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Summary

Carnt A., Fransi¢ J., Sme U. & Skvorc Z. 2005. Floristical, ecological and
structural diversity of vegetation of forest fringes of the Northern Croatia along a
climatic gradient. — Phyton (Horn, Austria) 45(2): 287-303, with 5 figures. — English
with German summary.

The forest fringe vegetation was sampled along a transect from the western to
the eastern part of Croatia. In this direction the continentality of the climate in-
creases (e. g. the sum of precipitation per year decreases, the mean annual and ex-
treme temperature increase). The changes in species composition, Ellenberg indicator
values and plant functional groups (life history form, life span, phenological groups
and classification to the families) have been studied. According to the PCA the ve-
getation types were settled and communities were defined. On the basis of the species
composition the Ellenberg indicator values and plant functional groups were calcu-
lated. The analysis shows that the pH on one side and moisture and nutrient on the
other (microsite) are perpendicular to the temperature, continentality and altitude
(climate). These are two main axes of division of communities. The new association
Origano-Campanuletum bononiensis is described. Since hoth mesophilous and ther-
mophilous communities appear over the whole phytogeographical gradient, the
changes in functional plant traits in direction continentality, temperature and alti-
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tude have been studied. The proportion of therophytes, annual and biannual plants
are higher in the more continental region, whereas in the more humid region geo-
phytes are more common. In the continental parts, that are less favorable, the species
of the family Fabaceae are more abundant, since they can fix nitrogen from the air.
The analysis of the phenological groups shows that in the continental part the vege-
tation has only one peak of flowering, whereas in more humid areas the flowering
period is well distributed throughout the whole vegetation period.

Zusammenfassung

Carnt A., Frangié J., Siec U. & Skvorc Z. 2005. Floristische, ¢kologische und
Struktur-Diversitat von Waldsaum-Gesellschaften entlang eines klimatischen Gra-
dienten im nordlichen Kroatien. — Phyton (Horn, Austria) 45(2): 287-303, mit 5 Ab-
bildungen. — Englisch mit deutscher Zusammenfassung.

Entlang eines Transektes von West- nach Ost-Kroatien wurde die Waldsaumve-
getation mit der Methode Braun-Blanquet aufgenommen. Entlang dieses Transektes
steigt die Kontinentalitit des Klimas (z.B. nimmt die jahrliche Niederschlagssumme
ab, die Jahresmitteltemperaturen, sowie die Temperaturextremwerte steigen). Die
Anderungen der Artenzusammensetzung, der Zeigerwerte nach Ellenberg und der
funktionellen Gruppen der Arten (Lebensform, Ausdauer, phénologische Gruppen
und Familienzugehorigkeit) wurden studiert. Aufgrund der Ergebnisse der PCA
wurden die Vegetationstypen abgegrenzt und die Pflanzengesellschaften definiert.
Die Berechnung der Ellenberg-Zeigerwerte und der funktionellen Artengruppen ba-
siert auf der Artenkombination. Die Auswertung zeigt, dafl die Achse, die den pH-
Wert und die Feuchtigkeits- und Nahrstoffverhiltnisse reprisentiert, senkrecht auf
die Achse steht, die Temperatur, Kontinentalitdt und Héhe (Klima) repriasentiert.
Dies sind die beiden Hauptachsen fiir die Gliederung in Gesellschaften. Die Asso-
ziation Origano-Campanuletum bononiensis wird neu beschrieben. Da sowohl meso-
als auch thermophile Gesellschaften tiber den gesamten phytogeographischen Gra-
dienten vorkommen, wurden die Anderungen der Verteilung der funktionalen
Pflanzenmerkmale (functional plant traits) fir Kontinentalitat, Temperatur und
Hohe untersucht. Dabei wurde festgestellt, das die Zahl [pro Aufnahme] der Ther-
ophyten, der annuellen und biennen Arten in den kontinentaleren Teilen hoher ist,
wihrend in den humideren Teilen des Gebietes Geophyten haufiger sind. In den un-
giinstigeren kontinentalen Teilen kommen Vertreter der Familie Fabaceae, die Luft-
stickstoff fixieren konnen, haufiger vor. Die Analyse der phinologischen Gruppen
zeigt fiir den kontinentalen Teil nur einen Gipfel in der Kurve, wihrend in den hu-
mideren Gebieten die Blithperiode gut tiber die gesamte Vegetationsperiode verteilt
ist.

1. Introduction

In the frame of the joint project it was decided to sample and elaborate
the forest fringe vegetation in northern Croatia. Fringes are vegetation
types that are formed under long lasting human impact on the forest. Dif-
ferent management (mowing, grazing, cutting) forms these very diverse
and complicated linear formations. In the modern intense agriculture these
traditional features are endangered since they are either eliminated from
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the landscape or left to the process of reforestation. The light conditions
are about 30-50% of the full insolation, the temperature is lower than in
the contact non-forest surfaces, concerning top-soil, nitrogen and phos-
phorus have also the intermediate position between non-forest and forest
sites (DIERSCHKE 1974, MuciNA & KOLBEK 1993).

