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The high-altitude serpentine flora of Mt Belasitsa (Bulgaria)
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Abstract. The preliminary data on the high-mountain serpentine flora of the Mt Belasitsa was presented. The specificity 
of the serpentine flora is determined by the characteristics of the climate, relief and biogeohistory of the area. 
As a result of the investigation, 115 taxa of higher plants from 37 families and 80 genera are established. 
The flora is mainly composed of Submediterranean, Euroasian, and European geoelements. The presence of 
Oriental-Turanian geoelements is rather low but the number of alpine species is higher, as compared to other 
serpentine areas in Bulgaria. The endemic elements are predominantly Balkan species. Serpentine endemics 
were not found. 
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Introduction

Due to their physical and chemical composition, ul-
tramafic soils (traditionally referred to as serpentine) 
are famous for their distinctive flora and vegetation, as 
compared to adjacent non-serpentine areas. Ultrama-
fic soils are frequently shallow, deficient in nutrients, 
with high Mg/Ca ratio, and relatively high concentra-
tions of potentially toxic metals, such as Ni, Cr, and 
Co (Proctor & Woodell 1975; Backer & al. 1992; Rob-
erts & Proctor 1992). These characteristics support a 
unique serpentine flora, a flora which presents taxo-
nomical, phytogeographical and ecological phenom-
ena of great interest.

The influence of ultramafic soils on the speciation 
process and species richness has been the subject of 
much investigation (Kruckeberg 1984, 1992; Brooks 
1987; Roberts & Proctor 1992). The high number of 
endemics indicates the importance of serpentine hab-
itats as centres for floristic differentiation and speci-
ation, and this endemism ranges from strictly local 
(a single outcrop) to regional and widespread occur-
rences (Kruckeberg 1984). Serpentine areas also ap-

pear to be important refugia for many nonendemic 
native species, since they are relatively little invaded 
by other plant communities. These unique character-
istics gave us grounds to concentrate on the serpen-
tine flora of Bulgaria. This flora distributed between 
300–700 m a.s.l. in different regions of the country 
(Rhodopi Mts, Mt Vlahina and Mt Ograzhden) has 
been subject of recent studies (Pavlova & al. 2003; 
Pavlova 2004, 2007; Pavlova & Nedelcheva 2006), but 
it is still insufficiently investigated, especially at high 
altitudes. One such serpentine area occurs on Mt Be-
lasitsa, which lies in Bulgaria, Greece, and Macedonia. 
Although the flora of Mt Belasitsa has been subject of 
earlier studies, the authors then have not focused on 
the serpentine flora. A detailed analysis of the flora 
and vegetation of that mountain was published by Sto-
janov (1921). Although the author has mentioned the 
presence of serpentine rocks around peak Demir Ka-
piya in the western and southern parts of the moun-
tain, the serpentine flora was not studied. New data 
about the vascular flora of forest and shrubland com-
munities of Mt Krousia and Mt Beles (Belasitsa) were 
provided by Fotiadis & Athanasiadis (2008), but their 
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study did not mention the presence of a serpentine 
terrain in the southern part of Mt Belasitsa and did 
not focus on the high-altitude flora and vegetation. 
Other earlier works include a survey of the vegetation 
and flora of Southwest Bulgaria, including Mt Belasi-
tsa (Velchev & Tonkov 1986) and data on the flora of 
the Bulgarian part of the mountain in terms of new 
floristic records (Kostadinova & Dimitrov 2002). 

A primary floristic analysis is therefore essential in 
order to better understand the origin and specificity 
of the serpentine flora of Mt Belasitsa and its relation 
to similar floras in other parts of the Balkan Penin-
sula. Geographic isolation by altitude in high moun-
tains and edaphic differentiation by soil types may 
underlie plant endemism in such regions (Médail & 
Quézel 1997). Serpentine outcrops can be regarded as 
inland formations in mainland environments and bi-
ogeographic theory may help understand their species 
richness and species distribution (Kruckeberg 1991; 
Chiarucci & De Dominicis 2001; Selvi 2007). 

