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Abstract. The application of fuzzy set theory for describing vegetation dynamics is discussed on the basis of results obtained

Introduction

Vegetation is a complex system whose state variables
and the relationships between them are difficult to under-
stand and/or to measure. The notion of complexity has many
definitions (Flood & Carson 1988, Orl6ci 1991a) and as was
illustrated by Klir & Folger (1988) it is directly related to the
interest and capabilities of the investigator:

"to the neurologist the brain, as a feltwork of fibers and a
soup of enzymes, is certainly complex; and equally the trans-
mission of a detailed description of it would require much
time. To the butcher the brain is simple, he has to distinguish
it from only about thirty other "meats" (Ashby 1973)".

For this reason, to avoid philosophical discussions, we
would prefer to associate the idea of complexity to a concept
which has a clear definition such as the complex number. A
complex number  is the sum of a real number a and an im-
aginary part ib:

{=a+ib
where b is another real number and i is the imaginary quan-
tity. '

As a consequence of this we define complex the system
in which at least one state variable or one relationship be-
tween two state variables is unmeasurable by any available
instrumentation. In this way the idea of complexity is strictly
related to the impossibility of the observer to give a direct
metric representation of the system under study.

Any number derived from a measurement made on the
nominal or ordinal scale may be considered as a complex
number. In it the actual value a is kept hidden by the imagi-
nary part ib. The latter is a quantity without a meaningful
numerical expression where i is interpretable as an imaginary
operator used by the researcher according to his personal ex-
perience. In analogy with the familiar (-1 )“ 2 ib may be con-
sidered as a catalyst allowing to account for the "unmeas-
urable" and to proceed with the research in some logical and

quantitative way (see Nijkamp, Leitner & Wrigley 1985).

However, while the use of (-1)"? could lead to precise

predictions, the use of nominal and/or ordinal scales con-

demns the prediction to a state of imprecision and uncertain-
ty. We may ask if this imprecison would be unacceptable in
vegetation study. The answer to this question may be impos-
sible, and the question could even be irrelevant. The meaning
of precision in the context of what it should be relevant to
depict when we are dealing with complex systems would re-
quire deep philosophical discussions that would lead far
from the aim of this paper. In this respect we should answer
a more fundamental questions. Namely, what we want or
what we could expect from an analysis of a complex system?
If we define what we want, is it relevant or useful for the
advancement of Science? Is the precision we are able to work
with acceptable in this context? There are two kinds of
relevance to be considered: the relevance of a component of
the system (state or control variables) and the relevance of
the precision by which the component should be measured.
A component is highly relevant if its impact on the system is
highly consistent with the behaviuor of the system. A
relevant component should be measured with high precision
only if its small variations influence in a big way all variation
of the system.

Vegetation may be seen under different perspectives ac-
cording to the interest of the researchers, consequently its
states may be described by different sets of attributes (Feoli
1984). Each set of variables defines a multidimensional
space representing more or less efficiently the ecological
space (Feoli & Orléci 1991). Since vegetation changes in
time, vegetation trajectories can be described in the ecolog-
ical space (Roberts 1987,1989 a,b; Feoli & Zuccarello 1992).
This space is usually represented by p combinations (ordina-
tion axes) of the m measured environmental variables (p
< m). There are many ways to represent the ecological space
by linear or non- linear models. In the descriptive approach
(Goodall 1970) these models are used to infer the vegetation
variation in time or space. However, as suggested by Bezdek
(1987) when the system uncertainty is large as a consequence
of its complexity, fuzzy inference should be used instead of
probabilistic inference (see also Zadeh 1973, Rosen 1979,
Bosserman & Ragade 1982). This approach fits well with the
complex nature of vegetation that forces us to use ill-defined
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Table 1. Frequency of the leading tree species in 13 vegetation types of Poldini (1982). Vegetation types code: 1 = Mercuriali
ovatae-Ostryetum; 2 = Buglossoido-Ostryetum capinifoliae polygaletosum; 3 = Buglossoido-Ostryetum capinifoliae
hieracetosum; 4 = Carici-Quercetum petraeae violetosum; 5 = Carici-Quercetum petraeae quercetosums; 6 = Ornithogalo-Car-
pinetum betuli; 7 = Carpino-Fraxinetum excelsioris tilietosum; 8 = Carpino-Fraxinetum excelsioris cerastietosum; 9 =
Hemerocallido-Ostryetum carpinifoliae; 10 = Ostryo-Fagetum; 11 = Ass. Betonica alopecuros-Ostrya carpinifolia; 12 = Orno-

Pinetum ostryetosum; 13 = Orno-Pinetum nigrae pinetosum nigrae.

