
Introduction

A general trend of decrease of semi-natural grasslands
throughout Europe was observed, leading to threat of many
species related to these habitats (Berlin et al. 2000). Effects
of different management practices on short (Buckland et al.
2001) and long-term grassland vegetation changes have been
recently assessed (Berlin et al. 2000, Poschlod and Wallis
DeVries 2002). Nevertheless, comprehensive studies on
larger geographic ranges, involving evaluation of abiotic
conditions, combinations of different land use in a range of
altitudes as potential determinants of grassland vegetation,
are still missing (Rudmann-Maurer et al. 2008). Plant spe-
cies-richness and floristic composition of grasslands are
structured not only by current site conditions, mainly topog-
raphy and soil (Janssens et al. 1998), but also by the site his-
tory, ancient land use and practices that may have ceased
long time ago (Sebastiá 2004).

Traditionally managed semi-natural grasslands (hay
meadows and pastures) are known to support a rich flora and
are recognized by high species diversity in different regions
of Europe (Norderhaug et al. 2000, Kojiæ et al. 2004). In gen-
eral, a more diversified grassland management would pro-
mote more grassland plant species, as shown by Gustavsson
et al. (2007). Variations in grassland floristic composition
were found to be dependent on historical management prac-
tices, including mowing, late grazing, grazing every second
year, and livestock moving among the sites (Honnay et al.
2006). In Serbia, the most of semi-natural and natural grass-
lands are abandoned, or at least insufficiently managed, es-

pecially in underdeveloped regions, including the Nature
Park Stara Planina (NPSP).

The largest mountain in south east Serbia is the Stara
Planina, declared in 1997 as the Nature Park. The Serbian
government adopted the Directive on the protection of the
Nature Park ‘Stara Planina’ (Official bulletin RS, No 19/97),
by which the mountain was placed under the regime of pro-
tection (the IUCN category V) as natural value of a special
importance (biosphere nature reserve – MAB, IBA area), due
to the high biodiversity of flora and fauna, and its special
geological, hydrological and ethno-cultural characteristics.
The total protected area of the mountain accounted for
142,220 ha.

The most relevant studies on flora and vegetation of the
region of the NPSP, including grasslands, highlighted the
high level of plant biodiversity, with about 1,190 plant and
51 moss species, which is 34% of the total number of plant
species recorded in Serbia (Mijoviæ 2006). Stara Planina is
one of the major centres of tertiary and endemic-relict plant
species that remains in ravines and glacial relicts and en-
demic species on the mountain heights. Public is particularly
concerned for the conservation of endangered species (and
their habitats), out of which 40 are officially protected (e.g.,
Pinus mugho, Orchis spp., Veratrum nigrum, Lilium jankae,

Swertia punctata, Gentiana lutea, Drosera rotundifolia, etc.,
Mijoviæ 2006).

The vegetation of Stara Planina consists of 52 plant com-
munities with spatial distribution depending on environ-
mental factors, mainly altitude, relief, soil and the climate.
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Abstract: Changes in grassland flora and vegetation caused by inadequate management, primarily under-grazing and grass-
lands abandonment were studied in the south-east region of Serbia – Mt. Stara Planina, the largest mountain massif of the
country. This mountain is one of the major centres of tertiary and endemic-relict plant species that remains in ravines, and
glacial relics and mountain endemic species. The paper presents an analysis and comparison of previous (about 30 years ago)
and current biodiversity of the most common grasslands, such as: ass. Festuco-Agrostietum vulgaris, Agrostio-Asphodeletum

albae, Koelerietum montanae, Agrostietum vulgaris, Festucetum spadiceae, Nardetum strictae, Poetum molinerii-Plantagi-

netum carinatae, Poetum violaceae and Seslerietum coerulantis. Both environmental and human impacts on grassland vegeta-
tion were discussed and a proposal of sustainable grassland use and management is given.



The main vegetation formations are forests, shrub vegeta-
tion, grasslands (cutting meadows and grazing pastures) and
bog plant associations. The vertical spatial distribution of the
vegetation includes the belts of oak, beech, and spruce for-
ests, followed by sub-alpine shrub vegetation of Juniperus

nana and sub-alpine spruce and mountain pine communities.
The high species/vegetation biodiversity is a result of the
generally diverse environmental characteristics and history
of vegetation development and human impacts in the Bal-
kans region (Lakušiæ 2005).

According to the detailed former study on plant commu-
nities and habitats of NPSP (Mišiæ et al. 1978), the grassland
vegetation is divided into the four distinct groups: 1) hilly
cutting meadows and grazing pastures, 2) mountainous graz-
ing pastures and cutting meadows, 3) sub-alpine grazing pas-
tures and cutting meadows, and 4) alpine grazing pastures.
This classification was primarily made on the basis of grass-
land position within the vegetation belts.