The aim of the paper is to present data on the com-
position and diversity of the high-altitude serpentine 
flora of Mt Belasitsa, including on taxonomical struc-
ture, endemism, and conservation status, and to com-

pare the results with other serpentine regions in Bul-
garia and the neighbouring Balkan countries. 

Study area

Mount Belasitsa is part of the South Bulgarian moun-
tain climatic region, with Mediterranean influence 
(Tishkov 1982), or the Continental-Mediterranean 
region (Velev 2002). This mountain region displays 
higher winter and summer temperatures, as compared 
to the other climatic regions in Bulgaria, and precip-
itation is characterized by an autumn-winter maxi-
mum and a summer minimum (Velev 2002).

According to the geobotanical division of Bulgar-
ia (Bondev 2002), the study area lies in both the Bal-
kan Province (Belasitsa) and the Macedonian-Thra-
cian Province (Blagoevgrad region). The study area 
comprises two rocky, north-facing serpentine slopes 
located in the area of peak Demir Kapiya, at 1610 m 
and 1700 m respectively (Fig. 1). The serpentine ar-
eas lie within the upper part of the Fagus vegetation 
belt (Velchev & Tonkov 1986). These open habitats are 
dominated by subalpine floristic elements, such as Ju-

Fig. 1. UTM Grid Map of the study area.
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niperus pygmaea, Vaccinium myrtillus, V. uliginosum, 
Bruckenthalia spiculifolia, Chamaecytisus absinthio-
ides, Nardus stricta, Festuca valida, Deschampsia ces-
pitosa, Agrostis capillaris, etc. The overall vegetation in 
this belt corresponds to the climatic conditions, espe-
cially to humidity (Stojanov 1921; Fotiadis & Athana-
siadis 2008).

Material and methods

Fieldwork was carried out in July 2006. Plant material 
was collected from all serpentine bodies, which were 
approximately 600 m2 each. These areas lie in quad-
rants FL-67 and FL–77 of the UTM grid map of Bul-
garia (1: 1500000) and are designated by numbers 1 
and 2 respectively (Fig. 1). The serpentine areas stud-
ied earlier in Mt Ograzhden and Mt Vlahina are also 
indicated. Specimens were determined according to 
the Flora of Bulgaria and Flora Europaea, and nomen-
clature follows entirely Jordanov (1963-1979), Velchev 
(1982-1985) and Kozhuharov (1992, 1995). Voucher 

specimens have been stored in the Herbarium of Sofia 
University (SO), and the final checklist has been add-
ed to the database of the Bulgarian Serpentine Collec-
tion, which is part of the general Herbarium collec-
tion at SO. 

The list of taxa is presented in Appendix I. Site 
number follows each taxon name and endemic taxa 
are indicated by an asterisk (*). The numbers of vouch-
er sheets deposited in the Herbarium of the Sofia Uni-
versity (SO) are also indicated. All taxa unknown ear-
lier from the West Frontier Mts floristic region are 
marked with “N”. 

The geoelement characteristic of the taxa follows 
Assyov & Petrova (2006). The calculation of percent-
age values is based on the data presented by Kozhuha-
rov (1992).

Similarity indices were calculated for all possible 
pairwise combinations of investigated serpentines in 
the West Frontier Mts (Fig. 1). The index used was: 
I = 2C: (A + B), where A is the total number of taxa in 
one mountain, B is the total number of taxa in the oth-
er, and C is the number of shared taxa. 

