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Land use changes have resulted in the loss and isolation of semi-natural habitats worldwide. In intensively used
agricultural landscapes the remnants of natural flora only persist in small habitat islands embedded in a hostile
matrix. In the steppe zone burial mounds, so-called kurgans, have the potential to preserve the natural flora and
act as local biodiversity hotspots. Exploration of the factors driving biodiversity in isolated habitat fragments is
crucial for understanding the ecological processes shaping their vegetation and for designing effective strategies
for their protection.We sampled the vegetation of 44 isolated kurgans in East-Hungary and studied the effects of
habitat area, slope, recent disturbance, past destruction and the level ofwoody encroachment on the species rich-
ness and cover of grassland specialist and problem species (competitor weedy species).We usedmodel selection
techniques and linear models for testing relevant factors affecting specialist species in grassland fragments. We
found that the biodiversity conservation potential of kurgans is supported by their steep slopes, which provide
adequate habitat conditions and micro-climate for steppic specialist plant species. Specialist species are threat-
ened both by recent disturbances and encroachment of alien woody species, especially black locust. Factors
supporting specialist species suppressed problem species by providing unfavourable environmental conditions
and putting them at a competitive disadvantage. We identified that woody encroachment and current distur-
bances affect the vast majority of kurgans, posing a serious threat to grassland specialist species. Thus, there is
an urgent need to integrate active conservation measures into the current passive protection of kurgans.
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Keywords:
Agri-environmental scheme
Habitat fragmentation
Isolation
Kurgan
Specialist species
Steppe
1. Introduction

Land use changes over past centuries have resulted in a considerable
loss of natural habitats from local to global scales (Heinken andWeber,
2013; Lindborg et al., 2014; Helsen et al., 2013). Grassland habitats with
fertile soils have been especially threatened by landscape transforma-
tion over the past centuries, as they were suitable for intensive agricul-
tural utilisation (Deák et al., 2016). Lowland steppes and forest steppes
of continental Eurasia have been severely affected by habitat loss and
isolation over the past centuries (Brinkert et al., 2016). Even though
the original extent of the steppes was about 8–13million km2, their for-
mer area has been reduced by 57%mainly due to the agricultural inten-
sification of the last century (Wesche and Treiber, 2012). Loss of steppe
habitats is the most pronounced in the western part of the steppe zone,
especially in Ukraine and Hungary (Sudnik-Wójcikowska et al., 2011;
Wesche et al., 2016). In Hungary for the 20th century only 6.8% of the
original forest steppes remained, and only 3% of the remaining stands
has a favourable nature conservation status, mainly represented by
sandy and loess steppe grasslands (Molnár et al., 2008).
As a consequence of habitat loss, inmany cases semi-natural habitats
have become fragmented and remaining patches are isolated by a hos-
tile matrix (Fahrig, 2003). In intensively used agricultural landscapes
the semi-natural habitats and their species can usually persist only on
field margins, roadside verges and mid-field islets, which act as refuges
for the flora and fauna (Kleijn and Báldi, 2005; Lindborg et al., 2014).
The biodiversity of these habitats is threatened both by isolation per
se, and also by its consequences such as loosing core areas, increasing
perimeter-area ratio of remaining habitat patches, and difficulties in
management (Kuussaari et al., 2009). Given their low dispersal abilities,
isolation may considerably decrease the population size of fragment-
area sensitive specialist species or even result in species extinctions in
the long run (Lindborg et al., 2014; Villemey et al., 2015). This effect is
magnified when the remaining habitat patches are surrounded by a
hostile matrix such as intensively used agricultural land or tree planta-
tions (Auffret et al., 2015).

In the steppe zone, ancient burial mounds, the so-called ‘kurgans’
often harbour remnants of dry grasslands. They have a decisive role in
preserving steppe biodiversity, especially in regions characterised by
considerable agricultural landscape conversion (Deák et al., 2016;
Dembicz et al., 2016). Kurgans are soil monuments created by ancient
cultures from the late copper age until the medieval period. They are

http://crossmark.crossref.org/dialog/?doi=10.1016/j.biocon.2016.10.023&domain=pdf
http://dx.doi.org/10.1016/j.biocon.2016.10.023
mailto:valkoorsi@gmail.com
http://dx.doi.org/10.1016/j.biocon.2016.10.023
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/bioc


