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ABSTRACT

A syntaxonomical revision of plant communities with dominant Pinus mugo in the Western Carpathians is pre-
sented. The data set of 341 relevés was examined and analysed using the detrended correspondence analysis and
the cluster analysis. Major gradients and clusters were interpreted using Ellenberg’s indicator values. The major
gradient in species composition was associated with available nutrients and moisture.

The authors suggest distinguishing the dwarf pine stands of the supramontanous and subalpine belts of the We-
stern Carpathians referred to the alliance Pinion mugo Pawlowski in Pawlowski et al. 1928 of the order Junipero-

- Pinetalta mugo Boscaiu 1971 and the class Roso pendulinae-Pinetea mugo Theurillat in Theurillat et al. 1995, in-

to three separate associations: the Cetrario-Pinetum mugo Hada¢ 1956, the Homogyno alpinae-Pinetum mugo
(Sillinger 1933) nom. nov., and the Adenostylo alliariac-Pinetum mugo (Sillinger 1933) Soltésové 1974.

The authors also elucidated the unauthorized name of the association Vaccinio myrtilli-Pinetum mugo Hadag
1956, which is a younger homonym of the valid name of the association Vaccinio myrtilli-Pinetum montanae
Morton 1927 that characterises the acidophilous dwarf pine stands on calcareous bedrocks in the Alps.
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xonomy.

INTRODUCTION

The first geobotanical works on the distribution of
dwarf pine stands in the subalpine belt of the Western
Carpathians pertain to the Polish authors Szafer, Pawlow-
ski and Kulczyriski (1923). They studied plant communi-
ties in the Chochotowska Dolina valley in the Western Ta-
tra Mts, where they described the community Pinetum
montanae fruticosae. Proceeding with field works few ye-
ars later (Szafer et al. 1927), they described the associa-
tion Pinetum mughi (=Mughetum) carpaticum from the
Dolina Koscieliska valley in the Western Tatra Mts. The
authors distinguished a floristically richer community Mu-
ghetum calcicolum on calcareous soils and a floristically
poorer community Mughetum silicicolum on acid soils
with dominant Vaccinium myrtillus in underbrush. Similar
appreciation was later made by Pawlowski (1928) and
Pawtowski, Sokotowski and Wallisch (1928) following
a survey in a valley surrounding the Morskie Oko Lake.

They included the Pinus mugo scrubs to the separate al-
liance, the Pinion mughi.

In Krajina (1933) the interpretation is based on a more
floristic approach, while in Hadaé (1956) principally on
structure of dwarf pine scrubs. Generally, only the work of
Soltésova (1974) may be regarded as the first complete pu-
blication containing and comparing the vegetation data on
Pinus mugo scrubs from all the Western Carpathians area.
She came out from the first Sillinger’s conception (Sillin-
ger 1933) and divided the phytocoenoses into two associa-
tions: the Vaccinio myrtilli-Pinetum mughi (Sillinger
1933) Soltésovd 1974 and the Adenostylo alliariae-Pine-
tum mughi (Sillinger 1933) Soltésovd 1974. She integrated
both associations to the suballiance Pinion mughi and the
alliance Vaccinio-Piceion, Hadac (1985) in the List of Ve-
getation Units of Slovakia (Mucina and Maglocky 1985)
made a revision of a broad number of names and opinions
on the classification of this type of vegetation. He combi-
ned his own view on this problem with that of Soltésova
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(cf. Soltésova 1974). This enabled him to distinguish three
associations: the Adenostylo-Pinetum mugo (Sillinger
1933) Soltésovd 1974, the Athyrio distentifolii-Pinetum
mugo (Hada¢ 1956) Hada¢ in Mucina et Maglocky 1985,
and the Vaccinio myrtilli-Pinetum mugo Hada¢ 1956 in-
corporating them to the alliance Pinion mugo and the class
Vaccinio-Piceetea (see also Fig. 1).

Although the Pinus mugo scrubs look like a homogeneo-
us community, the large discrepancies in their classifica-
tion are apparent not only in the Western Carpathian Mts
but also in the Alps and mountains in the Balkan Peninsula
(cf.: Aichinger 1933; Braun-Blanquet et al. 1939; Wall-
nofer 1993a, b; Roussakova 2000; Poldini et al. 2004). The
possibility to compare classical phytocoenological methods
with the numerical approach led the authors to this study.
The folloving goals were sct: a) to find out whether the
classical vegetation types which were set in the past using
classical and much-less deductive phytocenological me-
thods can be sustainable nowadays; b) to decide whether
the discrepancy between the particular vegetation types is
important enough to be classified in different higher synta-
xa (alliances and/or classes); ¢) to find out which ecologi-
cal factor has the director influence on the variability of the
dwarf pine shrubs. Last but not least, we tried to emphasize
the appropriate classification of these specific looking cop-
pices into a separate class.

MATERIAL AND METHODS

The syntaxonomical revision included 341 phytocoeno-
logical relevés of plant communities with the dominance
and/or high abundance of Pinus mugo in the supramonta-
nous and subalpine belts of the central part of the Western
Carpathians. The examination was carried out from the da-
ta gained in the time span from 1923-2003.

Phytocoenological relevés of plant communities from
ombrotrophic and oligotrophic raised bogs, broadly classi-
fied to the class Oxycocco-Sphagnetea (cf. Soltés et al.
2001), were excluded.

All relevés have been collected according to the princi-
ples of Ziirich-Montpelliér school (Braun-Blanquet 1964).
Different scales of abundance and dominance have been
used by various authors (Table 1). To obtain the data com-
parable within the numerical classification, all relevés were
transformed into the nine-degree ordinal scale (van den
Maarel 1979). The taxa determined only at the level of ge-
nus were excluded (except the genus Alchemilla, Polytri-
chum and Sphagnum). Some taxa were classified within
the higher or more broadly defined taxa: Aconitum Sirmum
(subsp. firmum, subsp. moravicum), Alchemilla sp. div. (A.
crinita, A. glabra, A. glaucescens, A. incisa, A. monticola,
A. xanthochlora), Anthoxanthum odoratum agg. (A. alpi-
num), Cardamine amara (subsp. opicii), Cardaminopsis
arenosa agg. (C. borbasii), Cladonia gracilis [var. aspera
Florke, var. elongata (Jacq.) Fr.], Cladonia ciliata (var. re-
nuis), Dactylis glomerata (subsp. slovenica), Dryopteris di-
latata s. 1. (D. carthusiana), Empetrum nigrum s. 1. (E. her-
maphroditum), Galeobdolon luteum s. 1. (G. montanum),
Helianthemum grandiflorum (subsp. glabrum, subsp. gran-
diflorum, subsp. obscurum), Hieracium alpinum agg. (H.
halleri, H. pseudofritzei Benz et Zahn), Jovibarba globifera
(subsp. glabrescens, subsp. tatrensis), Lescuraea mutabilis
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(var. saxicola Hagen), Leucanthemum vulgare agg. (L.
margaritae), Lotus corniculatus (var. alpicola Beck), Luzu-
la luzuloides (subsp. luzuloides, subsp. rubella), Myosoiis
palustris agg. (M. nemorosa), Pimpinella major (subsp.
rhodochlamys), Polytrichum sp. div. (P. alpinum, P. com-
mune, P. formosum), Senecio nemorensis agg. (S. germani-
cus, S. hercynicus, S. ovatus), Sorbus aucuparia (subsp.
glabrata), Sphagnum sp. div. (S. capillifolium, S. fallax, §.
girgensohnii, S. magellanicum, S. quinguefarium, S. russo-
wit}, Solidago virgaurea (subsp. minuta), Swertia perennis
(subsp. alpestris), Soldanella hungarica (subsp. major),
Sempervivum wettsteinii (subsp. weltsteinii), Thymus pul-
chervimus (subsp. sudeticus). Numerical classification was
performed by the program NCLAS from the SYN-TAX 5
package (Podani 1993). The B-flexible method (B =-0.25)
with Euclidean distance and Jaccard’s, RuZi¢ka’s and Wi-
shart’s similarity coefficients were used. As phytocoenolo-
gical data consisted of large data records covering high
proportion of actual variability of dwarf pine stands, about
40 relevés have hit different clusters applying different co-
efficients. These were classified again, being evaluated by
comparison and over phytocoenological tables.

Major gradients in species composition of the Pinus mu-
go scrubs were analysed through ordination of this data set,
using the detrended correspondence analysis (DCA) from
the CANOCO 4.5 package (ter Braak and Smilauer 2002)
suitable for the analysis of heterogeneous data. For ecolo-
gical interpretation of the ordination axes, average Ellen-
berg indicator values (Ellenberg et al. 1992} for re-
levés were plotted onto DCA ordination diagram as supple-
mentary environmental data.

