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Abstract

Three associations of common spruce in the altimontane and subalpine belt of the Croatian Di-
naric Mountain range have been described using the Central European phytocoenological methed (Braun-
Blanquet 1964). These associations differ in terms of ecological conditions, floral composition, and par-
tially of their distribution range. Spruce forests of western Croatia (Gorski Kotar) belong to the association
Lonicero caeruleae-Piceetum Zupantic (1976) 1999, which were identified in Croatia for the first time
with nine new phytocoenological relevés. The association Laserpitio krapfii-Piceetum abietis Vukeli¢,
Alegro et §egota 2010 is developed as a permanent stage on steep, north-facing, cold and rocky mountains
between 1100 and 1500 m a. s. 1., mostly on Mount Velebit. The association Hyperico grisebachii-Picee-
tum (Bertovié 1975) Vukeli¢, Alegro, Segota et éapié 2010 extends predominantly above 1400 ma. s. L,
often on inaccessible, distinctly rocky, open tops and upper steep stony exposed slopes of northern Velebit
and Bjelolasica.

Key words: Picea abies (L.) Karsten, forest communities, altimontane and subalpine belt, Di-
naric range, Croatia

Safetak

Prema standardnof srednjoeuropskof fitocenoloskof metodi (Braun-Blanquet 1964) opisane su tri
asocijacije obicne smreke u altimontansko-subalpskom pojasu hrvatskih Dinarida. Medusobno se razlibuju
prema ekoloskim wvjetima, flornom sastavu, a difelom i prema arealu (slika 1, tablice 2 i 3). Smrekove
Sume zapadne Hrvaiske (Gorski kotar) pripadaju asocijaciji Lonicero caeruleae-Piceetum Zupandic
(1976) 1999 koja je sa devet novih fitocenoloskih snimaka (tablica 1) prvi puta utvrdena u Hrvatskoj,
Asocijacija Laserpitio krapfii-Piceetum abietis Vikelié, Alegro et Segota 2010 razvijena je kao trajni stadif
na strmim, sfevernim, hladnim i sjenovitim padinama izmedu 1100 i 1500 m, uglaviiom na Velebitu. Aso-
cifacija Hyperico grisebachii-Piceetum (Bertovié 1975) Vukelié, Alegro, Segota et Sapié 2010 rasprostire
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se pretefno iznad 1400 m nadmorske visine na éesto neprohodnim, izrazito stfenovitim, otvorenim vrhovi-
ma i gornfim strmim kamenitim izloZenim padinama sjevernoga Velebita i Bjelolasice .

Kljuéne rijeli: Picea abies (L.) Karsten, Sumske zajednice, altimontansio-subalpski pojas, dinar-
sko gorje, Hrvatska

INTRODUCTION
uvobD

The Dinaric area in the Republic of Croatia above an altitude of 1200 m covers 76,000 ha, or
only 1.4% of the area. Of this, over half are under forests, while the rest consists of scrub communities,
mountain clearings, grasslands and rocks. The forest cover is completely dominated by the subalpine
beech forest, while spruce in Croatia, unlike the Alps and the Carpathians, does not constitute a special
height belt, nor does it form large complexes as it does in Slovenia and Bosnia and Herzegovina. It is
developed as a permanent stage and inhabits localities that are not conducive to the growth of beech and
fir stands; therefore, spruce is favoured by local climatic and orographic factors across its entire natural
range, which gives it precedence over beech and fir (Beck-Mannagetta 1901, Horvat 1925, 1938, 1950,
1962, 1963, Ani¢ 1959, Horvat, Glavac i Ellenberg 1974 et al.).

Phytocoenoses containing spruce as the edifying species are found in three large massifs in
Croatia: Risnjak in Western Croatia, Bjclolasica in the Central Dinaric range and Velebit. The floral com-
position of spruce communities growing on these massifs differ from one another as a consequence of
their biogeographic position and floral-genetic development, general ecological factors, macro and mi-
cro-climatic features of particular associations, and anthropogenic impacts. Spruce forests of Western
Croatia are still under the alpine influence; even their macro-climate differs significantly from other Di-
naric areas in Croatia. For example, the average annual temperature in the subalpine belt of Northern
Velebit is 3.5 °C, and the average annual rainfall is 1898 mm (meteorological station ZaviZzan, 1594 m
above sea level, period 1961-1990, data from the State Hydro-Meteorological Service). At Veliki Risn-
jak, situated about 100 m lower in Gorski Kotar, the average annual temperature is about 2 °C and the
precipitation quantity is higher by almost 2000 mm than on ZaviZan.