256 B. Deák et al. / Biological Conservation 204 (2016) 255–262
widespread across the whole steppe and forest steppe zone. Their esti-
mated recent number is between 400,000 and 600,000 in Eurasia (Deák
et al., 2016). Based on the surveys of Tóth (2006) and Bede (2012), the
estimated number of kurgans ranges from several thousands to ten
thousand in the Hungarian Great Plain, approximately 30% of which is
covered by grassland. Kurgans have a hemi-spherical shape with an
area usually ranging between a few hundreds of square metres to
0.3 ha and a height of up to 15 m (Dembicz et al., 2016). In spite of
their small area they often harbour an outstandingly high biodiversity
of grassland species (Sudnik-Wójcikowska et al., 2011), which under-
lines their disproportional conservation value and their importance as
biodiversity hotspots. It is especially important in intensively used agri-
cultural landscapes where small habitat elements such as kurgans,
rocky outcrops, field margins, roadside verges and other areas unsuit-
able for arable farming represent the only grassland habitats in the in-
tensively utilised hostile matrix. The special attributes of kurgans are
their stability, uniform shape, relatively long isolation time and their
high cultural and historical importance compared to other small habitat
elements (Deák et al., 2016). This stability is especially important be-
cause during the 20th century agricultural collectivisation and intensifi-
cation often led to the elimination of small habitat elements (Batáry et
al., 2015). In many regions kurgans are the only refugia and stepping
stones for grassland specialist plants and animals, which underlines
the urgent need for the exploration of their biodiversity and developing
proper strategies for their conservation (Deák et al., 2016).

Loess steppes on kurgans are good representatives of the isolated
grasslands of Eurasia, which makes them excellent objects for studying
factors affecting the vegetation of isolated grasslands. We aimed to ex-
plore themechanisms affecting the cover of specialist and problem spe-
cies (weedy species with good competitor ability) on isolated grassland
stands to support conservation planning. By selecting study sites
surrounded by a hostile matrix we could largely filter out the effects
of the surrounding semi-natural dry grasslands, given thatmost special-
ist species have limited dispersal ability. Thus we could focus on the ef-
fects of local abiotic filters driving the species composition of habitat
fragments (Table 1).

We tested the following hypotheses: (i) the proportion of specialist
species increases, whereas the proportion of problem species decreases
with increasing habitat area, which moderates the effects of the sur-
rounding hostile matrix. (ii) Steeper slopes moderate the effects of the
hostile matrix, by decreasing the probability of ploughing and other
types of human influence; thus, support the persistence of specialist
species and suppress problem species. (iii) Both recent disturbance
and past destruction decrease the proportion of specialist species, and
increase the proportion of problem species by providing open
microsites for their establishment. (iv) Woody encroachment
Table 1
Factors potentially affecting the species composition of isolated grasslands on kurgans (based

Local factors Measured proxy

Area Surface area

Land conversion Slope

Past destruction Level of past physical destruction

Recent disturbance
factors

Level of recent disturbance such as soil extraction,
soil disturbance, building, burning, trampling, fox
and badger holes

Woody encroachment Cover of native and alien woody species
suppresses specialist species and enhances problem species by shading
and nutrient enrichment.

2. Material and methods

2.1. Study area

The study area is in the northern part of the Great Hungarian Plain,
comprising 8700 km2 (Map A1). The region is characterised by a conti-
nental climate with a mean annual temperature of 9.5 °C, and a mean
annual precipitation of 550 mm. The potential vegetation of the region
consists of loess- and alkali steppic grasslands, meadows and wetlands
(Deák et al., 2014; Molnár et al., 2008). Until now, most of the natural
and semi-natural habitats have been transformed into croplands or
urbanised areas. Overall, loess steppic grasslands have been themost se-
verely affected by land transformation due to their fertile chernozemic
soils, which has led to a serious habitat loss and fragmentation of the re-
maining habitat patches (Deák et al., 2016). In spite of their reduced
area (b3% of their original stands remained) loess steppic grasslands
of the studied region are important refugia for several red-listed plant
species such as Centaurea sadleriana, Phlomis tuberosa, Ranunculus
illyricus and Sisymbrium polymorphum (Molnár et al., 2008). Besides
these unique species they preserve further specialist species such as
Agropyron cristatum, Astragalus austriacus, Inula germanica and Stipa
capillata, which became locally threatened due to the intensive land
transformations of the last centuries. The uniqueness of this habitat is
acknowledged by the Habitats Directive of the European Union, where
Pannonic loess steppic grasslands are listed as a priority habitat.

2.2. Factors affecting species composition

Based on the review of Deák et al. (2016) we selected the most im-
portant factors affecting specialist species on kurgans, such as the area
of the habitat patch, the negative impact of surrounding hostile matrix,
recent disturbance, past destruction, and the encroachment of native
and alien woody species (Table 1, Fig. A1).

