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Abstract: Purely man-made deciduous and coniferous forests dominated by native as well as non-
native tree species cover large areas in Central Europe. Although there is a long tradition and continuity in
phytosociology to study flora and vegetation of anthropogenous forests, synsystematic and syntaxonomy of
forest communities are still mainly restricted to forests considered natural and semi-natural. However,
purely man-made forests also have to be considered as a part of the vegetation and can thus be integrated
into the Braun-Blanquet system of vegetation. Taking man-made coniferous and deciduous forests in
Central Europe as an example, a synsystematical approach is presented here. On the basis of vegetation
studies in anthropogenous Picea abies, Pinus sylvestris, and Populus ×euramericana stands in Germany, their
specific phytosociological character is outlined. The Galio harcynici-Piceetum, Pleurozio schreberi-Pine-
tum, and the Salix cinerea- and Calamagrostis canescens-Populus ×euramericana communities are differen-
tiated employing phytosociological criteria and are integrated into the Braun-Blanquet system of vegetation.
Within the investigated man-made forest communities, ecologically diagnostic species indicate different site
conditions (e.g. soil water condition, nutrient supply) and stand history. Moreover, this contribution
stresses the fact that the synsystematical approach of phytosociology has clearly to be distinguished both,
conceptionally and methodically, from an assessment of naturalness.

Zusammenfassung: Beitrag zur Synsystematik und Syntaxonomie von Forstgesellschaften. –
Anthropogene Laub- und Nadelholzbestände, die von sowohl einheimischen als auch von nichteinheimischen
Baumarten aufgebaut werden, nehmen in Mitteleuropa einen Großteil der Waldflächen ein. Obwohl sich die
Pflanzensoziologie seit vielen Jahrzehnten intensiv mit der Flora und Vegetation von Forstgesellschaften
beschäftigt, basiert die Synsystematik und Syntaxonomie von gehölzdominierten Pflanzengesellschaften weit-
gehend auf natürlichen bzw. naturnahen Waldgesellschaften. Allerdings sind auch rein anthropogene Gehölz-
bestände als Teil der Vegetation zu sehen und können somit in das pflanzensoziologische System Braun-

Blanquets integriert werden. In der vorliegenden Studie wird ein synsystematischer bzw. syntaxonomischer
Ansatz am Beispiel mitteleuropäischer Nadel- und Laubholzforsten diskutiert. Auf der Grundlage von
vegetationskundlichen Untersuchungen in Fichten- (mit Picea abies), Kiefern- (mit Pinus sylvestris) und
Hybridpappelforsten (mit Populus ×euramericana) Deutschlands wird der spezifische vegetationskundliche
Charakter dieser Aufforstungen hervorgehoben. Nach der pflanzensoziologischen Methode von Braun-

Blanquet wird das Galio harcynici-Piceetum, das Pleurozio schreberi-Pinetum und die Salix cinerea- bzw.
die Calamagrostis canescens-Populus ×euramericana-Gesellschaft differenziert und in das Gliederungssystem
Braun-Blanquets integriert. Innerhalb der Assoziationen bzw. Gesellschaften werden unterschiedliche stand-
ortsökologische Verhältnisse im Hinblick auf z.B. den Bodenwasserhaushalt und die Nährstoffverfügbarkeit
und eine unterschiedliche Bestandesgeschichte durch entsprechende diagnostische Arten angezeigt. Es wird
herausgestellt, dass der pflanzensoziologische Ansatz mit dem Ziel einer floristisch-vegetationskundlichen bzw.
standortsökologischen Differenzierung von Pflanzengesellschaften sowohl konzeptionell als auch methodisch
klar von einer Einschätzung der Naturnähe von Vegetationsbeständen zu trennen ist.