The contents of each column in Table 2 comprise the
number of relevés used for the synthesis, and the average
number of species in the relevant community. Each taxon
is characterised by the frequency (“Freq” in Table; in %;
+ = frequency <0.5%), by the fidelity (“Fide” in Table; in
phi coefficient multiplied by 100) and the mean value of
abundance (upper index) calculated over the FYTOPACK
(Jarolimek and Schlosser 1997). The individual columns
contain also brief references (for unpublished data only the
names of authors are given), the number of relevés and their
position in the level of orographical units according to the
map from the Database of Fauna of Slovakia, scale
1:500 000. Diagnostically important taxa of individual
plant communities were determined a posteriori, by calcu-
lating frequency and fidelity of each species to each clu-
ster, using the phi coefficient of association in the program
Juice 6.1 (Tichy 2002). These taxa are given in bold. The
threshold phi value and frequency for a species to be consi-
dered as diagnostic was determined by combination of the-
se, because the number of relevés in particular clusters was
very variable.

The nomenclature of the taxa generally follows the
Checklist of non-Vascular and Vascular Plants of Slovakia
(Marhold and Hinddk 1998). Only in few exceptions, the
author’s name is included. The subspecies (given without
the species modifier) in the text, in Table 2, or in Fig. 2 are
marked with asterisks (*). The names of the syntaxa are ac-
cording to Mucina and Maglocky (1985), except few ones
which include author’s name; the names of diagnostic taxa
of higher syntaxa follow synthetic studies from Slovakia
(Soltés 1976; Jarolimek et al. 2002; Sibik et al, 2004; Kli-
ment et al. 2004; Dibravcov et al. 2005).
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Pinetum montanae fruticosae Szafer et al. 1923

Mughetum calcicolum

Mughetum altherbosum Sillinger 1933

T

Pinetum mughi (=Mughetum) carpaticum Szafer et al. 1927

/\

Pinion mughi Pawti. in Pawl. et al. 1928

Mughetum silicicolum

/

Mughetum myrtilletosum Sillinger 1933

/

M. a. caicicolum M. a. silicicolum M. m.-calamagrostidetosum villosae M. m. typical

M. m. sphagnosum

A

Myrtilleto-Calamagrostidetum
villosae carpaticum pinetosum mughi Krajina 1933

4 Vaccinion myrtilli Krajina 1933 ‘;\

Pinetum mughi tatrense lichenoso-muscosum Krajina 1933

Vaccinietum myrtilli tatricum
pinetosum mughi Krajina 1933

Adenostylion
Athyrio-Pinetum mughi tatricum Hada¢ 1956

Juncion trifidi
Cetrario-Pinetum mughi Hada& 1956

Pinion mughi
Myrtilleto-Pinetum mughi Hada& 1956

///

W/

Adenostylo alliariae :
— Pinetum mughi (Sillinger 1933) Soltésova 1974

A.-P. typicum

Pinion mughi (Pawlowski et al. 1928;
Klika 1947) Soltésova 1974

A .-P. seslerietosum calcariae

Vaccinio myrtilli
— Pinetum mughi (Sillinger 1833) Soltésova 1974

V.-P. cladonietosum
rangiferino-gracilis

V.-P. typicum

Hada¢ in Mucina et Maglocky 1985

Adenostylo alliariae
- Pinetum mugo (Sillinger 1933) Soltésova 1974

Fig. 1. Changes in the names of syntaxa in the Western Carpathians.

In the communitics’ descriptions, the following abbre-
viations are used: art. = article as to the Code of Phytocoe-
nological Nomenclature (Weber et al. 2000), const. = con-
stantly companion taxon (frequency higher than 60%), dif.
= differential taxon, dom. = dominating taxon.

Pinion mugo Pawil. in Pawt. et al. 1928

Athyrio distentifolii — Pinetum mugo (Hada¢ 1956)

Cetrario islandicae — Pinetum mugo Hadaé 1956

Homogyno alpinae - Pinetum mugo
(Sillinger 1933) nom. nov.

Study area

The study area was determined by the distribution of
dwarf pine stands in the supramontanous and subalpine
belts of the Krivanska Mal4 Fatra Mits, Licanskd Mal4 Fa-
tra Mts, Velk4 Fatra Mts, ChoCské vrchy Mts, Nizke Tatry
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TABLE 1. Transformation of the different scales of abundance and domi-
nance.

A — Braun-Blanquet 1964; B ~ Barkman et al. 1964; C — Hada¢ et al.
1969; D — Randuska et al. 1986; E — van den Maarel 1979.

A B C D E
T r + - 1
+ + 1,2 + 2
1 1 3 1 3

2m 4 - 4
2 2a 5 -2 5

2b 6 +2 6
3 3 7 -3, 43 7
4 4 8 -4, +4 8
5 5 9, 10 -5,+5 9

Mits, Zapadné Tatry Mits, Vysoké Tatry Mts, Belianske Ta-
try Mts and Oravské Beskydy Mits — the massif of Babia
hora Mt., and Pilsko Mt. (Fig. 3).

These regions belong to a cold climate. Mean monthly
temperatures for January vary from -6 to -9°C, for July —
from 10 to 12°C and the average year temperature is 4°C.
Monthly precipitations are very changeable. Mean annual
precipitation is from 1200 to 1400 mm (Lupin et al. 2002).

RESULTS

Numerical classification

In spite of using different coefficients of similarity for
the numerical classification, gain results were almost iden-
tical. Interpreting them, we have applied the second level

of division, The individual clusters on the dendrogram per-
tained to concrete, floristically well-defined communities
(Table 2, Fig. 4). :

Using the Jaccard’s and RuZitka’s coefficients of simi-
larity, the group of the relevés which represented most oli-
gotrophic stands with high abundance of Sphagnum spe-
cies, was attached to the cluster A (Fig. 4), however, the
diagnostic taxa of the classes Caricetea curvulac Br.-Bl.
1948 and Loiseleurio-Vaccinietea Eggler ex Schubert
1960, which seemed to be differential for the association
Cetrario-Pinetum mugo, were missing. The application of
the Euclidean distance and the Wishart’s coefficient of si-
milarity brought nearly similar results, though the diffe-
rences between individual clusters pointed out the dispari-
ties between individual communities. The relevés from in-
dividual table columns (Table 2) corresponded well with
the dendrogram elaborated using the Wishart’s coefficient
of similarity (Fig. 4), however, the problematic relevés
were re-shuffled.

Cluster A:

This group of relevés represented the association Cetra-
rio islandicae-Pinetum mugo. This is a three-layered, spe-
cies-poor community, where apart from the extremely
dwarf Pinus mugo scrubs (a few decimeters in height),
grasses (Festuca supina, Oreochloa disticha, Juncus trifi-
dus) and dwarf shrubs (Vaccinium mynillus, V. vitis-idaea)
are distributed markedly sticking out. In the layer of bryo-
phytes and lichens Cetraria islandica, Pleurozium schreberi
and Polytrichum strictum with numerous Cladonia species
dominate.

Sibik J. et al.

This phytocoenose occurs on extremely severe sites, in
the interface of the subalpine and alpine belts, occupying
windswept stands. This is an autochthonous community
concentrated in granite and mylonite-composed parts of the
Zapadné Tatry Mts and Vysoké Tatry Mits.

Cluster B:

This group represents the very poor in species and flori-
stically monotonous community Homogyno alpinae-Pine-
tum mugo, of which the habitus define the dominant 1.5-3
m tall Pinus mugo scrubs. From other woody species, Salix
silesiaca, Sorbus aucuparia, Picea abies and some other
form a shrub layer. The spruce often develops typical flag-
ged or tabled forms. A tree layer occurs rarely, with limited
cover, primarily being formed by Sorbus aucuparia and Pi-
cea abies. The dominant bilberry, Vaccinium myrtillus,
with several other species, such as Avenella flexuosa, Ho-
mogyne alpina and Calamagrostis villosa determine the
physiognomy of the herb layer. The moss layer is usually
well developed; with most frequently present Dicranum
scoparium and Hylocomium splendens.

Associations Homogyno alpinae-Pinetum mugo are
commonly concentrated in the supramontanous and subal-
pine belts of the central part of the Western Carpathians,
spreading on the slopes with different inclination and
orientation, mainly on siliceous bedrocks. The extreme
climatic and edaphic conditions induce the occurrence of
moderately acid-oligotrophic species in the herb and moss
layers. This is an autochthonous community on siliceous
bedrocks in the subalpine belt with the signs of climax ve-
getation. On calcareous substrata, only stands from the
sites with a thick layer of undecomposed humus, which

1splatag plants from the bedrock, can be assigned to this
community.