2.3. Selection of studied kurgans

We studied isolated kurgans located in a hostile matrix, but still
harbouring loess grasslands; thus, having a high nature conservation
value.We identified 548 kurgans in the northern part of the Great Hun-
garian Plain as a basic dataset using the available literature, military to-
pographic maps and our own database. We aimed to survey kurgans
which harboured semi-natural loess grasslands. Consequently, we ex-
cluded kurgans harbouring croplands, settlements, tree plantations,
on Deák et al., 2016), measured proxies and underlying mechanisms.

Mechanism

Based on the classical theory of island biogeography (MacArthur and Wilson, 1967)
proportion of species is expected to be influenced by the area of the habitat patch
on kurgans surrounded by a hostile matrix.
Ploughing is a significant detrimental factor threatening the vegetation of kurgans.
The probability of ploughing is reduced by steep slopes; thus, kurgans with steeper
slopes are expected to maintain a higher proportion of specialists and to be less
exposed to the encroachment of problem species (Deák et al., 2016).
The most reliable indicator of past disturbance is the level of physical disturbance
originating from grave robberies or past soil extractions (Deák et al., 2016).
Recent disturbance suppresses specialists and support problem species by providing
open disturbed soil surfaces and decreasing competition (MacDougall et al., 2013).

High cover of woody species suppresses light-demanding specialist species and
enhances the encroachment of problem species (Gazol et al., 2012). Furthermore
nitrogen-fixing species such as black locust can alter the species composition by
changing soil properties (Cierjacks et al., 2013).
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old-fields and sown grasslands. To select the study sites matching these
criteria we used military maps, satellite images provided by the Open
Layer plugin of the Quantum GIS 2.2 (QGIS Development Team, 2009),
the CORINE Land Cover database (EEA, 2010) and our own database.
In this way, we reduced the number of the sites matching our criteria
to 271 kurgans. Sudnik-Wójcikowska et al. (2011) suggested that kur-
gans above 3m have considerably higher nature conservation potential
compared to shorter ones, so for our studywe used a threshold height of
3m. Tomeasure the height of the kurganswe used 1:10,000 topograph-
ic maps. During this step we omitted 82 kurgans.

The effective spreading distancewas reported to be b100m formost
grassland species (Novák and Konvička, 2006). Thus we considered a
kurgan isolated when grasslands were absent in its vicinity within a
200-metres radius. Prior to the field survey, using the satellite images
provided by the Open Layer plugin of the Quantum GIS 2.2, and using
the Corine Land Cover database we selected isolated kurgans, which
were situated in a hostile matrix. The hostile matrix was usually repre-
sented by arable land, but in some cases buildings, gardens, forest plan-
tations and wetlands were present as well. This way we omitted a
further 131 kurgans surrounded by natural or semi-natural grasslands.
As in some cases the type and quality of the vegetation could not be per-
fectly determined from the available data sources, we further retained
the respective kurgans in order to check them in the field. In total 58
kurgans were visited, and a further 14 kurgans were omitted in the
field. As a result our final dataset contained 44 kurgans. Historical mili-
tary maps from years 1869 and 1887 (3rd Military Survey of the Habs-
burg Empire) revealed that these 44 kurgans have been surrounded
by a hostile matrix for N120 years.

2.4. Vegetation sampling

During the field survey we recorded the species list and percentage
cover of vascular plants on the whole kurgan, in May and June 2015.
To avoid any over- or under sampling of the vegetationwe standardised
the sampling time with the area of the kurgan: three surveyors spent
10 min per 0.1 ha for recording species lists.

2.5. Measurement of environmental proxies

We calculated the area of the kurgans using the formula of an elliptic
based cone for which we estimated the shorter and longer radius and
the height of the objects. We measured the slope in degrees, and in
the data analyses we used the mean score of the northern, southern,
eastern and western slopes. Level of past destruction was estimated at
a four-grade scale, based on the extent towhich the structure of the kur-
gan was affected by soil extraction in the past: (0) no destruction; (1)
b5%; (2) 5–30%; and (3) N30%. To estimate the level of recent distur-
bance we used the disturbance factors listed in the Hungarian Natura
2000 assessment protocol (Horváth et al., 2009). We considered a dis-
turbance factor to be relevant when it affected at least 10% of the
kurgan's area. The relevant factors were current soil extraction, current
soil disturbance, building, burning, trampling (including the presence of
dirt roads) and disturbance by animals (e.g. fox and badger holes). We
summed the scores of the relevant disturbance factors for the final re-
cent disturbance score. We also recorded the cover of the native and
alien woody vegetation. All of the studied kurgans were unmanaged.

