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Abstract

A general review of theideas and concepts concerning biological diversity iscarried out in thefirst part of this paper. The importance of biodiversity
and its role in the ecosystems is considered and the types of biodiversity and some procedures and formulae to assess it are analyzed as well as the
factors which influence this parameter in ecosystems. The second part focuses on the relation of vegetation and biodiversity and particularly on the
elementsof biological diversity contained in the phytosociol ogical information. The advantages of using therelevés data setsand the phytosociological
vegetation mapsfor assessing biodiversity are highlighted: 1ow cost, methodol ogical homogeneity, size and extent of the data set. The attributes of the
phytosociological data permit an assessment of the alpha, beta and gamma diversities in the local and habitat scale and the integrated or dynamic-
zonal phytosociology can be used to analyze diversity at landscape or regional scale.
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Resumen

En la primera parte de este trabajo se hace una revision general de lasideas y conceptos relativos a la diversidad bioldgica. Se reflexiona sobre la
importancia de la biodiversidad y su papel en los ecosistemas y se analizan los tipos de biodiversidad que se pueden reconocer asi como los
procedimientos y formulas usadas para su estimacién. También se analizan los factores que influyen sobre este pardmetro en los ecosistemas. La
segunda parte trata sobre larelacion entre la vegetacion y labiodiversidad y més concretamente sobre |os elementos de biodiversidad contenidos en
lainformacion fitosociol6gica. Se ponen de manifiesto las ventajas de usar bases de datos formadas por conjuntos de inventarios asi como mapas
fitosociol 6gicos para hacer estimaciones de biodiversidad: bajo coste, homogeneidad metodol dgica, tamafio y extension del banco de datos. Los
atributos de los datos fitosoci ol 6gicos permiten una estimacion de las diversidades alfa, betay gammaen los niveles locales y de habitat, a tiempo

que lafitosociologia integrada o dinamico-catenal se puede usar para analizar la diversidad anivel del paisaje o aescalaregional.
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Introduction

Theideathat the plants and animals which share the
world with us constitute a diverse assemblage has
always been a question of enormous interest for man;
even children are usually strongly attracted by the
different living beings of their surroundings, particularly
animals. Nevertheless, this diversity has represented a
difficult intellectual challenge as man always had
problems to define and assess such phenomenon. Till
Aristotle appeared inthe 1V century BC, ancient Greek
philosophy had been preferably engaged with
unanimous matter phenomena, he (and his pupils,
Theophrastus among them) started counting and
classifying living beingsasaway of studyingthemina
systematic manner to start to understand our place in
the world in relation with the rest of the creatures. In
any case, theidea of diversity inliving beings seemsto
beinnateto man asaresponseto theimpression caused
by the richness and variety of the surrounding nature
(Margalef, 1991); certainly we all have at least an
intuitive understanding of it (Gaston, 1996). For that
reason, the study of that diversity has been one of the

major duties of scientists throughout history and there
areparticular fields of science, such as Botany, Zoology
and some others, which for centuries have been almost
entirely devoted to the description of the biological
diversity on earth, although this term was formerly not
infashion asitisnowadays. Those historical disciplines
did agreat work of enormous value during along time
and science is strongly in debt to them, but their
approach have been taxonomical and the modern
concept of biodiversity, although including it, exceeds
the taxonomic level.

Frequently associated with the concept of biodiversity
is the idea of the value of the elements we are dealing
with. When reflecting upon and talking about
biodiversity many of us often instinctively think about
the scarcity (rarity) or abundance of the species, if their
distribution is narrow (endemic or stenochorous) or
wide, if they arerelic or belong to vigorous populations,
and so on, ideaswhich are associated with their scarcity
and their claim for more conservation attention. Such
association is logical due to the conservationist ethic
involving all these reflections, but the study of
biodiversity in ascientific way should be carefully kept



separated from other considerations than those strictly
concerning itself.

Why isbiodiversity good or necessary?

The social awarenessin the human society that man’'s
impact on environment causes a high speciesextinction
(Leakey & Lewin, 1996; Primack, 1998) has largely
contributed to the rise of the question of biological
diversity to a central position in the environmental
debate. The loss of the genetic patrimony and the fear
of possible malfunctionsin the ecological regulation of
ecosystems are considered to be major threats for the
maintenance of the balances which permit man to
survive on the face of earth. The situation isworsening
rapidly and effective measures will not be taken until
the human society is made aware of the need of it
(Pielou, 1991). For that reason, biodiversity
conservation constitutes one of the main supports of
the ecological and environmental ethic (Gonzélez
Berndldez, 1991) and has become one of the “most
commonly used criterion in conservation evaluation”
(Usher, 1991). As aresult, now a group of researchers
are engaged in thisissue.

