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SUMMARY

Nowadays, mowing has an increasing role in the management

of semi-natural and nature conservation areas. Semi-dry
grasslands have been formed on cleared areas of forest in the
Pannon mountains, which would be reclaimed by forest without
use of the areas by humans.
In our work we analysed cleared grasslands. The questions we
aimed to answer were the following: (i) What kind of vegetation
changes were caused by different land use types? (ii) Is mowing a
proper method for grassland management and nature protection in
the studied system? (iii) Do the species composition and the
diversity vary within two years when conditions of precipitation
are different?

In four sampling areas situted in Borzsony mountains (North-
Hungary), we registered the plant species and their cover values in
ten quadrats per sampling area. We performed a site assessment in
April, June and October, 2013-2014. We analysed the data by
using cluster and ordination processes and we compared the
sampling areas on the basis of the humidity preference and
Shannon’s index of diversity.

From nature conservation’s point of view, it is favourable that
the cover of Potentilla alba occurring in the area was high. It is a
specialist plant species with low stress resistance. However, due to
tourism, it occured less frequently in the area and Bromus erectus
became dominant instead. The species whose cover was more
extensive in areas not affected by tourism — for example
Alopecurus pratensis, Galium verum, Carex praecox, Trisetum
flavescens — occurred less frequently in areas affected by tourism.
On the short run, species did not completely disappear due to the
changing conditions but their abundance decreased, as has been
already supported by other surveys.

The ordination analysis showed that the composition of
species considerably differed with the portions of land cultivated
in different ways. The change of the cover values was apparent not
only in the case of the dominant species but of also in case of
species with smaller cover. The decrease of diversity, the change
of plant cover, the decrease of number of sensitive species as a
result of tourism are typical phenomena all over the world.

The Shannon’s diversity records showed that due to human
presence and trampling the diversity declined. It was considerably
lower in the year with less rain. In the year with more rain the
diversity of species was considerably higher, however, the
difference in between the surveyed areas was large. All these
examples draw attention to the important role of environmental
factors alongside the human factors. The water reserve also
influences the productivity of grasslands and water has primary
importance in the structure of plant communities.

According to the survey, in the two areas not affected by tourism,
in the rainier year the difference between the humidity preference
of the species of the dry and the less dry patches became similar.
On these areas, there were more species with higher humidity
preferences in the rainier year, however, this tendency could not
be observed in the rainier year on areas affected by tourism. The

areas affected by tourism may react in a less flexible manner to the
change in precipitation conditions.

Based on our analysis, we can conclude that the surveyed
semi-dry grasslands are extremely rich in species and therefore
proper grassland management plans are needed. To preserve
grasslands of high natural value, the impacts of the environmental
factors should also be considered in addition to becoming
acquainted with the history and the present conditions of
landscape use.
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A kozelmultban a védett természeti, természetkozeli

teriileteken igencsak megnétt a kaszalas jelentésége. A karpat-
medencei erdok helyén keletkezett félszaraz gyepek ujra
beerddsiilhetnek emberi beavatkozas hianydban.
Munkam sordan cserjeirtott gyepeket vizsgaltam. Fo kérdéseim a
kovetkezok voltak: milyen valtozasokat okozott a teriilethasznadlat
megvdltozdasa? Mennyire hasznos a kaszalas a
gyepgazdalkodasban és a természetvédelemben? Megvaltozik-e két
év alatt a fajosszetétel és a diverzitds, ha a csapadékviszonyok
valtoznak?

Négy mintateriileten, 4x10 kvadratban mértem fel a fajok
boritasat 2013 és 2014 aprilisaban, juniusaban és oktoberében. Az
adatelemzés sordn klaszteranalizist és ordindcios eljarasokat
kvadratok
fajosszetételét nedvességigény és Shannon-diverzitas alapjan.

