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V e g e t a t i o n o f the t o t a l d i s t r i b u t i o n area o f Linum dolomiticum was analysed based o n 277 

p h y t o s o c i o l o g i c a l r e levés . A f t e r noise e l i m i n a t i o n by m e t r i c m u l t i d i m e n s i o n a l scal ing, 

re levés we re c lus tered i n t o five g roups by W a r d ' s a l g o r i t h m . T h e re levé groups were char­

acterised b y f a i t h f u l , cons tan t a n d d o m i n a n t species a n d analysed o n the basis o f the f o l ­

l o w i n g species character is t ics : p h y t o g e o g r a p h i c a l area ( f l o r a l e lement ) , p h y t o s o c i o l o g i c a l 

character , social behav iou r type , wa te r a n d c o n t i n e n t a l i t y preference categories. T e s t i n g 

the associa t ion be tween Linum dolomiticum a n d o ther species the u h y p statist ics was calcu­

la ted. W i t h 5 tables. 

K e y w o r d s : d o l o m i t e r o c k grasslands, fidelity, Linum dolomiticum, p h y t o s o c i o l o g y 

I N T R O D U C T I O N 

Linum dolomiticum B o r b á s (Linaceae) is an endemic, pre-glacial relic 
plant species o f Hungary . The d i s t r ibu t ion o f this species is extremely nar­
row: i t lives only on dolomi te hills i n a region o f one square ki lometre i n 
Buda H i l l s near Pi l isszentiván (47° 36' N , 18° 52' E). I t has one popula t ion 
only, consisting several stands separated by closed deciduous forest. 

M É S Z Á R O S - D R A S K O V I T S (1967) and D O B O L Y I (2003, 2005) carried 
out phytosociological studies and mul t ivar ia te analysis o f the habitat o f 
Linum dolomiticum i n order to determine and characterise the vegetation 
types o f the habitat. 135 relevés were included i n those earlier investiga­
tions; all o f them were marked out so that Linum dolomiticum is present i n 
all relevés. Results o f these studies revealed that Linum dolomiticum occurs 
mostly i n open and closed dolomite grasslands, i n the herb layer o f open 



Quercuspubescens woodlands and rarely i n rock steppe. Some parts o f the 

habi ta t are considered either as transitions among these plant communit ies 

or various stages o f their degraded forms. 

M o n i t o r i n g o f the to ta l d i s t r ibu t ion area o f Linum dolomiticum has 

been ongoing since 2001. Results o f the m o n i t o r i n g proved that the dis t r i ­

bu t ion o f this species shows a peculiar pat tern: i n certain patches the plant 

occurs i n rather h igh density, but these alternate w i t h large "empty" areas 

where i t does not occur at all ( D O B O L Y I 2001-2006) . 

O n the basis o f these results and the field experiences the fo l lowing 
questions arise: 

- Does Linum dolomiticum show any preference to any o f the sur­
rounding vegetation types? 

- Are there any other species i n its range that have similar phytosocio­
logical preferences to Linum dolomiticum} 

- Does Linum dolomiticum belong to any species-coalition? 

T o find answers for these questions, phytosociological relevés f rom 
the d i s t r ibu t ion area were analysed by mul t ivar ia te methods; the fai thful , 
constant and dominant species were determined. 

M A T E R I A L A N D M E T H O D S 

T h e present s tudy is based o n 277 p h y t o s o c i o l o g i c a l r e l evés o f 2 m x 2 m size t aken 

o n the d i s t r i b u t i o n area o f Linum dolomiticum so t h a t the comple te area o f d i s t r i b u t i o n 

a n d a l l types o f vege ta t ion are represented. Linum dolomiticum is present i n 137 re l evés , 

absent i n 140 re l evés . 

N o m e n c l a t u r e o f the p l a n t names fo l l ows H O R V Á T H et al. ( 1995 ) . 