Vegetation types

1 2 3 4 5 6 7 8 9 10 11 12 13
I. Ostrya carpinifolia S 5 4 2 0 5 2 1 5 5 5 5 5
2. Fraxinus ornus S 5 4 5 5 5 1 4 S 3 S 5 5
3. Quercus pubescens 5 5 1 3 0 1 0 0 0 0 1 4 3
4. Sorbus aria 4 4 4 2 0 0 1 1 5 5 4 4 4
5. Quercus petraea 2 4 4 5 5 1 1 1 0 1 0 1 0
6. Acer campestre 1 5 3 4 2 5 4 4 0 2 0 0 0
7. Prunus avium 0 3 4 4 3 2 3 | 0 1 0 0 1
8. Carpinus betulus I 3 2 3 1 5 4 4 0 1 0 0 0
9. Tilia cordata 1 2 3 1 0 2 5 2 3 0 1 0 0
10. Fagus sylvatica 1 2 1 0 0 1 2 2 2 5 2 2 0
1. Acer pseudoplatanus 0 1 2 2 2 4 5 4 3 3 1 0 0
12. Fraxinus excelsior 0 1 1 0 0 0 5 5 0 3 0 0 0
13. Sorbus aucuparia 0 0 2 0 0 0 1 1 0 2 1 1 5
14. Pinus nigra 0 0 0 0 0 0 0 0 2 1 1 2 5
15. Pinus sylvestris 0 1 1 0 0 0 0 0 0 0 0 3 4

The data

sampling designs and complex or "vague" (nominal or or-
dinal scale) descriptions of the units (relevés) (De Patta Pillar
& Orldci 1993). Since in this context a reasonable evaluation
of the random components (error and variability) is all but
impossible, it is obviuos that classical statistics (Fisherian
statistics, see Orléci 1991 a,b) is inadequate both for descrip-
tion and inference.

In fuzzy set theory the fuzzy set is defined by the ele-
ments it includes and by the degrees of belonging (or mem-
bership) of the elements to the set itself (Zadeh 1965). The
degree of belonging is a real number ranging between zero
and one. In vegetation studies the fuzzy sets may be defined
by environmental and/or biological variables and by vegeta-
tion types that describe the vegetation system under a study.
The fuzzy sets may be used to define a fuzzy system space in
which they are the reference axes (Roberts 1986, Feoli &
Zuccarello 1986, 1988, 1992, Dale 1988, Marsili-Libelli
1989, Feoli and Orléci 1991). In spite of the fact that the
state variables may be measured on nominal and/or ordinal
scales the fuzzy sets represent always a continuous multidi-
mensional space. This makes fuzzy set theory an appealing
tool to represent in a simple way the complexity of vegeta-
tion system. In this paper we show how the description of the
vegetation system by fuzzy sets can be used to infer about
vegetation dynamics. We do not want to enter into the
philosophical discussion on the data; we accept what we
have as reasonable to describe the vegetation in an abstract
way under the Braun-Blanquet approach (Westoff & van der
Maarel 1973). We are convinced that this approach is very
useful to understand and to conceptualize vegetation struc-
ture and dynamics.

The same data set that Feoli & Zuccarello (1992) used is
used in this paper. This set consists of three data matrices that
describe 13 vegetation types following Poldini (1982) and
Feoli, Ganis and Poldini (1987):

1) Matrix T (15x13) - the frequency classes for the leading
tree species in the vegetation types (Table 1).

2) Matrix L (15x13) - the relative frequencies of the Mueller-
Dombois and Ellenberg (1974) life-growth forms in the ve-
getation types (Table 2).

3) Matrix E (8x13) - the Landolt’s (1977) average indicator
values of the vegetation types (Table 3).

Matrices L and E were constructed on the basis of the
constancy of all the species in the synthetic tables of Poldini
(1982). This type of data has been discussed by Feoli &
Scimone (1985).

