
Introduction

Plant species establishment and survival along environmental 
gradients have commonly been attributed to di�erent envi-
ronmental niches, life-history and adaptive traits [1]. E�ective 
phenotype adaptation of alder species to extreme soil condi-
tions allows them to form canopy-closed forest vegetation on 
alluvial and marshland localities. Alder forests represent azonal 
plant communities developed independently of the variables 
determining vegetation zonality. �e hydrological regime was 
most o�en identi�ed as the underlying source of variation in 
their �oristic spectrum. Seasonal dynamic of groundwater table 
and �ood regime are important ecological phenomenon creat-
ing microhabitats with various environmental qualities [2–5].

�e diverse ecological requirements and distribution pat-
terns of black alder (Alnus glutinosa) and grey alder (Alnus 
incana) [6,7], considered as native species to Central Europe, 
result in various syntaxonomical positions of their stands. 
Alder-dominated forests on permanently waterlogged soils 
are traditionally assigned to the Euro-Siberian alder carr 
forests of the Alnion glutinosae alliance (Alnetea glutinosae 
class), whereas the more mesophilous streamside forests are 
recorded within the European broad-leaved �oodplain forests 
of the Alnion incanae (= Alno-Ulmion) alliance (Querco-Fagetea 
class). �ese ecologically and �oristically distinctive vegeta-
tion types are scattered relatively evenly all over the Central 
European landscape [3,8–12]. �e presented classi�cation 
concept belongs to the widely accepted and frequently used 
in vegetation surveys, namely in Poland [13], Ukraine [14], 
Hungary [15], Austria [16], the Czech Republic [4], Germany 
[17] and also in Slovakia [18]. On the other hand, there is a 
considerable inconsistency in internal di�erentiation of these 
two alliances resulting probably from diverse level of variability 
in their species composition. While the higher number of as-
sociations has been distinguished in the Alnion incanae forests 
(e.g. [4,19]), the opposite pattern has been reported from the 
Alnion glutinosae communities [11,16].

�e Slovak phytosociological data set contains especially rele-
vés from local vegetation studies performed in lower mountains 
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[20,21], lowlands, basins or foothills of the Western Carpathians 
[22–24]. �eir results are mostly only of local validity because 
they concerned small areas. Preliminary syntheses of selected 
alder vegetation types at national scale using non-formalized 
(expert-based) approach [25,26] belong to other important 
resources of accessible data. Our paper is thus intended to cover-
ing the overall vegetation variation in alder-dominated forests in 
wider geographical area, using a more formalized classi�cation 
method. �e north-south (latitudinal) transect across central 
Slovakia (Fig. 1), which was chosen for this purpose, represents 
also the whole altitudinal gradient reported for alder forests 
in Slovakia. In more detail, the original and earlier published 
relevés have been collected from the planar to the montane belt 
in the Carpathian and Pannonian biogeographical regions. In 
general, the species variation and spatial distribution of alder 
forests, and their syntaxonomical interpretation remain still 
vague in Slovakia. �erefore, the aim of this paper is: (i) to 
establish the main alder-dominated vegetation units along the 
present latitudinal transect and to propose their syntaxonomical 
scheme, and (ii) to determine environmental factors a�ecting 
the variation in alder forest composition.

Material and methods

�ere was studied forest vegetation with dominance (at least 
25% cover) of Alnus glutinosa and/or A. incana in the tree layer 
along a north-south transect of Slovakia (Fig. 1). �e vegetation 
data matrix involved only phytosociological relevés with a plot 
size of 200–450 m2 and identi�ed moss layer. Subsequently, the 
relevés with a tree layer cover below the 60% were excluded 
from the further analysis. �e �nal data set of 240 relevés thus 
included 101 unpublished relevés collected by the authors in 
2009–2011 and 139 relevés stored in the “Slovak phytosociologi-
cal database” [27] or excerpted from the literature sources. �e 
research was carried out in accordance with the principles of the 
Zürich-Montpellier approach [28], mostly using the modi�ed 
nine-degree Braun-Blanquet sampling scale (r, +, 1, 2m, 2a, 
2b, 3, 4, 5) [29]. Every species observation was assigned to a 
vertical stratum (E0 – moss layer, E1 – herb layer, E2 – shrub 
layer and E3 – tree layer) [28].

�e numerical classi�cation was performed in the PC-ORD 
program [30] following the Relative Manhattan’s distance as a 
measure of dissimilarity, the Beta �exible linkage method with 
coe�cient ß = −0.25 and the logarithmic data transformation. 
�e optimal number of clusters was determined based on the 

“crispness” procedure [31] in the Juice program [32]. Several 
taxa were merged to aggregates (agg.), broadly de�ned taxa (s. 
lat.), genus (sp. div.) or species level: Aconitum �rmum (incl. 
A. �rumum subsp. �rmum, A. �rmum subsp. moravicum), 
Agrostis stolonifera agg. (A. gigantea, A. stolonifera), Alchemi-
lla sp. div. (A. monticola, A. vulgaris agg., A. xanthochlora), 
Caltha palustris (C. palustris subsp. laeta, C. palustris subsp. 
palustris), Cardamine amara agg. (C. amara, C. amara subsp. 
opicii), Dactylis glomerata agg. (D. glomerata, D. polygama), 
Dactylorhiza majalis s. lat. (D. fuchsii, D. maculata, D. maja-
lis), Dryopteris carthusiana agg. (D. carthusiana, D. dilatata), 
Galeobdolon luteum agg. (G. luteum, G. montanum), Glechoma 
hederacea agg. (G. hederacea, G. hirsuta), Molinia caerulea agg. 
(M. arundinacea, M. caerulea), Myosotis scorpioides agg. (M. 
caespitosa, M. laxi�ora, M. scorpioides), Plagiomnium a�ne s. 
lat. (P. a�ne, P. elatum, P. ellipticum), Ranunculus auricomus 
agg. (R. cassubicus s. lat.), Rubus fruticosus agg. (R. hirtus s. lat.), 
Senecio nemorensis agg. (S. germanicus, S. ovatus), Oxycoccus 
palustris agg. (O. microcarpus, O. palustris), Valeriana dioica 
agg. (V. dioica, V. simplicifolia) and Valeriana o�cinalis agg. 
(V. excelsa subsp. sambucifolia, V. o�cinalis). �e same species 
recorded in di�erent layers were merged into one layer for the 
purpose of numerical classi�cation. In order to con�rm our 
results of classi�cation and to achieve better syntaxonomical 
interpretation of particular clusters, the data set extended by 
phytosociological relevés of original diagnosis of detected 
vegetation units [20,33–36] was analyzed repeatedly.

