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ABSTRAcr: The proposed method is based only on tlotistical data and nevertheless classifies the relev~s

into ecological groupings, corresponding to as similar environments as possible. It begins by cali­
brating the behaviour of each plant along a large gradient, in a national data bank of floristical re­
leves, on the scale of France, the bank Sophy. It calibrates the behaviour of a plant by its fideli­
ties to the 5,626 other plants of the bank, which are considered as indices of the environment. Jt
defines a statistical space having 5.626 dimensions in which: 1) an axis measures the fidelity to a
plant, considered as an ecological index; 2) a dot corresponds to the behaviour of a plant towards
the indices; 3) the distance between two dots expresses the ecological difference between two beha­
viours; 4) the centre of gravity for the plants of a releve indicates the probable position of the re­
lev6; 5) the distance between two releves expresses their ecological difference.
Compared with this method, the correspondence factor analysis CFA: 1) locates the releves in
a space, according to the fidelities of plants to releves, showing their floristical differences; 2)
gives a weight to a plant according to its rarity, not its ecological behaviour; 3) deals only with
subsets of the releves and rehandle the subsets by successive approximations; 4) transfers onto
the graphs the empirical and intuitive method of a naturalist during field-work,
The method is applied to about 400 releves in a district in the Northern Vosges (France). It ge­
nerates an automatic classification of the releves, at several levels of synthesis. including the up­
per levels above the phytosociological classes. It explains half of the peculiarity of a type of
plant community with 10 to 30 discriminant plants, which are the quantitative and gradual ho­
mologues of characteristic species.
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INTRODUCTION: WHY AN ECOLOGICAL DATA PROCESSING IN VEGETATION SCIENCE?

Vegetation science is a self-reliant discipline which deduces a synthetical pic­
ture of vegetation from the coexistence of taxa in the plant communities. It has
the ambition to give a picture of vegetation which is also a picture of the envi-
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ronment, though it does not have standardized ecological data at its disposal in
the whole set of f10ristical releves. It may fulfil its ambition by adapting an eco­
logical method to vegetation science. At first sight, this method might seem too
much ecological and too much complicated. The method seems too much ecolo­
gical to people which presume that it uses ecological data, as the data coming
from a calibration (Ellenberg, 1974). In fact, the method uses only f10ristical da­
ta, as the classical methods always do. The method seems too much complicated
to people which are accustomed to the standardized results of factor analysis. In
fact, the method is more simple than factor analysis, and it is adapted to vegeta­
tion science (Brisse et aI., 1984).

1. AN ECOLOGICAL CLASSIFICATION OF FLORISTICAL RELEVES

1.1. Aim of the classification: Quantifying the ecological differences in vegetation
science

The aim of the classification is to obtain a correspondence between a type
of plant community and a given environment. With this objective, the classification
respects two specifications: 1) It is based only on presence and abundance of
species in the releves; 2) it quantifies the global ecological differences between
the releves with only the f10ristical data. But the difference between the f10ristical
compositions of two releves depends not only on their environments but also on
the casual intermittence of the dissemination, and consequently it depends on the
size of the releves. Moreover, the f10ristical difference is based only on the numbers
of plants which belong to one releve or the two of them, whereas an ecological
difference should weigh the ecological behaviours of the plants and give to the
difference between two opposite behaviours a larger importance than between two
close behaviours.

1.2. Principle of the classification: to localize the plants and the releves in the
space of the fidelities of plants to plants

1.2.1. Space of the fidelities of plants to plants

Because vegetation science does not dispose of standardized data about the en­
vironment, it cannot characterize directly the numerical behaviour of a plant towards
a peculiar environment. But it may characterize it indirectly, if it considers a plant,
in tum, as an index and as an effect of the environment. Considered as an index. a
plant is the mark of a more or less precise type of environment, which allows the
plant to grow. Considered as an effect of the environment, the behaviour of a plant
is characterized by the distribution of the plant amongst the different types of en­
vironment. Such a behaviour is numerically expressed by the set of fidelities of the
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plant to the indices of the types of environment, that is to say the fidelities of the
plant to the other plants. The difference between two sets of fidelities expresses the
difference between two ecological behaviours. The set of fidelities of plants to plants
define a statistical space having as many dimensions as there are plants. In this spa­
ce: 1) a dot corresponds to the behaviour of a plant; 2) the distance between two
dots expresses the difference between two behaviours; 3) the centre of gravity of
the plants of a releve indicates the probable position of the releve; 4) the distance
between two releves expresses their ecological difference and allows them to be
classified in types of plant community having homogeneous environments.

The average fidelity of a releve to a plant, which is the coordinate of the re­
leve in the statistical space, is nothing else than the probability for the plant to be
in the releve, in relation to all the plants of the releve and to their probabilities
of mutual occurrence in the whole set of releves. Moreover, the average fidelity
evolves gradually along a transect, and it lowers the fluctuations coming from the
casual intermittence of plants.

1.2.2. Why the notion of fidelity is it extended?

The first and well known fidelity is the fidelity of a species to a type of plant
community. It has been recognized as the main statistical criterion in the classifi­
cation of the plant communities, by successive approximations. The notion of fi­
delity has been transposed to ecology, then back to vegetation science, in order to
give an ecological meaning to the relations between the releves, and to reach the
accuracy and objectivity of computerized results (Table 1). In that way, a group
of releves is characterized by its average fidelity to every species. It may seem to
be the reverse of the classical notion which defines the fidelity of a species to a
group. It is not the reverse, but the same idea of dependency, extended to a mul­
ti-dimensional space.