Methods

Given a data matrix description of a set of vegetation
states, the ecological space may be represented by two
groups of ordination methods. One uses only the intrinsic in-
formation (the information in the data matrix), such as tradi-
tional ordination methods (PCA, CA, CCA, DCA, NMDS,
etc.). The second one uses extrinsic information (information
not included in the data matrix) that can be infused in the
analysis in different ways. In this group the ordination axes
are conditioned by their ecological meaning determined a
posteriori, as in discriminant analysis (Cooley & Loohnes
1965, Gittins 1985) and concentration analysis (Feoli &
Orléci 1979), or a priori, as in fuzzy set ordination (Feoli &
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Table 2. Description of the vegetation types based on frequencies of the species in the growth-life forms. Abbreviations: P =
Phanerophytes; NP = Nanophanerophytes; Ch = Chamaephytes; T = Therophytes; G = Geophytes; H = Hemicryp-
tophytes; lian. = lianas; rept. = reptant; frut. = fruticose; suffr. = suffruticose; rad. = radicigemma (root-budding); bulb. =
bulbosus; rhiz. = rhizome; ros. = rosulate; scap. = scapose;caesp. = caespitose. Vegetation types are identified in the caption

of Table 1.
Vegetation types

1 2 3 4 5 6 7 8 9 10 11 12 13
1. P caesp. 219 227 21.3 22.8 10.4 17.2 17.5 16.4 222 129 19.6 19.3 17.6
2. P scap. 5.0 9.8 10.3 83 104 9.6 10.8 11.6 6.3 9.0 72 8.7 8.8
3. P lian. 2.1 3.0 33 29 33 3.6 37 2.9 1.9 3.1 29 14 0.0
4. Ch rept. 0.4 0.8 0.4 04 1.4 2.0 0.7 12 0.0 04 0.0 0.5 0.0
5. Ch suffr. 29 2.7 1.3 0.0 19 0.8 0.0 0.0 1.0 04 1.4 9.7 9.8
6. Ch frut. 0.0 0.0 0.4 0.0 0.5 0.0 0.0 0.0 1.9 0.4 14 2.4 25
7. T scap. 0.0 0.8 0.8 12 2.4 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.5
8.  Grad. 1.2 1.5 13 2.1 0.9 1.2 0.7 0.4 0.0 0.0 22 0.0 0.0
9. Ghbulb. 37 3.0 2.1 5.4 33 6.0 49 33 1.9 24 5.1 29 39
10 Grhiz. 19.4 13.6 13.4 17.8 17.5 17.6 213 254 169 239 8.0 9.7 103
1t Hcaesp. 9.9 9.5 105 10.0 10.0 72 5.6 49 82 7.5 14.5 10.6 12.7
12 Hrept. 0.8 0.8 2.1 12 1.9 2.4 22 12 0.5 1.6 0.0 0.5 1.0
13 Hscap. 227 220 243 18.7 28.4 204 25.0 23.0 314 302 297 232 235
14 Hros. 4.1 3.0 33 4.6 43 6.0 4.5 6.1 1.0 43 0.7 24 25
15 NP 58 6.8 4.6 4.6 33 6.0 3.0 33 6.8 39 72 7.2 6.9

Table 3. Description of vegetation types on the basis of average ecological indicator values. Vegetation types are identified

in the caption of Table 1.

Vegetation types

1 2 3 4 5 6 7 8 9 10 11 12 13
1. Humidity 2.34 2.47 2.61 2.69 2.64 2.717 2.82 292 2.65 2.68 2.40 2.13 2.03
2. pH 3.60 3.52 333 3.38 3.10 3.43 3.32 3.37 3.50 341 3.64 3.56 3.68
3. Nutrients 2.45 2.54 2.62 2.69 2,62 2.87 291 3.01 2.64 2.73 2.53 227 2.19
4. Humus 3.28 3.26 3.37 3.38 3.39 3.44 3.46 3.46 332 3.40 3.21 3.05 2.99
5. Dispersion 332 3.53 3.58 3.61 3.63 3.68 3.66 3.57 3.45 3.49 3.25 3.04 2.83
6. Light 2.83 2.80 2.66 2.65 2.66 2.46 2.41 2.35 272 2.53 2.86 3.06 3.17
7. Temperature 3.84 378 3.73 3.87 3.77 3.80 3.64 3.54 3.51 3.50 3.58 3.71 3.62
8. Continentality 3.04 2.90 2.84 2.67 2.65 2.60 2.68 2.70 294 2.87 3.09 3.19 3.24

Zuccarello 1986, 1988, Roberts 1986). In the fuzzy case each
axis represents the degree of belonging of a set of elements
to a given fuzzy set. It is interpretable a priori because the
fuzzy set is defined according to external assumptions re-
lated to the causal hypothesis underlying its existence.

