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Abstract

Pinus cembra forests in the Tatra Mountains were studied by MYCZKOWSKI (1970) and
WOITERSKA et al. (2004), and this research led to a description of a separate forest association called
Cembro-Piceetum Myczkowski 1970 or, according to WOIJTERSKA et al. (2004), Larici-Pinetum
cembrae (Pallmann et Haffter 1933) Ellenberg 1963. However, due to insufficient data, the syntaxo-
nomical status of Swiss stone pine forests remained arguable. Therefore, the aim of this study was to
verify the syntaxonomical status of P. cembra forests in the Tatra as well as to check the possible oc-
currence of these forests in the Western Tatra and on calcareous bedrock, which was omitted in earlier
studies. We made 108 relevés based on the Braun-Blanquet method throughout the entire range of
P. cembra. Data collected in the field were numerically analysed based on the modified Marczewski
and Steinhaus similarity model. The classification was done for the qualitative and quantitative data
using cluster analysis UPGMA. Each relevé was classified fourfold and identified based on the index of
phytosociological agreement (IPA). Characteristic and differential species were identified by species
percentage frequency, fidelity, cover ratio and dominance ratio. We determined two main syntaxonomi-
cal units of relic Swiss stone pine forests, Vaccinio-Pinetum cembrae (Pallmann & Haffter 1933) Ober-
dorfer 1962 and, on calcareous ground, Swertio perennis-Pinetum cembrae ass. nov. The Vaccinio-
Pinetum cembrae was divided into two subassociations and three variants, while the Swertio perennis-
Pinetum cembrae occurred in two variants. To establish their syntaxonomical status, data collected in
the field were compared with relevés collected from the Tatra upper montane Picea abies forests, Tatra
Pinus mugo shrubs, and Alpine P. cembra forests. Results of similarity analyses showed that relic
P. cembra forests in the Tatra growing on granite bedrock are a distinct plant association, different from
the Plagiothecio-Piceetum, and should be treated as one Swiss stone pine forest association Vaccinio-
Pinetum cembrae, common to the Alps and to the Tatra. Furthermore, this study documented the occur-
rence of P. cembra forests in the Western Tatra.
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1. Introduction

Relic Swiss stone pine (Pinus cembra) forests were among the least studied plant associ-
ations in the Western Carpathians. Due to an insufficient number of phytosociological sur-
veys in these forests, their syntaxonomical status was arguable (MATUSZKIEWICZ 2008). On
the other hand, these forests play an important role in the regional conservation of biodiver-
sity. Their two main components, P. cembra and European larch (Larix decidua subsp.
decidua), are extremely rare in the Western Carpathians, and Swiss stone pine occurs as
a native tree only in the Tatra (HOLEKSA & SZWAGRZYK 2004).

There is historical evidence that both species had been heavily harvested in the Tatra due
to their precious wood (JAMNICKY 1964, PARYSKI 1971, MADEYSKI 1974). Human impact
meant that P. cembra forests survived only in the least accessible places along the timber-
line. These woods in some parts of the Tatra can be regarded as virgin forests. According to
some authors these refugia resemble the first type of forest that occurred in the Tatra at the
transition between the Ice Age and Holocene ca. 12,000 years BP (SZAFER 1966, BEDNARZ
1969, OBIDOWICZ et al. 2004).

The first scientific surveys of P. cembra forests were made in the early 20th century.
SOKOLOWSKI (1928) distinguished in some parts of the Tatra a separate belt of P. cembra
above the spruce forests. Nonetheless, at the time of the first phytosociological studies,
P. cembra forests were considered rare and specific subtypes of the widespread spruce forest
Picceetum excelsae (tatricum) (PAWLOWSKI et al. 1928). Nowadays it is called Plagiothecio-
Piceetum (Szafer, Pawtowski et Kulczynski 1923) Braun-Blanquet, Vlieger et Sissingh 1939
em. Matuszkiewicz 1977 (MATUSZKIEWICZ 1977, MATUSZKIEWICZ 2008).

Further studies on Swiss stone pine forests were carried out by MYCZKOWSKI (1969). He
proposed one association for all Eurasian P. cembra forests, divided into several subassocia-
tions depending mostly on geographical criteria. Finally MYCZKOWSKI (1970) described an
association Cembro-Piceetum Ellenberg 1968 — relic Swiss stone pine forests of the Tatra
Mountains, within the alliance Piceion excelsae. Presently, synonyms of this association are
Cembro-Piceetum Myczkowski 1970 or Pino cembrae-Piceetum Myczkowski & Lesinski
1974. MYCZKOWSKI (1970) stressed greater plant diversity within the P. cembra forests in
comparison to upper montane spruce forests and similarities in the Cembro-Piceetum and the
Larici-Pinetum cembrae Ellenberg 1963 in the Alps (MYCZKOWSKI 1969, 1970, 1971,
MYCZKOWSKI & BEDNARZ 1974, MYCZKOWSKI & LESINSKI 1974).

Since then, only one study conducted on P. cembra forests in the Western Carpathians has
been published (WOJITERSKA et al. 2004). The syntaxonomical status of the Cembro-Piceetum
was challenged in a recent synthesis of Polish plant communities by MATUSZKIEWICZ
(2008). According to him any aggregation of P. cembra should be considered as a local form
of the upper montane spruce forest Plagiothecio-Piceetum, limited to the High Tatra and to
granite bedrock. However, he suggested further research concerning this issue
(MATUSZKIEWICZ 2008). The syntaxonomy of P. cembra forests gets even more complex,
when we consider the Slovakian part of the Tatra Mountains. A lack of a unified study for
the entire Tatra, as well as different approaches in describing vegetation in Slovakia led to
the emergence of different classifications of P. cembra forests, mostly based on forest typol-
ogy (DRAZIL 2002).

A benchmark for relic P. cembra forests in the Tatra is a broad belt of subalpine Swiss
stone pine-larch forests (Vaccinio-Pinetum cembrae (Pallman & Haffter 1933) Oberdorfer
1962, syn. Larici-Pinetum cembrae Ellenberg 1963) in the Alps (ELLENBERG 1963, 1978,
WALLNOFER 1993, WILLNER & GRABHERR 2007). Alpine Pinus cembra-Larix forests were
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described for the first time in the works of SCHROTER (1926) and PALLMANN & HAFFTER
(1933). However, ELLENBERG (1963) was the first scientist to introduce them permanently to
phytosociological nomenclature. It is worth stressing that P. cembra forests according to
Ellenberg's idea belong to a separate suballiance: Rhododendro-Vaccinienion Braun-
Blanquet 1926, which emphasizes the difference between them and the group of upper mon-
tane spruce forests Vaccinio-Piceenion. Likewise, WILLNER & GRABHERR (2007) in their
synthesis of Austrian plant communities classified P. cembra forests into a group of subal-
pine scrub vegetation (Pinion mugo Pawlowski 1928 within the order Junipero-Pinetalia
mugo Boscaiu 1971), separate from typical spruce forests. Furthermore, ELLENBERG (1978)
described Swiss stone pine forests from the Tatra together with their Alpine counterparts,
highlighting their common features.

The incorporation of P. cembra forests of the Tatra Mountains as Natura 2000 habitat
type into Annex I of the Habitats Directive (code: 9420) caused an urgent need for deeper
understanding of these precious forests (HOLEKSA & SZWAGRZYK 2004, MROZ et al. 2012).
Therefore the aim of this work was (1) to settle the syntaxonomical status of P. cembra
forests in the Tatra on the basis of a large number of relevés collected over the entire moun-
tain range and (2) to investigate the occurrence of these forests in the Western Tatra, as well
as on calcareous bedrock, which has been unregarded during earlier studies on P. cembra
forests conducted in the Tatra.

2. Study area

The Tatra are the highest mountains in the entire Carpathians (highest peak: Gerlach
2655 m a.s.l.) divided between Poland and Slovakia. The total area of the Tatra is only
785 km?. Based on geomorphological criteria, the Tatra Mountains are divided into three
separate parts: Western Tatra, High Tatra and Belianske Tatra (RADWANSKA-PARYSKA &
PARYSKI 2004). They are an island of alpine-type landscape in the Western Carpathians, with
well-developed mountain vegetation belts (up to the sub-nival zone) (MIREK 1996). High
altitude, geographic isolation and diverse bedrock caused the survival of unique fauna and
flora. The Tatra are home to many endemic, relict and rare species, habitats, remains of
virgin forests and three big European predators — brown bear, wolf and lynx. They are
a biodiversity hotspot with ca. 1,300 species of vascular plants and 6,000 species of animals
(MIREK 1996, MIREK & PIEKOS-MIRKOWA 2003, SKRZYDLOWSKI 2013, MRAZ & RONIKIER
2016, MRAZ et al. 2016). Due to these attributes they are a National Park (IUCN PA man-
agement category II), an International MAB UNESCO Biosphere Reserve and belong to the
Natura 2000 network (SPA & SAC) (SKRZYDLOWSKI 2013).

Relic P. cembra forests occur in the Tatra in the upper montane belt, close to the timber-
line, ca. 1300-1600 m a.s.l. (MYCZKOWSKI & BEDNARZ 1974). The geological formations
vary but consist mostly of granite, limestone, dolomite and quartz sandstone. The soils that
developed on such bedrocks are podzols, rendzina and rankers (PASSENDORFER 1996,
PIOTROWSKA et al. 2015, SKIBA et al. 2015). Pinus cembra forests grow in the Tatra in the
zone of cool climate with a mean annual temperature of +3 °C and mean annual sum of
precipitation of 1400 mm (HESS 1996, USTRNUL et al. 2015, ZMUDZKA et al. 2015). Snow
cover lasts for ca 150 days/year (USTRNUL et al. 2015).
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3. Methods

3.1 Data collection

The concept of the field work was to collect relevés in every major valley within the entire distribu-
tion range of P. cembra in the Tatra (Fig. 1). The research area represented the entire diversity of bed-
rock (quartz sandstone, granite, limestone, dolomite) on which Swiss stone pine occurs in the Western
Carpathians. Localization of relevés was based on certain criteria, such as homogeneity and representa-
tiveness of phytocoenoses (KENT & COKER 1992, DZWONKO 2008), as well as a share of more than
20% of P. cembra in the forest stand. In valleys where P. cembra occurred sparsely, the third criterion
was disregarded and relevés were made wherever Swiss stone pines grew. Furthermore, in some valleys
relevés were taken in adjacent patches of spruce forests. Altogether, 108 relevés were made according
to the Braun-Blanquet method (KENT & COKER 1992, DZWONKO 2008). The species coverage was
determined for each layer of the forest (A — stand layer, including each sublayer of the stand: A1, A2;
B — shrub layer, C — herb layer, D — moss layer). The majority of the relevés had a size of 250 m’;
however, some of them were smaller (down to 100 m®) due to topographic constraints (cliff forests).
The locations of the relevés were recorded as geographical coordinates and altitude at the centre of the
plot, exposure with azimuth [°] and slope inclination [°]. The diameter at breast height (dbh) [cm] and
height [m] of selected trees were also measured; tree age was estimated visually and the physiography
of the terrain was described. The relevés are stored in the Forest Database of Southern Poland (PIELECH
et al. 2018).

19°40° 19°50° 20°0' 20°10'
| PL

' | 1 J
PINUS CEMBRA FORESTS OF THE TATRA MOUNTAINS
LEGEND
W artificial Pinus cembra woodlot @ Pinus cembra woodland fragments/Plagiothecio-Piceetum
Plagiothecio-Piceetum Vaccinio-Pinetum cembrae typicum var. Cladoenia spp.

Swertio perennis-Pinetum cembrae var. Carex sempervirens Vaccinio-Pinetum cembrae typicum var. Larix decidua

& Swertio perennis-Pinetum cembrae var. Valeriana tripteris & Vaccinio-Pinetum cembrae typicum var. nemorasum
Pinus cembra woodland fragments # Vaccinio-Pinetum cembrae juncetosum trifidi
1-108 number of relevé . « international boundary —ridges = ------ border of the Tatras

Fig. 1. Location of relevés representing the relic Swiss stone pine forests and adjacent forests in the
Tatra Mountains (source: GIS of the Tatra National Park).

Abb. 1. Lage der Aufnahmefldchen der Zirbel-Kiefern- und angrenzender Wilder in der Tatra.
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Furthermore, to verify the syntaxonomical status of relic Swiss stone pine forests in the Tatra, data
collected in the field were compared with 21 relevés of upper montane spruce forests (Plagiothecio-
Piceetum) and calcicolous upper montane spruce forests (Polysticho-Piceetum [Szafer, Pawlowski et
Kulczynski 1923] Matuszkiewicz [1967] 1977), from the Tatra (data taken from: MATUSZKIEWICZ et
al. 2007), as well as with 46 relevés of subalpine Pinus mugo krummholz from the Tatra: Vaccinio
myrtilli-Pinetum mugo (Pawlowski, Sokotowski et Wallisch 1926) Hada¢ 1956, Athyrio distentifolii-
Pinetum mugo (Sillinger 1933) Hada¢ 1956 (data taken from: SZCZYGIELSKI 2001). These are the
communities directly bordering the Swiss stone pine forests and the closest ones in terms of syntaxon-
omy. In addition to that, to investigate the syntaxonomical relation between the Tatra and Alpine
P. cembra forests, the analysed data set was extended by 98 relevés from the Austrian Alps, represent-
ing the association Vaccinio-Pinetum cembrae, received from the Austrian Vegetation Database
(WILLNER et al. 2012).

3.2 Data analysis

The set of 108 relevés was analysed with numerical methods based on the agglomerative cluster
analysis. For the classification of relevés we used the unweighted pair group method using arithmetic
averages (UPGMA) (SNEATH & SOKAL 1973, DZWONKO 2008). Each relevé was UPGMA classified
fourfold, using different transformation of the initial data matrix (Table 1) (BODZIARCZYK et al. 2016).

Similarity matrices were computed using the modified Marczewski and Steinhaus model, which is
a generalized qualitative Jaccard formula (ROZANSKI 1988):

4 Yiog min(xy, xg) Xiog Xig Dieq Xil
[ G + x) — Xy minQege, ) 17, Cee + x3)]2

CSr1g =

where

CSg1g - similarity according to modified formula of Marczewski and Steinhaus, between relevés “k”
and “17;

X; - quantitative level of species “i" in relevé 7’k”;

Xy - quantitative level of species “1" in relevé ”17;

n - overall number of species in data set.
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1
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Afterwards, each of the four matrices was grouped based on UPGMA (SNEATH & SOKAL 1973,
DzwWONKO 2008). Results were visualized in four dendrograms. Based on each dendrogram, we con-
structed four preliminary phytosociological tables. According to this method, each relevé was identified
into clusters fourfold. Based on that, we calculated the index of phytosociological agreement (IPA),
which was used later in the final syntaxonomical identification (BODZIARCZYK et al. 2016). In this
method, the most homologous relevés (IPA = 1.0 — unequivocal relevés) were those that, according to
each of the four variants of the cluster analysis, showed the same identity. The lowest acceptable level
of IPA was 0.5 (fuzzy relevés) (Table 2) (BODZIARCZYK et al. 2016).

According to the dendrograms and results of the IPA we conducted on the syntaxonomical classifi-
cation of 108 relevés we prepared the final phytosociological tables of the determined syntaxa.

Characteristic and differential species were determined by species percentage frequency (N%),
fidelity (F) and cover ratio (CR) (PAWLOWSKI 1977, DIERSCHKE 1994). In addition to that, to assign
diagnostic species we used the dominance ratio (DR) as proposed by ROZANSKI (1991):

logCR

VCR=1, DR=N%X
log8750

VCR <1; DR ¥ 0;

’

DR — dominance ratio of species in plant association;

CR — mean cover ratio of species in plant association according to Braun-Blanquet scale;
N% — percentage frequency of species in plant association.

vV —if.
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Table 1. Variants of transformation of data set into computational matrix.

Tabelle 1. Transformationsvarianten bei der Matrix-Erstellung.

Braun-Blanquet’s cover-abundance scale

Variants of data transformation
R + 1 2 3 4 5 Species absence

A binary — qualitative scale; all 1 1 1 1 1 1 1 0
species in all layers

B “neutral” — quantitative scale; 1 1 2 3 5 7 9 0
all species in all layers

C “neutral” — quantitative scale; 1 1 2 3 5 7 9 0

species only from the shrubs
and forest floor vegetation
(layers B, C, D)
D average percentage of cover- 0.1 0.1 5 17.5 37,5 62.5 875 0
age; all species in all layers

Table 2. The criteria of establishing the Index of phytosociological agreement (IPA) (BODZIARCZYK et
al. 2016).

Tabelle 2. Kriterien fiir die Erstellung des Index der pflanzensoziologischen Ubereinstimmung (IPA)
(BODZIARCZYK et al. 2016).

IPA Combinations of the results of various classification of
the relevés based on the four variants of transformation of
Numerical value Name initial data matrix (see Table 1)
1,00 unequivocal in all variants relevé was classified alike
0.75 meaningful in three of four variants relevé was classified alike
0.50 fuzzy in two of four variants relevé was classified alike
0,00 lack of agreement in none variant relevé was classified alike

The nomenclature of the vascular plants followed MIREK et al. (2002), of bryophytes OCHYRA et al.
(2003) and of lichens FALTYNOWICZ & KOSSOWSKA (2016). The names of higher-rank syntaxa (class,
order, alliance) followed MUCINA et al. (2016), whereas the names of plant associations from the Car-
pathians were given after MATUSZKIEWICZ (2008), and from the Alps followed WILLNER & GRABHERR
(2007). The nomenclature of newly described syntaxonomical units followed the International Code of
Phytosociological Nomenclature (WEBER et al. 2000). The proposed classification of P. cembra forests
followed the standardized hierarchical syntaxonomic system of European plant communities (MUCINA
et al. 2016).

