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Abstract

Question: What are the consequences of grazing abandonment
on the Stipa lessingiana dominated steppe-like grasslands?
What is the relative importance of management and environ-
mental factors in causing variation in species composition
and abundance in the continuously grazed and abandoned
grassland stands?

Location: Transylvanian Lowland, Romania.

Methods: Repeated vegetation mapping of a grassland stand,
where grazing was abandoned 35 years ago; re-sampling six
grassland stands surveyed 29-57 years ago. For revealing
long-term changes in species composition and rank abundance
PCoA ordination was applied. The relative importance of man-
agement and environmental factors in structuring vegetation
were explored by CCA ordination. Diversity, evenness and
the relative number and abundance of red-listed species were
compared between managed and abandoned stands.

Results: Our results pointed out that grasslands which were
formerly grazed and dominated by S. lessingiana, in the long-
term absence of grazing, have been transformed into a S.
pulcherrima dominated type. Management, probably by creat-
ing bare surfaces and preventing litter accumulation, had the
strongest effect on the species composition and abundance in
the grasslands. Abandoned grassland stands had lower diversity
and evenness compared to continuously grazed stands. While at
the same time, the relative number of threatened, rare species
did not differ between managed and abandoned sites.
Conclusion: Maintaining extensively grazed, as well as un-
managed, Stipa dominated grasslands would be important in
order to create various habitat conditions for plant species,
especially threatened and rare species, and promote diversity
on the landscape scale.

Keywords: Diversity; Management; Re-sampling; Romania;
Stipa lessingiana; Stipa pulcherrima, Transylvanian Low-
land.

Nomenclature: Tutin et al. (1964-1980).

Introduction

Grazing by large herbivores affects grassland com-
munities through changes in net primary production
(Noy-Meir et al. 1989), spatial heterogeneity (Adler &
Lauenroth 2000; Peco et al. 2006), vegetation structure
(Sala 1988), species composition (Kahmen et al. 2002;
Moog et al. 2002) and species diversity (Virdgh & Bartha
1996; Pykil et al. 2005). The mode and magnitude of
the grazing action and of the community reaction are
both functions of the evolutionary history of grazing
and productivity of the community (Naveh & Whit-
taker 1979; Milchunas et al. 1988). Changes induced
by grazing may also depend on the type of vegetation
affected, since different plant species react differently
to such disturbances (Belsky 1992; Lavorel et al. 1998).
Abandonment of a pasture evolutionary adapted to graz-
ing can also have significant effects on the vegetation.
In this case, abandonment can also be viewed as a form
of disturbance (Sala et al. 1996).

Results about dynamic processes in grasslands under
grazing or after abandonment were mostly accumulated
from other parts of the world (e.g. McNaughton 1979;
Milchunas et al. 1988; Noy-Meir et al. 1989; Seabloom
& Reichman 2001), while eastern Eurasian steppes have
been poorly studied (e.g. Lavrenko & Karamysheva
1993; Sarychev 2005).

Steppe-like grasslands of central-eastern Europe have
similar characteristics to the zonal steppes of eastern
Eurasia, but here they are mostly represented by smaller,
extra-zonal stands. We have very little information about
the effect of grazing and abandonment on these steppe-
like grasslands (Cremene et al. 2005), hence we do not
have a proper management system for their conservation.
Today, plant ecologists and conservationists face serious
grassland management problems in many parts of the
world, since large areas of natural and semi-natural grass-
lands were abandoned from livestock grazing (Poschlod
& WallisDeVries 2002). Remaining grasslands have
become extremely fragmented and their area decreased
(Butaye et al. 2005), which has resulted in a subsequent
decrease in species richness (Bakker & Berendse 1999).
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These consequences illustrate the importance of grazing
as a management type in order to maintain grassland
species diversity and, on a larger scale, landscape scale
processes (Luoto et al. 2003).

In this study, we investigated long-term (29-57 years)
vegetation changes produced by abandonment vs persis-
tent cattle and sheep grazing in the Transylvanian Low-
land, Romania. The primary questions addressed were:
1. What are the consequences of grazing abandonment
on the species composition, abundance, diversity and
presence of endangered species of the feather-grass domi-
nated grasslands? 2. What are the factors determining
species composition and abundance in these grasslands?
We used two different and complementary approaches
for the study of long-term changes: (a) we re-mapped a
previously mapped 4.8 ha area and (b) we re-sampled
vegetation (through floristic surveys) at three locations
which were abandoned from grazing and three locations
which have continued with livestock grazing.

