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Abstract:

The vegetation of Ponor Mt. has not been studied systematically. Being a part of the national Natura

2000 network, this region deserves special attention regarding the knowledge of biodiversity. The recent
study was conducted during 2007-2010. Herbaceous vegetation was sampled and a total of 214 relevés
were collected. They were analysed by divisive classification methods. Six classes, 11 alliances, 13 as-
sociations and 4 subassociations were distinguished within Ponor Special Protection Area. Dry grasslands
of the Festuco-Brometea class are widespread. Restricted areas mostly in the pot-holes are occupied by
communities of Scheuchzerio-Caricetea fuscae. Hay meadows classified within Arrhenatheretalia are
situated close to the villages. Decreased grazing and mowing intensity appears to be the main threat for
biodiversity in grasslands. Over the last decade, due to the significant reduction in grazing intensity, large
areas covered by grasslands were converted into scrublands.
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Introduction

Vegetation studies in Bulgaria are nowadays in the
focus of scientific interest. The reason is the topical-
ity of the issues related to environmental protection.
Development of Natura 2000 network is particularly
strong driver in this respect because the habitats,
primarily determined on the basis of vegetation, are
subject of protection. The development of strategy
for preservation lands with high conservation value
is also linked to knowledge of diversity and specif-
ics of grassland vegetation in meadows and pastures
(VEEN et al. 2009).

Ponor Special Protection Area (further referred
to as Ponor SPA) occupies 31,376.99 ha and includes
great variety of vegetation types including forests and
grasslands. Grasslands in this area have not been sys-
tematically studied so far. Limited data on the com-
position and structure of herbaceous vegetation in
Ponor Mt. have been published by Jorbanov (1924),
Stoyanov (1947), MEesSHINEV et al. (2005), HAJEK et
al. (2008), PepasHENKO et al. (2010), VELEV et al.

(2010, 2011a, b) and VassILEV et al. (2012). Processes
of shrub invasion as a result of land abandonment
are observed by VassiLEv et al. (2011). On the other
hand, floristic diversity of Ponor SPA is represented
by 869 vascular plants belonging to 84 families and
364 genera and 60 bryophyte species of 2 classes,
25 families and 39 genera (PEDASHENKO, VASSILEV
2014). The state and trends of contemporary vegeta-
tion cover in this zone is important starting point for
further conservation measures and raising awareness
of stakeholders about the natural resources.

Data about vegetation classification and spe-
cies composition of plants are very important for
zoology. According to HorsAk et al. (2011), species
composition of plants is the best predictor for all cat-
egories of mollusc species richness and abundance.
Furthermore, the vegetation is an important struc-
tural feature of the lanscape and is of primary sig-
nificance for insect species (SODERSTROM et al. 2001;
Nikorov 2010).
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The main objective of this study is to reveal
the syntaxonomical diversity of grassland vegeta-
tion in Ponor SPA (BG0002005) and to outline the
main threats to this vegetation. The collected data
will contribute also to building the national vegeta-
tion classification.

Matherial and Methods

2.2. STUDY AREA LOCATION AND FIELD SAMPLING

The study area is situated at N43"06'E23"14'.
Elevation ranges between 380 and 1550 m. A total
of 214 relevés were sampled in grassland communi-
ties during 2007-2010 following the Braun-Blanquet
approach (BRAUN-BLANQUET 1965; WESTHOFF, VAN
DER MAAREL 1973). They were taken from central,
homogenous part of communities thus excluding
ecotone effect. Plot size was set at 16 m?, which is
recommended for grassland communities (CHYTRY,
Ortypkova 2003).

A total of 159 soil samples were collected from
relevé stands and were analyzed for electrical con-
ductivity (EC), pH and humus. Mixed soil samples
were taken from all corners and the centre of the plot
at a depth of 0-10 cm. Samples were air-dried be-
fore further analyses (ISO 11464:1994). EC and pH
were measured in water solution with 1:5 soil/water
ratio and pH-meter Jenway 3310 (ISO 10390:2005).
Humus was determined according to the modified
Turin method (Kononova 1966). All analyses were
performed at the Analytical Laboratory of Institute
of Biodiversity and Ecosystem Research at the
Bulgarian Academy of Sciences.

Altitude and location were measured by Garmin
eTrex Vista, aspect was determined by a compass,
and slope inclination was assessed visually. Soils
were classified as (1) shallow (<10 cm depth), (2)
moderately deep (10-20 cm) or (3) deep (>20 cm).
Special attention was paid on grazing as a prevailing
management for sampled vegetation. It was marked
as presence/absence.

2.3. DATA ANALYSIS

Original relevés, as well as those published to date
from the study area, were used in the analyses. All
samples are part of Bulgarian Phytosociological
database (ApostoLova et al. 2012). Modified
TWINSPAN (RoLECEK et al. 2009) was applied as
divisive classification method within JUICE 7.0 soft-
ware (Ticay 2002). Diagnostic species were defined
by Phi-coefficient (CuyTRY et al. 2002). Species in
synoptic tables were presented by two indicators:
Fidelity measure expressed by the Phi-coefficient
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and Constancy expressed in percentages. The Phi-
coefficient depends on the size of syntaxa. All relevé
groups were standardized to equal size (CHYTRY et
al. 2006). The Phi-coefficient calculated under the
standardized database is independent by the volume
of any cluster (Ticuy, HoLT 2006). Only statistically
significant values of Phi-coefficients evaluated with
Fisher’s exact test (P<0.05) are given in synoptic
table and the species were sorted by decreasing fi-
delity value. We accepted as diagnostic the species
with Phi-coefficient > 0.3 (multiplied by 100 in the
tables). Species with Phi-coefficient > 0.5 were con-
sidered highly diagnostic.