R. TUxEN was the first who described the syntaxa appearing on the
forest edges in 1952 (TUxEN 1952). He separated fringe (Saum) commu-
nities dominated by high stalked species and grasses from the mantle
dominated by shrubs. In the continental part of Europe, the fringe com-
munities on nutrient-rich sites are classified within the Galio-Urticetaea
and on more humid sites within the Filipendulion (RopwWELL & al. 2002).
However, this research focused only on the fringes classified within the
Trifolio-Geranietea. The Trifolio-Geranietea vegetation has already been
elaborated on a national scale in some European countries (e.g. MULLER
1978, MuciNa & KoruBek 1993, Bronpr & al. 2001 etc.). Some broader
syntheses have also been provided (DiErscHKE 1974, pE Foucaurr & al.
1983, VaLacHOVIC 2004, CARNI 2005). The present syntaxonomic division of
the class Trifolio-Geranietea in the continental part of Croatia is as fol-
lows. There is one order Origanetalia vulgaris that can be divided into two
alliances Geranion sanguinei appearing on the warm, nutrient poor sites
and Trifolion medii found on mesic sites that are rich in nutrients. Since
these communites are limited by summer drought, they dissapear towards
east and south Europe (VAN GILS & KEvsERS 1977). Therefore thy are clas-
sified among the syntaxa with central European distribution pattern
(P1GNATTI & al. 1995).

Furthermore, in recent years the research studies have been stressing
the importance of plant functional diversity as an important factor in
ecosystem functioning (Diaz & CaBipo 2001). We tried to select the key
environmental factors and functional plant groups in these communities.
In our study we tried to filter abiotic and biotic factors other than the
continentality (that corresponds with temperature and altitude) (LLAVOREL
& GARNIER 2002). As the relevés are classified into a single syntaxonomical
class, or even order, it could be anticipated that they contain a certain de-
gree of uniformity. The vegetation of thermophilous and mesophilous
stands was sampled across the region. This enables us to detect the gra-
dient of continentality expressed mainly in diminishing of precipitation
and augmentation of the annual and extreme temperature.

2. Methods

The relevés were made in the continental part of Croatia and partly in the
neighbouring regions of Slovenia according to the central European method (BRAUN-
BLANQUET 1964). The field data have been imported in the Turboveg database (HEN-
NEKENS & ScHAMINEE 2001) and elaborated by Juice program (Ticuy 2002). For the
numerical analyses the programme package CANOCO 4.02 (TER BRAAK & SMILAUER
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2002) was used. The cover values were transformed into the ordinal scale as proposed
by vAN DER MAAREL (1979). Using Principal Component Analysis (PCA), the main
groups of communities presenting the vegetation types were established. The ecolo-
gical factors were estimated using Ellenberg indicator values (ELLENBERG & al. 1992).
The correlation was calculated applying the Canonical Correspondence Analysis
(CCA). As the communities are poorly described by the list of species composition
(WHITTAKER 1975), we establish the plant functional traits according to Krorz & al.
2002 to estimate their ecological function.

Tab. 1. Traits (according to Krotz & al. 2002).

Trait Classes in the matrix

Life form | T: therophytes, G: geophytes, H: hemicryptophytes, C: chamaephytes,

P: phanerophytes

Longevity | A: annual, b: biannual, p: perennial

Phenology | 0: not available; 1: Corylus-Leucojum-phase, pre-spring; 2: Acer plata-
noides-Anemone nemorosa-phase, start of early spring; 3: Prunus avium-
Ranunculus auricomus-phase, end of early spring; 4: Fagus-Lamias-
trum-phase, start of mid spring; 5: Sorbus aucuparia-Galium odoratum-
phase, end of mid spring; 6: Cornus sanguinea-Melica uniflora-phase,
start of early summer; 7: Ligustrum-Stachys sylvatica-phase, end of
early summer; 8: Clematis vitalba-Galium sylvaticum-phase, mid-
summer; 9: Hedera-Solidago-Phase, early autumn; 10: Autumn-phase,
autumn.

Family percentage of Fabaceae and Poaceae from the total species composition

In order to identify the predominant plant traits along the gradient, the matrix
of 349 species x 56 plots (relevés) was multiplied by the matrix of 349 species x 21
traits that was analysed by means of CCA (Diaz BARRADAS & al. 1999, Prco & al.
2005). The nomenclature of plant species is according to EHRENDORFER 1973.

3. Description of the Investigated Area

The research area encompasses the northern (continental) part of
Croatia and partly neighbouring parts of Slovenia. The territory was
checked and the relevés were taken in the areas from Gorjanci and Zum-
berak in the west to Bansko Brdo in the east (Fig. 1). The highest moun-
tains reach over 1000 m: Gorjanci and Zumberak 1178 m, Ivan¢ica 1059 m,
Medvednica 1030 m, Papuk 953 m, others are lower: Kalnik 642 m, Dilj
401 m, Bilogora 307 m and Bansko Brdo 244 m.

