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ABSTRACT: Phytosociological characteristics of chasmophitic communities on subalpine serpentine cliffs of
Kopaonik Mountain were analysed according to Braun-Blanquet methodology. In order to detect
purely floristic differentiation of analysed communities we applied ordinary Correspondence
Analysis (CA). Relationship between vegetation and environment was assessed using the Canonical
Correspondence Analysis (CCA), while classification of sites was performed using UPGMA method
and chord distance. All analyses were performed using the latest version of the “FLORA” package.

According to floristic and ecological characteristics, analysed chasmophitic communities on
serpentine cliffs of Kopaonik Mountain is divided in three new associations: Edraiantho jugoslavici-
Festucetum pancicianae ass. nova, Silenetum serbicae ass. nova and Musco-Jovibarbetum kopaonikense

ass. nova.
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INTRODUCTION

The chasmophitic vegetation (class Asplenietea trichomanis)
is very complex, since it involves communities on
calcareous, serpentine and silicate rocks, at different
altitudes, from lowland (usually canyon) habitats to
nival regions. For the territory of Serbia different authors
described 53 associations and 7 sub-associations, which
belong to 13 alliances and 9 orders, so far (LAKUSIC &
SABOVLJEVIC 2005).

The real diversity of chasmophitic syntaxa in Serbia is
much greater, since some types of chasmophitic vegetation
are not investigated. The least investigated communities
belong to alliances Moechringion muscosae, Asplenion
lepidi, Asplenion septentrionalis, Potentillion visianii
and Adiantion. Although some authors noted that these
alliances exist in Serbia, the data of communities that
belong to the alliances are missing.
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More investigated communities belong to alliances
Amphoricarpion bertiscei (vegetation on calcareous rocks),
Parietarion judaicae (anthropogenic communities on
calcareous walls) and two siliceous alliances (Silenion
lerhenfeldianae and  Saxifragion cymosae). Despite
the fact that only a few phytocoenotic tables of these
communities are published, available data enable floristic
and syntaxonomic characterization of the alliances.

The most investigated chasmophitic communities
in Serbia belong to calcareous alliances Edraiantho
graminifolii-Erysimion comatae, Ramondion nathaliae and
Edraianthion jugoslavici. Some associations within these
alliances are quite subjectively extracted (without detailed
analyses of their floristic and syntaxonomic characteristics)
and provisory named. Such situation requires a more
objective revision of extracted syntaxa.
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The least investigated chasmophitic communities in
Serbia belong to sub-alpine vegetation on serpentine rocks.
They are distributed in sub-alpine regions (from 1300 to
1900 m asl) of the Kopaonik Mt., on localities Treska and
Nebeske stolice. These communities were provisory named
as Silenetum serbicae D. Lakusi¢ 1987 and Edraiantho-
Festucetum pancicianae D. Lakusi¢ 1989 (Lakusi¢, D.
1993; LAKUSIC & RANDPELOVIC 1996; LAKUSIC ef al. 2005).
The aim of this article is to give an insight into floristic
and ecological characteristics of these communities, and
to detect their syntaxonomic status.

METHODS

We collected data from 38 stands (relevés) on the mt
Kopaonik in two suabalpine serpentine peaks (Treska
and Nebeske stolice), according to BRAUN-BLANQUET
(1964) methodology. Nomenclature and taxonomy, with
a few exceptions, followed the Flora Europaea (FLORA
EuropAEA DaTaBASE). All taxa in the paper and their
authors are given in Table 5, while the list of all syntaxa in
the paper and their authors are given in Appendix.

The BRAUN-BLANQUET’s combined abundance-cover
scale is alpha-numeric, and this prevents numeric data
processing. Therefore we transformed the combined
abundance-cover values into completely numeric scale as
proposed by WESTHOFF & VAN DER MAAREL (1973).

In order to detect purely floristic differentiation of
analysed communities we applied ordinary Correspon-

Table 1. Communities that are used to compare

dence Analysis (CA). Relationship between vegetation
and environment was assessed using the Canonical
Correspondence Analysis (CCA) (TER BRAAK, 1986).
We analysed differentiation of communities with respect
to orography. Orographic variables involved altitude,
measured in meters; slope, measured in angles and
exposure. Using angular degrees, we assigned 0 to north
exposition, 180 to south exposition and 90 for both east
and west expositions.

Classification of sites was performed using UPGMA
method (SNEATH and SoKAL, 1974) and chord distance
(Orrocl, 1967) as a dissimilarity measure. Compared to
other possible combinations of agglomerative methods
with dissimilarity measures, this combination has several
benefits (KARADZI¢ & MARINKOVIC, 2009).