Species with cover > 50 % in minimum 5 % of
relevés for any cluster were considered as dominants.
In addition, species recorded in minimum 50 % of
relevés for any cluster were considered as constant.

Results

The study region includes diverse landforms and
all spectra of exposures. Variety of geographic fea-
tures determines the vegetation diversity. Within the
Ponor SPA, we found 6 classes, 11 alliances, 13 as-
sociations and 4 subassociations, included in the fol-
lowing syntaxonomical synopsis:

Class: Scheuchzerio-Caricetea fuscae Tiixen

1937

Order: Scheuchzerietalia palustris Nordhagen

1937

Alliance: Sphagno recurvi—Caricion canescentis

Passarge (1964) 1978

Association: Carici echinatae — Sphagnetum So6

1944

Alliance: Caricion canescenti-nigrae Nordhagen

1937

Association: Caricetum nigrae Braun 1915

Order: Caricetalia fuscae Koch 1926

Alliance: Sphagno warnstorfii — Tomenthypnion

nitentis Dahl 1956

Association: Geo coccinei — Sphagnetum contorti

Hajek et al. 2008

Subassociation typicum

Subassociation caricetosum lasiocarpae Hajek et

al. 2008

Alliance: Caricion davallianae Klika 1934

Association: Dactylorhizo cordigerae-Eriophore-

tum latifolii Hajek et al. 2008

Association: Carici flavae-Cratoneuretum filicini

Kovécs et Felfoldy 1960

Class: Phragmito-Magnocaricetea Klika in Klika

et Novak 1941

Order: Phragmitetalia Koch 1926

Alliance: Phragmition australis Koch 1926
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Association: Typhetum latifoliae Lang 1973
Class: Calluno-Ulicetea Br.-Bl. et Tiixen ex Klika
et Hadac 1944

Order: Nardetalia strictae Oberdorfer ex Preising
1949

Alliance: Nardion strictae Br.-Bl. 1926
Association: Nardetum strictae sensu lato

Class: Galio-Urticetea Passarge ex Kopecky 1969
Class: Molinio-Arrhenatheratea Tiixen 1937
Order: Arrhenatheretalia Tixen 1931

Alliance: Arrhenatherion elatioris Luquet 1926
Association: Ranunculo bulbosi-Arrhenatheretum
elatioris Ellmauer in Mucina et al. 1993
Association: Tanaceto vulgaris-Arrhenatheretum
elatioris Fischer ex Ellmauer in Mucina et al.
1993

Alliance: Cynosurion Tixen 1947

Association: Cirsio cani-Festucetum pratensis
Majovsky ex Riizickova 1971

Association: Festuco rubrae-Agrostidetum capil-
laris Horvat 1951

Class: Festuco-Brometea Br.-Bl. et Tiixen 1943 ex
So6 1947

Alliance: Cirsio-Brachypodion pinnati Hadac et
Klika ex Klika 1951

Association: Galio lovcense-Artemisietum
chamaemelifoliae Pedashenko et al. 2010
Subassociation: typicum

Subassociation: centauretosum Vassilev et al.
2012

Association: Hieracio pilosellae-Festucetum dal-
maticae Vassilev et al. 2012

Order Festucetalia valesiacae Br.-Bl. et Tiixen
1943

Alliance: Festucion valesiacae Klika 1931
Alliance: Saturejion montanae Horvat et al. 1974

Discussion

Cl. Scheuchzerio-Caricetea fuscae Tiixen 1937
The class includes waterlogged grasslands which are
widespread on the European continent (RODWELL et
al. 2002). Its center of distribution covers Northern
and Central Europe. The region of Southeast Europe,
including Ponor Mt. is considered as refugial
(HAJEK et al. 2009), where during the dry phases of
Pleistocene fens survived, and where they persisted
throughout entire Holocene.

Species composition of contemporary commu-
nities is dominated by sedges and many mosses, in-
cluding species of the genus Sphagnum. Composition
of herbs is rich of hygrophytes like Eriophorum lati-
folium, Dactylorhiza cordigera, Drosera rotundifo-
lia, Succisa pratensis and others.

Soils are acidic to alkaline rich in nutrients and
with high water level. Organic matter is accumulated
in peat sediments due to the low oxygen and micro-
bial activity.

The class is represented by 2 orders, 4 alliances
and 5 associations in the study area (HAJEK et al.
2008). This vegetation type is relatively rare in the
region because the communities occupy small patch-
es located in places with high ground waters.

All. Sphagno recurvi—Caricion canescentis
Passarge (1964) 1978 comprises poor fens that de-
velop in areas with high rainfall and calcium-poor
bedrock in the study area. The vegetation covers
bottom of pot-holes in the central and western part
of Ponor Mt. near the Petrohan Pass. Peat mosses
from sections Cuspidata and Sphagnum are domi-
nant in the moss layer. Herb layer has low coverage
and contains species of minerotrophic wetlands like
Carex rostrata, C. panicea, C. echinata as well as
species typical for acidic mires, such as Eriophorum
vaginatum and Drosera rotundifolia (HAIEK et al.
2008).

Ass. Carici echinatae — Sphagnetum So6 1944
has been established in Bulgaria for the first time by
HAJEK et al. (2008). 1t is distributed in the pot-holes
and on slightly inclined slopes of Ponor Mt, where
conditions are suitable for retaining water and its
poor drainage.