In the former period of intensive land use, many grass-
land habitats of the hilly zone were under the pressure of
over-grazing, mostly by cattle, before and after the period of
cutting for hay production. Grassland succession and degra-
dation within the hilly zone additionally induced water ero-
sion and mud torrents, and consequent loss of grassland area.
On the other hand, grasslands of higher altitudes were not
managed adequately, because of improper schedule of graz-
ing. The consequence was under-grazing. In both cases
(over- and under-grazing), such inappropriate management
caused grasslands degradation, either related to reduced
yields, by an expansion of undesirable species. However, at
present, the management of semi-natural grasslands of the
NPSP is even worse. Pastures are used extensively and insuf-
ficiently, whereas stocking rates are too low. Cutting mead-
ows are not fertilized, and are mowed too early or too late
(Djordjeviæ-Miloševiæ 1996). Instead the right choice of a
grazer related to particular grassland group, the main princi-
ple of grazing organisation is the distance from the village.
The most visible consequence of all negative impacts is
abandonment of grasslands. In addition, modern systems of
grassland utilization, such as rotational grazing (i. e. pad-
dock, or strip grazing) have never been performed, while
two-paddock (farm system) and three-paddock grazing sys-
tem (based upon keeping livestock in winter fences for maxi-
mum 40 days) existed only on some state farms and very dis-
tant grasslands, respectively (Djordjeviæ-Miloševiæ 1996).

In order to estimate the long term grassland vegetation
change, primarily caused by insufficient use and/or abandon-
ment, a floristic and vegetation survey was performed in the
region of the NPSP, at the same sites as was performed in the
past (Mišiæ et al 1978). The main aims were:

• To estimate to what extent and in which direction grass-
land vegetation was changed for a period of about 30
years;

• To make an approximation of communities change in
proportion of particular functional groups, such as

grasses, legumes, forbs and undesirable grassland spe-
cies, where the latter refers to those affecting hay pro-
duction and grazing;

• To evaluate the importance of impacts of historical and
current grassland management on floristic and vegeta-
tion patterns of selected meadows and pastures of
NPSP;

• To propose a measures for grasslands restoration and
their sustainable use.

Methods

Study site description: geographic position and abiotic

characteristics

The mountain Stara Planina belongs to the northern part
of the Balkan mountain system. In Serbia, the massif extends
over the south east part of the country, (N 43°5’ to 43°27’, E
28°8’ to 20°41’). It extends in a significant range of altitude,
from 300 m to 2.168 m. The range of the mountain runs 560
km from eastern Serbia eastward through central Bulgaria to
Cape Emine on the Black Sea.

The climate of the region is characterized as a transi-
tional, between the moderately continental and the mountain
climate, influenced from the west by the Vlasina plateau, the
Carpathian mountains and the Black sea, from the south by
the Mediterranean sea and from the Balkan mountains as a
whole (Mišiæ et al. 1978). The coldest month is January (av-
erage temperature ranging from –1.5 �C to –7.5 �C), while
the hottest is July (average temperature ranging from 10.4 �C
to 21.6 �C). The total number of freezing days per year (when
the maximal daily temperature doesn’t exceed 0 �C) is 100.
During the vegetation season, the precipitation ranges from
300 to 360 mm, comprising 54% to 58% of the total annual
precipitation. Evaporation decreases from the north (604
mm) to the south (569 mm), which indicates the existence of
moderately humid to the very humid climates at certain sites
of the mountain. Climate of the mountain area dictates the
use of grasslands for a short period, mainly from the begin-
ning of May till September, whereas vegetation development
is limited by cold and snow during the winter (from October
to March-April).

Considering the geological structure of the mountain, it is
stated that it is relatively simple, made of two main rock types:
the Permian-Triassic red sandstone, the Triassic limestone and
dolomites. Soil types differ on the two geological series, the
first one derives from red sandstone and the other from lime-
stone and dolomites (Mišiæ et al. 1978). The main type of soil
is a kind of mountain black soil, with a dominance of shallow
soils lacking in humus and exposed to erosion.

Selection of grassland communities

In order to evaluate the long term change of grassland
vegetation of the NPSP, nine previously studied grassland
communities (Mišiæ et al. 1978) have been chosen, according
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to their general distribution and importance from biodiver-
sity aspect and use.

The geographic position of studied grassland communi-
ties covered a significant area (approximately 62 km�) in a
range of altitudes from 740 to 2130 m (Appendix 1).

Floristic and vegetation survey

In order to obtain data comparable with the former results
on grassland flora and vegetation of the NPSP (performed
between 1968 and 1975, Mišiæ et al. 1978), the standard phy-
tosociological methodology (Braun Blanquet 1965) using
the transect method was applied. Grassland flora and vegeta-
tion, were studied during the vegetation period (June-August)
in 2005 and 2006 at the same sites as previously recorded to
estimate the long-term grassland changes. Taxonomy of
plants followed Flora of Serbia (1970-1980), while Flora
Europaea (1968-1980) was used as complementary tax-
onomical source. Herbarium vouchers of specimens of grass-
land flora have been stored in the Herbaria of the Department
of Botany of the Faculty of Agriculture, University of Bel-
grade.

Numerical-descriptive Braun-Blanquet scale was trans-
formed into numerical scale proposed by Westhoff and van
der Maarel (1973) for purpose of further data processing. All
vegetation records were analyzed in terms of floristic com-
position, including characteristic group of species, such as
grasses, legumes, forbs and undesirable species. The trees,
shrubs, toxic and spiny plants were treated as undesirable
species, according to Kojiæ et al. 2001. For each community
the current management practices were recorded, due to in-
terviews with the local inhabitants.