To verify the syntaxonomical status of the Swiss stone pine forests of the Tatra, the results of our
classification were compared to the closest plant communities from the Tatra and from the Alps. In the
case of the Vaccinio-Pinetum cembrae, for the analysis we took only relevés representing the typical
subassociation (-typicum) — 69 relevés from the Tatra and 98 from the Alps (Fig. 3, Table 3). The fol-
lowing parameters were analysed: percentage frequency, cover ratio and dominance ratio. The calcula-
tion procedure was similar to that used in the previous analysis, including similarity matrices based on
modified Marczewski and Steinhaus model and UPGMA.

All calculations were done using original software developed at the Department of Forest Biodiver-
sity at the University of Agriculture in Krakow (Poland).
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4. Results and Discussion

4.1 Classification of relic Pinus cembra forests in the Tatra

On the basis of the multivariate numerical analysis of 108 relevés we determined two
units in the rank of association and a group of relevés with unclear syntaxonomic status:
(1) relic P. cembra forest Vaccinio-Pinetum cembrae, (2) relic calcicolous P. cembra forests
of the Tatra Mountains Swertio perennis-Pinetum cembrae ass. nov., and (3) P. cembra
woodland fragments — a group of relevés with an imprecise syntaxonomical status, including
relevés classified as Plagiothecio-Piceetum (Supplements S1-S3).

4.1.1 Vaccinio-Pinetum cembrae (Pallmann & Haffter 1933) Oberdorfer 1962
(syn. Larici-Pinetum cembrae Ellenberg 1963, Pino cembrae-Piceetum Myczkowski
& Lesinski 1974) — relic Pinus cembra forest (Supplement S2)

ChAss.: P. cembra, Gentiana punctata, Sphagnum quinquefarium, Cladonia macroceras

DAss.: Larix decidua, Sorbus aucuparia var. glabrata (A), Salix silesiaca, Betula pubescens subsp.
carpatica, Vaccinium vitis-idaea, Veratrum lobelianum, Rhytidiadelphus triquetrus, Cetraria islandica

This association develops on silicate rocks of the Tatra Mountains, in the upper montane
belt, close to the timberline (1256—1690 m a.s.l., average: 1486 m a.s.l.). Relic P. cembra
forests have mostly a character of cliff forests growing on steep and rocky slopes (average
inclination: 31°). A stand has usually two layers (A1, A2) and consists of P. cembra (N%:
94.8%, F: V, CR: 3656, DR: 85.7 — values of parameters of tree species represent layer Al;
for layer A2, see Supplement S2-S3), Picea abies (N%: 92.2%, F: V, CR: 2498, DR: 79.5),
Larix decidua — predominantly on the southern slopes of the Tatra (N%: 42.9%, F: III, CR:
296, DR: 26.9), with admixture of Sorbus aucuparia var. glabrata, Salix silesiaca and Betu-
la pubescens subsp. carpatica. Another characteristic feature of this association is a well-
developed shrub layer with Pinus mugo (N%: 97.4%, F: V, CR: 2348, DR: 83.3) and admix-
ture of Juniperus communis subsp. alpina, as well as all the tree species mentioned above.
The ground layer (C) is dominated by two Vaccinium species: V. myrtillus (N%: 98.7%,
F: V, CR: 5500, DR: 93.7), V. vitis-idaea (N%: 98.7%, F: V, CR: 2286, DR: 84.1) and other
plants typical for the alliance Piceion excelsae. A relatively low cover of the tree layer
(70%) enables the appearance of typical high alpine meadow species, such as Gentiana
punctata (N%: 27.3%, F: II, CR: 53.1, DR: 11.9) and Veratrum lobelianum (N%: 32.5%,
F:II, CR: 7.73, DR: 7.31). The moss layer (D) is well developed with average cover of 64%.
The characteristic feature of this layer is the abundance of Sphagnum quinquefarium
(N%: 58.4%, F: III, CR: 1802, DR: 48.3). Other common species are Dicranum scoparium,
Pleurozium schreberi, Hylocomium splendens, Polytrichastrum formosum and Rhytidiadel-
phus triguetrus. Furthermore, it is worth to emphasize the frequent presence of lichens repre-
sented mostly by Cladonia spp.and Cetraria islandica.

Based on our analyses the Vaccinio-Pinetum cembrae in the Tatra has been divided into
two subassociations and three variants:

1) Vaccinio-Pinetum cembrae subass. typicum var. Larix decidua

This variant occurs predominantly on the eastern and southern slopes. It is characterized
by a larger share of L. decidua (N%: 60.5%, F: IV, CR: 474, DR: 41.1), as well as of Betula
pubescens subsp. carpatica, Juniperus communis subsp. alpina and Calamagrostis villosa.
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2) Vaccinio-Pinetum cembrae subass. typicum var. Cladonia spp.

This variant occurs mostly on the western and northern slopes. In comparison to the pre-
vious variant, it is characterized by a relatively low share of L. decidua, as well as a higher
frequency of lichens in the D layer, including Cetraria islandica and Cladonia spp. (espe-
cially Cladonia macroceras). In the herb layer we recorded a frequent occurrence of Gentia-
na punctata and Lycopodium annotinum. The moss layer is dominated by Sphagnum quin-
quefarium (N%: 88%, F: V, CR: 3710, DR: 79.7). Furthermore, it is the only variant with
a relatively high frequency of Mylia taylori.

3) Vaccinio-Pinetum cembrae subass. typicum var. Gymnocarpium dryopteris

This variant develops on very steep (average inclination: 48°) and rocky slopes. It is
characterized by dense stands (average cover: 92%) and relatively low cover in the shrub
layer (13%). The herb layer has a low number of species. The moss layer is dominated by
Sphagnum quinquefarium.

4) Vaccinio-Pinetum cembrae juncetosum trifidi subass. nov. hoc loco
Typus: Supplement S2, rel. 82 — holotypus hoc loco (Fig. 2a)

This subassociation encompasses the highest woodland areas in the Tatra (average eleva-
tion: 1564 m a.s.l.; max: 1690 m a.s.l.). A low cover in the tree layer (63%) enables the
occurrence of Alpine plant species representing the class Juncetea trifidi Hada¢ in Klika et
Hadac 1944, such as Festuca airoides, Juncus trifidus and Oreochloa disticha, and of spe-
cies of subalpine scrub and tundra (classes Roso pendulinae-Pinetea mugo Theurillat in
Theurillat et al. 1995 and Loiseleurio procumbentis-Vaccinietea Eggler ex Schubert 1960),
such as Pinus mugo, Juniperus communis subsp. alpina, Empetrum hermaphroditum, and of
the class Mulgedio-Aconitetea Hada¢ et Klika in Klika et Hada¢ 1944, including Ranunculus
platanifolius, Senecio nemorensis, Solidago alpestris, and Adenostyles alliariae. Further-
more, species representing Piceetalia excelsae and Piceion excelsae are less numerous and
abundant in comparison to the other variants. A scattered canopy together with rocky ground
favours the growth of other light-demanding species, such as Calluna vulgaris, Campanula
polymorpha, Sempervivum montanum and several species of lichens, including Cetraria
islandica and Cladonia spp. (mostly C. macoceras, C. rangiferina).

4.1.2 Swertio perennis-Pinetum cembrae ass. nov. hoc loco —
calcicolous relic Swiss stone pine forest of the Tatra Mountains (Supplement S3).

Typus: Supplement S3, rel. 33 — holotypus hoc loco (Fig. 2b)
ChAss.: Pinus cembra, Swertia perennis

DAss.: Carex sempervirens, Valeriana tripteris, Saxifraga paniculata, Scabiosa lucida, Melampyrum
herbichii, Campanula polymorpha, Sphagnum quinquefarium, Tortella tortuosa

This association occurs on steep (average inclination: 40°) limestone and dolomite rocks
in the upper montane belt (1315 (1039)-1562 m a.s.l.), close to the timberline. A stand has
usually two layers (A1, A2) and consists of P. cembra (N%: 100%, F: V, CR: 2912.3, DR:
87.9), Picea abies (N%: 85.7%, F: V, CR: 1965.7, DR: 71.6) with an admixture of Sorbus
aucuparia var. glabrata. A well-developed shrub layer consists of Pinus mugo (N%: 57.1%,
F: III, CR: 965.1, DR: 43.3), Sorbus aucuparia var. glabrata (N%: 71.4%, F: IV, CR: 165,
DR: 40.2), Salix silesiaca (N%: 71.4%, F: IV, CR: 147.2, DR: 39.3) and Lonicera nigra
(N%: 50%, F: 111, CR: 3.7, DR: 7.2).
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As in the silicate relic P. cembra forests, the herb layer is dominated by Vaccinium myr-
tillus (N%: 85.7%, F: V, CR: 3017.9, DR: 75.7) and V. vitis-idaea (N%: 92.9%, F: V, CR:
1517.9, DR: 74.9). The ground layer is composed on the one hand by species typical for the
class Vaccinio-Piceetea and on the other by species confined to rich calcareous soils, such
as: Carex sempervirens, Saxifraga paniculata and Scabiosa lucida. 1t is worth stressing the
constant presence of Swertia perennis, which is the characteristic and name giving species
for this syntaxon. The moss layer (D) is well developed with an average cover of 56%. The
most abundant species are Hylocomium splendens, Polytrichastrum formosum, Pleurozium
schreberi, Tortella tortuosa, Rhytidiadelphus triquetrus and Hypnum cupressiforme. Fur-
thermore, it is worth emphasizing, despite the calcareous soils, the relatively high cover of
the typically acidophilous moss Sphagnum quinquefarium (N%: 28.6%, F: II, CR: 660.7,
DR: 20.4). The association Swertio perennis-Pinetum cembrae can be divided into two vari-
ants:

1) Swertio perennis-Pinetum cembrae var. Valeriana tripteris

This variant is characterized by a constant presence of Valeriana tripteris N%: 100%, F: V,
CR: 355.1, DR: 64.7). In the ground layer, despite the dominance of Vaccinio-Piceetea
species, there are also mesophilous species of the lower montane belt, mostly representing
the class Carpino-Fagetea sylvaticae Jakucs ex Passarge 1968, such as Prenanthes pur-
purea, Astrantia major and Phyteuma spicatum. Moist limestone and dolomite cliffs enable
the growth of various pteridophytes: Asplenium viride, Cystopteris fragilis and Polypodium
vulgare. The relatively scattered tree canopy (average coverage: 77%) favours the occur-
rence of plants representing Adenostyletalia alliariae Braun-Blanquet 1930, like Polygona-
tum verticillatum, Senecio nemorensis, Veratrum lobelianum, Solidago alpestris and
Adenostyles alliariae.

2) Swertio perennis-Pinetum cembrae var. Carex sempervirens

This variant represents open P. cembra woodlands (average A layer coverage: 35%) on
exposed, steep (average inclination: 54°) limestone and dolomite rocks (Fig. 2¢). Such con-
ditions foster the growth of numerous species representing rich calcareous alpine swards of
Elyno-Seslerietea Braun-Blanquet 1948. On the other hand, we recorded the unexpected
occurrence of typically acidophilus species, such as Vaccinium gaultherioides and Empetrum
hermaphroditum. Furthermore, this type of relic P. cembra forest shows the lowest share of
Vaccinio-Piceetea plants among all P. cembra communities in the Tatra.

4.1.3 Pinus cembra woodland fragments

This group consists of 17 relevés with uncertain syntaxonomical status. In the dendro-
grams (Supplement S1) we can see them as being separated both from the typical Vaccinio-
Pinetum cembrae (centre of dendrograms) and the Swertio perennis-Pinetum cembrae. Some
of the relevés representing P. cembra woodland fragments are transitional between relic
P. cembra forests and upper montane spruce forests, whereas others seem to represent the
typical Plagiothecio-Piceetum.

4.2 Syntaxonomical status of relic Pinus cembra forests in the Tatra

The results of the similarity analysis of species percentage frequency, cover ratio and
dominance ratio between the previously mentioned plant communities supported the hypoth-
esis that relic P. cembra forests in the Tatra are separate plant associations, distinct from the
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Fig. 2. a) Open Vaccinio-Pinetum cembrae juncetosum trifidi subass. nov. forest near location of relevé
82 (holotypus hoc loco) on the steep cliffs in Migguszowiecka Valley (Tatra Mountains). b) Calcico-
lous relic Swiss stone pine forest Swertio perennis-Pinetum cembrae ass. nov. near location of relevé 33
(holotypus hoc loco) in Biala Woda Valley (Tatra Mountains). ¢) Swertio perennis-Pinetum cembrae
var. Carex sempervirens woodlands on exposed and steep limestone and dolomite rocks in Biala Woda
Valley (Tatra Mountains). d) Characteristic physiognomy of Vaccinio-Pinetum cembrae forests with
multi-layered stand consisting of P. cembra, L. decidua, P. abies, S. aucuparia var. glabrata and well-
developed shrub layer with P. mugo (Tatra Mountains) (Photos: A. Zigba, August—September 2013).
Abb. 2. a) Offenwald des Vaccinio-Pinetum cembrae juncetosum trifidi subass. nov. nahe der Holo-
typus-Aufnahmefliche 82 auf schroffen Felswidnden im Migguszowiecka-Tal (Tatra). b) Zirbel-
Kiefern-Reliktwald tiber Kalk (Swertio perennis-Pinetum cembrae ass. nov.) nahe der Holotypus-
Aufnahmeflache 33 im Tal Biata Woda (Tatra). ¢) Wald des Swertio perennis-Pinetum cembrae var.
Carex sempervirens auf exponierten und steilen Kalk- und Dolomitfelsen im Tal Biata Woda (Tatra).
d) Charakteristisches Erscheinungsbild von mehrschichtigen Bestéinden des Vaccinio-Pinetum cembrae
in der Tatra aus Pinus cembra, Larix decidua, Picea abies, Sorbus aucuparia var. glabrata und einer
gut ausgebildeten Strauchschicht mit Pinus mugo.

Plagiothecio-Piceetum. Furthermore, the P. cembra forests in the Tatra are more closely
related to their counterparts in the Alps than to the bordering upper montane spruce forests
(Fig. 3). This is in contrast to MATUSZKIEWICZ (2008) and supports the concept of a single
P. cembra forest association, common to the Alps and the Tatra and divided into geograph-
ical variants (MYCZKOWSKI 1969, ELLENBERG 1978). Diagnostic species are chiefly the same
(WILLNER & GRABHERR 2007), differing at most by strictly regional species, such as Rhodo-
dendron ferrugineum in the Alps and Salix silesiaca in the Tatra (Table 3).

Pinus cembra forests seem to be closer related to upper montane spruce forests of the
Vaccinio-Piceenion than to subalpine P. mugo krummholz (Rhododendro-Vaccinienion
according to ELLENBERG 1978 or Pinion mugo according to WILLNER & GRABHERR 2007)
(Fig. 3). Therefore, we suggest the following classification of the relic P. cembra forests in
the Tatra Mountains:
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CL.: Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al.1939
O.: Piceetalia excelsae Pawl. et al. 1928
AlL: Piceion excelsae Pawl. et al. 1928
Suball.: Vaccinio-Piceenion Oberd. 1957
Ass.: Vaccinio-Pinetum cembrae (Pallmann & Haffter 1933) Oberd. 1962
Alpine and relic silicate Tatra Swiss stone pine forest (77 relevés)
Subass. V.-P.c. typicum (69 relevés)
Var. Larix decidua (38 relevés)
Var. Cladonia spp. (25 relevés)
Var. Gymnocarpium dryopteris (6 relevés)
Subass. V.-P.c. juncetosum trifidi subass. nov. hoc loco (8 relevés)
Ass.: Swertio perennis-Pinetum cembrae ass. nov. hoc loco
Relic calcicolous Swiss stone pine forest of the Tatra Mountains
(14 relevés)
Var. Valeriana tripteris (10 relevés)
Var. Carex sempervirens (4 relevés)

The problem regarding the classification of P. cembra forests into the suballiance
Vaccinio-Piceenion or into subalpine krummholz vegetation is directly related to the occur-
rence along the timberline, transitional between forest and subalpine shrublands. Parts of the
Vaccinio-Pinetum cembrae growing at the lower elevation are more similar to Vaccinio-
Piceenion forests, whereas those growing at their upper limits resemble Pinion mugo
krummbholz with scattered groups of trees. This seems to be visible also in the results of our
classification. The majority of the Tatra Vaccinio-Pinetum cembrae typicum forests growing
at the mean altitude 1476 m a.s.l. have a character of double-layered forests with mean cover
of the tree layer about 70%. This is ca. 70 m below the timberline (1550 m a.s.l.) in the Ta-
tra, and at such an elevation spruce forests also grow well. On the other hand, the highest
P. cembra woodlands in the Tatra of Vaccinio-Pinetum cembrae juncetosum trifidi grow at
amean altitude of 1564 m. a.s.l., which is above the theoretical timberline and zone of
spruce forests in this mountain range. Vaccinio-Pinetum cembrae juncetosum trifidi has the
character of open stands, or even groups of trees in the subalpine vegetation mostly repre-
senting Pinion mugo (Fig. 2a).

Therefore, it is hard to unequivocally classify these forests to one of the mentioned above
syntaxa. However, based on the results of the similarity analysis we propose to include them
into Vaccinio-Piceenion. The fact of the occurrence of species representing Pinion mugo
emphasizes their transitional character along the timberline and distinctiveness from the
typical upper montane spruce forests. Differences between ELLENBERG (1978) and WILLNER
& GRABHERR (2007) and our results might be due to quite often scattered P. cembra stands
in the Alps in comparison to the Tatra. This might be partly caused by silvopasture in the
Alps, which supports open stands, whereas in the Tatra pastoralism has been abandoned
since 1960/1970s (RADWANSKA-PARYSKA & PARYSKI 2004). Furthermore, P. cembra forests
survived in the Tatra chiefly in the most inaccessible places, without any impact from cattle
or sheep grazing.