N u m e r i c a l c lass i f icat ion o f the r e l e v é s was done by the m e t h o d p r o p o s e d by 

B O T T A - D U K Á T et al. (2005) : at f i r s t p r i n c i p a l co-ordinates analysis ( P C o A ) ( L E G E N D R E 

a n d L E G E N D R E 1998) based o n re la t iv i sed M a n h a t t a n distances was p e r f o r m e d t o deter­

m i n e the m a i n gradients i n the data set. Possible n u m b e r o f o r d i n a t i o n axes i n such analy­

sis equals the n u m b e r o f r e l evés m i n u s 1, b u t usual ly o n l y the first few o r d i n a t i o n axes 

c o n t a i n i n t e r p r é t a b l e ecological i n f o r m a t i o n , w h i l e the others c o n t a i n largely noise. T o es­

t a b l i s h the n u m b e r o f i n t e r p r é t a b l e axes, the eigenvalues were c o m p a r e d w i t h r a n d o m ex­

pec ta t ions based o n the b r o k e n - s t i c k m o d e l ( J A C K S O N 1993, L E G E N D R E a n d L E G E N D R E 

1998) . I n ou r case the first five axes p r o v e d t o be s ign i f ican t . T h e co-ord ina tes a long the 

s i g n i f i c a n t axes o f P C o A were used i n s t e a d o f the r a w da ta as i n p u t f o r the c lass i f i ca t ion . 

I n t h i s way , we were able t o a v o i d the l o w robustness o f a g g l o m e r a t i v e c lass i f i ca t ion 



m e t h o d s w h e n used o n no i sy data sets (LAMBERT a n d W I L L I A M S 1 9 6 6 , G A U C H 1 9 8 2 ) . 

W a r d ' s a l g o r i t h m o f m i n i m u m i n c r e m e n t o f s u m o f squares was used for d e n d r o g r a m con­

s t r u c t i o n (WARD 1 9 6 3 , L E G E N D R E a n d L E G E N D R E 1 9 9 8 ) . B o t h o r d i n a t i o n a n d classifica­

t i o n were p e r f o r m e d by S Y N - T A X 2 0 0 0 package (PODANI 2 0 0 1 ) . T h e n u m b e r o f 

i n t e r p r e t e d groups was selected based o n p r o p o r t i o n o f clusters w i t h m o r e t h a n 4 charac­

ter species (i.e. species w i t h p value l o w e r t h a n 1 0 ~ 9 i n the Fisher exact test; T i C H Y et al. 

2 0 0 8 ) . T h u s five clusters were separated a n d i n t e r p r e t e d . 

T h e re levé g roups were charac ter i sed by f a i t h f u l ( u h y p > 3 ) ( C H Y T R Y et al. 2 0 0 2 ) , 

cons tan t ( f requency h ighe r t h a n 6 0 % ) a n d d o m i n a n t (cover h ighe r t h a n 1 5 % at least 2 5 % 

o f the r e l evés b e l o n g i n g the g r o u p ) species a n d analysed o n the basis o f the f o l l o w i n g spe­

cies character is t ics : p h y t o g e o g r a p h i c a l area ( f lo ra l e l emen t ) ( H O R V Á T H et al. 1 9 9 5 ) , 

p h y t o s o c i o l o g i c a l character , social behav iou r type, wa te r a n d c o n t i n e n t a l i t y preference 

categories (BORHIDI 1 9 9 3 ) . T h e values o f features charac te r i s ing the g roups o f re levés 

were ca lcu la ted a c c o r d i n g to percentage p r o rata o f p l a n t mass, t h a t is, the s u m o f the cover 

values c o n c e r n i n g one feature has been expressed i n percentage o f s u m o f al l cover values 

o f al l species. 

T e s t i n g the associat ion be tween Linum dolomiticum a n d o ther species the u h y p sta­

tist ics was ca lcu la ted ( C H Y T R Y et al. 2 0 0 2 ) . Regard ing the h i g h n u m b e r o f pa i r -wise c o m ­

parisons, the c r i t i c a l value was set u p t o 3 , ins tead o f the genera l ly used 2 ( t h a t co r r e spond 

the 5 % p r o b a b i l i t y o f T y p e I e r r o r ) . T h e lists o f f a i t h f u l , cons tan t and d o m i n a n t species 

were d r a w n up a n d the associations be tween species were ca lcu la ted by J U I C E p r o g r a m m e 

( T i C H Y 2 0 0 2 ) . 