Statistical analysis

Change in species richness. The total species number was
counted in each relevé of formerly and at present studied
communities. Means for each studied community were com-
pared by unpaired Student’s t-test and homogeneity of vari-
ance (F-test) where “community” was treated as categorical
variable using STATISTICA 6.0.

Floristic change of studied communities. Sørensen coef-
ficient of community similarity (CC), (Magurran 1988) was
used to calculate a long-term change of floristic structure
within a community, as follows:

CC = 2W / A + B,

Where W is the number of common species presented in
communities in both periods studied, A and B corresponding
to the total number of species recorded in past and in present,
respectively.

The distance matrix was used for UPGMA cluster analy-
sis (Unweighted Pair-Group Method Using Arithmetic Av-
erages) for communities with the highest and the lowest
Sørensen community index, using STATISTICA 6.0.
Euclidean distances were calculated upon abundance/cover
value for each species of all relevés.

Results and discussion

Change of the species number in studied grassland

communities

The average species number studied in the past and at
present (Table 1) showed that the highest alterations were
found for ass. Festuco-Agrostietum vulgaris, followed by the
ass. Nardetum strictae. The changes in the average species
number were found not significant for the Agrostio-As-

phodeletum albae, Koelerietum montanae, Agrostietum vul-

garis, Poetum molinerii-Plantaginetum carinatae and alpine
community the Seslerietum coerulantis.

Significant increase of species found for the hilly ass.
Festuco-Agrostietum vulgaris might be related to an influ-
ence of abandonment of field land and occurrence of weeds
and some other species, including trees and shrubs, such as
Rosa canina, Clematis vitalba, Crataegus monogyna, Cory-

lus avellana, Malus sylvestris, Cornus sanguineus and
Ononis spinosa. Moreover, typical cutting meadow and graz-
ing pasture grasses (e.g., Festuca vallesiaca, Agrostis vul-

garis, Danthonia calycina, Briza media, Arrhenatherum ela-

tius) and related herbaceous plants (e.g., Filipendula

hexapetala, Sanguisorba spp., Leucanthemum vulgare, Cen-

taurea jacea, Galium ssp., followed by Trifolium spp.,
Lathyrus spp. and other legumes) were found in various com-
binations with arable weeds and non-arable (e.g., Delphini-

um regalis, Cynodon dactylon, Dipsacus laciniatus, Cirsium

arvense, Echium rubrum, E. vulgare, Convolvulus arvensis,

Agropyrum repens, Apera spica-venti, Stenactis annua), in-
dicating the complexity of interrelations between former and
present use of the land. However, occurrence of grassland
weeds led to decrease in abundance of some legumes (e.g.,
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Trifolium campestre and T. montanum), whereas some of
previously recorded species were not found at present (e.g.,
Anthoxanthum odoratum and Koeleria pyramidata, see Ap-
pendix 2). The occurrence of the undesirable species, mainly
trees, is considered as a typical sign of insufficient manage-
ment and abandonment (Buckland et al. 2001). Some studies
have found that plant communities with high diversity may
be more susceptible to weed invasion (Stohlgren et al. 1999),
because same habitat characteristics such as rich soil nutri-
ents and high microhabitat heterogeneity, favoring high resi-
dent plant diversity could also favor invasive weeds (Tracy
and Sanderson 2004).

Decrease in the average species number found for ass.
Nardetum strictae (Table 1) is related to lack of management
and the abandonment of this formerly grazed pasture. Lack
of management of this pasture is a typical reason for it’s deg-
radation. (Kojiæ et al. 1995). A significant increase in average
species number was determined for ass. Festucetum

spadiceae and the ass. Poetum violaceae. Such alterations
might be related to general management shift. In the case of
the ass. Festucetum spadiceae an increase of species number
might be caused by its general spreading within the zone of
the species-rich community Agrostietum vulgaris, due to
lack of management (under-grazing). On the other hand, in-
crease in the species number observed for the ass. Poetum

violaceae might be effect of overgrazing performed in the
past compared with under-grazing and/or complete lack of
management at present. Biodiversity of the community has
not been significantly changed, which might be related to the
specific environmental conditions typical for the highest part
of the sub-alpine belt, allowing the maintenance of the com-
munity as a final vegetation stage (Kojiæ et al. 2004).

The highest number of species was found in the commu-
nity Agrostio-Asphodeletum albae. Floristic structure of the
total of 103 species corresponds to former data (115 species).
This community is very important from the aspect of biodi-
versity preservation, as it is very rich in species, and in addi-
tion, because of its unique habitat for Serbia. The only known
habitat of the community Agrostio-Asphodeletum albae is
the basin of the Topodolska river in NPSP. This community
represents a specific feature of NPSP, and Serbia, in general.
Similar communities, built by Asphodelus albus are found in
the Mediterranean region, notably in France, Spain, Italy,
and the Balkan Peninsula (Pignatti 1982).

