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Abstract

Recently, the beech forests of southern Central Europe (including large parts of the Illyrian region) have been syntaxonomically revised, using a
TURBOVEG database containing more than 5800 relevés, mainly from Austria, Switzerland, Germany, the Czech Republic, Hungary, Sloveniaand
Croatia. The same TURBOV EG database was used to cal cul ate patterns of al phaand betadiversity within beech forests. A strong correlation between
local species richness and soil pH was found. Beta diversity isrelated with area and the number of associations therein.
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Zusammenfassung

Alpha- und Beta-Diversitét in mittel européi schen Buchenwal dern. In einer kiirzlich vorgel egten Studie wurden die stidmittel européi schen Buchenwal der
(unter Einschluss groRer Teile der illyrischen Region) syntaxonomisch revidiert, basierend auf einer TURBOV EG-Datenbank mit mehr als 5800
Aufnahmen, hauptsichlich aus Osterreich, der Schweiz, Deutschland, Tschechien, Ungarn, Slowenien und Kroatien. Dieselbe Datenbank wurde
benutzt, um Muster der Alpha- und Beta-Diversitét innerhalb der Buchenwélder zu berechnen. Es wurde eine starke Korrelation zwischen dem
lokalen Artenreichtum und dem pH-Wert des Bodens festgestellt. Die Beta-Diversitat hangt einerseits von der Grof3e des betrachteten Gebiets,
andererseits von der Anzahl der darin vorkommenden Assoziationen ab.

Schlagworte: Diversitaets-Berechnungen, Fagus sylvatica, Pflanzensoziol ogie, Species-Pool-Hypothese.

Introduction

The main gradients determining the floristic
composition of Central European beech forests are soil
reaction and altitude (Moor, 1952; Tixen, 1960; Lausi
& Pignatti, 1973; Ellenberg, 1996; Willner, 2002). The
classical conception of Tiixen (1955), who established
three alliances reflecting these gradi ents (thermophil ous
beech forests = Cephalanthero-Fagion, mesophilous
beech forests = Asperulo-Fagion and acidophilous
beech forests = Luzulo-Fagion), was supported by a
TWINSPAN of 5815 relevés (Willner, 2001).
Geographic gradients, although strongly emphasized by
many authors (e.g. So6, 1964; Torok et al., 1989; Rivas-
Martinez et al., 1991; Dierschke, 1998), have been
proved less important, at least in Central Europe.

Inthe present study we examine how thelocal species
richness (alphadiversity) of beech forestsisinfluenced
by these environmental factors. Furthermore, we look
for patterns in the average species turnover (beta
diversity).

Materials and methods

We used 5131 relevés from Austria, Switzerland,
Germany, the Czech Republic, Hungary, Slovenia,
Croatia, and from a small part of Italy (Friuli Venezia
Giulia). The dataare storedin aTURBOVEG database
(Hennekens & Schaminée, 2001).

Alphadiversity is defined as the number of vascular
plant species occuring in one relevé. For no direct
measurement of soil reaction was available, we
calculated avarage not-weighted Ellenberg indicator
valuesfor al relevés (Ellenberg et al., 1991).

Correlations between alpha diversity and
environmental factors can be shown on two different
levels: 1. on the level of single relevés (which is the
usual approach), 2. on the community level. For the
latter we calculated means of alpha diversity, atitude
and average Ellenberg indicator values for 41 beech
forest communities distinguished by Willner (2002),
corresponding to associations or lower syntaxonomic
units.
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Beta diversity is understood in the original sense,
i.e. variation of species composition within aregion
according to Whittaker’s formular beta = gamma /
mean a phawhere gammaisthetotal speciesnumber,
and mean alphathe average alpha diversity within a
certain region (Whittaker, 1972; Vellend, 2001). We
distinguished 11 biogeographic regions of Central
European beech forests which are more or less
homogeneousin their syntaxonomic content (Fig. 1).
A special problem was how to calculate gamma
diversity for the 11 regions. We defined gamma as
theregional , habitat-specific* species pool (Dupré,
2000), i.e. the total number of vascular plant species
occuring in beech forests in the respective region.
To avoid sampling bias, in each region a random
selection of 100 relevés was made. For the dinaric
region of Sloveniaand Croatiaonly 92 relevés were
available in the database.