Material and Methods

Study area

The Transylvanian Lowland (Cadmpia Transilvaniei)
is situated in the northern-central part of Romania. The
climate is temperate continental with maximum precipi-
tation in summer (June-August) (Kun et al. 2004). The
natural vegetation is forest-steppe/forest. The extensive
deforestation of the Transylvanian Lowland occurred
more than 1000 years ago. At present, small remnants of
oak (Quercus robur-Quercus petraea) and oak-hornbeam
(Q. petraea-Carpinus betulus) woods can be found on
the tops of the hills or on northern facing slopes, the
remaining area being occupied by large agricultural
fields and grasslands.

Steppe-like grasslands in the Transylvanian Lowland
occur on steep slopes (30°-50°) with southwestern, south-
ern and southeastern orientation, on eroded carbonated
chernozemic soils on sandstone, clay or marly substrate,
representing the most xeric grassland types of the region.
Well-conserved steppe-like grasslands today are scarce,
being considered as remnants of the extended Eurasian
steppe zone from the Boreal (So6 1949). The studied
vegetation types are dominated by feather-grass species:
Stipa lessingiana (Stipetum lessingianae) and Stipa pulcher-
rima (Stipetum pulcherrimae). Traditional management of
the steppe-like grasslands was grazing by sheep or cattle
from spring to autumn. In the last 15 years livestock have
decreased in this region due to the low profitability and
because these dry grasslands have the lowest yield (600 g
m2yr') compared to other, more mesic, grassland types,
they were the first to be abandoned.

Vegetation mapping

We used a 1968 vegetation map from a small nature
reserve (4.8 ha) in the village Suatu (46°46' N, 23°58'
E, 440 m a.s.l.). Here the mean annual precipitation is
615 mm and the mean annual temperature is 8.5 °C. The
grassland stand is situated on the S-SW slope (35-40°
slope) of Banffy Hill. The map was drawn shortly after
grazing was stopped. Vegetation types were defined
based on the dominant or codominant species (if it was
the case) and the map was drawn at a 1:100 resolution
(Resmeritd 1971). To detect the 35 year impact of the
removal of grazing we made a second vegetation map
in 2003 following the same methodology as in the case
of the former mapping (1968) for defining vegetation
types and drawing the map.

Field sampling

We chose six grassland stands for long-term com-
parison (Table 1). We gained old vegetation data
(one to three phytosociological relevés of 5 m x 5 m)
about these grasslands from the literature (So6 1949;
Cstiros et al. 1961; Suteu 1979) and during 2004 we
re-localized these grassland stands on the field by the
locality, name and orientation of the hill mentioned in
the old sources. We used only those grassland stands
which could be unambiguously localized and when
the vegetation was homogenous. After re-localization
we established five 4 m x 4 m plots in each of the
grasslands by visually estimating the percent cover of
vascular plant species. We also noted the amount of
litter (% abundance), bare ground (% cover), exposure,
slope degree and position on the slope (upper, middle,
bottom). In two of the stands vegetation sampling
was carried out in June-July 2004, and four stands
were sampled in 2005 (Table 1). History of land use
(management type) was determined by asking local
people: from the six grasslands each grazed in the past
three were abandoned (29-57 years ago) and three
were continuously grazed (Table 1).

Data analyses

We geo-coded and digitalized the 1968 and 2003
vegetation maps. In order to compare the temporal
changes in terms of replacement of different vegeta-
tion types between 1968 and 2003 the two maps were
overlaid, and transition probabilities between each pair
of vegetation types were calculated and arranged into
a transition matrix.

In order to investigate long-term community
development in the six grassland stands re-sampled
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Table 1. Site, sampling and vegetation characteristics in the six re-sampled grassland stands. Abbreviations: A.y.p. = average an-
nual precipitation; T = mean annual temperature; Date 1 (old) = year of first sampling; Date 2 (new) = year of re-sampling; Manag.
= management type as g. = grazed by, aban. = abandoned; Vegetation characteristics as average abundance (%) of the dominant

species (S. 1. = Stipa lessingiana, S. p. = Stipa pulcherrima).