Cluster C:

This cluster represents a more-layered, species rich and
floriferous shrubby community Adenostylo-Pinetum mu-
80, of which the physiognomy is determined by Pinus mu-
go. The tree layer, more commonly formed by Sorbus au-
cuparia, develops rarely and with very limited cover. The
herb-layer is composed of the tall-herb taxa (Aconitum fir-
mum, Adenostyles alliariae, Cicerbita alpina, Doronicum
austriacum, Luzula sylvatica, Rubus idaeus, Veratrum *lo-
belianum, etc.), forming a more or less continuous layer.
The medium or low herb layer consists of Festuca carpati-
ca, Geranium sylvaticum, Hypericum maculatum, Leucan-
themum rotundifolium, Polygonatum verticillatum, Primula
elatior, Valeriana tripteris and some other species. Mosses
are occurring relatively frequently, the most common spe-
cies is Dicranum scoparium.

The community is well developed on the sites with favo-
urable edaphic conditions (with sufficient nutrition supply
during all the vegetation period) and with good decomposi-
tion of humus. The stands occupy relatively steep slopes
harbouring calcareous and siliceous bedrocks. The rainfalls
provide a constant reserve of soaked water all over the ve-
getation season, however, the layer of nutrient-productive
soil with moderately acid reaction may be regarded as deci-
sive for the community occurrence (§oltésové 1974). The
community occurs in the supramontanous and subalpine
belts of all studied regions, except the Lii¢anskd Mala Fatra
Mts.
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TABLE 2. Plant communities of the alliance Pinion mugo in the Western Carpathians (a brief synoptic table, species with frequency >10 %).
A — Cetrario islandicae — Pinetum mugo; B — Homogyno alpinae — Pinetum mugo; C — Adenostylo alliariae — Pinetum mugo

Community A B C
Number of relevés 28 205 108
Average species number 20 16 34
Freq Fide Freq Fide Freq Fide
(%) (phi} (%) (phi) (%) (phi)
Differential taxa of the associations
cC Cetraria islandica (Eg) 1006 573 193 - 62 -
Cladonia rangiferina (E,) 683 55.8 73 - 22 -
CcC Cladonia gracilis (Eg) 612 58.5 42 — 11 -
ccC Juncus trifidus 572 67.2 12 - . -
CcC Cladonia arbuscula (Eg) 502 54.5 2 - . -
CcC Oreochloa disticha 462 66.6 . - . -
CcC Festuca supina 43?2 63.9 . - . -
CcC Pulsatilla scherfelii 363 49.8 1! - 12 -
Alectoria ochroleuca (Ey) 322 51.8 +3 - . -
Cladonia squamosa (Eg) 322 44.2 23 - . -
cC Campanula alpina 322 55.0 . - . -
CcC Hieracium alpinum agg. 292 51.8 . - . -
LV Huperzia selago 292 24.4 72 - 32 -
lv Vaccinium gaultherioides 187 40.8 . - . -
CcC Avenula versicolor 182 40.8 . - . -
Ns Avenella flexuosa 823 32 96+ 52.8 433 -
Sphagnum sp. div. (Ey) .18 - 358 281 7? -
Dryopteris dilatata s. 1. 7? - 663 18.0 58? -
Aa, pe Athyrium distentifolium . - 435 9.9 425 3.7
al Oxalis acetosella . - 333 - 584 27.9
Ns, MU Gentiana asclepiadea . - 262 - 382 153
ac, MU Geranium sylvaticum . - 42 - 743 751
ac, VP Luzula sybvatica . - 172 - 673 51.8
EA, (ai) Rubus idaeus . - 313 - 663 36.4
ss Salix silesiaca . — 172 - 563 435
Hypericum maculatum . - 82 - 562 544
ac, MU Veratrum *lobelianum 18! - 26? - 522 26.1
ac, cy Valeriana tripteris . - 42 - 50° 553
Ns, NC Soldanella carpatica 18! - 142 - 472 35.1
Fs Polygonatum verticillatum . - 52 - 462 50.5
MU Aconitum firmum . - 22 - 44? 545
EA, fs Senecio nemorensis agg. . - 72 - 423 43.9
pm Ribes petraeum . - 5° - 41° 46.4
MC Viola biflora . - 22 - 413 52.2
Aa, ac Cicerbita alpina . - 42 - 387 45.8
ai, MU Primula elatior . - . - 372 535
Alchemilla sp. div. . - +1 - 362 51.6
Aa Adenostyles alliariae . - 42 - 353 423
Fs Paris quadrifolia . - 12 - 322 47.2
ai,ac,po  Chaerophyllum hirsutum . - +2 - 312 46.8
Fs Daphne mezereum . - . - 312 48.9
Fs Myoasotis sylvatica . - +2 - 312 46.8
Aa, ac Doronicum austriacum . - 12 - 303 4.7
Ap Leucanthemum rotundifolium . - . - 295 46.4
Rosa pendulina . - 23 - 293 41.4
Aa Ranunculus platanifolius . - 22 - 262 38.6
cl, ai Gewm rivale . - . - 262 43.9
Heracleum sphondylium . - . - 242 42.2
cy, ac Cortusa matthioli . - . - 243 42.2
Aa, Fs Milium effusum . - +1 - . 247 40.7
ai, po, MC  Chrysosplenium alternifolium . - 12 - Co23 384
Lonicera nigra . - +2 - 232 39.8
Fs, EA Epilobium montanum . - 11 - 212 36.5
Fs Galeobdolon luteumn s. 1. . - . - 212 39.5

Pinion mugo

Pinus mugo 1008 - 1009 - 1008 -
LV Vaccinium vitis-idaea 793 16.5 523 1.7 433 -
Pleurozium schreberi (Ey) 75° 20.2 453 9.3 263 -
LV, pe Vaccinium myrtillus 685 - 98¢ 30.9 813 -

Dicranum scoparium (E,) 573 - 795 16.6 66° -
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TABLE 2. cont.

Freq Fide Freq Fide Freq Fide
(%) (phi) (%) (phi) (%) (phi)
Hylocomium splendens (E) 575 6.8 493 8.7 363 -
NS, pe Homogyne alpina 322 - 803 207 693 -
Cv Calamagrostis villosa 322 - 795 26.1 605 -
Juniperus sibirica 292 19.1 2 - 2 -
pe Sorbus *glabrata 42 - 473 - 773 32.8
Sorbus chamaemespilus . - +1 - 2 10.1

Piceion excelsae, Piceetalia excelsae, Vaccinio-Piceetea

Picea abies 181 - 452 - 562 13.4

Pinus cembra 72 2.0 2 - 6> 2.7

Barbilophozia lycopodioides (Eg) 72 - 153 16.9 43 -
Fagetalia, Querco-Fagetea
fs Dryopteris filix-mas . - 32 - 202 30.2
fs, pt Phyteuma spicatum . - +2 - 192 35.0
fs, po Stellaria nemorum . - 14 - 173 29.8
fs Prenanthes purpurea . - 42 - 132 16.9
fs Gymnocarpium dryopteris . - 22 - 143 23.2
ai, MC Crepis paludosa . - +3 - 132 28.4
fs, (ai) Athyrium filix-femina . - 23 - 112 19.2
fs, VP Hieracium murorum . — 12 - 112 223
cb Galium schultesii . - +1 - 113 25.9
ce, (ca) Rubus saxatilis . - +2 - 112 25.9
ac Polystichum lonclitis ' - ‘ - 142 33
ai, ac, de Thalictrum aquilegiifolium . - . - 122 29.2
Fs Mercurialis perennis . - . - 102 26.8

Caricetea curvulae, Loiseleurio-Vaccinietea

CC Polytrichum sp. div. 253 24 323 22.5 113 -
vm Polytrichum strictum (E) 212 18.2 73 4.3 12 -
lv Calluna vulgaris 112 15.1 22 - 22 -
cC Agrostis rupestris 182 36.6 +2 - . -
LV Empetrum nigrum s. 1. 144 20.1 33 - . -
CcC Cetraria nivalis 112 26.5 +1 - . -
cC Cetraria cucullata 113 31.5 . - . -
fv, SH Doronicum stiriacum 112 31.5 . - . -