1. Introduction

Since many centuries forests and forest sites in Central Europe have been more or less
strongly changed through human impact. Nowadays, man-made deciduous and conife-
rous forests with native (e.g. Quercus petraea, Picea abies, and Pinus sylvestris) as well as
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non-native tree species (e.g. Pseudotsuga menziesii, Prunus serotina, and Populus ×eurame-
ricana) are covering large areas in the lowlands and in the mountains. Although there is
a long tradition in phytosociology studying flora and vegetation of man-made forests (in
German: „Forste“; Buchwald 1951, Meisel-Jahn 1955, Schlüter 1965, Sissingh

1975, etc.), synsystematic and syntaxonomy of forest communities (see Tüxen 1950 for
„Forstgesellschaften“) are still too much restricted to natural and semi-natural forests.
Additionally, the phytosociological differentiation of forest communities and an assess-
ment of naturalness are often conceptionally and methodically not clearly distinguished
(e.g. Oberdorfer 1992, Türk 1993).

As long the tradition of studying the vegetation of anthropogenous forest communi-
ties is, as long lasts the discussion about their position in the Braun-Blanquet system of
vegetation (Meisel-Jahn 1955, Jurko 1963, Kowarik 1995, Zerbe & Sukopp 1995).
A generally accepted solution has not yet been found. This becomes apparent with many
regional and supraregional vegetation surveys, in which purely man-made forest commu-
nities are often neglected (e.g. Oberdorfer 1992, Pott 1995, Mucina & al. 1993,
Härdtle & al. 1997).

However, with regard to (1) their high frequency of occurrence in the Central
European landscapes, often dominating the woodland character, (2) to applied purposes
like forestry and silviculture, nature conservation and landscape planning, and (3) to the
changes of native plant communities through the introduction and plantation of non-
native species it is important to differentiate and classify anthropogenous forest commu-
nities within the Braun-Blanquet system of vegetation just as it is done with the plant
communities of meadows, heaths, fields, and other anthropogenous vegetation types.

2. Purely man-made forests as part of the vegetation

When we discuss the integration of purely man-made forests (for a definition of
„Forst“ see Zerbe & Sukopp 1995) into vegetation classification systems, we firstly have
to clarify, whether these anthropogenous forests are part of the vegetation. On the basis
of a definition given by Westhoff & Van der Maarel (1973) and Westhoff (1979)
vegetation is defined by Zerbe & Sukopp (1995: 13) as a system of plant populations,
growing in coherence with their sites and forming part of the ecosystem together with the
site factors and all other forms of life occurring on these sites. Thus, the interactions
between plants, site factors and other organisms are pointed out as one of the main
characteristics of vegetation.

A good example to prove the ecological interactions within anthropogenous forests
are stands of Robinia pseudoacacia L. (Black locust), a non-native tree species in Europe
which has been introduced from Northern America in the 17th century (Lohmeyer &
Sukopp 1992). The role of the leguminosa Black Locust, whether spontaneously estab-
lished (Kohler & Sukopp 1964) or planted as forest tree (Scamoni 1960, Jurko 1963),
in changing the site conditions and the understorey vegetation through their ability to
live in symbiosis with nitrogen-fixing bacteria of the genus Rhizobium is well investigated
(Gemeinhardt 1959 and 1960, Hofmann 1961). The influence of Robinia pseudoacacia
growing on sites poor in nitrogen with oligotrophic plant communities leads to an
accumulation of humus rich in nitrogen and therefore to a vegetation, which is domi-
nated by species with a high nitrogen demand like Galium aparine, Urtica dioica,
Chelidonium majus, Sambucus nigra, etc. (Kowarik 1992, 1995).

Additionally, the strong influence of coniferous trees, like Norway spruce and Scots
pine, which have been afforested for timber production on sites formerly covered by
deciduous woodland has been intensively investigated with regard to changes of the
upper soil and the understorey vegetation (Genssler 1959, Passarge 1962, Nihlgård
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1971, Ellenberg & al. 1986, Zerbe 1993, etc.). Compared with stands of deciduous
trees (e.g. beech), lower pH-values, higher C/N ratios, and lower decomposition rates of
the needle litter were as a rule recorded for the organic layers. Typical changes of the
vegetation in these man-made coniferous forests are the higher coverage of the herb and
moss layer, an increase in species numbers, the occurrence of plant species of coniferous
forest communities (e.g. in spruce afforestations species of the order Piceetalia and the
alliance Piceion, like Bazzania trilobata, Plagiothecium undulatum, Trientalis europaea),
and an increase in number and abundance of species of heaths (Nardo-Callunetea), like
Calluna vulgaris, Galium saxatile, and Rumex acetosella.