ILIJANIC 1963 divided the continental part of Croatia into three cli-
matic regions: in the western part (up to Zagreb, indicated as Area 1 in the
text) with a mean yearly rainfall between 1000 and 1200 mm, in a transi-
tional zone from Zagreb to the Orljava river (not far from Slavonski Brod)
with a mean yearly rainfall between 800 and 1000 mm (Area 2). In the
eastern part of the country (Area 3), there is between 600 and 800 mm of
mean yearly rainfall. The mean yearly temperature increases from 10.4 in
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Fig. 1. The research area in Croatia and Slovenia. Sampling regions: 1 — Gorjanci-
Zumberak, 2 — Medvednica, 3 — Hrvatsko Zagorje, 4 — Ivanéica, 5 — Kalnik, 6 — Bilo-
gora, T — Papuk, 8 — Krndija, 9 — Dilj, 10 Bansko Brdo.

the west to 11.6 in the east (ILzani¢ 1963). Towards the eastern part of the
country the character of the climate becomes more and more continental.
The climatic conditions are represented by climatic diagrams (Fig. 2)
(WALTHER & LIETH 1960).

From the phytogeographical point of view, the area is classified within
the Euro-Sibirian-North American region (TRINAJSTIC 1998). The potential
natural vegetation in the lowland is a floodplain forest mainly dominated
by Fraxinus angustifolia and Quercus robur, followed by mixed forests of
Quercus sp. div. and Carpinus betulus, whereas the beech forests are found
on the top of the mountains. (FUKAREK & JovaNOvIC 1983, BoHN & al. 2003).
The relevés were taken in the beech and partly in the Quercus-Carpinus
vegetation belt.

315
175
Fig. 2. Climatic diagrams for Zagreb, Slavonski Brod and Osijek (from WALTER &
LieTH 1960).
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4. Results and Discussion
4.1 Species Composition

The PCA (Fig. 3) of cover data was used to analyse the main variation
trends based on species composition. The main groups of communities that
appear in the region were detected and classified into the syntaxa. There
can be noticed the gradient from thermophilous communities to mesophi-
lous on the Axis 1, and the gradient from heliophilous to the sciophilous on
the Axis 2. The communities have been classified into the associations, as
follows.

Syntaxonomical scheme

Trifolio-Geranietea T. MULLER 1961
Origanetalia vulgaris T. MULLER 1961
Trifolion medii T. MULLER 1962
Trifolio-Agrimonietum eupatoriae T. MULLER 1962 (Tab. 1/1-8)
Trifolio-Melampyretum nemorosi DIERSCHKE 1973 (Tab. 1/9-22)
Geranion sanguinei Tx. in MULLER 1961
Origano-Campanuletum bononiensis ass. nova hocloco (Tab. 1/23-29)
Peucedanetum cervariae Kaisgr 1926 (Tab. 1/30-32)
Bupleuro longifolii-Laserpitietum latifolii T. MULLER 1978 (Tab. 1/33-46)
Laserpitietum sileris SPRINGER 1987 (Tab. 1/47-56)

Description of the syntaxa

Trifolio-Agrimonietum eupatoriae is the central association of
the alliance and can be found on mesic sites all over the continental part of
Croatia. The dominant species is Trifolium medium, while Agrimonia eu-
patoria is partly subdominant. Besides these species Clinopodium vulgare,
Centaurea jacea, Galium verum, Achillea millefolium agg., and Erigeron
annuus, are occuring with higher cover values. This fringe type can be
found on the edges of grasslands of the Arrhenatherion and on the edges of
mesophilous grasslands of the Brometalia. It was found at altitudes up to
400 m.

Trifolio-Melampyretum nemorosi is easy to find at the begin-
ning of summer because of the golden and violet flowering characteristic
species. In addition to the dominant species Melampyrum nemorosum,
there are also Centaurea jacea, Clinopodium vulgare, Knautia drymeia,
Brachypodium rupestre, Galium verum, to mention only the most abun-
dant ones. In Croatia stands were found in the entire research area on the
most humid and nutrient-rich sites. It forms wood margins of hornbeam
forests as well as of submontane beech and oak forests. It is in contact with
the Arrhenatherion grasslands and mesophilous grasslands of the Brome-
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Fig. 3. PCA according to species composition [] Trifolio-Agrimonietum eupatoriae; ¢&
Trifolio-Melampyretum nemorosi (Trifolion medii), ¢ Origano-Campanuletum bo-
noniensis, ¥ Peucedanetum cervariae, O Bupleuro longifolii-Laserpitietum latifolii,

+ Laserpitietum sileris (Geranion sanguinei). Eigenvalues for first two axes are
0,175 and 0,101 respectively.
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Fig. 4. DCA ordination of sites along main environmental variables considering plant
fuctional traits. Signs for associations see Fig 3.
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Table 1.
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Table 1, continuation.