Adenostyletalia, Calamagrostiletalia villosae, Mulgedio-Aconitetea

Cv Luzula luzuloides 112 - 262 - 322 8.8
Cv Solidago *minuta 321 12.0 107 - 262 16.2
Cv Gentiana punctata 252 8.4 172 5.6 2 -
aa Oreogeum montanum i - 152 - 192 6.1
pt, Mo, MU Bistorta major 142 477 92 - 102 1.2
Cy Campanula tatrae 73 3.0 2 - 102 16.3
Cv, ac Acetosa arifolia . - 112 - 252 20.6
Cv, ce Cirsium erisithales . - 12 - 192 34.5
MU, ac Senecio subalpinus . - 12 — 163 30.2
ca Calamagrostis arundinacea . - 42 - 113 14.0
cr Calamagrostis varia . - +1 - 103 24.6
fc Festuca carpatica . - . - 163 33.6
Cv Cyanus mollis . - . - 123 29.2
Cv Pimpinella major . - . - 113 28.1
MU, na Poa chaixii . — . — 102 26.8
po Valeriana * sambucifolia . — . - 102 26.8
de, cu Epilobium alpestre . - . - 102 26.8
Other taxa
Ns Ligusticum mutellina 212 6.0 132 - 162 2.7
EA Charmerion angustifolium . - 2 - 202 21.7
Hylotelephium argutum . - 12 - 203 35.5
Saxifraga rotundifolia . - +2 - 143 29.6
Ns, Cv Potentilla aurea . - 6? - 102 8.4
Digitalis grandifiora . - 12 - 103 22.7
EA Fragaria vesca . - . - 192 36.7
ar, (de) Arabis alpina . - . - 182 35.7
GU Urtica dioica .

_ . _ 102 26.8
Senecio *carniolicus 113 31.5 . - . -
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TABLE 2. cont.
Freq Fide Freq Fide Freq Fide
(%) (phi) (%) (phi) (%) (phi)
SH Luzula alpinopilosa 112 16.5 23 - . -
Bryophytes and Lichens (E;)
Plagiothecium curvifolium 142 - 112 19.8 2 -
Ptilidium ciliare 142 8.5 6 - 62 -
Rhytidiadelphus triguetrus 72 - 83 - 253 229
Drepanocladus uncinatus 7! 2.0 12 - 143 247
Racomitrium lanuginosum 18! 36.6 +3 - . -
Cladonia stellaris 143 319 +2 - . -
Cladonia bellidiflora 112 15.1 2 - . -
Anastrepta orcadensis 111 230 13 - . -
Polytrichum piliferum 112 26.5 +? - . -
Plagiothecium denticulatum . - 62 - 192 22.5
Rhytidiadelphus squarrosus . - 63 - 103 9.3
Brachythecium reflexum . - 42 - 10° 13.7
Cladonia uncialis 112 315 . - . -
Pseudevernia furfuracea 112 31.5 . - . -
Thamnolia vermicularis 112 315 . - . -

Explanations:
CC - Caricetea curvulae; EA — Epilobietea angustifolii; GU — Galio-Urticetea; LV — Loiseleurio- Vaccinietea; MC — Montio-Cardaminetea; MU —
Mulgedio-Aconitetea; SH — Salicetea herbace; VP — Vaccinio-Piceetea; Aa — Adenostyletalia; Ap — Athyrio-Piceetalia; Cv — Calamagrostietalia villosae;
Fs - Fagetalia sylvaticae; Mo — Molinietalia; Ns — Nardetalia strictac; aa ~ Adenostylion; ac — Acerenion pseudoplatani; ai — Alnion incanae; ar — Arabid-
ion alpinae; ca — Calamagrostion arundinaceae; ¢b — Carpinion betuli; ce — Cephalanthero-Fagenion; ¢l — Calthion; ¢r — Calamagrostion variae; cu — Car-
duo-Urticion dioicae; ¢y — Cystopteridion; de — Delphinenion elati; fc — Festucion carpaticae; fs — Fagion sylvaticae; fv — Festucion versicoloris; Iv —
Loiseleurio-Vaccinion; na — Nardo-Agrostion tenuis; pe — Piceion excelsae; po — Petasition; pt — Polygono-Trisetion; ss — Salicion silesiacae; vm — Vac-

cinion myrtilli; (ai) — taxon with lower relation to the relevant syntaxon and with coenological optimum also in other syntaxon.

Ordination

The detrended correspondence analysis (DCA) ordina-
tion diagram of 341 relevés shows the major differences in
the direction of the first axis (length of gradients: 4.059; ei-
genvalue: 0.444, see also Table 3) owing to the different
content of available nutrients in the soil, correlated with so-
il-base status and temperature. In the direction of the se-
cond axis (length of gradients: 2.655; eigenvalue: 0.220)
the major gradient in species composition was associated
with soil moisture (Fig. 2). Light availability is negatively
correlated with moisture, possibly due to the development
of higher denser stands of broad-leaved herbs in moist ha-
bitats, which decrease light availability near the soil surfa-
ce. Individual clusters differ markedly in their affinity to
major ecological factors. On the left side of the graph (Fig.
5), there are relevés from the extremely rough sites, in the
transition from the subalpine belt to the alpine. The occur-
rence of species like Empetrum nigrum s. 1., Juncus trifidus,
Vaccinium gaultherioides etc., positively correlated with li-
ght available and negatively with moisture (Fig. 2), is con-
nected above all with the extreme site conditions. An im-
portant factor is also the small hight of dwarf pine. The
branches of Pinus mugo are spread near the ground and
they do not create a great light barier. Therefore, the light
can penetrate into the herb layer. The species of acid-oligo-
trophic character from the middle part of Fig. 2 indicate
biotopes with thicker layers of undecomposed humus, whe-
re acidophilous and sciophilous species predominated. On
the right side of Fig. 2, we can see the species that occur on
nutrient-rich soils (primarily, with high contents of nitro-
gen), showing close syngenetic relation with plant commu-
nities of the class Mulgedio-Aconitetea. This fact points
the sites with favourable edaphic properties and good de-

composition of humus. Non-calcareous substrata, e.g. in
protected areas, are occupied by predominantly wet (perio-
dically flooded) biotopes, where the increased moisture,
provided by the oxygenated streaming water, supports the
nitrification and humification processes.

Changeovers between the groups of relevés (Fig. 5) are
smocth, because a decisive factor — available nutrients and
moisture related with the thickness of the layer of decom-
posed humus - increasing in specific conditions, decreases
mutual differences between individual communities.

The group of relevés from the Fig. 5, marked by dia-
monds, represents the subassociation Adenostylo alliariae-
Pinetum mugo seslerictosum calcariae, described by
Soltésova (1974) from the stands on dry parts of calcarecous
rocks and screes as “considerably different ecological-flo-
ristic conditions”. These are negatively correlated with mo-
isture and positively with continentality. It would be appro-
priate to classify this type of dwarf pine vegetation at the
level of separate association (Berndtovda and Uhlifovd, in

prep.).

Syntaxonomy and nomenclature

Roso pendulinae-Pinetea mugo Theurillat in Theurillat
et al. 1995

Prostrate (subalpine shrubs) or erected (woodland-like, <8
m) communities dominated by Pinus mugo s. 1. both on ba-
sic and acid substrata.

Junipero-Pinetalia mugo Bogcaiu 1971

Pinion mugo Pawlowski in Pawlowski et al. 1928
Nomenclatural type: Pinetum mughi carpaticum Pawlow-
ski in Pawtowski et al. 1928 (holotypus).