High presence of peat mosses and sedges is
specific feature of these communities. Two layers
are clearly present — moss and grass. Cover of moss-
es ranges between 50 and 90% whereas herbaceous
cover ranges between 60 and 85%. Molinia caerulea
and Sphagnum flexuosum are dominants.

All. Caricion canescenti-nigrae Nordhagen
1937 covers mires and fens with shallow peat depo-
sition on waterlogged soils dominated by sedges and
rushes (HAJEK, HABEROVA 2001). Species composi-
tion of these communities in Bulgaria is similar to
those in Central Europe.

Ass. Caricetum nigrae Braun 1915 has very
local distribution in Ponor Mt. It occurs on altitudes
between 1274 and 1336 m on flat or slightly inclined
slopes (up to 5°). Habitats are characterized by high
air and soil moisture. However, unlike Carici ech-
inatae-Sphagnetum, this association is developed
in the periphery of pot-holes or edges of rivers and
streams, where drought is observed during the hot-
test summer months.

Communities are characterized by closed hori-
zontal structure, clearly stratified into 2 layers —
moss- and herb, with total projective cover between
95 and 100%. Constant species group is represented
by Agrostis stolonifera, Molinia caerulea, Potentilla
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erecta, Succisa pratensis, Aulacomnium palustre,
whereas dominant species are Molinia caerulea and
Sphagnum auriculatum.

All. Sphagno warnstorfii — Tomenthypnion
nitentis Dahl 1956 comprises fen meadows domi-
nated by sedges, rushes and mosses, growing on cal-
careous terrains in the hilly and mountainous areas
of the country. Presence of calcium-tolerant peat-
mosses and great number of rare species are typical
for these communities.

In Bulgaria, the alliance is represented by Geo
coccinei — Sphagnetum contorti Hajek et al. 2008
association described from the study region (HAJEK
et al. 2008). It is localized in the beech zone near
concave forms of relief in the western and central
part of the Ponor Mt. The plant communities are
found in a narrow range of altitude (1230-1368 m),
on flat or slightly inclined terrains with slopes up to
5°. Soils are deep, moderately moist to waterlogged.
Accumulation of significant amounts of dead bio-
mass (i.e., peat) is typical for this association.

The vegetation has high coverage (85 — 100 %).
Unlike the two previous associations Geo coccinei
— Sphagnetum contorti not always has clearly distin-
guished vertical structure.

Geo coccinei — Sphagnetum contorti is known
only for Bulgaria so far. Boreal and Euro-Asian
floristic elements are presented in its composition
equally sharing about 60% of total species number.
This proves the transitional nature of the association
between other communities of the class, dominated
by Boreal species on one hand and surrounding xe-
ro-mesophytic and xerophytic grasslands, dominat-
ed by Euro-Asian and Euro-Mediterranean species
on the other hand.

The group of constant species includes Festuca
rubra, Geum coccineum, Luzula campestris, Nardus
stricta, Potentilla erecta and Succisa pratensis. Geum
coccineum and Sphagnum centrale are dominants.

Two sub-associations are described within
Geo coccinei — Sphagnetum contorti association —
typicum and caricetosum lasiocarpae (HAJEK et al.
2008), the latter occupying single small locality in
the area.

All. Caricion davallianae Klika 1934 repre-
sents calcareous fens. Ecologically its localities fall
into the most calcareous part of the pH/calcium gra-
dient. Sampled communities occupy a restricted area
and species composition resembles Central European
calcareous fens (HAJEK et al. 2008).

Although Dactylorhizo cordigerae-Eriophore-
tum latifolii Hajek et al. 2008 association is well
represented in Bulgaria, it was found in single lo-
cality in the study region situated in the western-
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most part of the region, close to the Serbian border
(HAJEK et al. 2008). Terrains are slightly inclined to
the south. A small river passes nearby and provides
water supply. Total vegetation cover is 90%, while
moss layer shares 60%.

Ass. Carici flavae-Cratoneuretum filicini
Kovics et Felfoldy 1960 is registered also in a single
locality close to Shuma village (HAIEK et al. 2008).
It is developed on plane terrace along the river bed.
Soils are deep, with high water supply. The area
more remote from the river becomes drier and many
Molinio-Arrenatheretea species are abundant. Some
grassland species such as Briza media and Cirsium
creticum penetrate in the community. Species com-
position is similar to this for Western and Central
Europe (HABEROVA, HAJEK 2001).

CL. Phragmito-Magnocaricetea Klika in Klika
et Novak 1941 includes waterlogged grasslands dom-
inated by species of the genus Typha, Phragmites,
Schoenoplectus and Carex. Communities often oc-
cur in standing and running water bodies, temporary
streams, along rivers and canals. The most important
environmental conditions determining development
of this vegetation type are related to the period of in-
undation, water depth and soil conditions occurring
after water level decrease.

Due to very limited number of water bodies in
the area of Ponor SPA, this vegetation was found
only near Zasele village. The class is presented by
TByphetum latifoliae Lang 1973, which has poor spe-
cies composition, closed structure and is dominated
by Typha latifolia.

The class Calluno-Ulicetea Br.-Bl. et Tiixen
ex Klika et Hada¢ 1944 includes vegetation of
acidophilous grasslands dominated by Nardus
stricta, widespread in western and northern Europe
(ScHUBERT et al. 2001, KraHurLEC et al. 2007).
Eastwards where continentality of climate increases,
these communities become limited to higher moun-
tain zones.