Results
1. Alphadiversity

The species number per relevé is significantly
correlated with the mean Ellenberg R (reaction)
value (Fig. 2a). The higher the soil pH, the more
species can be found. This is the best relationship
between alpha diversity and any single factor
examined. There is also a positive correlation
between species richness and mean Ellenberg L
(light) value, although the explained variance is
much lower (Fig. 2b). However, the best explanation
is obtained when speciesrichnessisrelated with the
product of mean R and mean L (Fig. 3). Thereisno
significant linear correlation between species
richness and altitude or between species richness and
any other Ellenberg value.
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Fig. 1 — Biogeographical regions of Central European beech forests which were used for calculation of beta diversity
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On the community level, the results are very similar, Changesinlocal speciesrichnessalong geographical
but the explained varianceis higher. Soil reaction alone gradientsare difficult to detect, because all other factors
explains aready almost two thirds of the variance in should be hold constant. When mean alpha diversity of
average speciesrichness (Fig. 4). If we add light value ecologically analogous but geographically vicariant
in the same manner as above, r? increases but slightly associationsis compared, no obvioustrend can befound
(from 0.6 to 0.67). (Tab. 1).
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Fig. 2 — Relationship between species number and () mean Ellenberg R value and (b) mean Ellenberg L value. Dots are single relevés
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Tab. 1 — Scientific name, region and mean number of vascular plant species per relevé in seven vicariant beech communities on
loamy soils (nomenclature following Willner, 2002)

ASSOCIATION

Hordelymo-Fagetum
Hordelymo-Fagetum

| sopyro-Fagetum

Lonicero alpigenae-Fagetum
Cardamino trifoliae-Fagetum
Dentario pentaphylli-Fagetum

Omphal odo-Fagetum

REGION MEAN SPECIES NR.
W Germany 27,76
Bohemian Massif 33,83
NW Alps 30,64
E Alps 29,34
SAlps 33,35
E Slovenia 29,03
Dinaric Mountains 35,11
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Fig. 3 — Relationship between species number and the product of mean Ellenberg R value and mean Ellenberg L value. Dots are

singlerelevés
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Fig. 4 — Relationship between local species richness and soil reaction on the community level: the mean species number per relevéis
plotted against the mean of mean Ellenberg R values
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Fig. 5 — Relationship between beta diversity of beech forests and (a) region area and (b) number of beech forest associations within

the region

2. Betadiversity

Beta diversity of the 11 regions varies from 5.88 in
SwissJurato 10.09 in German central mountain ranges.
The three largest regions, which are situated north of
the Alps (northern foreland of the Alps, German

»Mittelgebirge" and Bohemian massif), show an amost
perfect linear relationship between region areaand beta
diversity (Fig. 53). For the 8 regions of theAlpin-dinaric
range no relationship with area can be found, but with
the number of beech forest associations occuring in the
respective region (Fig. 5b).
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Discussion

Many studies have found positive correlations
between species richness and soil pH. Explanations go
in two main directions: 1. species richness increases
with pH because high Ca-concentration means also
higher productivity (Pausas & Austin, 2001; Dupré et
al., 2002), 2. the pool of speciesthat is suited for high
pH soil is larger than the pool of speciesthat is suited
for low pH soil due to evolutionary history (Péartel,
2002).

The first explanation is valid only for a part of the
gradient. On dry carbonatic soils pH is high but
productivity is low, nevertheless the beech forests on
these sites (Cephal anthero-Fagion, Adenostylo glabrae-
Fagetum) have the highest speciesnumbers. Onereason
might be that on dry soilsthe tree canopy isless closed
and therefore the understorey gets more light. But we
think, thereisalso evidencefor the species pool concept:
The European beech forests have been subjected to a
couple of bottle neck situations during the Pleistocene
glacial periods. In the refugia on the Balcan peninsular
carbonatic bedrocks are predominant (Horvat et al.,
1974), and itisdoubtful if any acidophilous beech forest
(Luzulo-Fagion) existed there. Thus, it isnot surprising
to find hardly any species with an ecological optimum
in this alliance. On the other hand, the flora of Central
Europe is characterized by an unusually large portion
of calciphilous species (Ewald, in press). Although most
of these species have their optima in grasslands or
pioneer vegetation, they contribute also to the species
pool of limestone forests.

Beta diversity increases with area and the number of
associationstherein. Thelatter, reflecting environmental
heterogeneity, isobviously the predominant factor. Only
in phytosociologically homogeneous data sets, like
beech forests in Central Europe north of the Alps, the
species-area relationship can easily be detected (cf.
Rosenzweig, 1995).
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