Laufende Nummer

12345678

Stellaria graminea
Festuca pratensis
Campanula patula

Poa pratensis
Cynosurus cristatus
FESTUCO-BROMETEA
Bromus erectus

Carex flacca

Festuca rupicola
Brachypodium rupestre
Galium album
Betonica officinalis
Buphorbia eyparissias
Helianthemum ovatum
Briza media

Trifolium montanum
Pimpinella saxifraga
Polygala comosa
Galium lucidum
Thesium bavarum
Euphorbia verrucosa
Peucedanum oreoselinum
Carlina acaulis
Chamaecytisus hirsutus
Filipendula vulgaris
Asperula cynanchica
Ranunculus bulbosus
Genista tinctoria
Coronilla varia
Centaurea scabiosa agg.
Thymus praecox
Koeleria pyramidata
Salvia pratensis
Leontodon incanus
Gymnadenia conopsea
Stachys recta

Thymus pulegioides
Linum catharticum
Erysimum odoratum
Thymus longicaulis
Veronica jacquinii
Centaurea montana
Centaurea triumfettii
Hippoerepis comosa
Anthyllis vulneraria
Allium oleraceum
Prunella laciniata

Iris graminea

Scabiosa hladnikiana
QUERCO-FAGETEA
Knautia drymeia
Cruciata glabra
Primula vulgaris
Colchicum autumnale
Rubus fruticosus - group
Festuca heterophylla
Anemone nemorosa
Mercurialis ovata
Ranunculus lanuginosus
Rosa arvensis

Poa nemoralis
Cyclamen purpurascens
Viola reichenbachiana
Myosotis sylvatica
Symphytum tuberosum
Brachypodium sylvaticum
Thalictrum aquilegiifolium
Euphorbia amygdaloides
Aquilegia vulgaris
Carex digitata
Serratula tinctoria
Convallaria majalis
Dentaria bulbifera
Mercurialis perennis
Inula salicina

Stellaria holostea
Hieracium racemosum
Aposeris foetida
Luzula luzuloides
Helleborus niger
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Table 1, continuation.

Laufende Nummer

12345678

Acer pseudoplatanus
Rosa canina

Pteridium aquilinum
Potentilla micrantha
Buglossoides purpurocaerulea
Melittis melissophyllum
Acer obtusatum
Phyteuma spicatum
Companions

Achillea millefolium agg.
Festuca rubra
Potentilla erecta
Agrostis capillaris
Erigeron annuus
Phyteuma orbiculare
Cirsium erisithales
Medicago lupulina

Poa trivialis

Trifolium campestre
Ajuga reptans

Silene vulgaris
Calamagrostis epigejos
Helleborus odorus

Poa angustifolia
Euphorbia angulata
Veronica officinalis
Symphytum officinale
Tamus communis
Glechoma hirsuta
Picris hieracioides
Aegopodium podagraria

Vicia hirsuta
Orabanche species
Geranium phaeum

Species with low constancy:

Allium cartnatum ssp. pulchellum in relevé 35: +; Alliwm sphaerocephalon 4: +; Ambrosia artemisiifolia 19:
+, 21: +; Anacamptis pyramidalis 54: +; Angelica sylvestris 15: +; Anthoxanthum odoratum 3: +, 4: +, 20: +;
Anthriscus sylvestris 35: +; Arabis hirsuta 28: +, 29: +; Aremonia agrimonoides 44: +, 45: +; Artemisia vul-
garis 4: +; Aruncus dioicus 44: +; Asarum europaewm 15: +, 41: +, 44: +; Astragalus glycyphyllos 20: +, 25: +,
27: +; Astrantia major 54: +, 56: +; Athyrium filix-femina 44: +; Bromus arvensis 22: +; Bromus hordeaceus
4: +, 6: 2, 22: +; Calamagrostis varia 34: +; Calamintha sylvatica 1: +; Campanula glomerata 6: +; Cardami-
nopsis arenosa 37: +; Carex caryophyllea 49: 2; Carex divulsa 21: +, 41: +, 42: +; Carex hirta 4: +, 6: +, 21: +;
Carex humilis 49: +; Carex pallescens 30: +; Carex pilosa 13: +; Carex sylvatica 45: +; Centaurea pannonica
2: +, 4 +, 12: +; Centaurium erythraea 7: +, 18: +; Cephalanthera longifolia 33: +, 36: +, 46: +; Cerastium
glomeratum 1: +, 20: +; Cerastium glutinosum 2: +, 5: +, 13: +; Cerastium holosteoides 22: +; Cichorium in-
tybus 8: +, 19: +, 22: +; Cirsium arvense 2: +, 4: +; Cirsium pannonicum 12: +, 34: +, 52: +; Clematis vitalba 16:
+, 20: +, 45: +; Convolvulus arvensis 5: +; Corylus avellana 48: +; Cruciata laevipes 6: +, 42: +; Cucubalus
baccifer 39: +; Dactylorhiza maculata 44: +, 45: +, 46: +; Dactylorhiza majalis 37: +, 49: +, 50: +; Danthonia
alpina 31: +; Daphne mezerewm 45: +, 46: +; Dentaria enneaphyllos 45: +, 48: +; Dianthus armeria 9: +; Di-
gitalis grandiflora 25; +, 29: +, 40: +; Elymus repens b: +, 15: +, 21: +; Epilobium montanum 45: +; Epime-
dium alpinum 30: +; Equisetum telmateia 16: +, 22: +; Erica carnea 34: +, 47: +, 48: +; Euonymus europaeus
4: +; Eupatorium cannabinum 16: +; Euphorbia carniolica 45: +; Euphorbia dulcis 48: +; Euphorbia virgata
16: +, 31: +; Fritillaria tenella 26: +; Galeopsis pubescens 15: +, 24: +; Galiwm aparine 1: +, 5: +; Galium
odoratum 21: +; Galium sylvaticum 17: +, 44: +; Genista januensis 50: +; Genista pilosa 20: +, 21: +; Genti-
ana asclepiadea 43: +, 44: +; Gentiana cruciata 35: +, 49: +; Gentiana utriculosa 49: +, 52: +, 53: +; Geranium
robertianum 15: +;, Geum urbanum 1: +, 21: +; Gnaphalium sylvaticum 2: +; Hacquetia epipactis 43: 2; He-
dera heliz 30: +; Helianthus tuberosus 22: +; Helictrotrichon pubescens 38: +, 49: 1; Hepatica nobilis 26: +;
Heracleum sphondylium 1: +, 41: +; Hieracium bauhinii 10: +; Hieracium glaucwm 47: +; Hieracium mur-
orum 34: +, 47: +; Hieracium pilosella 23: +, 53: +; Hieracium sabauduwm 19: +, 23: +; Hypochaeris maculata
34: +, 53: +; Inula hirta 25: +, 28: +, 29: 1; Juncus conglomeratus 3: +; Lamium orvala 45: +; Lapsana com-
munis 14: +, 21: +, 22: +; Laser trilobwm 25: +, 29: +; Lathyrus nissolia T: +, 21: +, 22: +; Lathyrus sylvestris
31: +; Lathyrus vernus 20: +, 33: +; Lilium bulbiferum 33: +, 34: +; Lilium martagon 44: +; Linaria vulgaris
19: +, 21: +; Linum flavum 5: +, 32: + Linum hirsutum 32: +; Linum viscosum 54: +, 55: +; Lonicera capri-
folium 30: +; Luzula campestris 3: +, 13: +, 20: +; Luzula forsteri 14: +, 50: +; Luzula sylvatica 35: +, 36: +, 41:
+; Lychnis flos-cuculi 12: +; Lysimachia punctata 45: +, Lysimachia vulgaris 8: +; Medicago sativa 9: +, 17: +,
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Table 1, continuation.