�e diagnostic species in the target group of relevés were 
identi�ed according to the concept of �delity (Φ – phi coef-
�cient) [37], frequency and constancy (di�erence of constancy 
class, i.e. 20%). All relevé groups were standardized to an equal 
size, and �delity calculation was done using the presence/ab-
sence data. �reshold values of phi coe�cient and frequency for 
the species to be considered as diagnostic were set to Φ > 0.30 
and 30%, respectively. �e species with probability of random 
occurrence in the vegetation type determined by Fisher’s exact 
test (P ≥ 0.01) were eliminated from the list of diagnostic taxa.

Major variation patterns in species composition were as-
sessed using the unimodal ordination technique (detrended 
correspondence analysis; DCA). The species cover values 
recorded on the Braun-Blanquet scale were replaced by mid-
percentage values for each degree and transformed logarithmi-
cally. For interpretation of the main environmental gradients, 
altitude and non-weighted Ellenberg indicator values (EIV) of 
vascular plants for light, temperature, continentality, moisture, 
soil reaction and nutrients [38] were calculated for relevés and 

Fig. 1 Map of the study area in Central Europe.
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plotted into the DCA ordination diagram as the supplementary 
variables. �e Pearson correlation coe�cient was applied to 
determine the importance of explanatory variables for changes 
in the community structure when their values were correlated 
with the relevés scores on the �rst two ordination axes. �e 
normal distribution of environmental parameters was tested 
with the Shapiro-Wilk W test and the homogeneity of variance 
with the Levene’s test. To ensure normality of distribution and to 
increase linearity of response, the explanatory variable of EIV for 
nutrients was transformed biquadratically prior to the analysis. 
�e pairwise di�erences in altitude and EIV among vegetation 
units were tested by the one-way ANOVA and post-hoc Tukey 
HSD test. The transformed variables showing still left- or 
right-skewed trend in the values distribution were analyzed 
by multiple comparisons using the non-parametric Kruskal-
Wallis ANOVA. All the statistical analyses were computed in 
the Statistica program (StatSo� Inc., Tulsa, OK, USA) and 
Canoco for Windows package (Microcomputer Power, Ithaca, 
NY, US). �e altitude was measured with Garmin GPSmap 60 
CSx equipment or taken from literature. �e altitudinal range 
was between 165 and 1025 m a.s.l.

�e nomenclature of vascular plants is in accordance with the 
checklist by Marhold & Hindák [39] and bryophytes with the 
papers of [40] and [41]. �e names of plant communities follow 
[18], and in the syntaxonomical scheme they are presented with 
the author’s name and year of description. �e nomenclatural 
revision of the particular vegetation units frequently used in the 
study area was done according to the rules of the International 
Code of Phytosociological Nomenclature (ICPN) [42].

Results

Species composition pattern

Altogether 571 plant species including 434 vascular plants 
and 137 bryophytes (28 liverworts and 109 mosses) was re-
corded in 240 phytosociological relevés. �e most common 
species of the alder-dominated forests documented in more than 
60% plots were mainly the wet sites generalists accompanied 
by nutrient-demanding species (Alnus glutinosa, Athyrium 
�lix-femina, Caltha palustris, Crepis paludosa, Deschampsia 
cespitosa, Dryopteris carthusiana agg., Filipendula ulmaria, 
Ranunculus repens, Rubus idaeus and Urtica dioica; Tab. 1). 
�e DCA analysis showed the general trends in �oristic varia-
tion (Fig. 2). �e species scores in ordination space indicated 
a pronounced shi� from plants showing a�nity to eutrophic 
habitats at lower altitudes (e.g. Acer campestre, Circaea lutetiana, 
Geum urbanum) to mesotrophic and slightly oligotrophic spe-
cies of submontane and montane sites (Dicranum scoparium, 
Equisetum sylvaticum, Picea abies). Along the second axis, a 
course from forest species adapted to mesophilous substrate 
(Asarum europaeum, Geranium robertianum, Primula elatior) 
to marsh and spring taxa (Cardamine amara agg., Galium 
palustre, Lycopus europaeus) was evident (Fig. 2).

�e numerical classi�cation resulted in delimitation of �ve 
�oristically well identi�ed clusters (Tab. 1):

CLUSTER 1. �ese alder carr forests are exclusively domi-
nated by Alnus glutinosa. Shade-tolerant species Frangula alnus 
and Padus avium are usually present in the shrub layer. To the 
most frequent dominants of the understorey belong Caltha 
palustris and Carex acutiformis, although other wet nitrophi-
lous species (e.g. Filipendula ulmaria, Impatiens noli-tangere, 