RESULTS 

The study o f species groups has resulted i n five groups o f separated 
relevés. 

Group I 

N u m b e r o f r e l e v é s : 5 0 . 

Charac ter i s t ics o f the g r o u p : 

- t y p i c a l exposure: N W , W ; 

- t o t a l cover o f vege ta t ion : 9 0 - 1 0 0 % ; 

- vege ta t ion type : s l igh t ly degraded closed d o l o m i t e grassland; Bromus pannonicus 

is absent; cover o f Quercuspubescens a n d Fraxinus ornus is 5 - 1 5 % ; 

- d iagnos t ic species: Anthyllis vulneraria, Fraxinus ornus, Genista pilosa, Linum 

dolomiticum, Phyteuma orbiculare and Quercus pubescens; 

- cons tan t species: Anthericum ramosum, Anthyllis vulneraria, Carex humilis, Fes­

tuca pallens, Fraxinus ornus, Genista pilosa, Globularia punctata, Helianthemum 

canum, Jurinea mollis, Linum dolomiticum, Phyteuma orbiculare, Quercus pubes­

cens, Teucrium montanum; 



- d o m i n a n t species: Antbericum ramosum, Carex humilis, Linum dolomiticum; 

- species charac te r i s t i cs : h i g h p r o p o r t i o n o f s u b - M e d i t e r r a n e a n f l o r a l e lements 

(Tab le 1); h i g h p r o p o r t i o n o f B r o m o - F e s t u c i o n pal lent is species, phy tosoc io log ica l 

c o m p o s i t i o n is s imi la r to g roup I I I (Table 2) ; h i g h p r o p o r t i o n o f suboceanic species 

( T a b l e 5). 

Group I I 

N u m b e r o f re levés : 66. 

Charac ter i s t ics o f the g roup : 

- t y p i c a l exposure: N W , W ; 

- t o t a l cover o f vege ta t ion : 8 0 - 9 5 % ; 

- vege ta t ion type : s l igh t ly degraded r o c k steppe; some o f the r e l evés represent close 

t o open grassland c o m m u n i t i e s a n d seem to be d e r i v e d f r o m r o c k steppe b y degra­

d a t i o n ; 

- d iagnos t ic species: Carlina vulgaris, Cbondrilla juncea, Dianthus pontederae a n d 

Si lene otites; 

- cons tan t species: Antbericum ramosum, Anthyllis vulneraria, Carex humilis, Festu­

ca pollens, Genista pilosa, Globularia punctata, Helianthemum canum, Jurinea 

mollis, Teucrium montanum; 

- d o m i n a n t species: Carex humilis; 

- species character is t ics : h i g h p r o p o r t i o n o f s u b - M e d i t e r r a n e a n , P o n t i c - s u b - M e d i -

te r ranean a n d A t l a n t i c - s u b - M e d i t e r r a n e a n f l o r a l e lements (Tab l e 1 ) ; h i g h p r o p o r ­

t i o n o f specialists (Table 3); h i g h p r o p o r t i o n o f x e r o t h e r m species (Tab le 4 ) ; rela­

t i v e l y h i g h c o n t i n e n t a l i t y preference (Table 5) . 

Group III 

N u m b e r o f re levés : 52. 

Charac ter i s t ics o f the g roup : 

- t y p i c a l exposure: N , N W ; 

- t o t a l cover o f vege ta t ion : 9 5 - 1 0 0 % ; 

- vege ta t ion t ype : t y p i c a l c losed d o l o m i t e grassland; herb layer o f o p e n Quercus 

pubescens w o o d l a n d s ; cover o f Quercus pubescens a n d Fraxinus ornus is 3 0 - 4 0 % ; 

- d iagnost ic species: Allium montanum, Biscutella laevigata, Bromus pannonicus, 

Campanula rotundifolia agg., Chrysanthemum lanceolatum, Daphne cneorum, Fra­

xinus ornus, Genista pilosa, Helianthemum ovatum, Phyteuma orbiculare, Vince-

toxicum hirundinaria; 

