in one particular 
com m unity and seldom in others, are called 
selective (fest);

species that are found optimally in one com m un
ity, although they also occur in several others, are 
called preferential (hold);

species that are indifferent to a particular com 
munity, are called indifferent or vague (vag); and

species that are uncommon or rare in a parti
cular community, are called strange (frem d ).
Only exclusive, selective and preferential species are 

character species (Ellenberg, 1956; Becking, 1957; 
Braun-Blanquet, 1928, 1951, 1964; Knapp, 1971; 
Shimwell, 1971). Originally it was thought that most 
communities would contain exclusive species (cf. 
Braun-Blanquet, 1915). When more data became 
available it appeared that more species were selective 
or preferential rather than exclusive. Then, also, the 
concept o f differential species was first introduced by 
Koch (1925). This is a species tha t is preferential for a 
certain community and, therefore, distinguishes this 
com m unity from floristically related communities, 
but it is at the same time equally well or even better 
represented in still other communities. Differential 
species were initially used only to distinguish sub
associations and variants o f associations, but gradually 
it became common practice to use differential species 
also to characterize associations and higher syntaxo
nomical units (Becking, 1957). Tuom ikoski (1942) 
pointed out that character species are but a special 
case o f differential species. W ith the accum ulation of 
data from various parts o f Europe it became clear 
that few species are faithful to a specific com m unity 
over its entire distribution area. Those species that 
are, are called absolute character species (Braun- 
Blanquet, 1951; Becking, 1957; W esthoff & Den 
Held, 1969; K napp, 1971; W esthoff & Van der Maarel 
1973). When the distribution area of a species exceeds 
that o f the association in which it is found, it often 
occurs that the species is faithful to a specific asso
ciation in one part o f its distribution area and to 
another vicarious association in another part. Such 
species are called territorial or regional character 
species (Braun-Blanquet, 1951; Becking, 1957; 
W esthoff & Den Held, 1969; W esthoff & Van 
der M aarel, 1973). It often occurs, however, 
that certain species are faithful only in a lim
ited part o f the range o f the association. These 
species are called local character species (Becking, 
1957; W esthoff & Den Held, 1969; Oberdorfer, 
1968; K napp, 1971; W esthoff & Van der M aarel,
1973). Meijer Drees (1951) and Becking (1957) 
elucidated these geographically-based concepts of 
character species in clear diagrams. Becking (1957) 
also took the relative size o f the range common to 
association and species into account and pointed 
out that a species on the fringe of its distribution area 
can characterize an association significantly whereas 
the same species may be without diagnostic value in 
its optimal range. This is a common phenomenon 
with an obvious ecological explanation. In its optimal 
range a species will not be strongly restricted by 
specific less favourable ecological conditions, while 
on the fringe o f its distribution area, where the 
environment is rather unfavourable, it can survive 
only in a narrowly defined habitat (cf. also Klotzli,
1972).

In a later paper Becking (1961) suggested dis
tinguishing between faithful presence, faithful socia
bility and faithful vitality. He tried to define these 
concepts quantitatively, but this did not prove to be 
useful.

Schwickerath (1944, 1954, 1968) has repeatedly 
attacked the concept o f local character species and 
argued that from comprehensive studies covering the
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entire range of the association, these species would 
appear to be either true character species or geo
graphical differential species. According to Schwicke- 
rath, geographically-varying character species will 
still have a clear optimum over the entire range of the 
of the association, although this optimum may vary 
geographically, Geographical differential species occur 
only in a limited range of the association. They can 
either be largely restricted to a specific association, 
or they can be im portant in other associations as well.

Still another type of character species is the trans- 
gressive character species. Such a species is characteris
tic of a syntaxon above the association level, for 
example an alliance, but at the same time it is more 
characteristic o f a specific association within that 
alliance than of the other associations in the alliance 
(Becking, 1957; W esthoff & Den Held. 1969).

Species which do not differentiate between com 
munities are called accompanying or companion 
species. They can be constant as well as rare.

With the gradual broadening of the fidelity concept, 
it became more usual to characterize an association by 
differential species, and even by characteristic species 
com binations, although these practices are used with 
some restriction (Barkman, 1958; W esthoff & Den 
Held, 1969). Fidelity o f species to associations can 
be determined only on the basis of phytosociological 
tables, using the method described by Schwickerath 
(1931) in less evident cases. Associations are not 
“ determined in the field because species of known 
narrow amplitude are present'’, reducing the later 
determ ination o f faithful species to a circular argument 
as Poore (1955, 1956) suggested. As pointed out by 
Barkman (1958), Moore (1962) and G ounot (1969), 
this suggestion was based on a poor understanding of 
the Zurich-M ontpellier approach and is entirely 
invalid.