Spruce forests in the altimontane and subalpine belt of Croatia were described by Ivo Horvat
(1950, 1962) as a macro-association Piceetum croaticum subalpinum. He presented this association in a
synthetic form with 19 relevés (in Cestar 1967), comprising mainly the Gorski Kotar area. Subsequent
research into spruce forests of Croatia (Bertovi¢ 1975, Vukeli¢ et al. 2010a, Vukeli¢ et al, 2010b) high-
lighted their heterogeneity, so two new associations were described. The association Hyperico grise-
bachii-Piceetum (=Calamagrostio variae-Piceetum Bertovié 1975 nom. Illeg.) was identified in the
rocky part of Velebit above an altitude of 1400 m, The second association, Laserpitio krapfii-Piceetum
abietis Vukelié, Alegro et Segota 2010, is developed as a permanent stage on steep, north-facing, cold
and shady slopes between 1100 and 1500 m above the sea. However, both these associations are distrib-
uted mainly on Velebit, while stands from Western Croatia growing towards the border area with Slove-
nia, which were also included in Horvat’s complex of Piceefum subalpimun, are not part of them. For this
reason, we surveyed the Risnjak massif and Bjelolasica areas, compared the stands with the results of
earlier research into spruce forests of Croatian and adjacent areas, and defined them into three independ-
ent associations in terms of ecology and floral composition.

MATERIALS AND RESEARCH METHODS
MATERIJALI I METODE ISTRAZIVANIA

Research was conducted using the method of the Zurich-Montpellier Phytocoenological School
with a six-point scale. The relevés were entered into the Turboveg database (Hennekens & Schaminée
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2001) and were statistically processed in the Primer 6 software (Clarke & Gorley 2001), We used MDS
(Non-metric Multi-Dimensional Scaling) and the UPGMA (Unweighted Pair-Group Method Using
Arithmetic Averages) agglomerative hierarchical method with the Bray-Curtis similarity index. The av-
erage Ellenberg’s ecoindicator values (Ellenberg 1979) of the communities were calculated by means of
the JUICE 7.0 software (Tichy 2002) and were compared in STATISTICA 8.0 (StatSoft Inc. 1984-2008)
using the Kruskal-Wallis test (p<0.05).

The floristic composition was classified according to the social affiliation of the species, plant
nomenclature was coordinated according to the Flora Croatica Database (Nikoli¢ 2008), and mosses
were adjusted according to Koperski et al. (2000).

The floristic composition and structure of spruce stands in Croatia are presented on the basis of
54 phytocoenclogical relevés, of which 19 are by L. Horvat {Cestar 1967), 6 are by S. Bertovié¢ (1975),
and 29 relevés have been investigated by the authors in the past two years. Horvat’s relevés were not
taken into consideration for statistic analysis because they are not in the analytical form. Nine new
relevés of the association Lonicero caeruleae-Piceetum are presented in the analytical Table 1. Three
associations from Croatia and two from Slovenia (Acceto 2006, Zupanéi® 1999) are given in the synoptic
form in Table 2, One of them (column 1) represents the association Lonicero caeruleae-Piceetum from
research by Zupan¢i¢ exactly as he described it.

RESEARCH RESULTS AND DISCUSSION
REZULTATI ISTRAZIVANJA I RASPRAVA

The statistical analysis of 35 analytical relevés, as well as the comparison in Table 2 shows three
clearly distinct associations (Figure 1). The sociological affiliation of the species in particular associa-
tions (Table 3) points to their mutual differences. These differences are the consequence of the biogeo-
graphic position and floral-genetic development, general ecological factors, macro- and micro-climatic
features of a particular association and anthropogenic impacts.
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Figure 1 Multi-Dimensional Scaling
Stika 1 Multidimenzionalno skalivanje

Subalpine Forest of Spruce with Blue-Berried Honeysuckle
(Lonicero caeruleae-Piceetum abietis Zupan&it (1976) 1999 corr.)