- cons tan t species: Antbericum ramosum, Anthyllis vulneraria, Asperula cynancbica, 

Biscutella laevigata, Bromus pannonicus, Campanula rotundifolia agg., Carex hu­

milis, Festuca pollens, Fraxinus ornus, Genista pilosa, Globularia punctata, Helian­

themum canum, Phyteuma orbiculare, Sanguisorba minor, Scabiosa canescens, 

Teucrium montanum; 



- d o m i n a n t species: Bromus pannonicus, Carex humilis; 

- species cha rac t e r i s t i c s : the h i g h e s t p r o p o r t i o n o f c o n t i n e n t a l f l o r a l e l emen t s 

( T a b l e 1). 

Group IV 

N u m b e r o f r e l evés : 5 1 . 

Charac ter i s t ics o f the g r o u p : 

- t y p i c a l exposure: S, S W ; 

- t o t a l cover o f vege ta t ion : 5 - 2 5 % ; 

- vege ta t ion type : s l igh t ly degraded type o f open d o l o m i t e r o c k grassland; one pa r t 

o f the re levés seems t o be d e r i v e d f r o m r o c k steppe b y degrada t ion ; 

- d iagnos t ic species: Alyssum tortuosum, Asperula cynanchica, Euphorbia seguie-

riana, Fumanaprocumbens,Jovibarba hirta agg., Linum dolomiticum, Seseli leuco-

spermum, Thymus praecox; 

- cons tan t species: Antbericum ramosum, Asperula cynanchica, Carex humilis, Eu­

phorbia seguieriana, Festuca pallens, Fumana procumbens, Helianthemum canum, 

Jovibarba hirta agg., Linum dolomiticum, Potentilla arenaria, Scabiosa canescens, 

Seseli leucospermum, Teucrium montanum, Thymus praecox; 

- d o m i n a n t species: -

- species character is t ics : the h ighes t p r o p o r t i o n o f C e n t r a l European a n d I l l y r i c 

f l o r a l elements ( T a b l e 1); the h ighes t p r o p o r t i o n o f the B r o m o - F e s t u c i o n pa l len t i s 

a n d i nd i f f e r en t species (Tab l e 2 ) ; the highest p r o p o r t i o n o f the x e r o t o l e r a n t spe­

cies (Tab le 4 ) . 

Group V 

N u m b e r o f re levés : 58. 

Charac ter i s t ics o f the g r o u p : 

- t y p i c a l exposure: SE, S, S W ; 

- t o t a l cover o f vege ta t ion : 1 0 - 3 5 % ; 

- vege ta t ion type : open d o l o m i t e r o c k grassland; 

- d iagnos t ic species: Carex liparicarpos, Dianthus plumarius subsp. regis-stephani, 

Euphorbia seguieriana, Festuca pallens, Fumana procumbens, Jovibarba hirta agg., 

Scorzonera austriaca, Seseli leucospermum, Thymus praecox; 

- cons tan t species: Antbericum ramosum, Carex humilis, Carex liparicarpos, Euphor­

bia seguieriana, Festuca pallens, Fumana procumbens, Helianthemum canum, 

Potentilla arenaria, Scabiosa canescens, Seseli leucospermum, Teucrium montanum, 

Thym us praecox; 

- d o m i n a n t species: -

- species character is t ics : h i g h p r o p o r t i o n o f sub -Med i t e r r anean , P o n t i c - s u b - M e d i -

te r ranean a n d A t l a n t i c - s u b - M e d i t e r r a n e a n floral elements (Tab l e 1); h i g h p r o p o r ­

t i o n o f the Festucetal ia valesiacae a n d Fes tuc ion vaginatae species ( T a b l e 2 ) . 



Accord ing to the u h y p values, no species was found to be associated po­
sitively or negatively w i t h Linum dolomiticum. 