The lowest average species number was counted for the
ass. Poetum molinerii-Plantaginetum carinatae. Similarly to
the former situation, the community was found to be poor,
both from floristic aspect and canopy structure, probably as
a consequence of former over-grazing performed on the shal-
low soils (Mišiæ et al. 1978).

Relatively similar average species number observed for
some communities (Tab.1.), could be result of either (more
or less) continuous management, such as cattle and sheep
grazing (mountain grasslands Koelerietum montanae and
Agrostietum vulgaris) and horse grazing (sub-alpine grass-
land Poeto molinerii-Plantaginetum carinatae). Generally,

the highest number of species was found in continuously
managed grasslands (both grazed and mowed), as shown by
Õckinger et al. (2006). Abandoned former pastures (mainly
Nardetum strictae) had significantly lower number of grass-
land species and grassland specialists, as it was observed in
some recent studies (Gustavsson et al. 2007). Lack in man-
agement both in former period and at present in the alpine
grassland community Seslerietum coerulantis resulted in un-
changed species number. Similarly to our results, some re-
cent studies indicated the relative importance of past and pre-
sent conditions, although historical human activities are in
general assumed as being important for biodiversity patterns
(Cousins and Ericsson 2002, Gu et al. 2002).

Long-term floristic change of grassland communities

In European temperate semi-dry grasslands, the turnover
of plant species and individuals is usually the highest in early
succession stages (Pykälä 2005). The highest and the lowest
change in floristic composition of grasslands based upon the
Sørensen community index, were determined for the hilly
ass. Festuco-Agrostietum vulgaris (58,88%) and sub-alpine
ass. Seslerietum coerulantis (92,22%), respectively (Fig 1).
A relatively high alteration in floristic spectrum was also re-
corded for ass. Nardetum strictae (61,54%). Similarly to re-
sults of Gustavsson et al. (2007), change of grassland man-
agement about 30 years ago affected grassland floristic
structure to the very high extent.

Cluster analysis performed for the hilly ass. Festuco-

Agrostetum vulgaris (Fig 2) showed the distinct grouping of
sites studied in the former period (sites S�-S�) and at present
(S�-S��) into the two separate clades. Such differentiation is
primarily caused by long-term management change, related
to cessation of fertilization and shift from mowing towards
grazing. Unfertilized meadows, in general, and ones ad-
dresses in the present work, exhibit very species-rich vegeta-
tion, as stated by Mauer et al. (2006). The ass. Seslerietum

coerulantis exhibited the lowest change in floristic composi-
tion (Fig 1), as there was not any significant management
change. Cluster analysis showed that relevés recorded in the
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past (S�-S�) and at present (S�-S��) were overlapping (Fig 3).
Our results support the importance of specific habitat condi-
tions for determining the floristic composition, as shown by
Wellstein et al. (2007). Since the association is developed
within the border zone with Bulgaria, where any kind of
management is forbidden, the economic value of the commu-
nity is practically minimal. In addition, the pastoral quality of
this grassland was estimated as very low (data not shown).
Nevertheless, the community has a significant importance
from the aspect of biodiversity preservation, because of pres-
ence of some rare alpine plants (e.g., Anthemis carpatica,

Festuca varia, Cerastium alpinum, Geum montanum, Cam-

panula alpina, Poa ursina, Potentilla regis borisii,

Gnaphalium luteo-album, Juncus trifidus, Myosotis alpestris

and Senecio aucheri), and in this sense, it would be necessary
to limit the expansion of undesirable species, mainly Vera-

trum album, Verbascum longifolium and Vaccinium myrtil-

lus (see Appendix 2).

Comparative analysis of the most frequent species of

particular grassland groups

Relative differences in floristic composition of the stud-
ied grasslands, observed by grassland turnover (Fig. 1) and
by calculating the average species number (Table 1) were ex-
pected, as the exchange in particular species is dependent on
alterations in grassland management, available species pool
(Zobel et al. 1998) and micro-site habitat variations (Sebastiá
2004). Some recent results indicated that substantial vegeta-
tion dynamics may be due to small scale disturbances by live-
stock and re-colonization events typical of grazed sites (Bul-
lock et al. 1995).

Comparative analysis of the presence and related abun-
dance/coverage values of the most frequent species found in
past and at present (Appendix 2) shows more precise effects
of long-term use on the grassland floristic structure. In addi-
tion to observed change in the presence and related abun-
dance and coverage of grasses (i.e increase of Festuca rubra,

Nardus stricta, Festuca spadicea, Deschampsia flexousa in
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the mountain zone), legumes (spreading of the low quality
species Cytisus albus and the Genista sagittalis in the alpine
and mountain zone, respectively), and particularly forbs, the
most significant alteration was determined in the sense of
dramatic increase of undesirable species. Their occurrence
was identified in grasslands of all vegetation belts. In the
hilly zone, a significant increase of spiny species (Carlina

acaulis, Carduus acanthoides, Cirsium eriophorum,

Eryngium campestre) and trees and shrubs (Cornus san-

guineus, Malus sylvestris, Crataegus monogyna, Corylus av-

ellana, Rosa canina) was observed.