alkalmaztam,  valamint  osszehasonlitottam  a

Természetvédelmi szempontbdl jelentds adat az alacsony

stressztiiré képességii Potentilla alba nagy boritisa. Azonban a
turizmus miatt a faj visszaszorul, és a Bromus erectus valik
domindanssd. Azok a fajok, melyeknek a boritisa a turizmus dltal
kevéssé érintett teriileteken nagyobb (pl. Alopecurus pratensis,
Galium verum, Carex praecox, Trisetum flavescens), a zavart
teriileteken visszaszorulnak. Osszhangban mads kutatasokkal, a
fajok a valtozo koriilményekre elészor nem eltiinéssel, hanem
dominancia-csokkenéssel reagalnak.
Az ordindcios analizis szerint a kiilonféle modon hasznositott
teriiletek  fajosszetétele jelentésen kiilonbozik egymdstol. A
turizmus dltal érintett gyepteriileteken a jellemzd fajok boritasi
értéke alacsony. A kisebb mennyiségben jelen lévd fajok boritisa
szintén valtozik. A diverzitas csokkenése, a novényboritas
valtozasai, az érzékeny fajok szamdnak turizmus dltal okozott
csokkenése az egész vilagon megfigyelhetd jelenségek.

A Shannon-diverzitis az emberi jelenlét és taposdas
kovetkeztében csikkent. Kiilonosen igaz ez a csapadékszegényebb
évekre. Az esdsebb években a diverzitas nagyobb volt, bar a
kiilonbség a vizsgalt teriiletek kozott jelentds. E példak rairanyitjak
a figyelmet a kornyezeti tényezék fontossagara az emberi tényezék
mellett. A vizkészlet a gyepek produktivitasat is befolyasolja, a
novénykozosségek szerkezetének alakitasaban a viznek elsédleges
szerepe van.
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Eredményeim alapjan a két, turizmus dltal nem érintett

teriileten az esdsebb évben a szarazabb és nedvesebb részek
fajainak nedvességigény-értékei hasonlova valtak. Ebben az évben
tobb, nagyobb nedvességigényii faj jelent meg ezeken a
teriileteken, ellentétben a turizmus dltal érintett részekkel. Az
utobbi teriiletek valosziniileg kevésbé rugalmasan reagdlnak a
valtozo csapadékviszonyokra.
Eredményeim alapjan elmondhato, hogy a vizsgalt félszaraz
gvepek igen fajgazdagok, ezért megdrzésiikhoz és fenntartasukhoz
megfeleld kezelési tervekre van sziikség, hogy megdrizziik ezeket az
értékes gyepeket, figyelembe kell venniink a kérnyezeti hatasokat,
és a tajhasznalat miltbeli és jelenlegi modozatait.

Kulcsszavak: kaszalas, turizmus, erddsiilés, fajdiverzitds
INTRODUCTION

Area s of natural grasslands have considerably
decreased in Europe in the past decades (Luick,
1998; Dullinger et al., 2003; Sebastia et al., 2008;
Penksza et al., 2010, 2013, 2020; Kiss és Penksza,
2018; Catorci et al., 2017; Hazi et al., 2011, 2012;
Szentes et al., 2011; Zimmermann et al., 2011), while
priority has been given to grassland management
using nature conservation and ecological criteria
(Nagy, 2008; Habel et al., 2013). The reason that the
conservation of grasslands is highly important is their
important role in maintaining and preserving the
diversity (Houghton et al., 2001; Habel et al., 2013;
Salata 2009, 2017; Salata et al., 2011, 2012, 2013).

Natural and semi-natural grasslands are also
endangered by the loss of habitats and by industrial
and recreational activities (Drewitt, 2007). Due to
changing land use, traditionally managed grasslands
are rarely seen (Kaligari¢ et al., 2006; Komarek,
2007a, b; Valko et al., 2018). This is an unfortunate
fact as regular mowing and foraging are the primary
tools of maintaining these areas. These methods are
of high importance in terms of nature conservation
management, by affecting the successional processes
(Penksza et al., 2008; Komarek, 2008; Horvath és
Komarek, 2016; Torok et al., 2011, 2018; Szentes et
al., 2009; Papay et al., 2019¢c; Valko et al., 2012;
Kelemen et al., 2014).

Natural disturbances are part of the ecological
systems, and the majority of meadows and hayfields
of high nature conservation value can only be
preserved through management (Whittaker and
Levin, 1977). By means of nature conservation
treatments, the number of grassland species can be
increased and various accompanying species can be
introduced (Besny®éi et al., 2012; Barath et al., 2012;

Penksza et al., 2009a, b, c; Stroh et al., 2002; Szabo
etal., 2010, 2011, 2017a, b; Labadessa et al., 2020).