Inclusive: Pinion mughi (Pawlowski et al. 1928; Klika
1947) Soltésova 1974 (art. 31).
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Fig. 2. Detrended correspondence analysis (DCA) ordination diagram of Pinion mugo data set. Ordination scores of the most important species (weight > 1%).
Species list: Aconfirm — Aconitum firmum, Adenalli — Adenostyles alliariae, Alchemi. — Alchemilla sp. div., Arabalpi — Arabis alpina, Athyfili — Athyrium
Silixfemina, Athydist — Athyrium distentifolium, BarblycO — Barbilophozia lycopodioides (Ey), BracrefQ — Brachythecium reflexum (E), Calaarun — Calam-
agrostis arundinacea, Calavari — Calamagrostis varia, Calavill — Calamagrostis villosa, Campoly — Campanula tatrae, Centmoll — Cyanus mollis, Cetrisl0
— Cetraria islandica (Ey), Chaehirs — Chaerophyllum hirsutum, Chamangu — Chamerion angustifolium, Chryalte — Chrysosplenium alternifolium, Cicealpi
— Cicerbita alpina, Cirseris — Cirsium erisithales, CladarbO — Cladonia arbuscula (E), CladgreO — Cladonia gracilis (Ey), Cladrae0 — Cladonia rangiferina
(Eg), Cortmatt — Cortusa matthioli, Creppalu — Crepis paludosa, Daphmeze — Daphne mezereum, Desccesp — Deschampsia cespitosa, Descflex — Avenella
flexuosa, Dicersco0 — Dicranum scoparium (Ey), Digigran — Digitalis grandifiora, Dotoaust — Doronicum austriacum, DrepuncQ — Sanionia uncinata (Ey,
Dryodila — Dryopteris dilatata s. 1., Dryofilm — Dryopteris filix-mas, Empenigr — Empefrum nigrum s. 1., Epilmont — Epilobium montanum, Festcarp — Fes-
tuca carpatica, Fragvesc — Fragaria vesca, Galelute — Galeobdolon luteum s. 1., Galischu — Galium schultesii, Gentascl — Gentiana asclepiadea, Gentpunc
— Gentiana punctata, Gerasylv — Geranium sylvaticum, Genmmont — Oreogeum montanum, Geumriva — Geum rivale, Gymndryo — Gymnocarpium dry-
opterts, Heraspho — Heracleum sphondylium, Hiermuro — Hieracium murorum, Homoalpi — Homogyne alpina, HylosplO — Hylocomium splendens (E),
Hyloumb0 — Hylocomium umbratum (E.), Hypemacu — Hypericum maculatum, Hupesela — Huperzia selago, Junctrif — Juncus trifidus, Junicoma — Junipe-
rus sibirica, Leucwald — Leucanthemum rotundifolium, Ligumuta — Ligusticum mutellina, Loninigr — Lonicera nigra, Luzuluzo — Luzula luzuloides, Luzu-
sylv — Luzula sylvatica, Mela sylv — Melampyrum sylvaticum, Milieffu — Milium effusum, Myossylv — Myosotis sylvatica, Oxalacet — Oxalis acetosella,
Pariquad — Paris quadrifolia, Phytspic — Phyteuma spicatum, Piceabie — Picea abies, Pinucemb — Pinus cembra, Pinumugo — Pinus mugo, Plageut0 ~ Pla-
giothecium curvifolium (Ey), Plagden® — Plagiothecium denticulatum (By), PlagiotO — Plagiothecium sp. (Eg), Pleusch0 — Pleurozium schreberi (E,), Poly-
bist — Bistorta major, Polystr0 — Polytrichum strictum (E,), PolytriO — Polytrichum sp. div. (Ey), Polyvert — Polygonatum verticillatum, Poteaure — Potentil-
la aurea, Prenpurp — Prenanthes purpurea, Primelat — Primula elatior, PtilcilO — Ptilidium ciliare (Ey, PtilpulO — Ptilidium pulcherrinmum, PtilcriO — Ptilium
crista-castrensis (E,), Ranuplat — Ranunculus platanifolius, Rhyttri0 — Rhytidiadelphus squarrosus (Ep), Rhyttri0 — Rhytidiadelphus triquetrus (E),
Ribepetr — Ribes petraeum, Rosapend — Rosa pendulina, Rubuidae — Rubus idaeus, Rumealpe — Acetosa arifolia, Salicapr — Salix caprea, Salisile — Salix
silesiaca, Saxirotu ~ Saxifraga rotundifolia, Seduargu — Hylotelephium argutum, Senenemo — Senecio nemorensis agg., Senesuba — Senecio subalpinus,
Seslalbi — Sesleria albicans, Stelnemo — Stellaria nemorum, Soldcarp — Soldanella carpatica, Solivirm — Solidago * minuta, Sorbaucu — Sorbus aucuparia,
Sphagnu0 — Sphagnum sp. div. (Ey), Vaccgaul — Vaccinium gauitherioides, Vacemyrt — Vaccinium myntillus, Vaceviti — Vaceinium vitis-idaea, Valetrip —
Valeriana tripteris, Veralobe — Veratrum * lobelianum, Violbifl — Viola biflora.

Synonyms: Pinion mughi Pawlowski 1928 (art. 2b, 8), Original form of the name: Cetrario-pinetum mughi Ha-

Vaccinion myrtilli Krajina 1933 p.p. (art. 29b), Myttillo-
Piceion excelsae Biezina et Hada¢ in Hadac 1962 p.p. (art.
31), Mughion Domin 1923 (nom. nud.).

Syntaxonomical synonym: Athyrio alpestris-Pinion mu-
ghi Jirasek 1996,

Dwarf pine stands in the supramontanous and subalpine belts
on siliceous and calcareous bedrocks in the Carpathians.

Cetrario islandicae-Pinetum mugo Hada¢ 1956

Table 2, column A, Fig. 6

Nomenclatural type: Hada¢ 1956: 23, Table 4, rel. 17,
lectotﬁ)us hoc loco.

dac 1956.

Inclusive: Vaccinio myrtilli-Pinetum mughi cladonietosum
rangiferino-gracilis Soltésov4 1974 p-p- (art. 13)*.
Synonyms: Pinetum mughi tatrense lichenoso-muscosum
Krajina 1933 (art. 34a), Mughetum tatrense lichenoso-mu-
scosum Dostal 1935 (art. 2b, 31).

Non: Mughetum myrtilletoso-sphagnosum Sillinger 1933,
Sphagno-Mughetum Mriz 1956.

* Original form of the name, mentioned by author in her
work is Vaccinio myrtilli-Pinetum mughi cladonietosum
rangiferino-gracilis (Krajina 1934) Soltésova 1974.
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Fig. 3. Area of occurrence of dwarf pine stands (marked by ellipse) in the Western Carpathians. Grey area stands for orographical units in the Carpathians.

2 |

il

Fig. 4. Dendrogram of numerical classification of plant communities of the alliance Pinion mugo in the Western Carpathians. On its base the synoptic
table was formed, however, the problematic relevés were re-shuffled.

A — Cetrario islandicae-Pinetum mugo, B — Homogyno alpinae-Pinetum mugo, C — Adenostylo alliariae-Pinetum mugo (used parameters: B-flexible
method with Wishart’s similarity coefficient).
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TABLE 3. Weighted correlation matrix for the environmental factors from the DCA ordination.
Weighted correlation matrix (weight = sample total)
SPEC AX1 1.0000
SPEC AX2 -0.2682 1.0000
SPEC AX3 -0.0557 0.0626 1.0000
SPEC AX4 0.0205 0.0324 -0.0628 1.0000
ENVI AX1 0.9628 -0.2622 -0.0568 0.03%4 1.0000
ENVI AX2 -0.2836 0.8902 0.0393 0.0050 -0.2945 1.0000
ENVI AX3 -0.0671 0.0429 0.8159 -0.1074 -0.0697 0.0481 1.0000
ENVI AX4 0.0495 0.0058 -0.1143 0.7671 0.0514 0.0066 -0.1400 1.0000
Light -0.4924 0.5953 -0.3863 -0.1302 -0.5115 0.6688 -0.4735 -0.1698
Tempera 0.7611 -0.2949 0.3592 -0.0923 0.7906 -0.3313 0.4403 -0.1204
Contine 0.1064 0.1814 -0.1498 0.6095 0.1105 0.2037 -0.1836 0.7945
Moistur 0.2455 -0.5237 -0.1244 -0.2930 0.2550 -0.5883 -0.1525 -0.3820
pH 0.8942 -0.0057 -0.2269 0.0298 0.9288 -0.0064 -0.2781 0.0389
Nutrien 0.8872 -0.4686 -0.2473 0.0972 0.9215 -0.5264 -0.3031 0.1268
SPEC AX1 SPEC AX2 SPEC AX3 SPEC AX4 ENVI AX1 ENVI AX2 ENVI AX3 ENVI AX4
Light 1.0000
Tempera -0.6142 1.0000
Contine 0.0504 0.0453 1.0000
Moistur -0.3445 0.2993 -0.0877 1.0000
pH -0.2162 0.5705 0.1339 0.1049 1.0000
Nautrien -0.4929 0.6171 0.0490 0.2808 0.8372 1.0000
Light Tempera Contine Moistur pH Nutrien
N name (weighted) mean standard deviation inflation factor
1 SPEC AX1 2.4522 0.8637
2 SPEC AX2 1.3005 0.4603
3 SPEC AX3 0.9362 0.3963
4 SPEC AX4 1.0761 0.2804
5 ENVI AX1 2.4522 0.8316
6 ENVI AX2 1.3005 0.4098
7 ENVI AX3 0.9362 0.3234
8 ENVI AX4 1.0761 0.2151
1 Light 5.7478 0.4732 2.3221
2 Tempera 3.4099 0.3449 2.4324
3 Contine 3.6725 0.2792 1.0372
4 Moistur 56101 0.5177 1.2178
5 pH 4.0544 1.1635 5.0078
6 Nutrien 3.8229 1.0135 5.3888

Diagnostic taxa: Pinus mugo (dom.), Avenula versicolor
(dif.), Campanula alpina (dif.), Festuca supina (dif.), Hie-
ractum alpinum agg. (dif.), Huperzia selago (dif.), Juncus
trifidus (dif.), Oreochloa disticha (dif.), Pulsatilla scherfelii
(dif.), Alectoria ochroleuca (dif.), Cetraria islandica (dif.),
Cladonia arbuscula (dif.), C. gracilis (dif.), C. rangiferina
(dif.), Vaccinium gaultherioides (dif.), Avenella flexuosa
(comst.), Vaccinium myrtillus (const.), V. vitis-idaea
(const.), Pleurozium schreberi (const.).