In Bulgaria Nardus stricta is distributed be-
tween 800 to 2400 m altitude and its communities
occupy about 50,000 ha (VELCHEV ef al. 1989, VELEv,
ArostoLova 2009). Usually its communities are
maintained as a result of long time intensive graz-
ing. In the study region some of the Mat-Grass com-
munities are developed primarily in the wet places
of pot-holes. Nowadays Nardus stricta communities
occupy more or less flat terrains on the edge of pot-
holes and plateaus in the central and western part of
Ponor Mt. and westwards of Petrohan pass.

Ass. Nardetum strictae sensu lato (Table 1)
has closed horizontal structure with an average of
26 species per relevé. Species composition is poor-
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er as compared with dry grasslands in the region.
Bedrock type is limestone and dolomite. Soils are
deep, moderately moist, with acidic soil reaction
(pH is betwen 3.77 and 5.59). Conductivity is in
the range from 33 mS/cm to 114 mS/cm and humus
content is high.

Euro-Asiatic and Euro-Mediterranean floristic
elements prevail in the species composition (38%).
European, Balkan and Boreal elements are also well
presented respectively with 13%, 7% and 15%.
Hemicryptophytes are most abundant (85%), fol-
lowed by chamephytes — 8% whereas therophytes,
geophytes and biennial plants are represented only
by 4%, 2% and 1% respectively.

Group of constant species includes Thymus
longicaulis, Achillea millefolium, Agrostis capilla-
ris, Anthoxanthum odoratum, Cerastium banaticum,
Chamaespartium sagittale, Festuca rubra, Galium
verum, Lerchenfeldia flexuosa, Luzula campestris,
Nardus stricta, Potentilla erecta, Stellaria graminea,
Veronica chamaedrys. Dominants are Lerchenfeldia
fexuosa and Agrostis capillaris.

Nardetum strictae communities have been ex-
tensively used as pastures in the past, which has fa-
voured the spread of Mat-Grass. During the last 20
years, after the political changes in the country, the
number of grazing animals in the area has signifi-
cantly decreased. Nowadays the average sheep den-
sity in Ponor Mt. is about 0.03 animals per hectare
(Nikorov 2010). This has resulted in increasing abun-
dance of other grasses (Agrostis capillaris, Festuca
rubra, Briza media) and forbs (Chamaespartium
sagittale, Hypericum perforatum), whereas cover-
age of Nardus strica has decreased.

Cl. Galio-Urticetea Passarge ex Kopecky 1969

The class represents ruderal vegetation devel-
oped near settlements and barns around villages
Zanoge and Zasele. Only 4 releves were assigned to
this class. Sampled vegetation has restricted distri-
bution and is dominated by nitrophilous species as
Urtica dioica, Chaerophyllum bulbosum and Galium
aparine.

Cl. Molinio-Arrhenatheratea Tiixen 1937

This class combines mesic pastures and hay
meadows in the Temperate region of Europe and
adjacent regions of Asia, reaching the South Urals
and southern Siberia, north-western Turkey and Iran
(Cuytry, Brazkova 2007). The communities are
mostly of secondary origin, developed on the terri-
tory of cleared deciduous forests.

The main gradient which determines variation
in species composition of mid-European meadows
classified to Molinio-Arrhenatheratea is moisture.
Other factors that determine differences between

plant communities are altitude, nutrient availability,
pH of soil and groundwater fluctuation (Skopova
2007, CACHOVANOVA et al. 2012).

Syntaxonomical diversity of mesic grasslands
in the regon has been studied by VELEV et al. (2010,
2011b). It is represented by alliances Cynosurion
cristati (VELEV et al. 2010, 2011a), Arrhenatherion
elatioris (VELEV et al. 2010, 2011b) and Trifolion me-
dii of class Trifolio-Geranietea (VELEV et al. 2010).
This vegetation is distributed in the periphery of pot-
holes of Ponor Mt. and near villages Zanoge, Zasele,
Ravna and Gintsi.

All. Arrhenatherion elatioris Luquet 1926

Majority of mesic vegetation in Central Europe,
which is mainly used as hay meadows, falls within
this alliance. Soils are predominantly alluvial and
cambisols, moderately moist, deep, nutrient rich,
neutral to slightly acidic (CHYTRY, BLaZkovA 2007).

The alliance, which was first referred to the
country by MEesHINEV et al. (2005), is widespread
in lower-mountain belt in Bulgaria. In the western
part of the country it occurs at low altitudes near set-
tlements and arable land (VELEV ef al. 2010). Basic
rock type is mostly silicate and rarely limestone.
Communities are rich in European and Euro-Asian
species, whereas presence of Balkan elements is
negligible. Floristic composition of low mountain
hay meadows in Ponor Mt. is similar to those in
Central Europe.

Arrhenatherion grasslands are to be found
mostly below 1000 m a.s.l. They differ from the
vegetation of alliance Rumicion thyrsiflori Micevski
1994, which includes mountain to subalpine grass-
lands settled in the altitudinal range 1000-1400 m
a.s.l. Alliance Rumicion thyrsiflori is not found
in Bulgaria so far. It has been described from
the Republic of Macedonia and classified within
Trifolio-Hordeetalia Horvati¢ 1963 order (MICEVSKI
1994; MELovskI, MATEVsKI 2008).