Site characteristics

Sampling and vegetation characteristics

Altitude  A.y.p. T. Slope Slope Size  Date 1 Vegetation Date 2 Vegetation
Location Coordinates (m) (mm) (°C)  exposure degree(°) (ha) (old) Manag. characteristics ~ (new)  Manag. characteristics
1. Tirimia 46°27'N, 425 600 8.7 W-SW 35-40 22 1976  g. sheep S.1.=242 2005 aban. S.1.=04
24°30’E S.p.=0 S.p.=45
2. Puini 46°54’N, 400 633 8.5  SE-SW 35-50 1.4 1948  g. sheep S.1.=625 2005 aban. S.1.=0.1
24°01’E S.p.=0 S.p.=46
3. Sarmasel ~ 46°45°N, 440 540 8.7 W-S 20-35 3.5 1961  g.sheep S.1.=19 2004 aban. S.1.=3.1
24°11’E S.p.=0.3 S.p.=18.2
4. Cojocna 46°45’N, 350 615 8.5  SE-SW 30-40 2.4 1948 g cattle S.1.=625 2005 g.sheep S.1.=224
23°50’E S.p.=0 S.p.=0.3
5. Sucutard  46°54’N, 380 633 8.5 S-SW 30-40 2.3 1948  g. sheep S.1.=625 2005 g.sheep S.1.=28
24°04°E S.p.=0 S.p.=0
6. Valea 46°40°N, 464 550 8.6 W-SW 35-50 32 1961 g. cattle S.1.=375 2004 g. cattle S.1.=11.2
Florilor 23°52’E S.p.=0.5 S.p.=0.6

old and new relevés were subjected to Principal
Co-ordinates Analysis (PCoA) with Euclidean
distance as resemblance function using Syn-Tax
2000 (Podani 1997). In the case of old data sets
cover-abundance of species in relevés was assessed
according to Braun-Blanquet (1932), and in the case
of new data we estimated the percent cover of plant
species present in a plot. In order to make the old
and new samples comparable, species abundances
were considered as rank values:

1=0-1%;2 =1-5%; 3 = 5-25%; 4 = 25-50%; 5 =
50-75%; 6 =75-100%. Probability ellipses (Podani
1997) were used to superimpose the classification
on the ordination diagrams.

Because sampling methodology and scale dif-
fered slightly between old and new samples, and
some environmental variables were missing in case
of old samples, we only used the samples made by
us (new) in the subsequent more detailed analysis.
In case of new samples we used Canonical Corre-
spondence Analysis (CCA) using CANOCO 4.5 (ter
Braak & Smilauer 2002) to explore the relative im-
portance of management and environmental factors
(exposure, slope inclination, position on the slope)
in accounting for variation in species composition
and species abundance. Management was considered
as a binary variable (grazed or abandoned); exposure
as a continuous variable introduced in the analysis as
degrees (from SE = 135° to SW = 225°, the warm-
est exposure, values are increasing, then from SW
=225° to W = 180° the values are decreasing as the
micro-temperatures of the slopes are decreasing);

position on the slope was coded by binary dummy
variables; species data as percent cover.

When the effect of a variable was tested, other
variables were used as covariates to partial out their
effect. In the case of testing interactions, all variables
and all other interactions were used as covariables.
This procedure is analogous to the calculation of Type
IIT sum of squares in general linear models (Grafen
& Hails 2002). The probability of a Type I error was
estimated by Monte Carlo permutation test using 9999
permutations.

In the case of species affected by any of the ex-
planatory variables the following species traits were
considered: life form, life span according to Sanda et

al. (1983) and growth for lor
database (Kiihn et al. 2004; http://www.biolflor.dd). In

the case of species missing from the BiolFlor database
we have taken into consideration the growth form of
a similar species from the same genus.

We compared the amount of litter, cover of bare
ground, Shannon-diversity, evenness, relative number
and abundance of red-listed species (Bogcaiu et al.
1994; Dihoru & Dihoru 1994; Oltean & Negrean 1994)
in newly sampled plots between grazed and abandoned
groups with the Mann-Whitney U-test.
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Fig. 1. Repeated mapping of the grassland from Suatu (Nature
Reserve L.): vegetation map from (a) 1968 and (b) 2003. Striped
= Dichanthium ischaemum and Carex humilis dominated type
(A); Grey with dots = Stipa capillata dominated type (B); Grey
= Stipa pulcherrima dominated type (C); Black = Stipa lessin-
giana dominated type (D); White with dots = Stipa capillata,
S. lessingiana and S. pulcherrima dominated vegetation type
(E); White = other, meso-xeric vegetation types. Capitals after
each vegetation type are explanations for Table 2.

