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Abstract. The aim of the study was to perform phytosociological revision of the
scree and ravine forest vegetation in Slovakia in order to identify i) basic vegeta-
tion units according to their floristic composition, and ii) to find out the main en-
vironmental gradients affecting their compositional variability. Relevés originally
assigned to broadly comprehended alliance 7ilio platyphylli-Acerion (974 relevés)
were used for the analyses. In order to select final dataset (527 relevés), formal
criteria, such as tree layer cover >50%, relevé area of 200-500 m?* and presence at
least two from six traditionally accepted diagnostic species of the alliance in Central
Europe (Acer platanoides, Lunaria rediviva, Phyllitis scolopendrium, Polystichum
aculeatum, Tilia platyphyllos and Ulmus glabra) were applied to the primal dataset.
Altitude, aspect, slope, climatic characteristics (mean annual precipitation and air
temperature), geological bedrock and Ellenberg indicator values (EIVs) were spec-
ified for each phytosociological relevé. We used modified TWINSPAN algorithm
for classification, Detrended Correspondence Analysis (DCA) for explanation of
species composition-environmental relationships, and both ANOVA corrected
using modified permutation test and Mann-Whitney U-test to test environmental
differences at each step of division by numerical classification. Two alliances, Meli-
co-Tilion platyphylli and Tilio platyphylli-Acerion were distinguished with three
(Aceri platanoidis-Tilietum platyphylli, Scolopendrio-Fraxinetum and Seslerio
heufleranae-Quercetum petraeae) and two (Mercuriali perennis-Fraxinetum excel-
sioris and Lunario redivivae-Aceretum pseudoplatani) associations, respectively.
Besides the floristic composition, other important factors for differentiation of the
associations were altitude and related climatic characteristics. The main environ-
mental characteristics affecting the overall compositional variability of studied
forests were EIVs for light, moisture, soil reaction and temperature. The complex
syntaxonomical revision identified five floristically and ecologically clearly differ-
entiated associations, what reduced the number to almost half of previously distin-
guished communities from the territory of Slovakia. Moreover, presented concept
is at alliance level in accordance with recent European classification approach.
Keywords: Carpathians, Melico-Tilion platyphylli, syntaxonomy, Tilio platyphyl-
li-Acerion
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Introduction

Broadleaved scree and ravine forests form nat-
ural forest vegetation on specific habitats (ra-
vines, rocky slopes and cliffs) with character-
istic soil, topographic and climatic conditions.
In Central Europe, they settle skeletal and
shallow soils on various geological bedrocks
in wide range of altitudes. These forest stands
have high biodiversity conservation value be-
cause many of them are still preserved in natu-
ral state. They vary in number of vascular plant
species, i.e. both species-poor and species-rich
stands could be found (Baran et al. 2018). For-
est overstorey is usually composed of nutri-
ent-demanding trees like Acer platanoides, A.
pseudoplatanus, Fraxinus excelsior, Tilia cor-
data, T. platyphyllos and Ulmus glabra. These
dominant trees, commonly occur with other
tree species, particularly Carpinus betulus,
Quercus petraea agg., Fagus sylvatica, Abies
alba and Picea abies reflecting the altitudinal
gradient and presence of adjacent zonal vege-
tation. Herb layer consists mainly of nitrophi-
lous and mesotrophic forest plants accompa-
nied by numerous ferns adapted to different
disturbance level as a consequence of less
stable rocky substrates (Willner & Grabherr
2007, Ellenberg 2009, Chytry 2013). Charac-
teristic (unique) species exclusively related to
these vegetation units are relatively rare due
to sharing of many understorey species with
zonal broadleaved forests (Chytry & Tichy
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2003, Willner & Grabherr 2007, Jarolimek &
Sibik 2008, Kacki et al. 2013). Therefore, their
classification at association and alliance level
is highly variable among Central European re-
gions.

Ravine and scree forests distributed across
entire nemoral zone of the temperate Europe
are traditionally classified within the order
Fagetalia sylvaticae or recently within the
order Aceretalia pseudoplatani (e.g. Rodwell
1991, Dierssen 1996, Willner & Grabherr
2007, Kosir et al. 2008, Paal 2009, Campos
et al. 2011, Vukeli¢ 2012, Mucina et al. 2016,
Novak et al. 2017). Biogeographical and cli-
matic gradients promote delimitation of two
alliance groups within the Aceretalia pseudo-
platani order, i.e. cool temperate and submed-
iteranean group with two and three alliances,
respectively (Mucina et al. 2016). Scree and
ravine forests of subcontinental part of Central
Europe refer to the Melico-Tilion platyphylli
and Tilio platyphylli-Acerion alliances within
the cool temperate group. In Central Europe,
authors of vegetation surveys preferred rather
broadly conceived concept of a single alliance
Tilio platyphylli-Acerion (Pott 1992, Willner
& Grabherr 2007, Jarolimek & Sibik 2008,
Onyschenko 2010, Borhidi et al. 2012, Chytry
2013, Matuszkiewicz 2014). It includes both
termophilous and montane forest types. In
addition, Illyrian ravine and scree forests re-
corded in Hungary were assigned to regionally
specific suballiance Polysticho setiferi-Acere-
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nion psedoplatani (Aremonio-Fagion alliance;
Borhidi et al. 2012).

In Slovakia, scree and ravine forests are
developed on habitats with various environ-
mental conditions in two contrasting climatic
regions. While the southern Pannonian part of
the country is affected by warm and dry sub-
continental climate, the northern Carpathian
regions are characterized by wet and montane
subcontinental to suboceanic climate (Miklos
2002). The first phytosociological relevés of
these specific forest stands were published
in the 1930-40s (e.g. Klika 1936, 1941), but
much more data have been recorded primarily
in the last 40 years (e.g. Fajmonova 1973, Ju-
rko 1975, Somsak & Haberova 1979, Kliment
et al. 2010). They are distributed almost across
all mountain ranges, with more abundant sub-
sets available from central and western Car-
pathian regions. Seven to ten associations of
the Tilio-Acerion alliance were reported in
previous lists of vegetation units in Slovakia
following expert-based classification approach
(Mucina & Maglocky 1985, Berta 1986,
Jarolimek & Sibik 2008), but some of them
were mentioned only in a single survey. How-
ever, complex revision using a large phytoso-
ciological dataset and numerical methods had
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not been realized yet. Such a revision is also
essential to verify and apply the current clas-
sification concept of European vegetation at
alliance level (Mucina et al. 2016). Therefore,
our study aimed to perform a missing complex
phytosociological revision and identify i) basic
vegetation units of the scree and ravine forests
in Slovakia based on their floristic composi-
tion and ii) the main environmental gradients
affecting the compositional variability of these
types of vegetation.