1.2.3. Is there a vicious circle?

It may be asked whether this method includes a vicious circle, whereas it de­
fines the environment according to plants, then it characterizes the plants accor­
ding to the environment. In fact, the method characterizes only the plants by the
plants, according to the basic idea of vegetation science. It just distinguishes,
between the floris tical differences, the part ascribable to the environment and the
casual part from an ecological point of view. The differences which seem to co­
me from the environment follow a coherent variation, as an ecological variation.
On the other hand, the floristical differences which are disconnected and inconsi­
stent do not reflect a systematic variation. It is so for two releves which have dif­
ferent floras but similar positions in the space of fidelities.
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TABLE 1

EXTENSION OF THE NOTION OF FIDELITY

PLA:-.IT SOCIOLOGY PLANT ECOLOGY PLANT SOCIO-ECOLOGY

Taxonomic Species Environments Plants = species with
variables abundance thresholds

Scope of the Fidelity F of a species A Fidelity F of a species A Fidelity F of a plant A
fidelity F to a type of plant to a feature E to another plant B

community C of the environment

F means the ... ofAtothe ... of a species A ... ofAtothe
apparent environment to a feature E environment shown
dependancy ... shown by C hy the plant B

Characterization The fidelities of its The average fidelity The average fidelity
of a rcleve species to the groups of its species to of its plants to

in a previous hierarchy every feature E every plant B

Detennination by successive approxi- Hierarchical classification Hierarchical classification
of a vegetation mations, according to of the releves in the of the releves in the
type the fidelities of species space of the fidelities F space of the fidelities F

1.3. Comparison with the correspondence factor analysis CFA

The most familiar statistical method in vegetation science, as in the most di­
verse fields, is the correspondence factor analysis CFA (Lacoste, 1975). CFA shows
some similarities with the proposed method. I) It locates the plants and the re­
leves in the same multivariate cartesian space. 2) In that space, it computes di­
stances between the releves. So, it avoids preconceiving the groupings and it makes
use of the power of informatics. 3) It computes the distances according to fre­
quencies which seem to be similar to the classical fidelities of plants to the types
of community. But CFA relates the frequencies to the releves, not to the types of
community, so they differ in meaning from the classical fidelities.

1.3.1. The distance computed by CFA expresses a floristical difference, and has
only a partial ecological meaning

The distance computed by CFA between releves varies in inverse ratio to the
simple coefficient of floristical similarity, if we leave the balancing coefficients
out of account and if we suppose that the releves have the same number of plants
and that the plants occur in the same number of releves. In such a case, the distance
computed by CFA depends only on the number of plants which are present in one
releve and absent from the other (Table 2). The distance expresses the difference
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TABLE 2

COMPUTATION OF mSTANCE D BElWF..EN lWO RELEvEs BY CORRESPONDENCE ANALYSIS

n(t) ::: lotal frequency of taxon I.

t = number of a taxon.

rI, r2 = floristical effectives of tbe relev~s J et 2

tx ::: total number of taxa

pllt), p2(1) =prtsence of taxon I in the relevts 1 el 2,

D2 = 1: (l/n(I)) x (p1(I)!rl - p2(t)/r2)' for I = I to IX

Comparison between distance D and the coefficient of floristical similarity C
leaving lhe balancing coefficients of CFA out of account: rl=r2 and n(t) ;;;; constant

D' = constant x 1: Ipl(t)-p2It)I' for t = 1 to IX

C = 2 - 2 x 1: Ipl(I)-p2(t)11 (rl+r2) for I = I to IX

For D .., for C. the only variation comes from 1: Ipl(l)-p2(l)12, or from 1: Ipl(t)-p2(l)1 which is nothing
else than the number of plants which are present in one releve and absent from the otber.

between the floristical contents, without discriminating the systematic effect of the
environment from the casual fluctuations within the same environment.

1.3.2. CFA balances the plants by their scarcity and split the reieves in successi­
ve subsets

The balancing of plants by their scarcity is necessary in CFA but not in
vegetation science, because scarcity does not'measure the indicator capability of
a plant. With such a balancing, a scarce plant masks the differences coming from
the other plants. It obliges one to withdraw the scarce plant and its releves from
the computation, and to remake another computation, where another plant becomes
scarce, and in turn disturbs the results, and so on. To interrupt sophisticated
computations by empirical handlings is like inlerrupting a flight by several walks.

1.3.3_ CFA transfers a naturalistic way of investigation into a statistical space

Most of the time, this way of investigation is accepted because the statisti­
cal investigation plays a subordinate part in vegetation science, when CFA brings
only graphical displays and details and keeps the leading part to the visual exa­
mination of floristical tables. Since the number of species is large, a graph shows
a little part of the initial distances. generally less than 20% of the dispersion. as
if the graph was taking into account only 20% of the data. The graph of a sub-
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set of releves shows their main gradient and explains it indirectly, according to
the positions of previously identified community-types along the factor axis. In
shon, it transfers into the statistical graph the naturalistic way of investigation du­
ring field work.

1.3.4. How to adjust the ecological basis of the naturalistic method with the objec­
tivity of CFA?

I) On the one hand. the classical method has an ecological basis. It studies
the visual structure of plants and releves in the tables of initial data and it takes
into account the ecological confmings of species. expressed by their fidelities to
the community-types of the phytosociological hierarchy. But a visual investigation
cannot be objective and accurate. Moreover, it tends to give a practical priority to

the constancy, which is less imponant but more visible on a table than the fide­
lity. 2) On the other hand, CFA is objective, free from preconceived groupings,
but it is based only on the numbers of species shared with the releves, so it lacks
an ecological basis.

It is possible to adjust the advantages of both ways of investigation. I) If we
locate the plants and the releves in the space defined by the fidelities of plants to
plants, rather than the fidelities of plants to releves. 2) If we determine the types
of plant community through a classification, which often expresses 80% of the
initial dispersion, instead of a visual partition of a graphical ordination, which of­
ten expresses only 20% of the dispersion.

2. ApPLICATION TO THE CLASSlFICATION OF 384 RELEvEs AT THE SCALE OF A DISTRICT

2.1. Scheme of the classification (Fig. I)

The first example of an ecological c1assificalion of fJoristical releves deals
with 384 releves which have been sampled in a district of the Nonhero Vosges
(MUller, 1986). The releves include 322 vascular species whose the most frequent
are split into two or three classes of abundance and generate 480 plants with abun­
dance threshold. Then the reIeves are characterized by their average fidelities to
the 5.626 plants of the national data bank and localized in national gradients. They
are classified into hierarchical groupings, at several levels of synthesis.