Besides, due to the removal of the accumulated
litter, colonization patches are created for numerous
accompanying dicotyledonous species (Bissels et al.,
2006; Dedk et al., 2012; Télle et al., 2016). The
extensive grassland management, the preservation of
nature conservation areas and the flora and fauna are
also supported by the Natura 2000 network through
the supporting system of the European Union (Klejn
and Sutherland, 2003).

One of the most important danger threatening
mountain grasslands is the increasing cover of shrubs
(Papay and Uj 2012; Penksza et al., 2015; Papay,
2016), which is a problem that exists also on a global
scale (Papay et al., 2018). This situation calls for
management, such as extensive grazing, pasturing
(Jardi et al., 2017; Zimmermann et al., 2018) and
shrub cutting (Papay et al., 2017). However, in some
cases, ungulate browsing can provide help in this task
by setting back the growth of new sprouts (Katona et
al., 2016; Penksza et al., 2016; Péapay et al., 2019c,
2020).

MATERIALS AND METHODS
The surveyed area

The surveyed area is situated in the Carpathian
basin, in the Northern region of Hungary, within the
countryside Mount B&rzsony in the small region of
Kosd hills (Figure I) (Dévényi, 2010). The area was
once characterised by Aceri tatarici-Quercetum
roboris, Quercetalia cerris (in patches), and Salvio
nemorosae-Festucetum  rupicolae  (in  smaller
patches). The meadow Gyadai is situated at the
Northern end of Mount Naszaly forming a part of the
Kosd hills in the valley of the stream Losi, this is
where our surveys were carried out.

The meadow Gyadai was created by cutting down
the forest areas around the stream Loési. The largest
plant communities of the meadow Gyadai are the
Pastinaco-Arrhenatheretum and Alopecuro-
Arrhenatheretum meadows, the forest steppes and the
semi-dry cleared grasslands. The meadow ,,Gyadai”
is characterized by remnant trees, which provide
shade for animals on hot days. The meadow Gyadai
also accommodates some plant species of Carici
pilosae-Carpinetum (Rév et al.,, 2008; Kertész,
1988). The meadow is preserved by human activities,
otherwise the entire area might be reclaimed by
forest.
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Figure 1: Geographic situation of the surveyed area
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1. abra: A vizsgalt teriilet foldrajzi elhelyezkedése
The Sampling Method

Before defining the sampling areas on the

meadow ,,Gyadai”, we made repeated visits to the
site during a period of five years (3-4 times each
year), during which we assigned 4 parts of the
grassland that were mown regularly. We paid special
attention to the areas where pressure of tourism was
greater, owing to organised activities.
We used military and topographic maps as well as
aerial photos to follow the changes in the history of
the areas, and we also analysed detailed descriptions,
written by local historical sources (Pintér and Timar,
2010). Based on these sources we realized that along
the stream, on the meadow Gyadai, there was only a
narrow zone of grassland (at the end of the 18th
century), which had been extended by the mid 19th
century. After that period only minor changes of land
use were carried out in the meadow. From the 1990s,
little patches of farmland could be seen in the area.

On the meadow Gyadai we assigned four
sampling areas based on the records, the documents
and maps and the experiences gained at the site. The
four sampling areas are characterized as mown
grasslands, however due to the increasing number of
visitors, the areas are more or less affected, or they
may deviate from each other in the history of the
landscape or in the water management parameters.
The areas were mowed twice a year (in mid-July and
August). Random sampling was performed using
quadrat assignment preceding the on-site sampling.
The sampling points were assigned based on a
rectangular grid projected on the area, which were
slightly altered by on-site corrections to avoid the
quadrats falling on roads, bushes, wild boar diggings,
or mud flows. Due to the random sampling it may
have occurred that a quadrat had been assigned on
slightly disturbed patches. We assigned a total of 40
quadrats of 2x2m for the coenological sampling so
that 10 quadrats were assigned to each portion of the
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area. The quadrats with sampling codes 1-10 were
assigned at a distance of approximately 2 km (at the
maximum possible distance) from the nearby tourist
information centre. Access to the area is difficult due
to forest and bush patches. It cannot be accessed by
car through the nearby forest, because the local forest
management company has banned access to the
forest road. We assigned the quadrats 11-20 in the
area next to the above described area. In this case,
however, we assumed that this area may be a drier
mown grassland. Quadrats 21-30 are located in the
grassland near to the village Katalinpuszta, which is a
popular tourist destination. At weekends thousands of
people visit the area. In 2-3 weeks, during the main
plant reproduction and growth period programs are
organized where 50-100 people take part, or school
children play games. If there are no organised
activities, people use this portion of the mown
grassland for picnic. We assigned quadrats 31-40 to
be located at the edge of the grassland, which is next
to the tourist information centre. Due to its marginal
conditions, this part of the grassland is not visited by
tourists. The tourist route is from the tourist
information centre through the forest and is next to
this part of the grassland at the edge of the forest
(where the slope is rising). This route is bordered by
the grassland along a relatively narrow zone. The
forest surrounds the narrow part of the meadow there.