Materials and methods

Our study was realized in the territory of Slo-
vakia (Central Europe; Figure 1). Phytosocio-
logical relevés were obtained from the Cen-
tral Database of Phytocenological Relevés of
Slovakia (644 relevés; code EU-SK-001 in
the Global Index of Vegetation-Plot Databas-
es, Sibik 2012) and from authors’ unpublished
material (330 relevés), all assigned into 7Til-
io-Acerion sensu lato (including Melico-Tilion
and Tilio-Acerion sensu Mucina et al. 2016).
Initial set of 974 relevés was stored in Turbo-
veg software (Hennekens & Schaminée 2001)
and further analysed in the Juice program

(Tichy 2002). The dataset

was corrected using two cri-

teria. Firstly, only relevés
with tree layer cover >50%
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and those of areca between
200-500 m? were considered
(dataset reduced to 874 rele-
vés). Secondly, six diagnostic
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Lunaria rediviva, Phyllitis
scolopendrium, Polystichum
aculeatum, Tilia platyphyllos
and Ulmus glabra) reported
in Central European literature
sources for Tilio-Acerion sen-
su lato (Chytry & Tichy 2003,
Willner & Grabherr 2007, Ja-

. www.wikipedia:org

Figure 1 Map of the studied area

rolimek & Sibik 2008, Kacki
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et al. 2013) were used to identify relevés with
significant afinity to this vegetation unit. At
least two of these species would have to be
present in the individual relevé. The final data-
set thus contained 527 relevés, which were sat-
isfactorily distributed across Slovakia (Figure
1). Species nomenclature and taxonomy were
unified using broader defined plant taxa (Sup-
porting information 1). For the next analyses,
all records of juvenile trees occurring in herb
layer were deleted, while trees in tree and shrub
layers were combined into one taxon (see Ch-
ytry 2013, Fischer 2015). Multiple records of
shrubs (in shrub and herb layer) were similarly
merged into one taxon. Plant taxa determined
only to genera level and also bryophytes were
omitted prior to all analyses. Although bryo-
phytes were not recorded for each relevé, they
were re-introduced in the final synoptic table
(Chytry 2013).

Modified TWINSPAN algorithm (Rolecek et
al. 2009) was run for numerical classification
with two pseudospecies cut levels (0%, 50%)
and total inertia as a measure of cluster hetero-
geneity. At first, we divided data set into two
main groups corresponding to two alliances
sensu Mucina et al. (2016). Then we classified
each group individually with the same TWIN-
SPAN setting described above. Differential
species of each cluster were determined using
frequency and fidelity thresholds (® — phi coef-
ficient; Chytry et al. 2002). Fidelity calculation
was based on the presence/absence data with
a standardization of relevé groups to an equal
size. The Fisher’s exact test (p<0.05) was used
to eliminate species with non-significant occur-
rence optimum in a particular cluster (Tichy &
Chytry 2006). Diagnostic species were defined
as species showing simultaneously frequency
>20%, the phi coefficient >0.25 and the dif-
ference in frequencies among clusters >20%.
If a particular species was constant (frequen-
cy >50%) in two or more clusters, it was not
accepted as diagnostic. Fidelity and frequency
values of bryophytes were derived only from
the subset of 205 relevés with their records.
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The main environmental gradients responsi-
ble for compositional variability of vegetation
were analysed using Detrended Correspon-
dence Analysis (DCA) in Canoco for Win-
dows package (ver. 5.0; ter Braak & Smilauer
2012). DCA ordination was performed with
detrending by segments, logarithmic trans-
formation of species cover values and down-
weighting of rare species. The main source of
variation in species composition was interpret-
ed by unweighted means of Ellenberg indica-
tor values for vascular plants (EIVs; Ellenberg
et al. 1992). Multiple linear regression with
modified permutation test (999 permutations;
Zeleny & Schaffers 2012) was performed to
test associations between EIVs and the first
two DCA ordination axes using R 3.0.1 soft-
ware (R Core Team 2013). Some other envi-
ronmental variables were recorded in the field
by authors (altitude, aspect and slope) or ob-
tained from GIS (climatic data and the type of
geological bedrock). Climatic data represented
by mean annual precipitation and temperature
(records from the period 1961-1990) were
provided by the Slovak Hydrometeorological
Institute. Geological bedrock for each plot was
obtained from Geological maps of Slovakia
(1: 50 000). Both were derived from raster val-
ues computed in GRASS GIS (Grass Devel-
opment Team, 2010). Geological bedrock and
cover of particular layers were used only to de-
scribe the vegetation units. Differences in the
values of EIVs and measured factors (altitude,
mean annual precipitation and temperature) at
each step of division by numerical classifica-
tion (modified TWINSPAN algorithm) were
tested with ANOVA corrected using modified
permutation test and Mann-Whitney U-test,
respectively. Distribution maps of vegetation
units were created by DMAP software (Mor-
ton 2005).

Nomenclature of plant species and com-
munities was used according to Marhold
& Hindak (1998), Mucina et al. (2016) and
Jarolimek & Sibik (2008). The nomenclatural
revision of the particular vegetation units was



Hrivndk et al.

done according to the rules of the Internation-
al Code of Phytosociological Nomenclature
(ICPN; Weber et al. 2000).