There arethree main groups of argumentsfor conserving
biological diversity:

e ETHIcAL REASONS. Human species has been able to
dominate the planet overwhelmingly but this does not
give it the right to extinguish any form of life.

e UTILITARIAN REASONS. Biodiversity is regarded as an
economic resource: the possibilities of exploiting the
huge genetic resources of the existing living organisms
on earth.

e SciENTIFIC REASONS. They escape the consideration of
most people and are basically discussed within the
scientific community.

From the strictly scientific point of view we can pose
some basic questions about the role of biodiversity in
the ecological systems:

& Areall organisms necessary to keep the ecosystems
functioning or can some of them disappear without their
processes suffering?

& How much diversity isnecessary to maintain thebasic
processes and fluxes of matter and energy?

& Whicharethe processeswhich maintain the biological
diversity?

From the ecologic point of view and as a general
statement, it is admitted that a high number of species

in an ecosystem guarantees a higher efficiency in the
use of the resources (complementary effect) that induces
a higher stability of the system against disturbances
(buffer effect). Thereisapositive effect of diversity on
the functional aspects of the ecosystems.

There aretwo main hypothesisabout the functional role
of biological diversity in ecosystems:

1. Theredundancy hypothesis saysthat several species
of one ecosystem play similar rolesand thusare at | east
partially redundant. If one of them islost no important
effectsare to be expected asthere are others which will
replace it, at least in a major part. Thus, most of the
speciesare unnecessary (superfluous), asthe passengers
of an aircraft are unnecessary for the planeto fly; only
afew members of the crew play adecisive role similar
to that of some “important” species (keystone species)
whose loss would mean a serious disturbance in the
ecosystem.

2. The bolt hypothesis says that each species plays a
more or lessimportant rolein the ecosystem, thus many
of them are not indispensable for it to survive, as the
bolts of aplane. If weloseafew of them, the plane will
be able to continue flying but if we keep losing balts,
the moment will come the moment in which the loss of
one bolt will mean the fall of the plane. There is a
threshold in the loss of biodiversity above which the
ecosystems cannot function. Also, with less speciesthe
ecosystem ismorevulnerable against any sudden change
in the site conditions.

It isknown that biodiversity isaresult of the historical
evolutionary processand that ecosystems can often work
with less diversity than they have nowadays, but it is
also certain that aminimum of diversity isnecessary to
ensure the survival of any ecosystem, specialy in
response to fluctuations or disturbances. In any case
most people will agreethat, if considering biodiversity
as a resource, high levels are good and lower levels
should be considered as an impoverishment of our
inheritance. This used to be universally accepted and,
as mentioned above, biologica diversity is considered
oneof theprimordial criterion of naturalistic evaluation
for conservation and there is the assumption that high
diversity areas deserve harder conservation efforts.
Moreover, in terms of conservation policy diversity is
aparameter which hasto be prudentially combined with
other relevant aspects such as the analysis of the
significance and value of the different species present
inthearea: e.g. endemics, relic and rare species should
be evaluated at a different level than ruderals or
subcosmopolitan weeds.



Definition and concept

Biodiversity can be understood asthetotal variety of
lifeon earth; thisincludesany kind of life (animal, plant,
fungi, viruses, bacteria, algae, etc.) as well as the
variation existing within the populationsand individuals
of each speciestill the genetic level and the variations
observed in the communities and ecosystems reaching
the functional, landscape and geographical levels. We
can say that it is the total diversity and variability of
living things and of the systems of which they are part
...andrefersto thequality, range or extent of differences
between the biological entitiesin a given set (Heywood
& Baste, 1995). The breadth of the concept of
biodiversity is so wide that in fact it becomes too
difficult to comprehend, perhapsit is not a satisfactory
concept because it is imprecise and runs the danger of
being defined so broadly that it equatesto the whole of
biology (Gaston, 19964); in other words it could be
considered anon-concept. It issomething like an optical
illusion: themoreitislooked at, thelessclearly defined
it appears to be and viewing it from different angles
can lead to different perceptions of what is involved
(Magurran, 1988).