Number of cluster 1 2 3 4 5

Number of relevés 49 70 38 48 35

E3

Alnus glutinosa  100 40.1  91 31.3  95 34.7  12 ---  6 ---

Alnus incana  12 ---  17 ---  50 ---  98 42.7  100 44.8

Picea abies  2 ---  3 ---  97 55.7  75 33.1  34 ---

E2

Picea abies  10 ---  4 ---  89 42.8  73 26.2  57 ---

Alnus incana  14 ---  3 ---  39 ---  71 33.7  63 25.5

Padus avium  51 22.5  41 ---  5 ---  8 ---  46 ---

Frangula alnus  33 20.0  10 ---  34 22.1  10 ---  . ---

E1

Diagnostic taxa of cluster 1

Carex elongata  69 72.4  7 ---  . ---  4 ---  . ---

Lycopus europaeus  82 57.8  40 ---  8 ---  10 ---  6 ---

Lythrum salicaria  45 53.2  11 ---  . ---  . ---  . ---

Carex acutiformis  35 51.6  3 ---  . ---  . ---  . ---

Scutellaria galericulata  33 51.3  1 ---  . ---  . ---  . ---

Solanum dulcamara  71 45.2  41 ---  16 ---  4 ---  17 ---

Galium palustre  73 45.2  16 ---  29 ---  25 ---  14 ---

Scirpus sylvaticus  71 44.4  31 ---  3 ---  27 ---  20 ---

Equisetum �uviatile  41 34.9  4 ---  18 ---  8 ---  6 ---

Calliergonella cuspidata (E0)  45 33.8  6 ---  18 ---  12 ---  11 ---

Juncus e�usus  49 32.5  23 ---  21 ---  15 ---  3 ---

Diagnostic taxa of cluster 2

Geum urbanum  53 ---  87 53.5  3 ---  2 ---  34 ---

Sambucus nigra (E2)  20 ---  61 50.7  . ---  6 ---  14 ---

Circaea lutetiana  24 ---  57 49.9  . ---  2 ---  9 ---

Acer campestre (E2)  10 ---  46 49.4  . ---  2 ---  6 ---

Acer campestre  22 ---  53 48.7  . ---  2 ---  6 ---

Euonymus europaeus  37 ---  57 47.8  . ---  . ---  3 ---

Galium aparine  49 ---  69 42.9  . ---  4 ---  26 ---

Brachypodium sylvaticum  22 ---  57 42.6  . ---  4 ---  26 ---

Glechoma hederacea agg.  27 ---  67 41.4  . ---  10 ---  43 ---

Galeobdolon luteum agg.  22 ---  67 40.9  . ---  10 ---  49 ---

Corylus avellana (E2)  14 ---  37 32.0  . ---  4 ---  17 ---

Diagnostic taxa of cluster 3

Luzula pilosa  . ---  . ---  63 67.0  12 ---  . ---

Calamagrostis villosa  . ---  . ---  63 57.6  29 13.8  . ---

Stellaria alsine  4 ---  . ---  45 57.1  2 ---  . ---

Vaccinium myrtillus  2 ---  . ---  68 55.4  35 15.7  6 ---

Sphagnum centrale (E0)  . ---  . ---  42 54.9  6 ---  . ---

Dicranum scoparium (E0)  2 ---  . ---  71 52.3  46 23.3  9 ---

Vaccinium vitis-idaea  . ---  . ---  42 50.0  12 ---  . ---

Calypogeia integristipula (E0)  . ---  . ---  34 49.8  4 ---  . ---

Betula pubescens (E3)  . ---  . ---  37 48.5  8 ---  . ---

Chiloscyphus polyanthos (E0)  . ---  1 ---  32 48.1  2 ---  . ---

Pellia sp. (E0)  . ---  . ---  34 47.9  6 ---  . ---

Carex echinata  8 ---  . ---  39 47.8  4 ---  . ---

Picea abies  18 ---  6 ---  92 47.0  65 19.4  46 ---

Galium uliginosum  2 ---  . ---  34 46.1  6 ---  . ---

Tab. 1 Synoptic table of alder forests with frequencies and �delities 
(phi coe�cient × 100 in the upper indices) for Alnus-dominated forest 
vegetation from central Slovakia.
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Persicaria hydropiper, Scirpus sylvaticus) and/or spring plants 
(Cardamine amara agg., Crepis paludosa) can also be found 
with a higher cover. �is vegetation is well di�erentiated by the 
presence of species adapted to waterlogged hollows (Equisetum 
�uviatile, Galium palustre, Lycopus europaeus, Scutellaria gale-
riculata) along with hygrophilous elements showing a�nity to 
hummocks (Carex elongata, Dryopteris carthusiana agg.). �ey 
are accompanied by plants of wet meadows (Cirsium oleraceum, 
Lysimachia vulgaris, Lythrum salicaria, Poa trivialis) and liana 
species (Humulus lupulus, Solanum dulcamara). �e regular 
pattern of community structure is species-rich moss layer 

Number of cluster 1 2 3 4 5

Number of relevés 49 70 38 48 35

Rhytidiadelphus triquetrus (E0)  . ---  1 ---  53 44.8  25 ---  11 ---

Alnus glutinosa  29 ---  26 ---  53 38.1  . ---  . ---

Agrostis stolonifera agg.  29 ---  26 ---  63 37.4  8 ---  20 ---

Alnus glutinosa (E2)  27 ---  26 ---  50 35.1  4 ---  . ---

Climacium dendroides (E0)  31 ---  11 ---  68 33.7  35 ---  34 ---

Diagnostic taxa of cluster 4

Gentiana asclepiadea  . ---  . ---  . ---  31 43.0  9 ---

Equisetum palustre  24 ---  7 ---  18 ---  54 34.9  17 ---

Diagnostic taxa of cluster 5

Primula elatior  8 ---  19 ---  5 ---  35 ---  86 59.8

Petasites hybridus  4 ---  9 ---  3 ---  25 ---  71 58.9

Dactylis glomerata agg.  4 ---  21 ---  3 ---  12 ---  66 54.3

Valeriana o�cinalis agg.  16 ---  14 ---  5 ---  27 ---  74 52.5

Asarum europaeum  4 ---  47 14.7  . ---  35 ---  80 49.5

Astrantia major  4 ---  7 ---  . ---  . ---  40 49.1

Aconitum variegatum  . ---  . ---  3 ---  . ---  31 48.9

Roegneria canina  16 ---  27 ---  3 ---  4 ---  63 48.1

Plagiomnium undulatum (E0)  24 ---  54 ---  21 ---  31 ---  89 45.0

Silene dioica  . ---  3 ---  . ---  15 ---  40 44.7

Geum rivale  27 ---  21 ---  34 ---  69 20.3  91 43.0

Ranunculus lanuginosus  2 ---  21 ---  . ---  31 ---  57 41.7

Daphne mezereum  . ---  3 ---  3 ---  23 ---  43 40.9

Poa nemoralis  . ---  7 ---  3 ---  6 ---  34 40.3

Galeopsis pubescens  4 ---  7 ---  . ---  6 ---  31 36.4

Angelica sylvestris  39 ---  19 ---  11 ---  35 ---  69 36.0

Heracleum sphondylium  2 ---  13 ---  . ---  8 ---  34 35.7

Geranium phaeum  . ---  17 ---  . ---  12 ---  37 35.0

Carduus personata  6 ---  11 ---  3 ---  17 ---  40 34.1

Acer pseudoplatanus (E2)  14 ---  17 ---  . ---  4 ---  37 32.0

Other species

Caltha palustris  96 14.6  71 ---  97 16.6  90 ---  74 ---

Urtica dioica  84 ---  84 ---  66 ---  62 ---  91 ---

Filipendula ulmaria  96 23.5  64 ---  55 ---  75 ---  89 ---

Rubus idaeus  67 ---  53 ---  87 ---  90 16.0  83 ---

Athyrium �lix-femina  76 ---  70 ---  87 19.9  75 ---  34 ---

Dryopteris carthusiana agg.  84 19.6  50 ---  89 25.7  73 ---  29 ---

Ranunculus repens  78 ---  61 ---  76 ---  50 ---  57 ---

Crepis paludosa  63 ---  39 ---  79 15.3  60 ---  80 16.4

Deschampsia cespitosa  53 ---  37 ---  76 ---  69 ---  86 22.4

Myosotis scorpioides agg.  67 ---  29 ---  87 26.6  73 ---  49 ---

Chaerophyllum hirsutum  37 ---  24 ---  79 16.9  88 25.7  86 23.9

Cardamine amara agg.  80 20.9  36 ---  68 ---  54 ---  57 ---

Impatiens noli-tangere  76 23.7  69 16.8  13 ---  42 ---  60 ---

Lysimachia vulgaris  84 32.6  47 ---  89 38.4  21 ---  14 ---

Chrysosplenium alternifolium  45 ---  47 ---  63 ---  50 ---  43 ---

Oxalis acetosella  14 ---  27 ---  68 20.3  71 22.7  60 ---

Aegopodium podagraria  27 ---  77 36.7  3 ---  19 ---  80 39.6

Stellaria nemorum  29 ---  50 ---  5 ---  52 ---  63 23.6

Stachys sylvatica  22 ---  77 42.2  . ---  23 ---  60 24.4

Cirsium oleraceum  57 18.5  39 ---  8 ---  38 ---  54 ---

Senecio nemorensis agg.  14 ---  20 ---  42 ---  65 23.0  69 27.0

Valeriana dioica agg.  47 ---  9 ---  66 25.1  50 ---  34 ---

Ajuga reptans  37 ---  47 ---  32 ---  21 ---  49 ---

Festuca gigantea  51 ---  63 31.6  . ---  15 ---  37 ---

Carex remota  47 ---  53 20.5  24 ---  27 ---  17 ---

Tab. 1 (continued)