D I S C U S S I O N 

Previous phytosociological study o f the habi ta t o f L i n u m dolomiticum 
proved that this species occurs on remarkably different habitats and under 
various ecological circumstances: either i n nor thern-nor thwestern exposi­
t ion i n closed do lomi te rock grassland and i n the herb layer o f Quercus 
pubescens-Fraxinus ornus woodlands or i n southern exposition i n open do­
lomi te rock grassland ( D O B O L Y I 2003, 2005). 

T a b l e 1 . T h e p h y t o g e o g r a p h i c a l spec t rum o f the g roups o f r e levés ( r a n k i n g accord ing to 

H O R V Á T H etal. (1995) (expressed i n percentage) 

Groups o f relevés 

Arca I I I I I I I V V 

Adventive 0.3 0.1 0.5 0.1 0.2 

Cosmopolitan - 0.2 0.4 0.6 0.2 

Circumpolar 3.0 2.3 2.8 3.8 2.3 

Eurasian 3.2 2.S 4.4 •1.2 2.5 

Continental 11.7 10.1 18.4 14.0 12.3 

European 7.2 3.5 6.7 6.8 4.9 

Central European 21.8 18.9 16.4 22.4 19.8 

Sub-Mediterranean 14.5 18.7 16.6 9.1 20.9 

East-sub-Mediterranean 4.6 0.7 2.1 3.2 0.8 

Pontic - - 0.5 0.4 0.1 

Pontic-sub-Mediterranean 4.2 10.9 5.4 2.9 10.6 

Pontic-Pannonian 2.0 1.7 1.5 2.3 1.8 

Atlantic-sub-Mediterranean 5.7 8.9 5.4 3.6 9.7 

Sub-Atlantic 5.3 0.8 4.2 4.6 0.9 

Sarmatic 0.9 3.4 2,i 1.3 3.0 

Illyric 3.6 0.1 2.5 13.2 0.0 

Pannonian-Balkan 2.1 1.9 2.3 1.6 2.1 

Alpin-Balkan 0.3 - 0.8 0.3 0.1 

Carpathian endemic 0.3 0.9 0.2 0.3 1.0 

Pannonian endemic 1.8 5.5 2.5 1.6 6.4 

Local endemic 7.4 8.8 3.9 3.6 -



T a b l e 2 . D i s t r i b u t i o n o f p h y t o s o c i o l o g i c a l charac ters ( B O R H I D I 1993) (expressed i n 

percentage) 

Groups o f relevés 

Phytosociological character I I I I I I I V V 

Sedo-Scleranthetea - 0.1 0.1 - -
Festuco-Brometea 11.6 13.4 16.2 13.5 13. 

Festucetalia valesiacae 38.1 38.8 42.0 34.4 44. 

Festucion valesiacae OA 0.3 0.5 0.2 0. 

Asplenio-Festucion pallentis 1.2 3.3 1.7 1.8 4. 

Bromo-Festucion pallentis 25.2 23.7 20.7 30.5 17. 

Festucetalia vaginatae 0.9 4.1 1.0 0.2 3. 

Festucion vaginatae 2.3 8.9 3.0 1.2 9. 

Molinio-Arrhenatheretea 0.1 - - 0.2 -
Erico-Pinetea 0.3 0.1 0.5 0.1 0. 

Querco-Fagetea - - - 0.3 -
Quercetalia pubescentis-petraeac 5.0 2,1 3.1 2.X 2. 

Orno-Ostryon 6.0 0.7 2.5 4.5 0. 

Fagion sylvaticae 0.3 0.1 0.1 - 0. 

Prunetalia spinosae 0.2 - 0.1 0.1 -

Indifferent 8.4 2.2 8.4 10.1 2. 