Appendix I.     List of plants

B r yo p hy t a

Dicranaceae
Dicranum scoparium Hedw. – 2

Grimmiaceae
Racomitrum canescens Hedw. – 2

Pottiaceae
Syntrichia ruralis (Hedw.) F. Weber & D. Mohr – 1

Polytrichaceae 
Polytrichum piliferum Hedw. – 2
Pogonatum urnigenum (Hedw.) P. Beauv. – 2

Po l y p o d i o p hy t a

Aspleniaceae
Asplenium septentrionale (L.) Hoffm. – 2; SO 104 572
A. trichomanes L. – 1, 2; SO 104 567 
Ceterach officinarum DC. – 1

Aspidiaceae
Dryopteris filix-mas (L.) Schott – 2
D. carthusaiana (Vill.) H.P. Fuchs – 2
Gymnocarpium dryopteris (L.) Newman – 2; SO 104 577, 104 897

Athyriaceae
Cystopteris fragilis (L.) Bernh. – 1; SO 105 526, 105 518

Polypodiaceae
Polypodium vulgare L. – 1

S p e r m at o p hy t a

P i n o p hy t i n a

Cupressaceae
Juniperus pygmaea C. Koch – 1; SO 104 616

M a g n o l i o p hy t i n a

Apiaceae
Ligusticum mutellina (L.) Crantz – 2; N; SO 104 887
Peucedanum austriacum (Jacq.) W.D.J. Koch – 2; N; SO 104 881
Seseli rigidum Waldst. & Kit. – 1

Asteraceae
Achillea coarctata Poir. – 1
A. millefolium L. – 2
Antennaria dioica (L.) Gaertn. – 1, 2; SO 104 624,104 566
Anthemis carpatica Willd. – 1, 2; SO 105 527, 105 508
A. tenuiloba (DC.) R. Fern. – 1; N; SO 105 021
Centaurea rhenana Boreau – 1; SO 105 528 
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C. triumfetti All. – 1; SO 104 982
Crepis conyzifolia (Gouan) A. Kern. – 1
Doronicum austriacum Jacq. – 2; SO 105 522
Hieracium cymosum L. – 2; SO 105 036
H. hoppeanum Schult. – 2; SO 104 989
H. pilosella L. – 2; 104 995  
Hypochaeris radicata L. – 1, 2; SO 104 988
Jurinea mollis (L.) Rchb. – 1; SO 104 994, 105 039
Leontodon hispidus L. – 1, 2; SO 104 985, 105 504
Senecio papposus (Rchb.) Less. – 1; SO 105 001

Brassicaceae
Alyssum murale Waldst. & Kit. – 1, 2; SO 105 502
Cardamine resedifolia L. – 1, 2; SO 104 990
Thlaspi praecox Wulfen. subsp. praecox – 1, 2; SO 104 599

Campanulaceae
Campanula glomerata L. – 1; SO 105 517
C. rotundifolia L. – 1
*C. velebitica Borbás – 1

Caryophyllaceae
Arenaria serpyllifolia L. – 2
Cerastium alpinum L. – 1
*C. decalvans Schloss. subsp. macedonicum (T. Georgiev) Stoj. & 

Stef. – 1, 2; N; SO 104 879, 104 882
Dianthus petraeus Waldst. & Kit. – 1, 2; SO 104 626, 104 570
D. superbus L. – 2
Minuartia recurva (All.) Schinz & Thell. – 2; SO 105 044
Scleranthus annuus L. – 2; 104 564
S. neglectus Rochel ex Baumg. – 2; SO 104 554
Silene armeria L. – 2; SO 105 029
Stellaria graminea L. – 1

Crassulaceae
Sedum annuum L. – 1, 2; N; SO 104 563

Cuscutaceae
Cuscuta epithymum (L.) L. – 2

Dipsacaceae
Scabiosa ochroleuca L. – 2; SO 105 014

Ericaceae
Bruckenthalia spiculifolia (Salisb.) Rchb. – 1, 2; SO 105 040
Vaccinium myrtillus L. – 2; SO 104 557
V. vitis-idaea L. – 1; SO 105 525  