The association named Piceetum subalpinum dinaricum was established by Zupanéié in 1976
on Slovenia’s SneZnik, which forms a coherent ecological-vegetational unit with the Risnjak area, i.e.
with Western Croatia. In his later works (1994,1999), Zupanéi¢ renamed the association into Lonicero
caeruleae-Piceetum and defined Loricera caerulea subsp. borbasiana and the moss Sarionia uncinata
as the characteristic species of the association, while Lycopedium annotinum and Vaccinium vitis-idaea
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were identified as locally differential species. With the exception of the moss Sarionia uncinata, other
species participate significantly in the subalpine spruce forests of Gorski Kotar. In addition to the geo-
morphological, ecological and other similarities, this is the most important reason that the stands from
Gorski Kotar have, for the time being, been added to the association Lowicero caeruleae-Piceetum. It
must be stressed, however, that more detailed research is necessary in order to make the final determina-
tion. The floristic composition of the association is given in Table 1. Compared to the other two associa-
tions, the composition is considerably dominated by the species of spruce forests of the class Faccinio-
Piceefea (51:36:39) (Table 3).

Table 1 Floristic composition of association Lonicero caeruleae-Piceetun in Croatia
Tablica I Floristicki sastav asocijacife Lonicero caerileae-Piceetum u Hrvatskof

Ass. Lonicero coeruleae-Piceetum
Number of releve / Brof snimke 1 2 3 4 5 [ 7 8 9
Locality / Lokalitet: Gl G2 |Lil| L2 |MB| BSI | BS2 | BS3 | 883 | &
Expaosition / Ekspozicija i Sz si ji si si si si i ?
Inclination / Nagib (*) 40 | 45 | 10| 20 |30 | 40 | 45 | 35 | 30 | §
Altitude / Nadmorsia visina (m) 980 | 1010 | 960 | 1050 | 995 | 1020 | 1210 | 1205 | 1290 §;
Relevé area / Povrsinag snimke (m?) 400 | 400 [ 600 | 400 | 900 | 600 | 400 | 400 | 400 E
Cover / Pokrovnost (%) A 80 60 90 80 75 95 85 70 65 ED
B 60 | s0 [ 70 [ 50 |60 [ 40 | 70 [ 60 | 70 | g
C 30 | 80 [0 | %0 [e65 ]| 70 | 70 | 85 | 70 | §
D 80 80 70 | 60 55 25 50 60 65 :.g.
Floristic compesition / Florni sastav
Char. and diff. species of association / Svejstvene i razlikovne vrste asociiacije
a | Lonicera nigra B 1 1 1 2 + + + + 5
a | Lonicera caerulea borbastana . . . . . + + + + 3
a | Lycopodium annotinum c| + + 1 3 2 2 2 2 5
a | Vaccinium vitis-idaea 1 + 1 2
a Vaccinio-Piceenion
Polystichum [onchitis + + + + + 3
Luzula sylvatica + + . 1
Luzula luzulina + + 1
Plagiothecium undulatum D] . + + + + . . . . 3
Rhytidiadelphus loreus . . . . . + 1 1 i 3
Mylia taylori + 1
Rhizomjum punctaturn . . . . . . . + 1
b Abieti-Piceenion
Abies alba Al 2 1 1 2 + 2 1 + 2 5
Abies alba " |B| 3 3 2 2 1 + + . 2 5
Clematis alpina 3 1 1 1 1 2 2 1 2 5
Valeriana tripteris c| 3 2 1 2 + ; 2 1 + 5
Dryopteris expansa 1 1 + + + + + + 5
Veronica urticifolia 1 + + 1 + . 1 1 + 5
Abies alba + + + + + + . 3
Dryopteris dilatata + 1 + + + + . 3
Adenostyles alpina . . . . . + + 2 2
Streptopus amplexifolius + + 1
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Mochringia muscosa + . . . * + . +