Thus, also purely man-made forests have to be considered as part of the vegetation
and therefore can on principle be integrated into the Braun-Blanquet system of vegeta-
tion.

3. Investigation sites and methods

Anthropogenous forest stands were investigated in different regions of Germany. In
Brandenburg (NE Germany) vegetation studies were carried out in Scots pine afforesta-
tions (Pinus sylvestris) on pleistocene sandy soils (Zerbe et al. 2000) and in hybrid poplar
afforestations (Populus ×euramericana) on lowland moors (Zerbe & Vater 2000, Zerbe

2003). In several German silicate mountain ranges (N-Eifel, Solling, Central Thuringian
Forest, Spessart) Norway spruce afforestations (Picea abies) as well as Scots pine afforesta-
tions on oligotrophic and acidic sandy soils were investigated (Zerbe 1993, 1995,
1999a). Spruce and pine have been afforested on large areas in the Central European
lowlands and mountains as a consequence of the devastation of forests and forest sites
through excessive land use in historical times. Poplar was mainly afforested in Germany
since the beginning of the 1940ies as mitigation of the timber deficiency during and after
World War II (Böcker & Koltzenburg 1996).

The present phytosociological analysis is based on 163 vegetation relevés carried out
in spruce, 99 in pine, and 59 in poplar afforestations according to the method of Braun-
Blanquet (1964). So stands afforested with native tree species (Picea abies and Pinus
sylvestris) as well as stands with a non-native tree species (Populus ×euramericana) were
taken into consideration (for the original vegetation relevés see the cited literature). The
results are discussed against the background of similar investigations of anthropogenous
forests carried out by Seibert (1954), Stockmar (1984), Knapp (1990), Augustin

(1991), Reif & Leonhardt (1991), Kürschner & Runge (1997), and many others.
The nomenclature of the higher syntaxa (classes, orders, and alliances) follows

Oberdorfer (1992). The nomenclature of the vascular plants follows Wisskirchen &
Haeupler (1998) and that of the bryophytes Frahm & Frey (1992).

4. Anthropogenous forest communities in Central Europe:
examples from the German lowland and mountain ranges

4.1 Phytosociological differentiation of coniferous afforestations
with spruce and pine

The investigation of the spruce and pine afforestations in the German lowland and
mountain ranges reveals two coniferous forest associations, which can be clearly distin-
guished by phytosociological means from the deciduous forest communities (mainly
beech forests), occurring in the investigated areas.

The Galio harcynici-Piceetum as spruce forest community is widely spread on
oligotrophic and acidic soils in the mountains, e.g. above sandstone, slate, or porphyr.
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On the association level the Galio harcynici-Piceetum is characterised by the frequent
occurrence of the vascular plants Dryopteris dilatata and Galium saxatile (= Galium
harcynicum) and the bryophytes Dicranum scoparium, Lepidozia reptans, Lophocolea bi-
dentata, L. heterophylla, and Plagiothecium curvifolium (Table 1). These species differen-
tiate the spruce forest community against the Luzulo luzuloidis-Fagetum Meusel 1937,
which is the natural beech forest community on oligotrophic and acidic sites in the
Central European mountain ranges (e.g. Matuszkiewicz 1984, Oberdorfer 1992,
Ellenberg 1996). The close synsystematic and synecological relationship between the
anthropogenous Galio-Piceetum and other spruce forest communities within the order
Vaccinio-Piceetalia is not only indicated by Picea abies, but also by the most frequently
occurring Vaccinium myrtillus. However, species of the alliance Piceion abietis are only
rare (e.g. Bazzania trilobata and Plagiothecium undulatum) or missing in the Galio-
Piceetum (e.g. Homogyne alpina, Luzula sylvatica ssp. sieberi, Soldanella montana).