All analyses were performed using the newest version of
the “FLORA” package (KARADZIC et al., 1998). The package
offers application of a wide spectrum of classification and
ordination methods (KARADZIC et al., 1999, 2003).

Synoptic tables were formed by calculating the covarage
index (Ic) according to Laust et al. (1982).

Vegetation studies were done on the Kopaonik Mt in
two suabalpine serpentine peaks: Treska (1550-1620 mnv)
and Nebeske stolice (1800-1913 mnv).

In order to detect syntaxonomy of analysed comm-
unities on ultrabasic serpentine rocks, we compared these
communities with chasmophytic vegetation on basic rocks
(orders Potentilletalia caulescentis and Amphoricarpetalia),
which are distributed in central and western Serbia (Table 1).

Associations

Localities

Reference

Edraiantho jugoslavicii-Hieracietum
humile S. Stani¢ et D. Lakusi¢

Carici laevis-Leontopodietum alpinii S.
Stani¢ et D. Lakusi¢

Edraiantho-Saxifragetum porophyllae
Tati¢ et Veljovi¢ 1982

Musco-Seslerio-Edraianthetum
jugoslavici Petkovi¢ et al. 1999

Centaureo derventanae-Seslerietum
tenuifoliae R. Jovanovic et S. Jovanovi¢
1986

Edraiantho-Saxifragetum aizooni
B.Petkovi¢ et al. 1990

Edraiantho-Centauretum derventanae
R.Lakusié¢ et RedZi¢ 1988

Veliki Mucanj, 1400-1500 m

Veliki Mucanj, 1400-1500 m

Kopaonik (Srebrnac, Bele stene,
Gobelja, Ostri kr$), 1720-1750 m

Okolina Tutina: Gorge of river Godulja,
Canyon of river Crne reke and Canyon
of river Bukovice, 800 i 1350 m

Canyon of river Dervente, 240 i 350 m

Mokra Gora (Crvene Vode), 1800 m

Canyon of river Dervente 230 - 345 m

STANIC & LAKUSIC D. 1993

STANIC & LAkUSIC D. 1993

TaTi¢ & VELjOVIC 1982), LAKUSIC, D.
1993, LAKUSIC, D. & RANDELOVIC 1996

PETKOVIC ET AL. 1991

JovaNovi¢ & JovaNOvIE-DUNJI¢ 1986,
LAkuUSIC, R. & REDZIC 1989

PETKOVIC ET AL. 1990

LAKUSIC, R. & REDZIC 1989
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Geography, geomorphology and climate of investigated
habitats. Analysed chasmophitic vegetation covers
serpentine clifs on Kopaonik Mt, on three localities: Kozje
stene (1300-1550m), Treska (1550-1620m) and Nebeske
stolice (1800-1913m). The most compact and continuous
vertical cliffs are located on Kozje stene locality. Height
of these cliffs exceeds 100 meters. Significantly smaller
vertical surfaces are present on localities Treska and
Nebeske stolice. Vertical cliffs on Kozje stene locality are
continuously spread over 1.5 km. On two other localities,
the cliffs are discontinuous and form cone-like structures
or sloping rocks.

Considering the vertical profile of Kopaonik Mt, the
investigated communities are distributed within the
altitude belts IV and V (Laku$i¢ D. 1993). Each belt
corresponds to specific climate-vegetation zone. The belt
IV corresponds to the zone of severe mountainous climate,
where pure spruce forests (all. Vaccinio-Piceion) dominate.
The belt covers area between 1550 and 1750m (on the south
slopes) and between 1500 and 1700m (on the north slopes).
Average annual temperature within this belt is approximately
4°C, and avarage annual precipitation amounts 857mm.
December, January, February and March are months with
average temperature below zero.

The altitude belt V corresponds to the zone of severe
sub-alpine climate, where sub-alpine shrub communities
(alliances Juniperion sibiricae and Vaccinion myrtilli)
dominate. The belt covers area from 1750 to 1950m
on the southern slopes and from 1700 to 1950m on the
northern slopes. Average annual temperature within this
belt is approximately 3°C, and avarage annual precipitation
amounts 870mm. November, December, January, February
and March are months with average temperature below zero.
(MI181¢ 1954; MISIC et al. 1985; LakuSi¢ D. 1993).

RESULTS

Ordination of investigated communities. Correspon-
dence analysis was performed on different data sets.
First set involved 117 relevés (stands) of chasmophitic
vegetation on serpentine (ultrabasic) and carbonate
(basic) rocks that are distributed in Central and Western
Serbia. Out of 247 taxa, that were recorded in these two
groups of communities, 27 taxa were present only in
serpentine communities, whereas 199 taxa were exclusive
for carbonate communities. Only 21 taxa were present in
both groups of communities.