Regarding grasslands of the mountain and sub-alpine
zone, a spreading of the toxic Veratrum album and V. nig-

rum, followed by Verbascum ssp., Carlina acaulis and Car-

duus ssp., and especially an increase of shrubs such as
Juniperus nana, Vaccinium ssp. and Rubus idaeus, was re-
corded. It was reported that the number of management-de-
pended plants decreased with increasing cover of shrubs and

trees. As the succession proceeds and the grasslands are in-
vaded by shrubs and trees, the number of grassland species
will decrease (Õckinger et al. 2006), as it was found in our
research.

Relating sheep grazing, which was the main management
practice of the NPSP in the past, it should be noted that there
are some controversies relating the sheep grazing impacts on
plant biodiversity and grassland restoration, including both
positive (e.g., Hellström et al. 2003) and negative (e.g., Kra-
hulec et al. 2001). Sheep grazing is known to lead to higher
proportion of grasses (Krahulec et al. 2001), which is in
agreement with our results (Appendix 2, Table 2). In general,
among the land-use factors, lack of fertilization (hilly zone)
and abandonment (mountain and sub-alpine zone) caused
stronger shifts in proportion of particular grassland groups
than the difference between mowing and grazing, while abi-
otic factors in some cases were of the minor importance,
similarly to results of Wellstein et al.(2007).
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The most important general grassland vegetation

alterations as a result of management change

Our results of grasslands floristic structure in the past and
at present showed some general key changes (Table 2), indi-
cating the strong influences of land use, particularly harmful
effects of grassland abandonment. The most visible effect of
cessation in grassland management led to rapid grassland
area loss, caused by invasion of shrubs, mainly juniper. Juni-
per colonization in the region of the NPSP is determined as
the primary threat for grassland vegetation. Juniper commu-
nities were found to be extremely abundant within the sub-
alpine grassland belt, especially in the zone of the ass. Po-

etum violaceae. The vegetation of Juniperus nana is also
spread in a form of more or less limited spots, but exhibiting
a strong tendency of further widening in the higher mountain
zone of the Nardetum strictae. Juniper vegetation occupies
hundreds of hectares in the form of the dense and almost pure
cover. The proportion of total sub-alpine area covered by
either juniper spots alternating with grazing pasture vegeta-
tion, or by continuous juniper communities exceeds 70%.

In the case of abandonment of the high mountain semi-
natural meadows and pastures, leading to spreading of the ju-
niper vegetation in the final phase, specialized grassland spe-
cies will be lost as a consequence of succession. Similar
situation, concerning juniper colonization as a result of man-
agement cessation was reported for calcareous grasslands in
Germany (Poschlod and WallisDeVries 2002). As a counter
measure, formerly abandonment grasslands may be restored
primarily by clearing of shrubs and trees and re-introducing
livestock grazing (Õckinger et al. 2006). Since most grass-
land species lack a long-term persistent seed bank
(Thompson et al. 1997) their soil seed bank are rapidly de-
pleted (Wellstein et al. 2007), thus reflecting on permanent
loss of species in formerly abandoned grasslands.

In the mountain zone, a type of Nardetum with a high
participation of Deschampsia flexuosa was recognized at
some sites. Such records have not been previously noted,
what indicates the spreading of D. flexuosa, which could be
linked with a decrease of the stocking rate and generally low
grassland utilization. The expansion of the Nardetum type of
vegetation should be a serious threat for future grassland pro-
duction of the NPSP. Dense sward of the Nardus stricta was
reported to be effect of its strong generative reproduction
ability (Hejcman et al. 2005). The occurrence of Calama-

grostis arundinacea, a bad quality grass, found at some sites,
additionally decreased already low value of Nardetum grass-
lands, similarly to results of Bla�ková and Bøezina (2003).
Previous results on spatial distribution of the ass. Festucetum

spadicae stated that this community develops within the zone
of ass. Nardetum strictae and Poetum violaceae, being in
contact with the ass. Agrostietum vulgaris at its lower border
(Mišiæ et al. 1978). Nevertheless, our field observations indi-
cate the expansion of this community, mostly on some lower
altitudes. The main threat for mountain grazing grassland’s
biodiversity, quality and further utilization is the expansion
of Festuca spadicea, which builds very dense, homogenous

and floristically poor communities at some sites, and the
spread of Verbascum spp., Veratrum album and Brachypo-

dium pinnatum in some other habitats. It was shown that
communities dominated by Brachypodium pinnatum are
typical for European semi-dry grasslands, developed after
clearing of Fagus (or Quercus-Carpinus) forests in submon-
tane and montane areas of calcareous soils (Illyés et al.
2007), which corresponds with the origin of the semi-natural
grasslands within the vegetation belts of the NPSP.

Regarding the grasslands of the hilly zone, it should be
mentioned that the ass. Deschampsietum caespitosae was not
previously recognized within the region of the NPSP. Its ap-
pearance is related to undesirable environment conditions,
mainly the effects of flood and high level of underground
water, as well as to abandonment. Spreading of such commu-
nity is a bad sign, since the ass. Deschampsietum caespitosae

is considered to be of bad quality and of very low economy
value, whereas its dispersal is related to wet and slightly acid
soils (Ciurzycki 2004). This type of grassland, in addition to
other valley communities, should primarily serve for hay
production. The ass. Arrhenatheretum elatioris has also not
been recorded during the previous studies, maybe due to im-
pacts of general management change as mowing and hay pro-
duction shifted towards villages located in the zone of valley
grasslands.