The results of our study seem to confirm the recent hierarchical floristic classification
system of the European vascular plant communities (MUCINA et al. 2016) where P. cembra
forests were classified into the Piceion excelsae, defined as an alliance of the European
boreo-montane spruce forests and subalpine open pine woods on nutrient poor podzolic

165



Table 3. Synoptical table of the upper montane spruce forests of the Tatra Mountains (Plagiothecio-
Piceetum — 12 relevés), the calcicolous upper montane spruce forests from the Tatra Mountains (Poly-
sticho-Piceetum — 9 relevés), relic calcicolous Swiss stone pine forests of the Tatra Mountains (Swertio
perennis-Pinetum cembrae — 14 relevés), relic Pinus cembra forests from the Tatra (Vaccinio-Pinetum
cembrae typicum — 69 relevés) and from the Alps (Vaccinio-Pinetum cembrae typicum — 98 relevés).
Species which do not exceed the constancy threshold — II, and species which had the II constancy class
but do not represent any of the important syntaxonomical groups for diagnosis of the upper montane
spruce and Swiss stone pine forests were omitted in the table. On the other hand we included in the
synoptic table species with constancy class I, which were important for distuinguishing Swiss stone
pine communities from the other. Symbols: C: constancy (the percentage of relevés in which the certain
taxon is present (PAWLOWSKI 1977): I: 0-20%, II: 21-40%, III: 41-60%, IV: 61-80%, V: 81-100%),
CR: cover ratio (representing the mean cover of given species in the relevés in the table multiplied by
100 (DIERSCHKE 1994).

Tabelle 3. Synoptische Tabelle der hochmontanen Fichtenwilder der Tatra (Plagiothecio-Piceetum —
12 Vegetationsaufnahmen), der hochmontanen Kalk-Fichtenwélder der Tatra (Polysticho-Piceetum —
9 Aufnahmen), der Zirbel-Kiefern-Reliktwilder der Tatra tiber Kalk (Swertio perennis-Pinetum cem-
brae — 14 Aufnahmen), der P.-cembra-Reliktwilder der Tatra (Vaccinio-Pinetum cembrae typicum —
69 Aufnahmen) und der Alpen (Vaccinio-Pinetum cembrae typicum — 98 Aufnahmen). Arten unterhalb
der Stetigkeitsschwelle von II sowie Arten der Stetigkeitsklasse II, jedoch ohne diagnostischen Wert fiir
die Fichten- und Zirbel-Kiefern-Wiélder, wurden weggelassen. Dagegen sind Arten der Stetigkeitsklasse
I aufgefiihrt, soweit sie fiir die Differenzierung der Zirbel-Kiefern-Wélder wesentlich sind. Symbole:
C: Stetigkeit (Prozent der Aufnahmen, in welchen das Taxon vorkommt; Stetigkeitsklassen I: 0-20 %,
II: 2140 %, I1I: 41-60 %, IV: 61-80 %, V: 81-100 %); CR: Deckungsgrad (mittlere Deckung einer
Art in den Aufnahmen x 100).

Community number 1 2 3 4 5
Region Tatra Mountains Alps
Plant association Plagiothecio-  Polysticho-  Swertio  Vaccinio-  Vaccinio-
Piceetum Piceetum  perennis-  Pinetum Pinetum
Pinetum  cembrae cembrae
cembrae
Av. number of species in relevé 17 48 46 26 26
Trees and shrubs C CR C CR C CR C CR C CR
Picea abies Al v 5833 V. 5167 V 196 V 2591 IV 251
Picea abies A2 I 42 II 444 I 483 11 617 . .
Picea abies B I 43 I 56 vV 983 V 538 I 72
Picea abies C 1T 6 v 8 1T 5 v 37 1T 11
Sorbus aucuparia A1l . . . . I 107 1III 6 I
Sorbus aucuparia A2 . . . . o 215 I 195 . .
Sorbus aucuparia B A\ 70 \Y 836 |IV 165 V 336 I 65
Sorbus aucuparia C . . . . m 74 IV 166 1I 7
Pinus cembra Al . . . . V 2912 V 3565 V 1196
Pinus cembra A2 . . . . I 412 I 197 . .
Pinus cembra B . . . . m 22 1Iv 124 IV 143
Pinus cembra C . . . . I 3 IV 26 ar 29
Larix decidua A1l . . . . I . nr 265 IV 358
Larix decidua B . . . . . . 1I 1 I 66
Larix decidua C . . . . . . I . I 8
Betula pubescens Al . . . . I . I 80
Betula pubescens A2 . . . . . . I 51 . .
Betula pubescens B . . . . 1 17 |1 80 I 1,6
Betula pubescens C . . . . 1 . 1 . I
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Community number 3 4 5
Lonicera nigra B-C v 33 m 4 I 4 . .
Lonicera caerulea B . . . . 1I 13
Salix silesiaca A2-B-C . . vV 150 I 31 . .
Pinus mugo B-C I 1 Im 95 VvV 2368 1 108
Daphne mezereum B-C 1 1 . .

Rosa pendulina B m 3 I 4

Ribes petracum B-C I 1 I . .
Rhododendron ferrugineum B vV 1257
Alnus viridis B-C I 41
Ch. et Dif. Vaccinio-Pinetum cembrae

Sphagnum quinquefarium . . . I 661 IV 1953 I 11
Vaccinium vitis-idaea 111 45 I 4 vV 1518 V2243 V360
Rhytidiadelphus triquetrus . . oI 304 1 102 o 227
Veratrum lobelianum I 3 m 20 1II 5 |

Gentiana punctata . . I 359 I .
Cetraria islandica I 1 Im 28 o 62
Cladonia macroceras . 1I 1 . .
Cladina rangiferina I I 1 o 47
Ch. et Dif. Swertio perennis-Pinetum cembrae

Swertia perennis I 2 vV 164 . .
Carex sempervirens . . IV 592 I 19
Valeriana tripteris \Y 36 V255 I
Saxifraga paniculata m 4 I
Scabiosa lucida m 3

Melampyrum herbichii . . I 162 | .

Campanula polymorpha v 7 v 7 1 .
Tortella tortuosa I 1 o 269 | I I

Ch. et Dif. Polysticho-Piceetum

Polystichum lonchitis . 111 4 I 2 . . I .
Huperzia selago I 2 111 6 m 2 o 60 I 4
Mnium spinosum I 29 I .
Moneses uniflora I 2 1 I

Ch. Loiseleurio procumbentis-Vaccinietea

Empetrum hermaphroditum I 17 I 18 I 22
Vaccinium gaultherioides I 375 1 4 107
Ch. Piceion excelsae

Buckiella undulata I 3 v 8 I 54 1 131 I 3
Luzula luzulina I 3 11 31 . . I 55 I 7
Dryopteris dilatata A\ 463 \% 143 |III 74 VvV 473 I 2
Homogyne alpina A\ 938 \Y 918 [IV 894 IV 518 IV 148
Luzula sylvatica v 338 \Y 142 |1V 165 1III 165 o 14
Rhytidiadelphus loreus 111 313 V. 367 |II 143 1I 48 I .
Sphagnum girgensohnii I 3 I 1 I 21 I 533 I 78
Ch. Piceetalia excelsae et Vaccinio-Piceetea

Deschampsia flexuosa A\ 234 v 34 IV 41 V 665 V 543
Vaccinium myrtillus v 3729 V. 1696 V 3018 V 5667 V 1815
Lycopodium annotinum I 3 I 29 I 946 1I 957 I 7
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Community number 1 2 3 4 5

Calamagrostis arundinacea I 1 Iv. 807 IV 1804 1 156

Clematis alpina . . 111 6 v 39 I . . .
Dicranum scoparium \% 461 A% 670 III 661 V 1932 1V 147
Hylocomium splendens I 128 1 58 I 1401 VvV 1544 1V 777
Pleurozium schreberi 11T 336 \% 948 Ir 326 IV 2008 V 374
Polytrichastrum formosum v 4188 vV 2973 1II 1000 IV 1051 I 165
Ch. Adenostyletalia alliariae et Mulgedio-Aconitetea

Athyrium distentifolium il 566 I 8 |1 2 I 48 I
Polygonatum verticillatum . . \Y 9 m 127 1 . I
Senecio nemorensis I 3 v 62 1 1 I 1 I .
Calamagrostis villosa I 3 I 28 . . IV 1283 I 484
Adenostyles alliariae . . I 3 v 20 I . I

Ch. Fagetalia sylvaticae et Carpino-Fagetea sylvaticae

Prenanthes purpurea I 1 v 34 IV 53 | 1I 1 I
Astrantia major . . I 2 I 1

Phyteuma spicatum . . v 7 I 1

Ch. Seslerietalia caeruleae et Elyno-Seslerietea

Carduus glaucus . . . . I 1 I .

Carex firma . . . . m 21 . . I

Crepis jacquinii . . . . o 38

Dianthus plumarius subsp. praecox . . . . I 2

Festuca tatrae . . . . m 37

Festuca versicolor . . . . I 643

Phyteuma orbiculare . . . . I 2 . . I
Sesleria tatrae . . . . m 19

Thesium alpinum . . . . 1T 2

soils. On the other hand, subalpine krummholz vegetation has been classified into the class
Roso pendulinae-Pinetea mugo Theurillat in Theurillat et al. 1995. Such classification em-
phasizes the structural and ecological differencies between the forest communities along the
timberline and non-forest shrubland vegetation above the timberline which is more similar to
the arctic-alpine tundra (MUCINA et al. 2016). Furthermore, also LEUSCHNER & ELLENBERG
(2017) in the latest edition of the Vegetation Ecology of Central Europe included the
P. cembra forests in the suballiance Vaccinio-Piceenion.

Even though the results of our studies confirm the concept of MYCZKOWSKI (1970) on
the distinctiveness of relic P. cembra forests from the Plagiothecio-Piceetum we point to
some differences in the characteristics of this association. In comparison to the original
diagnostic species by MYCZKOWSKI (1970), only Gentiana punctata retained the same status.
The other species, such as Empetrum hermaphroditum and Vaccinium gaultherioides occur
too rarely in the dataset to be considered characteristic for the association. However, as they
are almost totally absent in the Plagiothecio-Piceetum their presence may be helpful in flo-
ristic diagnosis of forests along the timberline. Furthermore, Athyrium distentifolium de-
scribed by MYCZKOWSKI (1970) as a common and diagnostic species in P. cembra forests,
according to our research occurs there only occasionally (N%: 19%, F: II, CR: 43.5, DR:
10.3), which is another difference to spruce forests where that fern is common (PAWLOWSKI
et al. 1928, MATUSZKIEWICZ 1977) (Table 3).
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Fig. 3. Similarity analysis of three parameters: A — percentage frequency (F), B — cover ratio (CR),
C —dominance ratio (DR) of Tatra relic Swiss stone pine forests (1 — Vaccinio-Pinetum cembrae typi-
cum, 2 — Swertio perennis-Pinetum cembrae), Tatra upper montane spruce forests (3 — Plagiothecio-
Piceetum, 4 — Polysticho-Piceetum), Tatra subalpine dwarf pine shrubs (5 — Vaccinio myrtilli-Pinetum
mugo, 6 — Athyrio distentifolii-Pinetum mugo.), Alpine Swiss stone pine forests (7 — Vaccinio-Pinetum
cembrae typicum) based on modified Marczewski and Steinhaus model and UPGMA.

Abb. 3. Ahnlichkeitsanalyse zu drei Parametern von Zirbel-Kiefern-Wildern der Tatra: A — prozentuale
Héufigkeit (F), B — Deckungsgrad (CR), C — Dominanzrelation (DR), basierend auf einer modifizierten
Marczewski/Steinhaus-Modellierung und UPGMA.

Differences between the Vaccinio-Pinetum cembrae and the Plagiothecio-Piceetum, as
noted by MYCZKOWSKI (1970), are especially visible in physiognomy and species richness.
Broad crowns of P. cembra together with characteristic Larix decidua are visible from a long
distance. Furthermore, a double-layered stand together with admixture of montane broad-
leaved species make them even more distinctive from usually single-layered and monospe-
cific spruce forests. Another structural feature in which relic P. cembra forest differ from the
Plagiothecio-Piceetum is the well-developed shrub layer, which consists mostly of subalpine
species representing Pinion mugo (Fig. 2d). In addition, the ground layer together with the
moss layer stands out at first glance by (1) abundance of Vaccinium vitis-idaea, which is
arather rare plant in typical spruce forests, (2) presence of Sphagnum quinquefarium —
a taxon that does not occur in the Plagiothecio-Piceetum and (3) relative rarity or even lack
of Buckiella undulata, a species characteristic for Western Carpathian spruce forests. In
addition to that, in the relic P. cembra forest we recorded some of the subalpine plant species
as well as lichens (mostly Cladonia spp. and Cetraria islandica), which are almost absent in
spruce forests (Table 3, Supplement S2).
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Furthermore, it is worth emphasizing the Vaccinio-Pinetum cembrae juncetosum trifidi,
anew subassociation of P. cembra forests. Hitherto several subassociations of P. cembra
forests on granite bedrock have been described (MAYER 1974, ELLENBERG 1978,
WOJTERSKA et al. 2004, WILLNER & GRABHERR 2007). Nonetheless, WILLNER & GRABHERR
(2007), in a synthesis of Austrian plant communities, distinguished three subassociations of
the Vaccinio-Pinetum cembrae from the Alps: typicum, alnetosum viridis and nardetosum.
However, the latter two have provisional status (WILLNER & GRABHERR 2007). In addition to
that, WOJTERSKA et al. (2004) described from the Roztoka Valley in the Tatra a subassocia-
tion called Larici-Pinetum cembrae sphagnetosum Wojterska, Wojterski, Szwed et Piaszyk
2004. A similar subassociation was described from the Alps (MAYER 1974). However, the
results of our study did not reveal such a subassociation, even though five relevés were made
in the Roztoka Valley. Nonetheless, Sphagnum spp. mosses are abundant in the relic Swiss
stone pine forests, along with being distinguished as characteristic Sphagnum quinquefari-
um. Especially high values of cover of Sphagnum spp. mosses were detected in the variants:
Cladonia spp. and Gymnocarpium dryopteris and maybe they are equivalent to the Larici-
Pinetum cembrae sphagnetosum. However, on the basis of numerical analysis we prefer to
classify variants, not a subassociation.

An interesting aspect of this study was finding P. cembra forests on limestone and dolo-
mite bedrock, Swertio perennis-Pinetum cembrae, which has not been so far documented
from the Tatra Mountains (HOLEKSA & SZWAGRZYK 2004, MATUSZKIEWICZ 2008, MROZ et
al. 2012). Analogous plant communities were so far known from the Alps as Rhododendro
hirsuti-Pinetum cembrae Bojko 1931 (WILLNER & GRABHERR 2007). Even though both
associations seem to occupy a similar niche, their floristic composition differ enough to
consider separate syntaxonomical units. Diagnostic species of the Rhododendro hirsuti-
Pinetum cembrae are mostly alpine plants that do not occur in the Tatra, such as Rhododen-
dron hirsutum, Veratrum album and Erica carnea (WILLNER & GRABHERR 2007). On the
other hand, the characteristic and name-giving Swertia perennis is totally absent in the Al-
pine calcicolous P. cembra forests (according to data presented in WILLNER & GRABHERR
2007).

Furthermore in the Swertio perennis-Pinetum cembrae, apart from the species typical for
the Vaccinio-Piceetea, we found species representing the Carpino-Fagetea sylvaticae.
A similar phenomenon has been described from the calcicolous upper montane spruce for-
ests (Polysticho-Piceetum; MATUSZKIEWICZ et al. 2007, MATUSZKIEWICZ 2008) (Table 3).
However, it is worth mentioning that in some parts of such forests, probably due to acidic
humus accumulation, the herb layer did not differ from that in the P. cembra forests on gran-
ite bedrock. Therefore, some of the relevés on dolomite or limestone bedrock were classified
as Vaccinio-Pinetum cembrae typicum (relevés 29, 51, 52).

Except in the Tatra and the Alps, P. cembra forests occur also in the Eastern and South-
ern Carpathians. Botanists described from that region the association called Pino cembrae-
Piceetum Chifu et al. 1984 (SANDA et al. 2008). This relic occurrence of P. cembra in Eu-
rope resembles taiga forests with Siberian stone pine (Pinus cembra subsp. sibirica) from
Central Siberia (MYCZKOWSKI 1969). KUNES et al. (2008) found evidence on the basis of
pollen data that the vegetation (including P. cembra forests) in the Central-Eastern European
mountain chains during the last stages of the Ice Age was similar to that in present-day Cen-
tral-Southern Siberian mountains. In addition to that, they stressed the similarities of the
current flora between these two regions, especially the share of Euro-Siberian species
(KUNES et al. 2008). In light of these results, the combined syntaxonomical and ecological
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comparison of Central European (Alpine and Carpathian) P. cembra forests and Siberian
stone pine taiga representing Vaccinio-Pinetalia sibiricae Zhitlukhina et Alimbekova 1987
(ANENKHONOV & CHYTRY 1998) or Piceo obovatae-Pinetalia sibiricae Ermakov 2013
(MUCINA et al. 2016) seems to be appealing.

Erweiterte deutsche Zusammenfassung

Einfiihrung — Zirbel-Kiefern-Reliktwiélder gehdren zu den am wenigsten untersuchten Pflanzenge-
sellschaften der West-Karpaten. Dort sind Zirbel-Kiefer (Pinus cembra) und Larche (Larix decidua
subsp. decidua) nur in der Tatra autochthon. Pflanzensoziologische Erhebungen an den Zirbel-Kiefern-
Wildern der Tatra wurden in den 1960/70er Jahren durch Myczkowski durchgefiihrt und in einem
Teilgebiet durch WOJTERSKA et al. (2004). Diese Untersuchungen miindeten in die Beschreibung einer
Assoziation der Zirbel-Kiefern-Reliktwélder der Tatra, Cembro-Piceetum, beziehungsweise nach
WOITERSKA et al. (2004), Larici-Pinetum cembrae. Der syntaxonomische Status blieb indes strittig
wegen unzureichender Datenbasis. So stufte MATUSZKIEWICZ (2008) alle Zirbel-Kiefern-Besténde als
eine lokale Ausprigung der hochmontanen Fichtenwélder ein (Plagiothecio-Piceetum). Ziel der vorlie-
genden Studie ist es daher, den syntaxonomischen Status der Zirbel-Kiefern-Wailder der Tatra zu kléren
unter Einbeziehung der bisher nicht untersuchten Vorkommen auf Kalkgestein und in der Westlichen
Tatra (polnisch Tatry Zachodnie, slowakisch Zapadné Tatry).