Within the association Galio-Piceetum three sub-communities indicate the different
nutrient supply in the upper soil layers. The sub-community with Leucobryum glaucum
and Calluna vulgaris (Galio-Piceetum leucobryetosum) is growing on very nutrient poor
sites with thick and biologically inactive raw humus layers, often being a consequence of
litter use in historical times. On the contrary, Oxalis acetosella, often together with Rubus
idaeus, and R. fruticosus agg., indicates relatively high nutrient supply on these oligotro-
phic sites (Galio-Piceetum oxalidetosum). The central sub-community (Galio-Piceetum
typicum) forms the transition between the “nutrient poor” and the “nutrient rich” sub-
community.

The Pleurozio schreberi-Pinetum as pine forest community growths on oligotrophic
and acidic soils on mountain sites (Zerbe 1999a) as well as on lowland sites (Zerbe & al.
2000). In the light pine stands, the often very homogeneous herb and moss layers is
reaching high cover values up to 100 %. The understorey vegetation is characterised by
high frequencies and abundance of Vaccinium myrtillus, Deschampsia flexuosa, and Pleuro-
zium schreberi, accompanied by Pteridium aquilinum. Whereas the species composition
of the Galio-Piceetum has more the character of a forest community within the Piceeta-
lia, the Pleurozio-Pinetum has to be considered as a forest community within the
Quercetalia robori-petraeae. Additionally to the diagnostic species of the order Querce-
talia (e.g. Carex pilulifera, Deschampsia flexuosa, Polytrichum formosum, Veronica officina-
lis), this is indicated by the spontaneous rejuvenation of Quercus petraea and Qu. robur
with frequencies up to 100 % (Zerbe 1999b, Zerbe & al. 2000, Zerbe 2002). The
phytosociological relationship of the Pleurozio-Pinetum to the sub-alliance Dicrano-
Pinenion (alliance Dicrano-Pinion) with the association Leucobryo-Pinetum Matuszk.

Tab. 1: Phytosociological differentiation of anthropogenous Norway spruce and Scots pine forests on
the association and sub-association level.
Pflanzensoziologische Differenzierung der Fichten- und Kiefernwälder auf Assoziations- und
Subassoziationsniveau.
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1962 is only weak (see also Heinken 1995 for the Avenella flexuosa-Pinus sylvestris
community in the NW German lowland). With the exception of Leucobryum glaucum
and Dicranum polysetum, which are differentiating species for a sub-community within
the Pleurozio-Pinetum (Table 1), other diagnostic species can only be found with very
low frequencies or are missing (e.g. Cladonia div. spec., Ptilidium ciliare). In addition,
Fagus sylvatica as species of the class Querco-Fagetea only rarely occurs within the
Dicrano-Pinenion (see Oberdorfer 1992: Table 260). However, in the Pleurozio
schreberi-Pinetum Fagus sylvatica is one of the most frequent tree species (up to 100 %)
of the spontaneous tree rejuvenation (Zerbe 1999b), thus also indicating, that this
anthropogenous forest community has to be considered as a substitute community
(“Ersatzgesellschaft” sensu Tüxen 1942) of the Luzulo luzuloidis-Fagetum in the moun-
tains and the Luzulo pilosae-Fagetum Matuszk. et Matuszk. 1973 in the lowlands.

Similar to the Galio harcynici-Piceetum the sub-communities within the Pleurozio-
Pinetum are indicating different nutrient supplies. They are ranging from very nutrient
poor sites, indicated by the occurrence of Dicranum polysetum, Leucobryum glaucum, and
Ptilidium ciliare (Pleurozio-Pinetum dicranetosum polyseti), to relatively nutrient rich
sites, which are indicated by Oxalis acetosella, Scleropodium purum, Dryopteris dilatata,
and D. filix-mas (Pleurozio-Pinetum oxalidetosum in the NE German lowland and
Pleurozio-Pinetum scleropodietosum puri in SW Germany) with a central sub-commu-
nity (Pleurozio-Pinetum typicum) as the transition (Table 1).