Results
Numerical classification

The whole dataset of scree and ravine for-
est vegetation was split into two floristically
well-established groups of relevés (Support-
ing information Table 1). Altitude and related
climatic characteristics (mean annual temper-
ature and precipitation) accompanied by EIV
for light and nutrients were the key factors
affecting the divisions (all p<0.05; Figure 2).

Phytosociological approach to scree and ravine ...

In the first group (Melico-Tilion platyphylli),
the first division was ecologically well defined,
with significant differences in altitude, climat-
ic factors, EIV for continentality, light and nu-
trients (all p<0.05). Further level of division
was less pronounced with marginal effect of
mean annual precipitation (p=0.065). The first
division of the second group (Zilio platyphyl-
li-Acerion) was driven by the altitude and cli-
matic characteristics (all p<0.05; Figure 2).

Ordination analysis
Detrended correspondence analysis (DCA)

showed relatively clear differentiation of dis-
tinguished vegetation units (Figure 3a). Based

585 Altitude™* 768
522 EIV for Light** 423
7.11  Mean annual air temperature®* 6.21
822 Mean annual precipitation*** 943
498 EIV for Nutrients™* 6.30
Melico-Tilion platyphylli Tilio platyphylli-Acerion
539 Altitude*** 628
3.46 EIV for Contl_nenfhty 3.67 508 Altitude™ 902
4.84 EIV for Light 5.57 713 M | air t ture*™  5.48
7.45 Mean annual air temperature*** 6.79 8.38 hellir;:’x;ia?”r:gﬁg:ofs” 1626
794 Mean annual precipitation®* 849 precip
5.60 EIV for Nutrients™* 4.39
1 1
809 Mean annual precipitation 776
l
1 2 3 4 5

Figure 2 Dendrogram of numerical classification with environmental differences between two clusters at each
step of division. Only statistically significant variables are shown, in alphabetically order, together
with their median values (* p<0.05; ** p<0.01; *** p<0.001; without any symbol p=0.065). The
number of clusters correspond with the synoptic tables Table 2 and Table 3 (1 — Aceri platanoidis-
Tilietum platyphylli, 2 — Scolopendrio-Fraxinetum, 3 — Seslerio heufleranae-Quercetum petraeae,
4 — Mercuriali perennis-Fraxinetum excelsioris, 5 — Lunario redivivae-Aceretum pseudoplatani)
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Figure 3 DCA: sample, environmental and species plots of ravine and

scree forests in Slovakia. A — sample plot (squares = Melico-Til-
ion platyphylli, empty = Aceri platanoidis-Tilietum platyphylli,
shade = Scolopendrio-Fraxinetum, black = Seslerio heufler-
anae-Quercetum petraeae; stars = Tilio platyphylli-Acerion,
empty = Mercuriali perennis-Fraxinetum excelsioris and shade
= Lunario redivivae-Aceretum pseudoplatani), B — Ellenberg in-
dicator values as supplementary variables and C — species plot
(only species with constancy higher than 20% in whole data set
are displayed. For abbreviations of plant taxa see Supporting
information 3.
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action and temperature (all
p < 0.001; Figure 3b). Plant
species turnover followed
these gradients and were ar-
ranged from thermophilous
and heliophilous plants grow-
ing on the soils with relative-
ly low amount of nutrients
(e.g. Cornus mas, Melittis
melisophyllum, Sorbus aria,
Vincetoxicum  hirundinaria)
to eutrophic and/or moisture
demanding species of cool
sites (e.g. Abies alba, Impa-
tiens noli-tangere, Senecio
nemorensis agg.; Figure 3c).

Description of vegetation
units

Syntaxonomical interpreta-
tion of confirmed vegetation
units is in accordance with
previously described syntaxa
from Central European re-
gion. Three associations were
assigned to the alliance Mel-
ico-Tilion platyphylli (Sup-
porting information Table 1,
column 1; Supporting infor-
mation Table 2) and two as-
sociations to the alliance Tilio
platyphylli-Acerion (Support-
ing information Table 1, col-
umn 2; Supporting informa-
tion Table 3).

Melico-Tilion platyphylli
Passarge et G. Hofmann 1968
(Supporting information Ta-
ble 1, column 1; Supporting
information Table 2). Ther-
mophilous lime forests on
scree slopes at low altitudes
of the southern regions of

on EIVs, the main ecological gradients af-
fecting the compositional variability of these
forests were EIVs for light, moisture, soil re-
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Central Europe. Syn.: Melico-Tilion platyphyl-
[i Passarge 1968 (§ 33), Tilion Moor 1973 (§
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29¢). Incl.: Tilienion platyphylli (Moor 1973)
Miiller in Oberdorfer 1992. Nomenclatu-
ral type: Aceri-Tilietum Faber 1936 (Willner
2015, lectotype).

Tree layer (mean cover ~78%) is creat-
ed mainly by broadleaved species Acer pla-
tanoides, Carpinus betulus, Tilia platyphyllos,
T. cordata with co-occurrence of Fraxinus ex-
celsior, Quercus petraea agg. or Sorbus aria.
The most frequent shrubs (mean cover ~12%)
are Cornus mas and Corylus avellana. Mes-
otrophic species, which are frequent in oak and
oak-hornbeam forests (Campanula rapuncu-
loides, Convallaria majalis, Galium schultesii,
Mycelis muralis, Vincetoxicum hirundinaria),
commonly occur together with nitrophilous
species (Alliaria petiolata, Campanula trache-
lium, Geranium robertianum, Mercurialis per-
ennis) and ferns (e.g. Asplenium trichomanes).
Herb layer is relatively open (mean cover
~56%). Constant species of well-developed
moss layer (constancy >50%) are Anomodon
viticulosus, Hypnum cupressiforme, Porella
platyphylla and Tortella tortuosa.

These forest stands occur mainly on lime-
stones. They prefer steep (mean ~30°) rocky
slopes with various aspects in hilly regions
(mean altitude ~517 m a.s.l., mean precipitation
~822 mm and temperature ~7.1 °C, Figure 4).