Polypodium vulgare + . . . . + . +
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Along with the already mentioned differentiating species and compared to the other two sub-
alpine spruce communities in Croatia, the phytocoenosis Lonicere caeruleae-Piceetum is characterized
by higher participation of the species Calamagrostis arundinacea, Abies alba, Gentiana asclepiadea,
Solidago virgaurea, Phegopteris connectilis, while of other syntaxa, Cardamine trifolia is particularly
distinct.. On the other hand, compared to the ecologically and physiognomically similar community La-
serpitio krapfii-Piceetum, the species Melampyrum velebiticum, Calamagrostis varia, Carex ornythopo-
da, Campanula rotundifolia agg., and a larger number of the species of the order Fagetalia are either
absent or are less well represented. '

Figure 2 Association Lonicero caeruleae-Piceetum in locality Ga¥parac in Gorski Kotar
Slika 2 Asocifacifa Lonicero cacruleae-Piceetum na lokalitetu GaSparac u Gorskome kotaru

The most representative stands of this association are located in the rocky massif of Risnjak
(Figure 2), especially in the Smrekovac area, as well as in several localities of Velika Kapela, where Bi-
jele and Samarske Stijene are particularly prominent,

Subalpine Forest of Spruce with Laserpitinm krapfii
{Laserpitio krapfii-Piceetum abietis Vukeli¢, Alegro et Segota 2010)

The association Laserpitio krapfii-Piceetum abietis, researched and determined by Vukelic,
Alegro and Segota (2010), only partially encompasses Horvat’s macro-association Picetum croaticum

36



1. Vukeli¢, A. Alegro, D. Barievié, V. Segota, 1. Sapié: Phytocoenoses of commeon spruce (Picea ables (L.) Karsten)
in the altimontane and subalpine belt of Croatia. Glas. $um. pokuse, Vol, 44, 29-46, Zagreb, 2011.

stebalpinum from 1950. The community belongs to the altimontane and subalpine belt of the Dinaric area
in Croatia. It is predominantly developed on steep, north-facing, cold and closed sinkholes and depres-
sions, where snow is high and of long duration and altitudes range from 1100 to 1500 m. As a rule, the
phytocoenosis Hyperico grisebachii-Piceettum occurs above it.

The phytocoenosis Laserpitio krapfii-Piceetum has macro-climatic features of a pre-alpine
beech forest in whose belt it is sitvated. However, the decisive factor for its occurrence is the microcli-
mate modified primarily by the relief, altitude and other geomorphological factors (Cindri¢ 1973).

The characteristic species of the association is Laserpitium krapfii, the differentiating species
are Knautia drymeia, Pefasites albus, Euphorbia amygdaloides, Symphytum tuberosum, Adenostyles al-
liaria, Melampyrum velebiticum and Campanula rotundifolia agp., while Valeriana montana, Geranium
sylvaticum and Trollius europaeus have diagnostic importance.

The phytocoenosis of spruce with Laserpitium krapfii is developed as a permanent stage on
more humid, colder and shadier sites. Locally, it descends into sinkholes and lower slopes to the beech-fir
forest, and is therefore richer in the Adenostvletalia species in relation to the ofher two associations (Ta-
ble 3). Due to dolomitized limestone and breccia, which supply the soil {(calcomelanosol and cambisol)
with large quantities of calcium, as well as to strong impacts of zonal beech forests on the narrower and
smaller complexes of these spruce stands, the best represented elements are those of the order Fagetalia
and lower units, which makes them the differentiating species of beech forests. The average soil pH de-
termined in water for the layer of 0 to 5 cm in depth is 5.50.

Subalpine Forest of Spruce with Hypericum richeri ssp. grisebachii
(As. Hyperico grisebachii-Piceetum (Bertovié 1975) Vukelié, Alegro, Segota et Sapié 2010)

The association Hyperico grisebachii-Piceetum is distributed above 1400 a.s.l. (slightly lower
on Samarske Stijene). It often covers inaccessible, distinctly rocky tops, ridges, hips, karren, and very
steep sunny slopes high up. The stoniness of the terrain, always above 50%, is the essential feature of the
site of spruce forest with Hypericum richeri ssp. grisebachii and significantly contributes to the broken
tree canopy and the structure of shrubs and ground vegetation. The soils are generally different sub-types
of calcomelanosol, ranging from organogenic, organomineral to browned soils, and less frequently shal-
low cambisol (Bakgié et al. 2010). The ecological amplitude of the occurrence of the community is very
narrow, whereas the specific conditions of the relief, pedology and climate (represented by Zavizan Me-
teorclogical Station) are not favourable for the successful development of forest vegetation.