The most frequent and the most abundant species that
are distributed exclusively in serpentine habitats are: Poa
badensis, Silene parnassica subsp. serbica, Jovibarba heuffelii
var kopanikense, Cardamine plumieri and Sedum annuum.
Other, less frequent, species of this group are: Trinia
glauca, Sedum micranthum, Saxifraga adscendens, Sesleria

serbica, Bellardiochloa violacea, Koeleria eriostachya, Carex
digitata, Dianthus sylvestris subsp. sylvestris, Potentilla
heptaphylla, Medicago sativa subsp. falcata, Festuca
dalmatica, Armeria rumelica, Armeria maritima subsp.
maritima, Lamium garganicum subsp. laevigatum, Genista
subcapitata, Vaccinium myrtillus, Dianthus cruentus,
Centaurea rhenana, Allium carinatum subsp. pulchellum,
Agrostis capillaris and Ornithogalum sp.

The most frequent species that occur in both serpentine
and carbonatehabitatsare: Edraianthusjugoslavicus, Festuca
panciciana and Asplenium trichomanes-ramosum. Less
frequent species of this group are: Saxifraga tridactylites,
Carex humilis, Asplenium ruta-muraria, Sesleria latifolia,
Minuartia verna subsp. collina, Bromus erectus and Thymus
praecox subsp. skorpilii.
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Fig 1. Correspondence analysis (CA) of all chasmophitic
communities on serpentine and carbonate rocks in Central and
Western Serbia

Legend: serpentine (ultrabasic) rocks — [ Silenetum serbicae,
O Edraiantho-Festucetum pancicianae, O Musco-Jovibarbetum
kopaonikense; carbonate (basic) rocks — O Edraiantho jugoslavicii-
Hieracietum humile, [ Carici laevis-Leontopodietum alpinii, O
Edraiantho-Saxifragetum sempervivi, O Edraiantho-Saxifragetum
sempervivi helianthemosum cani, O Edraiantho-Saxifragetum
sempervivi  muscietosum, N Musco-Seslerio-Edraianthetum
jugoslavici, V' Centaureo derventanae-Seslerietum tenuifoliae, \/
Edraiantho-Saxifragetum  aizooni, N/ Edraiantho-Saxifragetum
porophyllae, /\ Edraiantho-Centauretum derventanae.
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Fig. 2. Correspondence analysis (CA) of all chasmophitic
communities on Kopaonik Mountain.

Legend: serpentine (ultrabasic) rocks — O Silenetum serbicae,
O Edraiantho  jugoslavici-Festucetum pancicianae, | Musco-
Jovibarbetum kopaonikense; carbonate (basic) rocks — [1 Edraiantho-
Saxifragetum sempervivi, O Edraiantho-Saxifragetum porophyllae

The relevés of serpentine communities are well
separated from all other relevés, along the second principal
axis (Fig 1).

Theseconddatasetinvolved60relevésofallchasmophitic
communities on Kopaonik Mt. Correspondence analysis
extracted three groups of communities on serpentine
rocks, and one communities on calcareous rocks.
Calcareous communities are represented by a cluster
of overlaping points. (Fig 2). This may indicate that the
variability of floristic composition is much greater in
serpentine than in calcareous communities. However, such
conclusion is missleading, since calcareous communities
are more diverse than communities on serpentine rocks.
Overlapped cluster of calcareous phytocoenoses may be
explained by well known drawback of correspondence
analysis, that is its hypersensitivity to rare categories.
If a data set is represented by rare species that occur in
low-biodiversity sites, than the correspondence analysis
usually separates the rare categories from all other species
(sites), which are represented as a cluster of overlapping
points.

Finally, for third data set we selected only the serpentine
chasmophitic communities (29 relevés) thatare distributed
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Fig. 3. Correspondence analysis (CA) of serpentine chasmophitic
communities that are distributed in sub-alpine region of Kopaonik
Mountain

Legend: O Silenetum serbicae, O] Edraiantho jugoslavici-Festucetum
pancicianae , [] Musco-Jovibarbetum kopaonikense

in sub-alpine region of Kopaonik Mt. Correspondence
analysis revealed three groups of communities that are
well separated along principal axes (Fig 3).

In order to detect the differentiation of extracted groups
with respect to environmental factors, we performed
canonical correspondence analysis (CCA). For this
analysis, we used main orographic parameters (altitude,
exposure and slope). Altitude is the main environmental
factor that separates analysed communities. Moreover,
lengths of environmental vectors indicate that both
exposure and slope are also important in floristic
differentiation of the communities (Fig 4). First group of
communities is located on north-exposed and very steep
rocks. The second group of communities is also located
on north-exposed sites and steep rocks, but on lower
altitudes. Finally, the third group of relevés is located on
south-exposed and gently sloped rocks.