There are plenty of definitions for biodiversity and
we are not going to repeat here a couple of them nor
give a new one. Perhaps it is enough to adopt a brief
official one: “ The variety and variability among living
organisms and the ecological complexesin which they
occur” (U.S. Office of Technology Assessment). This
conception leads to the acceptance of several levels at
which biodiversity takes place (Heywood & Baste,
1995; Gaston, 1996% Noss, 1997): 1. Genetic level; 2.
Organismal level (Population-Species); 3. Ecological
level (Community-Ecosystem-Landscape). Thefirstis
studied by the Genetics, the second by the Taxonomy
and the third isin the scope of the Ecology sensu lato.
Each of thesethree main levelshave aset of components
of ahierarchical nature which overlap:

The ecological or systemic diversity is the most
inclusive of all theformsof diversity and henceismore
difficult to define and assess than the other two levels
(Pielou, 1991). We can accept Pielou’s definition for
the biodiversity of an ecosystem, as it “consists of all
thedifferent communities of organisms, of every phylum,
that occupy or visit the area, together with all the
environmental factors (biotic and abiotic) that affect,
or are affected by, these communities. Thisinclusiveness
isthe hallmark of an ecosystem. Nothing isleft out, and
it is this that makes measurement of an ecosystem's
diversity so difficult”.

The enor mous task

Isitreally possibleto reach aliable assessment of the
biological diversity intheworld or at |east in some parts
of it? For centuries, Botanists, Zoologists and other
taxonomists have been intensely working on the
description of as many species as possible in their
respective fields. Their legacy is enormously valuable
as the number of species of any kinds of organisms
already described by science is now about 1.5-1.8
million (of them about 750,000 are insects, 250,000
vascular plants, 70,000 fungi and 41,000 vertebrates).
However, the estimationsfor thetotal number of species
realy existing in the world are extremely vague and
range between 5to 50 (or even to 100 or more) million;
recent estimations consider a working figure of about
13-14 millions (Hawksworth & Kalin-Arroyo, 1995).
In any case, it is clear that only a small proportion of
the estimated species are really known by man
nowadays and that even with the most conservative
calculations, to arate of 1000 newly described species
per year, mankind will need about one thousand five
hundred yearsto double the taxonomical knowledge of
the species on earth. This makes the assessment efforts
on biological diversity an impossible exercise today
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because there are so many undiscovered organismsand
it makes it unrealistic to think that we could reach a
reasonably accurate knowledge of biodiversity (even
at the specific level) in the near future. This has been
called the Globa Taxonomic Impediment (GTI). In
addition, the actual extinction rate of species would
bring into disparition many of the undiscovered taxa
before they were described for science.

Another question is that, from the operative point of
view, when assessing the biodiversity of a particular
ecosystem, to reach a reasonably good knowledge of
all thetaxocoenosis, wewould need as many specialists
asgroups are involved. It would take years of research
by alegion of field workers and taxonomists to assess
the diversity of al the groups, and evenin thiscase, the
result would not be worth the effort and would come
much too late to be useful for conservation efforts
(Pielou, 1991). For that reason when biodiversity isto
be studied, it isdone upon adeterminate group: vascular
plants, vertebrates, fungi, lepidopters, etc. i.e., when
studying specific diversity in concrete cases, usualy it
is related to the diversity of a particular taxocenosis,
not the total biodiversity.

Diversity types

The broad sense of the biodiversity concept, the
various scales included and the variety of processes
involved, means that inside this concept an enormous
guantity of phenomena can be included. Nevertheless,
someformalization isneeded and some approacheshave
been made to achieve this.

Originally proposed by Whittaker (1972), and widely
accepted nowadays, three basic types of biodiversity
can be differentiated in a given area, particularly when
we consider the specific level:

“Alpha’ (a) is the diversity within a particular
ecosystem or community (or small sampling unit);
“Beta’ (B) is the diversity between the different
ecosystems or communities of a larger area. It was
formerly described asthe degree of specieschangealong
agradient (Whittaker 1960);

“Gamma’ (y) isthetotal diversity of agiven areawithout
regard to itsstructurein communities; it isoften rel ated
to the total number of species. Thereis no limit in the
considered areafor gammadiversity but sometimesfor
regions including landscape complexesit is spoken of
“delta” (&) diversity and when considering the entire
world, then isthe “omega’ (w) diversity.