Aceri platanoidis-Tilietum platyphylli Faber
1936 (Supporting information Table 2, column
1). Original form of the name: Assoziation
Acereto-Tilietum (Faber 1936). Syntax. syn.:
Aceri-Carpinetum Klika 1941; Roso pen-
dulinae-Tilietum cordatae Csiky et al. 2001.
Incl.: Aceri-Carpinetum aconitetosum vulpar-
iae Husova 1982. Pseud.: Mercuriali-Tilietum
Zo6lyomi et Jakucs ex Fekete et Jarai-Komlodi
1962 (Héaberova et al. 1985 p.p.), Vincetox-
ico-Tilietum auct. non Winterhoff 1963 (e. g.
Jurko 1975 p. p.). Nomenclatural type: Faber
1936, Table 6, column BI, rel. 1 (Willner
1996, lectotype).

The canopy-closed tree layer (cover ~80%)
is dominated mainly by 7ilia platyphyllos, less
frequently by Acer platanoides, Fagus sylvat-

Phytosociological approach to scree and ravine ...

ica, Fraxinus excelsior, Quercus petraea agg.
and occasionally by Acer pseudoplatanus,
Carpinus betulus and Tilia cordata. Other
species (e.g. Acer campestre and Sorbus torm-
inalis) usually occur with lower coverage. In
the shrub layer (mean cover ~15%), Cornus
mas shows the highest frequency and cover,
while Corylus avellana, Crataegus laevigata
and Sambucus nigra are less frequent. Con-
stant species of the herb layer are mainly mes-
otrophic (Campanula rapunculoides, Galium
odoratum, Lathyrus vernus, Melica uniflora,
Mpycelis muralis, Poa nemoralis) and nitrophil-
ous plants (Alliaria petiolata, Galium aparine,
Geranium robertianum, Glechoma hederacea
agg., Mercurialis perennis). Several of them
reach high cover values (e.g. Mercurialis per-
ennis). The thermophilous species are rare,
with exception of Vincetoxicum hirundinaria.
Herb layer is relatively open (~58%). Only
Hypnum cupressiforme and Anomodon vitic-
ulosus show high constancy and cover in the
moss layer.

The association is recorded mainly on lime-
stones, occasionally on volcanic or crystaline
bedrock (e.g. basalt, andesite, diorite). The
stands usually occur in hilly regions (altitude
~517 m a.s.l.) on moderately steep (~28°)
rocky slopes indifferent to slope aspect, with
mean precipitation and temperature of ~809
mm and ~7.5 °C, respectively (Figure 4).

Distribution of the association is document-
ed from foothills of the Western Carpathians,
such as Malé Karpaty Mts, Zoborské vrchy
Mts, Strazovské vrchy Mts, Cerova vrchovi-
na Mts, Muranska planina Mts and Slovensky
kras Mts (Figure 5).

Scolopendrio-Fraxinetum Schwickerath
1938 (Supporting information Table 2, column
2). Original form of the name: Scolopendri-
eto-Fraxinetum (Schwickerath 1938). Syn.:
Phyllitido-Aceretum subcarpaticum So6 1962
(§2b), Phyllitido-Aceretum subcarpaticum Sod
ex Jakucs 1967 (§ 34a). Incl.: Phyllitido-Ac-
eretum subcarpaticum anemonetosum ranun-
culoides Jakucs 1967. Non: Phyllitido-Acere-
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Figure 4 Box-plots of Ellenberg indicator values for light, soil reaction and nutrients, altitude, mean annual air

temperature and precipitation. Horizontal line represents mean, box standard deviation of mean, whis-

kers minimum and maximum values. 1 — Aceri platanoidis-Tilietum platyphylli, 2 — Scolopendrio-Frax-

inetum, 3 — Seslerio heufleranae-Quercetum petraeae, 4 — Mercuriali perennis-Fraxinetum excelsioris,

S — Lunario redivivae-Aceretum pseudoplatani

tum Moor 1945 Pseud: Mercuriali-Tilietum 1962 (Haberova et al. 1985 p.p.). Nomenclatu-
Zo6lyomi et Jakucs ex Fekete et Jarai-Komlodi  ral type: Schwickerath 1938: 294295, rel. 29,
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lectotype (Husova in Moravec et al. 2000).

The stands are usually four-layered. The
canopy-closed tree layer (~82%) is created by
combination of broadleaved deciduous trees,
with Tilia platyphyllos as dominant tree, and
Acer pseudoplatanus, A. platanoides, Carpi-
nus betulus, Fagus sylvatica, Fraxinus excel-
sior and Quercus petraea agg. as co-occurring
and locally dominant species. Other co-occur-
ing tree species, such as Tilia cordata or Ul-
mus glabra do not usually reach higher cover
values. Evenly developed shrub layer usually
has low cover (~6%) and is frequently formed
by Cornus mas, Corylus avellana and Ribes
uva-crispa. The physiognomy of the herb layer
(cover ~55%) is determined by mosaic of ferns
(Asplenium trichomanes, Cystopteris fragilis,
Dryopteris filix-mas, Phyllitis scolopendrium,
Polypodium vulgare), nitrophilous (Alliaria
petiolata, Geranium robertianum, Glechoma
hederacea agg., Mercurialis perennis) and
mesotrophic species (Asarum europaeum,
Campanula rapunculoides, Galeobdolon lute-
um agg., Lathyrus vernus, Mycelis muralis and
Poa nemoralis). Moss layer is well developed
with high number of species, several of them
with high constancy (e.g. Ctenidium mollus-
cum, Homalothecium philippeanum, Plagioch-
ila porelloides). The bryophytes create almost
half of diagnostic species of the association
(e.g. Anomodon attenuatus, Ctenidium mollus-
cum, Homalothecium philippeanum) and they
occur particularly on boulders.

This association inhabits mainly limestones,
occasionally other bedrock types. It usually oc-
curs in hilly regions (altitude ~566 m) with the
mean precipitation of ~776 mm and tempera-
ture of ~7.4 °C (Figure 4). They were found
on steep (~30°), mostly northern and western
slopes of ravines or at the foot of the rocky
slopes.