Proposal for sustainable use and management of

grasslands of NPSP

Several studies have demonstrated harmful effects of
abandonment (Pykälä et al. 2005) and positive results of
grassland restoration (e.g., Mortimer et al. 1998) on grass-
land plants biodiversity and abundance. As stated by Õckin-
ger et al. (2006), efficient grassland management should in-
volve restoration actions directed towards sites where the
post-abandonment succession has not proceeded to far. The
most effective measures of grassland management in the re-
gion of NPSP were proposed according to the general habitat
characteristics, proportion of undesirable species and their
related biology and ecology in order to maintain the grass-
land biodiversity and their sustainable use (Peeters and Dajiæ
2006). The urgent practices include the juniper burning or
roller chopping (depending on area under the juniper cover),
roller chopping or introducing of horse grazing to control the
spreading of Festuca spadicea, mechanical clearing of
woody species, introducing of early short duration grazing
and cutting of hay in the hilly grasslands, followed by re-in-
troducing of cattle and sheep grazing of the mountain and
sub-alpine grasslands.

In summary, improper grassland management in the for-
mer period of intensive livestock production caused its seri-
ous degradation, the high loss of grassland area, decrease in
yield, water erosion and spreading of unfavourable plants.
On the other hand, under-grazing, lack in use and manage-
ment of grasslands during the last decades, additionally af-
fected the quality of grasslands. Most of grassland areas are
at present abandoned and exposed to spontaneous spreading
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of undesirable shrubs (mainly Juniperus nana), trees and
herbaceous weeds. The expansion of grasses of bad quality,
such as Nardus stricta, Calamagrostis arundinacea, Brachy-

podium pinnatum and Festuca spadicea, additionally re-
duces grassland quality and yield. A detailed knowledge of
community variation and related floristic spectra of Euro-
pean grasslands may provide the scientific basis for design-
ing management plants that would be proper for maintaining
the biodiversity of particular landscapes (Illyés et al. 2007)
as it was shown for grasslands of NPSP.
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Appendix 1. Geographic position of studied grassland communities. 
 

Ass. Festuco-Agrositetum vulgaris 
 

Type 
/Location/Position 

Latitude (N) Longitude (E) Altitude (m) 

Hilly grassland 43º04´59.8"-43º 10´26.6" 22º49´33.2" - 22º 55´ 35.7" 740-821 
Ass. Agrostio-Asphodeletum albae  

 
Type 
/Location/Position 

Latitude (N) Longitude (E) Altitude 

Mountain grassland 43º10´28.7"- 43º23´34.9  22º56´18"-22º59´18" 1212-1245 
     Ass. Koelerietum montanae 

 
Type 
/Location/Position 

Latitude (N) Longitude (E) Altitude 

Moutain grassland  43º14´31.7"-43º32´55.7"  22º48´0.9"-22º48´45" 1390-1425 
Ass. Agrostietum vulgaris (capillaris) sensu lato 
 

Type 
/Location/Position 

Latitude Longitude Altitude 

Mountain grassland  43º14´04.8"- 43º16´40.3" 22º 44´ 38.3"- 22º 48´ 29.4" 1354-1543  
Ass. Festucetum spadicae (paniculatae)  
 

Type 
/Location/Position  

Latitude Longitude Altitude 

Mountain grassland  43º15´29.3"- 43º22´ 22.3" 22º 48´ 31.2"- 22º 41´ 24.9" 1585 - 1605 
Ass. Nardetum strictae sensu lato  

 
Type 
/Location/Position  

Latitude Longitude Altitude 

Mountain grassland 43º 11´ 21"-43º 23´ 18.1"  22º 36´ 55.3"- 22º 56´ 41.5" 1532-1869  
Ass. Poeto molinerii-Plantaginetum carinatae  

 
Type 
/Location/Position  

Latitude Longitude Altitude 

Sub-alpine grassland  43º22´10.4" - 43º22´24.4"  22º 34´ 34.1"-22º34´56.7"  1780-1809  
Ass. Poetum violaceae  

 
Type 
/Location/Position  

Latitude Longitude Altitude 

Sub-alpine grassland  43º18´27.8"-43º18´27.8" E 22º 49´ 02.4" 1940 m 
Ass. Seslerietum coerulantis  

 
Type 
/Location/Position 

Latitude Longitude Altitude 

Alpine grassland N 43º 23´ 41.1" E 22º 40´ 34.5" 2130 m 
 
 



Appendix 2. Long-term change in presence of species of particular functional groups of grasslands of Nature Park Stara Planina 