Results

Vegetation changes induced by the abandonment of
grazing in the re-mapped Suatu grassland

We found great differences in the two vegetation
maps, from 1968 (Fig. 1a) and 2003 (Fig. 1b), both in
the type and relative cover of the vegetation types (Table
2). Vegetation types had been transformed during the 35
years in the absence of grazing. The most striking change
was the transformation of several vegetation types into
a Stipa pulcherrima dominated type, thus in 2003 this
formerly absent vegetation type occupied the greatest part
of the grassland (Fig. 1, Table 2). The Stipa lessingiana
and the Dichanthium ischaemum - Carex humilis domi-
nated types had transformed significantly (98.5% and
94.5%, respectively) into a S. pulcherrima dominated
type, while only 59.2% of the S. capillata dominated
type had also transformed into the S. pulcherrima type.
Another remarkable, but less considerable change was the
transformation of different vegetation types into a Stipa
capillata - S. lessingiana - S. pulcherrima dominated
type between 1968 and 2003 (Fig. 1, Table 2).

Long-term vegetation changes in the six re-sampled
grassland stands

All six grasslands selected for re-sampling were grazed
in the past and their dominant species was S. lessingiana.
In three locations where grazing was continuous the

Table 2. Transition matrix of different xeric grassland types
in the Suatu nature reserve between 1968 and 2003. Transi-
tion probabilities (%) estimated by transition frequencies are
shown. Grassland types are noted with capitals, for explanation
see the legend of Fig. 1.

2003 A B C D E
1968
A 0 0 94.5 0 5.5
B 0 0 59.2 5.4 35.4
C 0 0 0 0 0
D 0 0 98.5 0 1.5
E 0 0 0 0 100

grassland remained dominated by S. lessingiana, while
in the other three locations where grazing had ceased
29-57 years ago, the grasslands became dominated by
S. pulcherrima (Table 1).

PCoA ordination of the vegetation samples from
these six locations revealed further differences between
the grazed and abandoned grasslands, these two groups
being separated along the first axis of the ordination
diagram (Fig. 2), and the segregation was significant
(Probability ellipses: # = 9.27, df = 35, p < 0.0001). In
addition, old samples are separated from new samples
along axis 2.
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Fig. 2. PCoA ordination diagram of vegetation samples from
grasslands in six locations (1-6, for explanation see Table
1) sampled by different people 29-57 years ago (O) and re-
sampled by us in 2004 or 2005 (¢). Open symbols represent
samples originating from managed grasslands and filled
symbols samples originating from abandoned grasslands.
Eigenvalues: axis 1 = 20.41%, axis 2 = 11.95%.
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Table 3. Results of the CCA analysis: the relative importance
of management and environmental factors (exposure, slope
inclination, position on the slope) accounting for variation in
species composition and species abundance in the steppe-like
grasslands.

Effect p-value Explained variation
eigenvalue (%)

Main effects
Management 0.0001 0.374 18.04
Slope degree 0.0178 0.096 4.63
Exposure 0.1339 0.075 3.62
Position on the slope: top 0.4286 0.056 2.70
Position on the slope: bottom 0.5075 0.053 2.56

Two-way interactions

Slope degree * management 0.0005 0.153 7.38
Exposure * management 0.0027 0.108 5.21
Slope degree * exposure 0.0162 0.091 4.39
Slope degree * position: bottom 0.0262 0.085 4.10
Management * position: bottom 0.1961 0.058 2.80
Exposure * position: bottom 0.3464 0.05 2.41
Exposure* position: top 0.3279 0.05 2.41
Management * position: top 0.3811 0.047 2.27
Slope degree * position: top 0.5353 0.042 2.03

Factors determining actual species composition and
abundance in the steppe-like grasslands