Ass. Ranunculo bulbosi-Arrhenatheretum
elatioris Ellmauer in Mucina et al. 1993

Vegetation of this association is mesic to xeric.
Coronilla varia, Festuca rubra agg., Filipendula
vulgaris, Knautia arvensis and Potentilla argentea
are diagnostic species (VELEV et al. 2010). The
communities are dominated by Arrhenatherum
elatius. Total vegetation cover varies between 60
and 100%. This association is characterized by the
lowest levels of moisture and nutrients of the sub-
strate and by the highest levels of light and heat
within Arrhenatherion alliance. Presence of many
diagnostic species for Festuco-Brometea is also
characteristic. Communities are managed mainly
for haymaking.
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Ass. Tanaceto vulgaris-Arrhenatheretum ela-
tioris Fischer ex Ellmauer in Mucina ef al. 1993

The association includes mesic grasslands
dominated by Arrhenatherum elatius and Elymus
repens. Diagnostic species are Artemisia vulgaris,
Cirsium arvense, Convolvulus arvensis and Dactylis
glomerata. Total vegetation cover varies between 60
and 100%. Tanaceto vulgaris-Arrhenatheretum ela-
tioris is characterized by low species diversity and
high total cover due to the strong competitors such
as Arrhenatherum elatius and Elymus repens. This
vegetation type is characterized by presence of many
diagnostic species for Artemisietea vulgaris class,
as Artemisia vulgaris, Cichorium intybus, Cirsium
vulgare, Elymus repens, Lactuca serriola, Melilotus
officinalis, Tanacetum vulgare, etc. FISCHER et al.
(1985) consider this vegetation type as a transitional
between Arrhenatheretum elatioris and Tanaceto-
Artemisietum associations. Stands of Tanaceto vul-
garis-Arrhenatheretum elatioris association are used
mainly for haymaking.

All. Cynosurion Tiixen 1947

The alliance brings together mesic grasslands,
which are developed on soils with a good water and
nutrient supply and usually provide high primary
production and acidic soil reaction (VELEV et al.
2011). Up to now it was reported for Bulgaria by
Divitrov (2001), MESHINEV et al. (2005) and VELEV
et al. (2010).

Ass. Cirsio cani-Festucetum pratensis
Majovski et Riizickova 1971

This association is characterised by high spe-
cies diversity. Diagnostic species for the association
are Cirsium canum, Festuca pratensis and Potentilla
reptans. Dominant species is Festuca pratensis. Total
vegetation cover varies between 65 and 95%. It con-
tains many diagnostic species for order Molinietalia
caeruleae and in Central Europe it is classified with-
in the Deschampsion alliance recently (e.g., JaniSova
2007, Borhidi ef al. 2012). In the studied area the as-
sociation is relatively rare.

Cl. Festuco-Brometea Br.-Bl. et Tiixen 1943
ex So0 1947

The class combines xero-mesophitic and xeric
grasslands which are widespread in the country. In
Ponor SPA, communities assigned to the class have
secondary origin, developed at the place of former
beech and oak forests. Soils are shallow to moder-
ately deep, with a high content of skeletal material
and slightly acid to slightly alkaline reaction. The
vegetation is developed on slopes of different expo-
sure and inclination. Bedrock type is pure limestone
or dolomite. The communities are managed mostly
as pastures and occasionally for mowing.
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They are characterized by high species rich-
ness and high percentage of endemic plants (average
8-10% of all species). Their composition is domi-
nated by Euro-Mediterranean, Euro-Asian and sub-
Mediterranean floristic elements and stress-tolerant
species as Stipa pennata, Festuca pseudodalmatica,
F dalmatica and Brachypodium pinnatum.

The class is represented by three alliances —
Cirsio-Brachypodion, Festucion valesiacae and
Saturejion montanae (Table 2). Transitional com-
munities between Festuco-Brometea and Molinio-
Arrhenatheratea were also observed in contact area
of their stands.

All. Cirsio-Brachypodion pinnati Hada¢ et
Klika ex Klika 1951

The alliance comprises semi-dry (i.e., xero-
mesophytic) grasslands, which are widespread in
Central and Eastern Europe (MuciNa, KoLBEk 1993,
Boruimr 2003, BERG et al. 2004, Sanpa et al. 2008,
Janubova et al. 2010), but with limited distribution
on the Balkan Peninsula (VassiLev et al. 2012). For
the first time this vegetation type was established for
Bulgaria by PEpasHENKO ef al. (2010) from the re-
gion of Ponor Mt. Communities are restricted main-
ly to mountainous areas in western Bulgaria, which
is related to high annual rainfall there (> 1000 mm,
MaTteEvVA 2002) which is creating favorable condi-
tions for distribution of xero-mesophytic and meso-
phytic species. Soils are shallow to moderately deep,
rich in nutrients, with acidic reaction (average pH
is 5.83). Communities have been used as pastures
in the past but nowadays they are rarely grazed. In
some areas of western and central part of the moun-
tain region the stands are also mown.

Cirsio-Brachypodion pinnati is the most
widely distributed community type of Festuco-
Brometea in the area under study and it is repre-
sented by 107 relevés in the synoptic table (Table
2). Species with southern distribution (Euro-Asian,
Euro-Mediterranean and sub-Mediterranean) as
well as central European affiliation are evenly
presented in their composition. Stands are domi-
nated by different species depending on the par-
ticular location: grasses (Brachypodium pinnatum,
Sesleria latifolia, Festuca dalmatica, F. pseudodal-
matica), legumes (Trifolium alpestre, T. montanum,
Chamaecytisus calcareous) or other forbs (Thymus
longicaulis, Potentilla alba, Hieracium pilosella
and Inula salicina).