In the present paper, fuzzy sets are obtained on the basis
of the external assumptions that defines three dynamical
stages of the well-known successional sequence of the broad
leaved mixed forests in North East Italy (Feoli & Zuccarello
1992): the initial stage characterized by Ostrya carpinifolia,
the intermediate stage characterized by Quercus pubescens
or Quercus petraea and the final stage characterized by
Fagus sylvatica. On the basis of successional stages the ve-
getation types (see Table 1) have been grouped into three
sets. The centroids of these sets have been used in a process
of subsequent matrix multiplications giving rise to new ma-
trices of fuzzy sets:

1) C(L) L =F(V;S)
2)F(V;S)L’ =F(L:S)

3) C(L)Y F(V;S)=F(V;L)
4) C(T) F(V;8) =F(V;T)
5) C(T) F(L;S)=F(L;T)
6) F(L;Ty F(L;T) = F(T;T)
T FV;TYE =FE;T)

In these C signifies "centroid". The others symbols are as fol-
lows:

1) F(V:S) is the "degree of belonging” matrix of the 13 ve-
getation types (V) to the three vegetation stages (S) of the
succession;

2) F(L;S) is the "degree of belonging" matrix of the life-
growth forms (L) to the three vegetation stages;

3) F(V;L) is the "degree of belonging” matrix of the vegeta-
tion types to the sets defined by life-growth forms. The
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degree of belonging is conditioned by the three main stages
of succession. This matrix represents the links between the
life-growth forms and the vegetation types; and so on.

The degrees of belonging in the product matrices have
been obtained by normalizing the columns and by transform-
ing the values of the rows between 0 and 1. Other matrices
of fuzzy sets may be calculated:

8) C(E) F(V;S) =F(V:E)

9) C(E) F(L;S) = F(L.E)

and so on by using the centroids of matrix E. However we
concentrate our analysis on matrices F(V;T), F(L;T), F(T;T),
F(E;T). These matrices show the degree of belonging of ve-
getation types, life-growth forms, trees and ecological in-
dices to the fuzzy sets defined by the trees (tree fuzzy sets).
These fuzzy sets define a fuzzy system space, conditioned by
the three main stages of succession, where the position of ob-
jects (vegetation types, life-growth forms, trees and ecolog-
ical indices) is determined by the degrees of belonging to the
tree fuzzy sets. The comparison between the tree fuzzy sets
has been done by applying the similarity based on Yager’s
(1979) measure of fuzziness, as suggested by Feoli and Zuc-
carello (1992). Eigenanalysis has been applied to the simila-
rity matrix to get the ordination of the tree fuzzy sets by using
the second and third eigenvectors (Feoli 1977). This analysis
has been done to obtain an ordered sequence of trees. This
sequence has a dynamical meaning because it is conditioned
by the three stages of succession. The degrees of belonging
of vegetation types, life-growth forms, trees and ecological
indices to the tree fuzzy sets is used for a fuzzy inference on
the dynamical pattern of vegetation variation.

Results

The ordinations of the fuzzy sets in F(V;T), FL;T),
F(T;T), F(E;T) given by the second and third eigenvectors of
Yager’s similarity matrices arrange the trees along a curved
line in the following sequence: Pinus nigra, Sorbus
aucuparia, Ostrya carpinifolia, Pinus sylvestris, Sorbus
aria, Fraxinus ornus, Quercus pubescens, Quercus petraea,
Prunus avium, Acer campestre, Carpinus betulus, Tilia cor-
data, Acer pseudoplatanus, Fraxinus excelsior and Fagus
sylvatica. Table 4 presents the degree of belonging of vege-
tation types to the sets defined by the trees (they are ordered
according to the ordination obtained by the second and third
eigenvectors of Yager’s similarity matrices). Fig. 1 (a,b)
shows the pattern of the degrees of belonging of vegetation
types along the trees sequence. The types are grouped ac-
cording to the two trajectories defined by Feoli & Zuccarello
(1992). These trajectories correspond to different succes-
sional sequences each related to specific edaphic conditions.
The types (4 and 9) outside of the trajectories are not con-
sidered in the figure.