It is assumed that there was a forest area in this
part of the grassland 230 years ago. The sampling
points were visited three times in both surveying
years. The sampling activities were carried out in the
same weeks and months (April, June and October) of
2013 and 2014. We localized the quadrats at the site
by using a Garmin Dakota 20, GPS, and during
further samplings we searched the fixed sample
quadrats with a GPS. During sampling we recorded
the time, exposure, the altitude, and the names of
species following the nomenclature by Kiraly (2009)
and Kiraly et al. (2011), and we estimated the
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percentage cover of occurring vascular plant species.
We identified the phytocoenosis according to the
literature published by Borhidi (2003).

Data Analysis

The data recorded in the four different sampling
points were analysed for their humidity preferences
(Horvath et al., 1995). We calculated the Shannon
diversity indices for all the quadrats of the entire
database, covering all sampling dates. We calculated
the averages of the diversity indexes for each portion
of area as per the date and year of sampling. Based
on the average quadrat records of the portions of
areas assessed on the largest covers of the relevant
quadrats, we defined the dominant plant species also
for each portion of the area. We regarded those
species whose estimated cover exceeded 8% as per
the averaged quadrats as dominant. In order to
present the similarities and differences between the
sampling points, we used the cluster analysis
generated by the Bray-Curtis matrix, and the
ordination process. We conducted all analyses using
the program R 3.02. For the purposes of data
management and application, we combined the data
of each species recorded in fixed quadrats, and if one
of the species was found simultaneously in several
various sampling quadrats during one year, we
considered the highest cover value for the
calculations. We used this method of simplification
instead of the averaging method, because using the
averaging method, the determinant dissimilarities and
the higher average cover values of the portions of
areas might have disappeared. Further, this method
was the best one to conform with our sampling
method.

RESULTS

Based on the dendrogram of 2013, the area
located at the edge of the grassland (31-40) was
strongly separated within the mown grasslands
(Figure 2).

By comparing the dendrogram with the sampling
cover values, it is evident that Potentilla alba is
primary and highly dominant in the abovementioned
portion of the grassland. Besides, the covers of
Bromus erectus, Festuca rupicola and Trisetum
flavescens were considerable. The sampling quadrats
(21-30) represented a well isolated group of species
with connections to each other at low levels whose
locations were often visited by tourists. In this
portion of the grassland, the primary dominant plant
species was Bromus erectus whose cover was very
extensive, and the secondary-dominant species were
Festuca rupicola and Filipendula vulgaris. We
deemed dominant plant species to be the one whose
cover exceeded 8% estimated by an on-site
assessment (Table 1).

Figure 2: Dendrogram of the sampling quadrats — 2013
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Legend: 1-10 wetter mown meadow in the direction of Osagérd;
11-20 drier mown meadow in the direction of Osagard; 21-30
mown and tourist visited meadow; 31-40 mown meadow, which
used to be forest; a: 2013(1)

2. abra: A kvadratok 2013-as eredményeinek klasszifikacioja
1-10: nedvesebb kaszlt rét Osagardnal; 11-20: szérazabb kaszalt
rét Osagardnal; 21-30: kaszalt és latogatott gyep; 31:40: kaszalt
gyep, korabban erdd(1)

Table 1
The dominant species with the largest covers in the quadrats of the surveyed areas (2013)
K1 K2 K3 K4

Plant species Cover Plant species Cover Plant species Cover Plant species Cover
(%) (%) (%) (%)
Bromus erectus 16.9 Festuca valesiaca 16.1 Bromus erectus 46.8 Potentilla alba 30.5
Galium verum 94 Festuca rupicola 13 Festuca rupicola 8.2 Bromus erectus 16.6