Betadiversity isrelated to the habitats diversity of an

area, strongly influenced by theland management model
and with the ecological heterogeneity. This type of
diversity iscorrelated with the consideration of thevalue
of singular habitats, often under severe stress, in which
specidized speciesliveforming particular communities
which show low alpha diversity but increase the beta
and the gamma diversity of the territory. Those poor
habitats with low species richness often represent
particular and original solutions under certain site
conditions, and such situationsincrease theinter-habitat
diversity increasing the global diversity of an area. At
the landscape or the geographical levels, the described
types lose their value as units of higher organisation
level are required. Ecosystem types, landscape units,
etc. are necessary for an assessment and formalization
of diversity at spatial large scale.

This biodiversity, as defined till now, is concerning
essentially genetic, taxonomic and ecosystem diversity;
nevertheless, most organisms show strong differences
in size, longevity and other eco-morphological
adaptations. |n Botany, the description of every species
includesthe morphological type, usualy after Raunkjaer
(1916) and all the vegetative features considered
relevant. More recently the Plant Functional Types
(PFTs) have been developed (Gitay & Nable, 1997)
trying to establish an easy typology in order to be used
for global assessments. All these approaches represent,
to a certain extent, the eco-morphologic diversity in
plants. When considering communities, the structure
of the vegetation (different strataor layers, presence of
epiphytes or lianas, etc.) introduces another element of
diversity aswell.

How to assess diversity

We could perfectly work for the protection and
improvement of biodiversity with the feeling for it or
having an approximate idea of its importance in every
particular case we could find in our current work, i.e.
without attaching a number to it. Then, why measure
diversity? Theanswer tothisquestionisthat it iswidely
accepted in science, that phenomena have to be
measured in numbers asfar asis possibleif we want to
have a satisfactory knowledge of them; no real
knowledge exists about a phenomenon if thereisnot a
numerical assessment of it. Certainly, numerically
supported discourses have high prestige in our society
and this has led many ecologiststo carry out numerical
assessments on biodiversty. Asaresult, a huge number
of indices and models have been described to measure



biological diversity (Magurran, 1988). However, we
have to recognize that giving abare number to indicate
the diversity of a particular ecosystem is meaningless
to most people except to some specialists, and it is not
very informative even for them (Pielou, 1991).

When studying biodiversity in one ecosystem or in
one area, we alwaysfind that all the groups are formed
by a number of species quite unevenly represented.
Some speciesare frequent or abundant (dominants) and
others (often the majority) are scarce or rareand forma
long tail in the species list. This reality has lead many
people (mostly ecol ogists) to separate two components
of diversity, the number of species and their relative
abundance (Magurran, 1988), although for some others
it is not really necessary to go much further in this
distinction asboth parameters are manifestations of the
same regularity (Margalef, 1991).

As stated by Margalef (1974), diversity is the
expression of astructurewhich istheresult of theforms
of interaction between the elements of a system. For
that reason those elements rarely have the same
abundance or frequency in terms of number or quantity
in any assemblage they can constitute and this is a
relevant circumstance concerning the structural
attributes of biodiveristy. Therefore, at any level we
consider the biological diversity, it always has two
components: the number of different elements which
areconsidered (speciesif we consider the specific level),
called richness and usually signaled with S, and the
relative abundance of those elements (or species), called
eveness. It isageneral phenomenon that the number of
individuals or the biomass of each speciesis unequal,
thereareusually few specieswith many individualsand/
or much biomass, and others, usually more, which have
less individuals. The distribution species-abundance
followsatypical exponential curvein most of the cases.
Thisdistribution isquite similar to that of the wealth of
the peopl e of ahuman society (few rich and many poor),
tothefrequency of thelettersof the alphabet inawritten
text or to the extent of the countriesin the world (few
large and many little). In many cases, however, richness
in species (or in other units) is usually positively
correl ated with measurements of ecological biodiversity
(Gaston, 1996b).

Thus, in assessing biological diversity this question
is usually taken into consideration and it is widely
accepted that diversity is composed not only by the
species richness (number of species) but also by the
relative quantity of each of them in the considered unit
(eveness). Diversity is enhanced by the number of
species as well as by the even distribution of the

individuals among them. When dominance occurs,
many individuals belong to one or few species while
the many other species will have few individuals,
leading to adecrease of diversity.

Most of theformulae extensively used to assess (alfa)
diversity reflect this principle.

A quite simple and practical one was proposed by
Margalef (1962):

D =(S1)/InN

where D isdiversity, Sisthe speciesrichnessand N is
the total number of individuals of all the species.