20: +; Melampyrum pratense 44: +, 47: +; Melilotus officinalis 22: +;, Mentha longifolia 4: +; Molinia ar-
undinacea 33: 1, 49: +, 54: +; Ononis spinosa 16: +; Orchis ustulata 47: +; Ornithogalum pyrenaicum 11: +,
43: +; Ostrya carpinifolia 44: +, Oxalis stricta 5: +; Paris quadrifolia 35: +, Polygala chamaebuxus 54: +;
Polygala vulgaris 17: +, 20: +, 32: +; Populus tremula 38: +; Potentilla argentea 19: +; Lathyrus niger 25: +;
Potentilla recta 32: +; Primula veris 8: +, 25: +; Prunella grandiflora 50: +, 55: +; Prunus spinosa 4: 1, T: +;
Pseudloysimachion spicatum s. barrelieri 46: +; Pulicaria dysenterica 16: +; Pulmonaria officinalis 9: +, 17:
+, 34: +; Quercus cerris 43: +; Quercus pubescens 55: +; Rhamnus cathartica 43: +, 46: +; Rosa gallica 5: 1, 8:
+, 9: +; Rosa pendulina 33: +, 34: +; Rubus caesius 6: +; Rubus ideeus 41: +; Rumex sanguineus 21: +; Salvia
glutinosa 48: +; Salvia nemorosa 23: +; Sambucus ebulus T: +, 19: +; Sanguisorba minor 32: +, 38: +, 55: +;
Sanicula europaea 44: +; Scabiosa triandra 49: +, 51: +; Scorzonera austriace 49: +; Serophularia nodosa 14:
+, 45: +; Sedwin maximum 8: +, 25: +; Senecio ovatus 35: +, 38: +; Sesleria kalnikensis 34: +, 4T: +; Solidago
canadensis 15: +, 19: 1; Solidago gigantea 15: +; Sorbus aria 33: +; Stachys sylvatica 34: +, 35: +, 45: +; Ta-
nacetum vulgare 21: +; Torilis japonica 21: +, 22: +; Tragopogon orientalis 8: +, 50: +; Trifolium alpestre 25:
+; Trifolium ochroleucon 7: +, 12: +; Trifolium repens T: +, 9: +; Trifolium rubens 34: +, 40: +; Veratrum ni-
grum 25: +, 3T: +; Verbascum nigrum 32: +; Veronica arvensis 38: +, Veronica serpyllifolia 49: +; Vicia an-
gustifolia 2: +, 21: +, 22: +; Vicia cracca 3: +, 4: +, 5: +; Vicia dumetorum 45: +; Vicia grandiflora 3: +, 5: +;
Vicia tetrasperma 15: +, 22: +; Vinca minor 1: +; Vincetoxicum hirundinaria 19: +, 25: 2, 28: 1;