Untersuchungsgebiet — Unsere Untersuchungen wurden in der Tatra durchgefiihrt, die anteilig zu
Polen und der Slowakei gehort. Die Tatra ist das hochste Gebirgsmassiv der Karpaten (hochste Erhe-
bung: Gerlach, 2655 m ii.M.). Teile der polnischen und slowakischen Tatra sind Nationalparks der
IUCN-Kategorie II, zudem UNESCO-Biosphdrenreservat und als SPA und SAC zum européischen
Schutzgebietsnetz Natura 2000 gehorig. Zirbel-Kiefern-Reliktwilder kommen in der Tatra zwischen
1300 und 1600 m .M. an der Waldgrenze vor. Die anstehenden Gesteine in diesen Héhenlagen sind
Granit, Kalk, Dolomit und Quarzsandstein, die daraus entstandenen Boden Podsol, Rendzina und Ran-
ker. Zirbel-Kiefern-Wélder wachsen dort bei einer Jahresdurchschnittstemperatur um +3 °C und mittle-
ren Jahresniederschlagssummen von 1400 mm.

Methoden — Wir fertigten 108 Vegetationsaufnahmen nach der Braun-Blanquet-Methode im ge-
samten Verbreitungsgebiet von P. cembra in der Tatra an. Zum Vergleich verwendeten wir aulerdem
verdffentliche Aufnahmen von hochmontanen Fichtenwildern und Kalk-Fichtenwildern der Tatra
(Plagiothecio-Piceetum, Polysticho-Piceetum; Daten aus MATUSZKIEWICZ et al. 2007), von subalpinem
Latschen-Krummbholz der Tatra (Vaccinio myrtilli-Pinetum mugo, Athyrio distentifolii-Pinetum mugo;
Daten aus SZCZYGIELSKI 2001) sowie von Zirbel-Kiefern-Waldern der Alpen (Vaccinio-Pinetum cemb-
rae; Daten der Osterreichischen Vegetationsdatenbank, WILLNER et al. 2012).

Die Felddaten wurden mittels UPGMA klassifiziert; Ahnlichkeitsmatrizes wurden mittels des modi-
fizierten Marczewski-Steinhaus-Modells berechnet. Jede Aufnahme wurde 4-fach klassifiziert, mit
jeweils unterschiedlichen Transformationen der Ausgangsmatrix. Die syntaxonomische Zuordnung
jeder Aufnahme basierte auf Berechnungen eines Index der pflanzensoziologischen Ubereinstimmung
(IPA). Charakter- und Differenzialarten wurden aufgrund von Stetigkeit (N %), Treue (F), Deckungs-
grad (CR) und Dominanzverhiltnissen (DR) bestimmt. Die syntaxonomische Absicherung basiert auf
Ahnlichkeitsanalysen (mit den Variablen N %, CR und DR) zwischen den ermittelten Syntaxa und den
nichstverwandten Pflanzengesellschaften der Tatra und der Alpen.

Ergebnisse und Diskussion — Wir unterschieden zwei Assoziationen der Zirbel-Kiefern-
Reliktwélder der Tatra — (1) Vaccinio-Pinetum cembrae (Pallmann & Haffter 1933) Oberdorfer 1962
und (2) iber Kalk das Swertio perennis-Pinetum cembrae ass. nov., ferner eine Gruppe von Aufnahmen
mit unklarem syntaxonomischen Status. Diagnostisch filir das Vaccinio-Pinetum cembrae sind die
Charakterarten P. cembra, Gentiana punctata, Sphagnum quinquefarium und Cladonia macroceras
sowie die Differenzialarten Larix decidua, Sorbus aucuparia var. glabrata, Salix silesiaca, Betula
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pubescens subsp. carpatica, Veratrum lobelianum, Vaccinium vitis-idaea, Rhytidiadelphus triquetrus
und Cetraria islandica. Das Vaccinio-Pinetum cembrae wird in zwei Subassoziationen aufgeteilt,
subass. fypicum mit drei Varianten (var. Larix decidua, var. Cladonia spp. und var. Gymnocarpium
dryopteris) sowie subass. juncetosum trifidi subass. nov. Diagnostische Arten des Swertio perennis-
Pinetum cembrae sind P. cembra und Swertia perennis sowie die Differenzialarten Carex sempervi-
rens, Valeriana tripteris, Saxifraga paniculata, Scabiosa lucida, Melampyrum herbichii, Campanula
polymorpha, Sphagnum quinquefarium und Tortella tortuosa. Bei dieser Assoziation lassen sich zwei
Varianten unterscheiden, var. Valeriana tripteris and var. Carex sempervirens.

Ahnlichkeitsanalysen bestitigen die Eigenstindigkeit der beiden Assoziationen und ihre Trennung
vom Plagiothecio-Piceetum, sowie die Identitit des Vaccinio-Pinetum cembrae der Alpen und der Tatra
als bloBe geographische Varianten in einer Assoziation. Ein hoheres MaB an Ahnlichkeit zwischen
Zirbel-Kiefern-Wildern und hochmontanen Fichtenwéldern gegeniiber Latschen-Krummholz legt nahe,
erstere zum Unterverband Vaccinio-Piceenion statt zam Rhododendro-Vaccinienion beziehungsweise
Pinion mugo zu stellen.

Ein interessanter Aspekt unserer Studie war die Entdeckung des Swertio perennis-Pinetum cembrae,
Zirbel-Kiefern-Wildern iiber Kalk- und Dolomitgestein, die bisher aus der Tatra noch nicht beschrieben
worden waren. Eine analoge Assoziation der Alpen ist das Rhododendro hirsuti-Pinetum cembrae.
Trotz offenbar dhnlicher 6kologischer Nische rechtfertigen die floristischen Unterschiede ihre Einstu-
fung als getrennte Assoziationen.

Acknowledgements

The authors would like to thank the directorates of the Polish and Slovak Tatra National Parks for the
approval to carry out this research. We would also like to acknowledge to Prof. Lucyna Sliwa and Dr
Adam Flakus from the W. Szafer Institute of Botany Polish Academy of Sciences for help in the identi-
fication of lichens, to Prof. Adam Stebel from the Medical University of Silesia for help in identifica-
tion of mosses, to Dr Wolfgang Willner from the University of Vienna for sharing the collection of
relevés from the Austrian Alps and to Marcin Bukowski from the Tatra National Park for help in pre-
paring the map of the study area. This study was financially supported by the Ministry of Science and
Higher Education RP in the frame of statutory founds: DS-3421/2017 Department of Forest Biodiversi-
ty, University of Agriculture in Krakow.

Supplements

Supplement S1. Classifications of 108 relevés made in the relic Swiss stone pine forests and adjacent
forests in the Tatra Mountains, based on the four variants of transformation of initial data matrix:
A —Dbinary, B — “neutral”, C — “neutral” (layers B, C, D), D — average percentage of coverage.

Beilage S1. Dendrogramm der UPGMA-Klassifikation der 108 Vegetationsaufnahmen von Zirbel-
Kiefern- und angrenzenden Wildern der Tatra, auf vier Transformationsvarianten der urspriinglichen
Datenmatrix basierend: A — bindr, B — “neutral”, C — “neutral” (Schichten B, C, D), D — mittlere pro-
zentuale Deckung.

Supplement S2. Relic Swiss stone pine forests Vaccinio-Pinetum cembrae (Pallmann & Haffter 1933)
Oberdorfer 1962 in the Tatra Mountains, including Vaccinio-Pinetum cembrae juncetosum trifidi sub-
ass. nov. hoc loco, holotypus: relevé 82.

Beilage S2. Zirbel-Kiefern-Reliktwilder Vaccinio-Pinetum cembrae (Pallmann & Haffter 1933) Ober-
dorfer 1962 in der Tatra. Holotypus des Vaccinio-Pinetum cembrae juncetosum trifidi ass. nov. ist
Aufnahme 82.
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Supplement S3. Relic calcicolous Swiss stone pine forest of the Tatra Mountains Swertio perennis-
Pinetum cembrae ass. nov. hoc loco, holotypus: relevé 33.

Beilage S3. Zirbel-Kiefern-Reliktwiélder der Tatra iiber Kalk. Holotypus des Swertio perennis-Pinetum
cembrae ass. nov. ist Aufnahme 33.
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Zigba et al.: Syntaxonomy of relic Swiss stone pine (Pinus cembra) forests in the Tatra Mountains

Supplement S1. Classifications of 108 relevés made in the relic Swiss stone pine forests and adjacent forests in the Tatra Mountains, based on the four variants of transformation of initial data matrix:

A — binary, B — “neutral”, C — “neutral” (layers B, C, D), D — average percentage of coverage. Dendrograms made according to the UPGMA (SNEATH & SOKAL 1973). Distinguished syntaxa: [ - Swertio
perennis-Pinetum cembrae var. Carex sempervirens, L1 - S.p-P.c. var. Valeriana tripteris, 1 - Vaccinio-Pinetum cembrae var. Larix decidua, || - V.-P.c. var. Cladonia spp., O - V.-P.c. var. nemorosum, || -
V.-P.c. juncetosum trifidi, | | - P. cembra woodland fragments, [ - P. cembra woodland fragments / Plagiothecio-Piceetum, || - Plagiothecio-Piceetum, [ - artificial Pinus cembra woodlot.

Beilage S1. Dendrogramm der UPGMA-Klassifikation (nach SNEATH & SOKAL 1973) der 108 Vegetationsaufnahmen von Zirbel-Kiefern- und angrenzenden Wiéldern der Tatra, auf vier

Transformationsvarianten der urspriinglichen Datenmatrix basierend: A — bindr, B — “neutral”, C — “neutral” (Schichten B, C, D), D — mittlere prozentuale Deckung. Unterschiedene Syntaxa: : [ - Swertio
perennis-Pinetum cembrae var. Carex sempervirens, 1 - S.p-P.c. var. Valeriana tripteris, [ - Vaccinio-Pinetum cembrae var. Larix decidua, || - V.-P.c. var. Cladonia spp., (I - V.-P.c. var. nemorosum | -
V.-P.c. juncetosum trifidi, || - P. cembra-Waldfragmente, L1 - P. cembra -Waldfragmente / Plagiothecio-Piceetum, || - Plagiothecio-Piceetum, [ - kiinstliches Pinus cembra-Waldstiick.
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Zigba et al.: Syntaxonomy of relic Swiss stone pine (Pinus cembra ) forests in the Tatra Mountains

Supplement S2. Relic Swiss stone pine forests Vaccinio-Pinetum cembrae (Pallmann & Haffter 1933) Oberdorfer 1962 in the Tatra Mountains, including Vaccinio-Pinetum cembrae juncetosum trifidi subass.nov. hoc loco, holotypus: relevé 82. Symbols: N - frequency, N% - percentage frequency, C - constancy, CR - cover ratio, DR - dominance ratio.

Beilage S2. Zirbel-Kiefern-Reliktwélder Vaccinio-Pinetum cembrae (Pallmann & Haffter 1933) Oberdorfer 1962 in der Tatra. Holotypus des Vaccinio-Pinetum cembrae juncetosum trifidi subaass. nov. ist Aufnahme 82. Symbole: N - Frequenz, N% - prozentuale Frequenz, C - Stetigkeit, CR - Deckungsgradverhéltnis, DR - Dominanzverhéltnis.

Plant association Vaccinio-Pinetum cembrae (Pallmann & Haffter 1933) Oberd. 1962
Subassociation typicum Oberd. 1962 Jjuncetosum trifidi subass. nov.
Variant var. Larix decidua var. Cladonia spp. var. Gymnocarpium dryopteris
Number of relevé 80 105 87 97 93 8 8 107 81 54 62 68 6 60 51 79 75 73 72 8 70 91 16 74 9 57 23 56 104 63 66 65 59 52 27 17 15 95 4 20 92 94 21 46 11 106 103 45 39 12 77 40 47 19 25 29 14 98 38 37 5 10 43 3 9% 26 13 22 18 71 99 8 8 100 108 101 86
Index of the phytosociological agreement (IPA) 1 1 1 1 1 1 1 075 075 075 075 0.75 0.75 0.75 075 0.75 075 075 0.75 0.75 075 075 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 Mean 1 1 1 1 1 075 075 075 075 075 0.75 075 0.75 075 075 075 075 05 05 05 05 05 05 05 05 Mean 0.75 075 0.75 075 0.75 0.75 Mean Mean 1 1 075 075 05 05 05 05 Mean MEAN (ALL)
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S 8 8§ 5§ 58 § 8 §8 88 8§ 3§ EF 8585858558558 885¢8&8558588¢8%58%58%8¢58s+8§:+s § § 58 3§ 8 § 8§ 8 8§ 588 85§ 85§88 55§88 ¢8¢8§85+8§5¢8 S 5 8 %8 § B S 5§ 8 % 8 § 8 %
Date 2 2 & & 3 & & 3 & 8 8 & &8 &8 8 & 3 3 3 3 3 & & 3 33 & 3 3 3 g & 8 8 8 3 3 3 &g & 8 g &8 £ & & 3 8 8 & & 8 8 3 8 8 3 & 88 g8 38 & 8 g 8 8§ 8 & = 2 8 & & 8 & & 3

2 8 £ 8§ 8 ¢ 2 5 2 & 28 g - F 5 8 o d e d @ g d @ = d 3F g 3 85 2 = I 5 85 8 g 2 £ 2 2 £ S % § 8 £ 2 8% 2 2 S % g2 Z 8 o =2 o2 2 o5 @ g = = 5 2 ¢ & d 2 2§ g2 § ¢
Altitude [m] a.s. L. 1560 1477 1580 1560 1562 1528 1474 1397 1610 1546 1514 1355 1256 1443 1272 1527 1478 1480 1530 1565 1545 1513 1256 1475 1540 1491 1360 1450 1490 1529 1470 1495 1416 1398 1447 1356 1458 1480 1471 1511 1485 1564 1491 1550 1497 1514 1391 1486 1469 1465 1530 1496 1465 1454 1350 1360 1612 1390 1501 1531 1450 1474 1515 1515 1483 1505 1420 1505 1460 1625 1350 1478 1476 1590 1490 1650 1505 1558 1436 1590 1690 1564 1485
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- - — - — - — — - N - — - - N - - - - - — - N - — - N N - - — - - N - N N — N — - — N N N — - N N N - N N — — N N - N N N N N N — - N N N — - — - — - — -
Latitude [7] N $ % % 3% g ¢ g 3 3 3 3 3 g ¢ 3 3 g 3 3 3 g g 3 3 g g 3 3 g g 3 g g 3 3 3 g g $ % % % % 3 2 3 % % 3% % g 3 3 3 3 3 3 3§ 3 3 3 3 g 5 3 % 3 3 9 5 9 ¢ ¢ ¢ 9 9 ¢
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w2 3 5 £ g8 & & &R ¥ 0 3 T 5 8 2 06 =27 & 37 S s g8 s ¢ I T & T =S Z 3 0% w E FE =m o 8 & § 2 8 2 % 8 3 =& & 2 F 2 3072 5 8 <z o8 S @ == 4 o 2 E $ 2 3 & % I g

€ 2 2 & 8 8 8 8 8§35 8§ 8§ % & &5 & 232 &% & % &g & 3 & 3 28 3 ] 8 & E B S 5§ 5 8 k£ T E R & E FE B EEF 2 2 B E 2 8 g g F = & S g 2 g = % £ 5 2 & g g

. o o o o = o o o o o S o o o o o o o o o o o o o o o o o = o o o o o o o o o o o = o o o o o o o o o o o o o o o o o o o o o o o = o o o o o o o o = o = o