Other formul ae are measurements of the concentration
of the dominance, asin the case of the Simpson index
(1949):

D=2 (y/N)y

where D is diversity, y is the number of individuals of
the i species (=N) in a total of s species and N is the
total number of individuals.

More popular has been the equation of Shannon and
Weaver (1963)

H=-2p,log,p,

Where H is diversity, p, = Ni/N and thus 2 p. = 1

The last formula, extensively used, is really an
information theory index which pretends to be an
expression of the information contained in the system
inasimilar way as measuring the information contained
in a code or message (Magurran, 1988). As far as
biodiversity can be considered astheinformation of the
ecosystem (another attribute to be added to the energy
and matter fluxes), it can be appropriate to measure it
applying thisformulaand the unit isthe byte. The higher
the uncertainty about to which species the neighbour
individual of any individua of the community belongs,
the higher theinformation of the system will be because
its organisation (i.e. diversity) will be higher, and that
organisation could be considered as a result of the
interactions of the ecosystem (Margaef, 1974). The
highest diversity would bethat every individua belongs
to adifferent species, i.e. asmany speciesasindividuals.

In any case, even if we apply one of those formulae
(or otherswhich have a so been proposed), as mentioned
above, it isimpossible to assess the complete diversity



of an ecosystem as we cannot take all its organisms
into account. We will assess the diversity of one or a
few taxocoenosis about which we possess enough
information. At this point, when studying the diversity
of the different types of organismsin an ecosystem, it
is frequent to find that high diversity in one group is
correlated with high diversity in the others, i.e. thereis
usually some congruency between the diversities of the
different groups. This general statement is sometimes
contradicted as in the cases in which high diversity in
one group does not predict the same level in others
(Margalef, 1991). Anillustrative examplefor thisisthe
case of the European temperate forest: the diversity of
vascular plantsislow, specially in the cases where soil
is nutrient poor, but the number of different genome
types (species) of bacteria found in one gram of soil
reaches 4000. In a forest, decomposers and symbionts
play amajor rolein the ecosystem, much morerelevant
than in the earlier stadia of succession. In temperate
central European forests higher diversity is positively
correlated to higher anthropogenic influence (Karrer,
1994), but these are observations only concerning
vascular plants and ignoring the rest of organisms. If
we consider the different stadiaof successionin relation
to different perturbation regimes, in the Mediterranean
region, and regarding only the vascular plants, the
younger stadia of succession, such as the scrubs, are
usually species richer and contain more endemic
(stenochorous) speciesthan the mature forests. Eveness,
as a component of diversity, is usually also positively
correlated with perturbation (moderate) while maturity
usually leads to strong dominance. In forests, due to
the dominance of the arboreal element, dominance
strongly increases, whilein the understorey only afew
vascular plants can live under the canopy in contrast to
inseral scrub, whererelative abundance of the different
speciesis more balanced.

Factor s determining biological diversity

Diversity varies extremely between different
ecosystems and biomes, between different groups and
between different territories. Thesevariationshave been
largely explained by climate conditions, by the soil
fertility, by the primary production, by the structure of
the vegetation and by disturbance regime, but there is
gtill one factor of major importance which affects the
diversity of vascular plants in a quantitative and
gualitative sense: it isthe historical factor. It is known
that old floras are usualy richer than new ones, just

becausethey have had moretimeto evolve and diversify.
So, we have the amazing richness of the tropical rain
forest or of some tropical islands. If we compare the
floristic richness of the Eurosiberian region, with ca.
12,000 vascular plant species with the Mediterranean
region with 25,000 living in a much smaller territory
(Médail & Quézel, 1887) where climatic stress regime
isas severe or even morethan in theformer, we haveto
think about the historical factor to explain this (refugee
area for the flora during Quaternary glaciations). We
can even trandate this to a local scale if we compare
the floristic diversity of a mature community such asa
forest (temperate or M editerranean) with arock crevice
or scree community, then we find that the floristic
composition of both typesisformed by quite different
types of plants, not only because of biotype or ecology,
but also because of chorology and history. Endemics
usually constitute a great part of the floristic set of the
crevices communities while in forests they are rare.
Concerningthis, thereisahistory of isolation and strong
speciation which has long been studied by specialists
(Favarger & Contandriopoulos, 1960; K lpfer, 1974).