In relation to the other two, the community is poorer in spruce species, as well as in the species
of the order Fagetalia and Adenostyletalia (Table 3). Due to the rocky mountain tops and ridges where it
oceurs, it is much richer in the species of primary and secondary mountain screes and pastures of the class
Asplenietea trichomanis and Seslerietea albicans. The differentiating species of the association, Salix
appendiculata, Sambucus racemosa, Juniperus communis subsp, nana, Achillea clavenae, Gentiana
Iutea subsp. symphyandra, and locally Festuca bosniaca and Convallaria majalis reflect exacily these
conditions. The high participation of the species of the class Erico-Pinetea and lower units - Calama-
grostis varia, Cirsium erysithales, and even Carex ornithopoda, deserves special mention, The number
and the cover of the species of the orders Fagetalia and Adenostyletalia is considerably lower than in the
phytocoenosis Laserpitio krapfii-Piceetum (31:45), which occurs in lower positions.

Although the phytocoenosis does not have any commercial significance, its protective and nat-
ural-scientific importance is very high. The most important stands are found in the National Park of North
Velebit and on Samarske Stijene, and less so on other rocky tops of Velika Kapela and the Risnjak massif.
Its composition is not uniform in this entire distribution range: the high ridges which it inhabits are rela-
tively remote enclaves with their geobotanical and horologic specific features. Some particular localities
contain rare and protected species, e.g. Samarske Stijene with Berberis croatica, Leontopodium alpinum,
Saxifraga paniculata and others.
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Other Differences in the Constitution of Site and Vegetation

In addition to the already highlighted differences between particular associations, their phyto-
coenological analysis also indicates the general floristic-vegetational characterisation in terms of their
position in the entire Dinaric massif. It is partly explained in the works of Vukeli¢ et al. 2010a and 2010b
and will not be repeated here.

Table 2 Phytocoenoses of Commeon Spruce in the Altimontane and Subalpine Belt
Tablica 2 Fitocenoze obicne smreke u altimontanskom i subalpskom pojasu

Number of column / Brof stupca: 1 2 3 4 5 6
Number of releves / Broj snimaku: 39 197 17 10 16

Char. and diff. species of ass, / Svojstvene i razlikovne vrste asocijacija
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1 - Lonicere coeruleae-Piceetum (Slovenija; Zupandi€ 1999)

2 - “Picectum croaticum subalpinum’ (Gorski kotar, Velebif; Horvat in Cestar 1964)

3 - Lonicero coeruleac-Piceetum (Gorski kotar; Vukeli€ i dr. 2010)

4 - Campanulo justinianae-Piceetum abietis (Slovenija; Accetto 2006)

5 - Hyperico grisebachii-Piceetum abietis (Sjeverni Velebit, Samarske stijene; Vukeli€ et al. 2010)
6 - Laserpitio krapfii-Piceetum (Sjeverni Velebit ; Vukelié et al. 2010)

A -Trees / drvece B - Shrubs / grmife C - Undergrowth / prizemno rasée D - Mosses / mahovine
a-f- sinsystematic affiliation / sistematska pripadnost