Localities:

1.Kalnik, 18.6.2001, 485m, E, 20°, 15m2, lat. 46°07°55", long. 16°27°52", 2. Kalnik, 24.6.2001, 490 m, E, 107,
18 m2, 460807, 1621741, 3. Podgorag 20.6.2001, 188m, SW, 10°, 15 m?, 453836, 164634, 4. Granice, 12.7.2001,
250 m, E, 3°, 10 m?, 452442, 180657; 5.Podgorad, 20.6. 2001, 213 m, SSW, 10°, 15 m?, 453834, 164639, 6.
Granice, 12.7.2001, 250 m, N, 2°, 10 m?, 452439, 180657; 7. Mokre§, 12.7.2001, SSE, 2°, 10 m?, 452244,
180512, 8. Kalnik, 11.7.2001, 398 m, W, 2°, 30 m?, 455448, 160245; 9. Kalnik, 11.7.2001, 395 m, SW, 2°, 15 m?,
455447, 160246; 10. Podgora?, 20.6.2001, 188 m, SWW, 10°, 15 m?, 453836, 164634, 11. Kalnik, 24.6.2001,
455 m, SSE, 5°, 10 m®, 460743, 162629; 12. Kalnik, 24.6.2001, 460 m, W, 5°, 10 m?, 460758, 162633, 13.
Kalnik, 24.6.2001, 470 m, SEE, 5°, 10 m?, 460808, 162747; 14. Mokre§ 11.7.2001, 190 m, E, 3°, 25 m?
452254, 180508, 15. Mokres, 11.7.2001, 200 m, W, 2°, 20 m?, 452256, 180504, 16. Medvednica, 29.6.2001, 383
m, —, 0°, 10 m?, 455443, 160237, 17. Lobor, 29.6.2001, 373 m, W, 5°, 20 m?, 460927, 160409, 18. Levanjska
Varo§ 11.7.2001, 162 m, E, 3°, 15 m?, 451717, 181051, 19. Mokre§, 11.7.2001, 180m, S, 2°, 10 m?, 452246,
180510, 20. Kalnik, 24.6.2001, 512 m, E, 5°, 10 m?, 460805, 162730, 21. Granice, , 11.7.2001, 150 m, —, 0°,
15 m?, 452647, 181135, 22. Granice, 11.7.2001, 120 m, —, 0°, 15 m?, 452634, 181024, 23. Lobor, 29.6.2001,
319 m, W, 20°, 10 m?, 460913, 160418, 24. Sovski Dol, 11.7.2001, 244 m, SSE, 10°, 10 m?, 451751, 180309, 25.
Veliki Papuk, 11.7.2001, 550 m, S, 5°, 20 m*, 452838, 173829, 26. Malis¢ak, 11.7.2001, 545 m, WNW, 5°,
10 m?, 452818, 173817, 27. Malis¢ak, 11.7.2001, 530 m, SSW, 5° 15 m? 452815, 173819, 28. Maliscak,
11.7.2001, 488 m, NE, 20°, 10 m?, 452815, 173823, 29. Maligéak, 11.7.2001, 510 m, N, 10°, 15 m?, 452815,
173820, 30. Ostre, 29.6.2001, 396 m, SW, 2°, 25 m?, 454745, 154010, 31.08trc, 29.6. 2001, 402 m, SE , 107,
15 m®, 455721, 160533, 32. Musi¢, 203 m, E, 10°, 15 m?, 451719, 181031, 33. Ostre, 29.6.2001, 715 m, S, 307,
10 m?, 454543, 153859, 34. Odtre, 29.6.2001, 595 m, S, 25°, 15 m?, 454606, 153858, 35. Gorjanci/Zumberak,
Trdinov vrh, 5.6.1998, 1100 m, NE, 7°, 40 m?, 36. Gorjanci/Zumberak, 8.6.1998, 980 m, N, 5°, 13 m?, 37.
Gorjanci/Zumberak, nad Pendirjevko, 8.6.1998, 980, NW, 3°, 25 m?, 38. Gorjanci/Zumberak, Planina v
Podbotju, 10.6.1998, 710 m, NE, 15°, 7 m?, 39. Gorjanci/Zumberak, Ravna Gora, 17.6.1999, 990 m, E, 2°,
25 m®, 40. Gorjanci/Zumberak, under Trdinov vrh, 17.6.1999, 1100 m, W, 10°, 7 m?, 41. Gorjanci/Zumberal,
under Trdinov vrh, 17.6.1999, 1090 m, E, 10°, 9 m?, 42.Gorjanci/2umberak, under Trdinov vrh, 17.6.1998,
1120 m, SE, 10°, 12 m?, 43. Gorjanci/Zumberak, Planina, 17.6.1998, 690 m, N, 12°, 8 m?, 44. Gorjanci/
Zumberalk, Gradec, 10.6.1999, 610 m, NNW, 15°, 9 m?, 45. Gorjanci/Zumberak, Planina, 10. 6.1998, 720 m,
NNE, 10°, 15 m?, 46.Gorjanci/Zumberak, Planina, 10.6.1998, NNW, 10°, 25 m?, 47. Ostrc, 29.6. 2001, 690 m,
NW, 20°, 10 m?, 454553, 153855, 48. Ostre, 29.6.2001, 554 m, NWW, 20°, 10 m?, 454611, 153909, 49. Gor-
janci/Zumberak, 5.6.1998, 1100m, NNE, 3°, 50 m?, 50. Gorjanci/Zumberak, Ravna Gora, 8.6.1998, 1100 m,
SW, 2°, 40 m?, 51. Gorjanci/Zumberak, Ravna Gora, 8.6. 1998, 990 m, SSW, 3°, 35 m?, 52. Gorjanci/Zum-
berak, Ravna Gora, 8.6.1998, 1000 m, NW, 2°, 30 m?, 53. Gorjanci/Zumberak, Ravna Gora, 8.6.1998, 1000
m, W, 3°, 20 m” 54. Gorjanci, Javorovica, 10.6.1998, 740m, W 20°, 20 m? 55. Gorjanci, Javorovica,
10.6.1998, 725 m, NWW, 5°, 25 m?, 56. Gorjanci, Javoroviea, 10.6.1998, 760 m, W, 27, 30 m?,
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talia. In the research area, this community occurs relatively frequent in
altitudes up to 500 m.