The association is recorded mainly in the
karst areas of the southern part of Slovakia
(Slovensky kras Mts, Drienc¢ansky kras Mts
and Muranska planina Mts), rarely in other
mountain ranges of the Western Carpathians
(e.g. Strazovské vrchy Mts and Malé Karpaty
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Mts; Figure 5).

Seslerio heufleranae-Quercetum petraeae
Somsak et Haberova 1979 (Supporting in-
formation Table 2, column 3). Original form
of the name: Assoziation Seslerio heufler-
anae-Quercetum petraeae (Somiak & Héber-
ova 1979). Syn.: Poo stiriacae-Tilietum Faj-
monova in Haberova et al. 1985 prov. (§ 1, 3b).
Pseud.: Cynancho-Tilietum platyphylli auct.
non Winterhoff 1963 (e.g. Fajmonova 1993),
Mercuriali-Tilietum Zoélyomi et Jakucs ex Fe-
kete et Jarai-Komlodi 1962 (Miadok 1981).
Nomenclatural type: Somsak & Héberova
1979, Table 4, rel. 1, holotype.

Moderately closed tree layer (cover ~75%)
is formed by a mixture of rather thermophilous
species of lower altitudes (Carpinus betulus,
Quercus petraea agg., Sorbus aria) and typical
tree species of scree habitats (Acer platanoides,
Fraxinus excelsior, Tilia cordata, T. platyphyl-
los). The most frequent dominant trees are 7il-
ia platyphyllos and Quercus petraea agg.. The
shrub layer (cover ~13%) is formed mainly by
Cornus mas. In the species rich herb layer (~65
species per relevé), occurs numerous thermo-
philous species such as Campanula persicifo-
lia, Convallaria majalis, Digitalis grandiflora,
Hylotelephium maximum, Laserpitium latifo-
lium, Melittis melissophyllum, Polygonatum
odoratum or Vincetoxicum hirundinaria. Some
of them (e.g. Convallaria majalis and Vince-
toxicum hirundinaria), as well as calciphilous
grass Calamagrostis varia reach high cover
values. In addition, other mesotrophic (e.g.
Arabis turrita, Campanula rapunculoides, C.
trachelium, Carex digitata, Galium schultesii,
Lathyrus vernus, Mycelis muralis, Poa nemor-
alis), nitrophilous species (Mercurialis peren-
nis — occasionally as dominant) and ferns (4sp-
lenium trichomanes) are admixed. Bryophytes
occur frequently (e.g. Anomodon viticulosus,
Hypnum cupressiforme, Porella platyphylla
and Tortella tortuosa).

Limestones are typical bedrock type for the
association. Less frequent are dolomites or flu-
vial sediments. The stands occur in hilly and

sub-montane regions (altitude ~628 m a.s.l.),
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Figure 5 Distribution of the associations Melico-Tilion platyphylli and Tilio platyphylli-Acerion in Slovakia

mainly on steep slopes (~31°) with various
slope aspects, with mean precipitation of ~849
mm and temperature of ~6.8 °C (Figure 4).
Distribution of the association is concentrat-
ed to the Muranska planina Mts and Slovensky
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kras Mts, with rare occurrence in other karst
regions (e.g. Biele Karpaty Mts and Micina
karst; Figure 5).

Tilio platyphylli-Acerion Klika 1955 (Sup-
porting information Table 1, column 2; Sup-
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porting information Table 3). Sycamore maple
forests in the montane belt and cool ravines of
the Central European mountain ranges. Orig-
inal form of the name: Tilieto-Acerion fed. n.
(Klika 1955). Syntax. syn.: Lunario-Acerion
Moor 1973. Incl.: Acerenion pseudoplatani
Oberdorfer 1957 p. p. (typo excl.); Lunario-Ac-
erenion pseudoplatani (Moor 1973) Miiller in
Oberdorfer 1992. Nomenclatural type: Acere-
tum pseudoplatani Fatrae Klika 1936, lecto-
type (Husova 1973).

The canopy of tree layer is almost closed
(~80%) and created mainly by Acer pseudopla-
tanus and Fagus sylvatica with the co-occur-
rence of Acer platanoides, Fraxinus excelsior
and Ulmus glabra. The shrub layer is poorly
developed with very low cover (~8%). Physi-
ognomy of the herb layer (cover ~68%) is de-
termined by upper layer of ferns (Dryopteris
filix-mas) and high herbs (Impatiens noli-tan-
gere, Lunaria rediviva, Senecio nemorensis
agg., Urtica dioica) which is undergrown by
lower herb species (Galeobdolon luteum agg.,
Galium odoratum, Geranium robertianum,
Mercurialis perennis, Mycelis muralis, Oxalis
acetosella, Pulmonaria officinalis agg.). Spe-
cies composition consists of a combination of
nitrophilous and mesotrophic plants. Moss lay-
er is well developed, covering stones, boulders
and dead wood. Species Ctenidium molluscum,
Eurhynchium angustirete, Plagiomnium undu-
latum and Rhizomnium punctatum occur with
constancy higher than 20%.

Communities of the alliance are present main-
ly on carbonates, volcanic and occasionally
also on crystaline bedrock. These forest stands
prefer moderately steep (~26°) rocky slopes in
montane regions (altitude ~767 m a.s.l.) with
mean precipitation and temperature of ~943
mm and ~6.2 °C, respectively (Figure 4).

Mercuriali perennis-Fraxinetum excelsio-
ris (Klika 1942) Husova in Moravec et al.
1982. (Supporting information Table 3, col-
umn 1). Original form of the name: Mercu-
riali-Fraxinetum (Klika 1942) Husova nom.
nov. (Husova in Moravec et al. 1982). Syn.
(basionym): Acereto-Fagetum (carpaticum)

Phytosociological approach to scree and ravine ...