Table 5 presents the degree of belonging of life-growth
forms to the sets defined by trees. Table 6 shows the degree
of belonging of the trees to sets defined by themselves. Table
7 shows the degree of belonging of ecological indicator
values to the tree fuzzy sets.

Discussion
Vegetation Classification and fuzzy sets
Classification is a process by which sets of objects are
defined on the basis of different criteria. Once the sets are

established, to find degrees of belonging of objects to the sets
is a natural consequence. This was mathematically codified

Table 4. Degree of belonging (x 100) of the vegetation types to the sets defined by the trees (tree fuzzy sets). The order of the
fuzzy sets follows a dynamic sequence described in the text. Vegetation types are identified in the caption of Table 1.

Vegetation types
Nr.  Tree fuzzy sets 1 2 3 4 5 6 7 8 9 10 11 12 13
14 Pinus n. 53 41 29 16 19 6 3 0 94 24 85 97 100
13 Sorbus au. 52 42 30 18 20 7 3 0 93 23 86 97 100
1 Ostrya c. 52 43 31 19 20 7 3 0 91 23 86 97 100
15 Pinus s. 60 56 43 36 30 13 5 0 83 17 95 100 99
4 Sorbus ar. 61 57 44 37 31 13 5 0 83 17 95 100 98
2 Fraxinus o. 75 75 62 58 46 23 8 0 68 10 100 95 83
3 Quercus pu. 84 89 76 76 58 31 i1 0 52 4 100 86 66
5 Quercus pe. 80 91 92 100 88 77 62 56 8 38 49 25 0
7 Prunus a. 87 92 97 100 98 92 82 71 22 62 45 23 0
6 Acerc. 84 82 91 87 97 100 97 95 38 85 33 18 0
8 Carpinus b. 80 75 85 79. 94 100 100 99 43 92 26 15 0
9 Tilia c. 74 65 77 69 87 97 100 100 47 96 20 12 0
11 Acer ps. 66 54 67 56 79 92 98 100 51 99 12 8 0
12 Fraxinus e. 58 44 58 45 71 86 95 98 53 100 S 5 0
10 Faguss. 49 19 31 3 45 61 75 78 82 100 0 12 12
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Figure 1. Pattern of the degrees of belonging of vegetation types along the trees dynamical sequence (see text). a) vegetation
types of richer soils; b) vegetation types of poorer soils. Vegetation types code: 1 = Mercuriali ovatae-Ostryetum; 2 = Buglos-
soido-Ostryetum capinifoliae polygaletosum; 3 = Buglossoido-Ostryetum capinifoliae hieracetosum; 5 = Carici-Quercetum
petraeae quercetosum; 6 = Ornithogalo-Carpinetum betuli; 7 = Carpino-Fraxinetum excelsioris tilietosum; 8 = Carpino-

Fraxinetum excelsioris cerastietosum; 10 = Ostryo-Fagetum; 11 = Ass. Betonica alopecuros-Ostrya carpinifolia; 12 = Orno-
Pinetum ostryetosum; 13 = Orno-Pinetum nigrae pinetosum nigrae.
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Table 5. Degree of belonging (x 100) of the life-growth forms to the sets defined by the main trees (tree fuzzy sets). The
order of the fuzzy sets follows the dynamical sequence described in the text.

U=humidity, R=soil reaction, N=nutrients, Hu=humus, D=soil texture, L=light, T=temperature, K=continentality

Tree fuzzy sets

14 13 1 15 4 2 3 5 7 6 8 9 11 12 10
1 P caesp. 79 80 79 92 94 100 98 54 36 20 14 8 5 3 5
2 P scap. 0 0 0 0 0 4 7 71 83 99 100 99 96 93 84
3 P lian 7 7 7 9 10 20 23 78 88 100 99 96 91 38 78
4 Ch rept. 5 5 5 6 6 13 16 74 8 100 100 98 94 91 82
5 Ch suffr. 97 97 97 100 100 85 77 22 5 0 0 0 3 7 24
6 Ch frut. 100 100 100 99 99 78 68 14 0 0 3 5 10 14 36
7 T scap. 48 49 48 68 70 95 100 86 73 52 40 30 21 14 0
8 G rad. 28 29 28 46 49 78 84 97 91 77 67 57 46 39 21
9 G bulb 2 3 2 18 20 48 56 100 100 92 83 74 63 55 30
10 Grhiz 12 11 12 6 5 0 0 57 72 94 99 100 100 100 100
11 Hcaesp 87 87 87 97 98 96 92 41 23 9 5 1 0 0 7
12 Hrept. 6 5 6 5 5 8 10 69 82 99 100 99 96 94 87
13 Hscap. 91 90 91 75 73 38 26 0 1 25 35 43 53 51 95
14  Hros. 5 4 5 4 4 8 11 71 83 99 100 99 96 93 86
15 NP 95 95 95 99 100 89 82 28 11 4 3 2 4 6 20

Table 6. Degree of belonging (x 100) of the main tree species to the sets defined by the trees (tree fuzzy sets). The order of
the fuzzy sets follows the dynamical sequence described in the text.