Euphorbiaceae
Euphorbia barrelieri Savi – 1, 2

Fabaceae
*Chamaecytisus absinthioides (Janka) Kuzmanov – 2; SO 104 618
Ch. hirsutus (L.) Link – 1

Genista carinalis Griseb. – 2; SO 104 639
G. depressa M. Bieb. – 2
G. sagitalis L. – 1, 2
Lotus angustissimus L. – 1, 2; N; SO 104 885
Trifolium aureum Pollich – 2; SO 105 013
T. hybridum L. – 2; SO 104 613
T. medium L. – 2; SO 105 015

Hypericaceae
Hypericum barbatum Jacq. – 1, 2; N; SO 104 895
H. olympicum L. – 1

Juncaceae
Luzula campestris (L.) Lam. & DC. – 1; SO 105 516
L. italica Parl. – 1, 2

Lamiaceae
Acinos alpinus (L.) Moench – 2
A. suaveolens (Sm.) G. Don fil. – 1
Mentha spicata L. – 2; SO 105 000
Thymus callieri Borbás ex Velen. subsp. urumovii Velen. – 2; N; 

SO 104 894
T. thracicus Velen. – 2; N; SO 104 893

Liliaceae
Allium paniculatum L. subsp. paniculatum – 2
*Lilium albanicum Griseb. – 2

Poaceae
Anthoxanthum odoratum L. – 1
Festuca dalmatica (Hack.) K. Richt. – 2
F. nigrescens Lam. – 2
*F. picturata Pils – 2; N; SO 105 049
Koeleria schurii Ujhelyi – 1, 2; SO 105 005
Lerchenfeldia flexuosa (L.) Schur subsp. montana (L.) Tzvelev – 1, 

2; SO 105 050
Phleum alpinum L. – 2
P. phleoides (L.) Karst. – 2
Poa alpina L. – 1, 2; SO 105 524
P. compressa L. – 1
P. media Schur – 2; N; SO 104 888

Polygonaceae
Pleuropteropyrum undulatum (A. Murray) A. Löve & D. Löve – 1
Rumex acetosella L. – 1; SO 105 006

Polygalaceae
Polygala major Jacq. – 2; SO 104 556

Plantaginaceae
Plantago subulata L. – 1, 2; SO 103 357

Plumbaginaceae
*Armeria alpina Willd. – 1, 2; N; SO 104 605
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Ranunculaceae
Ranunculus montanus Willd. – 2; SO 104 597
R. polyanthemos L. subsp. polyanthemos – 2; SO 105 048

Rosaceae 
Alchemilla glaucescens Wallr. – 2
Cotoneaster integerrimus Medicus – 1
Fragaria viridis Duchesne – 2; SO 104 550
Potentilla argentea L. – 1; SO 105 045
P. erecta (L.) Raeusch. – 1
P. haynaldiana Janka – 2; SO 104 505
P. pedata Willd. – 2; SO 104 993
Rosa canina L. – 1
R. caryophyllacea Besser – 1, 2
R. pimpinellifolia L. – 1

Rubiaceae
Asperula cynanchica L. – 1, 2; SO 105 009
Galium album Mill. – 2
G. pseudoaristatum Schur – 2

Santalaceae
Thesium alpinum L. – 1, 2; N; SO 104 352

Saxifragaceae
Saxifraga paniculata Mill. – 1, 2; SO 104 559, 105 505

Scrophulariaceae
*Pedicularis leucodon Griseb. – 1
*Digitalis viridiflora Lindl. – 1
*Veronica orbelica (Peev) Peev – 2; N; SO 104 892
V. officinalis L. – 2