*The table excludes species that are represented in only one column with presence degree 1 / Izostavijene su viste kofe
se pojavijufu samo u fednom stupcu sa stupnjen udjela 1
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Subalpine spruce forests in Western Croatia are similar to spruce forests of the Dinaric and sub-
alpine region of Slovenia. They contain boreal sprice species, such as Lonicera nigra, Lycopodium an-
notinwm, Huperzia selago, Listera cordata, Calamagrostis arundinacea and Rhytidiadelphus loreus. On
the other hand, spruce forests of Velebit show greater similarity with Bosnian and Herzegovinian sub-
alpine communities Sorbo-Piceetun Fukarek 1964 and Pyrolo-Piceetum (Fukarek 1969) Zupanéi€ 1990,
although there are also a number of species that differentiate them. For example, about thirty species that
constantly occur in spruce forests of Northern Velebit are either absent or occur very rarely in the related
forests of Bosnia and Herzegovina: Campanula rotundifolia agg, Knautia drymeia, Calamagrostis varia,
Polystichum lonchitis, Clematis alpina, Adenostyles alpina, Maianthemum bifolium, Heracleum
sphondyllium, Doronicum austriacum, Melica nutans, Actaea spicata, Mercurialis perennis, Petasites
albus, Carex digilata, Moehringia muscosa, Silene vulgaris and others. On the other hand, these associa-
tions contain species which are either not represented or are less frequent in sub-alpine spruce forests of
Velebit, such as Homogyne alpina, Melampyrum sylvaticum, Moneses uniflora, Orthillia secunda, Listera
cordata, Rhyiydiadelphus loreus, Plagiotecium undulatum, Avenella flexuosa, Pleurozium schreberi,
Corallorrhiza trifida, Pyrola rotundifolia, Pulmonaria obscura, Knautia dinarica, Scabiosa leucophylla
and others. In conclusion, going from the north-west towards south-east of the Dinaric range, the alpine-
boreal and Central European species are completely absent or their participation is decreasing, while the
Illyrian and Balkan species are gradually occurring or their presence is increasing (Horvat 1953, Zupanéié
1980, 1988, 1990, Vukeli¢ i dr. 2010a).

Table 3 Number of species by syntaxonomic categories
Tablica 3 Brof vrsta prema sintakisonomskim kategorifama

Le-P Hg-P Lk-P Lb-P Hg-P Lk-P
number of species %

Vaccinio-Piceenion 14 8 8 8.7 6.2 52
Abieti-Piceenion 8 5 9 49 39 3.8
Vaccinio-Picelon 5 4 5 3.1 31 3.2
Vaccinlo-Piceetea, Piceetalia 25 19 17 154 14.7 11
Spruce species }, 52 36 3 32.1 279 252
Erico-Pinion, Erico-Pinetalia 2 4 3 1.3 3.1 1.9
Aremonio-Fagion 9 3 7 5.6 2.3 4.5
Adenostyletalia 13 12 19 ] 9.3 12.3
Fagetalia 24 20 28 14.8 155 18.1
Querco-Fagetea 8 7 7 49 54 45
Asplenigtea 8 7 5 4.9 5.4 3.2
Seslerietea albicans 1 8 6 0.6 6.2 3.9
Other 6 21 15 3.7 163 9.7
Moss 30 11 26 24.1 8.6 16.7
¥ 162 129 155 100 100 100

The three associations differ in terms of ecological factors (Table 4). The association Hyperico
grisebachii-Piceetum proved to be the coldest, confaining the least humidity and nutrients, the lowest
acidity degree and the highest amount of light, thus reflecting the subalpine rocky terrains and open sites
in which it grows. The association Lonicero caeruleae-Piceetum has the highest acidity degree and site
humidity. This is also understandable, since the area in which it occurs is colder than the rest of Croatia
and receives a much higher amount of rainfall. In such conditions, the decomposition of the organic floor
is the poorest, causing the highest acidity by the formation of raw humus. In terms of light conditions,
humidity, acidity and nutrient wealth, the association Laserpitio krapfii-Piceetum is between the two
previous ones.
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Table 4 Comparison of ecological indicator values (Kruskal-Wallis test; p<0,05)
Tablica 4 Usporedba ekoindikatorskik vrijednost (Kruskal-Wallls test; p<0,05)

. LkP HgP L¢P
Ecological factor
Mean | Std. Dev.| Mean |[Std.Dev.| Mean |Std. Dev.
Light 4.87 0.300 5.26 0.251 4.26 0.240
‘Temperature 4.00 0.334 3.66 0.248 3.99 0.148
Continentality 3.64 0.171 4.09 0.133 3.79 0.096
Moisture 5.37 0.140 5.21 0.193 540 0.113
‘Soil reaction 6.04 0.353 6.10 0.203 5.58 0.248
Nutrients 4.96 0.277 4.40 0.422 4.93 0.230
CONCLUSIONS
ZAKLIUCCT