2.2. The levels of synthesis

2.2.1. The upper levels

The first level sbows three groupings having rather similar effectives: 196,
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Figure 1.- Classification of a set of releves: S<:heme of the method. A. Table of abundance for 322
species in 384 releves. B. Table of presence for 480 plants with abundance thresholds in
384 relev6s. C. Table of average fidelities of 384 reieves to 5626 plants of the bank. D.
Thresholds of abundance for the plants of the bank. E. Table of fidelities of plants to plants
in the bank. FI and F2. Dendrogram of the releves at the levels of synthesis I and 2. GJ
and G2. Table of discriminant plants for the groupings at the levels ] and 2. On the right.
the rectangular outline including F and C is tbe scheme of Figures 2 to 9 which illustrate
the examples of classification and which are shifted after the text.

108 and 80 releves (Fig. 2). The author of the observations assigns the releves of
the 1st grouping 195 to 5 different phytosociological classes, and those of the 2nd
grouping 302 to 3 classes. SO,.a classification is able to discriminate groupings
which have a hierarchical level above the phytosociological classes and conse­
quently which have the highest differences and effectives. A classification does
not need a previous splitting of the releves into the main types.

2.2.2. The lower levels

The automatic classification divides the same dendrogram of the releves at
successive levels of synthesis. From the widest to the most detailed, it shows mo­
re and more detailed sub-groupings, corresponding to larger and larger scales, from
the 2nd level (Fig. 3) to the 3rd and 4th level of synthesis (Fig. 4 and 6).

The lower levels identify a peculiar grouping. even if it has a few releves.
The 3 sub-groupings of the grouping 302 have respectively 57, 48 et 3 releves
(Fig. 3). The grouping having 3 releves has 5 discriminant plants coming from
around ponds, as the two other sub-groupings have discriminant. plants corning
from peat-bogs and swamps.
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LES ~N££S CONCERNE.NT 384 RELEVES, 480 PL.O.NTCS CARAC'I'ERISEES PAR LEURS FIOELITES

A 5626 E'LAHTES

1
EFFECTIFS DES
REL PIA oes 08S/P~ 08S/R£L

lit 3'3 t222 15.8 31. ,
101 115 1213 10.5 11.2

10 111 1342 11.6 16.8
384 480 8771

3

1<0 HUl<E:RO
SUR L£ D£S
DDlDRO GROOP£S

RET£.NUS
1
2

- 19'
- 302

303
- 382

3B3

I-I
1-1- .. ­
I
1-1- - - - - - - - -
I

lfXftAI1 o. snrrusz ~
~ DES RELEVES

LISTE Des PLAN'J'ES ctSCRIHlNAATES DES GROUPES DE RELEVES
N'tJH NCJi DES PIA\lT£S OPM£NT 11' Gi'KENT 302 CiPMEHT 382.

DIS FlO CST ors rIO CST DIS rID CS1'
~ PISc::RDaNJlH'RS DO GROUPDmNT NU«RO 1"
25.. 1 LOTUS CORNlCULAXUS L. 1-6
2' sa PLAN'I'AGO LJltHCEOIXl"~ L. 1-5

686 ACHILLEA KILLEFOLIUM L. 1-5
10'3 HISRACIUM PlLOSELLA L. 1-6
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Figure 2 - The 3 community-types of the first level of synthesis (Vosges). Above: the dendrogram of
the types. REL = Relevts. PLA = Plants. OBS = Observations. OBSIPLA = Average fre­
quency of the plant in the type. OBSIREL = Average effective of the plants in the releves
of the type. Below: the list of the discriminant plants. One line of the list shows: 1) the
number of the plant; 2) the latin name of the l..on; 3) the lower and upper thresholds of
the abundance; 4) lhe values of lhree paramere" for each grouping. DlSt= Discriminanl
power. FID =Fidelity. CST = Constancy.
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4610 AGROSTIS VULGARIS WITH. 1-6 33 51 47
1073 KI£RM:'IUH PlLOSELLA L. 1-6 24 61 <U
2919 RUMEX ~LLA L. 1-6 23 68 47
4688 BAACHYPODIUM PINJUl.TUM I 1-6 12 100 2
1096 KYPOCHOERIS RADICATA L. ).-5 11 62 27
4166 QANTHONlA tJE;ClIHBENS (L. \-$ 10 61 43
2107 STACKYS OFFICIHALIS (L. 1-4 10 90 32
ZOS GENISTA PILOSA L. 1-6' 19 43

205 JASIONE HONT..aJ« L. 1-6 7 81 19
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2638 SARaI'H:N9ruS SCOPARIUS I 1-6 7 55 3S
1012 HIERACIUH PILOSEloU' L. 2-6 '50 20
4821 VAA. TENUIFOLIA DUBY 1-6 5 4Z 21
4818 E"ESTUCA. OVDU\. L. 3-6 5 42 1
2116 TEUCRIUH ~DRYS L. 1-5 4 0 0
2918 RUKEX ACETOSELLA L. 2-6 .. 60 21

Figure 3 - The community-types of the second Jevel of synthesis (Vosges). Same legend as figure 2.
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:PL1tN'1"BS D1"S~8 DU GP.OOPBHBN'1' NtJHmO ...
2788 PlJ'NTAGO LANCEOIATA L. 1-5 15 35 16 .0 64 100
2541 LOTUS CORNlCULATUS L. 1-6 17 20 5 .0 19 11

686 ACHILLEA MILLEFOLIUM L. 1-5 13 39 18 29 60 95
26!U TRI FOLIUM PRATENSE L. 1-6 3 0 0 2< 100 51
2141 THYMUS SERPYLLUM L. 1-6 16 .5 23 22 55 91
4763 CA.C'l'YLIS GI.e*lEAATA L. 1-6 5 41 1 20 47 24
4652 J\NTHOXANTHUH OOORM'UM L 1-6 11 21 11 1. 65 88
4699 BRIP. MEDIA L. 1-5 4 3 0 1. 96 64