2.6. Data analysis

In our analyses we focused on the species richness, percentage cover
of specialists and percentage cover of problem species (i.e. weedy spe-
cies with good competitor abilities, which are unwanted from a nature
conservation viewpoint). We omitted other species from the analyses.
Species were classified into specialists and problem species, based on
the classification of Borhidi (1995). Herbaceous species of the Festuco-
Brometea phytosociological class were considered specialist species:
dicots and non-graminoid monocots were considered specialist forbs,
whereas othermonocotswere considered specialist graminoids. Adven-
tive and ruderal competitor herbaceous species were considered prob-
lem species. For the classification of plant species, please see Table A1.

Total species richness of specialist species, species richness of spe-
cialist graminoid and forb species and problem species were fitted
with Generalised LinearModels (GLM) using a Poisson distribution. Per-
centage cover of specialist species, specialist graminoid and forb species,
and problem species were log-transformed to approximate to a normal
distribution, then analysed with GLM-s using a Gaussian distribution.
Model residuals also had a Gaussian distribution (Shapiro-Wilk test;
p ≥ 0.1). Explanatory variables included the area and the slope of the
kurgan, the level of recent disturbance, past destruction, and the per-
centage cover of native and alien woody species. We tested for
multicollinearity between explanatory variables using variance infla-
tion factors (VIF). Since VIF was lower than 1.4 in each case (multi-col-
linearity being negligible) we considered all explanatory variables for
the statistical analyses.

To evaluate the effect of explanatory variables on species richness
and the percentage cover of specialist and problem species, we fitted
GLMs for all possible combinations of the studied explanatory variables.
After fitting GLMs for the full model (Table A2–9)we calculated the rel-
ative importance of the explanatory variables using model-comparison
techniques applied in an information-theoretic framework (Burnham
and Anderson, 2002). First we calculated the values of Akaike's informa-
tion criterion corrected for a small sample size (AICc) for each model.
AICc provides information on the trade-off between the goodness of
fit of the model and its complexity, consequently, it can be used as a
measure of information entropy. AICc provides an estimation about
the information lost when a certain model is used, which allows the se-
lection of the most relevant models and the most relevant explanatory
variables. As suggested by Burnham and Anderson (2002) we selected
the best model (deltaAICc = 0) and models with a substantial support
(deltaAICc ≤ 2) for further calculations. We calculated the significance
of predictors from the supported models using Z-statistics provided by
the functionality of the ‘MuMIn’ package (Barton, 2011) in R statistical
environment (R Development Core Team, 2013). To calculate VIFs we
used the ‘faraway’ package in R (Faraway, 2016).

Species richness and percentage cover from the GLMs were tested
for spatial autocorrelation using Moran's I with inverse Euclidean dis-
tances (Legendre and Legendre, 1998). Moran's I index was calculated
by the Spatial Autocorrelation tool in ArcMap10.2 (ESRI 2011, Redlands,
USA). We assessed and visualized the effect of significant explanatory
variables derived from the supported models on the vegetation compo-
sition of specialist species using redundancy analysis (RDA). As sug-
gested by Legendre and Gallagher (2001) we performed Hellinger
transformation on the species cover data which allows the use of RDA
ordination even in case of long gradients and gives low weights to
rare species. To analyse the significance of the RDA a Monte-Carlo per-
mutation test was applied on the full model using 999 random permu-
tations. For the calculations we used the ‘vegan’ package in R (Oksanen
et al., 2016).

3. Results

3.1. Botanical data

We found a total of 325 vascular plant species on the studied kur-
gans, of which 290 were herb and 35 were woody species (Table A1).
The studied kurgans harboured 58 specialist species, including
protected species such as Aster sedifolius, Centaurea sadleriana,
Chamaecytisus roeshelii, Phlomis tuberosa and Ranunculus illyricus. We
found the populations of 27 species enlisted in the description of the
Pannonic loess steppic grasslands of which 6was protected species. Na-
tive woody species included tree species such as Pyrus pyraster and
Ulmus minor, and shrub species typical of abandoned loess steppic
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grasslands such as Prunus spinosa, Rosa canina and Sambucus nigra. Alien
woody species included Eleagnus angustifolia, Lycium barbarum and
Robinia pseudoacacia. The most typical of these was the black locust
(Robinia pseudoacacia), which was present on 29 out of the 44 kurgans
with a mean cover of 34.8%. We found a total of 13 problem species in-
cluding Calamagrostis epigeios, Cirsium arvense, Convolvulus arvensis and
Phragmites communis.