It can be useful to assess diversity using different
formulae, but in general we haveto admit that thisgives
animpoverished ideaasfar asall speciesare considered
equivalent (Terradas, 2001). Species, even in the same
taxocenosis as the vascular plants, play very different
rolesin the ecosystem (epiphytes, trees, sciophytes, etc.
in a forest) and, as pointed out above, can have very
different significancesfrom the chorological and historic
(biogeographical) point of view. Those differences
should be taken into account when assessing the
ecologic value of the different communities of a
territory.

It is known, as pointed out above, that competition
along succession leads to low diversity due to the
dominance of the strongest competitors in the mature
stages of succession. On the contrary, moderate
disturbance rates improve diversity as the number of
different habitats increase offering more opportunities
for organismsto live and develop in them. Moderately
disturbed areas, e.g. those which are submitted to
traditional exploitation regimes (dehesa, bocage, etc.),
reach high diversity values. The threat nowadays in
some developed countries is the modern agricultura
exploitation model, where the disturbance regime is
much more severe and provokes the replacement of
those landscapes by much less diverse ones.

In the general concern of preserving biological
diversity, there is the strategy of identifying areas of
major biodiversity in order to concentrate protective



efforts upon them. Such areas have been called “hot-
spots” (Médail & Quézel, 1997; Myers, 1990) and they
can constitute a set of red alert areas to protect
biodiversity. For that reason we need a sort of
cartography of biodiversity to an adequate scalein order
toidentify such areas, and acartography requiresahuge
amount of information about living beings, information
which only reachesasufficient level intermsof quantity
and quality in some areas and for some types of
organisms. There is an urgent need to improve the
cataloguesand inventoriesin the areasand groupswhere
knowledge and data are insufficient.

Vegetation asindicator of biological diversity

If we want to be efficient when designing a strategy
for conservation of biodiversity, it isnecessary to focus
on the groups which are particularly relevant in the
functional processes of the ecosystemsor thosethat are
good indicators of them (Terradas, 2001).

Asstated by Pielou (1991) we can assumethat “ plant
diversity governsanimal diversity andisitself governed
by the abiotic environment”. Then, vegetation isavery
useful element asan indicator of biological diversity of
terrestrial ecosystemsin all its aspects and levels. The
advantages of vegetation can be quoted as follows:

1. Vegetation assembles the primary producers of all
terrestrial ecosystems;

2. Vegetation provides the structure as well as most of
the biomass to the terrestrial ecosystems,

3. Most of the components of the terrestrial vegetation,
vascular plants and bryophytes, are known to science.
They are one of the taxonomically best studied group
of organisms and this permits us to use very important
information which is contained in the specific level of
diversity. The profitable use of this information is far
from being accurately performed. To use the huge
number of species at a global scale introduces the
problem of how to process this information and how
many people should be involved in such a data
processing. To avoid this, the Plant Functional Types
approach has been developed in order to reduce the
vegetation to afew types. Such PTFs approach can be
useful for some purposes but for biodiversity, species
contain such rich and valuableinformation that it would
be unforgivable to missit;

4. \VVegetation is easy to inventory, specially in theform
of maps, which provide the land managers with an
extremely useful tool for management.

The phytosociological data as an inventory of
biodiversity

Several attempts have been made to use plant
communitiesfor biodiversity assessment, mostly targeted
for conservation purposes in different parts of the world
(Cogtaet al., 1999; Ewald, 2002; Gould & Walker, 1999;
Matthewset al., 1999; Rey & Scheiner, 2002), obtaining
vauableresultsat different scales, but wearetill far from
obtaining all the possible information on biological
diversity by means of the analysis of plant communities
and the data accumulated along many decades of field
work. The studies of Gould & Walker (1997, 1999) use
the phytosociological typology of the plant communities
of asmall areafor an analysisextracting someinteresting
conclusions such as that the site species diversity of an
area(y) iscorrelated with the number of community types
and their distinctiveness ((3) rather than with the within
community diversity (o). The floristic richness of each
community is not related with the total floristic richness
of an area but the latter is affected by the landscape
heterogeneity and the distinctiveness of the plant
communities. Thisrevealsthat the diversity at these two
scales is determined by different factors. Ewald (2002)
assesses the diversity of the understorey in several forest
associationsin theAlps.

Anextremely interesting paper isthat by Karrer (1994)
who analyses the diversity elements included in a
phytosociological table and appliesthe Shannonindex to
therelevés set. Other attemptsto quantify diversity using
the Shannon-Weaver index have been carried out by Pefias
(1997) applying it to samples of scrub communities in
southern Spain previously determined by
phytosociological procedures.