888 CHRYSANTHEMUM LEUCANTHE 1-5 2 0 0 17 100 42
2187 Pl.ANTAGO IJI,NCEOLA,TA L. 2-5 1 14 3 10 85 11

3130 RANUNCULUS BULBOSUS L. 1-6 1 8 1 1. 91 15
2694 TRIFOLIUM REPE:NS L. 1-6 3 28 1 1. n 60
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2540 LOTUS CORNlCULATUS L. 2-6 2 0 0 12 100 31
4868 HOLCUS LANATUS L. 1-6 3 22 5 12 11 62
4989 POA P~TENSIS L. 1-5 0 9 1 12 90 66
11.39 LEONTODON HISPIOUS L. 1-5 1 0 0 11 100 55
2917 RUMEX ACETOSA L. 1-5 1 21 5 • 12 46
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4511 ERIOPHORUH ANGUSTIFOLIU 1-6 •• 61 82 34 31 60 0 0 0
4336 CAREX AMPULLACEA GOOD. 1-6 ,. 91 61 3 2 2 0 0 0
3241 COMARUM PALUSTRE L. 1-6 14 100 36 1 0 0 0 0 0
2231 MENYANTHES TRlFOLIATA L 1-6 13 100 12 2 0 0 0 0 0
5137 JUNCUS SILVATrcus (REre 1-6 12 48 22 9 33 18 3 0 0
4420 CAAE:X LASIOCARPA. E:HRH. 1-6 11 94 51 0 5 4 0 0 0
451B RHYNCHOSPORA ALBA. [L.) 1-5 10 55 35 8 44 33 D 0 0
4392 CAAEX FLAVA. L. 1-5 10 50 19 0 0 0 3 0 0
4596 AGROSTIS CANINA L. 1-6 9 1. 35 1 2 6 2 0 0

PLANTES DISCRIKINltNTES DU GROOPEHEN"l' NUMERO 29.
4921 MOLINIA CAERULEA (L.) M 1-6 31 16 63 116 21 100 3 0 33
1681 CALLut-JA VULGARIS (L.) H 1-6 -12 0 1 5. 19 95 -26 0 0
1665 DROSERA. ROTUNDlFOLIA L. 1-4 6 22 14 •• n 58 0 0 0
3340 POTENTILLA TORMENTILLh 1-6 0 0 1 2. 15 31 -9 0 0

PLAN'tBS DI8C'RIMDUlN'l'BS DU~ NtJIOmO 301
-4550 sCIR~US MULTlCAULIS SM. 1-6 8 81 31 0 4 2 .7 13 100
5144 JlJNCUS SUPlNUS KOENCH 1-6 12 62 38 0 11 8 ., 8 100
4549 SCIRPUS MULTlCAllLIS SM. 3-6 1 40 3 0 0 0 .0 60 100
3136 AANUNCUWS f"LNo!MULA L. 1-6 3 0 0 0 0 0 27 0 0
1979 HYDROCOTYLE WLGAR!S L. 1-6 6 100 10 0 0 0 23 0 0
LISTE DES PLANTES DISCRIMINANTES DES GROUPES DE RELEVES

NUl< NC>l DES PLANTES GPMENT 307 Gl'MENT 370
DIS FlD CST DIS FlO CST

PLAN"!":BS DIsc:RIlaNANTBS DU CJROtJPBMBN'l' NCHBRO 3.7
1186 FAGUS SILVATlCA. L. 1-6 70 15 52 .5 2 1
4771 DESCHAMPSIA FLEXUOSA IL 1-6 .. 65 95 31 8 61
1801 QUERCUS SESSILIFLORA SA 1-6 .0 80 80 10 1 1
5563 PTERIDlUM AQUrLlNUM (L. 1-6 30 43 61 13 3 30

259 LONICERA PE:RICLYMENUM L 1-6 2. 0 0 " 0 0
2135 TEUCRIUH SCORODONIA L. 1-6 22 52 36 2 0 0
4770 DESCWl.MPSIA FLEXUOSA (L 3-6 21 100 10 8 0 0
1327 CORYLUS JlLVELLANA L. 1-6 11 0 0 8 0 0

Figure 3 - (cont.).



~ DIsc:st.nCDtANTU DO'~ NUMDlO
5523 POLYSTICHUM SPINULOSUM 1-5 3 6
1116 ~NIUH HYRTILLUS L. 1-6 ·34 56
3420 SORBUS JWCUl?A.RIA L. 1-6 28 60
.5527 SUBSi'. SPlNULOSUH MV 1-5 1 1
5522 POLY9TICHUK SPINULOSUH 2-5 0 0
1191 QUERaJS PEDUNCULA.TA EHR 1-6 20 63
5556 ATHYRIUM' FILIX-FEMINA I 1-6 3 0
2327 OXALtS J!lCETOSELLA. L. 1-6 5 0
3212 RHAMNUS FRANGUIA L. 1-6 11 21

Figure 3 - (cont.).
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Itt'IUV D. 'YN'1'llBJl. """""" 3

DEHDR~ DES RELc:vES NO IlUMERO EITECTI FS DES
SUR 1.£ DES REL PLA OBS OBS!PLA oas/REL
DENDRO GROOPES

RETENUS
I - - - - - ,. 1 ,. 103 1513 15.0 20.6

I - - - - - 100 2 27 113 104. 5.1 38.9
I-I 101
I-I - - - - 111 3 11 01 30' ••• 36_1

I-I 112
I-I - - - - 12. 18 ,. .03 5.' 22.4
I 130
I-I - 1.. 5 .0 "' 3•• '.1 19_4

I 150
I II- - - - - - - 113 6 34 .,1 1175 10.5 55.1
I I-I - - - - - U3 1 11 11. "" ••• 51.5

I-I ,..
1-1 1.5
I 1-1- - - - - - - - - - - 22' • 33 54 ~ 6.6 10.8

I II- - 2.. • 23 30 2M 6.5 11.0

I II 250
I I 251
I II-I 2•• 10 .. n <3, , .2 13.1

I II-I -- 201 11 16 30 146 ••• '.1
I II 2'.
I I-I 2••
I I I 301
I-I 302
I 303
I I-I ~ 12 •• 70 730 10 ... 13.5

I 1-1- - - - - 316 13 11 71 34. •• 5 31.4

! II 361
I I I-I 371 14 10 31 1•• '.1 18.9
I I 1-1- - - - - 37. 15 3 23 .2 2.3 1"1. J
I I-I 31.
I I-I 380
I I-I 381
I-I 3.2
I 3.3