3.2. Description of the studied kurgans

Mean area of the surveyed kurgans was 0.24 ± 0.02 SE hectares,
their area ranged between 0.01 and 1.07 ha. The mean slope was
14.59 ± 0.66 SE. The median score of past destruction was 1.5. The me-
dian score of recent disturbance was 1. The mean percentage cover was
6.46± 1.16 SE for the native woody species and 26.48± 3.96 SE for the
alien woody vegetation.

3.3. Model selection

We detected no spatial autocorrelation in the response variables
(Table A10). Species richness of specialists was significantly influenced
by slope (positively), recent disturbance (negatively) and alien woody
vegetation (negatively) (Fig. 1, Table 2). None of the studied explanato-
ry variables had a significant effect on the species richness of specialist
graminoids (Fig. A2). Species richness of specialist forbs was
Fig. 1. Interaction plots showing the relationship between species richness and log-transforme
are used to demonstrate the trends (for illustration).
significantly affected by slope (positively), cover of alien woody species
(negatively), recent disturbance (negatively) and past destruction (neg-
atively) (Fig. A3). Noneof the studied explanatory variables had a signif-
icant effect on the species richness of problem species (Fig. A4).

Total cover of specialist species was affected by recent disturbance
(negatively) and past destruction (positively) (Fig. 1, Table 3). Cover
of specialist graminoid species was significantly influenced by recent
disturbance (negatively) and past destruction (positively) (Fig. A2).
Only recent disturbance had a significant (negative) effect on the
cover of specialist forbs (Fig. A3). Cover of problem species was signifi-
cantly affected by slope (negatively), past destruction (negatively) and
recent disturbance (positively) (Fig. A4).

3.4. Multivariate analysis

The RDA ordination confirmed the results of the GLM. Many special-
ist species were negatively affected by increasing values of recent dis-
turbance and past destruction (Fig. 2). Especially specialist grass
species such asBromus inermis, Festuca spp. and Stipa capillatawere sup-
pressed by these two explanatory variables. Just two specialist
graminoid species (Carex stenophylla and Koeleria cristata) weremoder-
ately supported by high levels of recent disturbance. Even though past
destruction had a negative effect onmost of the specialist species, it con-
siderably supported Agropyron cristatum. Eigenvalues were 0.066 and
0.017 for the first and second axis respectively. Cumulative percentage
d percentage cover of specialist species (y axis) and local abiotic filters (x axis). Fitted lines



Table 2
Importance, relative importance, model-averaged parameter estimates, standard errors, z values and p scores derived from the supportedmodels (delta ≤ 2) fitted on the species richness
of all specialist species, specialist graminoids, specialist forbs and problem species. Significant effects (p b 0.05) are marked with boldface.

Dependent variable Explanatory variables Importancea (%) Relative importanceb (%) Estimate Std. error z value p

Specialist total Area 26.8 24.8 b−0.001 b0.001 0.862 0.389
Slope 90.1 100 0.044 0.016 2.655 0.008
Recent disturbance 56.6 57.2 −0.423 0.090 4.546 b0.001
Past destruction 100 100 −0.121 0.072 1.626 0.104
Alien woody cover 76.5 87.7 −0.007 0.003 2.126 0.034

Specialist graminoids Slope 67.7 79.0 0.043 0.022 1.886 0.059
Recent disturbance 64.3 78.2 −0.213 0.116 1.787 0.074
Past destruction 26.9 12.8 0.085 0.103 0,802 0.425
Native woody cover 29.2 13.9 −0.012 0.013 0.873 0.383

Specialist forbs Area 32.4 25.5 b−0.001 b−0.001 1.149 0.250
Slope 97.9 100 0.049 0.023 2.004 0.045
Recent disturbance 66.2 75.9 −0.641 0.141 4.409 b0.001
Past destruction 100 100 −0.319 0.105 2.492 0.003
Alien woody cover 97.4 100 −0.016 0.005 2.866 0.004

Problem species Recent disturbance 28.6 17.9 0.064 0.062 1.362 0.173
Past destruction 45.3 55.0 −0.085 0.061 1.363 0.173

a Variable's importance within the full model.
b Variable's importance within the supported models (deltaAICc ≤ 2).
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variance of species-environment relation for the first and the second
axis were 79.4 and 100.0% respectively. The Monte-Carlo permutation
test was significant (test for the full model: F = 2.6324, p = 0.003).
The two predictors explained 11.29% of the variance in vegetation com-
position patterns.