Community 
1 2 3 4 5 6 7 8 9 

 
Species 

A B A B A B A B A B A B A B A B A B 
Grasses                   
Agropyrum repens      2-3             
Agrostis vulgaris 2 -3 2 2-7 5-7 3-5 3 5-7 3-8  3  2-5  3  2-5  2-3 
Anthoxanthum odoratum 2  3-5 2-3 3 3-5 2 -3 2-3  3 2 -3 2-5  3 2 -3 2   
Arrhenatherum elatius  3-5                 
Brachypodium pinnatum  2 -5  2-3  3             
Briza media  2-5  3-5 2 -3 2             
Bromus erectus      2             
Calamagrostis arundinacea                   
Dactylis glomerata  2-3                 
Danthonia calycina  2-7    2             
Deschampsia flexuosa  2 -3  2-3    2-5  3-5  2-7  2-3     
Festuca pratensis  2                 
Festuca rubra subsp. fallax   2-5 3   3-7 5-8   2-5 2-7    3   
Festuca spadicea         5-8 7-9         
Festuca duriuscula                2   
Festuca supina            2-3       
Festuca vallesiaca 3-5 3-8 2-5 5 2-5 3-5       5-7 3     
Festuca varia                  3-5 
Holcus lanatus    2-3               
Koeleria pyramidata  2 -3  3 2-3 5-8 5  2  2  2  2     
Nardus stricta    3    3   5-9 5-8  3-5 2 -5 3-7  3 
Poa bulbosa             2-8      
Poa molinerii             2-8 3     
Poa violaceae               5-8 5-7 2 -3 3 
Poa ursina                  2-3 
Sesleria coerulans         2 -3        5-8 5 
Legumes                   
Anthylis vulneraria  2  2 - 3               
Coronilla varia  3-7                 
Cytisus albus               2-5   3-5 
Dorycnium herbaceum  2-7                 
Genista depressa          2 -3 2-3 2 -3 2-3 2    2 -3 3 
Genista sagittalis  2-5  5 2-3 2-3 2 -5 3-5 2 -3 2-5 2 -3 2-3   2 -3    
Lotus corniculatus  3 2 -3  2 -3 3 2 -3          2  
Medicago falcata  2-5                 
Medicago lupulina  3-5                 
Melilotus officinalis  2 -3                 
Onobrychis montana      3    2-5         



Onobrychis viciaefolia  2 - 3                 
Trifolium alpestre 2 -3 2 -3 2 -5 3-5 2 -3 3 2-5 2-3  2-3   2-3 3    2-3 
Trifolium campestre 2 -3         2-3   3      
Trifolium montanum 2 -5 2-3 2-5 3-5  2-3             
Trifolium ochroleucum     2 -3  2 -3            
Trifolium pannonicum    2-3    2  2-3         
Trifolium pratense 2 -3 2-3 3  2-5 3 2-3   3         
Trifolium repens   3  3-5 3-5 2-5   3-5        3-5 
Vicia cracca  2 2    2            
Forbs                   
Achillea lingulata         2 -3   2 - 3    2 2 -3 2 
Achillea millefolium 2 -3 2-3 2 -3 2-3 2-5  2 -3 2-3   2 -3  3      
Alchemilla vulgaris       2 -3     2 - 3     3 3 
Antennaria dioica           2-5 2 - 3     2-3 2-5 
Asphodelus albus   5-7 7               
Bruckenthalia spiculifolia            2-7       
Campanula abietina  2 -3   2 -3 2-3 2 -3  2 -3 3 2 -5 2 - 5   2 -3 3-5   
Campanula rotundifolia        2 - 3          3-5 
Carex verna   3  2-5  2-5  3-5    2-7      
Centaurea jacea  2 - 5 2 -3 2 - 3  3             
Centaurea nervosa    2-3   2 -3 2-3  3 2 -3 2 - 5  2-3 2 -3 2-3 2 -3  
Centaurea phrygia   2 -3 3 2 -3 2-3 2 -3            
Cerastium banaticum   3 2-3 2 -3 3    2-3  2 -3 2 -3      
Crepis conyzifolia   2 -3    2 -3 2 -3 3-7   2     2 -3  
Crocus veluchensis         2 -3  2 -5    2 -3  2 -3  
Euphorbia cyparissias   2 -3 2         2 -3      
Euphrasia stricta  2 -3 2 -3 2-3 2 -5 3 2 -5            
Filipendula hexapetala 2 -3 2-5   2 -3 3             
Fragaria vesca  3      2-3           
Galium mollugo  2-3  3               
Galium vernum   2 -3 2-3 2  2 -3  2 -3          
Galium verum 2 -3 2-3 2 -3 3 2 -3 3 2 2-5 2 -3 2-3  2-5 2 -3      
Gentiana asclepiadea           2 2 - 3   2 -3    
Gentiana punctata                2-5   
Geranium sanguineum   2-5 3-5 2 -3        2 -3      
Gymnadenia conopsea    2 -3   2 -3            
Helianthemum nummularium   3-5 3 2-3  2 -3            
Hieracium bauhini  2 2 -3 2-3               
Hieracium cymosum     2  2 -3 2 -3        3-5   
Hieracium hoppeanum   2-3 2-3 2-7 2-3 2-5  2-5 3 2-5 3-5   2 -5 3-5  3-5 
Hieracium pilosella            2 -5    2 -3  2-3 
Hypericum maculatum        3 2-5  2 -3 2-5   2 -3  2 -3  
Hypericum perforatum  2-3 2 2-3 2 3    3         