Fig. 2 Species scatter plot of alder forest vegetation obtained by DCA 
ordination. Acercam – Acer campestre; Acerpse – Acer pseudoplatanus; 
Aegopod – Aegopodium podagraria; Ajugrep – Ajuga reptans; Alnuglu 
– Alnus glutinosa; Alnuinc – Alnus incana; Angesyl – Angelica sylvestris; 
Agrosto – Agrostis stolonifera agg.; Asareur – Asarum europaeum; 
Athy�l – Athyrium �lix-femina; Atriund – Atrichum undulatum; 
Bracriv – Brachythecium rivulare; Bracsyl – Brachypodium sylvaticum; 
Caltpal – Caltha palustris; Cardama – Cardamine amara agg.; Carerem 
– Carex remota; Caresyl – Carex sylvatica; Chaehir – Chaerophyllum 

hirsutum; Chryalt – Chrysosplenium alternifolium; Circlut – Cir-

caea lutetiana; Cirsole – Cirsium oleraceum; Climden – Climacium 

dendroides; Coryave – Corylus avellana; Creppal – Crepis paludosa; 
Descces – Deschampsia cespitosa; Dicrsco – Dicranum scoparium; 
Dryocar – Dryopteris carthusiana agg.; Equiarv – Equisetum arvense; 
Equipal – Equisetum palustre; Equisyl – Equisetum sylvaticum; Euoneur 
– Euonymus europaeus; Eurhhia – Eurhynchium hians; Festgig – Festuca 

gigantea; Filiulm – Filipendula ulmaria; Fraxexc – Fraxinus excelsior; 
Galelut – Galeobdolon luteum agg.; Galespe – Galeopsis speciosa; 
Galiapa – Galium aparine; Galipal – Galium palustre; Gerarob – 
Geranium robertianum; Geumriv – Geum rivale; Geumurb – Geum 

urbanum; Gleched – Glechoma hederacea agg.; Impanol – Impatiens 

noli-tangere; Impapar – Impatiens parvi�ora; Lamimac – Lamium 

maculatum; Lycoeur – Lycopus europaeus; Lysinum – Lysimachia num-

mularia; Lysivul – Lysimachia vulgaris; Myospal – Myosotis scorpioides 
agg.; Oxalace – Oxalis acetosella; Petahyb – Petasites hybridus; Piceabi 
– Picea abies; Plaga� – Plagiomnium a�ne s. lat.; Plagund – Plagiom-

nium undulatum; Poatri – Poa trivialis; Primela – Primula elatior; 
Prunpad – Padus avium; Ranurep – Ranunculus repens; Rhizpun – 
Rhizomnium punctatum; Rubuida – Rubus idaeus; Sambnig – Sambucus 

nigra; Scirsyl – Scirpus sylvaticus; Senenem – Senecio nemorensis agg.; 
Soladul – Solanum dulcamara; Sorbauc – Sorbus aucuparia; Stacsyl 
– Stachys sylvatica; Stelnem – Stellaria nemorum; Urtidio – Urtica 

dioica; Valedio – Valeriana dioica agg.; Valeo� – Valeriana o�cinalis 
agg.; Vibuopu – Viburnum opulus.
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with common species of wet habitats (Atrichum undulatum, 
Brachythecium rivulare, Calliergonella cuspidata, Plagiomnium 
a�ne s. lat.).

CLUSTER 2. Tree layer of this community is built up of 
Alnus glutinosa, primary accompanied by Salix fragilis, Fraxinus 
excelsior and rarely by Alnus incana. Except for younger tree 
individuals, the species-rich shrub layer is formed mainly by 
Acer campestre, Corylus avellana, Euonymus europaeus, Padus 
avium and Sambucus nigra. �e variability of dominant species 
(Brachypodium sylvaticum, Galeobdolon luteum agg., Urtica 
dioica) results in heterogeneous physiognomy of the herb 
layer. A large group of forest mesophilous and nitrophilous 
taxa (Athyrium �lix-femina, Circaea lutetiana, Galium aparine, 
Geum urbanum, Glechoma hederacea agg., Stachys sylvatica), 
several elements having diverse moisture requirements (Caltha 
palustris, Festuca gigantea, Filipendula ulmaria, Lycopus euro-
paeus, Lysimachia nummularia, Ranunculus repens, Stellaria 
nemorum) and spring species (Carex remota, Chrysosplenium 
alternifolium) frequently appear in the understorey. Bryophytes 
such as Brachythecium rivulare, Oxyrrhynchium hians and 
Plagiomnium undulatum exhibit also higher constancy.

CLUSTER 3. Moderately closed canopy structure of these 
forests consists of Alnus glutinosa and A. incana with admixture 
of Picea abies. An analogous species combination creates the 
shrub layer. �e stands are clearly delimited by acidophilous 
species (Luzula pilosa, Vaccinium myrtillus, V. vitis-idaea) and 
diverse cryptogamic �ora showing high �delity to this vegeta-
tion type (Calypogeia integristipula, Chiloscyphus polyanthos, 
Climacium dendroides, Dicranum scoparium, Rhytidiadelphus 
triquetrus, Sphagnum centrale). �e herb layer is further char-
acterised by the occurrence of fen’s and spring fed area’s taxa 
(Cardamine amara agg., Carex echinata, Chaerophyllum hir-
sutum, Chrysosplenium alternifolium, Crepis paludosa, Galium 
uliginosum, Stellaria alsine, Valeriana dioica agg.) and common 
hygrophilous plants (Agrostis stolonifera agg., Caltha palustris, 
Lysimachia vulgaris, Myosotis scorpioides agg., Ranunculus re-
pens); several of them reach high cover values. Higher frequency 
is typical for both species indicating submontane character 
(Calamagrostis villosa, Equisetum sylvaticum, Oxalis acetosella, 
Picea abies) and oligotrophic-tolerant mosses (Polytrichastrum 
formosum and Rhizomnium punctatum).