According to floristic and ecological characteristics,
analysed chasmophitic communities on serpentine cliffs
of Kopaonik Mt may be divided in three new associations:
Edraiantho jugoslavici-Festucetum panciciande ass. nova,
Silenetum serbicae ass. nova and Musco-Jovibarbetum
kopaonikense ass. nova
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Fig. 4. Canonical correspondence analysis (CCA) of serpentine
chasmophitic communities that are distributed in sub-alpine region
of Kopaonik Mountain

Legend: O Silenetum serbicae, O Edraiantho jugoslavici-Festucetum
pancicianae , [] Musco-Jovibarbetum kopaonikense

Classification of relevés suggests that four types of
analysed chasmophytic vegetation can be extracted (Fig
5). However, the internal homogeneity of the fourth
group, which is represented by relevés 10-14, is very low.
Therefore this group is artificial, and it represents a set of
intermediate relevés, connected to the other three more
homogeneous groups of relevés.

Edraiantho jugoslavici-Festucetum pancicianae ass.
nova. In nine relevés representing this community only
22 species were found. The median number of species per
relevé area was 8. The community was poorly developed
and covered 5-40 % (average 16.7 %) of the relevé area
(Table 2).

Characteristic species of the association were: Festuca
pancicianaV (Ic = 33) and Edraianthus jugoslavicus“™ (Ic
= 32). Differential species of the association compared
to other communities in the vegetation of rocky crevices
in Kopaonik Mt were: Saxifraga adscendensV) (Ic = 11),
Dianthus sylvestris) (Ic = 4), Armeria rumelica V) (Ic = 4),
Bromus erectus) (Ic = 4), Carex digitata® (Ic = 7), Armeria
maritima® (Ic = 7), Thymus praecox subsp. skorpilii'V (Ic
= 7), Potentilla heptaphylla® (Ic = 4), Agrostis capillaris")
(Ic = 4) and Asplenium ruta-muraria® (Ic = 2). Other
species with the indices of significant coverage were: Poa
badensis® (Ic = 33), Carex humilis"V (Ic = 26), Cardamine
plumieri®V (Ic = 21) and Minuartia verna subsp. collina")
(Ic = 19). The number of species and coverage indices are
presented in Table 2.

Classification method (UPGMA )

h Heterogeneity ( Chord distance)
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Fig. 5. Classification of serpentine chasmophitic communities that are distributed in sub-alpine region of Kopaonik Mountain
Legend: O Silenetum serbicae, 11 Edraiantho jugoslavici-Festucetum pancicianae , ] Musco-Jovibarbetum kopaonikense
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Table 2. Phytosociological table of the association Edraiantho jugoslavici-Festucetum pancicii ass. nova from the mt. Kopaonik

No. Relevé 1 2 3 4 5 6 7 8% 9

Altitude (m) 1900 1900 1900 1900 1900 1900 1900 1900 1900

Aspect SE SE S w w N N N N

Inclination (°) 70 80 80-90 80 0 80 90 80 45

Stoniness (%) 40 5 15 20 20 20 10 10 10

Relevé area (m?) 12 9 15 4 4 9 7 9 16

Number of species/relevé 12 6 10 8 7 9 7 8 6 % Ic
Characteristic species of the asociation

Festuca panciciana 1 1 1 1 1 1 1 1 1 100 33
Edraianthus jugoslavicus 1 + 1 1 1 1 1 1 1 100 32
Differential species of the asociation

Saxifraga adscendens 1 1 1 333 11
Dianthus sylvestris 1 11.1 4
Armeria rumelica 1 11.1 4
Bromus erectus 1 11.1 4
Carex digitata 1 1 222 7
Armeria maritima 1 1 222 7
Thymus praecox subsp. skorpilii 1 1 222 7
Potentilla heptaphylla 1 11.1 4
Agrostis capillaris 1 11.1 4
Asplenium ruta-muraria + 11.1 2
Other species

Poa badensis 1 1 1 1 1 1 1 1 1 100 33
Carex humilis 1 1 1 1 1 1 1 77.8 26
Cardamine plumieri + 1 1 1 1 1 66.7 21
Minuartia verna subsp. collina 1 1 1 1 1 556 19
Silene parnassica subsp. serbica 2 1 1 333 14
Ranunculus montanus 1 1 1 33.3 11
Trinia glauca 1 1 222 7
Koeleria eriostachya 1 1 222 7
Asplenium trichomanes-ramosum + 1 222 6
Saxifraga tridactylites 1 11.1 4