I_Ongltude [0] E (o] — N — — (o] N — N (o] (o] ()] (o] (o] N (o] N (o] N (o] — (o] N (o] ()] N (o] — (o] N (o] N (o] N (o] N — N (o] — — N (o] N — — (o] (o] (o] (o] N (o] N (o] (o] N — N (o] N — N — — (o] N (o] N N — N (o] — — — (o]
Exposure S w E W W SE S SE SE S S SE E E N W W sw . SW S w E E S S E S N E S E E W W NE SE SW N W N N W N NE W W W W W W NW W NW NE W SE W NE NE E N S NE E E E NW NW S w S E S W SW SW
Azimuth [°] 170 258 85 298 260 137 163 160 157 165 158 144 64 72 356 286 267 216 225 162 260 100 110 166 187 76 164 330 63 172 180 72 297 250 63 118 237 335 304 12 30 285 303 31 302 305 227 285 285 290 306 280 334 40 280 138 258 47 45 75 35 169 23 . 78 111 337 330 160 235 199 72 200 268 210 225
Inclination [°] 30 3 3% 25 38 20 10 10 30 15 10 R 25 30 3 30 35 35 . 20 30 35 40 15 28 25 50 15 35 20 15 35 39 3 25 35 28 40 20 35 40 40 55 25 30 30 3 15 3 25 20 30 20 30 25 35 40 35 20 2 5 40 29 50 45 60 30 50 50 48 30 25 45 50 25 35 50 . 40 39 31
Cover of A tree layer [%] 70 40 60 75 75 70 70 55 75 60 8 8 65 8 65 40 70 65 40 70 40 75 8 65 65 75 9 8 90 65 75 8 75 70 70 60 70 65 68 70 70 75 65 60 9 65 8 65 95 65 45 45 S0 70 60 70 65 8 60 70 75 75 80 55 68 80 80 100 90 100 100 92 70 60 65 40 8 35 75 70 75 63 70
Cover of Al tree layer [%] 70 40 60 75 75 70 65 55 75 50 8 70 60 8 45 40 70 65 40 70 40 75 S50 60 65 75 70 8 40 55 70 S50 65 60 50 58 60 60 62 60 65 75 65 50 30 65 8 65 95 65 45 45 30 40 55 40 65 75 60 65 75 70 70 45 60 8 70 8 70 80 65 74 62 60 65 40 8 35 70 70 75 62 62
Cover of A2 tree layer [%)] . . . . . . 5 . . 10 5 10 5 . 20 . . . . . . . 30 5 . . 20 50 10 5 30 10 10 20 2 10 5 14 10 5 . . 10 60 . . . . . . . 29 30 5 30 . 5 . 5 . 5 10 10 16 00 10 20 20 20 35 19 16 . . . . . 5 . . 5 15
Cover of shrub layer B [%] 40 95 70 15 30 25 40 75 25 35 15 5 40 40 40 95 30 35 9 35 9 35 30 35 25 15 20 5 20 8 10 20 20 60 50 20 35 25 39 60 20 35 35 70 20 35 15 15 5 40 75 9 40 25 20 35 40 30 55 35 25 15 20 90 38 30 15 10 5 10 5 13 36 30 40 45 65 60 25 30 25 40 36
Cover of herb layer C [%)] 9 8 70 65 75 70 8 75 75 60 70 60 70 8 90 65 60 60 60 75 75 70 70 60 95 60 60 8 8 70 8 60 40 8 8 8 90 70 72 9 8 70 8 8 40 9 9 70 60 9 8 8 8 60 9 90 60 9 40 90 90 65 90 60 76 9 8 8 9 9 70 83 75 80 75 8 9% 8 70 70 60 76 75
Cover of moss layer D [%)] 80 60 8 50 65 60 95 45 40 60 9 70 8 8 & 75 9 88 70 60 90 8 60 88 30 45 50 50 45 60 40 40 75 8 8 60 70 70 66 70 30 8 8 60 40 9 8 60 60 8 95 9 70 90 40 95 50 40 30 60 90 70 70 40 67 80 60 40 30 70 &0 60 66 30 25 35 8 40 65 50 40 46 64
Area of the relevé [m?] 250 150 250 250 250 250 250 250 250 200 250 250 250 250 150 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 243 250 250 250 250 200 250 250 250 250 250 250 250 250 200 250 250 250 150 250 120 250 250 250 250 250 237 150 250 190 250 250 250 223 239 250 250 250 250 100 100 250 250 213 236
Avarage age of stand 150 160 150 80 270 8 75 90 100 230 180 130 150 90 90 250 100 100 160 100 150 8 120 8 50 90 200 140 100 250 130 . 120 120 150 . 180 250 137 180 250 100 . . 120 120 120 150 250 250 170 100 120 100 100 180 150 150 100 220 . 250 200 260 165 150 150 250 180 250 250 205 153 40 130 100 100 120 70 150 75 98 147
Mean DBH [cm] . 439 . . 744 . . . . 36 33 . . .298 . . . . . . L339 . . . 232 35 . 40 275 . . 306 406 39 . . 37 34 541 . .321 284 . . . 382 51 . . 431 306 39.1 23 344 . . 436 . 38 329 402 38 246 338 . . 335 . 31 37 . . . . . . . - 37
Avarage height of stand [m] 4 10 12 14 22 12 15 14 12 . . . . 12 12 8 B8 15 12 12 15 10 17 18 11 19 . . . 135 18 . 23 10 . 15 16 20 14 4 18 13 18 . 12 . 15 10 18 15 . 10 12 . 10 15 . 17 10 14 . 20 . 14 14 10 10 . . 12 . 11 14 6 12 10 . . 100 11 12 10 14
Maximum DBH [cm] . 563 . . 984 . . . . 78 55 . . .7 . . . . . . L5922 . . . 492 S8 . 8 54 . . 407 528 535 . . 60 614 64 . . 392 468 . . . 611 70 . . 563 427 551 283 484 . . 633 . 110 50 805 58 33 48 . 48 48 478 45 57 . . . . . . . - 57
Maximum height of stand [m] 18 12 15 15 260 15 17 16 14 . . . . 7 15 10 22 21 6 16 18 12 22 22 15 23 . . . 15 25 . 26 14 . 18 19 26 18 6 22 15 12 15 15 . 17 12 22 17 . 13 15 . 14 18 . 9 15 16 . 24 . 16 16 15 12 . 20 15 . 16 17 8 14 12 . . 2 14 15 13 17
Number of species 23 28 3 23 29 31 21 29 24 22 15 20 21 21 27 25 27 23 22 27 24 30 29 23 32 21l 6 14 24 18 21 22 24 36 32 25 34 38 25 24 28 29 26 24 26 32 30 25 24 27 28 34 31 2 32 18 28 31 30 33 22 24 23 28 27 26 34 27 23 21 17 25 26 31 36 34 45 45 41 31 28 36 27
Ch. et *Dif. Vaccinio-Pinetum cembrae N N[%] C CR DR N N[%] C CR DR N N[%] € CR DR| N N[%] C CR DR N N[%] C CR DR| N N[%] C CR DR
Pinus cembra A1 4 3 4 4 3 3 3 . 4 2 2 3 3 1 3 3 r 1 2 3 1 2 + 3 4 4 3 3 2 3 3 3 3 2 3 34 895 V 2921 78.7| 4 4 4 5 4 2 r 2 4 4 3 3 3 3 1 4 3 4 1 4 4 3 3 2 3 25 100 V 4250 92 r 4 4 4 4 3 6 100 V 4792 934 65 942 V 3565 849 4 3 3 4 1 1 4 5 8 100 V 4438 925( 73 948 V 3656 85.7
Pinus cembra A2 . . . . . . 1 . . + + . + . 2 1 + r r + + r + 13 342 W 546 151 2 + . 2 3 2 r r + + . 9 36 I 331 23 . + 1 + 2 2 5 833 V 545 57.8( 27 391 T 197 22.8| . . . . . r 1 125 1 013 0 28 364 W 177 20.7
Pinus cembra B 1 + + + 1 + r r 2 r + r + + r r + + + r 1 r + + + + + + 1 + 1 32 842 V 773 403| 1 r + 2 + + r + 1 r + 2 + + + 1 1 2 + + r 21 84 V224 50.1 0 0 . 0 0 53 768 IV 124 40.8| + 1 . 1 r r 1 1 7 875 V127 46.7| 60 779 IV 124 414
Pinus cembra C + . r . . + . . . . 1 r + r + r r r + . + r r + 1 r + + r + 122 579 WM 161 17.7| + + + 1 + r + 1 r + + + r + + + + + 1 1 + [ 22 88 V 461 37.1| . . . . . . 0 0 . 0 0 44 638 IV 25.6 22.8| . + . . . . . 1 2 25 I 325 959( 46 59.7 M 263 215
*Larix decidua A1 . . r r + 1 1 1 . . . r 2 1 r + 3 1 3 2 r 1 r 2 . . . . r 23 605 IV 474 41.1)| . . + . . . . . r . . . r 1 r 5 20 I 105 5.19| . . . . . + 1 167 I 1.67 094 29 42 10 265 258| 2 . . 2 . 2 + 4 50 II 564 349 33 429 I 296 269
*Larixdecidua A2 . . . . . . . . . . . . + . . . . . . . + . . . . + . . . 1 . . . . . 4 105 I 7.37 2.32( . . . . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 0 0 . 0 0 4 58 I 4.06 089 . . . . . + 1 125 I 125 031 5 649 1 3.77 095
*Larixdecidua B . . . . . . + r . . . r r . . . + r r . + + . r r . . . . . . . . . . . . . 11 289 I 1.24 0.68( . . + . . . . . . . . . r . . . . . r . . . . . . 3 12 I 048 0 0 0 . (1} 0 14 203 I 086 0 + r . 1 . 1 4 50 I 639 229( 18 234 W 74 S5.16
*Larix decidua C . . . . . . . . . . . . . . . . r + + . + . . . . . . . . . . . . . . . . r 5 132 1 084 0 . . . 0 0 0 0 . . . . . 0 0 . 0 0 5 725 1 046 0 . . . . . . . 0 0 . 0 0 5 649 1 042 0
*Sorbus aucuparia var. glabrata A 1 + + + r r + r . r . . . . + . r . . . + r + . . . + . . . . . . . . . . . . 14 368 I 226 332 r + r . r + + 1 + r . + 10 40 om 122 11 + + . + + 4 667 IV 6.67 139| 28 406 I 6.23 8.18| . r r + r r r 6 75 IV 188 5.19| 34 442 I 5.78 853
*Sorbus aucuparia var. glabrata A2 . . . . . . . . . 1 r . . . . . . . . . . . r . . . r . r + r . + + + . . r 11 289 W 7.79 655 + r + r 1 1 6 24 1 209 8.03| + 1 + 1 + . 5 833 V 883 41.1( 22 319 1m 195 104| . . . . . + . . 1 125 I 125 031 23 299 I 17.6 9.44
*Sorbus aucuparia var. glabrata B 1 1 2 1 1 1 + + + 1 . . 2 1 1 + r + + + + 2 + . 2 1 + 1 1 + r 1 1 2 + 2 2 35 921 V 365 599| 1 1 1 2 1 1 1 1 1 1 r 2 + r . 1 2 1 + + + 20 80 IV 292 50 . 1 2 1 . r 4 667 IV 334 42.7| 59 855 V 336 54.8| . 2 1 1 1 + + + 7 875 V 285 545( 66 857 V 331 548
*Sorbus aucuparia var. glabrata C 1 . 1 . . + . . . + . . . 1 2 . r . + + + . . . . 1 + + 2 + 2 + . 2 2 + 1 1 22 579 10 240 349| 1 1 1 1 + + 1 1 1 + 1 r + r + 1 + + r r 20 80 IV 93 399 0 0 . 0 0 42 609 IV 166 343| . + . . . . . . 1 125 I 125 031] 43 558 I 149 308
*Salix silesiaca A2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 . . . . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 . . + . 1 167 I 1.67 094| 1 145 1 014 0 . . . . . + . . 1 125 I 125 031 2 26 I 026 0
*Salix silesiaca B . r + . . . . 2 r . . . . . . . . r r . r 1 r . . r . . . . . . . . . . . . 10 263 O 465 111 . . + + + . . . . . . . + . . . . . r + 1 . . . + 8 32 I 124 889 + + . r 3 50 m 35 69|21 304 W 304 115| 1 + . 1 1 1 r r 7 875 V 127 46.7| 28 364 1 404 148
*Salix silesiaca C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 . . . + . . . . . . . . . . . . . . . . . . . . . 1 4 I 04 0 0 0 0 0 1 145 1 014 0 r 1 125 1 013 0 2 2.6 I 014 0
*Betula pubescens subsp. carpatica Al . . . . . . . + + 3 2 . . . r . . . . . . . . . . . . 5 132 1 139 7.15 . 0 0 . 0 0 1 r 2 333 O 418 137 7 101 I 80 49 0 0 . 0 0 7 909 I 717 4.28
*Betula pubescens subsp. carpatica A2 1 2 2 . . . . . . . . 1 r r . . . . 6 158 1 922 7.87 r 1 4 I 004 0 . . 0 0 . (1} 0 7 101 I 508 4.39 0 0 . 0 0 7 909 I 455 3.82
*Betula pubescens subsp. carpatica B . . . . . . . 1 2 + 2 r 2 1 r + . r + . 1 1 . 13 342 1 146 188 + r 2 8 I 044 0 . + 1 167 1 1.67 094 16 232 I 805 11.2 0 0 . 0 0 16 208 I 721 9.79
*Betula pubescens subsp. carpatica C . . . . . . . . . . . r + . + . r . . . . r . 5 132 1 061 0 . . . . . . . . . . r . . . . . 1 4 I 004 0 . . . . . 0 0 . 0 0 6 87 I 035 0 . . . . . . . . 0 0 . 0 0 6 779 1 031 O
*Vaccinium vitis-idaea 3 3 3 1 2 2 2 2 r + 3 3 3 3 3 3 3 3 2 2 3 3 1 1 3 + 3 3 1 3 1 3 2 4 3 2 | 37 974 V 2428 83.6| 2 2 2 2 3 2 2 3 3 1 + 2 3 2 2 2 1 3 3 2 3 3 1 2 2 25 100 V 2010 83.8| 3 2 1 2 2 3 6 100 V 2042 84 [ 68 98.6 V 2243 838 2 2 2 3 4 3 2 2 8 100 V 2656 869 76 98.7 V 2286 84.1
*Veratrum lobelianum . . r . . r . . . . . . . . . r . . . . . . . r r . r + r 8§ 211 W 045 O + r r r + + r + r r . 10 40 oI 184 2.69| + 1 + r 4 667 IV 452 28 | 22 319 1 484 554| . . 1 r + 3 375 I 326 144 25 325 O 7.73 7.31
Gentiana punctata + . . . . . . . + + . . . . . . . . . . . . . . . . . . . + r 1 . . . 6 158 I 7.66 354 . r . + r . . r 2 + 1 . 2 . . 1 r 1 r 12 48 I 151 265 . + + r . 3 50 m 35 69|21 304 W 592 13.7| . . . . . . 0 0 . 0 0 21 273 WM 531 119
Sphagnum quinquefarium . . . + 1 . . . . . 3 3 . . 2 3 2 1 1 . 3 2 1 1 . 1 15 395 T 592 278 3 2 4 4 4 3 3 3 2 4 5 2 3 4 3 4 2 1 4 4 2 3 22 8 VvV 3710 79.7| 4 3 2 1 4 2 6 100 V 3250 89.1( 43 623 IV 1953 52 . . . 3 . 1 . . 2 25 I 500 17.1| 45 584 I 1802 483
Rhytidiadelphus triquetrus 1 1 2 . . + . . . + + . . 1 + . . . . . 1 . . . . . . 1 1 . . . . 3 . . . 12 316 I 179 18 . . + . + 1 . 3 12 I 108 3.15| . . . . 0 0 . 0 0 15 217 O 102 11.1| . . . . . . . + 1 125 1 125 03116 208 1 918 103
*Cetraria islandica r r . . . . . . . . . . . . . + . . + + + + . . . r . . . . . + . . . . . r 10 263 I 1.68 1.51( . . . r r r r r + + 2 1 + + + + + 14 56 m 73 265 + . . + 2 333 I 333 442 26 377 1 277 138 1 + . + + r . + 6 75 IV 364 29.7( 32 41.6 I 286 153
Cladonia macroceras . r r . . . . . . . . . r . . r r r + r . r . . . . . . . . . + . . . . . . 10 263 T 074 0 r r r + + + . + + r 9 36 I 216 3.05 0 0 . 0 0 19 275 O 119 052 r . . + + 4 50 Im 388 7.46( 23 299 W 147 1.26
Ch. Pinion mugo 0 0 . 0 0
Pinus mugo B 2 5 3 + 1 2 3 3 2 2 2 1 2 2 2 5 2 3 5 3 5 2 . 2 2 2 1 1 + 4 2 2 2 3 3 2 2 2 | 37 974 V 2553 842| 3 2 3 1 4 1 2 1 1 + 3 4 5 . + 2 3 3 2 3 2 2 2 1 5 24 96 V 2571 83 2 1 1 + + r 6 100 V 337 64.1( 67 971 V 2367 83.1| 2 2 3 3 3 1 2 2 8 100 V 2188 84.7( 75 974 V 2348 833
Pinus mugo C r . . . . . . . . . . r + . r . . . . . + . . . . . . . . . . + . . . . . . 6 158 I 087 0 + . . r . + . . . . . . . . . . . . . . r . + . . 5 20 I 128 054 0 0 0 0 11 159 I 094 0 . . . . . . . . 0 0 . 0 0 11 143 1 084 0
Juniperus communis subsp. alpina B . r + . . + + 1 r . . . . . . . . . . + . . . + 1 . . . . . . . . . . . + . 10 263 1 148 7.81| . . . . . . . . . . . . . . . . . . . r r . . . 1 3 12 I 101 3.05 0 0 0 0 13 188 I 11.8 5.12( 1 + 1 . + 1 + 2 7 875 V 285 545| 20 26 I 402 10.6
Juniperus communis subsp. alpina C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . 1 263 1 003 0 . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 0 0 0 0 1 145 1 001 0 . . . . . . . + 1 125 I 125 031 2 2.6 I 014 0
Ribes petracum B . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 263 1 003 0 . . . . . . . . . . . . . . . . . . . . r 1 4 I 0.04 0 0 0 0 0 2 29 I 003 0 . r . r 2 25 I 025 0 4 519 1 005 0
Ch. Loiseleurio procumbentis-Vaccinietea
Empetrum hermaphroditum . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . r . . . . 2 526 1 6.61 1.09( . . . . 1 . . . . . . . + + . . 1 . . . . . . . . 4 16 I 208 535 1 . . . 1 . 2 333 I 833 162 8 116 I 184 3.72| . r . 1 . 2 . . 3 375 I 219 223( 11 143 1 392 5.78
Vaccinium gaultherioides . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . 1 . . . . 2 526 1 6.61 1.09( . . . . . . . . . . . . . . . . . . . + . . . . . 1 4 I 04 0 . . . . . . 0 0 . 0 0 3 435 1 378 0.64 0 0 0 0 3 39 I 339 052
Ch. Piceion excelsae 0 0 . 0 0
Picea abies Al 1 1 1 2 3 3 3 3 + 3 3 3 1 3 2 1 4 4 2 3 2 3 4 1 2 5 2 1 1 . 4 3 4 4 2 3 3 3 37 974 V 2928 85.6| . 1 1 + . . 4 4 2 3 3 2 2 1 3 + 1 + 5 1 . 3 3 3 . 20 80 IV 1981 669 4 1 2 3 + 4 6 100 V 3002 882 63 913 V 2591 79.1| 1 2 + 2 3 4 1 + 8 100 V 1690 81.9( 71 922 V 2498 795
Picea abies A2 . 1 1 1 1 . 2 . . 3 1 . 2 . 3 2 1 3 2 2 2 + 2 1 19 50 I 625 355 1 1 . . + 3 . . . . . 2 3 r 2 . 1 . 1 . + + 2 13 52 I 521 358( 1 + 1 2 + 3 6 100 V 962 75.7( 38 551 I 617 39 . . . . . 1 . . 1 125 I 313 474| 39 506 I 556 353
Picea abies B 1 1 + 1 2 1 1 + + 1 + 1 1 2 3 + 1 1 1 1 1 1 2 2 + + 1 + 2 2 1 1 2 2 2 1 2 1 38 100 V 621 70.8| 2 1 1 2 1 1 1 1 1 + + 2 2 . 2 + 1 2 1 2 1 1 + 1 23 92 'V 542 63.8 0 0 . 0 0 61 884 V 538 61.2| 1 2 + 1 1 1 1 1 8§ 100 V 376 653| 69 896 V 521 6138
Picea abies C + . 1 . 1 + 1 r + + + + . . + + + + + + 1 . + 1 + + + 122 579 W 371 231 + + + + r r 1 + + r + + + + 1 . 1 r + r + + 1 . r 23 92 V454 38.7| . . 0 0 . 0 0 45 652 IV 369 259| . + . . . . . . 1 125 I 125 031| 46 59.7 1 33.2 23.1
Dryopteris dilatata 1 + 2 2 1 1 1 1 1 1 r r + . + r r + 2 2 2 + 1 2 3 . + 1 + 2 1 2 . 1 1 32 842 V 495 57.6| 2 2 2 + 2 1 1 + 1 1 1 1 r r 2 + + + + r + r 22 88 V 363 571 2 2 2 + + 1 6 100 V 795 736( 60 87 V 473 59 r 1 + 1 + + + r 8 100 V 678 464| 68 883 V 431 59
Homogyne alpina 2 1 1 2 1 2 1 2 1 + + 2 1 r 1 1 + 1 2 2 2 r + 1 . 1 2 2 + 2 1 30 789 IV 515 543| 2 2 1 + . 2 3 1 + 1 2 . 2 1 2 1 2 r + + 1 2 r 21 84 V692 605| 2 1 1 1 1 5 833 V 417 554 56 812 V 570 56.7( . . r 1 . + + 1 5 625 IV 651 288| 61 79.2 IV 518 545
Huperzia selago . r r . . . . . . . . r + r + r r r + 1 1 r 1 r 15 395 1 208 132 r r r 1 r + + r 2 + . 1 + + 1 + + . . + + + r 1 . 21 84 V. 104 43 1 + 1 1 + 5 833 V 128 446 41 594 1 604 268 r 1 . + . + r r 6 75 IV 341 292( 47 61 IV 576 273
Luzula luzulina . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . + 3 + . r 5 132 I 995 6.67| . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 + . 1 167 I 1.67 094 6 8.7 I 549 3.84| . . . . 0 0 . 0 0 6 779 1 492 335
Luzula sylvatica + + 1 1 r + . r 3 1 . . . r . . . . . . . . r 3 r 1 + 2 r + . 1 r 20 526 I 271 325 . + r + + . 1 + r 1 r + 10 40 I 221 136 1 1 + + . 4 667 IV 86.7 32.8| 34 493 I 165 27.7| . . . 1 . . 1 125 1 313 474| 35 455 I 151 25.1
Buckiella undulata . . . . r + . . . . . . . . . . . . . . . . 1 1 + . . 6 158 I 532 691| r r + 2 + 2 7 28 I 121 14.8| 1 . 3 2 333 W 667 239( 15 217 m 131 11.7( . . . . . 1 1 125 I 313 474| 16 208 m 121 11
Rhytidiadelphus loreus . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . 1 1 + 4 105 I 134 3.01( . . . 1 1 + 1 r r 2 7 28 W 905 139 1 1 + 3 50 Im 85 245| 14 203 I 47.6 8.63| . . . . . 0 0 . 0 0 14 182 1 426 7.52