4.2 Phytosociological differentiation of poplar plantations

Phytosociologically, the vegetation of poplar stands (Populus ×euramericana) on low-
land moors in SE Brandenburg shows close relationships to the natural communities
Carici elongatae-Alnetum Koch 1926 ex. Tx. 1931 and Pruno-Fraxinetum Oberd. 1953.
However, the investigation reveals the specific phytosociological character of the poplar
plantations. Within the alliance Alnion (Alnetea), Bidens frondosa, Calystegia sepium,
Rubus caesius, Salix cinerea, and Thalictrum flavum differentiate the Salix cinerea-Populus
euramericana community against the Carici elongatae-Alnetum (Table 2), both forest
communities growing on sites with stagnating wetness throughout the year. These
species, preferring light growth conditions, indicate the higher light intensities in the
poplar plantations in comparison with the Carici elongatae-Alnetum (Zerbe 2003).
Carex elongata, character species of the Carici elongatae-Alnetum, was not found in the
Salix cinerea-Populus ×euramericana community. Within this poplar forest community,
Humulus lupulus, Phalaris arundinacea, Poa trivialis, Prunus padus, and Symphytum
officinale indicate the transition to sites, characterised by more strongly changing wetness

Tab. 2: Phytosociological differentiation of plantations dominated by the Black poplar hybrid Populus
×euramericana on the community and sub-community level.
Pflanzensoziologische Differenzierung von Hybridpappelplantagen auf Assoziations- und Sub-
assoziationsniveau.
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conditions (Alno-Ulmion), thus forming the Symphytum officinale sub-community (see
Passarge 1957 and Weber 1978 for the Symphytum officinale sub-community within
the Carici elongatae-Alnetum).

Within the alliance Alno-Ulmion (Querco-Fagetea), Brachypodium sylvaticum, Cala-
magrostis canescens, Eupatorium cannabinum, Impatiens parviflora, Scrophularia nodosa,
and Symphytum officinale differentiate the Calamagrostis canescens-Populus ×euramericana
community (Tab. 2) from the Pruno-Fraxinetum, both forest communities growing on
sites with more or less strongly changing wetness conditions during the year. As it was
found for the Salix cinerea poplar forest, in the Calamagrostis canescens-Populus ×eurame-
ricana community species, which prefer light growth conditions, are more frequent
compared to the Pruno-Fraxinetum, such as species of the classes Molinia-Arrhenathere-
tea, Bidentetea, and Phragmitetea. According to the development stage and stand age of
the poplar afforestations two sub-communities can be distinguished. The Cirsium arvense
sub-community with Cirsium arvense and Alopecurus pratensis indicates the stands mostly
younger than 35 years old and being afforested on meadows, pastures, and fallow land
(Zerbe 2003). On the contrary, older stands, where succession has lead to the establish-
ment of more trees and shrubs, form the Alnus glutinosa sub-community.

5. Discussion and conclusion

The examples of coniferous and deciduous afforestations show, that purely man-
made forests can be integrated into the Braun-Blanquet system of vegetation as well as
near-natural and natural forest communities. The examples include afforestations with
native tree species (see also Zerbe 1999a for the Vaccinium myrtillus-Quercus petraea
community) as well as a non-native tree species. The possibility of the classification of
vegetation stands with non-native tree species has been proofed already in the 1960ies by
Jurko (1963) with the example of anthropogenous Black Locust forests (see also Kohler

& Sukopp 1964, Jurko & Kontris 1982). The Chelidonio-Robinietum was integrated
into the new class Robinietea. Additionally, Sissingh (1975) has recorded the Dryop-
tero-Pseudotsugetum as anthropogenous Douglas fir forest community in the Nether-
lands (for stands of the non-native Douglas fir in Germany see Zerbe 1999a and Zerbe

& al. 2000). Examples of associations with non-native herbs are given by Kopecki (1967)
and Dettmar & Sukopp (1991).