As the results of the CCA analysis show, management
played the most important role in determining the actual
species composition and abundance of the grasslands
studied (Table 3). Hieracium praealtum subsp. bauhinii,
Sanguisorba minor, Leontodon crispus, Astragalus
monspessulanus, Stipa lessingiana, Potentilla cinerea,
Koeleria macrantha, Festuca rupicola, Dichanthium
ischaemum, Thymus spp. and Asperula cynanchica were
the species, all long-lived perennials of predominantly
hemicryptophyte life form, favoured by management.
Another group of species: Teucrium chamaedrys, Vinca
herbacea, Filipendula vulgaris, Stipa pulcherrima, Ga-
lium verum and Coronilla varia, long-lived perennials,
mostly hemicryptophytes, were characteristic of aban-
doned grassland stands. Between the species preferring
the presence of grazing there were only two erosulate
species, the rest of the species being rosette-forming or

hemirosette plants, while species appearing predomi-
nantly in the lack of management were predominantly
i 1y two were hemirosette plants
(http://www.biolflor.dg)). The dominant species were
also among those preferring management (S. lessin-
giana), or avoiding managed sites (S. pulcherrima).
Beside management, slope degree significantly explained
species composition and rank abundance, and the inter-
action between slope degree and management also had a
significant effect (Table 3). Several species were influenced
more positively or less negatively by management in situ-
ations with high slope degree than in situations with low
slope degree: i.e. Nepeta ucranica (red-listed species),
Plantago argentea, Serratula radiata (red-listed species)
and Carex humilis, while others were negatively or less
positively influenced by management in situations with
high or low slope degree: i.e. Dorycnium pentaphyllum
ssp. herbaceum, Elymus hispidus and Acinos arvensis.
The slope aspect had no significant effect on species data,
but it modified the effect of slope degree and manage-
ment (i.e. there were significant interactions). Position
on the slope showed not to be important in explaining
the species composition of the steppe-like grasslands
(Table 3).

In grazed plots the cover of bare ground was signifi-
cantly higher, while the abundance of litter was smaller
than in plots from abandoned stands (Table 4). Species
diversity and evenness in plots from grazed stands were
higher than those in plots from unmanaged grasslands
(Table 4). In the six studied steppe-like grasslands we
found 17 red-listed species. There was no significant dif-
ference between the grazed and abandoned grasslands in
the relative number of red-listed species; nevertheless the
relative cover of these species was significantly higher
in the case of the grazed grasslands (Table 4).

Discussion

Our results, obtained by different methods, pointed
out the great impact of abandonment on the steppe-
like grasslands in the Transylvanian Lowland. Over a
long term (30-60 years) formerly grazed grasslands,
dominated by Stipa lessingiana, in the absence of graz-

Table 4. Vegetation characteristics in plots of grazed and abandoned grasslands (values are medians + lower quartiles). The two
groups were compared with the Mann-Whitney U-test (n, = n, = 15).

Grazed Abandoned zZ p-value
Bare ground (% cover) 20.00 + 15.00 3.00+0 4.62 0.000004
Litter (% abundance) 0.00 +0 30.00 + 25 -4.67 0.000003
Species diversity 2.83 +2.66 248 +2.22 2.59 0.009532
Evenness 0.76 +0.72 0.68 + 0.64 2.76 0.005811
Red-listed species (relative number) 5.00 +2.70 526+0 0.23 0.819546
Red-listed species (relative abundance) 5.63 +4.45 2.52+0 2.05 0.040057




60 ENYEDI, Z.M. ET AL.

ing may transform into a S. pulcherrima dominated type.
However, permanent grazing can maintain the former
vegetation type.

By comparing the two vegetation maps, representing
different stages of the same grassland stand, we can see a
mosaic like transformation series rather than a complete
transformation between two vegetation types. It seems
that past grazing in the Suatu grassland brought about
the appearance of several vegetation types. These
vegetation types, in the 35 years of absence of graz-
ing, had transformed gradually into other vegetation
types. Understanding such a transformation series
based on two discrete states of one grassland stand
is uncertain and needs further investigation. On the
other hand, a fundamental conclusion can be drawn
that, in the long-term, following abandonment of
grazing, the transformation of several xeric vegetation
types into a Stipa pulcherrima dominated type, which
represents the final stage of the transformation series,
is very probable.

Based on the position of old (historical data)
and new samples of the same grassland stand in the
ordination space (Fig. 2) it is apparent that both the
continuously grazed and abandoned grasslands have
changed between the two sampling occasions, but in
different directions: continuously grazed stands moved
only along axis 2, while abandoned stands moved along
both ordination axes. Vegetation changes experienced
in the case of the stands continuously grazed can be due
either to the real changes in species composition and
abundance because changes e.g. in grazing intensity,
or to the different sampling approach and plot size
applied during the two surveys, or most probably to
the spatial heterogeneity of the vegetation, since the
plots studied were not permanent plots. Changes in
species composition and abundance was more intense
in case of grassland stands which were formerly grazed
and later abandoned than in the case of stands with
continuous management.