Two new endemic associations for Bulgaria
were described within the alliance — Galio lovcense-
Artemisetum chamaemelifoliae Pedashenko et al.
2010 and Hieracio pilosellae-Festucetum dalmati-
cae Vassilev et al. 2012.
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Table 2. Synoptic table of class Festuco-Brometea. The species are represented by two indicators: Fidelity measure,
expressed by the Phi-coefficient (Chytry et al. 2002) and Constancy, expressed in percentages. Values of highly diag-
nostic species are mark in dark gray, whereas diagnostic species are gray. Species which are represented in less than 5
reléves are excluded from table

Cirsio- Fe'stu- Sa}fure- Cirsio- Fe.stu- Szf?ure-
Syntaxa Brachy- c10n. Jion Syntaxa Brachy- c10n. Jion

podion valesi- mon- podion valesi- mon-

acae tanae acae tanae

Number of relevés 107 7 8 Number of relevés 107 7 8
Fidelity/Constansy Phi| % |Phi| % |Phi| % Fidelity/Constansy Phi| % |Phi| % |Phi| %
Diagnostic species of Cirsio-Brachypodion Centaurea triumfetti -1 - 0 - |13
Briza media 57 | 57 - 0 - 113 Agrimonia eupatoria - 3 - 14 - 113
Filipendula vulgaris 56 | 69 - 14| - |13 Inula oculus-christi - 70 -129| - |13
Primula veris 52 | 36 - 0 -1 0 Allium flavum - 6 | - | 14| - |25
Potentilla alba 41| 23 - 0 - 0 Poa angustifolia -7 - 129 - 0
Trifolium montanum 41 | 23 - 0 - 0 Dichantium ischaemum -1 4 - 129 - |13
Veronica austriaca ssp. jacquinii | 41 | 51 - 14| - |13 Dorycnium herbaceum - |25 - | 43| - |38
Polygala major 39 | 21 - 0 -1 0 Other species
Brachypodium pinnatum 38 | 66 - 129 - |25 Avenula pubescens - 119 - 0 - 0
Asperula cynanchica 33 | 81 - |1 43 - |50 Linum catharicum 52136 - 0 - 0
Trifolium alpestre 32| 59 - |14 - |38 Pimpinella tragium 50 | 34| - 0 - 0
Plantago media 30 | 51 - | 43 - 0 Hypericum linarioides 49 | 48 | - 0 - 113
Diagnostic species of Festucion valesiacae Inula salicina 49 | 32| - 0 - 0
Centaurea stoebe - 29 | 62| 8 | - |13 Acinos alpinus - | 6 3043 | - |25
Astragalus onobrychis - 0 58 | 43 | - 0 Sideritis montana - |21 140 71| - |38
Medicago falcata - 25 | 38| 71 | - | 38 | Chamaespartium sagittale | 60 | 46 | - 0 -1 0
Diagnostic species of Saturejion montanae Anthoxanthum odoratum 52 136 | - 0 -1 0
Teucrium montanum - 12 - | 14162 |75 Chamaecytisus calcareus 47 130 | - 0 - 10
Satureja montana ssp. kitaibelii | - 3 - 0 | 60 | 50 | Artemisia chamaemelifolia | 45 | 27 | - 0 -1 0
Silene flavescens - 0 - 0 |54 38 Festuca rubra 44 |1 26 | - 0 -1 0
Melica ciliata - 0 - 0 | 43|25 Agrostis capillaris 43 | 25| - 0 -1 0
Rhodax canus - 0 - 0 | 43|25 Stachys officinalis 39 | 21| - 0 -1 0
Artemisia alba - 1 - 0 | 41 |25 Rhinanthus angustifolius 37120 | - 0 -1 0
Iris reichenbachii - 1 - 0 | 41 |25 Potentilla pedata -1 9 - 0 -1 0
Tragopogon pterodes - 2 - 0 | 40 | 25 Galium lovcense - |44 - 14| - |25
Diagnostic species of Festuco-Brometea Viola hirta - 123 - 0 - 113
Teucrium chamaedrys - 70 - | 8 | - |50 Cruciata glabra - |25 - 10 | - |13
Thymus longicaulis - 80 - |57 - |63 Veratrum nigrum -1 16| - 0 - 0
Festuca dalmatica - 65 - |71 - | 88 Campanula glomerata - 70 - 0 - 0
Asperula purpurea - 45 - 71 - |75 Luzula campestris - 13 - 0 - 0
Carlina acanthifolia - 57 - |71 - |63 Rumex thyrsiflorus - 4 - 0 - 0
Sanguisorba minor - 58 - |57 - |50 Prunella grandiflora - 7| - 0 - 0
Hieracium pilosella - 50 - |57 - |25 Phleum pratense -1 9 - 0 - 0
Leontodon crispus - 47 - |71 - |50 Potentilla cinerea - |65] - 18| - |75
Fragaria viridis - 40 - |57 - |13 Tortella tortuosa - | 18| - 0 - | 38
Euphorbia cyparissias - 41 - 129 - |50 Crupina vulgaris -5 - | 14 - 0
Scabiosa columbaria - 56 - 129 - |38 Muscari neglectum -7 - 0 - 0
Achillea setacea - 40 -1 43 - |13 Carlina vulgaris - 122 - 0 - 113
Seseli peucedanoides - 30 - 129 - 0 Minuartia viscosa - |35 - 114 - |25
Festuca valesiaca - 12 -4 - 0 Hypericum rumeliacum - 1 - 0 - |13
Galium verum 571 59 - |14 - 0 Euphrasia pectinata - |21 - 129 - |13
Medicago lupulina - 21 - |14 - |25 Geranium sanguineum -1 - 0 - 0
Helleborus odorus - 2 - 14 - 0 Potentilla argentea - 5 - | 14 - 0
Eryngium campestre - 32 - |57 - 13 Poa compressa -1 6 - 0 -1 0
Carex humilis - 21 - 0 - |50 Scleranthus perennis - 110 - 0 -1 0
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Table 2. Continued