Figure 4 - Dendrogram of the community-types of the third level of synthesis (Vosges). Same legend
as figure 2 (above).
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LIST);: OKS PLANTBS DISCRIMINANTS! DlS GRWPBS DB RELEVES

""" N'" DES PLANUS 0'""",, ,. 0"","" 100 G"","" 111 G>l4llN'I' 12. G>l4llN'I' 1U
DIS FlD CST ;DIS FID CST DIS FID CST DIS FlO CST DIS FlO CST

PLAmEI D:ISCUVDD"DS DIJ~ :NmKRD ,.
1819 FESTUCA OVIHA L. 1-' U 3t .. 2 10 71 13 I B1 • " • .3 -3 1 15
2478 GENIST'" FILOSA L. 1-' 31 ,. 71 • 4 11 0 3 27 0 • 0 -2 2 1.
1013 BIERACIUH PILOSELLA L. 1-' 31 4l 6<l 2 • 22 a , 36 " 11 ., -2 • •
16117 CALLUNA Wu:;ARIS IL.) H 1-6 ,. 20 " -, , 55 12 I 10. -, • 11 -11 I 55
2101 STACHYS OFFICINALIS (L. l-( 2' " .. , 21 " 1 • a -1 • • -2 • •
2116 1stJCRI1JM CH1lKAEDRYS L. 1-' 11 a • I • • -2 • a a • • -1 a •
1686 CALWNA WI,GARIS (L.) H 4-6 11 62 " • • 0 1 • J6 0 • 0 -2 a 0
4207 VIOLA CAHINA L. 1-1 , " '7 1 19 62 1 I J6 • 0 0 • 2 10
11.402 CARBX GLmCA MlJAA. 1-' • 0 • 7 100 11 0 • 0 0 a 0 0 • a

'" CAHP1INULA. ROTUNDlFOLIA 1-' • 10 I , 39 " 0 7 " 0 • 0 -1 • a
2638 SAltOTlWOOJS SCOPARIUS ( 1-6 • 17 22 • 20 oo • 2 " , 0 " -, 0 a
5452 JUNIPEPJJS COMMUNIS L. 1-0 • 0 • 1 • • -1 • 0 0 • a -, 0 a
21911 HIPPOCRBPIS~ L. 1-' 7 0 0 2 0 0 -1 0 a 0 • 0 -1 0 0

Pr..MID:S DUCIlDIIIUlXrI: DV~ lJtlIIERO 100
1763 D.\C1'YLIS GLOMiAATA L. 1-0 • 0 • 24 17 " 0 0 0 1 • 0 • 0 0
4688 BRACH'lPODIUM PINNATtlM ( 1-6 21 0 • 21 10. II -1 • • • • • -2 • a
1327 COR.'lLUS AVBLLNUt. L. 1-0 • • • u • • -2 • 0 -. • 0 -7 • a

4l HBDBRA IIBLIX L. 1-0 • • • 17 • • -2 • • -, • • -0 • 0
2135 TEUCRIUM SCORDOONIA L. 1-0 • 13 • .. 31 50 • • • -2 • 0 -11 • •3253 CRArABGUS HONOGYm. J~ 1-6 1 • 0 .. '7 II -1 0 • • • • -3 • •
0.0 ACBILLEA KILLEFOLIUM L. 1-' 2 1 1 1.S 21 " 3 • " • I 16 0 7 ,.

3269 FRAGARIA VRSCA L. 1-' • 0 0 .. 83 " • a 0 0 0 0 -1 0 0
2541 LOTUS COIUUaILATUS L. 1-0 10 0 0 11 I 7 1 a 0 • 0 • • 15 35
1"733 EUPHORBIA CYPlIRIS5IAS L 1-' 3 1 1 1. 3. oo -1 0 0 3 • JJ -1 0 a

272 CAllPlNUS BBTUWS L. 1-' a • • 1. 17 '7 -1 • • -, 0 • -. • •1962 HYPERICUM PERFORATUM L. I-I 2 11 , • " 55 0 • " I 5 10 • 0 "34n GALIUM MOLLOGO L. 1-6 0 0 0 , 35 1. 0 a • • • a • 0 a
1263 SOLID.I.GO VIRGA-NnU~A L. 1-4 I 51 16 7 22 1. 0 • , -1 0 0 -. • 0
.(708 BR<»«JS BP.XCTUS BUDS. 1-0 , • 0 7 0 0 -1 a 0 2 , • -1 • 0
3Ul SANGUISO:RBA MINOR SCOP. 1-6 5 • 0 7 • 0 0 0 a I 0 0 • 0 •
1325 CORNUS SANGOINEA L. 1-6 a • 0 7 • a • a a a 0 0 • 0 •
3362 FRONUS SPINOSA L. 1-0 1 0 0 7 • a a 0 a 0 a 0 • • •
1'786 FAGUS SILVAua L. 1-0 -J 0 0 • " 33 -7 0 0 -15 0 0 -1' 0 0
40870 HOLCUS HOLLIS L. 1-0 a 1 1 • 23 55 a • 0 0 0 0 -1 0 0
..0 LONI(;BRA PERICLYHiNUM L 1-6 0 0 0 • • a a 0 0 _7 • • -10 • •