The mechanisms by which the removal of grazing
influences vegetation structure and composition are nu-
merous (Virdgh & Bartha 1996; OIff & Ritchie 1998),
and are strongly connected with local environmental
conditions (Skarpe 2000; Vesk et al. 2004). Our results
show that geographical factors such as slope inclina-
tion and aspect can influence the effect of grazing on
species composition and abundance (Table 3). On steep
slopes, trampling and trampling induced soil erosion
have proved to be beneficial, mostly for some rosette-
forming and hemirosette-plants, which is in line with
the findings of Noy-Meir et al. (1989) and Kahmen et
al. (2002). Stipa lessingiana, the dominant species of
grazed grasslands, was also favoured by management,
while S. pulcherrima thrived by the lack of manage-

ment. Being a semi-desert species, S. lessingiana is
more adapted to arid environmental conditions than S.
pulcherrima (Lavrenko & Karamysheva 1993). Nev-
ertheless, in dry areas the effect of drought provides
a selection pressure that is complementary to that of
grazing (Salaetal. 1996). Following abandonment, the
trampling induced erosion is probably slowed down,
which may play an important role in the mechanisms
of replacement between the two dominant species as
well as in the changes in species composition of the
abandoned grasslands.

Litter accumulation, together with decreasing bare
soil surfaces, are other consequences of the abandon-
ment, as we found higher litter abundance and smaller
amount of bare surfaces in abandoned sites, which may
have serious effects on vegetation dynamic changes.
Many studies demonstrated the control of litter over
the structure and functioning of plant communities
and ecosystems (reviewed by Facelli & Pickett 1991;
Xiong & Nilsson 1999; Weltzin et al. 2005).

Contrary to the results of Cremene et al. (2005) who
have studied different succession stages of abandoned
steppe-like grasslands in the Transylvanian Lowland,
we found that species diversity in abandoned grassland
stands was lower than in continuously grazed stands,
which was probably due to the strong dominance
of some species, especially Stipa pulcherrima and
Carex humilis, these species being in high abundance
in abandoned stands. Their strong dominance could
lead to changing abundance structure of the vegeta-
tion, as detected by the decreased levels of evenness.
After our observations, in abandoned sites the major
part of the accumulated litter is composed of the dead
leaves of S. pulcherrima, thus litter accumulation can
be a possible competitive mechanism by which S.
pulcherrima can displace subordinate species leading
to species loss and changing community composition
and structure. Increased cover of the dominant spe-
cies with abandonment is often reported in literature
(e.g. Virdgh & Bartha 1996; Kahmen et al. 2002),
and it leads to the competitive exclusion of subor-
dinate species, as observed by Moog et al. (2002) in
semi-natural grasslands. Without disturbance, which
permanently creates bare surfaces and suppresses
dominants from subsequent spread, the abundance
and number of subordinate species declines in the
longer-term, as we found significantly lower diversity
in case of abandoned grassland stands. These findings
are in line with the results of numerous other studies,
which have also shown that plant species richness in
grasslands declines after cessation of livestock graz-
ing (e.g. Luoto et al. 2003; Mitchley & Xofis 2005;
Pykald et al. 2005).
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Assessment from a nature conservation point of view

In the case of the re-mapped and re-sampled steppe-
like grasslands from the Transylvanian Lowland the
presence of management predicted more diverse S. /ess-
ingiana dominated grasslands, while abandonment leads
toaS. pulcherrima dominated grassland, highly affected
by litter. On the other hand, endangered and rare species
(red-listed species) were equally represented in grazed
and abandoned grasslands, but their relative abundance
was greater in managed stands. Following abandonment,
the increased structural diversity of the habitat during
succession favours the diversity of invertebrates, mostly
that of the diurnal and nocturnal Lepidoptera, as found
by Cremene et al. (2005) in the case of similar steppe-
like habitats in Transylvania.

With regard to the higher plant diversity of managed
steppe-like grasslands, but the equal representation of
rare and endangered plant species in the grazed and
abandoned grassland stands, as well as the results of
Cremene et al. (2005) referring to invertebrate com-
munities, a mosaic of extensively grazed grasslands and
different succession stages of unmanaged feather-grass
dominated grasslands should be preserved in order
to maintain a high diversity of habitats and thus high
landscape-scale diversity.
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