Synsystematic and syntaxonomy of the investigated anthropogenous forest communi-
ties are given in Table 3 with a selection of phytosociologically diagnostic species.
Whereas the poplar forest communities can be integrated into the existing alliances
Alnion (within the class Alnetea) and Alno-Ulmion (Querco-Fagetea), Zerbe (1999)
proposed the integration of the Galio harcynici-Piceetum into a new alliance Galio-
Piceion (Vaccinio-Piceetea) and of the Pleurozio schreberi-Pinetum into a new alliance
Pleurozio-Pinion (Querco-Fagetea). The phytosociological classification can be derived
accordingly to the occurrence of the diagnostic species for the syntaxa.

As it is well investigated in natural and semi-natural forest communities, also within
these man-made forest communities ecologically diagnostic species indicate different site
conditions. So, within the coniferous forest communities the different nutrient supply on
the oligotrophic and acidic sites is indicated by ecological indicator species, which are
differentiating species for the sub-communities (Table 1). For the ecological subdivision
of the investigated poplar forests in sub-communities both different soil water conditions
and different succession stages (and stand history) are decisive, accordingly indicated by
differentiating species (Zerbe 2003).

On the association level the diagnostic species can not be considered as character
species sensu Braun-Blanquet (1964; see also Bergmeier & al. 1990, Dierschke 1992
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and 1999). They are differentiating species, which can occur also in other forest commu-
nities, with high frequencies (e.g. Galium saxatile in light oak, pine or fir forests, Ober-

dorfer 1994). Especially with regard to the synsystematic of natural and semi-natural
forest communities it is often pointed out (Matuszkiewicz 1984, Müller 1991,
Oberdorfer 1992), that several associations can be clearly differentiated and classified
by groups of phytosociologically diagnostic species, but have no character species (e.g.
Aceri-Fagetum Rübel 1930 ex J. et M. Bartsch 1940, Galio odorati-Fagetum Rübel 1930
ex Sougnez et Thill 1959, Milio-Fagetum Burrichter et Wittig 1977). Dierssen (1990:
61) concluded, that the occurrence of at least one character species within an association
is expedient, but could not always be realised.

It has to be accentuated, that the synsystematical approach of phytosociology has to
be conceptionally and methodically clearly distinguished from an assessment of the
naturalness of plant communities (Zerbe & Sukopp 1995), the latter being an important
basis for e.g., applied purposes like forestry, nature conservation, and landscape planning.
Within the Braun-Blanquet system, only the species composition of vegetation stands
is decisive for their classification as plant communities, not their naturalness (Dierschke

1986).
For the assessment of the naturalness of plant communities several concepts with

different temporal perspectives are available. In a present-day perspective, information
about the naturalness of forest communities can be derived from the stand structure (e.g.
stump shoots, branch formation of the tree layer), the growth quality of the trees, the
spontaneous rejuvenation of tree species, the species composition of the different vegeta-
tion layers (e.g. occurrence of phytosoicologically diagnostic species, frequency of distur-
bance indicator species), edaphic conditions (e.g. structure and quality of the organic
layer), the comparison with other forest stand types under similar site conditions, the

Tab. 3: Synsystematic and syntaxonomy of the investigated anthropogenous forest communities (ex-
amples given in Table 1 and 2) with a selection of diagnostic species. Classes, orders and
alliances according to Oberdorfer (1992) and Zerbe (1995 and 1999).
Synsystematik und Syntaxonomie der untersuchten anthropogenen Forstgesellschaften (Beispie-
le siehe Tabellen 1 und 2) mit ausgewählten diagnostischen Arten. Klassen, Ordnungen und
Verbände nach Oberdorfer (1992) and Zerbe (1995 and 1999).
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stand history (e.g. derived from forest documents and historical maps), and the vegetati-
on history of the region under investigation.
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