The East Germ an School of Scamoni and Passarge 
has diverged slightly from the theory of the Zurich- 
M ontpellier School, and uses the concept o f sociolo
gical species groups. These are formed of species in 
the same vegetation layer, which show a similar 
sociological behaviour owing to similar ecological 
requirements. The species in one sociological group 
often possess similar growth-forms. In certain com 
munities they have their maximum or optimum 
together, whereas they are simultaneously absent from 
other communities (Passarge & Hofmann, 1964, 1968; 
Scamoni eta/ . ,  1965; Passarge, 1968, cf. Doing, 1962, 
1969; Janssen, 1967; Klotzli, 1972). The theoretical 
and practical value of this approach has still to be 
shown (cf. Hohenester, 1970).

The average number of species in the relevés of 
a community and the community structure can also 
be regarded as synthetic characters o f the vegetation. 
These topics will be dealt with in sections 2 .6  and 
2 .7 .

2 .3  Ecological confirmation o f the table pattern

The arrangem ent of species and relevés in the 
phytosociological table is not an end in itself, but 
should lead to a comprehensive classification system 
of syntaxa, that can serve as the basis for further 
ecological studies (Braun-Blanquet, 1964; Ivimey- 
Cook & Proctor, 1966; Tiixen, 1970b). When the noda 
in the phytosociological table are established, their 
biological reality should be confirmed by dem on
strating coincidence between the community-types 
they possibly represent and specific habitat conditions. 
The checking of the ecological meaning of a supposed 
community can be done in the field, or from the

habitat characterization of the relevés on the field 
sheets. Should this latter approach be used, final 
checking in the field is still necessary.

Confirm ation o f coincidence between the pattern on 
the phytosociological table and specific habitat 
conditions is necessary for the following reason:

All taxa have their ecological amplitude (which, 
for the purpose o f this discussion, includes the 
effect o f competition) within which they can survive 
and outside which they cannot exist. Species that have 
a high presence over the entire phytosociological 
table presumably have an ecological amplitude that 
is at least so wide as to include all habitats o f the 
relevés making up the table. Character and differen
tial species, however, have a smaller ecological ampli
tude, at least in the area where the relevés were taken. 
Their ecological amplitude is such that these species 
are unable to exist in some of the habitats o f the 
relevés comprising the table. Because the central 
concept o f all approaches based on the community- 
unit theory implies that vegetation consists o f basic 
natural entities which are generally in contact with one 
another along narrow boundaries, it is supposed 
that more or less coincident ecological amplitudes of 
some species, at least to the one side, result in such a 
narrow boundary. Hence, if the coincidence of certain 
habitat conditions and a nodum  section in the table 
can be confirmed, a basic vegetation unit, a community 
is delineated. Species, as indicators of a certain habitat 
and typical o f a community, are thus indicators for 
the habitat typical for a community. This is also 
expressed by Von Glahn (1968) when he says that the 
vegetation type is “ das maximale korrelative Konzen- 
trat wiederholt vorkom m ender Artverbindungen und 
bestimmter M erkm alskom binationen seines Standort- 
tes". In this way it can be shown that the pattern in the 
table is not an artificial one due to a clever m ani
pulation of the matrix rows and columns, but re
represents real, floristically- and environmentally- 
characterized natural entities. In the Zurich-M ont
pellier approach it is thus empirically determined that 
patterns in floristic composition correspond with 
patterns in the environment (cf. G oodall, 1953; 
G ounot, 1961, 1969; Moore, 1962; Segal, 1969: 
G arcia-M oya, 1972).

2 .4  The association and other syntaxa', the constancy 
table

The definition, proposed by Schróter and Flahault 
and accepted by the Third International Botanical 
Congress in Bruxelles in 1910, o f the basic natural 
community of the Zurich-M ontpellier system, the 
association, says that it is a plant community that has a 
definite floristic composition, a uniform physiognomy 
and is bound to uniform habitat conditions. Although 
special weight was and is given to character species, 
and later to differential species, the association is not 
based solely on these species, but on its total floristic 
composition (Braun-Blanquet, 1915, 1959, 1964; 
W esthoff & Den Held, 1969).

Associations are subdivided into subassociations, 
variants and facies. Subassociations and variants are 
characterized by their own differential species and 
mostly it is only in subordinate features that their 
specific habitats differ from the habitat o f other 
subassociations in the same association. A facies is 
characterized by the strong dominance of a specific 
species and possesses no character or differential 
species of its own (Ellenberg, 1956; Braun-Blanquet.
1964).