Homogyne alpinae-Pinetum mugo (Sillinger 1933) nom.
nov. hoc loco

Table 2, column B, Fig. 6

Nomenclatural type: Sillinger 1933: 123, rel. 1, lectoty-
pus hoc loco.

Basionym: Mughetum myrtilletosum Sillinger 1933 (art,
34a).

Inclusive: Mughetum myrtilletosum Sillinger 1933, Mu-
ghetum myrtilletoso-calamagrostidetosum villosae Sillin-
ger 1933 (art. 2b, 13), Mughetum myrtilletoso-sphagnosum
Sillinger 1933 (art. 2b, 13), Vaccinietum myrtilli tatricum
pinetosum mughi Krajina 1933 (art. 29b, 34a), Mughetum

myrtilletosum Dostdl 1935 (art. 2b, 31), Mughetum myrtil-
letosum Samek et al. 1957 (art. 31), Vaccinio myrtilli-Pi-
netum mughi cladonietosum rangiferino-gracilis Soltésova
1974 p.p. (art. 13).

Synonyms: Pinetum montanae fruticosac Szafer et al.,
1923 (art. 34a), Pinetum montanae Klika 1926 typ Vacci-
nietum (art. 3c, 31), Pinetum mughi (= Mughetum) carpati-
cum Pawlowski in Szafer et al. 1927 p.p. (art. 34a), Pinetum
mughi carpaticum silicicolum Pawlowski in Szafer et
al.1927 p.p. maj. (art. 34a), Pinetum mughi carpaticum
Pawlowski in Pawtowski et al. 1928 p.p. (art. 34a), Pinetum
mughi carpaticum silicicolum Pawlowski in Pawlowski et
al. 1928 p.p. maj. (art. 31, 34a), Pinetum mughi carpaticum
Walas 1933 p.p. (art. 31, 34a), Pinetum mughi carpaticum
silicicolum Walas 1933 (art. 31, 34a), Pinetum mughi car-
paticum calcicolum Walas 1933 p.p. min. (art. 34a), Myrtil-
leto-Pinetum mughi Hada¢ 1956 (art. 31), Sphagno-mughe-
tum Mréz 1956 (art. 3f), Mughetum (=Pinetum mughi) car-
paticum Pawlowski 1956 p.p. (art. 2b, 31, 34a), Myrtillo-Pi-
netum mughi Jenik 1961 (art. 31), Myrtillo-Pinetum mughi
Soltés 1969 (art 1, 31), Vaccinio myrtilli-Pinetum mughi
(Sillinger 1933) Soltésova 1974 (art. 31), Vaccinio m?/l‘tllll-
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Fig. 5. Detrended correspondence analysis
(DCA) ordination diagram of 341 relevés of
the alliance Pinion mugo, based on average
Ellenberg indicator values.

Squares (1) — Cetrario islandicae-Pinetum
mugo, Circles (O) — Homogyno alpinae-
Pinetum mugo, Stars ($) — Adenostylo
alliariae-Pinetum mugo (incl. Diamonds (<)

8 — A.-P. seslerietosum calcariae).

Subalpine and alpine belts, the extreme sites,

Pinus mugo scrubs short (only few decimetres),
Bryophytes and Lichens are most common,

occurrence of numerous plants typical

for communities of alpine heaths and siliceous grassiands,
in the winter, the snow layer is thin and of short duration.

Supramontanous and subalpine belts,
Pinus mugo scrubs tall 1.5-3 m,

the snow layer is thick and of long duration,
it preserve the community.

Sites with various inclination and orientation,
for the soils are typical a thick layer

of undecomposed humus,

species poor and monotonous community,
occurence of modest acid-oligotrophic species

Relatively steep slopes,

hospitable edafic conditions

(with sufficient nutrients during all vegetation
period and with the good decomposition

of humus), the soils have moderately acid reaction,

Cetrario islandicae — Pinetum mugo in the herb and moss layer.

Homogyno alpinae - Pinetum mugo

Fig. 6. Schematic division of associations of the alliance Pinion mugo.

Pinetum mugo Hada¢ 1956 (art. 31), Mughetum (silicico-
lum) myrtilloso-graminosum Domin 1923 (nom. nud.), Pi-
netum mughi carpaticum Pawlowski 1928 (nom. nud.).
Syntaxonomical synonym: Dryopterido-Pinetum mughi
Unar in Unar et al. 1985.

Phantom name: Vaccinio myrtilli-Pinetum mughi spha-
gnetosum Sillinger 1933 (in Som§4k et al. 1981), Vaccinio
myrtilli-Pinetum mughi Sillinger 1933 (in Unar et al. 1984,
1985), Sphagno nemorei-Pinetum mughi (Sillinger 1933)
Mraz 1956 emend. Unar in Unar et al. 1984 (in Unar et al.
1984, 1985), Vaccinio myrtilli-Pinetum mugi (Pawtowski
et al. 1928) Hadac 1956 (in Cernusakova 1992).

Non: Vaccinio myrtilli-Pinetum montanae Morton 1927.

Diagnostic taxa: Pinus mugo (dom.), Athyrium distentifo-
lium (dif.V), Dryopteris dilatata (dif'), Gentiana asclepia-
dea (dif.)), Oxalis acetosella (dif."), Avenella flexuosa

species-rich, floriferous shrubby community,
close relationships with communities
of the class Mulgedio-Aconitetea.

Adenostylo alliariae — Pinetum mugo

(dif.2), Sphagnum sp. div. (dif?), Calamagrostis villosa
(const.), Homogyne alpina (const.), Vaccinium myrtillus
(const.), Dicranum scoparium (const.).

! differential taxa against the association Cetrario islandicae-Pinetum mugo

2 differential taxa against the association Adenostylo alliariae-Pinetum
mugo

Adenostylo alliariae-Pinetum mugo (Sillinger 1933)
Soltésova 1974

Table 2, column C, Fig. 6

Nomenclatural type: Sillinger 1933: 120, rel. 2, lectoty-
pus hoc loco.

Basionym: Mughetum altherbosum Sillinger 1933 (art.
34a).

Inclusive: Pinetum montanae Klika 1926 typ Calamagro-
stis villosa (art. 3¢), Myrtilleto-Calamagrostidetum villosae
carpaticum pinetosum mughi Krajina 1933 (art. 29b, 34a),
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Mughetum altherbosum calcicolum Sillinger 1933 (art.
34a), Mughetum altherbosum silicicolum Sillinger 1933
(art. 34a).

Synonyms: Pinetum montanae fruticosae Klika 1927 (art.
34a), Pinetum mughi (= Mughetum) carpaticum Pawlow-
ski in Szafer et al. 1927 p.p. (art. 34a), Pinetum mughi car-
paticum silicicolum Pawlowski in Szafer et al. 1927 p.p.
min. (art. 34a), Pinetum mughi carpaticum calcicolum
Pawlowski in Szafer et al. 1927 (art. 34a), Pinetum mughi
carpaticum Pawlowski in Pawlowski et al. 1928 p.p. (art.
34a), Pinetum mughi carpaticum calcicolum Pawlowski in
Pawtowski et al. 1928 (art. 31, 34a), Pinetum mughi carpa-
ticum silicicolum Pawtowski in Pawlowski et al. 1928 p.p.
min. (art, 31, 34a), Pinetum mughi carpaticum Walas 1933
p.p. (art. 31, 34a), Pinetum mughi carpaticum calcicolum
Walas 1933 p.p. maj. (art. 31, 34a), Mughetum altherbo-
sum calcicolum Dostédl 1935 (art. 2b, 31, 34a), Mughetum
altherbosum silicicolum Dostdl 1935 (art. 2b, 31, 34a),
Mughetum (=Pinetumn mughi) carpaticum Pawlowski 1956
p.p. (art. 2b, 31, 34a), Mughetum altherbosum calcicolum
Zahradnikovd-RoSetzkd 1957 (art. 2b, 31, 34a), Mughetum
altherbosum silicicolum Zahradnikova-Rosetzkd 1957 (art.
31, 34a), Mughetum (silicicolum) herbosum Domin 1923
(nom. nud.), Pinetum mughi carpaticum Pawlowski 1928
(nom. nud.), Mughetum calcicolum Domin 1929 (nom.
nud.).