The results of the analysis and comparisen of the floristic composition, ecological conditions,
distribution range and physiognomy of the recorded stands show three clearly distinct associations with
the following synsystematic affiliation:

Class: Faccinio-Piceetea
Order: Vaccinio-Piceetalia
Alliance: Vaccinio-Piceion
As: Lonicero caeruleae-Piceetum abietis Zupanéic (1976) 1999 corr.
Laserpitio krapfii-Piceetum abietis Vukelié, Alegro et Segota 2010
Hyperico grisebachii-Piceetum (Bertovié 1975) Vukelié, Alegro,
Segota et Sapi¢ 2010

The association Lonicero caeruleae-Piceetum with the characteristic species Lonicera caerulea
subsp. borbasiana, Lonicera nigra and Sanionia uncinata was identified in the Gorski Kotar area. In rela-
tion to the other two associations, the prevailing species of this association are those of spruce forests of
the class Vaccinio-Piceetea. In terms of Ellenberg’s ecoindicator values, it proved to be the most acido-
philic and contains the least amount of light.

The association Laserpitio krapfii-Piceetum belongs to the altimontane and subalpine belt of
the Dinaric area in Croatia. It is predominantly developed on steep, north-facing, cold and closed sink-
holes and depressions. It has macro-climatic features of a pre-alpine beech forest in whose belt is occurs,
The characteristic species of the association is Laserpitium krapfii, while species of the order Fagetalia
and lower units constitute the differentiating species.

The association Hyperico grisebachii-Piceetum cxtends above an altitude of 1400 m. and in-
habits the tops of Samarske Stijene, and less so other rocky tops of Velika Kapela and the Risnjak massif,
The differentiating species of the association include Salix appendicuiata, Sambucus racemosa, Junipe-
rus communis subsp. nana, Achillea clavenae, and Gentiana Iutea subsp. symphyandra. The species of
the class Erico-Pinetea should be pointed out for reasons of their high participation. The amount and
cover of the species of the orders Fagetalia and Adenostyletalia is much lower than in the phytocoenosis
Laserpitio krapfii-Piceetum, which occurs in lower positions.

45



1. Vukeli&, A. Alegro, D. Barizevié, V. Segota, 1. Sapié: Phytocoenoses of common spruce (Picea abies (L) Karsten)
in the altimontane and subalpine belt of Creatia. Glas. Sum. pokuse, Vol. 44, 29-46, Zagreb, 2011.

REFERENCES
LITERATURA

Acceto, M., 2006: Campanulo justinianae-Piceetum abietis var. ass. nov. v Dinarskem gorstvu juZne Slovenife. Razprave
SAZU, 47/1, p. 65-101.

Ani¢, M., 1959; Sumarska fitocenologija, I1 (skripta). Sumarski fakultet Sveutilista u Zagrebu, Zagreb.

Baksié, D., N. Pemnar, J. Vukeli¢, B. Vibek, 2011: Pedofiziografske mmadajke i sadrZaj i sadrZaj tegkih metala Pb, Cd 1 CUu
smrekovim $umama sjevernoga Velebita i Stirovate. Croatian Journal of Forest Engineering, 32/1, p. 111-120.

Beck - Mannagetta G, 1901: Die Vegetationsverhiltnisse der illyrischen Linder, In Engler u. Drude: Vegetation der Erde,
4, Leipzig, p. 549.

Bertovié, 8., 1975: Ekolosko-vegetacijske znatajke okoli¥a ZaviZana u sjevermom Velebitu. Glas. fum. pekuse 18,
p. 3-75.

Braun-Blanquet, J., 1964: Pflanzensoziologie. Grundziige der Vegetationskunde. Springer, Wien — New York.

Cestar, D., 1967; Prirast smreke u fumama gorskog i pretplaninskog podrugja Hrvatske. Disertacija, Sumarski fakuitet
Sveutilifta u Zagrebu.