Associations are combined into alliances, alliances 
into orders and orders into classes. Alliances and 
orders have their own characte land differential spe
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cies; classes are distinguished on the basis o f character 
species only (Braun-Blanquet, 1964). A useful tool in 
the procedure o f hierarchization is the so-called 
R om an or constancy table (although based on 
presence). The presence o f each species within each 
com m unity is rated on a five-point scale and the range 
o f its cover-abundance value is n o ted :

I Species present in 1-20%  of the relevés o f a 
community.

II Species present in 21 —40% of the relevés o f a 
community.

III Species present in 41-60%  of the relevés o f a 
community.

IV Species present in 61-80%  o f the relevés o f a 
community.

V Species present in 81-100%  o f the relevés o f a 
community.

Each com m unity is thus reduced to a single column 
in the Rom an table, so that it is easy to assess which 
species are faithful to the various communities.

With the development of the concepts of character 
and differential species, the concept o f the association 
was also somewhat modified. W hereas, according to 
certain authors, the association should still possess 
character species (Schwickerath 1954, 1968; Braun- 
Blanquet, 1964; Oberdorfer, 1968) others recognize, 
in exceptional cases, associations tha t have only 
differential species or only a characteristic species 
com bination (Doing Kraft, 1956; M aas, 1959; 
Barkm an, 1958; D am m an, 1964; W esthoff & Den 
Held, 1969; Werger, 1973a). Many association 
character species are only local or regional character 
species. According to O berdorfer (1968), every 
association is therefore at the same time a regional or 
geographical association (Gebietsassoziation). If, in 
different areas of the regional association, differences 
occur in the species com binations of accompanying or 
also order and class character species, while the floristic 
com position o f the group o f association and alliance 
character species remains unaltered, one should 
distinguish geographical races o f the association. 
If, however, the floristic com position of the group of 
alliance and association character species alters, 
different geographical associations should be dis
tinguished (Oberdorfer, 1968). Borhidi (1963) sug
gested the com bination o f regional associations into 
synassociations, which would rank between regional 
associations and suballiances. Schwickerath (1954, 
1968) wanted to recognize only geographic subasso
ciations o f an association and, as pointed out above, 
argues that most species, which are called local 
character species at present, will finally prove to be 
geographical differential species, whereas a few others 
will prove to be true character species. K napp (1971) 
accepted the idea of geographical associations and 
suggested the com bination of them into chief associa
tions (H auptassoziationen) or association groups 
(Assoziationsgruppe). As pointed out by W esthoff 
& Den Held (1969), several authors have recently 
regarded geographical associations as the real 
associations and prom oted the chief associ
ation simply to alliance. This is one of the practices 
which can lead directly to what Pignatti (1968) 
called “ the inflation o f higher syntaxonomical units".

2 .5  Nomenclature

No internationally accepted nom enclatural code for 
syntaxonomical use exists as yet, although, particularly 
since the early fifties (cf. Moravec, 1969), several 
attem pts have been made to achieve this aim. W esthoff 
& Den Held (1969) point out that one o f the main

reasons for the persistent failure to reach an inter
national agreement is that the type-method as used in 
taxonom y, and advocated for syntaxonomical use by 
Barkman (1958) and Moravec (1968), is not suitable, 
in that it is hardly possible to designate generally 
acceptable type-relevés. A nother difficulty results 
from a taxon name being intended as a label without 
diagnostic function, whereas the name o f a syntaxon 
refers to one or more species occuring in it. A lthough a 
strict priority rule is often difficult to apply, priority is 
generally recognized as far as possible. Tentative rules 
were published by Meijer Drees (1954) and were 
commented upon by several workers in the same issue 
o f Vegetatio. More recently M oravec (1968) published 
a renewed design for a nom enclatural code, which 
comprised several o f Meijer Drees’ proposals. The 
suggestions o f M oravec (com pare also M oravec, 
1969, 1971a), which seem to have received consider
able approval, deal with:

(a) conditions for the effective and valid publication 
of a nam e;

(b) sufficiency of the added diagnosis;
(c) typification of the nam e;
(d) priority;
(e) retention, rejection and alteration of names;
(f) citation o f au thors’ names.
In the ZUrich-Montpellier School syntaxa are 

traditionally named after one or two taxa, adding an 
appropriate suffix to indicate the rank of the syntaxon 
concerned, to the name of the genus (Braun-Blanquet, 
1928, 1951, 1964). These suffixes are -etosum, -etum, 
-ion, -etalia and -etea for subassociations, associations, 
alliances, orders and classes respectively. If desireable, 
the specific epithet can be added in genitive form. 
Detailed linguistic guides for the correct form ation of 
syntaxonomical names have been published by Bach 
et al. (1962) and in particular by Rauschert (1963).