Syntaxonomical synonyms: Athyrio-Pinetum mughi tatri-
cum Hada¢ 1956 (art. 34a), Athyrio distentifolii-Pinetum
mugo (Hada€ 1956) Hada¢ in Mucina et Maglocky 1985
(art. 2b).

Phantom name: Athyrio-Pinetum mughi tatricum Sillin-
ger 1933, Hadac 1956 (in Unar et al. 1984, 1985), Athyrio-
Pinetum mugi (Sillinger 1933) Hada& 1956 (in Cernusiko-
va 1992).

Diagnostic taxa: Pinus mugo (dom.), Aconitum firmum
(dif.), Adenostyles alliariae (dif.), Alchemilla sp. div. (dif.),
Chaerophyllum hirsutum (dif.), Chrysosplenium alternifo-
lium (dif.), Cicerbita alpina (dif.), Cortusa marthioli (dif.),
Daphne mezereum (dif.), Doronicum austriacum (dif.), Epi-
lobium montanum (dif.), Galeobdolon luteum s. 1. (dif.),
Geranium sylvaticum (dif.), Geum rivale (dif.), Heracleum
sphondylium (dif.), Hypericum maculatum (dif.), Leucan-
themum rotundifolium (dif.), Lonicera nigra (dif.), Luzula
sylvatica (dif.), Milium effusum (dif.), Myosotis sylvatica
(dif.), Paris quadrifolia (dif.), Polygonatum verticillatum
(dit.), Primula elatior (dif.), Ranunculus platanifolius
(dif.), Ribes petraeum (dif.), Rosa pendulina (dif.), Rubus
idaeus (dif.), Salix silesiaca (dif.), Senecio nemorensis agg.
(dif.), Soldanella carpatica (dif.), Valeriana tripteris (dif.),
Veratrum *lobelianum (dif.), Viola biflora (dif.), Calama-
grostis villosa (const.), Homogyne alpina (const.), Oxalis
acetosella (const.), Vaccinium mynillus (const.), Dicranum
scoparium (const.).

DISCUSSION AND CONCLUSIONS

In phytocoenological works of central European authors,
the dwarf pine stands are commonly integrated to the al-
liance Pinion mugo and the class Vaccinio-Piceetea. The
main reason for this is the presence of typical species of
the mountain spruce forests (Svoboda 1939). Altogether,
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two or three types of Pinus mugo scrubs were distingui-
shed there. At first, this division was attached to the diffe-
rences in geology of the phytocoenoses occurrence (cf.:
Szafer et al. 1927; Pawlowski ct al. 1928), later it was ba-
sed on the differences in carrying capacity of the soil or
physiognomy (cf.: Sillinger 1933; Hadad 1956, 1985;
Soltésovd 1974).

The great variety of opinions and views on the classifica-
tion of dwarf pine stands in the Western Carpathians moti-
vated us to perform a syntaxonomical revision, where besi-
des classical phytocoenologic methods the numerical ap-
proach could be applied. The results of this revision can be
summarized as follows:

1. According to Hada¢ (1956), we have assigned the Pi-
nus mugo scrubs from the Western Carpathians into three
associations based of total physiognomy, stand conditions,
and nutrient contents of the soil (Fig. 5). These groups of
phytocoenoses are treated here as the following associa-
tions: Adenostylo alliariae-Pinetum mugo (Sillinger 1933)
Soltésovd 1974, Cetrario islandicae-Pinetum mugo Hadac
1956 and Homogyno alpinae-Pinetum mugo (Sillinger
1933) nom. nov.

2. For floristically poor and monotonous communities on
soils with a thick layer of undecomposed humus, we sug-
gest the new name Homogyno alpinae-Pinetum mugo (Sil-
linger 1933) nom. nov. The names Vaccinio myrtilli-Pine-
tum mugo Hada¢ 1956 and Vaccinio myrtilli-Pinetum mu-
go (Sillinger 1933) Soltésovd 1974 are only the younger
homonyms of the valid name of the association Vaccinio
myrtilli-Pinetum montanae Morton 1927, which represents
the acidophilous dwarf pine stands on calcareous bedrocks
in the Alps. To treat the West Carpathian phytocoenoses as
identical to this Alpine association was found to be errone-
ous. Besides the numerous phytogeographically important
species occurring in only one of these two mountain ranges
[Alps: Alnus alnobetula, Gentiana panonnica, Rhododen-
dron ferrugineum, Rhododendron hirsutum, Rhododendron
xXintermedium, Veratrum album, Trolius europaeus e€ic.;
(Western) Carpathians: Salix silesiaca, Soldanella carpati-
ca, Veratrum *lobelianum etc.], the structure and floristic
composition of respective stands is different; furthermore,
the Western Carpathians stands are poorer floristically. The
occurrence of plant species typical for tall-herb communi-
ties of the class Mulgedio-Aconitetea (Adenostyles allia-
riae, Cicerbita alpina, Geranium sylvaticum, Polygonatum
verticillatum, Saxifraga rotundifolia, etc.) in the stands of
the Alps-related association already indicates the different
interpretation of the communities incorporated under these
names (the Vaccinio myrtilli-Pinetum mugo and the Vacci-
nio myrtilli-Pinetum montanae), in different mountain sy-
stems (cf.: Morton 1927; Wallnofer 1993a).

3. The most oligotrophic stands with dominating Spha-
gnum species in an underbrush, have been evaluated as
a component of the association Homogyno alpinae-Pine-
tum mugo. The total physiognomy and floristic composi-
tion of these stands is more similar to this association, than
to the association Cetrario-Pinetum mugo (syn. V.-P. cla-
donietosum rangiferino-gracilis), where they were classi-
fied to by Soltésovd (1974). These stands represent a con-
necting link between both associations.

The differences between the dwarf pine stands of the
subalpine belt and the relic dwarf pine stands on raised
bogs in the montane belt has already been pointed by Mia-
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dok (1976) in his description of the association Sphagno-
mughetum dealpinum. The question of their final classifi-
cation and the comparison with relevant communities from
the class Oxycocco-Sphagnetea will be discussed in our
further paper (Sibik, in prep.).

4. The distinguishing of the association Athyrio distenti-
folii-Pinetum mugo (Hada¢ 1956) Hada¢ in Mucina et Ma-
glocky 1985 (described from the granite part of the Vysoké
Tatry Mts) appeared to be baseless, because the results of
the numerical classification and ordination revealed its
identity with the association Adenostylo-Pinetum mugo
(described from the calcareous part of the Nizke Tatry
Mits). The occurrence of the taxa typical for flowering spe-
cies rich communities of tall broad-leaved herbs and ferns
optimally developed at moist habitats (see Table 2) highli-
ght that available nutrients and moisture in the soils are
more important that geological bedrock.,

5. Taking into account the obtained knowledge, the limi-
ted vertical distribution (the subalpine belt) of studied phy-
tocoenoses, the similar physiognomy, and mutual close
syngenetic relationships between individual dwarf pine as-
sociations, we confirm their current classification within
the one alliance, the Pinion mugo. The distinguishing of
associations to different alliances (cf. Hada¢ 1956; Jirdsek
1996: Husovi et al. 2002) seems to be pointless and unne-
cessary. To this fact pointed out already Gerdol and Piccoli
{1982), who noticed that the floristic composition between
Pinus mugo scrubs associations is not so sharp to justify
their attribution to two different alliances and/or classes.