Cindrié, Z., 1973: Poredbena mikroklimatologka istraZivanja u nekim predplaninskim fitocenozama podrutja ZaviZana.
U: Glavna meteorolo3ka stanica ZaviZan, 1594 m, 1953-1973, RHHMZ RH, p. 46-53, Zagreb.

Clarke, K. R., Gorley, R. N., 2001: Primer v5. User Manual/Tutorial. Primer-E Ltd, Plymouth.

Ellenberg, H, 1979: Zeigerwerte der Geflipflanzenflora Mitteleuropas. Scripta Geobot. No 9, p. 9-160.

Fukarek, P., 1969: Prilog poznavanju biljnosociolodkih odnosa 3uma i 3ibljaka Nacionalnog parka “Sutjeska”. Akad.
Nauka i umjet. BiH 1173, p. 189-291, Sarajevo.

Hennekens 8. M., I. H. J. Schaminge, 2001: TURBOVEG, a comprehensive data base management system for vegetation
data, Journal of Vegetation Science, 12, p. 589 —591.

Horvat, 1., 1925: O vegetaciji Pljefevice u Lici. Geogr. Vest. 1, p. 114-123, Ljubljana.

"Haorvat, 1., 1938: Biljnosocioloska istraZivanja fuma u Hrvatskoj. Glas. $um. pokuse 6, p. 127-279, Zagreb.

Horvat, L., 1950: Sumske zajednice Jugoslavije. Institut za Sumarska istra¥ivanja, p. 73, Zagreb.

Horvat, 1., 1953; Vegetacija ponikava. Geografski glasnik 14-15, p. 1-22.

Horvat, 1., 1962: Vegetacija planina zapadne Hrvatske. Acta biol. 2., JAZU., Zagreb, 30, p. 1-179,

Horvat, L., 1963: Sumske zajednice Jugoslavije. Sumarska enciklopedija, 1. izdanje (2), p. 560-590.

Horvat, 1., V. Glava& & H. Ellemberg, 1974: Vegetations Siidosteuropas, G. Fischer Verlag, Stuttgart.

Koperski, M., M. Sauer, W. Braun, S. R. Gradstein, 2000: Referenzliste der Moose Deutschlands. Bundesamt fur Natur-
schutz, Bonn — Bad Godesberg.

Nikolié, T, {ur.), 2012: Flora Croatica, baza podataka. On-line (http:/hirc.botanic.hr/fed). Botanitki zaved, Priredoslovno-
matematitki fakultet, SveutiliSte u Zagrebu,

StatSoft, Inc., 2008: STATISTICA (data analysis software system), version 8.0, www.statsoft.com

Tichy, L., 2002: JUICE 6.3, software for vegetation classification, Journal of Vegetation Science, 13, p. 451-433

Vukelié, I, A. Alegro, V. Sepota, 2010a: Altimontansko — subalpska smrekova $uma s obrubljenim gladcem (Laserpitio
krapfii-Piceetum abietis ass. nova) na sjevernom Velebitu (Hrvatska). Sumarski list 134/(5-6), p. 211-228,

Vukeli¢, 1., A. Alegro, V. Segota, 1. Sapié, 2010b: Nomenklaturno-fitocenoloska revizija asocijacije Calamagrostio vari-
ae-Piceetum dinaricum Bertovié 1975 nom. Illeg. U Hrvatskoj. Sumarski list 134/(11-12), p. 559-568.

Zupanéig, M., 1980: Smrekovi gozdovi v mrazifitih dinarskega gorstva Slovenije. SAZU, Dela 24, p, 1-262.

Zupanéig, M., 1988: Ilyrische und balkanische Arten in den subalpinen Fichtengesellschaften der zentralen Balkanhal-
binsel. — Satureia, 4, p. 3342, Salzburg.

Zupanéid, M., 1990: Smrekovi gozdovi Evrope in Balkanskega polotoka, I11. Biolo3ki vestnik, 38/3, p. 522, Ljubljana.

Zupanéit, M., 1994: Popravki imen nekaterih rastlinskih zdruzb v ludi novega kodeksa. Hladnikia, 2, p. 3340, Ljubljana.

Zupanéi¢, M., 1999: Smrekovi gozdovi Slovenije. SAZU, Dela 36, p. 1-222.

46