Klika 1942 (§ 34a). Non: Aceri pseudopla-
tani-Fraxinetum Ribel 1930. Phantom name:
Mercuriali-Fraxinetum (Klika 1942) Husova
1981 (Wallnofer et al. 1993; Ujhazyova 2007).
Nomenclatural type: Klika 1942: 18-19, rel. 5,
lectotype (Husova in Moravec et al. 2000).

The stands of this association are mostly
three- (four-) layered. Diverse tree layer is
formed by mixture of various broadleaved de-
ciduous trees. High constancy and cover show
Acer pseudoplatanus, A. platanoides, Fagus
sylvatica and Fraxinus excelsior. In addition,
other tree species, such as Carpinus betulus,
Tilia platyphyllos, T. cordata and Ulmus glabra
are admixed. Shrub layer is rarely developed,
with a rather low cover (~8%), created mostly
by young individuals of tree species. They are
accompanied by mesotrophic and nitrophil-
ous shrubs (Corylus avellana and Sambucus
nigra). The species-rich herb layer with cover
~61% is formed particularly by numerous ni-
trophilous (Actaea spicata, Alliaria petiolata,
Chelidonium majus, Geranium robertianum,
Glechoma hederacea agg., Impatiens noli-tan-
gere, Lunaria rediviva, Mercurialis perennis,
Urtica dioica) and mesotrophic herbs (4sarum
europaeum, Galeobdolon luteum agg., Gali-
um odoratum, Mycelis muralis, Polygonatum
multiflorum, Pulmonaria officinalis) together
with fern (Dryopteris filix-mas) and juvenile
tree species (Acer platanoides, A. pseudopla-
tanus, Fagus sylvatica, Fraxinus excelsior).
The moss layer is usually species rich, howev-
er, often reaches a low cover. Only Hypnum cu-
pressiforme is regularly present, the constancy
of other species is relatively low.

Most relevés were recorded on carbonate and
volcanic (mainly andesites) bedrock, whereas
another substrates were rare (e.g. granodior-
ites, sandstones). This plant community pre-
fers moderately steep slopes (~28°) in hilly and
sub-montane regions (altitude ~598 m a.s.l.)
with mean precipitation and temperature of
~838 mm and ~7.1 °C, respectively (Figure 4).

The association is recorded mainly in the
foothills of the Western Carpathians from Malé
Karpaty Mts to Vihorlatské vrchy Mts (espe-
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cially in Malé Karpaty Mts, Strazovské vrchy
Mts, Kremnické vrchy Mts, Javorie Mts, Ve-
porské vrchy Mts, Slovensky kras Mts, Vo-
lovské vrchy Mts, and Vihorlatské vrchy Mts),
only rarely in their central mountain ranges,
e.g. Mala Fatra Mts and Nizke Tatry Mts (Fig-
ure 5).

Lunario redivivae-Aceretum pseudoplatani
Klika 1936 nom. invers. propos. (Supporting
information Table 3, column 2). Original form
of the name: Acer pseudoplatanus-Lunaria
rediviva-Assoziation (Klika 1936 as an alter-
native name). Syn.: Aceretum pseudoplatani
Sillinger 1933 (§ 31); Aceretum pseudoplatani
Fatraec Klika 1936 (§ 34a); Aceri-Fraxine-
tum Tiixen 1937 (§ 31); Acereto-Lunarietum
Sillinger 1939 p. p. (§ 2b, 10b); Acereto-Fa-
getum (carpaticum) Klika 1942 p. p. (typo
excluso) (§ 34a); Phyllitido-Aceretum Moor
1952 (§ 31); Lunario-Aceretum Schliiter in
Griineberg et Schliiter 1957 (§ 31), Lunar-
io-Aceretum pseudoplatani prov. Hadaé et
al. 1969 (§ 3b). Syntax. syn.: Phyllitido-Ac-
eretum Moor 1945; Arunco-Aceretum Moor
1952; Lunario-Abietetum Fajmonova 1984;
Tilio cordatae-Abietetum Somsak 1992. Incl.:
Aceretum pseudoplatani, Lunaria-type Sil-
linger 1933; Fraxino-Fagetum [unarietosum
Klika 1942; Fagetum carpaticum Walas 1933
phyllidetosum Kucerova et Jenik 1963 prov.
(¢l. 3b); Scolopendrio-Fraxinetum cystopteri-
detosum montanae Fajmonova 1985. Pseud.:
Aceri-Fraxinetum auct. non Riibel 1930 (Faj-
monova 1973, 1974, 1980). Non: Scolopen-
drio-Fraxinetum Schwickerath 1938. Nomen-
clatural type: Klika 1936, Table VII, rel. 31,
lectotype (Husova 1973 for Aceretum pseudo-
platani fatrae Klika 1936).

These stands are usually three layered with
moderately closed canopy (~77%). Tree layer
is almost exclusively created by dominant spe-
cies Acer pseudoplatanus and Fagus sylvatica.
They are accompanied by other broadleaved
(e.g. Acer platanoides, Fraxinus excelsior, Ul-
mus glabra) and coniferous tree species (4bies
alba and Picea abies). The shrub layer is

poorly developed, with very low cover values
194

Research article

(~3%) and mostly formed by the juvenile tree
species. The physiognomy of the herb layer
(cover ~74%) is usually determined by nitro-
philous (Geranium robertianum, Lunaria redi-
viva, Mercurialis perennis, Urtica dioica), and
mesophilous herbs (e.g. Actaea spicata, Asar-
um europaeum, Epilobium montanum, Gale-
obdolon luteum agg., Galium odoratum, Im-
patiens noli-tangere, Mycelis muralis, Oxalis
acetosella, Pulmonaria officinalis agg., Salvia
glutinosa, Senecio nemorensis agg.) and ferns
(Athyrium filix-femina, Dryopteris filix-mas,
rarely Cystopteris fragilis, Dryopteris carthu-
siana agg., Phyllitis scolopendrium, Polysti-
chum aculeatum). Among mosses, Ctenidium
molluscum, Eurhynchium angustirete, Plagi-
omnium undulatum, Rhizomnium punctatum
and liverwort Conocephalum conicum fre-
quently occur.