Thymelaeceae
Daphne oleoides Schreb. – 2; SO 104 551

Violaceae
*Viola stojanowii W. Becker – 1, 2; SO 104 569

Results and discussion

Taxonomic structure

The preliminary list of high-altitude serpentine flo-
ra of Mt Belasitsa consists of 115 species and infra-
specific taxa, belonging to 80 genera and 37 families 
(Appendix I). Five (4.34 % of all taxa) members of Bry-
ophyta and eight (6.95 %) Pteridophytes were docu-
mented. The Pteridophyte species represent four fami-
lies, six genera and eight species, and their percentage 
composition is the highest yet reported of serpentines 
in Bulgaria. Monocotyledons account for 13.04 % of 
angiosperms in the studied area, comprising 8.1 % of 
the families, 11.25 % of the genera, and 13.04 % of the 
species and infraspecific taxa (Table 1). The Poaceae 
family is the largest among the monocots, with 73.33 % 
of the species and 9.56 % of the total flora. The second 
largest monocot family is Liliaceae.

Dicotyledons are dominant at family (67.56 %), 
genera (73.75 %) and species and infraspecific tax-
on (74.78 %) levels. The leading families are Asterace-
ae, Caryophyllaceae, Poaceae, Fabaceae, and Rosaceae 
(Table 2). These families are also among the largest at 
other investigated serpentine sites (Pavlova & al. 2003; 
Pavlova 2004; Pavlova & Nedelcheva 2006).

The species/genus ratio was calculated to indicate 
the distribution of taxa in the family (Table 2). Aster-
aceae is the family with the highest number of species 
(16) and a species/genus ratio of 1.45. In the case of 
Campanulaceae family this ratio is 3, indicating that 
more species are distributed within the same genus. 
The two investigated sites differ by the number of spe-
cies found. The families represented by more than five 
taxa in both sites are shown in Fig. 2. The families 
Poaceae, Caryophyllaceae and Fabaceae are better rep-
resented in site 2, while Asteraceae and Rosaceae are 
better represented in site 1.

Table 1. Number of families, genera, species and infraspecific taxa for the basic taxa.

Taxonomical level
Bryophytes Pteridophytes Gymnosperms

Angiosperms
All 

totalMonocots Dicots
total % total % total % total % total %

Family 4 10.81 4 10.81 1 2.70 3 8.10 25 67.56 37
Genus 5 6.25 6 7.50 1 1.25 9 11.25 59 73.75 80
Species and infraspecific taxa 5 4.34 8 6.95 1 0.86 15 13.04 86 74.78 115
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Table 2. Number of genera, species and infraspecific taxa in 
families represented by two or more species and the species/
genus ratio.

Family Genera Species Species:
Genustotal % total %

Asteraceae 11 14.47 16 14.4 1.45
Caryophyllaceae 7 7.89 10 8.1 1.42
Poaceae 5 6.50 10 9.0 2
Rosaceae 4 6.57 9 9.0 2.25
Fabaceae 4 5.26 9 8.1 2.25
Lamiaceae 3 3.94 5 4.5 1.66
Scrophulariaceae 3 3.94 4 2.7 1.33
Apiaceae 3 3.94 3 2.7 1
Brassicaceae 3 3.94 3 2.7 1
Aspidiaceae 2 2.63 3 2.7 1.5
Ericaceae 2 2.63 3 2.7 1.5
Rubiaceae 2 2.63 3 2.7 1.5
Liliaceae 2 2.63 2 1.8 1
Polygonaceae 2 2.63 2 1.8 1
Campanulaceae 1 1.31 3 2.7 3

Perennial plants claimed a greater percentage of the 
studied flora (78.3 %), followed by shrubs (9.43 %), bi-
ennial-perennials (3.77 %), semi-shrubs (2.83 %), an-
nuals and annuals-biennials (1.8 %). The higher per-
centage of shrubs and the lower participation of the 
annuals found is probably due to the high elevation of 
the study area. This result differs from all earlier ser-
pentine areas studied in Bulgaria. Of the 115 record-
ed taxa, three (Viola stojanowii, Lilium albanicum and 
Armeria alpina) are listed in the Red Data Book of Bul-
garia (Velchev 1984). Veronica orbelica is the only spe-
cies included in the Atlas of Bulgarian Endemic Plants 
(Petrova 2006). 