Relevés 1-9: Serbia, Kopaonik, Nebeske Stolice, , 43° 15.745 N, 20° 49.898 E



D. Lakusi¢ and B. Karadzi¢: New associations of serpentine chasmophitic vegetation on Kopaonik Mt in Serbia

Table 3. Phytosociological table of the association Silenetum serbicae ass. nova from the mt. Kopaonik

No. Relevé 1 2 3 4 5% 6 7 8 9 10 11

Altitude (m) 1600 1600 1600 1600 1600 1600 1900 1900 1900 1900 1900

Aspect N N-NE NE NE-E N N-NE NE SW NE NE E

Inclination (°) 85 80 70 80 60 80 75 70-90 90 90 80

Stoniness (%) 15 60 40 30 40 50 10 10 40 10 10

Relevé area (m?) 8 9 6 12 24 12 20 12 24 20 24

Number of species/relevé 14 9 12 8 10 7 2 2 3 5 5 % Ic

Characteristic species of the asociation

Silene parnassica subsp. serbica 1 1 1 1 2 2 1 1 1 1 1 100 37

Sedum micranthum 1 1 1 1 36 12

Differential species of the asociation

Galium lucidum 1 1 + 27 8
Sesleria serbica 1 1 1 27 9
Medicago sativa subsp. falcata 1 + 18 5
Leontodon crispus + 9 2
Festuca dalmatica 2 9 5
Erysimum linariifolium + 9 2
Lamium garganicum subsp. laevigatum 1 9 3
Galium mollugo 1 9 3
Vaccinium myrtillus + 9 2
Dianthus cruentus + 9 2
Allium carinatum subsp. pulchellum + 9 2

Other species

Poa badensis 1 + 1 1 1 1 + 1 1 1 91 28
Asplenium trichomanes-ramosum 1 1 + 1 1 + 1 64 19
Jovibarba heuffelii var .kopaonikense + 1 1 1 1 1 55 17
Cardamine plumieri + 1 1 1 1 45 14
Saxifraga tridactylites 1 1 1 + + 45 13
Sedum annuum 1 1 1 + + 45 13
Festuca panciciana 1 1 + 1 36 11
Trinia glauca + + 1 27 7
Ranunculus montanus 1 9 3

Relevés 1-6: Serbia, Kopaonik, Treska (43° 15.605 N, 20° 47.138 E); Relevés 7-11: Serbia, Kopaonik, Nebeske Stolice, 43° 15.745 N, 20° 49.898 E
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Table 4. Phytosociological table of the association Musco-Jovibarbetum kopaonikense ass. nova from the mt. Kopaonik

No. Relevé 1 2 3 4 5 6 7* 8

Altitude (m) 1835 1835 1835 1855 1855 1855 1855 1840

Aspect SW SW SW S S S S SW

Inclination (°) 10 10-30  10-30 20 40 30-40 40 80

Stoniness (%) 20 10 10 10 30 30 40 30

Relevé area (m?) 0.5 4 1 1 6 4 1 4

Number of species/relevé 5 9 6 6 5 8 8 5 % Ic
Characteristic species of the asociation

Jovibarba heuffelii var kopaonikense 1 2 1 2 1 2 2 1 100 44
Lichenes sp. div. 2 3 3 3 3 3 3 3 100 75
Musci sp. div. 3 2 2 2 2 2 2 3 100 61
Differential species of the asociation

Genista subcapitata 1 12.5 4
Rubus idaeus 1 12.5 4
Ornithogalum sp. + 12.5 3
Centaurea triumfetti + 12.5 3
Other species

Poa badensis 1 1 1 1 1 1 1 1 100 33
Festuca panciciana 1 + 1 1 1 1 1 87.5 28
Silene parnassica subsp. serbica 1 1 1 37.5 13
Thymus praecox subsp. polytrichus 1 1 1 37.5 13
Cardamine plumieri 1 12.5 4
Sedum annuum 1 12.5 4
Koeleria eriostachya 1 12.5 4

Relevés 1-8: Serbia, Kopaonik, Nebeske Stolice (43° 15.745 N, 20° 49.898 E)

Stands was developed in N, W and SE (rarely S)
exposed cliffs, with inclination between 40° and 90° (rarely
inclination was 0°). All stands was recorded at altitude of
1900m.

Typification of assocation Edraiantho jugoslavici-
Festucetum pancicii ass. nova: rel. No. 8 in the Table 2,
holotypus hoc loco.

Silenetum serbicae ass. nova. In eleven relevés only 22
species were found. The median number of species per
relevé area was 7. The community was poorly developed

and covered 10-40 (-60) % (average 26.67 %) of the relevé
area (Table 3).