4. Discussion

Our study revealed that despite their small size, kurgans have a sig-
nificant role in maintaining populations of specialist species in agricul-
tural landscapes. This is mainly due to their long-term undisturbed
status: many of the still remaining kurgans have never been ploughed
because of their cultural importance and also because their steep slopes
prevented ploughing. The studied kurgans were all in a hostile matrix;
thus, local environmental factors played a decisive role in shaping
their vegetation composition.We found that factors supporting special-
ist species suppressed problem species (and vice versa) by providing
unfavourable environmental conditions and putting them at a
Table 3
Importance, relative importance, model-averaged parameter estimates, standard errors, z value
specialist species, specialist graminoids, specialist forbs and problem species. Significant effects

Dependent variable Explanatory variables Importancea (%) Relati

Specialist total Recent disturbance 89.5 100
Past destruction 98.9 100
Native woody cover 39.9 40.7

Specialist graminoids Area 41,2 36.7
Slope 27.9 13.1
Recent disturbance 63.3 67.5
Past destruction 87.6 100
Native woody cover 87.3 100

Specialist forbs Area 32.0 25.1
Recent disturbance 99.6 100
Native woody cover 44.2 38.9
Alien woody cover 30.5 15.6

Problem species Slope 72.8 88.1
Recent disturbance 58.5 66.5
Past destruction 97.0 100
Native woody cover 38.7 31.2
Alien woody cover 71.7 85.3

a Variable's importance within the full model.
b Variable's importance within the best supported models (deltaAICc ≤ 2).
competitive disadvantage. We found that steep slopes masked the ef-
fects of the hostile matrix and provided dry microclimate which both
supported specialist species. Past destruction likely acted through simi-
lar mechanisms: the open microsites provided in the past have been
colonised by drought-tolerant specialist graminoids during several de-
cades of succession. Contrary, openmicrosites created by current distur-
bances were first colonised by pioneer weeds from the surrounding
matrix and thereby had a negative effect on specialist species. Woody
encroachment suppressed specialists and supported problem species
by shading and nutrient enrichment, especially in case of black locust.

4.1. Effect of habitat area

Based on the theory of island biogeography, and the relationship be-
tween habitat area and species richness in fragmented landscapes
(Brückmann et al., 2010; Rösch et al., 2013), we expected a significant
increase in the proportion of specialist species with increasing habitat
area. Even though habitat area was included in the best supported
s and p scores derived from the supportedmodels (delta ≤ 2) fitted on the total cover of all
(p b 0.05) are marked with boldface.

ve importanceb (%) Estimate Std. Error z value p

−0.317 0.083 3.712 b0.001
0.196 0.075 2.745 0.012

−0.012 0.009 1.224 0.221

b−0.001 b−0.001 1.318 0.188
0.019 0.021 0.874 0.382

−0.275 0.102 2.609 0.009
0.241 0.091 2.562 0.010

−0.021 0.011 1.812 0.070

b−0.001 b−0.001 0.921 0.357
−0.259 0.063 3.988 b0.001

0.010 0.007 1.383 0.167
−0.002 0.002 0.808 0.419

−0.031 0.015 2.001 0.046
0.149 0.073 1.970 0.049

−0.221 0.065 3.278 0.001
0.004 0.003 1.705 0.088
0.011 0.008 1.350 0.177



Fig. 2. Effect of recent disturbance and past destruction on the vegetation composition of
specialist species. The 30 most abundant species were plotted on the RDA ordination,
graminoid species are marked with asterisk. Species names were abbreviated using the
first three letters of their genus and species names.
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models for total number of specialist species, it did not have a significant
effect. The likely reason for this is that even though our study covered
the typical area range of the Eurasian kurgans (Dembicz et al., 2016)
and there was a high variation in the area of the kurgans, they all can
be regarded as small habitat islands. An important finding of our study
is that the conservation of isolated kurgans harbouring semi-natural
grasslands is a high priority irrespective of their size.

The variation in the area of kurganswas limited by their original size,
thus we detected no significant effect of area on the species richness or
cover of problem species.We assume that the relatively high proportion
of unwanted species can be attributed to the small area and thus the
high perimeter/area ratio of the studied habitat fragments. The estab-
lishment of problem species was due to a mass effect, which enabled
the spillover of abundant species in the hostile matrix to neighbouring
habitat patches (Tscharntke et al., 2012; Janišová et al., 2014). Problem
species typical to adjacent arable lands can establish by local seed rain.
Establishment of problem species that were not present in the matrix
was likely supported by anemochory or dispersal by vehicles along
the roads that cross the kurgans. Even though problem species of the
surrounding arable lands were able to establish on the kurgans we de-
tected only a low proportion of crop species (percentage cover ≤0.1%)
due to the low competitive ability of crop plants (Borhidi, 1995).
4.2. Effect of slope