Stands of the association usually occur on
carbonate and volcanic bedrock, occasional-
ly on crystalline bedrock. They inhabit mod-
erately steep (~26°) rocky slopes of montane
regions (altitude ~902 m a.s.l.) with mean pre-
cipitation and temperature of ~1026 mm and
~5.5 °C, respectively (Figure 4).

They occupy suitable sites across the West-
ern Carpathians (Biele Karpaty Mts, Javorniky
Mts, Strazovské vrchy Mts, Mald Fatra Mts,
Velka Fatra Mts, Nizke Tatry Mts, Zapadné
Tatry Mts, Belianske Tatry Mts, Busov Mts,
Laborecka vrchovina Mts, Bukovské vrchy
Mts, Kremnické vrchy Mts, Polana Mts, Ve-
porské vrchy Mts, Muranska planina Mts,
Slovensky raj Mts and Slanske vrchy Mts ;
Figure 5).

Discussion

Our comprehensive syntaxonomical revision
introduced new phytosociological concept of
scree and ravine forests in Slovakia. It sug-
gested the delimitation of two floristically and
ecologically well-differentiated alliances. The
Melico-Tilion platyphylli alliance comprises
scree and ravine forests at low and medium al-
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titudes, which is divided into three associations
representing subxerophilous, mesophilous and
thermophilous communities. Submontane and
montane scree forests were classified into 7il-
io platyphylli-Acerion, and are represented by
two associations. Although this synaxonom-
ical structure contradicts the traditional clas-
sification of these forests in Slovakia within
single alliance Tilio platyphylli-Acerion pseu-
doplatani (Jarolimek & Sibik 2008), it corre-
sponds with recently published classification
of European vegetation (Mucina et al. 2016).
The proposed syntaxonomical synopsis of ra-
vine and scree forests and their affiliation to
the higher vegetation units in Slovakia is as
follows: Class Carpino-Fagetea sylvaticae
Jakucs ex Passarge 1968, Order Aceretalia
pseudoplatani Moor 1976 nom. cons. propos.
Alliance Melico-Tilion platyphylli Passarge et
G. Hofmann 1968, Association Aceri plata-
noidis-Tilietum platyphylli Faber 1936, Associ-
ation Scolopendrio-Fraxinetum Schwickerath
1938, Association Seslerio heufleranae-Quer-
cetum petraeae Somsak et Haberova 1979,
Alliance Tilio platyphylli-Acerion Klika 1955,
Association Mercuriali perennis-Fraxinetum
excelsioris (Klika 1942) Husova in Moravec
et al. 1982, Association Lunario redivivae-Ac-
eretum pseudoplatani Klika 1936 nom. invers.
propos.

It is highly expected that the scree and ravine
forest communities have similar floristic com-
position over the regions of Central Europe.
However, the patterns of syntaxonomical units
in neighbouring countries do not necessarily
reflect only phytogeographical and ecological
gradients, but also different syntaxonomical
approaches. The presented list of associations
is mostly in accordance with the revised con-
cept of the scree and ravine forest vegetation
in the Czech Republic (Chytry 2013). The
Czech survey partially covers the region of the
Western Carpathians and Pannonian lowland,
as well. Included vegetation units are known
from both countries and have similar floristic
composition and ecology, with the exception

Phytosociological approach to scree and ravine ...

of association Seslerio albicantis-Tilietum cor-
datae reported only from the Czech Republic.
It represents lime dominated (7ilia cordata,
T. platyphyllos) forest vegetation of rock out-
crops, originally decribed by Chytry & Sad-
lo (1997). This species-rich community has
grassy physiognomy of herb layer formed by
Sesleria albicans, and is typically composed of
mesophilous and thermophilous species of oak
and oak-hornbeam forests, as well as plants of
non-forests stands. It occurs on limestones or
other base-rich bedrock of Bohemian massif,
marginally reaching the northwestern part of
the Pannonian region of Southern Moravia
and Lower Austria (Chytry & Sadlo 1997,
Chytry 2013). In Austria, Willner & Grabherr
(2007) evaluated Seslerio albicantis-Tilietum
cordatae as a synonym for Aceri platanoid-
is-Tilietum platyphylli. Ecological affinity of
the association is similar to Seslerio heufler-
anae-Quercetum petraeae decribed from lime-
stones in Slovensky kras Mts (southern part of
Central Slovakia; Som$ak & Haberova 1979).
However, the species composition shows sig-
nificant differences and both units can be con-
sidered as geographical vicariants linked to
similar sites, what is in accordance with the
findings of floristic comparison of the Cen-
tral European T7ilia-dominanted calcicolous
forests (Chytry & Sadlo 1997). Our syntaxo-
nomical concept partially overlaps with syn-
taxonomic schemas of scree and ravine forests
in Ukraine and Poland (Onyschenko 2010,
Matuszkiewicz et al. 2018), as well. Recent-
ly, Novak et al. (2017) reported the occurrence
of similar communities from Transcarpathia
(southern part of Ukrainian Eastern Carpath-
ians) and classified them as Aceri-Tilietum,
Arunco dioici-Aceretum pseudoplatani Moor
1952 and Phyllitido-Aceretum Moor 1945
(both as Lunario redivivae-Aceretum pseudo-
platanii in our study). Austrian and Hungarian
vegetation lists of scree and ravine commu-
nities are, on the contrary, different (Willner
& Grabherr 2007, Borhidi et al. 2012). To a
certain extent it is due to the specific phyto-
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geography, ecological conditions (e.g. climat-
ic characteristics), and historically different
human activities in the Alps, compared to the
Western Carpathians in Slovakia. Moreover,
some plant communities of scree and ravine
forests, which were described for the first time
from Pannonian region, have been reported
only from Hungary, especially ravine forests
of colline and submontane zones (e.g. Mer-
curiali-Tilietum Zolyomi Jakucs in Zoélyomi
1958, Parietario-Aceretum (Horanszky 1964)
So06 1971 (Borhidi et al. 2012). However, they
don’t seem to be geographically and ecolog-
ically distinct because they occupy similar
habitats as those in other Central European
mountain ranges. Therefore, other authors
didn’t recognise them at the rank of associa-
tion in adjacent areas. To revise, reconcile and
combine classification of these communities
in the Central Europe, serious effort is needed
using formalized approach and representative
phytosociological dataset.