Characteristic species of the asociation were Silene
parnassica subsp. serbica'? (Ic = 37) and Sedum
micranthum™ (Ic = 12). Differential species of the
asociation were: Galium lucidum™? (Ic = 8), Sesleria
serbica (Ic = 9), Medicago sativa subsp. falcata® " (Ic =
5), Leontodon crispus™ (Ic = 2), Festuca dalmatica® (Ic =
5), Erysimum linariifolium™ (Ic = 2), Lamium garganicum
subsp. laevigatum™ (Ic = 3), Galium mollugo™ (Ic = 3),
Vaccinium myrtillus® (Ic = 2), Dianthus cruentus™ (Ic
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= 2) and Allium carinatum subsp. pulchellum™ (Ic = 2).
Other species with important coverage indices were: Poa
badensis®V (Ic = 28), Asplenium trichomanes-ramosum"
(Ic = 19), Jovibarba heuffelii var. kopaonikense™" (Ic
= 17) and Cardamine plumieri® (Ic = 14), Saxifraga
tridactylites*) (Ic = 13) and Sedum annuum®? (Ic = 13).
The number of species and coverage indices are presented
in Table 3.

Stands was developed in N and NE (rarely SW and E)
exposed cliffs, with inclination between 70° and 90°. All
stands was recorded at altitude between 1600 and 1900m.

Typification of assocation Silenetum serbicae ass. nova:
rel. No. 5 in the Table 3, holotypus hoc loco.

Musco-Jovibarbetum kopaonikense ass. nova. In eight
relevés only 14 species were found. The median number of
species per relevé area was 6. The community was poorly
developed and covered 10-30 (-40) % (average 22.5 %) of
the relevé area (Table 4).

Characteristic species of the asociation were: Jovibarba
heuffelii var kopaonikense"? (Ic = 44) and few nonidentified
species of Musci sp. div.*® (Ic = 61) and Lichenes sp. div.
@3) (Ic = 75). Differential species of the asociation were:
Genista subcapitata™ (Ic = 4), Rubus idaeus® (Ic = 4),
Ornithogalum sp.®” (Ic = 3) and Centaurea triumfetti®” (Ic =
3). Other important species were: Poa badensisV (Ic = 33),
Festuca panciciana™V (Ic = 28), Silene parnassica subsp.
serbica® (Ic = 13) and Thymus praecox subsp. polytrichus®
(Ic = 13).. The number of species and coverage indices are
presented in Table 4.

Stands was developed in S and SW exposed rocks, with
inclination between 10° and 40° (rarely inclination was
80°). All stands was recorded at altitude of 1900m.

Typification of assocation  Musco-Jovibarbetum
kopaonikense ass. nova: rel. No. 7 in the Table 4, holotypus
hoc loco.

DISCUSSION

The serpentine (ophiolithic, ultramafic) rock belongs
to the group of siliceous rocks characterized by calcium
deficiency, high concentrations of aluminium, iron,
magnesium, nickel, cobalt and chromium, and few plant
nutrients. In contrast to other acid siliceous rocks, the pH
values of serpentine substrate vary from basic to ultra-
basic (pH 5.5-8). Many interesting basiphilous-calcifugal
plants flourish on serpentine owing to this factor. It is one
of the most important reasons why the serpentine flora
and vegetation differ from that occurring on limestone or
other siliceous substrates. Serpentine flora and vegetation
present taxonomical, phyto-geographical and ecological
phenomena of great interest wherever they occur. The
significance of serpentine geological substratum for the

plant speciation and total genesis of the flora in wider
geographical regions, were registered long time ago and
studied in detail. General overviews of rich and interesting
endemic serpentine flora in the Balkans are reported
in TaTi¢ AND VELjovIC (1990) and STEVANOVIC et al.
(2003).

In aanalyzed chasmophitic vegetation on serpentine
cliffs of Kopaonik Mt, we detected only 41 species of
vascular plants and considerable number of unidentified
mosses and lichens. Most important among vascular
plants are endemic taxa: Silene parnassica subsp. serbica,
Festuca panciciana, Edraianthus jugoslavicus, Jovibarba
heuffelii var. kopaonikense, Sesleria serbica, Saxifraga
adscendens subsp. adscendens and Genista subcapitata. A
few (eu)serpentinophytes (the plants that exist exclussively,
or mostly, on serpentine soils), such as Sesleria serbica,
Cardamine plumieri, Sedum micranthum, Sedum annuum,
Poa badensis, Koeleria eriostachya are also important
constituents of these communities.