CLUSTER 4. These three-layered grey alder stands are 
dominated by Alnus incana with signi�cant proportion of 
Picea abies. In addition to saplings of overstorey woody species, 
Alnus glutinosa and Frangula alnus are crucial determinants 
of the shrub layer. �e presence of Equisetum palustre and 
Gentiana asclepiadea di�erentiates these forests from other 
alder vegetation. Forest mesophilous and fen species are less 
abundant (Tab. 1). Moreover, the peculiar aspect is driven by 
the presence of spring taxa (Cardamine amara agg., Chaerophyl-
lum hirsutum, Chrysosplenium alternifolium) and numerous 
submontane elements (Alnus incana, Calamagrostis villosa, 
Equisetum sylvaticum, Gentiana asclepiadea, Oxalis acetosella, 
Paris quadrifolia, Picea abies, Senecio nemorensis agg.). �e set 
of constant species involves plants of wet soils (Caltha palustris, 
Crepis paludosa, Filipendula ulmaria, Geum rivale, Myosotis 
scorpioides agg., Ranunculus repens) and clump-forming grass 
Deschampsia cespitosa. Ferns and nitrophytes (Athyrium �lix-
femina, Dryopteris carthusiana agg., Rubus idaeus, Urtica dioica) 
also grow in this community. Markedly developed moss layer 
is built up of Climacium dendroides, Dicranum scoparium, 
Plagiomnium affine s. lat., Polytrichastrum formosum and 
Rhizomnium punctatum.

Number of cluster 1 2 3 4 5

Number of relevés 49 70 38 48 35

Lysimachia nummularia  57 29.3  56 27.8  3 ---  4 ---  31 ---

Lamium maculatum  14 ---  57 28.9  . ---  27 ---  54 25.8

Viburnum opulus  59 34.8  40 ---  16 ---  10 ---  14 ---

Poa trivialis  65 45.9  51 29.9  5 ---  2 ---  3 ---

Equisetum sylvaticum  8 ---  3 ---  74 42.0  56 23.6  29 ---

Galeopsis speciosa  43 ---  56 35.1  . ---  10 ---  17 ---

Acer pseudoplatanus  31 ---  30 ---  . ---  31 ---  54 27.5

Geranium robertianum  12 ---  47 20.8  . ---  17 ---  66 41.4

Padus avium  45 19.6  39 ---  13 ---  6 ---  34 ---

Alnus incana  4 ---  9 ---  13 ---  62 33.5  69 40.1

Equisetum arvense  35 ---  40 15.6  3 ---  8 ---  46 22.1

Sorbus aucuparia  20 ---  9 ---  53 25.0  42 ---  26 ---

Fraxinus excelsior  39 ---  56 41.4  . ---  2 ---  11 ---

Carex sylvatica  8 ---  40 19.3  5 ---  19 ---  46 26.1

Impatiens parvi�ora  33 ---  43 28.8  11 ---  10 ---  3 ---

Rumex obtusifolius  39 22.3  24 ---  3 ---  21 ---  17 ---

Milium e�usum  10 ---  23 ---  . ---  29 ---  43 26.8

Persicaria hydropiper  49 42.7  36 25.0  . ---  . ---  . ---

Maianthemum bifolium  12 ---  1 ---  42 22.3  29 ---  31 ---

Paris quadrifolia  8 ---  10 ---  13 ---  40 25.7  26 ---

Rubus fruticosus agg.  31 23.8  37 33.2  3 ---  . ---  . ---

Symphytum tuberosum  6 ---  36 30.1  . ---  2 ---  29 ---

Humulus lupulus  39 37.8  27 20.6  . ---  . ---  . ---

E0

Brachythecium rivulare  82 31.4  70 19.7  39 ---  15 ---  46 ---

Plagiomnium a�ne s.l.  63 19.8  33 ---  32 ---  33 ---  57 ---

Rhizomnium punctatum  20 ---  26 ---  58 25.2  38 ---  29 ---

Atrichum undulatum  49 24.6  33 ---  26 ---  10 ---  17 ---

Oxyrrhynchium hians  14 ---  37 20.8  . ---  10 ---  40 24.4

Polytrichastrum formosum  14 ---  1 ---  42 29.0  35 20.6  3 ---

Tab. 1 (continued)

Each column represents an association: 1 – Carici elongatae-Alnetum 

glutinosae s. lat.; 2 – Stellario-Alnetum glutinosae; 3 – Piceo-Alnetum; 
4 – Cardamino amarae-Alnetum incanae; 5 – Alnetum incanae. Diag-
nostic species of communities are shaded and ranked by decreasing 
phi values. Species with frequency < 10% (in total 447 species) were 
omitted from the table. Sources: CL1: original unpublished – 37 relevés; 
Kliment & Wazka [21] – 3 rel.; Slezák et al. [24] – 9 rel.; CL2: original 
unpublished – 44 rel.; Hrivnák & Cvachová [56] – 1 rel.; Hrivnák et 
al. [57] – 2 rel.; Kliment & Wazka [21] – 1 rel.; Miadok [58] – 1 rel.; 
Slezák et al. [24] – 19 rel.; Slezák et al. [59] – 1 rel.; Watzka [60] – 1 rel.; 
CL3: original unpublished – 1 rel.; Ferančíková [61] – 1 rel.; Holotová 
[62] – 3 rel.; Maťová [63] – 4 rel.; Šomšák [50] – 8 rel.; Viceníková 
[64] – 21 rel.; CL4: original unpublished – 6 rel.; Černušáková [65] 
– 16 rel.; Ferančíková [61] – 1 rel.; Holotová [62] – 4 rel.; Hrivnák et 
al. [57] – 1 rel.; Jurko [25] – 5 rel.; Kubíček et al. [66] – 1 rel.; Šomšák 
[67] – 1 rel.; Šomšák et al. [68] – 4 rel.; Viceníková [64] – 7 rel.; 
Watzka [60] – 2 rel.; CL5: original unpublished – 13 rel.; Hrivnák & 
Cvachová [56] – 1 rel.; Hrivnák et al. [57] – 1 rel.; Jurko [25] – 9 rel.; 
Jurko & Májovský [69] – 6 rel.; Kanka [70] – 3 rel.; Kučera [71] – 1 
rel.; Viceníková [64] – 1 rel.
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CLUSTER 5. �e uniform tree layer is composed by the 
dominant Alnus incana with admixture of Picea abies and 
Salix fragilis. Other woody species (e.g. Acer pseudoplatanus) 
are less frequent. �e same species recorded in the overstorey 
accompanied by Padus avium also appear in the shrub layer, 
usually lacking an obvious dominant. �e species-rich under-
storey and clear �oristic delimitation are caused by the pres-
ence of montane species (e.g. Aconitum variegatum, Petasites 
hybridus, Ranunculus lanuginosus, Senecio nemorensis agg., 
Silene dioica) and nitrophilous plants (Aegopodium podag-
raria, Carduus personata, Geranium phaeum, G. robertianum, 
Heracleum sphondylium, Urtica dioica). An abundant group 
of forest mesophytes (Asarum europaeum, Astrantia major, 
Daphne mezereum, Lamium maculatum, Milium e�usum, Poa 
nemoralis, Stachys sylvatica, Stellaria nemorum) is an important 
structural component of these stands. Besides the constantly 
present taxa (Dactylis glomerata agg., Primula elatior, Roegneria 
canina, Valeriana o�cinalis agg.), the common hygrophilous 
and spring species contribute to the overall �oristic variability 
(Tab. 1). Mosses related to shadow habitats with medium moist 
to swamp soils, such as Brachythecium rivulare, Oxyrrhynchium 
hians, Plagiomnium a�ne s. lat. and P. undulatum, show a high 
frequency.