Tree fuzzy sets

Nr. Main trees 14 13 1 15 4 2 3 5 7 6 8 9 11 12 10
14 Pinusn. 100 100 100 99 99 95 87 28 9 2 1 0 3 5 34
13 Sorbus au. 100 100 100 99 99 95 88 29 10 2 1 0 3 S 33
1 Ostrya c. 100 100 100 99 99 95 88 29 10 3 1 0 3 5 33
15  Pinuss. 99 99 99 100 100 98 93 35 15 5 2 0 2 3 28
4 Sorbus ar. 99 99 99 100 100 98 94 36 16 5 2 0 2 3 28
2 Fraxinus o. 94 95 95 98 98 100 98 44 22 8 4 0 0 0 20
3 Quercus pu. 86 86 87 93 93 98 100 54 31 14 8 3 1 0 14
5 Quercus pe. 0 1 2 12 12 26 43 100 96 87 81 75 70 66 46
7 Prunus a. 0 1 1 8 9 19 33 97 100 97 94 90 87 83 63
6 Acerc. 0 0 0 4 5 11 22 90 97 100 100 98 97 95 79
8 Carpinus b. 0 0 0 3 3 8 18 86 94 100 100 100 99 97 83
9 Tilia c. 0 0 0 2 2 5 14 82 91 99 100 100 100 99 86
11 Acerps. 0 0 0 1 i 3 10 78 88 97 99 100 100 100 90
12 Fraxinuse. 0 0 0 0 0 1 7 74 84 95 97 99 100 100 92
10 Faguss. 14 13 12 8 8 1 0 49 56 73 78 82 87 90 100

by Zadeh (1965), however, the approach was always implicit
in common practice, in some scientific disciplines, it was
very evident in phytociology. For example, Braun-Blanquet
(see Westhoff & Maarel 1973) has distinguished five levels
of "fidelity" of a species in different syntaxa (5 = exclusive;
4 = selective; 3 = preferential; 2 = indifferent; 1 = accidental)
which is the same concept as the "degree of belonging”. If a
species is exclusive of a vegetation type then it has the
highest degree of belonging to that type, and the type has the
highest degree of belonging to the set defined by that species.

The definition of different vegetation types involves the
process of classification and typification (Braun-Blanquet
1964). A vegetation type represents a set of vegetation states

with specific common characteristics. Vegetation types may
be defined at different hierarchical levels. In syntaxonomy
there are 4 main levels: association, alliance, order and class.
As was shown by Feoli and Zuccarello (1986, 1988), for each
vegetation type a corresponding fuzzy set may be obtained.
This gives degrees of belonging of relevés or sets of relevés
(centroids, synthetic tables, etc. of syntaxa) and species or
other characters to the set defined by the vegetation types.
All the syntaxa are abstract entities, notwithstanding that
each association table contains relevés that are descriptions
of concrete pieces of land under a specific kind of vegetation.
There are at least two reasons for considering the syntaxa as
abstract entities: 1) a syntaxon supposed to include all pieces



Table 7. Degree of belonging (x 100) of the ecological indicator values to the sets defined by the main trees (tree fuzzy sets).
The order of the fuzzy sets follows the dynamical sequence described in the text.
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Nr.  Tree fuzzy sets u R N Hu D L T K
14 Pinusn. 0 75 7 31 15 100 50 94
13 Sorbus au. 0 75 7 31 15 100 50 94
1 Ostrya c. 0 75 8 30 15 100 50 94
15  Pinuss. 0 73 6 31 18 100 54 91
4 Sorbus ar. 0 74 7 32 18 100 54 92
2 Fraxinus o. 0 72 5 33 23 100 60 88
3 Quercus pu. 0 69 4 35 29 100 68 82
5 Quercus pe. 89 27 80 76 100 7 78 0
7 Prunus a. 98 27 88 78 100 0 69 0
6 Acerc. 100 30 92 78 94 0 59 8
8 Carpinus b. 100 32 93 78 91 0 58 10
9 Tilia c. 100 32 93 76 89 0 55 12
Il Acerps. 100 32 94 76 88 0 51 13
12 Fraxinuse. 100 33 94 75 85 0 49 14
10 Faguss. 100 38 96 75 77 0 38 24

of land with the maximum degree of belonging to the set the
syntaxon represents; 2) all the typical phytosociological
relevés, inevitably describe in a very abstract way the real
vegetation.