The latest checklist of vegetation units in
Slovakia listed 10 associations of scree and
ravine forests (Jarolimek & Sibik 2008). We
reduced this number to half because several
of them were not reproduced in our numeri-
cal classification and were thus included as a
synonym of currently accepted syntaxa, e.g.
the species-poor block forest community of
Roso pendulinae-Tilietum cardatae described
by Csiky et al. (2001) from Cerova vrchovina
Mts (southern part of central Slovakia). These
stands are dominated by 7ilia cordata, T. platy-
phyllos, Quercus petraea agg. with the co-oc-
currence of Acer campestre, A. pseudoplata-
nus, Carpinus betulus and Fagus sylvatica in
tree layer. They usually have well-developed
shrub layer (e.g. Euonymus verrucosus, Rosa
pendulina) with high constancy of mesophi-
lous and nitrophilous plants, ferns and thermo-
philous species of open habitats in herb layer
(e.g. Dryopteris filix-mas, Geranium robertia-
num, Mycelis muralis, Polypodium vulgare,
Poa nemoralis, Rubus idaeus, Hylotelephium
maximum). The habitat preferences and spe-
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cies composition of the association clearly
differ from similar thermophilous community
described from Hungary Mercuriali-Tilietum
(Csiky et al. 2001). However, authors did not
compare the community with other thermoph-
ilous association (e.g. Aceri platanoidis-Til-
ietum platyphylli). Both nomenclatural type
relevés (Aceri platanoidis-Tilietum platyphylli
and Roso pendulinae-Tilietum cardatae) were
grouped into one cluster, together with similar
relevés from southern part of Slovakia (unpub-
lished). Therefore, Roso pendulinae-Tilietum
cardatae is quoted in the list of synonyms for
Aceri platanoidis-Tilietum platyphylli.

Both alliances presented in our study are rel-
atively well differentiated along the gradients
of moisture, temperature, light and soil reac-
tion. The alliance Melico-Tilion platyphylli
represents stands growing on relatively dry,
light, warmer sites with relatively low nutri-
ent content, while stands of the alliance Tilio
platyphylli-Acerion prefer habitats with oppo-
site characteristics. Ecological requirements
and also floristic composition fully correspond
with recently used syntaxonomical concept:
thermophilous lime forests on scree slopes at
low altitudes of the southern regions of Central
Europe (Melico-Tilion platyphylli) and syc-
amore maple forests in the montane belt and
cool ravines of the Central European mountain
ranges (7ilio platyphylli-Acerion; Mucina et al.
2016). It has been found that two associations
are more distinct in ecological characteristics
than others. First one, the forest stands of the
Seslerio heufleranae-Quercetum petraeae, had
significantly higher values of EIV for light and
lower for soil nutrients compared to other as-
sociations. They occupy steep southern slopes
leading to a sparse canopy of forest overstory
with light-demanding and thermophilous tree
species (Quercus petraea agg., Sorbus aria,
S. torminalis). High occurrence of oak species
in tree layer suggests their transition towards
thermophilous oak-dominated forests (Kli-
ment et al. 2010). Low values of soil nutrients
are probably caused by soil type — skeletal
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rendzina on steep slopes (Somidk & Haberova
1979, Kliment et al. 2010), where fine soil
particles are easily transported to lower hori-
zons or even downslope leading to high stoni-
ness of topsoil. This likely reduces amount of
available nutrients for plants and may promote
higher frequency of several plants with broad
ecological niche (from slightly acidic to alka-
line soils) such as Cruciata glabra, Galium
schultesii, Rosa pendulina, Sorbus aucuparia.
The second one, Lunario redivivae-Aceretum
pseudoplatani was related to montane areas
with the lowest temperature and highest pre-
cipitations. Mountainous character of these
stands is reported across various European
countries, but they also occur in inverse areas
at lower altitudes with wetter and cooler meso-
climate (e.g. Willner & Grabherr 2007, Chytry
2013, Matuszkiewicz et al. 2018).

Some nomenclatural issues of the associa-
tion Lunario redivivae-Aceretum pseudopla-
tani should be mentioned, as well. Although
the generally used correct name for scree mon-
tane forests with dominance of Lunaria redi-
viva is Phyllitido-Aceretum Moor 1945, it was
used only for a narrowly defined syntaxon for a
long-time. Moreover, it is considered to be the
synonym for Scolopendrio-Fraxinetum, which
represents typical ravine forests of Melico-Til-
ion platyphylli (e.g. Moravec et al. 2000, Ja-
rolimek & Sibik 2008) and therefore, the use
of the name Scolopendrio-Fraxinetum could
be misleading. There are two other names
that are older: Aceri-Fraxinetum (Gradm.)
Tx. 37 and Aceri-Fraxinetum Koch 1926, but
their use is not possible due to nomenclature
reasons (see Chytry 2013). In this sense, we
propose to apply the name Lunario redivi-
vae-Aceretum pseudoplatani Klika 1936 as an
alternative (ICPN, article 3j) for scree mon-
tane forests (750-1200 m a.s.l.) on carbonate
and crystalline bedrock dominated by Acer
pseudoplatanus and Fagus sylvatica (with the
co-occurrence of Abies alba, Fraxinus excel-
sior and Picea abies) in tree layer and with
dominance and/or high constancy of Lunaria
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rediviva and occasional presence of Phyllitis
scolopendrium in herb layer (Klika 1936).

This new concept of Slovak syntaxonomical
classification of scree and ravine forests based
on numerical classification of representative
dataset is rather clear due to the evident floris-
tic and ecological differentiations at the associ-
ation, as well as at alliance level. It provides a
good basis for more consistent revision, main-
ly in case of thermophilous ravine and scree
forests within Central and South-Eastern Euro-
pean region.
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