Environmental gradients

�e �rst DCA axis (Fig. 3) re�ected the gradient from the 
eutrophic and mesotrophic forests at lower altitudes (cluster 
1, 2) to the oligotrophic vegetation of the acidic sites at higher 
altitudes (cluster 3). �e main gradient was positively correlated 
with altitude (r = 0.89) and negatively with EIV for nutrients 
(r = −0.85) and soil reaction (r = −0.76). Along the second 
DCA axis, which showed the strongest correlations with EIV 
for moisture (r = −0.77) and light (r = −0.55), the clusters were 
arranged from the forests of moist habitats (cluster 5) to those 
related to permanently waterlogged soils (cluster 1, 3). Mul-
tiple comparisons stressed the role of the same environmental 
drivers (Tab. 2). �e individual clusters statistically di�ered 
(P < 0.05) especially in EIV for nutrients. Forest stands of cluster 
2 were related to the nutrient-rich sites (EIV mean value 6.33), 
whereas the vegetation of cluster 3 exhibited an oligotrophic 
character (4.62). �e highest moisture requirements were 
observed for cluster 1 (7.35) which also showed the most 
favorable light conditions (5.91). Although clusters 3–5 did 
not signi�cantly di�er in EIV for temperature (4.46–4.85), the 
mentioned values con�rmed their preference for submontane 
and/or montane areas.

Syntaxonomical interpretation and chorology of plant communities

According to the list of diagnostic taxa and the compara-
tive analysis of the species composition in the synoptic table 
(Tab. 1), the individual clusters can be assigned to the previously 
described vegetation units of the alder carr forest vegetation 
(Alnion glutinosae) and the broad-leaved �oodplain forests 
(Alnion incanae). For their classi�cation, we propose a syn-
taxonomical scheme with �ve �oristically and ecologically 
interpretable associations: Carici elongatae-Alnetum glutinosae 
s. lat. (cluster 1; alder carr forests growing on permanently 
waterlogged soils), Stellario-Alnetum glutinosae (cluster 2; 
riparian alder vegetation on mesic to humid sites along small 
brooks), Piceo-Alnetum (cluster 3; submontane and montane 
oligotrophic spruce-alder forests on waterlogged habitats), 
Cardamino amarae-Alnetum incanae (cluster 4; grey alder stands 
in spring fed areas) and Alnetum incanae (cluster 5; submontane 

and montane streamside grey alder forests on mesic sites). �eir 
syntaxonomical a�liation and synonyms are:

Class: Alnetea glutinosae Br.-Bl. Et R. Tx. ex Westho� et al. 
1946

Order: Alnetalia glutinosae R. Tx. 1937
Alliance: Alnion glutinosae Malcuit 1929
Ass. Carici elongatae-Alnetum glutinosae Schwickerath 1933
Synonyms: Carici elongatae-Alnetum glutinosae Koch 1926 

(Art. 2b), Alnus glutinosa-Dryopteris spinulosa-Ass. Klika 
1940 (syntax. syn.), Alnus glutinosa-Molinia coerulea Šmarda 
1951 (Art. 3d), Cariceto elongatae-Alnetum medioeuropaeum 
(Koch 1926) R. Tx. et Bodeux 1955 (Art. 34a), Carici elongatae-
Alnetum glutinosae boreale Preising et Bodeux 1955 (Art. 34a), 
Caltho palustris-Alnetum glutinosae Šomšák 1961 p.p. (syntax. 
syn.)

Class: Querco-Fagetea Br.-Bl. et Vlieger in Vlieger 1937
Order: Fagetalia Pawłowski in Pawłowski et al. 1928
Alliance: Alnion incanae Pawłowski in Pawłowski et al. 1928
Suballiance: Alnenion glutinoso-incanae Oberd. 1953
Ass. Stellario-Alnetum glutinosae Lohmeyer 1957
Synonyms: Querceto-Carpinetum alnetosum Mikyška 1939 

(syntax. syn.), Caltho palustris-Alnetum glutinosae Šomšák 
1961 p.p. (syntax. syn.)

Ass. Piceo-Alnetum Mráz 1959
Ass. Cardamino amarae-Alnetum incanae Šomšák 1961
Ass. Alnetum incanae Lüdi 1921
Synonyms: Alnetum incanae Aicher et Siegrist 1930 (syntax. 

syn.), Alnetum incanae carpaticum Klika 1936 (Art. 34a), Alne-
tum incanae boreocarpaticum Jurko 1961 (Art. 34a).

�e vegetation analysis demonstrated several geographical 
regularities of alder-dominated forests. Except for alder carrs 
of the Carici elongatae-Alnetum glutinosae s. lat., which occupy 
suitable habitats equally all over the study area, the remaining 
vegetation types of Alnenion glutinoso-incanae suballiance have 

Fig. 3 Biplot of alder vegetation relevés based on DCA with passive 
projection of environmental variables (altitude and EIV). �e length 
of the �rst axis gradient is 3.556; the �rst two ordination axes explain 
7.3% and 50.8% of the species data and species-environment relation, 
respectively. Pearson correlation coe�cients with the �rst two DCA 
axes (*P < 0.05; ns: P > 0.05): altitude (0.89*; 0.24*), light (0.08 ns; 
−0.55*), temperature (−0.92*; −0.12*), continentality (0.47*; −0.09 ns), 
moisture (0.34*; −0.77*), soil reaction (−0.76*; 0.50*), nutrients 
(−0.85*; 0.41*).
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partially limited distribution along the latitudinal gradient 
(Fig. 4). Within the distribution range of the riparian forests, 
the ecological characteristics of their dominant tree species and 
overall community structure indicated higher concentration of 
Alnetum incanae in northern relatively high-altitudinal areas. 
�e Piceo-Alnetum and Cardamino amarae-Alnetum incanae 
associations belong to the most scarce alder vegetation in the 
central Slovakia. All available phytosociological relevés of 
spruce-alder forests have been collected only in the Podtatranské 
kotliny basins (Fig. 4).