Geoelement composition

The flora is mainly composed of Submediterranean 
(28.3 %), Euroasian (18.86 %) and European (16.03 %) 
geoelements (Fig. 3). The percentage of circumbore-
al (12.26 %) and alpine geoelements (11.32 %) is quite 
high, as compared to other serpentine areas in Bulgar-
ia. In spite of the relatively southern location of Mt Be-
lasitsa in Bulgaria, the percentage of typical Mediter-
ranean species in the study area is quite low (3.77 %). 
This fact corresponds to the data provided by Stojanov 
(1921) about the mountain.

Fig. 2. Comparison of the families presented with more than fi ve 
taxa in site 1 and site 2.

Fig. 3. Spectra of the main geoelements on ultramafi c rocks 
studied.

The endemic elements constitute 11.32 % of all 
geoelements. They are predominantly Balkan spe-
cies. Veronica orbelica is the only Bulgarian endem-
ic found in the study area. Such percentages of en-
demics and subendemics distributed on serpentines 
have not been established so far for Bulgaria. This 
fact can be explained with the location of the inves-
tigated sites in the subalpine vegetation belt where, 
as a rule, the higher number of species forming the 
floristic complex of the mountain is found. Serpen-
tine endemics were not found. The local endemics 
for this mountain, Viola stojanowii and Lilium alban-
icum, are found in serpentine areas too. Lilium al-
banicum is cited also on serpentines in Mt Ozren in 
Serbia (Pavlović 1953).

Similarity index

The similarity indices between the serpentine floras 
of Mt Belasitsa, Mt Ograzhden, and Mt Vlahina were 
calculated (Table 3). The results show low similari-
ty indices between Mt Belasitsa and the other South-
west Bulgarian mountains. The serpentine floras of 
Vlahina and Ograzhden mountains shared most of 
the taxa (76). 
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Table 3. The similarity index calculated for the serpentine 
floras in the southwest Bulgarian mountains. 

Index of
si milarity

Number 
of shared taxa

Mt 
Belasitsa

Mt 
Ograzhden

Mt 
Vlahina

Mt Belasitsa 115 0.12 0.11
Mt Ograzhden 14 125 0.34
Mt Vlahina 25 76 342

Conclusions

These preliminary data indicate that the serpentine 
flora of Mt Belasitsa is unique in relation to the other 
investigated regions in Bulgaria. The similarity indices 
between the Belasitsa/Vlahina serpentine floras and 
the Belasitsa/Ograzhden serpentine floras are rather 
low (0.11–0.12). This reflects the differences in alti-
tude, climatic and ecological conditions, and the dif-
ferential status of floristic exploration.

The flora is mainly composed of Submediterrane-
an, Euroasian and European geoelements. Distribu-
tion of some phytogeographical elements has shown 
marked differences: the number of circumboreal and 
alpine elements in the serpentine flora of Mt Belasitsa 
is rather high, as compared to all serpentine outcrops 
studied (Pavlova & al. 2003; Pavlova 2004; Pavlova & 
Nedelcheva 2006). In spite of the relatively southern 
location of the mountain (at the boundary of the Med-
iterranean influence), the number of steno-Mediterra-
nean geoelements is lower than that on the serpentine 
terrains in the Eastern Rhodopi Mts, Mt Ograzhden, 
and Mt Vlahina. This is probably due to the climatic 
conditions, and especially to the altitude of the study 
area. The percentage of Oriental-Turanian geoele-
ments (0.94 %) is rather low, as compared to the other 
serpentine areas in Bulgaria.

Species like Plantago subulata, Rumex acetosella, 
Arenaria serpyllifolia, Alyssum murale, Thlaspi prae-
cox, Minuartia recurva, Centaurea rhenana, etc. are 
characteristic of all serpentine areas in Bulgaria. The 
plants included in Kruckeberg’s group of bodenvag 
species is the largest one. 