Cirsio- Fe.stu- Sz}?ure- Cirsio- Fe.stu- Szﬁure-
Syntaxa Brachy- con Jion Syntaxa Brachy- aon Jion

podion valesi- mon- podion valesi- mon-

acae tanae acae tanae

Number of relevés 107 7 8 Number of relevés 107 7 8
Fidelity/Constansy Phi| % |Phi| % |Phi| % Fidelity/Constansy Phi| % |Phi| % |Phi| %
Anthericum liliago - 12 - 0 - |13 Genista tinctoria - 12 - 0 - |13
Poa badensis - 10 - 129 - |13 Stachys recta -S| - |14] - 13
Cerastium banaticum - 33 - 14 - |25 Cichorium intybus - 5 - 4] - 113
Globularia aphyllanthes - 21 - 0 - 125 Abietienella abietina -7 - 4] -0
Koeleria macrantha - 36 - 129 - | 25 Stachys germanica - 5 - |14 -0
Coronilla varia - 26 - |14 -10 Cirsium ligulare - |21 - |14) -0
Onobrychis arenaria - 26 - 129 - |25 Hypericum maculatum - 7 - 0 - 10
Anthylis vulneraria - 28 - 129 - | 25 Vicia sativa - 6 - 0 - 113
Prunella vulgaris - 13 - 0 - 0 Thlaspi kovatsii - 7 - 0 -1 0
Hypericum perforatum - 36 - 129 - |25 Lathyrus pratensis - 8 - 0 -1 0
Lotus corniculatus - 40 - |57 - |25 Hieracium bauchinii - 110 - |29 - 0
Carex caryophyllea - 45 - |43 - |25 Salvia nemorosa -1y 0 -1 0
Plantago lanceolata - 56 - | 8 | - | 38 Dactylis glomerata - 9 - 0 - 113
Centaurea sp. - 7 - 0 - 0 Festuca pratensis - 110 - 0 -1 0
Danthonia alpina - 9 - 0 - 113 Festuca panciciana - 6 | - 0 -1 0
Alyssum minus - 11 - 14 - |13 Thesium divaricatum - 7 - 0 - 10
Rosa sp. - 4 - 129 - | 25 Ornithogalum kochii - 7 - |14 - |25
Stipa pennata - 6 - 0 -1 0 Thalictrum minus - 12 - 0 - 10
Pastinaca hirsuta - 6 - 0 -1 0 Ranunculus repens - 5 - 0 - |13
Verbascum lichnitis - 9 - 0 -1 0 Achillea millefolium - |21 - 114 -10
Arenaria serpyllifolia - 6 - 140 -0 Elymus repens - 120 - 129 - |25
Poa pratensis - 16 - 0 -1 0 Knautia arvensis - 124 - 14| - |25
Veronica chamaedrys - 17 - 0 -1 0 Juniperus sibirica - 7 - 0 - |13
Scorzonera cana - 13 - 0 - 0 Hieracium sp. - 6 - 0 - 0
Hypnum cupressiforme - 10 - | 14 | - | 25 | Helianthemum nummularium | - | 7 - 0 - 113
Bromus riparius - 50 - 0 - | 63 Alchemilla erythropoda - |10 - 0 -1 0
Vicia villosa - 15 - 0 -1 0 Bromus barcensis -6 | - 14 -0
Sesleria latifolia - 29 - 0 - | 50 | Corothamnus procumbens - 13 - 0 - 125
Convolvulus arvensis - 19 - |43 - |13 Sedum album - 4 - 4] - 113
Trifolium repens - 12 - 14 - 0 Pedicularis grisebachii -1 9 - 0 -1 0
Schistidium apocarpum - 8 - 0 - 0 Hyacintella leucophaea - 7 - 0 -1 0
Leontodon autumnalis - 7 - 0 - 0 Thesium linophyllon - 11 - 0 - 113
Chamaecytisus jankae - 10 - 0 - |13 Trinia glauca - 7 - 0 - |13
Leucanthemum vulgare - 18 - 0 -1 0 Carex michelii - 71 -101]-10

Ass. Galiolovcense-Artemisietumchamaemeli-
foliae Pedashenko et al. 2010

This is an endemic association with local dis-
tribution in the country (Ponor Mt.), which was
described for the first time from the study area. It
occurs on ridges and mountain slopes on slight to
moderately inclined terrains with southern or east-
ern exposition. Soils are moderately deep, rich in
nutrients, with slightly acid to slightly alkaline soil
reaction (VASSILEV ef al. 2012). Stands are charac-
terized by rocky outcrops and grazing management

type.
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Communities of Artemisia chamaemelifolia in
Bulgaria are distributed only on the territory of Ponor
Mt. They have closed horizontal structure dominated
by Artemisia chamaemelifolia, Brachypodium pin-
natum, Festuca paniculata, F. rubra, Sesleria latifo-
lia and Stipa pennata.

The association is presented by two sub-asso-
ciations — typicum and centauretosum, which are
clearly floristically and ecologically (VASSILEV et
al. 2012). Subassociation centauretosum develops
on places where grazing was abandoned about 20
years ago, which resulted in increasing occurrence
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of species like Thalictrum minus and Geranium san-
guineum, diagnostic for class Trifolio-Geranietea. In
contrast, the typical subassociation occupies recently
actively used pastures.