Another interesting approach has been made by Decoq
(2002) who has analysed biodiversity at severa levels:
synusiae, phtocoenosis, tesela (sigmetum) and catena
(geosigmetum) inariver basin applying the Shannon and
Pidou's indexes in an attempt to establish relationships
with disturbance regimes and stress intensities. A
particularly valuable and complete work which facilitate
the use of phytosociological relevésin the assessment of
biodiversity is that of Haeupler (1982) focused on the
estimation of the eveness of the plant communities from
thefield data.

Asdtated by Van der Maardl (1997), vegetation science
(phytosociology p.p.max) with the large tradition in
vegetation mapping and in typifying plant communities,
offers awide set of tools for approaching inventories of
ecosystem diversity. When thinking about phytosociol ogy
as a data source for biodiversity assessment, it is
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necessary to understand that the phytosociol ogical data
sampling has mostly been carried out with the purpose
of defining community types or syntaxa
(syntaxonomical construction), not with the aim of
assessing phytodiversity in any way. Nevertheless, we
now have the legacy of a huge bulk of data which,
although unevenly distributed across the European
continent, deserve some sort of treatment in order to
exploit them for estimations of biodiversity. Only for
Spain and Portugal thelast compilation (Rivas-Martinez
et al., 2001) has achieved over 2,500 associations for
the Iberian Peninsula and the islands. Another
apportation, of lower accuracy but of broader scope, is
the recent synthetic compilation of the diversity of
European vegetation (Rodwell et al., 2002) which
compiles 928 aliances for that continent.

According to Haeupler (1982) and Karrer (1994),
thereare several diversity elements contained in aplant
community as defined in phytosociol ogy:

O At the infraspecific level
Individuals, clones

Age classes

Size types

Ecotypes

Charyotypes

O At the specific level

Species, populations

Quantitative relationships (density, etc.)
Sociability and vitality degree

O At the supraspecific level
Lifeforms

Size classes

Caryotypes (preguntar genética)
Phenologic groups
Ecologic groups
Phytosociologic groups
Flower-ecology groups
Dispersal strategies groups
Chorologic groups
Metabolic groups
Hemeraobic groups
Productivity groups
Synusiae

We can think about some of the advantages of the
phytosociological information:

O Cost
Itisassumed that for practical reasonsit is convenient

to collect the necessary field data quickly and cheaply
and the results obtained must be meaningful to land
managers and to professional ecologists (Pielou, 1991).
Under this criterion, phytosociological data collecting
results highly adequate as it is a procedure with low
economic and time costs, the data can be easily stored
and are easy to interpret for management purposes.
0 Methodol ogical homogeneity

Animportant advantage of the phytosociological data
is that all researchers have been working following a
standard methodol ogy, all the data have been collected
more or less in the same way and become comparable
to a certain extent. This has permitted to them to be
used asaunique set for typol ogical purposes, regardless
of the author, the origin or the time when they have
been taken.
0 Size and extent of the data set

Asaunified procedure, most of the data collected in
the history (relevés) are comparable and form a huge
data mass over large areas which constitutes an
invaluable data set. It is known that about 3x10°
exemplars exist stored in all the Natural History
collections of the world belonging to all types of
organisms collected during the last 300 years by
generations of botanists, zoologistsand other specialists.
A part of them are plants of all the herbaria, and they
constitute the reference collections on which the
knowledge of the plant diversity of the world is based.
But how bigisthedataset of phtosociological relevés?.
For almost a century, phytosociologists of several
generations have accumulated hundreds of thousands
of relevés mostly in Europe which constitute nowadays
perhaps one of the most valuable data set of nature
resources existing today in our continent. Those have
been probably some of the reasons why the European
Union decided to use phytosociolgical unitsto describe
amajor part of the habitatslist (annex 1) inthe Habitats
Directive.

Attributes of the phytosociological data

Synthetic units of syntaxonomy, specially those of
lower ranks, i,e. Associations and subassociations,
establish community types perfectly identifiable with
habitatstypesand the data supporting those unitsinclude
a complete information of the vascular plants forming
them: the species, their frequency and their abundance.
Thisisasort of quantification of phytodiversity.

O If we consider aphytosociological table, itispossible



to consider it as an expression of the a diversity
(concerning vascular plants) of a particular habitat. Its
expression will be the specieslist.