Slope had a significant effect, both on the specialists and the problem
species, probably via indirect mechanisms. Mid-field islets in general
are characterised by drier habitat conditions compared to their environ-
ments (Lindborg et al., 2014). Steep slopes increase the level of aridity at
a local scale by enhancingwater runoff after snowmelt and precipitation
(Moysiyenko et al., 2014). Dryhabitat conditions likely increased thefit-
ness of specialists, especially of forbs, which are confined to dry steppic
habitats, whereas the fitness and competitive ability of problem species
decreased due to the harsh environment (see also Lindborg et al., 2014).
Dry grasslands are often resistant to changes in landscape composition,
thus dry conditions can support the persistence of specialist species and
hinder the establishment of undesirable species even in isolated habitat
fragments (Janišová et al., 2014). An indirect consequence of the en-
hanced water runoff is the intensive leaching of humus, nutrients and
micro-elements from the topsoil, which result in more stressed habitat
conditions on the top and slopes compared to the surrounding areas
(Lisetskii et al., 2014). This can favour stress-tolerant specialist species
and suppress weeds. Besides the preferable habitat conditions, the
steep slopes of the kurgans has prevented them being ploughed and
protected the kurgans from the negative effects of the hostile matrix
(Deák et al., 2016). This enabled the preservation of a higher cover of
specialist and a low cover of problem species.

4.3. Effect of recent disturbance and past destruction

Increasing levels of recent disturbance considerably suppressed both
the species richness and cover of specialist species. Our results revealed
that in spite of their legal protection, kurgans are still exposed to severe,
mainly anthropogenic disturbance. Most typical disturbances included
ploughing the foot zone of the kurgan (12 sites), trampling, presence
of paths, and dirt roads crossing the kurgan (12 sites), building (8
sites) and soil disturbance by fox and badger populations (14 sites).
These animals are generally attracted by kurgans in agricultural lands,
as kurgans are stable habitats and provide ideal places for their warrens.
These effects damage the natural vegetation and create disturbed soil
surfaces. Such disturbance, even being temporal, can have serious de-
mographic consequences on thepopulations of specialist species in hab-
itat fragments, due to their extremely small population sizes and the
limited re-establishment possibilities (Heinken and Weber, 2013).
They usually have limited dispersal ability (Novák and Konvička,
2006) and transient seed banks, which hamper their re-establishment,
especially when weed species or other clonal species are present, as
these can overgrow them (Thompson et al., 1997). Disturbance which
decreases competition and increases vegetation openness supports
the establishment of weed species with long-term persistent seed
banks and light-demanding germination (Török et al., 2012).

According to our hypothesis, past destruction significantly de-
creased the species richness of specialist forbs. However despite our ex-
pectations, past destruction increased the total cover of specialist
species, mainly by increasing the cover of specialist graminoids. Thus,
even past destructions likely caused local temporal weed encroach-
ment, patches of disturbed surfaces have been usually overgrown by
specialist graminoids (generally Agropyron cristatum), which are
adapted to steep slopes and dry habitats. As A. cristatum is a strong com-
petitor it can suppress weed species with low competitive abilities. Past
destructions resulted in a high heterogeneity in the micro-topography.
In many cases these micro-sites are characterised by a steeper slope
and accordingly a drier and more open micro-site than their
environments.

Recent disturbance and past destruction explained 11.29% of the
vegetation composition patterns. It suggests that the studied predictors
rather affect the overall ratio of specialist species and not the species
composition of the vegetation. The probable reason for this is that
only high levels of recent disturbance and past destruction may affect
species composition, in which case only a few specialist species can re-
main in the vegetation. In case of low levels of past destruction and re-
cent disturbance the species composition may be affected by other
factors.

4.4. Effect of woody encroachment

Woody encroachment was also reported as an important factor
threatening the vegetation of kurgans across whole of Eurasia (Deák
et al., 2016). Despite their typically dry habitat conditions, the fertile
soil of the kurgans makes them ideal for the establishment of woody
vegetation in the forest steppe zone (Sudnik-Wójcikowska et al.,
2011). We found that increasing cover of woody vegetation had a neg-
ative effect on many specialist species. Alien woody cover significantly
decreased the total species richness of specialists, and specialist forbs.
The most obvious influential effect of high woody cover is shading,
which can act as a biotic filter for the light-demanding specialist species
of open habitats (Gazol et al., 2012). Furthermore, black locust, themost
abundant alien woody species on the studied kurgans, being a N-fixing
species, considerably alters soil properties by increasing N-availability
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(Cierjacks et al., 2013). Increased soil N-availability leads both to the ex-
tinction of sensitive specialist species and to the increased cover of
problem species. We found only one specialist species, Agropyron
cristatum, which could cope with the high cover of adventive woody
vegetation. Our findings emphasised that black locust, which comprised
a considerable proportion of alien woody species, was a detrimental in-
vasive species, seriously threatening the vegetation of isolated grassland
fragments. Thus, to preserve biodiversity, it is crucial to control the
spread of this alien species in nature conservation areas.