Festuca valesiaca 9.3 Galium verum 12.1 Filipendula vulgaris 8.1 Trisetum flavescens 12

- - Alopecurus pratensis 9.7 - - Festuca rupicola 11.2

1. tablazat: A dominans fajok boritdsai a vizsgalt teriiletek kvadratjaiban (2013)

The quadrats of the two mown grasslands next to
Osagard were connected to each other at a higher
level, and these areas were not completely isolated
from each other. Each of the two portions of
grassland were diverse, and the number of the plant
species found in these two portions of grassland was

much higher than in the two other portions of the
mown grassland. It is worth mentioning that there
were five dominant species: Bromus erectus, Galium
verum, Festuca valesiaca, Festuca rupicola, and
Alopecurus pratensis. 5 and 6 quadrats were different
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from the others. These quadrats are highly covered
by Calamagrostis epigeios.

On the mown grassland, the area was also isolated in
the second year (Figure 3), which is located at the
edge of the grassland (31-40). That portion of the
grassland was highly covered by Potentilla alba and
Bromus erectus. The presence of Trisetum flavescens
was also considerable (Table 2).

The sampling quadrats 21-30 represented a well
isolated group of species with connections to each
other at low levels whose locations were often visited
by tourists. In this portion of the grassland, the cover
of the dominant species (Bromus erectus and Festuca

rupicola) was considerably high in 2014. There was a
higher level connection between the quadrats of the
two mown grasslands next to Osagard, and based on
the dendogram these portions of the area were not
clearly isolated from each other. These two portions
of grassland are heterogeneous compared to the two
other mown portions of the grassland. Similarities
between the individual quadrats occurred only at high
connection levels. Similar to the previous year,
quadrats 5 and 6 were different from the other
sampling quadrats, and they were encroached by
Calamagrostis epigeios.

Table 2
The dominant species with the largest covers in the quadrats of the surveyed areas (2014)
K1 K2 K3 K4
Plant species Cover Plant species Cover Plant species Cover Plant species Cover

(%) (%) (%) (%)
Bromus erectus 22 Trifolium campestre 25 Bromus erectus 41 Potentilla alba 30.5
Trisetum flavescens 8.9 Carex praecox 14 Festuca rupicola 12.3 Bromus erectus 16.6

Potentilla alba 8.6 Trifolium alpestre 12.7 - - Trisetum flavescens 12
Arrhenatherum elatius 8.4 Trisetum flavescens 12.5 - - Festuca rupicola 11.2
- - Festuca valesiaca 12.1 - - Arrhenatherum elatius 9.2

2. tablazat: A domindns fajok boritdsai a vizsgalt teriiletek kvadratjaiban (2014)

Figure 3: Dendrogram of the sampling quadrats — 2014
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Legend: 1-10 wetter mown meadow in the direction of Osagard; 11-20 drier mown meadow in the direction of Osagard; 21-30 mown and
tourist visited meadow 31-40 mown meadow, which used to be forest; b: 2014(1)

3. abra: A mintakvadratok 2014-es eredményeinek klasszifikacioja

1-10: nedvesebb kaszalt rét Osagardnal; 11-20: szérazabb kaszilt rét Osagardnal; 21-30: kaszalt és latogatott gyep; 31-40: kaszalt gyep,

korabban erdd(1)
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Based on the DCA of the mown grasslands
(Figure 4), the following can be established
concerning the analysed portions of grassland
(K1 a=la-10a, K2 a=1la-20a, K3 a=21a-30a,
K4 a=31a-40a):

Three groups of the mown grasslands could be
isolated (with ellipses). One of these contained the
quadrats of the mown area that is located at the
beginning of the meadow (31a-40a). The quadrats of
the mown grassland shown on the figure as affected
by tourism also formed an isolated group including
all quadrats of the portion of the grassland (21a-30a.)
The third ellipse consisted of the two mown
grasslands next to Osagard, which two portions of
grassland were not clearly isolated from each other
(K1 a, K2 a). These two areas were more
heterogeneous than the other two mown grasslands.
The three quadrats of area K1 a (5a, 6a, 10a) were
found outside the isolated areas, and deviated
considerably from those areas.