0 The associations present in an area can represent the
B diversity, as they summarize the diverse existing
habitats. Environmental heterogeneity will multiply the
community types and increase their differences. The
assessment of this 3 diversity using those syntaxaneeds
a sort of inventory or quantification of the relative
abundance and distribution of each type together with
the assessment of their reciprocal degree of
distinctiveness. This can be calculated using the
similarity-dissimilarity indices combined with the
abundance assessment of each type or using presence-
absencedata(Wilson & Shmida, 1984). The cartography
of those community types with the subsequent
guantification usingimage analysiswill be animportant
approach in the near future. It is evident that vegetation
mapping provides spatially distributed information
relevant not only for assessment but also for modeling
thedistribution of wildlifeand planning its management.
0 The complete set of plant communities of an area
contain practically the total number of plant species, i.
e. they diversity.

Asthe genetic and taxonomical levelsof biodiversity
are insufficient to develop correct strategies for
conservation because they do not reflect patterns and
processes which have a spatial dimension (Cabello et
al., 2001), the ecosystem, landscape and geographical
levels have to be worked out. In those spatial
dimensions, one of thetools provided by syntaxonomy
isthe use the different units of various syntaxonomical
ranks produced by the synsystematic. This permits us
to use units adapted to different geographical scales,
fromlocal to continental, for estimationsof biodiversity.
Another approach, much more important, is that
developed by the so called Integrated Phytosociology
(Alcaraz, 1996) also called Dynamic-Zonal
Phytosoci ol ogy, which organisesthe plant communities
under two principles: dynamism and ecological gradient.
Dynamic phytosociology established the concept of
sigmetum a few decades ago. This includes all the
community types which are linked by dynamical
relationships in an ecologically homogeneous area
(tesella in the sense of Bolos 1963). The different
sigmeta can also be ordered in geosigmeta following
the gradients found in an area. This permits us to
organize the landscape mosaic units defined by
syntaxonomy in a double frame: dynamic and zonal,
offering an interesting model for a systematic study of

11

the landscape diversity. As mentioned above, such
analysis has been tested recently by Decoq (2002) and
an approach of assessment of biodiversity in the spatial
dimension has been made by Cabello et al. (2001) using
three hierarchical levels with units partially based on
concepts produced by Integrated Phytosociol ogy.

A landscape will be more diverse the more different
the units in the mosaic are and the smaller the sizes of
these units (grain). Those elements are function of two
groups of factors:

The anTropiC factor (cultura): themodel of land use,
the man-induced perturbation regime, etc. The
formalisation of the successional unitsdefined in every
ecologically homogeneous area (tesella) results in the
sigmeta definition.

The NnaATURAL factor: this can be expressed by the
diversity observed between different sigmetadueto the
ecological heterogeneity of the territory, which results
in the zonal ordination of them (geosigmetum).

If we want to approach the geographical level, we
can compare how different two separate territories are
by comparing their respective geosigmeta. Notably, an
interesting approach hasbeen carried out by 1zco (1998)
in comparing different geographical areas through the
analysis of the sigmeta along severa transects.

Summarising, we can glimpse the following aspects
of the exploitation of the phytosociological data and
units for biodiversity assessment purposes:

O It is possible to estimate the a diversity using the
tables of relevés of associations and subassociations
O Itispossibleto estimate the B diversity by assessing
the distinctivness, number and relative abundance of
the different associations present in a surveyed area
O Itis possibleto estimate the y by extracting the total
number of lower rank taxa from the tables (unless a
complete catalogue is provided)
O It could also be possible to consider the @ diversity
asthetotal number of syntaxaof lower rank (community
types) of agiven territory, paralel to they diversity for
Species.
O It could be possible to estimate diversity degrees at
various |andscape and geographical scalesby using the
concepts and units provided by the Integrated
Phytosociology or Dynamic-Zona Phytosociol ogy
Perhaps we can accept an additional definition of
Phytosociol ogy asan intersection of phytodiversity and
ecology. Indeed, this definition highlights an aspect
which isalsointrinsic to the nature of the data sampled
inthefield work of phytosociol ogists because those data
are species lists with estimations of cover-abundance
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of each species, taken in asampling plot defined by the
site conditions and homogeneous structure. The plant
community types are thus are determined by the site
conditionsand constituted by the grouping of the species
performing a balance between floristic and ecologic
information. In someway it istrue that Phytosociol ogy
is a discipline which describes plant diversity in the
different habitatsand inthelandscape. Thus, therelation
with biodiversity becomes evident, it is.... really
undissociable.
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