Sphagnum girgensohnii . . + . . . 2 + . . . . 4 3 2 2 2 . . + . . r . + . . . 2 . . 2 2 . . + + . 16 421 M 541 292 3 . 2 2 2 3 3 1 1 8 32 I 650 22.8 0 0 . 0 0 24 348 I 533 241 . . . 2 + 2 25 I 189 144| 26 338 1 498 23.1
Ch. Piceetalia excelsae et Vaccinio-Piceetea 0 0 . 0 0
Lonicera nigra B . 0 0 . 0 0 . . . . . . . . . + . . . . . . . . r . . . . . . 2 8 I 044 0 . 1 1 167 1 417 6.85| 3 435 1 3.78 0.64| . . . r 1 125 1 013 0 4 519 1 34 07
Lonicera nigra C . . . . . . r 1 263 I 003 0 . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 . . 0 0 . 0 0 1 145 1 001 0 . . . . . . . . 0 0 . 0 0 1 13 I 001 0
Deschampsia flexuosa 2 2 + 2 1 + + 2 1 + 1 r 1 + 1 1 1 2 1 2 + 1 2 + 1 1 2 + + 1 1 1 35 921 V 411 61.1| 1 2 1 1 2 2 1 2 1 2 1 2 1 2 1 1 + 2 + 1 1 1 2 1 24 9 V 0671 688 4 1 2 3 2 1 6 100 V 2250 85 | 65 942 V 665 675 1 1 2 1 + + 1 2 8 100 V 503 685 73 948 V 648 67.6
Vaccinium myrtillus 4 4 3 3 4 3 4 4 4 3 4 4 4 4 5 3 3 3 3 3 4 3 4 3 3 3 5 4 3 4 2 3 5 5 5 5 4 [ 37 974 V 5368 92.1| 5 5 4 4 4 3 4 4 4 5 2 4 4 5 5 3 5 2 3 4 4 5 2 25 100 V 5980 95.8| 3 4 4 5 4 4 6 100 V 6250 963 68 98.6 V 5667 93.8| 3 3 3 3 3 3 4 3 8 100 V 4063 915| 76 98.7 V 5500 93.7
Lycopodium annotinum . . . . 2 1 2 1 1 + . 2 1 1 3 3 2 r 13 342 1 388 225| 3 + . 2 . + 3 2 . + 1 4 2 4 1 + 3 3 2 2 3 3 19 76 IV 1722 624 1 2 1 4 + 5 833 V 1377 664 37 53.6 II 957 40.6( . . . r . 1 2 25 I 314 949| 39 506 I 861 37.7
Calamagrostis arundinacea . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . . . . . . . . 1 263 I 987 133| . . . . . . . 3 1 . . . . 2 2 . 4 16 I 280 993 0 0 . 0 0 5 725 1 156 4.03( . . . . . . 0 0 . 0 0 5 649 1 140 3.53
Barbilophozia lycopodioides . 2 . . . . . . . . . . . . + . 1 . . 1 . . . . . 1 . . . . . . . . . . 1 1 7 184 1 726 8.7 . + . . . . . . . . + + 1 1 1 + 2 + . 1 10 40 T 102 204 0 0 . 0 0 17 246 O 77 11.8| . . . . . + 1 125 I 125 031 18 234 I 69.1 109
Bazzania trilobata . . + + 1 . . . . . . + + 1 6 158 I 142 462 . . . + + 1 1 . 4 16 I 208 535( . . . . . . 0 0 . 0 0 10 145 T 154 436| . . 1 . 1 125 1 313 474| 11 143 1 17 4.46
Dicranum scoparium 2 2 3 2 2 2 2 2 3 3 3 2 1 3 2 3 3 4 3 2 4 3 1 1 2 2 3 2 2 3 2 2 1 3 3 2 | 38 100 V 2349 855| 2 2 1 . 2 1 2 2 1 . 2 2 2 2 2 2 1 2 2 2 3 3 3 2 3 23 92 V. 1540 744| + 2 . + 1 3 5 833 V 920 62.7( 66 957 V 1932 79.7( + 2 2 1 3 1 2 8 100 V 1283 788( 74 96.1 V 1864 79.7
Hylocomium splendens 3 2 3 3 3 2 3 1 2 3 1 1 1 3 2 3 2 3 2 3 2 4 1 1 3 1 + 2 1 2 4 3 3 3 2 |3 921 V 2158 779| r 1 2 1 2 1 1 1 1 + 2 1 2 3 1 2 3 1 2 1 1 3 22 8 V920 662 . . . . . 2 1 167 I 250 10.1| 58 84.1 V 1544 68 . . 1 2 2 + 2 2 6 75 IV 783 551| 64 831 V 1465 66.7
Pleurozium schreberi 3 4 3 2 2 3 3 3 3 1 3 1 3 3 2 4 3 3 3 4 3 2 2 2 2 3 3 2 3 3 3 3 3 3 35 921 V 2934 81 1 + 1 2 3 1 2 2 1 2 1 3 3 3 2 2 17 68 IV 1070 523 + . 1 . + 3 50 HmI 45 21 | 55 79.7 IV 2008 668 1 r 2 2 1 2 7 875 V 813 646 62 805 V 1884 66.9
Polytrichum commune + . . . . . + . 2 3 789 1 40 321 1 . . . . . . . . . . . . . . . . . . . . . . . . 1 4 1 10 1.01 0 0 . 0 0 4 58 I 257 2.07 0 0 . 0 0 4 519 1 23 1.79
Ptilium crista-castrensis . . . . . 2 + . . . . . . + . . 3 . . . 2 . . . + . . . . . 1 . . + . . . r 9 237 1 185 13.6( . . . . . . . . . . . + . . . . . . . . . . . . . 1 4 I 04 0 . . . . . . 0 (1} . 0 0 10 145 1 102 7.39 . 0 0 . 0 0 10 13 I 91.6 646
Polytrichastrum formosum 1 2 1 . 1 . . 2 . 2 1 . . 2 . 2 . 1 . 1 . 2 2 . . 3 + . 2 1 . . 4 2 1 . 2 + 22 579 MW 711 419 3 2 + . . 3 2 3 2 2 2 . + 4 3 3 . . 1 . . 1 . 3 + 17 68 IV 1471 54.6| 3 1 2 2 1 2 6 100 V 1458 803 45 652 IV 1051 50 + 1 3 2 + 5 625 IV 690 45 | 50 649 IV 1014 495
Ch. Adenostyletalia alliariae et Mulgedio-Aconitetea 0 0 . 0 0
Athyrium distentifolium 1 + . . . . . + 1 + . . . . . . . . . . . . + . . 1 . . . . . . . . 1 . + 9 237 W 27.6 8.66( . 1 . . . r + . . . 2 . . . . 1 . . 5 20 I 804 9.67| + 1 . 2 333 T 433 138( 16 232 T 481 99 | + + + . 3 375 I 375 546( 19 247 1 435 103
Polygonatum verticillatum . . . . . . . . . . . . . . . . . . . . . . . r + . 2 526 I 029 0 . . . . . . . . . . . . . . . . . r 1 4 I 004 0 + 1 167 I 1.67 094 4 58 I 032 0 . . + 1 125 I 125 031 5 649 I 042 0
Ranunculus platanifolius . . . 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 . r r + 3 375 1T 15 1.68| 3 39 I 016 O
Senecio nemorensis + + + r . 6 158 I 111 017 . . . . . . . . . . . . . . . . . . . . . . 0 0 0 0 . . . 0 0 . 0 0 6 8.7 I 061 0 + + r 1 + + 6 75 IV 364 29.7( 12 156 I 432 2.51
Calamagrostis villosa 2 3 3 2 2 3 3 3 3 + 1 1 + 1 3 1 2 2 3 2 2 2 5 3 2 2 2 1 2 1 1 1 2 2 [ 35 921 V 1823 76.2| . 4 2 r + . 1 . . 1 2 . 1 2 . 2 . . 1 2 2 + 14 56 I 651 40 | + 2 2 r 4 667 IV 502 45.7| 53 768 IV 1283 60.6| 4 3 2 3 1 2 3 8 100 V 3213 89 [ 61 792 IV 1484 63.7
Solidago alpestris + r . r 4 105 I 034 0 . . . . . . . . . . . . . . . . . . . . + 1 4 I 04 0 + + r 3 50 m 35 69| 8 116 I 064 0 + r + r 5 625 IV 4 955(13 169 1 099 0
Adenostyles alliariae + r . 2 526 1 029 0 . . . . r . . . . . . . . . . r . r . . r 4 16 I 016 0 + 1 167 I 167 094 7 101 I 036 0 1 r 2 25 I 314 949 9 117 1 3.58 1.64
Doronicum austriacum . 0 0 0 0 0 0 . 0 0 + 1 167 1 167 094 1 145 1 014 0 1 1 125 1 313 474 2 2.6 I 338 035
Ch. Juncetea trifidi 0 0 . 0 0
Festuca airoides . . . . . . . . . . . . . . . . . . . . . + 1 263 I 026 0 . . . + . . . . . . . . . . . . . . . + . . . + 3 12 I 12 024| . + . . . . 1 167 I 1.67 094| 5 725 1 072 0 1 + + r + + 75 IV 364 297 11 143 1 443 2.34
Juncus trifidus . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . r 2 526 1 005 0 + 1 + r r r 6 24 1 109 632 . . . . . . 0 0 . 0 0 8 116 I 399 177| r r + r 1 . + 75 IV 341 292| 14 182 I 7.2 3.93
Oreochloa disticha 0 0 0 0 r r 2 8 I 0.08 0 . . . . + 1 167 I 1.67 094| 3 435 1 017 0 r . . . 1 125 1 013 0 4 519 1 017 0
Ch. Dicrano-Pinion sylvestris 0 0 . 0 0
Cladina rangiferina . . . . . . . . . . . . . . . + r . . r . 3 789 1 032 0 r r r + . + + 6 24 1T 132 0.73 0 0 (1} 0 9 13 I 065 0 1 r + 2 + 5 625 IV 221 372| 14 182 1 23.6 633
Cladonia arbuscula . . . . . . . . . . . . . . . . . . . . . + 1 263 I 026 0 1 1 4 | 10 1.01 0 0 (1} 0 229 I 377 042 0 0 . 0 0 2 2.6 I 338 035
Cladonia furcata . . . . . . . . . . . . r . . . r r . . . . . . . . . . . . . . . . . . . r 4 105 1 011 O r . + 2 8 I 044 0 0 0 0 0 6 87 I 022 0 . 0 0 . 0 0 6 779 1 019 0
Dicranum fuscescens . . . . . . . . . . . . + 1 263 1 026 0 r + 2 8 I 044 O 0 0 0 0 3 435 1 03 0 1 1 125 1 313 474 4 519 1 352 0.72
Ch. Abieti-Piceion 0 0 . 0 0
Gentiana asclepiadea . r + r + r + + . 1 . . . . . . . . . . . . . 1 2 + . . . . . . . . + . . . 12 316 I 543 139( . + . . . . r r . . 1 . . . . . . 1 . . . 5 20 I 205 6.65 1 1 . r 3 50 II 835 244| 20 29 I 446 121 . . 1 . 1 . . . 2 25 I 625 114 22 286 I 464 121
Gymnocarpium dryopteris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . 1 263 I 026 0 . . . . . . . . . . . . . . . . . . . . r . . . . 1 4 I 0.04 0 . + 1 + . . 3 50 m 45 21 5 725 1 4.07 112( . . . . . . . . 0 0 . 0 0 5 649 I 3.65 093
Phegopteris conectilis . . . . . . . + . . . . . . . . . . . . + . . . . . . . . . . . . . 1 . . . 3 789 1 741 171 . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 . . . . . . 0 0 . (1} 0 3 435 1 391 0.65( . . . r . r . . 2 25 I 025 0 5 649 1 353 09
Ch. Luzulo-Fagion sylvaticae 0 0 . 0 0
Hieracium murorum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 1 263 1 026 0 . . . . . . . . . . . . . . . . . + . . . . . . . 1 4 I 04 0 . . . . . . 0 (1} . 0 0 2 29 I 029 0 . r . . . . r . 2 25 I 025 0 4 519 1 029 0
Luzula luzuloides 1 . . 1 + . . 1 . . . . . . . . . . . . . . + . 1 . . . . . . . . r 7 184 I 269 6.68( . . . . . 1 . . 2 r . . . . . . . 2 + . + . . . 3 7 28 281 174( . + 1 167 I 1.67 094 15 217 1 117 114| 1 1 2 2 + + . 1 7 875 V 471 593| 22 286 I 154 158
Others 0 0 . 0 0
Polypodium vulgare . . . . . . . . . . . . . . . . . . . . . + + . . . . . . . . . r . . . r 4 105 1 058 0 . . . . . . . . . . . . . 0 0 . 0 0 0 0 0 0 4 58 I 032 0 . . . . r 1 125 1 013 0 5 649 1 03 0
Calluna vulgaris . . . . r + . r . . . . . . . . . . . . . r r . + . 1 . . . . . . . r + + 10 263 I 7.76 594 . . . . . . . . . . . r . . . . . . 1 2 8 | 10 2.03| . . . . . 0 0 . 0 0 12 174 1 791 396| 1 r 1 . + 1 . + 6 75 IV 964 37.7( 18 234 1 171 7.31
Chamaenerion angustifolium . . . . . + . + . . . r . . . . . . . r . . . r . . . . . . . . . . . . . r 6 158 I 063 0 . . . . . . . . . . . . . . . . . . + . . . . 1 4 I 04 0 . r . . r 2 333 0O 033 0 9 13 I 052 0 + r + r + . . r 6 75 IV 413 117115 195 1 09 0
Ptilidium ciliare . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . 1 263 1 658 055 . . + . . . . . . . . + . . + . . . . + . . 1 5 20 I 116 54 0 0 0 0 6 87 I 783 197 0 0 . 0 0 6 779 1 7.01 1.67
Calypogeia azurea . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . . 1 . 3 789 I 526 345| 1 + + . . . . . + . + . . . . . . . . 5 20 I 116 54 0 0 0 0 8 11.6 I 332 447 . . . . . . . 0 0 . 0 0 8 104 I 29.7 3.88
Hypnum cupressiforme . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . + 2 526 I 053 0 . . . . . . . . . . . . . . . 1 . . 1 . 2 8 I 20 2.64 0 0 0 0 4 58 I 754 129| . . + . 1 . + 3 375 I 338 145 7 909 1 103 2.33
Barbilophozia hatcherii . . + . . . . . . . . . . . . . . + + . . 1 . 4 105 I 737 2.32( . . . . . . 1 . . . . . . . . . . . . + . . . . . 2 8 I 104 2.06| . . . 0 0 . 0 0 6 87 I 783 197| . . . . 1 1 125 I 313 474 7 9.09 1 103 233
Prenanthes purpurea . . . . r . . . . . . . . . . . . r . . . . + . . . . . . . . . . r + r r + 8§ 211 I 092 0 . r . . . . . + + . . . . . . . . . r . . . . . r 5 20 I 092 0 . r + . 2 333 I 1.83 223 15 217 1 1 0 . + r . + . r . 4 50 I 275 55719 247 W 1.18 045
Rubus idaeus 1 r 1 + + 1 . 1 + + . . . . . . . . . + + + . 1 . r . . . . . . . r + . r r 18 474 I 351 18.6| . . r . . + . . . . r . + . . + . . r + + . . . r 9 36 I 216 3.05( + 1 + + 4 667 IV 46.7 282| 31 449 I 242 158| r 1 + + . . + r 6 75 IV 353 294| 37 481 I 253 17.1
Anastrophyllum minutum . . . . . . . . . . . . . . . . . . . . . + 2 526 1 053 0 . . . . . . . . . . . . . . . . 1 1 4 I 10 1.01 0 0 0 0 3 435 1 391 0.65( . . . . . 0 0 0 0 3 39 I 351 054
Barbilophozia sp. . . . . . . . . . . . . . . 2 1 263 I 395 1.07| . . . + . . . . . . . . . . . . . . . . . . . . 1 4 I 04 0 0 0 0 0 2 29 I 219 099 . . . . r 1 125 1 013 0 3 39 I 19.6 1.28
Bazzania tricrenata . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . 1 263 I 658 055| . . . . 1 + + . . . . . . . . . . . . . . . . 2 4 16 I 708 7.51 0 0 . 0 0 5 725 1 293 27 . 0 0 0 0 5 649 1 262 234
Campanula polymorpha . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r 1 263 1 003 0 . . . . . . . . . . . . . . . . . r . . r 2 8 I 008 0 r 1 167 1 017 0 4 5.8 I 006 0 r r r + r 5 625 IV 175 385 9 117 1 023 0
Cladonia coccifera . . . . . . . . . . . . r . . 1 263 1 003 0 . . . . r . . . . . . . + . + . . . r 4 16 I 088 0 0 0 0 0 5 725 1 033 0 0 0 0 0 5 649 I 03 0
Cladonia digitata . . r . . . . . . . . . . . + . . . . . r . . 3 789 1 032 0 r . r r . r r r 6 24 I 024 0 0 (1} 0 0 9 13 I 026 0 0 0 0 0 9 117 1 023 0
Cladonia grayi . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . r . . r 3 789 I 032 0 + . r 2 8 I 044 0 0 0 0 0 5 725 1 033 0 0 0 0 0 5 649 I 03 0
Cladonia pleurota . . . . . . . . . . . . . . . r . . . . 1 263 1 003 0 r + . . r + 4 16 I 088 0 0 0 0 0 5 725 1 033 0 0 0 0 0 5 649 1 03 0
Cladonia squamosa . . + . . . . . . . . . + . + r . r + r + 8§ 211 Wm 139 077 . . . . . r . . . . . . . + + r r r r 7 28 I 1 0 0 0 0 0 15 217 1 113 029 . . . . . + 1 125 1 125 031 16 208 1 1.14 031
Cladonia sulphurina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r 1 263 1 003 0 . . . . . . . . . . . . + . 1 4 I 04 0 0 0 0 0 2 29 I 016 0 . . . . + 1 125 1 125 031 3 39 I 027 O
Dicranodontium denudatum . . . . . . . . . . . . . . 3 . . . . . . . 2 . . . . . . + 3 789 1 138 4.29 + + 2 8 I 08 0 0 0 0 0 5 725 1 765 3.46 . 0 0 0 0 5 649 1 68.6 3.02
Diplophyllumalbicans . . . . . . . . . . . . . . . . . . . . . + + . . . . . . + . . 3 789 1 079 o0 . 0 0 . 0 0 0 0 0 0 3 435 1 043 O 1 1 125 I 313 474 4 519 1 3.64 0.74
Lepidozia reptans . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . + . . 2 526 1 053 0 + . 1 4 I 04 0 0 0 0 0 3 435 1 043 0 0 0 0 0 3 39 I 039 0
Barbilophozia sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . 1 263 1 026 0 . r + + 3 12 I 084 0 0 0 0 0 4 58 I 045 0 0 0 . 0 0 4 519 1 04 O
Barbilophozia ventricosa . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 2 526 I 6384 1.12 + 1 + 3 12 I 108 3.15 0 0 0 0 5 725 1 7.68 1.63 . + 1 125 I 125 031 6 7.79 1 7.01 1.67
Mutellina purpurea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 . . . . . . . . . . . . . . . . . . . . + . 1 4 I 04 0 0 0 0 0 1 145 1 014 0 . r r r 3 375 1 038 0 4 519 1 017 0
Mylia taylori . . . . . . . . . . . . . . r . . . . . . . . . . . . . 1 . . . + 1 4 105 I 134 3.01| r . 1 1 2 . . 1 . + . . + 1 1 . 1 + . . + 1 13 52 m 132 28 0 0 0 0 17 246 1O 551 109 . . . 1 . . . . 1 125 I 313 474| 18 234 1 526 10.2
Orthodicranum montanum . + 1 . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 789 1 687 1.68( . . . . . . . 1 . . . . . . . . . . . . . . . . . 1 4 | 10 1.01| . . . . 0 0 . (1} 0 4 58 I 741 1.28| . . . . . + . + 2 25 I 25 2521 6 779 1 69 1.66
Oxalis acetosella + . + 1 + 2 + + 1 + . + . + . . + r . 1 2 1 r 4 1 1 . . . . + . 2 + . . + r 25 658 IV 326 419 + + . . . + + + . + + + 1 1 . . . . + . + . + . + 14 56 M 248 198 2 + + + 4 667 IV 255 40.7| 43 623 IV 210 36.7| . . + 1 . . + 3 375 I 338 145( 46 59.7 M 192 34.6
Paraleucobryum longifolium . . 0 0 . 0 0 + 2 2 8 I 604 3.61 0 0 0 0 2 29 I 219 099 . + 1 125 I 125 031 3 39 I 19.7 1.28
Plagiomnium affine . . . . + 1 . . . . . . . . . . . . . . . . . 2 1 r . . . . . . . . . . . r 6 158 I 529 69 . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 . 0 0 0 0 0 0 6 87 I 292 323| . . . . . . . 0 0 . 0 0 6 779 1 261 2.8
Plagiothecium curvifolium . . 2 2 r 2 1 2 + . . . . . . . . . . . . . . . 1 . . . . . + + + . . . 1 12 316 O 179 18 . . . . . . . 1 . . . . . . . . . . . + . . . . + 3 12 I 108 3.15 0 0 0 0 15 217 m 102 11.1| . . . . . . 1 1 125 1 313 474| 16 208 I 949 104
Polytrichastrum alpinum . . . + . . . . . . . . . . . . . . . . . + 2 526 I 053 0 . . r r . . . . . . . . 2 3 12 I 60.1 541 0 0 0 0 5 725 1 221 247( . . . . . . . 0 0 . 0 0 5 649 1 198 2.13
Polytrichum juniperum . . 0 0 . 0 0 . . . . . . . . . . . . . . . + 1 4 I 04 0 0 0 0 0 1 145 1 014 0 + . . . . . + 2 25 I 25 2521 3 39 I 039 0
Polytrichum strictum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . . . . . . + 2 526 I 397 214( . . . . . . . . + . . 2 1 2 1 . . . . . . 5 20 I 140 109 0 0 0 0 7 101 I 728 479 . . . . . . 0 0 . 0 0 7 909 I 652 4.18
Racomitrium lanoginosum . 1 . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . r r 4 105 I 132 2.99( . . r r . . . . . . . . . . . . 1 . . r + . . . . 5 20 I 105 5.19 0 0 0 0 9 13 I 111 346| . r . . . + 2 25 I 138 088 11 143 I 10.1 3.64
Racomitrium microcarpon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 r 2 526 1 6.61 1.09( . . . r . . . . . . . . . . . . . . . . . . . . 2 2 8 | 60 3.61 0 0 0 0 4 58 I 254 207 . . + 1 125 I 125 031 5 649 1 229 2.24
Sempervivum montanum 0 0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 r 1 r + 4 50 I 328 192 4 519 1 34 0.7