Based on the ordination analysis, some species of
the mown grasslands next to Osagard (K1_a, K2_a),
which characterize the isolated area are the
following: Bromus inermis, Carex praecox, Betonica
officinalis, Trifolium campestre, Moenchia mantica,
Cruciata laevipes, Arrhenatherum elatius, Dactylis
glomerata,  Knautia  arvensis,  Helictotrichon
pubescens, Vicia cracca, Lathyrus pratensis, Vicia
hirsuta, Poa angustifolia, Festuca valesiaca. Some
species of the mown grasslands located at the
beginning of the meadow (K4 _a), which characterize
the isolated area: Potentilla alba, Trifolium
montanum, Rhinanthus minor, Plantago lanceolata,
Briza media, Salvia nemorosa, Leontodon hispidus.

The species isolated in the mown grassland
(K3_a) affected by tourism are not shown in the
DCA. In accordance with the DCA, the presence of
Calamagrostis epigeios promotes the isolation of the
quadrats 5a, 6a, while the presence of Brachypodium
pinnatum promotes the isolation of the quadrat 10a.

Figure 4: Results of the DCA of mown grasslands in 2013
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Legend: Ac co: Achillea collina, Al pr: Alopecurus pratensis, Ar el: Arrhenatherum elatius, Be of: Betonica officinalis, Br pi: Brachypodium
pinnatum, Br me: Briza media, Br er: Bromus erectus, Br in: Bromus inermis, Ca ep: Calamagrostis epigeios, Ca ca: Carex caryophyllea, Ca
pr: Carex praecox, Ce sc sc: Centaurea scabiosa subsp. scabiosa, Ce br: Cerastium brachypetalum, Co au: Colchicum autumnale, Cr la:
Cruciata laevipes, Da gl: Dactylis glomerata, Di po: Dianthus pontederae, Fe ru: Festuca rupicola, Fe va: Festuca valesiaca, Fi vu:
Filipendula vulgaris, Fr ve: Fragaria vesca, Ga ve: Galium verum, He pu: Helictotrichon pubescens, Kn ar: Knautia arvensis, La pr: Lathyrus
pratensis, Le hi: Leontodon hispidus, Lo co: Lotus corniculatus, Lu ca: Luzula campestris, Ly vi: Lychnis viscaria, Mo ma: Moenchia
mantica, My st: Myosotis stricta, Or um: Ornithogalum umbellatum, Pi sa: Pimpinella saxifraga, Pl la: Plantago lanceolata, Pl me: Plantago
media, Po an: Poa angustifolia, Po al: Potentilla alba, Pr ve: Primula veris, Pu mo: Pulmonaria mollissima, Ra ac: Ranunculus acris, Ra po:
Ranunculus polyanthemos, Rh mi: Rhinanthus minor, Ru ac: Rumex acetosa, Sa ne: Salvia nemorosa, Sa pr: Salvia pratensis, Sa bu:
Saxifraga bulbifera, Se an: Seseli annuum, Ta of: Taraxacum officinale, Th li: Thesium linophyllon, Tr or: Tragopogon orientalis, Tr ca:
Trifolium campestre, Tr mo: Trifolium montanum, Tr fl: Trisetum flavescens, Ve ch: Veronica chamaedrys, Vi cr: Vicia cracca, Vi hi: Vicia
hirsuta, Vi te: Vicia tenuifolia, Vi hir: Viola hirta, Vi od: Viola odorata K1 _a: 1-10 wetter mown meadow in the direction of Osagérd; K2 a:
11-20 drier mown meadow in the direction of Osagard; K3_a 21-30 mown and tourist visited meadow; K4_a: 31-40 mown meadow, which
used to be forest, a: 2013

4. abra: A kaszalt gyepek 2013-as eredményeinek DCA elemzése
KI_a: 1-10 nedvesebb kaszalt gyep Osagarnal; K2_a: 11-20 szarazabb kaszalt ygep Osagardnal; K3 a 21-30 kaszalt, latogatott gyep; K4 a:
31-40 kaszalt gyep, korabban erdé. a: 2013
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Based on the DCA of the mown grasslands with
samplings in 2014 (Figure 5), the following is
established concerning the analysed portions of
grassland (K1 _b=1b-10b, K2 b=11b-20b,
K3 b=21b-30b, K4 b=31b-40D):

Four groups of the mown grassland could be
isolated (with irregular forms), however, this
isolation was not entirely clear as minimum 1-2
quadrats occurred in an isolated group in which they
were not expected. An area could be isolated, where
the quadrats of the mown area located at the
beginning of the meadow were found (31b-40b). The
figure shows that the quadrats of the mown grassland
affected by tourism also formed a separate group,

The third group consisted of the mown grassland far
from Osagard, which includds all quadrats of the
portion (11b-20b). The fourth portion (1a-4a, 7a-10a)
consisted of the quadrats of the mown area next to
Osagard. Two quadrats of this area (5b,6b) were
found outside the isolated groups and deviated
considerably from those.