Vegetation States, Vegetation stages, Vegetation types
and Fuzzy Sets

Vegetation is a dynamic system whose states (relevés)
are points in the ecological space (phase space). When fuzzy
sets are defined on the basis of vegetation types, other fuzzy
sets (environmental fuzzy sets, species fuzzy sets, life-
growth form fuzzy sets, etc.) may be easily obtained by fuzzy
relations or by matrix multiplication (Zimmerman 1984;
Zhang 1988; Feoli and Zuccarello 1986, 1988, 1992). If such
vegetation types are interpreted as vegetation stages of a
dynamic process, then each of these fuzzy sets corresponds
to a vegetation stage, which, by definition, is characterized
by the object (species, life-growth form, environmental vari-
able, etc.) that define the fuzzy set. In this context the fuzzy
set defined by Ostrya carpinifolia represents the dynamical
stage characterized by Ostrya carpinifolia, the fuzzy set
defined by Fagus sylvatica represents the dynamical stage
characterized by this species. In the same way, the fuzzy set
defined by the "chamaephyte reptant” represents the dynami-
cal stage characterized by this life-growth form. These fuzzy
sets are vectors in a fuzzy system space with a dynamical
meaning. The components of these vectors, i.e. the degree of
belonging of all the considered elements (species, life-
growth forms, vegetation types, etc.), may be used to infer
the behaviour of each element in the different stages of the
vegetation system under study. ’

Fuzzy inference

To inferring means to deduct facts by reasoning. Fuzzy
sets are results of logical procedures codified by mathemati-
cal functions. They may be interpreted as mere data transfor-
mations and/or interpolations. All the mitrices F(V:T),

F(L;T), F(T;T), F(E;T) may be used to infer the possible ve-
getation states along the dynamical sequence characterized
by single tree species. For example from matrix F(V;T) and
Fig. laand 1b, we can infere where the vegetation types have
their maximum identity, or response or performance, along
the dynamical sequence. From the matrix F(L;T) we can in-
fere the life-growth forms that are more likely to be present
(more possible) in the different stages, while from matrix
F(T;T) we can infer the behaviour of the trees passing
through the different stages marked by themselves. From
matrix F(E;T) (Table 7) we can infer the behaviour of en-
vironmental parameters along the dynamical sequence.

Is a fuzzy system space a naiveté?

Is the use of fuzzy set theory to study vegetation
dynamics naive? Or more precisely, is the fuzzy system
space proposed in this paper naive? One could say yes, be-
cause the mathematics is very simple: just the multiplication
of matrices. Indeed fuzzy set theory is based on very simple
mathematics, while vegetation dynamics is very complex
and would require models of many non linear differential
equations. But the parametrization and validation of such
models would be impossible without permanent plots
(Maarel & Werger 1978, Shugart, West & Emanuel 1981,
Shugart 1984, Harrison & Shugart 1990). Actually the theory
of succession was developed by using static data and a clas-
sification (Roberts & Morgan 1987) which define vegetation
types with dynamic meaning (Mueller Dombois & Ellenberg
1974). This approach requires a considerable hypothetical
element, present in the Braun- Blanquet approach. In this,
several dynamical schemes of vegetation are layed out based
on vegetation types as the stages or succesional sere (Weaver
& Clements 1938). The answer to the question concerning
the naiveté of the fuzzy system space proposed in this work
is yes only, if we consider naive the Braun-Blanquet ap-
proach, that is, the approach based on classification. Certain-
ly a scientific approach can not be judged more or less naive,
only by the level of the mathematics used. The mathematics
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in our case is certainly simple, yet many inferences are pos-
sible by this simple mathematics, so many that it is truely
surprising. Paraphrasing Beals (1973) we could say that the
fuzzy system space may be considered mathematically naive
but ecologically elegant.
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