1901 QUHRCUS SESSILIP1.ORA SA 1-6 0 1 1 • 13 33 -J • 0 -. • • -15 • •4986 POA NBMORALIS L. 1-' 0 0 0 • 0 0 0 0 D. 0 0 0 -1 0 •
01236 VIOLA RIVINVHA RCHB. 1-5 0 a • • 60 51 a • 0 a 0 0 -1 0 •
4103 PIKPIN'ELL1\ s~IFAAGA (I. 1-40 2 • 0 5 ,. 33 0 • a • • a • 0 a
3l!136 VERaiICll OlAMAEDR"iS L. 1-1 0 0 0 • 31 " 0 • a a • a a 0 a
4762 DACT"iLIS GLOMBRA'l'A L. 2-6 0 0 0 • 56 7 0 0 0 0 0 0 0 0 0
3054 ANHHOtfE NiMOROSA L. 1-6 0 • • 0 J6 33 0 • 0 -2 • 0 -, 0 0
1064 HIBRAClUK HURORt.JM L. 1-0 2 • • 5 50 11 -1 • 0 0 • • -I • •
3851 VERONICA OFFICrNALIS L. 1-6 2 , 1 5 '7 51 1 • 27 0 • • -1 • 0
4654 AARHENATHEllUK EL1\TIUS { 1-6 • a • • 26 22 0 • a 0 • 11 0 0 0
1695 BRACKYPODIUH SILY.\TIOIM 1-6 • • • 5 • • • • • • 0 • • 0 a
'58 CKNTAlJREA NIGRA L. 1-' a 0 • • 72 " J 11 18 • 0 0 • 0 a

:PI.lIlftES DTSCRTH'!NNI1D:I DU G8WL = ........ 111
3340 POT£NTILIA TORMENTI~ 1-6 " " .. -. 11 •• 77 • " -12 0 0 0 6 J5
5156 WZULA CAMPBBTRIS L. 1-' 2 0 • 0 12 33 5. 11 " 2 , 33 • • 0
3339 POTEHTILLh TORKENTILLA 2-6 .. " ,. -1 6 11 47 22 " -2 0 0 • • a
1652 1aN'l'HOv.N"l'HUH OOORM'UM L 1-6 I 0 0 • I 11 •• • .. I 11 50 • • 0
4868 HOLCUS UNA'l'US L. 1-0 0 0 0 • 0 • 37 22 72 a 0 0 2 0 0
1658 SUCCISA PRAEMORSA (GILl 1-6 10 56 " • 3 7 2. 16 ., -2 0 a • • •
&'766 DANTHctJIA DEaIMIlBNS (L. 1-' 22 .. 60 • 6 22 27 10 " 0 3 .. • 1 •
U10 AGReSTIS WLGAlUS WITH. 1-0 11 • 10 • 19 100 27 7 " 17 10 77 I • .,
51~8 SUBSP. ERECTA DI!:SV. 1-' 0 0 0 • 30 25 25 " " • 0 • 0 • •
4830 rsSTUCA IlUBAA L. 1-0 1 0 0 • • • 22 • • 0 0 • 0 • •
40932 NARDUS STRIC"lA L. 1-0 6 55 33 -1 0 • 20 " 81 • • • • I 10
5155 LUZULA CAMPKSTR.IS L. 2-' • 0 0 • I 7 10 11 51 0 2 • 0 • •
~ D1'SCPJVI1Q!1"'E8 DU~~ 12.

2919 lWKBX ACETOSELL1\ L. 1-0 , 39 51 • , 11 1 • 51 60 16 .. 3 2 15

'" JASICNI!I: MOOTlINA L. 1-6 • " " • 0 0 0 0 0 30 " 83 0 0 •
160";1 TKESDAI.£A NUDIClWLIS (L 1-4 • • 1 a • a • a a 27 •• .. 0 • •
2141 T'H'iMIJS S&RPYLUJH L. 1-0 1. 17 1. • 7 22 0 1 0 20 18 83 -3 • •
2918 ROHEX ACETOSELLA L. 2-' 2 32 22 • 1 , • 5 27 10 20 61 0 • •
1096 KYfOCHOERIS MDlCAXA L. 1-' 2 28 25 • 0 0 0 .. " 1. 12 II 2 • 20
2";188 PL1!NT.N;;O L1IlfCEOIATA t.. 1-' a 1 1 • 1 3 10 , .. 17 ,

" 11 15 55

Figure 5 - List of the discriminant plants for the sub-groups of the upper group 150 (Vosges) at the
third level. Same legend as figure 2.
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• 63 SCLERAN'l'HUS PERENNIS L • 1-S , S 1 , , , , , , 16 94 100 , , ,
4'151 COR.YNEPHOllUS CANESCBNS 1-S 2 SO 2' , , , , , , 14 50 100 , , ,
U18 AIM. noECOX: L. 1-S , • • • , , , , • 14 , , • • •2627 ORNIT80PUS PBIlPUSILLUS l-G • • • • , , , , , 13 12 , 1 12 S
1002 nLAGO !fINlHA (SM.) PER 1-5 , • • , , , , , , 13 71 27 , 2B to
1606 tEBSDALEA NUDICNrrLIS (L 2-4 , • • , • , • , , 10 100 SO • , ,

I'LIlHmS D:uK:RlKIR1IND!: DO awl -......., 14.
SlOB JUHOJS BUFctHUS L. l-G , • , , , , , , , , , ,

~!5 100 85
19S2 KYPER!CUM HUMUUSUM L. 1-3 , • • 0 0 0 , 0 0 0 • • .21 100 ..
2000 BRUNKLlJl. WLGAllIS L. 1-' 0 • • , 5 , 2 15 27 0 0 0 1. .8 .S
U69 POA ANNUA L. l-G , , 0 , , , 0 , , , , • 1.8 100 "2890 POL'YOCHJM AVIetTLP.U L. 1-5 , , , 0 , , , , , 0 0 , 17 100 to
1019 GH1lPHALIUH ULIGDiOSUK L 1-5 , , , 0 , , , , , 0 0 • 17 100 .5
5107 JUKalS BUPOH'IUS L. 2-G 0 0 , 0 , • , , 0 , 0 • 1.5 100 ..
5126 JUNaJS LNtrlOCU1"lJS (IB 1-6 , , , 0 , • , , , , , • 1.2 1(10 ..
21'0 PLNfTAGO aroa. L. 1-5 , , , , , , , , , , • , 12 • •269' TlUFOLIUK RUINS L. l-G , • , 0 , , 7 13 OS 1 , , 12 15 ,.
2953 »U.l:lU.I.I.s: ARV;NSIS L. 1-4 , , , • 0 0 • , , , , • 12 • •2199 RADIOloA LDrolDES ROm 1-' , , , 0 0 0 , , , , , • 11 100 75
fo392 CA1l.IiIX lLAVA L. l-S -S , , -. , , , , , -1 , • 11 5' 5S
.. 396 SUBS.. OBDDl UTl. l-S -3 , , -2 , , , , 0 • , , • 5' 05".., RAHUNCUWS alPIHS L. l-G -1 • , , , , 2 , • , , ,

• 100 S
2051 MKNTBA AKVJ:NSIS L. l-S , , , 0 , , , , • , , , 7 IQD ,.
.. S!U JG1lOSTlS ALBA L. 1-0 , , , , • , , , • • , • 7 , ,

Figure 5 - (cont.)