Based on the ordination analysis, some species of
the mown grasslands far from Osagard which
characterized the isolated area are the following
(K2 b): Alopecurus pratensis, Carex praecox,
Elymus repens, Trifolium campestre. The species that
characterized the mown grassland next to Osagard is
Lathyrus pratensis.

which included the quadrats 21b-28b of the portion.

Figure 5: Results of the DCA of mown grasslands in 2014
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5. dbra: A kaszalt gyepek 2014-es eredményeinek DCA elemzése
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On the grassland effected by tourism (K3 b),
there was more extensive cover of Agrostis
stolonifera, Plantago lanceolata, Thesium
linophyllon, Centaurea jacea subsp. angustifolia. In
the mown grassland located at the edge of the
meadow (K4 b), the following species occurred at
higher rates: Potentilla alba, Trifolium montanum,
Saxifraga bulbifera, Rhinanthus minor, Plantago
media, Luzula campestris, Festuca pratensis. In
accordance with the DCA, the isolation of quadrats
5b and 6b is caused by Calamagrostis epigeios.

CONCLUSIONS

From a nature conservation point of view, it is
favourable that the cover of Potentilla alba occurring
in the area is high. It is a specialist plant species with
low stress resistance (Pavli et al., 2011). However,
due to tourism, it occurs even less in the area and
instead, Bromus erectus becomes dominant. It might
be also due to tourism that Bromus erectus not only
displaces previous species, but also decreases the
cover of grassland specialist species. The plant
species whose covers are more extensive in areas not
effected by tourism — for example Alopecurus
pratensis, Galium verum, Carex praecox, Trisetum
flavescens — occur less frequently in areas effected by
tourism. The species reacts first to the changed
conditions not with disappearence but with a the
change in relation to dominance, as has been already
supported by other studies (Podani, 1997; Deék et al.,
2018).

The ordination analysis shows that the species
composition considerably differs with the portions of
land managed in different ways. In the portion of
grassland affected by tourism, the number of species
characterising the individual area is low, which is
more characteristic in years with less rain, when the
diversity of species is reduced. The change of the
cover values affects not only the occurrence of the
dominant species but also the subordinate ones. The
decrease of diversity, the change of plant cover, the

decrease of number of sensitive species as a result of
tourism are registered all over the world (Le et al.,
2014; Grabherr, 1982).

The Shannon diversity records show that due to
human presence and trampling the diversity of the
species is reduced. The diversity of species is
considerably low in years with less rain. In years
with more rain the diversity of species is
considerably higher, however, the difference in
diversity between the surveyed areas is much
increased. All these examples draw attention to the
important role of environmental factors alongside the
human factors (Stampfli, 1995; Catorci et al., 2011,
2017). The water reserve also influences the
productivity of grasslands and water has primary
importance in the structure of plant communities
(Barcsak, 1989; Penksza et al., 2015, 2016; Papay et
al., 2019a, b, ¢).

According to the survey, on the two areas not
affected by tourism, in the rainier year the difference
between the humidity preference of the plant species
occurred on the dry areas and the less dry areas
became similar. In the rainier year, the differences
increased between two portions of grassland with
similar humidity preferences but different land use.
On areas not affected by tourism, there were more
species with higher humidity preferences occurred in
rainier year, however, this tendency could not be
observed in the rainier year on areas affected by
tourism. The areas affected by tourism may react less
flexibly to the change in rain conditions.

It can be said based on our analysis, that the
surveyed semi-dry grasslands in the Pannon
mountains are extremely rich in species and therefore
proper grassland management plans should be
designed. To preserve grasslands of high natural
value, the impacts of the environmental factors
should also be considered in addition to becoming
acquainted with the history and present conditions of
the landscape use (Halasz et al., 2018; Bartholy et al.,
2012; Catorci et al., 2011; Gustavsson et al., 2007,
Galvanek and Leps, 2009).
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