Hypochoeris maculata   2 -5  2 -3   2 -3    2       
Inula hirta   2 -3 3 2        2-3      
Juncus trifidus                  5-7 
Leontodon autumnalis   3-5 3-5   2 -5 2           
Leontodon hispidus  2-3   2 -3              
Leucanthemum vulgare  2 -5 2 -3  2 -3 2-3 2 -3 2-3  2 - 3  2 -3       
Luzula campestris       2 -5  2 -3 2-3 2-5 2-5  3 2-5 2 -3 2 -3  
Luzula luzuloides       2 -3  2 -3 2-3 2 -3 2-5  3 2 2 -5 2-5 3 
Minuartia verna      3        3     
Moenchia mantica 2 -3 2 -3    3             
Ornithoglum tenuifolium         2 -3    2 -7   2   
Plantago carinata             5-8 5     
Plantago lanceolata   3-5  2 -3  2 -3      2 -3      
Plantago media 2 -3 2 - 3  2-3   2 -3 2           
Polygala major     3-5  3-5   3-5         
Polygala vulgaris  2 -3    3             
Polygonum bistorta       2  2 -3   2-5     2-5 3 
Potentilla argentea  3 2 -3 2-3 2 -3 3       2 -3      
Potentilla erecta          3  2-7    2-3   
Potentilla heptaphylla   2 -3 3 2 -3        2 -3      
Potentilla ternata           2-5 2-7    3 2-5 2-3 
Primula veris   2 -3  2-3  2 -3            
Ranunculus montanus   3  2 -3  2-5    2 -3 2 -3       
Rhinanthus minor    2-3  2-3             
Rhinanthus rumelicus 2 -3 2 -3 5-7 2-5 2 -7 3 3-7      2 -5      
Rumex acetosa   2  2 -3  2 -3            
Rumex acetosella   2 -3  2 -3  2 -3    2 -3 2 -3 2 -5  2 -3    
Salvia nemorosa 2 -3 2 - 3                 
Salvia verticillata  2-3 2                
Sanguisorba officinalis 2 -3 2-3    3             
Scabiosa columbaria   2 -3     2 -3           
Silene sendtneri     2 -3  2 -3  2 -3        2 -3  
Stachys officinalis   2 -3 2-3 2 -3  2 -3 2 -3           
Stellaria graminea  3-5  3   2 -3 2 -3    2 -3       
Teucrium chamaedrys 2 -3 2-3                 
Thesium bavarum     2 -3  2 -3  2-5          
Thlaspi ochroleucum         2 -3 2-3  2 -3     3  
Thymus balcanus         3-7 3 2-5 2-3 2-5 3 2-5  3-5 3 
Thymus glabrescens     2-5 2-5 3-5 3           
Thymus pulegioides 2 -3 2                 
Tragopogon pratensis   2 2-3 2 -3              
Viola dacica         2 -3 3 2-5 2 -3   2 -5    
Viola tricolor    2-5  2 -3  2 -3 2-3  3         



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A-past; B-present, Communities: 1- Festuco-Agrostietum vulgaris, 2- Agrostio-Asphodeletum albae, 3- Koelerietum montanae, 4- Agrostietum vulgaris,  
5- Festucetum spadiceae, 6- Nardetum strictae, 7- Poetum molinerii-Plantaginetum carinatae, 8- Poetum violaceae, 9- Seslerietum coerulantis 

Undesirable species                   
Betula pubescens            2       
Betula verucosa    2               
Carduus acanthoides  2                 
Carduus candicans       2             
Carduus carduelis        2  2       2   
Carduus hamulosus                  2 
Carduus nutans 2                  
Carlina acaulis  2-3 2 2  2  1  2         
Centaurea solstitialis   2                
Cirsium eriphorum  2          2       
Clematis vitalba  2                 
Colchicum autumnale  2                 
Cornus sanguineus  2                 
Corylus avellana  2                 
Crataegus monogyna  2  2-3    2           
Eryngium campestre  2                 
Euphorbia cyparissias  2 2-3  2   5           
Euphorbia plathyphyllos        3           
Euphorbia salicifolia  2                 
Gentiana lutea          1         
Juniperus communis    2               
Juniperus nana    2     2  2 2-3   2 2-3   
Malus sylvestris  2                 
Ononis spinosa  2                 
Pirus piraster    2               
Populus tremula            2       
Rosa canina  2  2    2           
Rosa rubrifolia 2                  
Rubus idaeus    2        2   3 2   
Salix silesiaca            1-2       
Vaccinium myrthillus        3 2 2 2-3 2 -3  2 2 -5 3 2 2-3 
Vaccinium uliginosum           2 2    2   
Vaccinium vitis-idaea           2 2   2 2 - 3   
Veratrum album 2   2-3   2 -3 1 2-5 2 2 -3 2 -5  2 2 2 -3 2  3 
Veratrum nigrum      1  2  1         
Verbascum longifolium   2 3   2 2 2 2  2 -3   2 -3 2  2-3 
Verbascum lychnitis   2  2              
Verbascum phoeniceum  2 2 2 2   2      2     
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