Originally it was suggested that only character 
species be used for naming the associations, but 
this proved untenable (cf. Moravec, 1969). The only 
requirement that can be made at present is that the 
name-giving taxon must at least be present in the 
syntaxon concerned. It is common practice, however, 
that syntaxa are named after one or two of the taxa 
listed in the group of character and differential 
species. Sometimes a prom inent or constantly abun
dant species is used in com bination with a species of the 
character and differential species group to designate 
a syntaxon. The terms “ inops’’ and “ typicum " for 
subassociations should be used following W esthoff 
& Den Held (1969).

2 .6  Homotoneity; affinities between syntaxa

As stated above, the average num ber o f species 
in the relevés of a community can be regarded as a 
synthetic character o f the community (Raabe, 1952). 
Com parison o f such figures for various communities 
indicates the relative floristic richness o f a community. 
The value for the average num ber o f species in the 
relevés of a com m unity is based on the total num ber of 
species in each relevé and is, therefore, a standard for 
judging the relative floristic agreement between the 
relevés and the communities to which they belong. 
When the total num ber o f species in each relevé is 
more or less similar for all relevés within one com 
munity, this is an indication that the com m unity-table 
is more or less homogeneous. Table homogeneity is 
called hom otoneity in recent literature (D ahl, 1957; 
cf. W esthoff & Van der M aarel, 1973). Hence, the 
absolute value o f these figures is, as far as hom o
toneity is concerned, theoretically unim portant.
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Only the deviation o f the value for each relevé from 
the average is im portant, in that it indicates to what 
extent each relevé is floristically representative of 
the entire community (K napp, 1971). A complicating 
factor concerning the m atter o f average num ber of 
species is, o f course, the num ber of species that are 
common to all relevés in a community or to only a 
limited number of relevés, or that are present in only 
one relevé in a com m unity (cf. Tiixen, 1970c). At 
present there is no agreement on the theoretical impli
cations of the homotoneity of a comm unity-table [see. 
for example, the discussion following Tiixen’s (1970c) 
exposé], but a num ber of procedures have been sug
gested to determine homotoneity. Jaccard’s com m u
nity coefficient is probably the oldest way of determ i
ning the similarity between two stands or relevés (cf. 
Ellenberg, 1956; Dahl, 1957; Becking, 1957; Barkman, 
1958; Braun-Blanquet, 1964; Ceska, 1966). Jaccard’s 
coefficient takes the form c/ (a -f  b + c ) , where relevé 
A is com pared with relevé B, and a is the number of 
species occuring only in A, b the num ber of species 
occuring only in B, and c the num ber of species 
common to A and B. Poore (1955c) proposed a 
modification o f this form ula 2 0 0 c /(a + b + 2 c ). 
O ther often-used coefficients are those of Kulczinsky 
and o f Sorensen (cf. Dahl, 1957; Becking, 1957; 
Braun-Blanquet, 1964; Ceska, 1966). Kulczinsky’s 
coefficient is similar to the one given by Poore 
(1955c), except that a, b, and c are presence degrees 
(cf. Barkman, 1958). Also, Sorensen’s coefficient is 
similar to the others: 2c/ (a -f  b + 2 c), in which a, b and 
c are again numbers o f species (cf. Dahl, 1957; 
Becking, 1957; Braun-Blanquet, 1964). Ellenberg
(1956) proposed the form ula c/ (2 a + 2 b + c ) , where
a, b and c represent total cover values calculated 
according to Tiixen & Ellenberg (1937). Pfeiffer
(1957) suggested using only the most constant species 
o f a syntaxon, as defined by Raabe (1952) (see below), 
in hom otoneity calculations. The homotoneity 
value of a syntaxon equals, according to the Pfeiffer’s
formula, 100 (Vx -f-V2...........Vz)/n .g , where Vlf
V2. . . . . . V 7 are the num ber of species in each
individual relevé, n is the total num ber o f relevés, 
and g the total number of species in the syntaxon. 
Barkman (1958) modified Jaccard 's coefficient to 
c / \ / a b  (in which a, b and c are again numbers of spe
cies). Recently, Moravec (1971b) proposed a procedure 
to determine the hom otoneity of a set o f relevés based 
on species with a constancy of over 60 per cent in 
the species composition of an “ average” relevé, 
corrected by a factor which is proportional to the 
difference in species number between the richest and 
poorest relevé. Slightly more complicated ways of 
determining hom otoneity were proposed by Looman 
& Campbell (1960) and Dahl (1960). Looman & 
Campbell (1960) used Sorensen’s coefficient, but 
determined statistically the minimum value for which 
two relevés can still be regarded similar. Dahl (I960) 
proposed an index of uniformity defined as the ratio 
between the mean number of species per relevé and 
the index of diversity. G ounot & Calléja (1962) and 
Ceska (1966) studied the various possibilities o f using 
Sorensen's coefficient and the latter author suggested a 
formula derived from it to calculate the mean floristic 
similarity within a set o f relevés. Yet another way of 
determining the homotoneity of a community table 
is the graphical representation of the number of 
species in the various presence classes, based on the 
Roman table. If the diagram of the five presence 
classes is U-shaped, which means that presence 
classes 1 and V are more frequent than the 
adjacent in-between ones, the community is considered 
to be homogeneous (Matuszkiewicz, 1948; Dahl &