T a b l e 3. D i s t r i b u t i o n o f the social b e h a v i o u r types ( B O R H I D I 1993) (expressed i n per­

centage) 

Groups o f relevés 

Social behaviour type I I I I I I I V V 

Unique specialists 7.4 8.8 3.9 3.4 -
Rare specialists 0.2 - 0.2 0." -
Unique generalists - - - 0.2 -
Specialists 19.3 29.3 19.9 17.5 32.4 

Competitors 32.2 15.8 32.6 37.4 19.6 

Generalists 38.6 44.7 39.5 37.9 46.6 

Natural pioneers - 0.1 0.1 - -
Disturbance to lé ran ts 2.0 1.2 3.3 2.6 1.2 

Introduced alien species 0.3 0.1 0.5 0.1 0.2 



T a b l e 4 . D i s t r i b u t i o n o f the wate r preference categories ( B O R H I D I 1993) (expressed i n 

percentage) 

Groups o f relevés 

Water preference categories I I I I l l I V V 

1 21.1 45.4 22.5 14.9 37.6 

2 21.5 24.3 23.4 18.9 26.2 

3 47.4 26.0 46.5 55.6 31.0 

4 8.2 4.1 6.8 8.7 5.0 

5 1.8 0.1 0.7 1.6 0.2 

6 - - - 0.1 -
7 - - 0.1 0.2 -

8 - 1 2 - - - - -
Categorisation of water preference: 1 = plants o f extremely dry habitats or bare rocks; 2 = xero-indi-
cators on habitats w i t h long dry period; 3 = xerotolerants, but eventually occurring on fresh soils; 4 = 
plants o f semi-dry habitats; 5 = plants o f semi-humid habitats, under intermediate conditions; 6 = plants 
of fresh soils; 7 = plants o f moist soils not drying out and well aerated; 8 = plants o f moist soils tolerat­
ing short floods; 9 = plants o f wet, not well aerated soils; 10 = plants o f frequently flooded soils; 11 = 
water plants wi th floating or partly emergent leaves; 12 = water plants, most wholly submersed in water. 

T a b l e 5. D i s t r i b u t i o n o f the c o n t i n e n t a l i t y preference categories (BORHIDI 1993) (ex­

pressed i n percentage) 

Groups o f relevés 

Continentali ty preference 
categories 1 1 1 1 1 I V V 

1 - - - - -

2 0.3 0.1 0.2 0.1 0.2 

3 8.0 4.6 5 ,1 8.6 4.7 

4 49.3 31.3 42.0 48.9 37.3 

5 20.9 25.6 29.0 26.0 26.4 

(. 15.0 23.8 14.5 11.2 15.9 

7 6.4 14.6 8.2 5.0 15.3 

8 0.1 - 0.7 0.1 0.1 

9 - - - - -
Categorisation o f continentality preference: 1 = euoceanic species, reaching Central Europe only in 
the extreme West, not in Hungary; 2 = oceanic species, mainly in West Europe and western Central 
Europe; 3 = oceanic-suboceanic species, area i n whole Central Europe; 4 = suboceanic species, 
mainly in Central Europe but reaching to East; 5 = intermediate type w i t h slight suboceanic-subcon-
tinental character; 6 = subcontinental species, main area in eastern Central Europe; 7 = continen­
tal-subcontinental species, main area in East Europe; 8 = continental species reaching only eastern 
part o f Central Europe; 9 = eucontinental species, main area in Siberia and East Europe reaching 
scarcely the eastern part o f Central Europe. 



T h e special d i s t r ibu t ion pa t te rn o f Linum dolomiticum suggests that this 
species migh t have some preference either to vegetation types or to some 
plant species or to groups o f species or to any o f ecological factors. The 
present study has shown that the d i s t r ibu t ion pat tern cannot be explained 
by the phytosociological pa t tern o f the area. 

A l though Linum dolomiticum occurs i n all five types o f non-forested 
vegetation i n its geographical range, i t prefers group 1 and 4, i.e. the slightly 
degraded open and closed dolomi te rock grassland. These two groups rep­
resent two dis t inct vegetation types; lists o f their diagnostic species do not 
overlap except Linum dolomiticum itself. I t suggests that Linum dolomiticum 
has a private habitat preference. I t has been supported by the fact that there 
are no species significantly associated to Linum dolomiticum. These results 
show that - w i t h i n the non-forested parts o f its range - the d i s t r ibu t ion o f 
Linum dolomiticum has been determined by factors other than the co-
occurring species. This factor may possibly be the d i s t r ibu t ion o f its mycor-
rhiza partner fungi. 
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