Discussion

Classification and diversity of Central European alder 
forests result from the variability of the species composition, 
which is controlled by the nutrient and moisture heterogeneity 
along with temperature and altitude (Fig. 3). �e signi�cant 
in�uence of analogous environmental gradients on structure 
and composition of this vegetation has already been proven 
[4,43,44]. In addition to the just-discussed e�ect of distinctive 
site conditions, existence of alder forests is also a matter of the 
recent land use, secondary succession, drainage, melioration and 
a�orestation of permanently wet meadows [45,46]. Ecological 
conditions of alder carr (Alnion glutinosae) and riparian alder 
forests (Alnion incanae) are relatively constantly interpreted 
in scienti�c literature, but unfortunately their syntaxonomy 
seems to be much more complicated regarding the accurate 
application of the nomenclatural rules, vague syntaxonomical 
position of the numerous associations or confused use of the 
communities names.

Alder carr forests

�e �oristic and ecological delimitation of alder carr forests 
is most likely determined by conspicuous micro-relief char-
acter with waterlogged hollows and drier hummock [2,11]. 
�is environmental heterogeneity is emphasized by a high 
groundwater table and swampy soils that are generally rich 
in organic substrate [43]. �e �rst European comprehensive 
synthesis of the Alnion glutinosae phytosociological data was 
done by Bodeux [3] who distinguished four associations and 
provided their diagnostic features based on the geographic 
pattern. �e majority of later classi�cation systems re�ected the 
soil nutrient/acidity complex and hydrological regime rather 
than the geographic gradient (e.g. [4,16,47]), as they appeared 
to be better predictors of vegetation variability within the alder 

carr forests. �e Alnion glutinosae stands were documented only 
with Carici elongatae-Alnetum glutinosae in central Slovakia 
(Tab. 1). �is meso- to eutrophic community was originally 
described as an association by Schwickerath [34] from the 
western Germany. In accord with some syntaxonomical revi-
sions [16,26], we used the broader de�ned concept of this as-
sociation. �ere are a few relevés that were previously ascribed 
to the Carici acutiformis-Alnetum glutinosae association in 
the same geographical area [24]. �e unsupervised method of 
numerical classi�cation supported by a relative similarity in 
overall species composition did not create separate cluster of this 
vegetation type. �ese relevés were thus merged into the Carici 
elongatae-Alnetum glutinosae s. lat. in our analysis (cluster 1; 
Tab. 1, Fig. 3). Nevertheless, these stands di�er in the diagnostic 
species, physiognomy and habitat conditions at the local scale 
[24]. �e Carici elongatae-Alnetum glutinosae has recently been 
documented in lowlands and submontane areas of various 
European countries [4,5,14,15,17,44]. In Poland, plant com-
munities formerly classi�ed within this syntaxon [8,48] were 
revised by Solińska-Górnicka [11]. �is author suggested its 
splitting into Ribo nigri-Alnetum Solińska-Górnicka (1975) 1987 
and Sphagno squarrosi-Alnetum Solińska-Górnicka (1975) 1987 
associations based on signi�cant di�erences in their species 
composition, ecology and chorology. �e general conclusions 
of many national vegetation overviews (e.g. [4,11]) indicated 
that the relevés of various associations quoted in partial local 
revisions must be analyzed at a broad geographic scale in the 
future. Scarcity and unavailability of vegetation studies have 
been frequently reported as the substantial constraints of a 
comprehensive synthesis, but the development of national 
phytosociological databases [49] allows performing comparative 
studies covering several regions.

Alder carr forests are generally characterized by a high 
diversity and variability of understorey species composition 
and by presence of transitional communities. �ese features 
o�en led to new proposals for delimitation or subdivisions of 
vegetation units in the past. However, several of them had not 
been di�erentiated in accordance with ICPN [42]. In central 
Slovakia, Šomšák [20] described an association Caltho-Alnetum 
Šomšák 1961 from the Slovenské rudohorie Mts., but there is 
no nomenclatural type relevé (holotype; ICPN Art. 19) given 
in that publication. For this reason, we have designated here a 
lectotype from relevés published in the original diagnosis [20] 
(table 6, relevé No. 6, lectotypus hoc loco). Since this data matrix 
contains only the species Caltha palustris in the herb layer and 
dominant tree species Alnus glutinosa in the overstorey, we 

Number of cluster 1 2 3 4 5

Altitude (m)* 426.16 ±124.75 a 390.23 ±136.79 a 843.11 ±59.37 b 826.15 ±118.05 b 743.00 ±131.17 b

EIV_Light 5.91 ±0.27 c 5.37 ±0.37 a 5.69 ±0.37 bc 5.41 ±0.38 a 5.48 ±0.30 ab

EIV_Temperature* 5.17 ±0.17 a 5.26 ±0.13 a 4.46 ±0.21 b 4.51 ±0.25 b 4.85 ±0.20 c

EIV_Continentality* 3.73 ±0.15 abc 3.67 ±0.14 a 3.90 ±0.24 de 3.86 ±0.16 ce 3.79 ±0.11 acd

EIV_Moisture 7.35 ±0.32 b 6.44 ±0.38 a 7.25 ±0.39 b 6.75 ±0.39 c 6.49 ±0.35 a

EIV_Soil_Reaction* 6.26 ±0.37 a 6.57 ±0.19 b 4.91 ±0.39 c 5.89 ±0.49 a 6.63 ±0.24 b

EIV_Nutrients (^4) 5.82 ±0.37 a 6.33 ±0.31 b 4.62 ±0.49 c 5.39 ±0.47 d 6.00 ±0.24 a

Tab. 2 Means and standard deviations for altitude and Ellenberg indicator values (EIV).