NIVUl1 "" snmmu NtlMKIlO •
DENDROGRP.MME DES RELEVES NO /lUMERO EFFECTIFS DES

SUR LE DES REL PLII OBS OBS!PLA OBS/REL
DENDRa GROUPES

RETENUS
I- •• 1 •• 87 1293 14.9 23.1
II - - - - 73 2 1. .. ••• 5•• 13.2
I 74
I=I- - - - - - 01 3 1. U. 834 5.2 04.6.3
II - - - - •• • • 7' "5 3.0 23.9
I 100

1=1 101
I-I 111

I-I 112
I r:l- - - - - - 121 5 1. •• 12. ••• 12.9
I I-I 12' • • 73 '7' 3.• 34-3
I-I 12'
I 13.
I I-I - - - - 145 7 1< 73 3>7 '.3 19.8
I I-I- - - - - - 148 • • 35 7. '.1 18.0
I-I 14'
I 15'
I I-I- - - - - - - 17. , 23 :LS1 :LD1. •• 0 56.1
I 1==-1- - ------ '.1 10 ,. 117 547 '.7 54.7
I II 18'
I II ,.3
I I 1- - ------ ,.8 11 • ,.. 307 2.9 51.2
I I 1- - ------ 102 12 • .3 20' ••• 51.8
I I-I 193
I-I 19'

I-I 195
I II- - .,2 13 18 30 ... 5.6 g ••
I I-I ------ .,7 14 • .S 7< 2.9 U:.7
I II 21.
I II - - .21 15 • .. 4' 2.5 10.0

Figure 6 - Dendrogram of the community-types of the fourth level of synthesis (Vosges). Same le-
gend as figure 2 (above).
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I II 222
I I 223
I I-I - - - - - 226 16 • 23 54 2.3 13.5

I I-I 227
I I 11- - 237 17 11 2. 103 • . 3 9••

I I II- - - - - - - - 2•• 18 10 33 14. ••• 14 ...

I 11-1 247
I II 249

I II 250
I I 251
I I 1- - - ...... - ------ 273 19 23 54 3.0 6.3 H.S

I I 1",,""1 ... - - - ... 281 20 • to 97 5.1 10.8

I II=I 282
I II 1-1- - - - - - 2'2 21 11 18 100 5.6 9.1

I II II - -------- 2" 22 8 20 •• 2.3 9.2

I 11-==-1 297

I II 298
I I-I 299
I I -I 301
I-I 302

I 303
I Iel- - - - ......... 332 23 30 50 501 10.0 16.'7

I II - - - - ... - ... 351 24 20 25 148 5.8 1.3

I I 352
I I-I - - - - ...... 388 25 • 3' •• 2.2 21. 0

I I-I 356
I I II - ------ 388 2. 3 .. .2 1.9 30.1

I I 1---1- ... - - - - 340 27 3 .. 103 2.2 34. J

I I II 361
I I II 362
I I-I 366
I II 3.7
I I I-I 37'
I 1 I-I 37.
I I-I 379
I I-I 380
I I-I 381
I-I 382
I 383

Figure 6 - (ConI.)

3. CHARACTERtZATION OF TI-IE COMMUNITY·TYPES BY THEIR DISCRIMINANT PLANTS

3.1. Determination of the discriminant plants

3.1.1. The discriminant plants characterize the peculiarity of a community-type

They are the plants which contribute, for a half, to the distance between the
grouping and the whole reieves. They reflect the ecology and the physiognomy of
the community·type. On the Ist level of synthesis, they come respectively from
meadows, peat-bogs and mesophilous forests. At the 2nd level, among the
meadows, they are mostly acidophilous, for the sub-group 150, and mesophilous
for the other; for the 3 subdivisions of peat·bogs, they come respectively from
swamps, peat·bogs with Drosera. and from the borders of ponds; for the 2
subdivisions of the forests, they are rather acidophilous or slightly hydrophilous.
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3.1.2. Moderate effective of the discriminant plants

At the first level of synthesis, the 3 community-types have respectively 25,
10 and II discriminant plants. Together, these 46 plants contribute at least to half
the distance between tbe grouping and the centre of gravity of the 384 releves, in
the space of fidelities. Among 5.626 plants of the bank, 10 to 25 plants are enough
to characterize half the peculiarity of a grouping. If there are few discriminant
plants for a grouping, they have high DIS, and vice-versa For the 1st grouping
195, there are 25 discriminant plants having low DIS, between 6 and 32 per 1.000.
as for the 3rd grouping 382, there are only 10 plants having DIS between 16 and
69 per 1.000 (Fig. 2). Along the successive levels of synthesis, the discriminant
plants still have moderate effectives (Fig. 4 to 6).

3.1.3. The discriminant power DIS reflects indirectly the variation of the constancy
CST and of the fidelity AD

The table shows the discriminant plants in order according to the decreasing
values of DIS. The table shows also, as a comparative documentation, two
classical parameters, the fidelity FID and the constancy CST, for each plant in
respect to the grouping. Most of the discriminant plants of the Ist grouping 195
have a fidelity of 100% to it, half of them for the 2nd grouping 302 and only
one for the 3rd grouping 382. Among the groupings of a same level, the DIS
of a plant often increases or decreases together with the fidelity or the constancy
or both. However, DIS is not a function of the two parameters. DIS comes from
the fidelity of the grouping to the plant, opposite to the classical parameter FlO,
which is the fidelity of the plant to the grouping. DIS depend on all the plants
of the grouping, whereas FlO depends only on the distribution of a single plant.
DIS has a global meaning about the community-type.