In one or two relevés: Al: Pinus sylvestris 84:r; A2: Acer pseudoplatanus 16:r; B: Abies alba 52:r; Rosa pendulina 106:1; C: Dryopteris filixmas 107:+, 101: r; Cystopteris fragilis 100:r, 108:+; Hieraciumsp. 88:+, 71:r; Poa alpina 22:+; Nardus stricta 82:r; Luzula alpino-pilosa 71:r; Carduus glaucus 29:r; Carex fuliginosa 74:r; Salixalpina 56:r; Saxifraga paniculata 100:r; Sedum fabaria 90:r, 100:r; Sesleria varia 52:r; Soldanella carpatica 106:+; Thymus carpaticus 100:+; Polygonum bistorta 90:r, Polygonum viviparum 83:+; 19:+; Leucanthemum waldsteinii 19:r; Chaerophyllum hirsutum 19:r; Clematis alpina 29:+, 100:1; Festuca carpatica 29:1; Hieracium atratum 100:r; Abies alba 23:2; Valeriana tripteris 108:r; Hieracium lachenalii 26:r; Alchemilla
sp. 100:r; Viola biflora 107:+, 19:r; D: Andreaea rupestris 108:+; Barbilophozia barbata 92:+; Blepharostoma trichophyllus 52:+, 11:+; Brachythecium starkei var. explanatum 84:2, 81:+; Calypogeia neesiana 92:+; Calypogeia sp. 56:+; Calypogeia trichomanis 51:r; Cephalozia bicuspidata 52:+; Cephalozia sp. 92:+; Cladonia pyxidata 71:r, 99:r; Cladonia gracilis 91:r, 37:1; Cladonia bellidiflora 75:r, 37:r; Cladonia ciliata 73:+, 65:r; Cladonia macilenta 55:+; Cladonia stygia 77:+, 98:r; Cladonia subulata 86:+; Elsholtzia ciliata 68:1; Eurhynchiumangustirete 51:2; Grimmia sp. 100:+; Herzogiella striatella 80:+; Hylocomiastrum umbratum 104:1, 83:+; Isothecium alopecuroides 27:r; Jungermannia sp. 79:+; Mylia anomala 46:+; Niphotrichum ericoides
83:+; Plagiochila asplenioides 104:+, 19:r; Plagiochila porelloides 99:r, 108:+; Plagiothecium sp. 51:r; Pohlia nutans 105:+; Racomitrium ericetorum 75:1; Rhizomnium magnifolium 19:r; Rhizomnium punctatum 59:r; Rhytidiadelphus squarrosus 87:+, 90:2; Schistidiumsp. 71:1; Sciuro-hypnumreflexum 90:1; Sciuro-hypnum starkei 92:1; Seniolnia uncinata 90:1; Sphagnum palustre 107:r; Splachnum sphaericum 40:+; Tetraphis pellucida 93:r, 86:+; Tortella tortuosa 29:+;