Signi�cant di�erences among particular clusters (vegetation types) in one-way ANOVA and post-hoc Tukey HSD test or (marked with “*”) 
Kruskal-Wallis ANOVA (P < 0.05) are displayed by di�erent letters (a–e). ^4 – biquadratic transformation.
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have added epithets (ICPN Recomm. 10C) and interpreted the 
name as Caltho palustris-Alnetum glutinosae Šomšák 1961. �e 
phytosociological material includes very di�erent relevés with 
heterogeneous species composition and therefore the relevé set 
can be assigned not only to the alder carr forests but also to 
the riparian alder vegetation. If this �oristic variability along 
with habitat characteristics and understorey composition of 
the original diagnosis [34,35] are taken into account, the name 
Caltho palustris-Alnetum glutinosae Šomšák 1961 thus becomes 
a syntaxonomic synonym for a part of the associations Carici 
elongatae-Alentum glutinosae and Stellario-Alnetum glutinosae. 
�e name Caltho-Alnetum Šomšák 1961 was later modi�ed by 
Šomšák [50] as Caltho laetae-Alnetum glutinosae (Šomšák 1961) 
comb. nova, however the choice of the nomenclatural type from 
the data matrix published in 1979 [50] (table 1, relevé No. 10, 
neotypus) and not from former paper [20] is considered to be 
invalid (ICPN Art. 19). �e additional taxonomic determination 

of Caltha palustris subsp. laeta [50] resulted in an unambiguous 
assignment of this taxon by the original author to populations 
recorded in relevés from the Slovenské rudohorie Mts. as well. 
In this sense, it is possible to apply the name Caltho laetae-
Alnetum glutinosae for the community originally described as 
Caltho-Alnetum Šomšák 1961 (ICPN Recomm. 10C). �e Caltho 
laetae-Alnetum glutinosae Šomšák (1961) 1979 is therefore a 
younger homonym of the Caltho palustris-Alnetum glutinosae 
Šomšák 1961, i.e. an illegitimate name according to ICPN 
Art. 31. In addition, there was observed an evident shi� by 
ecological interpretation of this community from hygrophilous 
forests with numerous mesotrophic species to hygrophilous 
ones with regular occurrence of acidophytes occupying hemi-
oligotrophic habitats [50]. However, the species composition 
of the relevés from the High Tatras Mts. [50] corresponds to 
the alder vegetation of Piceo-Alnetum (Alnion incanae). �e 
previous investigation gave an ambiguous answer concerning 

Fig. 4 Spatial distribution of vegetation units with dominance of alder species in central Slovakia. a Carici elongatae-Alnetum glutinosae s. lat. 
(cluster 1). b Stellario-Alnetum glutinosae (cluster 2). c Piceo-Alnetum (cluster 3). d Cardamino amarae-Alnetum incanae (cluster 4). e Alnetum 

incanae (cluster 5).
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its position in the classi�cation system. Formerly, it had been 
classi�ed in the Alnion glutinosae alliance [26]. Regarding the 
overall �oristic spectrum, ecological requirements and particu-
larly the results of our analysis (Tab. 1, Fig. 3), we propose its 
subordination into the Alnion incanae forests.

Riparian alder forests

�e present �ndings of the variability in environmental 
conditions and species composition a�ecting the internal di�er-
entiation of riparian forests (Tab. 1, Tab. 2) are in agreement with 
the outcomes of other studies (e.g. [4,16]). Four associations 
were distinguished using the numerical classi�cation, including 
mesic riparian alder vegetation on habitats from the colline to 
the montane belt, oligotrophic spruce-alder forests and spring-
alder vegetation. Forest stands with a similar �oristic structure 
and ecology are known from several Central European countries 
[4,7,10,13,17]. �e analysis did not form a separate cluster for 
the Carici remotae-Fraxinetum association. �e stands with the 
species composition similar to these eutrophic spring ash-alder 
forests [9,12] had marginal occurrence in the study area, and 
they were recorded only in a few relevés. Considerable �oristic 
variability and a small number of relevés in the data set most 
likely resulted in their assignment into the Stellario-Alnetum 
glutinosae association (cluster 2; Tab. 1).

�e general arrangement of the Alnion incanae alliance con-
sists of the commonly accepted syntaxa with obvious diagnostic 
features and a wider geographical range (Stellario-Alnetum 
glutinosae, Alnetum incanae, Fraxino-Alnetum W. Matuszkie-
wicz 1952), and the plant communities with a speci�c local 
�oristic combination, e.g. Cardamino amarae-Alnetum incanae 
in Slovakia [20], Paridi quadrifoliae-Alnetum glutinosae Kevey 
in Borhidi et Kevey 1996 in Hungary [15], Carici rostratae-
Alnetum incanae Karner in Willner et Grabher 2007 in Austria 
[16] or Ornithogalo pontici-Alnetum glutinosae Didukh 1996 
em. Onyshchenko 2009 in Ukraine [19]. �e syntaxonomical 
and nomenclatural stability is thus probably dependent on the 
comparison of large-scale phytosociological data set, which 
might lead to the reduction of some associations to synonyms. 
For example, the forest stands reported from the Eastern Car-
pathians as Caltho laetae-Alnetum (Zarzycki 1963) Stuchlik 1968 
[51,52] and alder vegetation in the foothills of the High Tatras 
Mts. [50] correspond to the Piceo-Alnetum association, what is 
consistent with the revision of the Ukrainian Fagetalia sylvaticae 
forests, where Caltho laetae-Alnetum (Zarzycki 1963) Stuchlik 
1968 has been quoted in the synonym list of the latter one [19].

�e syntaxonomical and nomenclatural evaluation of par-
ticular clusters indicated an incorrect use of the authorship 
for the name Piceo-Alnetum Rubner ex Oberdorfer 1957. �e 
spruce-alder forests with strictly mesotrophic character were 
for the �rst time described by Rubner [53] as Piceeto-Alnetum 
glutinosae without any abundance-cover values for individual 
plant species, and therefore it must be regarded as invalid (ICPN 
Art. 2b). In the syntaxonomic scheme proposed by Oberdorfer 
[54] for the alliance Alno-Ulmion Br.-Bl. et Tx. 43, there was 
reported a synoptic table with a range of constancy classes for 
the recorded species, which can analogically be considered as 
an insu�cient validation in term of ICPN Art. 2 (see also [4,9]). 
�e Piceo-Alnetum was thus validly published by Mráz [36] from 
the Czech Republic, who used this name for the oligotrophic 
spruce-alder forests on waterlogged soils. Outside the Czech 
Republic, it has been found in Ukraine [19] and analogous 
community has also been mentioned under various names 
from Germany [17], Austria [16] and Poland [55].

�e species composition of the alder forests seems to be 
relatively homogeneous, with a number of species able to grow 
across di�erent scales and areas together with a set of species 
re�ecting the local environmental gradients or phytogeographi-
cal in�uences. �ese �oristic patterns allow us to distinguish the 
associations distributed under similar conditions throughout 
the Central Europe and, at the same time, forests with partial 
preference to a speci�c geographic region. In Slovakia, the forest 
vegetation dominated by Alnus glutinosa or A. incana shows a 
good coincidence with analogous communities recognized in 
the most recent national vegetation overviews, which are tra-
ditionally classi�ed in the Alnion glutinosae and Alnion incanae 
alliances. Moreover, the current study uni�es the previous local 
classi�cation systems and represents an important step towards 
the national synthesis of alder forests.
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