Origano-Campanuletum bononiensis Carni, Frany¢, Sic &
SKVORC, ass. nova (holotypus hoc loco, Tab. 1/27), was found all over the
research area. The dominant species is Campanula bononiensis appearing
also in the association Campanulo bononiesis-Vicietum tenuifoliae
KRrAUsCH in T. MULLER 1962. In the research area, Vicia tenuifolia does not
appear in the stands. In addition to Campanula bononiensis, there are Hy-
pericum perforatum, Buphthalmum salicifolium, Teucrium chamaedrys, to
mention only the most common ones. The sites are dry and sunny. This
community is one of the most heliophilic and thermophilic among all con-
cerned. It forms wood margins of oak and beech forests. The holotype of
the association is relevé 27 in the Table 1.

The Peucedanetum cervariae appears rarely in the region. It is
more common in the central part of Europe where it is one of the most
common fringe communities (MUcCINA & KOLBEK 1993). It appears at lower
altitudes and on sunny sites. Its floristic composition is rather poor and it
is in contact with dry grasslands of the Brometalia. The most common
species are: Peucedanum cervaria, Teucrium chamaedrys, Centaurea jacea,
Carex flacca and Briza media. It appears at altitudes up to 400 m. At
higher altitudes it is replaced by the Bupleuro-Laserpitietum latifolii and
Laserpitietum sileris.

The Bupleuro longifolii-Laserpitietum latifoliiis dominated
by Laserpitium latifolium. The dominant Laserpitium latifolium belongs
to the typical subspecies. At the border to the Pannonian basin, Lasperpi-
tium latifolium subsp. asperum (CR.) SCHUBL. & MARTENs could also be
expected. It is the characteristic species of the Arabidi turritae-Laserpi-
tietum asperi Mucina in Mucina & KoLBEK 1993 that was described from
the eastern part of Austria (Hainburg) and Slovakia (Tematin) (Mucina &
KoLBEK 1993). In the Alps, stands of the Trifolio-Laserpitietum latifolii are
abundant in the upper montane belt (1200-1600) and have been classified
within the Trifolion medii (MuciNa & KoLBEK 1993). The community under
consideration is classified within the Geranion sanguinei. It is distributed
at lower altitudes (600-1100). The species composition is typical for a
Geranion sanguinei community including Hypericum perforatum, Buph-
thalmum salicifolium, Carex montana and many species of the Festuco-
Brometeq (e.g. Bromus erectus, Carex flacca, Festuca rupicola, Thesium
bavarum, Carlina acaulis ete.). In comparison with the Laserpitietum si-
leris, this community is more sciophilous and it grows strictly in a narrow
belt in the shadow of a forest canopy. This association was described from
the Schwébische Alb (MULLER 1978). There occur species like Bupleurum
longifolium and Knautia sylvatica that are not found in the communities in
Croatia. But the species composition corresponds to those from the
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Schwabische Alb. Taking into consideration this fact we decided to clas-
sify the community within the Bupleuro-Laserpitietum latifolii and to
propose that it should be distinguished at a lower syntaxonomical level as
a geographical race of Knautia drymeia that is a common species in the
region.

Laserpitietum sileris was described in southeastern Bavaria from
altitudes between 540-950 m on carbonate bedrock. The rendzina is not
well developed and is poor in nutrients. The site properties are similar in
Croatia. In comparison with Bupleuro-Laserpitietum latifolii distributed
in the same region, the stands of Laserpitietum sileris are situated on sun-
exposed sites on rendzina between 550 and 1100 m. In comparison with the
communities in Bavaria, some differences in floristic composition can be
recognised: Calamagrostis varia is a common species and there appear also
Erica herbacea, Sesleria varia, etc. (SPRINGER 1987, 1990). It is considered
that the floristic differences enable us to describe a geographical race of
Dianthus croaticus that is a common species in the region.