Serpentine area of Central and Western Serbia are
represented by presence of many euserpentinophytes. This
group of plants involves many endemic chasmophytic
species (STEVANOVIC et al. 2003). Considering these
facts, we expected to find numerous serpentinophytes
in investigated area. Relatively small percent of
serpentinophytes, compared to other chasmophytic
species, may be explained by the fact that frigoriphilous
sub-alpine and thermophilous (lowland) serpentine
habitats have different biogeographic characteristics.
Namely, serpentine and calcareous flora is much more
similar in sub-alpine than in lowland area. This regularity
can be explained by the fact that low temperatures and high
humidity in subalpine regions attenuate extreme climate
conditions that are characteristic for lower altitudes.
Therefore, compared to euserpentinophytes, the presence
of calciphytes at sub-alpine area is much greater (LAKUSIC
D. 2002)

Results of canonical correspondence analysis indicate
that three chasmophitic associations on serpentine cfills
are well differentiated with respect to altitude, slope
and exposure. Ass. Edraiantho jugoslavici-Festucetum
pancicianae is distributed on the highest, north exposed
and very steep cliffs. Ass. Silenetum serbicae is distributed
on steep, northern slopes, but on lower altitudes. Finally,
Ass. Musco-Jovibarbetum kopaonikense is developed on
southern and gently sloped rocks. As classification results
suggest (Fig 5), both associations Silenetum serbicae and
Musco-Jovibarbetum kopaonikense can be devided into
two groups of relevés. In both cases, these associations
may be divided into low-biodiversity relevés and relevés
with much greater species richness.

In a series of articles, the sub-alpine chasmophitic
vegetation on serpentine cliffs of Kopaonik Mt were
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Table 5. Synoptic table of analysed associations (Legend: % — frequency, Ic — coverage index according to LausI et al. (1982), Br.-Bl. —
range of coverage values according to BRAUN-BLANQUET (1964).

Edraiantho jugoslavici- . . Musco-Jovibarbetum
. s Silenetum serbicae .
Festucetum pancicii kopaonikense

% Ic Br-Bl. % Ic Br-BL % Ic Br-BL

Characteristic species

Festuca panciciana (Hackel) K. Richter 100 33 1 36 11 +-1 88 28 +-1
Edraianthus jugoslavicus Lakusi¢ 100 32 +-1

Silene parnassica Boiss. & Spruner subsp. serbica
(Adamovi¢) Greuter

Sedum micranthum DC. 36 12 1

33 14 1-2 100 37 1-2 38 13 1

Jovibarba heuffelii (Schott) A. & D. Love 55 17 +-1 100 44 1-2
Lichenes sp. div. 100 75 2-3
Musci sp. div. 100 61 2-3

Differential species

[
[
=

Saxifraga adscendens L. subsp. adscendens 33
Dianthus sylvestris Wulfen subsp. sylvestris 11
Armeria rumelica Boiss. 11
Bromus erectus Hudson subsp. erectus 11
Carex digitata L. 22
Armeria maritima (Miller) Willd. subsp. maritima 22
Thymus praecox Opiz subsp. skorpilii (Velen.) Jalas 22
Potentilla heptaphylla L. 11
Agrostis capillaris L. 11

(SR S TN N T T N
P

Asplenium ruta-muraria L. subsp. ruta-muraria 11
Galium lucidum All 27 +-1
Sesleria serbica (Adamovi¢) Ujheli 27
Medicago sativa L. subsp. falcata (L.) Arcangeli 18 +-1
Leontodon crispus Vill. subsp. crispus
Festuca dalmatica (Hackel) K. Richter

Erysimum linariifolium Tausch

Galium mollugo L.

Vaccinium myrtillus L.

N N W W N U N Ul O ®
[

9
9
9
Lamium garganicum L. subsp. laevigatum Arcangeli 9
9
9
9

Dianthus cruentus Griseb.

Allium carinatum L. ssp. pulchellum Bonnier &
Layens

Genista subcapitata Panci¢ 13

4

Rubus idaeus L. 13 4 1
Ornithogalum sp. 13 3
3

Centaurea triumfetti AllL 13
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Edraiantho jugoslavici- . . Musco-Jovibarbetum