The incorporation of the alliance Pinion mugo to the
order Piceetalia excelsae and to the class Vaccinio-Piceetca
does not seem to be suitable, despite the similar floristic
composition with the communities from the mountain
spruce forests, The Pinus mugo scrubs create a distinctive
vegetation belt above the timberline, in a zone, where the
forest cannot naturally exist. Moreover, the physiognomy
of stands is very different. The pure floristic approach cle-
arly reaches the limits and consideration of physiognomic
and habitat characteristics are indispensable (Theurillat et
al. 1995). This was already, though indirectly, noted by the
Polish authors Pawtowski et al. (1928), who have included
the alliance Pinion mugo, only temporarily, however, to
the order Piceetalia excelsae. They wrote: “Die Einreihung
dieses Verbandes zur Ordnung der Piceetalia is bloB provi-
sorisch. Vielleicht wird man das Pinetum mughi zusammen
mit dem Alnetum viridis sowie anderen verwandten
Strauchgesellschaften zu einer besonderen Vegetationsord-
nung zusammenfassen miissen”. About fifty years later,
Boscaiu (1971) included this alliance into the new order
Junipero-Pinetalia mugi Bogcaiu 1971. In the 1990s, Theu-
rillat et al. (1994, 1995) described the new class Roso pen-
dulinae-Pinetea mugo, which includes all mountain dwarf
pine stands both on basic and acid substrata and they
emended the content of the order Junipero-Pinetalia mugi.
This system is actually accepted by us.

A recent study about Austrian forests confirmed that ba-
sed on purely floristic similarity, the numerical method
(TWINSPAN) classified the Pinus mugo scrubs within the
communities dominated by Alnus alnobetula, Lanix deci-
dua, and Pinus cembra and together with the adjoining Pi-
cea forests. There are strong floristically connections be-
tween these vegetation types, but their physiognomic, bio-
§60§rai)hic and ecological position is quite different. In so-
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me cases, the consideration of physiognomy and ecology is
indispensable if we try to generate a sysiem of global ac-
ceptance {Grabherr et al. 2003).
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APPENDIX

Appendix 1 — Sources to the Table 2:

A: Cetrario islandicae-Pinetum mugo: 2 — Dibravcové 1974:
88-92, rel. 127, 143, Zépadné Tatry Mts; 2 — Hada¢ 1956, Tab. 4,
rel. 17, 116, Vysoké Tatry Mts; 7 — Hordk 1971, Tab. 2, rel. 26-
28, 30, 32, 33, 37, Zapadné Tatry Mts; 4 — Komdarkov4 1964, Tab.
11, rel. 1-4, Zdpadné Tatry Mts; 1 — Kremlova 1974: 62, Zdpadné
Tatry Mts; 9 — Krajina 1933, Tab. 71, rel. 1-9, Vysoké Tatry Mits;
1 — Svoboda 1939: 106, Zapadné Tatry Mts; 2 — Soltésova 1974,
Tab. 2, rel. 37, 38, Zapadné Tatry Mts;

B: Homogyno alpinae-Pinetum mugo: 5 — Altmannov4 1983,
Tab. 23, rel. 1-5, Zapadné Tatry Mts; 10 — Bélohldavkova 1980,
Tab. 16, rel. 1-10, Krivanska Mal4 Fatra Mts; 1 — Bélohldvkova
1980, Tab. 17, rel. 26, Krivanska Mald Fatra Mts; 6 — Cer-
nuidkova 1992, Tab. 1, rel. 1-6, Zdpadné Tatry Mts; 3 — Cer-
nuddkova 1992, Tab. 2, rel. 1, 3, 5, Zipadné Tatry Mts; 16 -
Dibravcova 1974: 88-92, rel. 120, 132-134, 141, 142, 153-155,
157-159, 163, 207-209, Zipadné Tatry Mts; 1 — Dibravcova and
Hajddk 1986: 45, Zipadné Tatry Mts; 5 — Hadad 1956, Tab. 36,
rel. 44-47, 115, Vysoké Tatry Mts; 3 — Hadaé et al. 1969: 309-
310, rel. 137, 239, 252, Belianske Tatry Mits; 2 — Hada¢, JeZzek
and Bfezina 1969: 490-491, rel. 11, 28, Vysoké Tatry Mits; 14 —
Hordk 1971, Tab. 2, rel. 29, 31, 34-36, 38-43, 46-48, Zapadné
Tatry Mts; 8 — Hrabovcova 1976, Tab. 14, rel. 1-8, Zapadné Tatry
Mts; 4 — Komarkova 1964, Tab. 7, rel. 1-4, Zapadné Tatry Mits;
10 — Krajina 1933, Tab. 69, rel. 1-10, Vysoké Tatry Mts; 8 —
Kremlovi 1974: 26-30, rel. 46, 50, 168, 179, 182, 184, 185, 193,
Zipadné Tatry Mts; 5 - Miadok 1995: 55-56, rel. 2-6, Nizke
Tatry Mts; 1 — Milova 1993: 20, Krivanska Mald Fatra Mts; 1 -
Mraz 1956, Tab. 1, rel. 15, Lic¢anskd Mald Fatra Mts; 2 —
Pawlowski et al. 1928, Tab. 11, rel. 5, 6, Vysoké Tatry Mts; 4 —
Samek et al. 1957, Tab. 2, rel. 28-30, 36, Vysoké Tatry Mts; 4 —
Sillinger 1933: 123, rel. 1-4, Nizke Tatry Mts; 1 — Szafer et al.
1923, Tab. 6, rel. 153, Zapadné Tatry Mts; 13 — Szafer et al,

1927, Tab. 2, rel. 19-31, Zdpadné and Vysoké Tatry Mts, Oravské
Beskydy Mts; 1 — §ibik 2003: 68, Krivanska Mal4 Fatra Mts; 35
— Soltésova 1974, Tab. 2, rel. 1-32, 34-36, Nizke, Zapadné,
Vysoké and Belianske Tatry Mts, Krivanska Mal4 Fatra Mts; 2 —
Somsak 1980: 28, rel. 1, 2, Oravské Beskydy Mts; 6 — Somsak et
al. 1981, Tab. 11, rel. 1-6, Vysoké Tatry Mts; 5 — Unar et al.
1984, Tab. 29, 1. 1-5, Zapadné Tatry Mts; 5 — Unar et al. 1984,
Tab. 38, rel. 1-5, Zdpadné Tatry Mts; 10 — Unar et al. 1984, Tab.
39, rel. 1-10, Zapadné Tatry Mts; 4 — Volo§¢uk 1966, Tab. 1, rel.
12, 19, 20, 40, Zdpadné Tatry Mts; 9 — Walas 1933, Tab. 15, rel.
6-8, 11-16, Oravské Beskydy Mts; 1 — Mucina ined., Nizke Tatry
Mts;

C: Adenostylo alliariae-Pinetum mugo: 25 — Bélohldvkova
1980, Tab. 17, rel. 1-25, Krivanska Mald Fatra Mts; 2 — Cer-
nusdkova 1992, Tab. 2, rel. 2, 4, Zapadné Tatry Mts; 2 — Hadad
1956, Tab. 21, rel. 126, 127, Vysoké Tatry Mts; 2 — Hadac et al.
1969: 309-310, rel. 27, 122, Belianske Tatry Mts; 1 — Hordk
1971, Tab. 2, rel. 44, Zipadné Tatry Mts; 3 — Klika 1926: 62-63,
rel. 1-3, Velkd Fatra Mts; 1 — Klika 1927: 31, Velka Fatra Mits; 1
— Komaérkové 1964: 96, Zapadné Tatry Mts; 5 — Krajina 1933,
Tab. 62, rel. 3-7, Vysoké Tatry Mts; 1 — Miadok 1995: 54, Nizke
Tatry Mts; 1 — Miadok 1995: 55-56, rel. 1, Nizke Tatry Mts; 4 —
Pawlowski et al. 1928, Tab. 11, rel. 1-4, Vysoké Tatry Mts; 6 —
Sillinger 1933: 120-121, rel. 1-6, Nizke Tatry Mts; 19 — Szafer et
al. 1927, Tab. 2, rel. 1-18, 32, Zépadné and Vysoké Tatry Mts,
Oravské Beskydy Mts; 5 — Smarda et al, 1971, Tab, 11, rel. 122-
124, 126, 127, Belianske Tatry Mts; 1 — Soltésova 1974, Tab. 2,
rel. 33, Velk4 Fatra Mts; 20 — Soltésovd 1974, Tab. 3, rel. 1-20,
Nizke, Zapadné, Vysoké and Belianske Tatry Mts, Krivanska
Malé Fatra Mts, Velkd Fatra Mts and Cho¢ské vrchy Mts; 6 —
Unar et al. 1984, Tab. 28, rel. 1-6, Zapadné Tatry Mts; 2 — Walas
1933, Tab. 15, rel. 1, 2, Oravské Beskydy Mts; 1 — Zahradnikova-
Rosetzkd 1957: 14, Nizke Tatry Mts.