Zigba et al.: Syntaxonomy of relic Swiss stone pine (Pinus cembra ) forests in the Tatra Mountains

Supplement S3. Relic calcareous Swiss stone pine forest of the Tatra Mountains Swertio perennis-Pinetum cembrae ass. nov. hoc loco, holotypus: relevé 33. Symbols: N - frequency, N% - percentage frequency, C - constancy, CR - cover
ratio, DR - dominance ratio.

Beilage S3. Zirbel-Kiefern-Reliktwélder der Tatra iiber Kalk. Holotypus des Swertio perennis-Pinetum cembrae ass. nov. ist Aufnahme 33. Symbole: N - Frequenz, N% - prozentuale Frequenz, C - Stetigkeit, CR -
Deckungsgradverhéltnis, DR - Dominanzverhéltnis.

Plant association Swertio perennis-Pinetum cembrae ass. nov.
Variant var. Valeriana tripteris var. Carex sempervirens
Number of relevé 34 31 36 33 5 6 8 9 35 53 32 50 7 4
. . Mean Mean

Index of the phytosociological agreement (IPA) 1 1 1 1 1 1 075 075 075 0.75 1 1 1 1 MEAN (ALL)
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Longitude [°] E N N N N - - - - N N N N - -
Exposure E w E w E N NW NW NE N W SW N N
Azimuth [°] 88 290 108 256 75 359 314 323 36 320 273 208 35 10
Inclination [°] 30 35 40 45 30 . 35 30 65 35 37 53 45 65 54 40
Cover of A tree layer [%] 70 90 60 80 50 80 90 90 90 65 77 70 30 10 30 35 68
Cover of Al tree layer [%] 50 80 60 70 50 60 70 70 60 55 63 40 30 10 30 28 55
Cover of A2 tree layer [%] 20 10 . 10 . 20 20 20 30 10 18 30 . . . 30 19
Cover of shrub layer B [%] 15 10 20 30 20 60 20 10 30 35 26 20 40 90 30 45 30
Cover of herb layer C [%)] 90 60 80 90 100 70 90 80 80 80 83 80 80 90 80 83 83
Cover of moss layer D [%] 30 40 20 30 80 65 80 70 60 40 58 20 50 80 50 50 56
Area of the relevé [m?] 100 250 250 250 150 250 110 110 150 250 178 150 40 100 150 110 163
Average age of stand 250 150 150 150 . 200 150 150 120 120 162 100 50 . . 75 149
Mean DBH [cm] 532 321 . 327 158 . 244 . 31.7 362 30 18.7 . . . 19 29
Average height of stand [m] . . . 13 . . . . 15 14 14 10 7 . . 9 12
Maximum DBH [cm] 73.5 51.6 . 49 . . 35 365 38.8 56 46 41.5 . . 26.6 34 44
Maximum height of stand [m] . . . 15 . 15 . 10 17 16 14 12 14 . 9 12 13
Number of species 49 48 58 62 51 39 38 42 47 64 48 49 54 28 29 40 46
Ch. et *Dif. Swertio perennis-Pinetum cembrae N N[%] C CR DR N N[%] C CR DR N N[%] C CR DR
Pinus cembra Al 3 4 4 4 + r + r 4 3 10 100 V3252 891 3 2 2 2 4 100 V2063 841 14 100 V 2912 879
Pinus cembra A2 2 + . 1 . . . r 1 + 6 60 mIr 202 351| 3 1 25 oI 938 188 7 50.0 IO 412 332
Pinus cembra B + + 1 4 40 o 271 145]| + r + + 4 100 VvV 775 226 8 571 I 216 193
Pinus cembra C + + r 3 30 o 21 25 + + . 2 50 IO 5 8.9 5 357 O 29 42
Swertia perennis + r + r + 1 2 1 r 9 90 V. 203 527 1 r + 3 75 IV 653 345 12 857 V 164 482
*Carex sempervirens . 1 . + + + 1 5 50 m 53 219( 3 3 + 1 4 100 V1940 834| 9 643 IV 592 452
*Valeriana tripteris + 1 2 2 + + + + 1 10 100 V 355 64.7| + r + 3 75 IVv. 525 137 13 929 VvV 255 56.7
*Saxifraga paniculata + + + r r 5 50 m 32 64 + + . 2 50 1o 5 8.9 7 500 m 37 72
*Scabiosa lucida r r r + r 5 50 m 14 19 + r + 3 75 IV 525 137 8 571 W 25 58
*Melampyrum herbichii + r 1 2 1 + . 6 60 HmI 202 351 1 . 1 25 oI 625 114 7 500 II 162 28.0
*Campanula polymorpha + . + + . . + r 7 70 v 61 139| + + + + 4 100 V 10 254) 11 786 IV 72 171
*Sphagnum quinquefarium . . . . 2 3 . 1 3 . 4 40 o 925 30.1 . 0 0 . 0 0.0 4 286 I 661 204
*Tortella tortuosa + 1 1 . . + . . . 2 5 50 mr 202 292 2 1 2 50 II 438 335( 7 500 II 269 308
Ch. Pinion mugo
Rosa pendulina B . + . . . r + + . r 5 50 m 32 64 0 0 0 0.0 5 357 o 23 33
Rosa pendulina C . . . . + 1 10 1 1 0.0 0 0 0 0.0 1 7.1 I 0.7 0.0
Sorbus aucuparia var. glabrata Al . . . . 2 . . r 2 20 I 150 11.0 (1} 0 0 0.0 2 143 1 107 74
Sorbus aucuparia var. glabrata A2 . . . . . T 2 2 + T 5 50 o 301 314 . . . . 0 0 . (1} 0.0 5 357 1 215 21.1
Sorbus aucuparia var. glabrata B . + 1 + + 2 . . 1 1 7 70 IV 228 419| + . + + 3 75 Iv. 75 166 10 714 IV 165 40.2
Sorbus aucuparia var. glabrata C + 1 1 + . . . . 1 1 6 60 m 102 306 | + . . + 2 50 m 5 8.9 8 571 W 743 27.1
Salix silesiaca A2 . . . . . . . + . . 1 10 | 1 0.0 . . . . 0 0 . 0 0.0 1 7.1 1 0.7 0.0
Salix silesiaca B . . + + 2 1 + . 1 + 7 70 IV 204 41.0 . + T + 3 75 IV 525 137 10 714 IV 147 393
Salix silesiaca C . . + . . + 2 20 1 2 1.5 + . . . 1 25 o 25 25 3 214 I 21 18
Pinus mugo B 1 . 2 . . 3 + r 5 50 HI 551 348 1 . 4 2 3 75 IV 2000 628 8 571 II 965 433
Ribes petracum B . . . . + . . . T r 3 30 I 1.2 0.6 0 0 . 0 0.0 3 214 I 0.9 0.0
Ribes petraecum C . . T 1 10 | 0.1 0.0 0 0 . 0 0.0 1 7.1 1 0.1 0.0
Ch. Loiseleurio procumbentis-Vaccinietea
Vaccinium gaultherioides . . . . . . . . . . 0 0 . 0 0.0 . . 3 2 2 50 m 1313 395| 2 14.3 1 375 93
Ch. Piceion excelsae
Picea abies Al 1 + 1 2 3 3 4 4 2 3 10 100 V 2726 87.2 . . + 1 2 50 IDI 65 230 12 857 V 1966 71.6
Picea abies A2 2 + 2 2 1 2 1 7 70 IV 651 50.0| 1 . . . 1 25 oI 625 114 8 571 I 483 389
Picea abies B 2 1 + 3 2 1 2 1 8 80 IV 901 60.0| 2 2 1 2 4 100 VvV 1188 78.0| 12 857 V 983 65.1
Picea abies C . . + + . . + + 4 40 1| 4 6.1 3 75 IV 75 166| 7 500 I 5.0 8.9
Dryopteris dilatata 1 . 1 1 + 1 + 7 70 IV 103 357 0 0 0 0.0 7 500 I 736 237
Homogyne alpina 2 1 r 1 2 2 3 3 r + 10 100 V 1251 78.6 0 0 0 00 | 10 714 IV 894 535
Huperzia selago r r r + + + 6 60 m 33 79 0 0 0 0.0 6 429 I 24 40
Luzula sylvatica + + 1 1 + + + 1 + 2 10 100 V 231 60.0 0 0 0 00 | 10 714 IV 165 40.2
Moneses uniflora r . r 2 20 I 0.2 0.0 0 0 (1} 0.0 2 14.3 I 0.1 0.0
Polystichum lonchitis . T + + . . + . 4 40 o 31 50 0 0 0 0.0 4 286 II 22 25
Buckiella undulata . . . . . 1 1 1 3 30 1 75 143 0 0 0 0.0 3 214 1 536 94
Rhytidiadelphus loreus . . . . 2 . 1 1 3 30 o 200 175 0 0 0 0.0 3 214 I 143 117
Ch. Piceetalia excelsae et Vaccinio-Piceetea
Clematis alpina B . . . . + r . 2 20 | 1.1 0.2 . . r + 2 50 o 275 5.6 4 286 1I 1.6 14
Clematis alpina C r + 1 1 . . r 5 50 m 512 217 + 1 25 o 25 25 6 429 m 373 17.1
Lonicera nigra B + r + + . . + . r 6 60 II 42 95 + 1 25 o 25 25 7 500 m 37 72
Deschampsia flexuosa + + + 1 + + + 1 + 9 920 v 57 401 + . 1 25 )1 25 25 10 714 IV 414 293
Vaccinium myrtillus 2 2 2 3 3 4 4 4 4 9 90 vV 3700 815 2 r . 3 3 75 IV 1313 593 12 857 V 3018 75.7
Vaccinium vitis-idaea 1 1 3 2 2 1 2 2 2 3 10 100 VvV 1575 81.1| 2 3 1 3 75 IV 1375 59.7( 13 929 V 1518 749
Lycopodium annotinum 1 4 2 3 2 . . . 5 50 II 1325 39.6 0 0 0 0.0 5 357 1. 946 27.0
Calamagrostis arundinacea 3 4 2 2 2 3 2 2 3 10 100 V 2525 86.3 . . . . 0 0 . 0 0.0 10 714 IV 1804 59.0
Dicranum scoparium 1 2 2 1 1 1 3 7 70 v 775 513 . . . 2 1 25 on 375 163 8 571 HI 661 409
Hylocomium splendens . 1 3 3 4 + 5 50 o 1401 399 | 3 1 3 1 4 100 VvV 2000 837| 9 643 IV 1572 521
Pleurozium schreberi 2 . . . . + 1 2 4 40 o 326 255 . . 4 2 2 50 IO 1938 417 6 429 I 786 315
Barbilophozia lycopodioides 1 . . . . . . . 1 10 1 25 35 0 0 0 0.0 1 7.1 1 179 23
Polytrichastrum formosum 2 . 2 1 2 2 3 3 . 1 8 80 IV 1400 638 0 0 0.0 8 571 I 1000 435
Ch. Asplenietea trichomanis
Asplenium sp. . . . . . + . + 2 20 I 2 1.5 0 0 0 0.0 2 143 1 14 0.6
Asplenium viride . + r 1 + . . . r T 6 60 m 273 219 0 0 0 0.0 6 429 I 195 14.0
Cystopteris fragilis . . . . . . . . r r 2 20 1 0.2 0.0 0 0 0 0.0 2 14.3 | 0.1 0.0
Polypodium vulgare . + . + 2 20 1 2 1.5 . . . . 0 0 . 0 0.0 2 14.3 I 14 0.6
Primula auricula r . . r . . . + 3 30 1 1.2 0.6 + r r 1 4 100 V655 46.1 7 500 IO 19.6 164
Ch. Seslerietalia caeruleae et Elyno-Seslerietea
Carduus glaucus r . . r . . . . r 3 30 1 0.3 0.0 + r . . 2 50 m 275 5.6 5 357 1 1.0 0.0
Carex firma . . . . . . . . + r 2 20 1 1.1 0.2 + + + 1 4 100 V 70 468 | 6 429 I 208 143
Crepis jacquinii . . . . . . . + 1 10 | 1 0.0 1 + 1 + 4 100 VvV 130 S36| 5 357 1 379 143
Dianthus plumarius subsp. praecox . . . . . . . + 1 10 1 1 0.0 r + . 2 50 I 275 5.6 3 214 I 1.5 1.0
Dryas octopetala 0 0 0 0.0 1 3 2 50 mr 1000 381| 2 143 I 286 8.9
Festuca tatrae . . . . + . . + 2 20 I 2 1.5 . 1 . 1 2 50 I 125 266| 4 286 IO 371 114
Festuca versicolor 0 0 0 0.0 3 3 2 3 75 IV 2250 63.8| 3 214 I 643 153
Gentiana clusii 0 0 0 0.0 . + + 2 50 1 5 8.9 2 143 1 14 0.6
Hieracium villosum 0 0 . 0 0.0 1 1 2 50 I 125 266| 2 143 I 357 5.6
Linum extraaxillare . . + 1 10 1 1 0.0 + 1 25 1 25 25 2 14.3 1 14 0.6
Phyteuma orbiculare . . + . . . . + 2 20 1 2 1.5 + . 1 25 I 25 25 3 214 I 21 1.8
Saxifraga caesia 0 0 . 0 0.0 . + r 2 50 I 275 5.6 2 143 1 0.8 0.0
Sesleria tatrae . . 1 + + 3 30 I 27 109 . . 0 0 . 0 0.0 3 214 I 193 7.0
Sesleria varia 0 0 . 0 0.0 2 2 2 50 m 750 365 2 143 I 214 84
Thesium alpinum . . . . r 1 10 1 0.1 0.0 + + 2 50 1o 5 8.9 3 214 I 1.5 1.0
Veronica fruticans 0 0 . 0 0.0 + + 2 50 I 5 8.9 2 143 1 14 0.6
Ch. Adenostyletalia alliariae et Mulgedio-Aconitetea
Athyrium distentifolium . . . . + . + + . r 4 40 o 31 5.0 . . 0 0 . 0 0.0 4 286 1 22 25
Geranium sylvaticum r . r r . 3 30 o 03 0.0 . r 1 25 om 025 0.0 4 286 O 03 0.0
Polygonatum verticillatum + r r + 1 2 6 60 o 177 342 0 0 . 0 0.0 6 429 I 127 229
Ranunculus platanifolius . 1 + 2 20 1 26 7.2 0 0 . 0 0.0 2 14.3 1 18.6 4.6
Senecio nemorensis r T r r . + T T 7 70 IVv. 16 3.6 0 0 . 0 0.0 7 500 m 11 07
Veratrum lobelianum r r + r + + 1 r 8 80 IV 284 295 . . . . 0 0 . 0 0.0 8§ 571 I 203 189
Festuca carpatica + 1 + + 4 40 1 28 147 3 . . + 2 50 II 940 377 6 429 10 289 26.7
Solidago alpestris 1 1 + r . r + 6 60 m 522 26.1 r 1 25 om 025 0.0 7 500 IO 374 199
Adenostyles alliariae r T r + + 1 r T 8 80 v 275 292 r 1 25 om 025 0.0 9 643 IV 197 211
Leucanthemum waldsteinii . . . . . . + . . + 2 20 1 2 1.5 0 0 0 0.0 2 143 | 14 0.6
Ch. Fagetalia sylvaticae et Carpino-Fagetea sylvaticae
Acer pseudoplatanus Al . . T 1 10 | 0.1 0.0 0 0 0 0.0 1 7.1 1 0.1 0.0
Acer pseudoplatanus B . . r . . . r 2 20 I 0.2 0.0 0 0 0 0.0 2 14.3 1 0.1 0.0
Acer pseudoplatanus C . . . . + . + 2 20 1 2 1.5 0 0 0 0.0 2 14.3 I 14 0.6
Daphne mezereum B . r . r . . . r . r 4 40 1 04 0.0 0 0 0 0.0 4 286 II 0.3 0.0
Daphne mezereum C r r + 3 30 1 1.2 0.6 0 0 . 0 0.0 3 214 1T 09 0.0
Galium odoratum . . . 0 0 . 0 0.0 r r 2 50 m 05 0.0 2 143 1 0.1 0.0
Prenanthes purpurea + r r 1 1 + + 7 70 IV 532 30.6 . . 0 0 . 0 0.0 7 500 IO 38.0 20.0
Hieracium murorum + + r + + 1 6 60 m 291 223 . r 1 25 I 025 0.0 7 500 II 209 16.7
Luzula luzuloides + 1 1 1 1 . + r 7 70 IV 102 357 1 1 25 o 625 114 8 571 I 908 284
Astrantia major r + r r T 5 50 m 14 19 0 0 0 0.0 5 357 1 1.0 0.0
Dryopteris filix-mas . . . + . . . . . r 2 20 1 1.1 0.2 0 0 0 0.0 2 14.3 I 0.8 0.0
Lilium martagon r r 2 20 1 0.2 0.0 0 0 0 0.0 2 14.3 1 0.1 0.0
Phyteuma spicatum . T r + . T . . . T 5 50 m 14 19 0 0 (1} 0.0 5 357 1I 1.0 0.0
Ch. Abieti-Piceion
Abies alba A2 r r 2 20 1 02 0.0 0 0 0 0.0 2 143 1 0.1 0.0
Abies alba C . . . . . . . + r 2 20 I 1.1 02 0 0 0 0.0 2 143 1 0.8 0.0
Gentiana asclepiadea + + + + 1 + + + . . 8 80 v 32 305 0 0 0 0.0 8§ 571 W 229 197
Gymnocarpium dryopteris . + . . + + . . . r 4 40 1 31 5.0 0 0 (1} 0.0 4 286 II 22 25
Others
Urtica dioica . . . . + . . r 2 20 1 1.1 0.2 0 0 . 0 0.0 2 143 1 08 0.0
Calamagrostis varia . 0 0 . 0 0.0 1 2 50 m 438 335| 2 14.3 I 125 7.6
Fragaria vesca + + 1 . 3 30 1 27 109 r 1 25 I 025 0.0 4 286 I 194 93
Hypericum maculatum r + 2 20 I 1.1 0.2 . 0 0 . 0 0.0 2 14.3 1 0.8 0.0
Hypnum cupressiforme + . + 1 . + . . + . 5 50 m 29 185 2 1 25 m 375 163| 6 429 I 128 229
Rhytidiadelphus triquetrus 1 1 + 3 30 )i 51 13.0 3 1 25 oI 938 188 4 286 I 304 18.0
Tofieldia calyculata . . . . . . r . r 2 20 I 0.2 0.0 r 1 25 o 025 0.0 3 214 1T 0.2 0.0
Thalictrum minus r 1 10 1 0.1 0.0 . r 1 25 o 025 0. 2 143 1 0.1 0.0
Gypsophila repens (1} 0 . 0 0.0 + + 2 50 m 5 8.9 2 14.3 1 14 0.6
Polygala amara subsp. brachyptera . . 0 0 . 0 0.0 + + 2 50 m 5 8.9 2 14.3 I 14 0.6
Polygonum bistorta . + + + . . . . + 4 40 1 4 6.1 . 0 0 . 0 0.0 4 286 II 29 33
Rubus idaeus . . + + + T . . . T 5 50 m 32 64 r 1 25 o 025 0. 6 429 1M 24 4.0
Chaerophyllum hirsutum . . . r . + 2 20 I 1.1 0.2 0 0 0 0.0 2 14.3 1 0.8 0.0
Galium schultesii r . r 2 20 I 0.2 0.0 0 0 (1} 0.0 2 14.3 I 0.1 0.0
Cirsium erisithales . . . r . . r 2 20 I 0.2 0.0 (1} 0 0 0.0 2 143 1 0.1 0.0
Cirsium helenioides + T T . 3 30 | 1.2 0.6 0 0 0 0.0 3 214 I 09 0.0
Digitalis grandiflora + + 2 20 | 2 1.5 0 0 0 0.0 2 143 1 14 0.6
Cortusa matthioli r . 2 r 3 30 o 150 16.6 0 0 0 0.0 3 214 1M 107 11.0
Dryopteris carthusiana + 1 2 20 1 26 7.2 . . 0 0 . 0 0.0 2 14.3 1 18.6 4.6
Euphrasia tatrae . . . . + 1 10 | 1 0.0 r r . . 2 50 m 05 0.0 3 214 I 09 0.0
Hieracium sp. . . . r . . + 1 3 30 o 261 108 . . . r 1 25 o 025 0.0 4 286 I 187 92
Laserpitium latifolium . . . . r T 2 20 I 0.2 0.0 . r 1 25 o 025 0.0 3 214 1II 0.2 0.0
Maianthemum bifolium + 1 1 1 1 . . r . 6 60 II 101 305 0 0 . 0 0.0 6 429 1 722 202
Oxalis acetosella + 2 + . . 1 . 1 . + 6 60 o 203 351 . 0 0 . 0 0.0 6 429 I 145 235
Pimpinella major r . . . r 2 20 | 02 0.0 r 1 25 o 025 0.0 3 214 1M 02 0.0
Sedum fabaria . . . r . . . . . T 2 20 1 02 0.0 . . 0 0 . 0 0.0 2 143 1 0.1 0.0
Soldanella carpatica . T . + . + 1 1 r + 7 70 IV 532 30.6 . r . . 1 25 om 025 0.0 8§ 571 WOl 38.1 229
Thymus carpaticus 0 0 . 0 0.0 . + . 1 2 50 m 65 23.0( 2 14.3 I 18.6 4.6
Viola biflora . . . r . . . . . r 2 20 | 02 0.0 . 0 0 . 0 0.0 2 143 1 0.1 0.0
Cladonia furcata . . . . . . . . r 1 10 I 0.1 0.0 r . . 1 25 I 025 0.0 2 14.3 I 0.1 0.0
Cetraria islandica . . . . . . . . . r 1 10 1 0.1 0.0 . . + 1 25 I 25 25 2 14.3 I 0.8 0.0
Cladonia squamosa . . . . . . . . r 1 10 1 0.1 0.0 . . T 1 25 om 025 0.0 2 14.3 1 0.1 0.0
Ctenidium molluscum . 2 . + . . . . . + 3 30 o 152 16.6| 2 1 2 50 II 438 335 5 357 O 234 215
Lophozia ventricosa . . . 1 . . . . 1 2 20 I 50 8.6 0 0 . 0 0.0 2 14.3 I 357 5.6
Plagiochila porelloides . 2 . 1 2 20 1 175 114 . . . 0 0 . 0 0.0 2 14.3 1 125 7.6
Racomitrium lanoginosum 0 0 . 0 0.0 . 2 2 2 50 m 750 365| 2 14.3 1 214 84

In one or two relevés: Al: Fagus sylvatica 50:r; Larix decidua 50:r; A2: Betula pubescens subsp. carpatica 53:+; B: Pinus sylvestris 50:r; Betula pubescens subsp. carpatica 53:1; Juniperus communis 50:1; Juniperus communis subsp. alpina 4:+; Cotoneaster
intergerrimus 50:1; Sorbus chamaemespilus 6:r; C: Fagus sylvatica 9:+; Betula pubescens subsp. carpatica 53:r; Juniperus communis 50:r; Cotoneaster intergerrimus 50:r; Asplenium ruta-muraria 50:r; Thalictrum aquilegifolium 33:r; Chamaenerion
angustifolium 9:+; Epipactis atrorubens 32:r; Gymnadenia odoratissima 32:r; Allium montanum 33:r; Festuca airoides 33:r; Jovibarba sobolifera 50:r; Heliosperma quadridentatum 9:+; Calluna vulgaris 35:r; Melica nutans 50:r; Mycelis muralis 5:r; Poa
nemoralis 33:+; Parnassia palustris 50:+; Salix alpina 7:+; Salix retusa 8:+; Bartsia alpina 7:r; Biscutella laevigata 4:+; Helianthemum nummularium subsp. grandiflorum 32:2; Hieracium bupleuroides 50:+; Leontodon incanus 53:r; Campanula cochleariifolia
33:r; Crepis paludosa 53:r; Aconitum firmum 5:+; Hieracium atratum 35:r; Phegopteris conectilis 53:r; Empetrum hermaphroditum 4:1; Bupleurum ranunculoides 32:2; Cardamine flexuosa 33:r; Cystopteris montana 35:r; Gentianella lutescens 32:+;
Leontopodium alpinum 4:1; Melandrium rubrum 36:r; Pinguicula alpina 50:r; Rubus saxatilis 33:+; Trisetum alpestre 34:1; D: Ptilidium ciliare 34:1; Barbilophozia hatcherii 5:1; Eurhynchium angustirete 31:1; Cladina rangiferina 7:+; Sphagnum girgensohnii
35:3; Apometzgeria pubescens 53:+; Bazzania tricrenata 53:2; Cladonia digitata 33:r; Distichium capillaceum 35:1; Ditrichum flexicaule 50:1; Fissidens dubius 53:+; Homalothecium philippeanum 31:1; Lepidozia reptans 35:1; Mnium marginatum 33:1;
Mnium spinosum 53:+; Mylia taylori 53:2; Neckera crispa 32:2; Orthodicranum montanum 35:1; Peltigera aphthosa 33:r; Polytrichum strictum 53:+; Rhytidiadelphus subpinnatus 35:+; Schistidium crassipilum 31:1; Schistidium sp. 34:+; Seniolnia uncinata
34+
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