Ass. Hieracio pilosellae-Festucetum dalmati-
cae Vassilev et al. 2012

This association has wider distribution in the
study area as compared to Galio lovcense-Artem-
isietum chamaemelifoliae (VASSILEV et al. 2012). It
could be found on eastern and southern slopes of
Ponor Mt., near villages Zanoge, Zasele and Ravna.
Soils are shallow to moderately deep with high per-
centage of skeletal material.

Association occupies xerophylous habitats at
the periphery of Cirsio-Brachypodion pinnati dis-
tribution range and has a pronounced transitional
character between Cirsio-Brachypodion pinnati
and xerothermic alliances Festucion valesiacae and
Saturejion montanae.

The association is presented in the moun-
tain range by the two facies, dominated either by
Corothamnus procumbens or by Sesleria latifolia.

Invasion of shrubs such as Rosa sp., Crataegus
monogyna and Prunus spinosa is considered as main
threat for the association. This process is impeded by
decreased grazing regime.

We expect that the association could be also
found in other areas of western Balkan Range and
Forebalkan, limited to calcareous bedrock.

All. Festucion valesiacae Klika 1931

The alliance is widespread in the oak belt in the
mountains and hills west of Sofia (VASSILEV et al.
in press). Within Ponor SPA, where the influence of
mountain climate is essential, Festucion valesiacae 1s
mostly presented in the southern parts of the area. It
covers areas with shallow to moderately deep soils and
slight slopes. Bedrock type is limestone or dolomite.

Festucion valesiacae includes xerothermic
grasslands with semi-open to closed horizontal
structure. Euro-Asian, Euro-Mediterranean and sub-
Mediterranean floristic elements prevail, whereas
European, Pontic and Panonian species are purely
presented. Hemicryptophytes dominate while the
presence of therophytes is limited up to 30%.

Only 7 relevés are assigned to this alliance
(Table 2). The group of diagnostic species in-
cludes Astragalus onobrychis, Medicago falcata
and Centaurea stoebe. There is no clear dominant
species in these communities. Transitional com-
munities between Festucion valesiacae and Cirsio-
Brachypodion are often observed on the territory.

All. Saturejion montanae Horvat et al. 1974

The alliance includes open grasslands within
Quercion frainetto in eastern Serbia, and Bulgaria

(Horvat et al. 1974, RovEr 1991, SopoTLIEVA 2008).
According to Toporova, Tzonev (2010) Saturejion
montanae communities are open petrophilous
steppes where tufted grasses share dominant po-
sition with chamaephytes of Lamiaceae family
(Satureja sp., Thymus sp., Hyssopus sp., Teucrium
sp.). The alliance comprises xerothermic plant
communities rich in sub-Mediterranean, Euro-
Asian and Euro-Mediterranean species as well as
many endemics. On one hand, species composi-
tion of Saturejion montanae is influenced by the
Mediterranean flora characteristic for southern parts
of the Balkan Peninsula, and on the other, it is influ-
enced by neighbouring communities of Festucetalia
valesiacae (Festucion valesiacae) and Astragalo-
Potentilletalia (Koelerio-Festucion dalmaticae and
Saturejo-Thymion). Species with steppic nature,
such as Stipa sp., and Festuca sp. have high abun-
dance in communities.

Stands are developed entirely on calcareous
terrains with rocky outcrops which are irregularly
grazed. Soils are shallow and on some places almost
absent.

The alliance was first mentioned for the area by
VassiLEv et al. (2012). All 8 stands that were sampled
are located in the most eastern and southern parts
of the study area above the villages Zanoge, Zasele,
Gintsi, Gubesh and Ravna. Influence of alliances
Cirsio-Brachypodion and Festucion valesiacae on
Saturejion montanae communities is essential due to
the small areas which they cover.

Threats for grassland vegetation in Ponor SPA

Main objective for establishment of Ponor SPA is di-
versity of birds. Preservation of habitats they occupy
is a goal of the further activities in this zone. Each
habitat and corresponding vegetation type is threat-
ened differently. Wet grasslands of Scheuchzerio-
Caricetea fuscae are dependent on the water sup-
ply in the distribution area. Water sources in Ponor
Mt. are limited. Larger areas with significant water
supply are situated mostly around Petrohan pass.
Intensive urbanization of the area and developing
tourist facilities could change water regime and un-
derground water table.

Mesic grasslands are also subject of changes.
Certain vegetation change towards the communities
of less waterlogged habitats could be observed in
both mesic and fen grasslands. Traditional manage-
ment in the best way to support persistence of mead-
ows with a high conservation value. Mesic grasslands
should be maintained as hay meadows in the future.
Unfortunately the region is very sparsely populated
that results in decreasing intensity of mowing.
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Decreased stock breeding also affects grazing
regime. Dry grasslands are mainly managed as pas-
tures. Low grazing intensity appears to be the main
threat for biodiversity in these grasslands. Under such
conditions a gradual process of succession leading to
replacement of legumes and other forbs by tussock
grasses was observed. Resulting communities are
usually species poorer. They become dominated by
widespread grasses as Agrostis capillaris, Festuca
rubra and Lerchenfeldia flexuosa. Another succes-
sion process favoured by reduced intensity of agricul-
tural practices is shrub establishment in grasslands.
Over the last decade large areas covered by grass-
lands were converted into scrublands. Most threat-
ened are Cirsio-Brachypodion pinnati, Nardetum
strictae sensu lato and Festucion valesiacae. Areas
distributed in higher elevations become invaded by
Vaccinium myrtilus, Bruckenthalia spiculifolia and
Juniperus sibirica whereas others, closer to settle-
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