4. 2 Ecological Conditions and Plant Functional Traits

The DCA analysis (Fig. 4) was applied using the plant functional
types, and environmental and geographical variables were passively pro-
jected onto the diagram. So the distribution of relevés in the diagram is
entirely dependant on plant functional traits composition. In the DCA
diagram the distribution pattern of the communities is still similar to that
in Fig. 3 and we can anticipate that the plant functional groups were well
chosen and present the main difference between the vegetation types con-
cerned.

In Fig. 4 two groups of plots (relevés) corresponding to alliances can be
recognised: Trifolion medii (Trifolio-Agrimonietum and Trifolio-Mel-
ampyretum) in the direction of nutrient and moisture and Geranion san-
guinei (Peucedanetum cervariae, Origano-Campanuletum, Laserpitietum
sileris and Bupleuro-Laserpitietum latifolii) in the direction of pH.

It can be recognized that the axes representing moisture, nutrient and
pH, that are responsible for site differentiation are more or less perpendi-
cular to the axis continentality, temperature and altitude that built the
main gradient. For estimating the correlation of continentality and tem-
perature with species composition in the climatic gradient (that reflects
also the phytogeographical gradient in the region) the regression was cal-
culated. It shows a significant correlation (species composition vs. tem-
perature r* = 0.3958, p < 0.0000002; species composition vs. continentality
r? = 0.2062; p < 0.0004).

The diagram of the plant functional traits (Fig. 5) shows the im-
portance of plant functional traits along the gradients. We suppose that we
can filter micro site ecological conditions (moisture, nutrients, pH) (comp.
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Fig. 5. DCA ordination of sites considering plant functional traits along the climatic
(phytogeographical) gradient. Plant traits associatied with different sectors of the
ordination plane are displayed in boxes. Signs for associations see Fig 3.

Fig. 4) and a concentrate in a differentiation along the axes of the phyto-
geographical areas (Areas 1, 2, 3) and the climatic variables (continentality,
temperature and altitude).

As we can see in the centre there are hemicryptophytic species and the
species from the family Poaceae. Perennial species are also close to the
central part of the diagram. These are the main characteristics of this ve-
getation type.

The annual and biannual species, which need at least two years of
accumulation of nutrients for flowering, are more adapted to more severe
conditions are therefore more common in the eastern part. The same reason
also influences the increased presence of the species of the family Fabaceae
that fix nitrogen and more easily survive the severe conditions. The species
of the family Fabaceae are found in dry habitats poor in nitrogen and they
appear abundantly in steppic zones of Eurasia (EHRENDORFER 1978). The
geophytes are more common in the western part. Geophytes are more sig-
nificant in more humid regions and therophytes in the more continental
(arid) ones. We cannot correlate phanerophytes and chamaephytes to this
gradient.



301

Concerning the phenological classes, there are species flowering
throughout the year in the western, more humid part, and there is a peak of
flowering in the high summer that corresponds to the Ligustrum vulgare-
Stachys sylvatica and Clematis vitalba-Galium sylvaticum phases in the
continental part (TREFFLICH & al. 2002). The reason is that the fringe com-
munities appear especially in the intermittent sunlight conditions, but
some stands are fully exposed to sun (vaN GILs 1977). Since in the eastern
part the ecological conditions for development of this vegetation type are
less propitious, it appears in a narrow belt on the wood margins, whereas
in the western part, where the ecological niche of these communities is
wider and they do not appear only strictly in a shadow of a forest canopy.
So there appear species with various flowering periods, not only the spe-
cies of forest fringes with a characteristic flowering period in the late
summer (CARNI 1999).

The research revealed the pattern of floristic, ecological and structural
diversity of fringe communities in the northern part of Croatia. The com-
munities differentiate on a small scale (site conditions), as well as on a
large scale (climatic gradient). The vegetation is quite diverse and can be
found in various habitats all over the region, as a consequence of the pre-
sence of diverse functional plant groups that can survive in various site
conditions.
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Recensio

Porr Richard, HOPPE Joachim & WILDPRET DE LA TORRE Wolfredo 2003. Die Ka-
narischen Inseln. Natur- und Kulturlandschaften. — Gr.80, 320 Seiten, ca. 320 Ab-
bildungen (Farbphotos, farbige Gratiken); gebh. — Verlag Eugen Ulmer; Stuttgart. —
€ 39,90. - ISBN 3-8001-3284-2.

Nach der Einleitung (p. 13) ist dieser, mit zahlreichen, sehr guten Abbildungen
hervorragend ausgestattete Band der Ausdruck des Beginnes einer Kooperation zwi-
schen botanischen Instituten in La Laguna (Teneriffa) und Hannover. Im ersten Ab-
schnitt (p. 14-31) wird unter anderem auf die pflanzengeographische Stellung einge-
gangen; die Autoren wenden sich — vor allem im Lichte neuer taxonomischer Un-
tersuchungen — gegen einen einheitlichen Florenbezirk ,Makaronesien“ und folgen
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