Hadac, 1949; Becking, 1957; Dahl, 1957; G ounot, 
1961, 1969; G oodall, 1970; Bjórnstad, 1971; cf. 
Etter, 1948).

Similarity coefficients o f the types discussed above, 
or derived ones, are also used in computer-based pro
grams for the compilation of phytosociological tables 
(e.g. Spatz & Siegmund, 1973). O ther computer-based 
programs use entirely different distance coefficients, 
however (e.g. Schmid & Kuhn, 1970).

Many of the above-mentioned coefficients for 
calculating similarity between two relevés are also used 
to calculate the affinities between two syntaxa (cf. 
Barkman, 1958; Braun-Blanquet, 1964). Here again, 
values for total numbers of species, total cover 
values (TUxen & Ellenberg, 1937), or “ G ruppena- 
bundanz” values (Schwickerath, 1931) can be used. 
Raabe (1952) suggested that only the most constant 
species be used in the calculations. The group of most 
constant species would comprise the “ characteristic 
species com bination” and its num ber would be as 
large as the average num ber of species o f the syntaxon. 
Barkman (1958) suggested a more complicated method 
based on total cover values.

2 .7  Community structure

The definition o f the association as accepted at 
Bruxelles in 1910 (see previous), and also more modern 
versions, imply, amongst other requirements, that the 
association should be of a uniform physiognomy. If 
one uses a fairly rigid physiognomic classification 
system such as that o f Fosberg (1967), however, this 
requirement can often not be met (cf. Werger, 1973a, 
b). Owing to the rigidity o f the physiognomic classifi
cation system, communities with a considerable 
similarity in structure can fall into completely different 
form ation classes.

A second reason for structural heterogeneity 
within some associations and other syntaxa, is that 
due to environmental circumstances some phyto
coenoses possess an additional vegetation layer as 
compared with other floristically similar phyto
coenoses (cf. Van Donselaar, 1965; Werger, 1973a). 
This is a feature that is apparently related to the 
phenom enon of twin form ations as discussed by W est
hoff (1967, 1968), who adopted the term from nine
teenth century publications by Hult and by Katz. 
W esthoff (1967, 1968) elaborates on a num ber of 
examples where structurally different variants, sub
associations or associations are combined into the 
same higher syntaxon because their floristic com 
position is strongly related. According to the floristic 
principle o f the Zurich-M ontpellier School these 
syntaxa cannot be equally well classified in other, 
structurally more similar syntaxa. W esthoff (1967, 
1968) observed that these twin form ations occur only 
where extreme habitat factors predominate. Such ex
treme habitat factors are usually abiotic, for example, 
extreme temperatures, frequent burning and a 
strongly-fluctuating water table, and are to such an 
extent overriding that vegetation structure in these 
places is o f relatively low ecological importance. 
Structure should thus not be over-estimated as a 
diagnostic criterion in such situations and floristic 
criteria should normally prevail (Westhoff. 1967,1968).

In South Africa, where mismanagement o f the 
natural vegetation has occurred on a large scale, 
overgrazing and severe tram pling can also be regarded 
as extreme habitat factors (cf. Werger, 1973a). 
In such cases it is clear that the floristic principle 
should prevail and that differences in structure should 
be regarded as of secondary importance in compiling a 
classification o f vegetation.
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OPSOM M ING  

O m dat die Zurich-M ontpellier metode by die 
bestudering van plantegroei in Suid-Afrika in die 
toekom s waarskynlik baie meer gebruik gaan word, 
word hier ’n kort beskrywing van die begrippe en 
tegnieke, waarvan by hierdie metode gebruik gemaak 
word, gegee.
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