3.2. Discriminant plants may be absent from the community-type

3.2.1. Negative discriminant powers

Conventionally, the discriminant power DIS of a plant is positive if the fi­
delity to the plant is higher for the grouping than for the whole releves. DIS is
negative if the case is opposite. At the first level, the most contrasted level, the
disciminant plants of a grouping have positive DIS for the grouping. They di­
scriminate by their presence. The same plants have negative DIS for the other
groupings, from which they are often absent (Fig. 2).
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3.2.2. A locally missing species may be discriminant

Some plants have positive discriminant powers though they are missing from
the set of releves. It is the case, for instance, of Erica tetralix, in the grouping
302, for Corylus in the grouping 382. This means that, in the whole bank, the
plants of the grouping have rather high fidelities to the locally missing plant, that
is to say high fidelities to the corresponding environment.

3.3. Gradual evolution of the discriminant plants along the hierarchy

3.3.1. The same plant may be discriminant for a grouping and its subdivisions

On the first level, the discriminant power DIS of Festuca ovina is 21 per
1.000 for the upper grouping 195. On the second level, it is respectively 33 and
8 per 1.000 for the two sub-groupings (Fig. 3). Similarly, DIS of Lotus corniculatus
is 32 for the upper grouping 195 and 40 for its sub-grouping 194. Because of their
quantitative definition, a quick field diagnostic does not fit the discriminant plants
in relation to their type of plant community.

3.3.2. The discriminant plants evolve gradually, along the hierarchy of the groupings,
as they reflect the gradual evolution of the corresponding environments

For a sub-grouping, there are also new discriminant plants, compared to the
upper grouping. For instance, for the sub-grouping ISO, there are 3 new discri­
minant plants, which are characteristic species of classical types of plant commu­
nity: Stachys officinalis, Genista pi/osa and Sarothamnus scoparius. The two sub­
groupings of the grouping 382 have different lists of discriminant plants, even if
some of them have a similar importance: Vaccinium myrtillus, Sorbus aucuparia,
Quercus pedunculata. Rhamnus jrangula (Fig. 3).

3.4. Characteristic species or discriminant plants?

The notion of characteristic species confined to a type of plant community,
corresponding to a type of environment. remains theoretically prominent and prac­
tically difficult, whereas the genuine characteristic species is sometimes difficult
to find. Therefore, it has been proposed that the notion be associated with other
kinds of specification, as the substratum and the geographical distribution of the
type of plant community (Pignatti et al., 1995). But the notion of discriminant
plant may generalize the notion of characteristic species: I) It has still a purely
floristical base, as it acquires an ecological meaning when it uses the fidelities of
plants to plants instead of the fidelities of plants to community-types. 2) It avoids
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a previous delimitation of the community-type. 3) It is quantitative, instead of bi­
nary, it evolves gradually between the neighbouring communities, and their cor­
responding environments. 4) It evolves according not only to the fidelity but al­
so to the constancy of the plant in the groupings, without being a function of the
two classical parameters. In short, discriminant plants are quantitative homologues
of characteristic species.

4. CONCLUSION: QUANTIFICATION OF ECOLOGY BY VEGETATION SCIENCE

Socio-ecology may designate the part of vegetation science which quantifies
the ecological differences between the plant communities on a purely floristical
base. It needs a few simple statements to establish its quantification. If one agrees
with the only three following statements, on is brought to use similar computa­
tions to the proposed method.

I) On a given scale, a plant community is identified by the taxa which coexist
in the same environment, with a given abundance.

2) The environment of a plant community is reflected by the behaviours of
its taxa.

3) The ecological behaviour of a taxon may be identified by its distribution
among the diverse environments corresponding to the diverse plants.

The corresponding chain of programs applied to a thousand releves with stan­
dardized floristical data, needs about half a day to print the classification and the
characterization of the vegetation types.

Vne methode de classification ecologique des releves floristiques par jumelage d'une prospec­
tion rcgionale et d'unc banque nationale de releves. One classification ecologique des releves floristi­
ques a pOUf but d'identifier des groupements vegetaux qui soient caracle-rises d'apres leurs seules
donnees tloristiqucs ct qui ccpendanl correspondent h des milieux aussl homogenes que possible. A
eet effet, elle commence par etalonner le comportement de chaque plante Ie long d'uD gradient eten­
du, dans une banque nationale de releves. aJ'echelle de la France, la banque SOPHY. Elle ~talonne

Ie comportement d'une plante par l'ensemble de ses fid6lit6s aux 5.626 autres plames de la banque,
consider6es comme des indices du milieu. Ene d6finit ainsi un espace statistique a5,626 dimensions
dans leql;lel: I) un axe mesure la fidelite a une plante, consideree comme un indice du milieu; 2) un
point correspond au comportement d'une plante aI'egard des indices du milieu; 3) la distance entre
deux points exprime la difference ecologique de deu~ comportements; 4) Ie centre de gravit6 des plan­
tes d'un releve indique la position probable du releve; 5) la distance entre deux rcleves exprime leur
difference ecologique.
Par comparaison, l'analyse factorielle des correspondances: 1) situe les releves dans l'espace des fide­
lites des plantes aux releves, ref1l[:tant leurs differences de composition floristique; 2) pondere les plan­
tes par leur rarete, non par leur signification ecologique; 3) traite une partie seulement des releves a
la fois et remanie ceHe repartition des releves par approximations successives; 4) transpose sur des
graphiques factoriels l'empirisrne et l'intuition du naturaliste sur Ie terrain,

La methode est illustree par environ 400 releves dans un 'canton des Vosges du Nord (France).
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Elle pennel de c1asser automatiquement les relev~s ~ plusieurs niveaux de synthese successifs. y com­
pris les niveaux superieurs aux classes phytosociologiques. EI1e explique, pour moitit~. l'originalitt d'un
groupement par to h 30 plantes discriminantes qui sont les homologues quantitatifs et graduels des
e5p~ces caracteristiques.
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