The endemic elements are predominantly Balkan spe-
cies. The taxa restricted to the Balkan Peninsula plus the 
Carpathians constitute 5.77 %, and 0.94 % are restricted 
to the Balkan Peninsula plus Anatolia, or another smaller 
area. The local endemics constitute 1.8 % of the flora. 

As a result of this study, enhanced was the choro-
logical information about the taxa Ligusticum mutel-
lina, Peucedanum austriacum, Cerastium decalvans 
subsp. macedonicum, Sedum annuum, Hypericum 
barbatum, Thymus callieri subsp. urumovii, Thymus 
thracicus, Festuca picturata, Poa media, Armeria al-
pina, Thesium alpinum, Veronica orbelica, Anthemis 
tenuiloba, and Lotus angustissimus, and they were 
documented as new for the floristic region of Mt Be-
lasitsa.

Further floristic investigations are needed to fully 
document the flora of these interesting areas.

Acknowledgements. The authors are grateful to the anony-
mous reviewer for the useful comments and critical notes and to 
Assoc. Prof. Dr Anna Ganeva for the determination of mosses. The 
authors also want to extend their thanks to Dr James Back, Duke 
University, USA for correction of the English text.

References

Assyov, B. & Petrova, A. (eds.). 2006. Conspectus of the Bulgarian 
Vascular Flora. Distribution Maps and Floristic Elements. Ed. 
3. BBF, Sofia.

Backer, A., Proctor, J. & Reeves, R. 1992. The vegetation of ul-
tramafic (serpentine) soils. – In: Proc. 1st Int. Conf. Serpentine 
Ecol. Intercept, Andover.

Bondev, I. 2002. Geobotanic regioning. – In: Kopralev, I. (ed.), 
Geography of Bulgaria, Physical Geography. Socio-Economic 
Geography. Pp. 336-351. ForCom, Sofia (in Bulgarian).

Brooks, R. 1987. Serpentine and its Vegetation (A Multidisciplinary 
Approach). Dioscorides Press, Portland, Oregon.

Chiarucci, A. & De Dominicis, V. 2001. The diversity and richness 
of the serpentine flora of Tuscany. – Bocconea, 13: 557-560.

Fotiadis, G. & Athanasiadis, N. 2008. The vascular flora of for-
est and shrubland communities of Krousia and Belles Mts (NE 
Greece). – Phytol. Balcan., 14(3): 343-365.

Jordanov, D. (ed.). 1963-1979. Flora Reipublicae Popularis 
Bulgaricae. Vols. 1-7. Publishing House Bulg. Acad. Sci., Sofia 
(in Bulgarian).

Kostadinova, S. & Dimitrov, D. 2002. New data on the vascular 
flora of Mt Belasitsa. – Phytol. Balcan., 8(3): 293-306.

Kozhuharov, S. (ed.) 1992. Field Guide to the Vascular Plants in 
Bulgaria. Nauka & Izkustvo, Sofia (in Bulgarian).

Kozhuharov, S. (ed.). 1995. Flora Reipublicae Popularis 
Bulgaricae. Vol. 10. Publishing House Bulg. Acad. Sci., Sofia (in 
Bulgarian).

Kruckeberg, A.R. 1984. California Serpentines: Flora, Vegetation, 
Geology, Soils and Management Problems. California Univ. 
Press, California. 

7• Phytol. Balcan. 15(2) • 2009 



198 Asenov, A.I. & Pavlova, D.K. • The serpentine flora in the Mt Belasitsa (Bulgaria)

Kruckeberg, A.R. 1991. An essay: geoedaphics and island bioge-
ography for vascular plants. – Aliso, 13: 225-238.