Festucetum pancicii Silenetum serbicae kopaonikense

% Br-BL. % Ic Br-BIl. % Ic Br-Bl.
Other species
Poa badensis Haenke ex Willd. 100 33 1 91 28 +-1 100 33 1
Cardamine plumieri Vill. 67 21 +-1 45 14 +-1 13 4 1
Asplenium trichomanes-ramosum L. 22 +-1 64 19 +-1
Saxifraga tridactylites L. 11 1 45 13 +-1
Trinia glauca (L.) Dumort. subsp. glauca 22 1 27 7 +-1
Ranunculus montanus Willd. 33 11 1 9 3 1
Carex humilis Leysser 78 26 1
Minuartia verna (L.) Hiern subsp. collina (Neilr.)
Domin > 19 !
Koeleria eriostachya Panci¢ 22 1 13 4 1
Sedum annuum L. 45 13 +-1 13 4 1
Thymus praecox Opiz subsp. polytrichus (A. Kerner 38 13 )

ex Borbas) Jalas

provisory included into, also provisory defined, sub-
alliance Edraianthion jugoslavici subalpinae serpentinicum
(LAKUSIC 1993; LAKUSIC & RANDPELOVIC 1996, LAKUSIC
et al. 2005). All chasmophytic communities (Asplenietea
trichomanes) in Serbia have been, inconsistently,
involved into alliances Ramondion nathaliae, Edraiantho
graminifolii-Erysimion ~ comatae  and  Edraianthion
jugoslavici, within the orders Potentilletalia caulescentis
and Amphoricarpetalia (HORVAT et al. 1974; RANPELOVIC
& REXHEPI 1980; ZUPANCIC et al. 1986; MUCINA et al. 1990;
LAKUSIC & RANDPELOVIC 1996; Koji€ et al. 1998; LAKUSIC
& SABOVLJEVIC 2005). The accurate syntaxonomy of new
associations, requires previous revision of higher syntaxa,
and therefore, it is not possible at this moment.
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REZIME

Nove zajednice u vegetaciji serpentinitskih stena
(Asplenietea trichomanis Br.-Bl. 1934 corr. oberd.
1977) na Kopaoniku u Srbiji

Dmitar LakUS1¢, Branko KARADZIC

l ’ radu su analizirane fitocenoloske karakteristike vegetacije u pukotinama subalpijskih serpentinitskih stena

planine Kopaonik u Srbiji. Za prikupljanje osnovnih podataka kori$¢ena je Braun-Blanquet metodologija,

dok su u cilju utvrdivanja floristicke i cenoekoloske diferencijacije analiziranih sastojina koristene koorespodentna

analiza (CA) i kanonijska koorespodentna analiza (CCA). Klasifiakcija sastojina je uradjena na osnovu Chord

distanci, a na osnovu UPGMA Klasifikacionog modela. Sve analize su uradjene u najnovijoj verzije softverskog

paketa “Flora”

Na osnovu flotristickih i ekoloskih karakteristika sve analizirane hazmofitske sastojine se jasno diferenciraju na

tri grupe koje su opisane kao neve asocijacije: Edraiantho jugoslavici-Festucetum pancicianae ass. nova, Silenetum

serbicae ass. nova i Musco-Jovibarbetum kopaonikense ass. nova.

Kljuéne reci: hazmofitske zajednice, serpentin, ordinacija, klasifikacija, Srbija
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APPENDIX

Asplenietea trichomanis Br.-Bl. 1934 corr. Oberd. 1977

Potentilletalia caulescentis Br.-Bl. 1926
Moechringion muscosae Ht. 1930,
Asplenion lepidi Lakusi¢ 1968,
Ramondion nathaliae Ht. 1935

Edraiantho graminifolii-Erysimion comatae Mucina et al 1990

Amphoricarpetalia Lakusi¢ 1968
Edraianthion jugoslavici Lakusi¢ 1968
Edraianthion jugoslavici Lakusi¢ 1968 subalpinae serpentinicum prov. D. Lakusi¢ 1996.
Amphoricarpion bertiscei Lakusi¢ 1968

Androsacetalia vandelii Br.-Bl. 1926
Asplenion septentrionalis Lois. 1968,
Saxifragion cymosae Lakusi¢ 1970
Silenion lerhenfeldianae Ht. 1960
Potentillion visianii H. Ritter-Studni~ka 1970

Tortulo-Cymbalarietalia Segal 1969
Parietarion judaicae Segal 1969
Adiantetea capilli-veneris Braun-Blang. in Braun-Blang., Roussine & Négre 1952
Adiantetalia capilli-veneris Braun-Blang. ex Horvati¢ 1939
Adiantion capilli-veneris Braun-Blanq. ex Horvati¢ 1939
Vaccinio-Piceetea Br.-Bl. 1939 emend. Zupanci¢ 1976

Vaccinio-Piceetalia Br.-Bl. 1939 emend. K.-Lund 1967
Vaccinio-Piceion Br.-Bl. (1938) 1939
Juniperion sibiricae Br.-Bl. 1939

Vaccinietalia Lakusié et al. 1979

Vaccinion myrthylli Lakusi¢ 1974