5. Conclusions and recommendations

Even though the role of small, marginal habitat fragments is often
underappreciated in conservation, small habitat elements such as kur-
ganswhich harbour semi-natural grasslands have been proven to be es-
sential and integral parts of semi-natural grassland networks (Lindborg
et al., 2014; Auffret et al., 2015). Realising that habitat loss and fragmen-
tation are among the most important threats to biodiversity, consider-
able efforts have been made to mitigate their negative consequences
(Heinken andWeber, 2013; European Commission, 2011). We empha-
size that these efforts should involve the proper management and rais-
ing public awareness on the importance of kurgan protection.

1. Enhanced legal protection. Given their cultural and nature protec-
tion importance all kurgans are protected by law in Hungary. Unfortu-
nately, beyond legal protection, they are usually not subjected to any
active conservation or restoration actions, due to their large number
and scattered distribution. The flora and fauna of most kurgans is still
undiscovered, which makes their strategic conservation even more dif-
ficult (Deák et al., 2016). The passive legislative and management atti-
tude will likely lead to the disappearance of the specialists from the
isolated kurgans in a few decades.

2. Proper management.Management and protection of small and iso-
lated grassland fragments is often challenging, due to limited resources,
dispersed target areas and difficulties in logistics. This problem is espe-
cially prevalent in fragments surrounded by arable lands (Tscharntke et
al., 2012). The most urgent task for nature conservation managers is to
mitigate the effects of abandonment on kurgans. Given the fact that a
large proportion of the isolated kurgans are accessible only in late au-
tumn andwintertime, when the crop is harvested from surrounding ar-
able fields, the repertoire of feasible management measures is limited.
Thus,we suggest applyingmanagement techniques, which canmitigate
themost detrimental consequences of abandonment, such as encroach-
ment of adventive woody vegetation and litter accumulation. Our study
highlighted the negative consequences of woody encroachment, espe-
cially the encroachment of adventive woody species. As grassland spe-
cies are able to tolerate a certain level of woody cover (Gazol et al.,
2012), shrub cutting even on moderately infected kurgans could be a
cost-effectivemeasure to reverse or at leastmitigate thenegative conse-
quences of a medium-level woody encroachment. Besides shrub cut-
ting, application of prescribed fire could be a feasible tool to achieve
this aim and can also support grassland species by eliminating accumu-
lated litter (Valkó et al., 2016). In spite of the promising experiences,
prescribed burning should be applied with caution, as it can support
the spread of black locust, which species was found on many of the
studied kurgans. Our survey revealed that the presence of roads was
one of the most significant disturbance factors, which was responsible
for weed encroachment by continuous trampling and transportation
of the weed seeds. Thus, it would be beneficial to relocate the roads
crossing the kurgans and ensure the revegetation of the road by passive
restoration or local hay transfer (Török et al., 2011).

3 Targeted agri-environmental schemes. Designation of proper agri-
environmental schemes can be a viable solution for the management
of small remnants of semi-natural habitats in agricultural landscapes
(Batáry et al., 2011). The study of Batáry et al. (2015) revealed that
schemes focusing on the ‘out of production’ areas, such as field margins
or hedgerows are more effective in conservation of farmland
biodiversity compared to those aimed at conserving biodiversity in pro-
ductive areas such as crops. Thus, in intensively used landscapes kur-
gans harbouring semi-natural grasslands can be ideal objects for such
projects, as they have the potential to provide species spillover to
neighbouring agricultural areas (Deák et al., 2016). Furthermore, they
provide essential ecosystem services for the society. Like other small
habitat elements they can sustain the populations of pollinators and
natural enemies of crop pests (Kleijn and Báldi, 2005), and also provide
cultural ecosystem services (Plieninger et al., 2015). In some cases itwas
reported that maintaining cultural ecosystem services has a trade-off
with biodiversity conservation (Plieninger et al., 2015). In case of kur-
gans these aims could perfectly met. Consequently, we suggest involv-
ing the proper management and restoration of grassland vegetation of
the kurgans in agri-environmental schemes. To fulfil these aims it is es-
sential to inform local people and stakeholders about the social impor-
tance of kurgan protection. Civil initiatives and governmental bodies
acting on a local level can have an essential role in facilitating this pro-
cess, and building co-operations for protecting kurgans as sources of
biodiversity and monuments of our common cultural heritage (see
also Hartel et al., 2016).
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