Kruckeberg, A.R. 1992. Plant life of western North American 
ultramafics. – In: Robertis, B. & Proctor, J. (eds), The Ecology 
of Areas with Serpentinized Rocks: a World View. Pp. 31-73. 
Kluwer Acad. Publishers, Dordrecht.

Médail, F. & Quézel, P. 1997. Hot-spots analysis for conservation 
of plant diversity in the Mediterranean Basin. – Ann. Missouri 
Bot. Gard., 84: 112–127.

Pavlova, D. 2004. The serpentine flora in the Central Rhodopes 
Mountains, South Bulgaria. – In: Melovski, L. (ed.), Proc. Second 
Congr. Ecol. R Macedonia. Pp. 450-457. Macedonian Ecol. Soc., 
Ohrid.

Pavlova, D. 2007. Endemics and rare plants growing on serpen-
tines in the Rhodope Mts (Bulgaria). – In: Filipovski, G. & al. 
(eds), Coll. Papers Devoted to Acad. Kiril Micevski. Pp.157-169. 
Macedonian Acad. Sci. & Arts, Skopje.

Pavlova, D., Kozuharova, E. & Dimitrov, D. 2003. A floristic cata-
logue of the serpentine areas in the Eastern Rhodope Mountains 
(Bulgaria). – Polish J. Bot., 48(1): 21-41.

Pavlova, D. & Nedelcheva, A. 2006. The serpentine flora in 
the Vlahina Mountain (Southwest Bulgaria). – In: Pešsić, V. 
& Hadžiablahović, S. (eds), Proc. Second Int. Symp. Ecol. 
Montenegro. Pp. 251-257. Kotor, Montenegro.

Pavlović, Z. 1953. Contribution a la connessance de la flore ser-
pentinicole de la montagne Ozren, pres de Sjenica (Serbie). – 
Glasn. Prir. Muz. Beogradu, Ser. B, Biol. Nauke, 5-6: 3-19 (in 
Serbian).

Petrova, A. (ed.). 2006. Atlas of Bulgarian Endemic Plants. Gea-
Libris, Sofia.

Proctor. J, & Woodell, S. 1975. The ecology of serpentine soils. – 
Advances Ecol. Res., 9: 255-366.

Roberts, B. & Proctor, J. (eds). 1992. The Ecology of Areas with 
Serpentinized Rocks: a World View. Kluwer Acad. Publishers, 
Dordrecht.

Selvi, F. 2007. Diversity, geographic variation and conserva-
tion of the serpentine flora of Tuskany (Italy). – Biodivers. & 
Conservation, 16: 1423-1439.

Stojanov, N. 1921. Floristische materialien von dem Belassiza-
Gebirge. – God. Sofiisk. Univ. Fiz.-Mat. Fak., 15-16: 1-133.

Tishkov, H. 1982. Climatic regioning. – In: Galabov, Zh. (ed.), 
Geography of Bulgaria. Physical Geography. Natural Conditions 
and Resources. Vol. 1, pp. 240-247. Publishing House Bulg. Acad. 
Sci., Sofia (in Bulgarian).

Velchev, V. & Tonkov, S. 1986. Vegetation and flora of Southwest 
Bulgaria. – In: Botev, B. (ed.), Fauna of the Southwest Bulgaria. 
Vol. 1, pp. 20-43. Publishing House Bulg. Acad. Sci., Sofia.

Velchev, V. (ed.). 1982-1985. Flora Reipublicae Popularis 
Bulgaricae. Vols. 8-9. Publishing House Bulg. Acad. Sci., Sofia 
(in Bulgarian).

Velchev, V. (ed.). 1984. Red Data Book of Bulgaria. Plants. Vol. 1. 
Publishing House Bulg. Acad. Sci., Sofia.

Velev, S. 2002. Climatic regioning. – In: Kopralev, I. (ed.), 
Geography of Bulgaria, Physical Geography. Socio-Economic 
Geography. Pp.155-156. ForCom, Sofia (in Bulgarian).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


