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Abstract

Linking the conservation of cultural heritage and natural values provides a unique opportunity for pre-
serving traditional landscapes and receives an increased awareness from stakeholders and society. Ancient
burial mounds are proper objects of such projects as they are iconic landscape elements of the Eurasian
steppes and often act as refugia for grassland specialist species. The aim of this project was to reintroduce
grassland plant species to burial mounds for representing them as cultural monuments with the associ-
ated biodiversity for the public. The effectiveness of seed sowing, transplanting greenhouse-grown plants
and individuals from threatened populations on burial mounds in Hortobdgy National Park, Hungary
was tested. The following questions were answered: (1) which method is the most effective for species
introduction? (2) which species can establish most successfully? (3) how does management affect the
species establishment rates? It was found advisable to use a combination of seed sowing and transplant-
ing greenhouse-grown plants. Sowing was found as a cost-effective method for introducing large-seeded
species, whilst introduction of greenhouse-grown transplants warranted higher establishment rates for a
larger set of species. Transplanting adult individuals was more reliable regardless of management regimes,
however this method is labour-intensive and expensive. Intensive management, like mowing with heavy
machinery and intensive grazing, should be avoided in the first few years after introduction. The authors
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highlighted the fact that introducing characteristic grassland species on cultural monuments offers a great
opportunity to link issues of landscape and biodiversity conservation. This project demonstrated that, by
the revitalisation of cultural monuments, cultural ecosystem services can also be restored.

Keywords
cultural ecosystem services; endangered species; grassland restoration; landscape conservation; landscape
element; reintroduction

Introduction

Open landscapes often harbour surprisingly high biodiversity and they are also an es-
sential part of our cultural heritage (Dengler et al. 2014). The European Landscape
Convention was initiated to protect and sustain European landscapes characteristic
of certain countries and cultures (Jones 2007). Protection of the traditional landscape
structure and land use types can considerably contribute to biodiversity conservation
by ensuring the optimum landscape configuration and proper management for semi-
natural habitats (Babai and Molndr 2014, Plieninger et al. 2015, Szilassi et al. 2017).
One of the major threats to European landscapes is the huge loss of habitats due to
the intensive land use of past centuries (Lindborg et al. 2015, Hiise et al. 2016). In the
near future, increasing demands for natural resources are expected to further accelerate
the rate of habitat degradation and species extinctions (Guerrant et al. 2004). Since
grasslands harbour an extraordinarily high diversity, their conservation and restoration
are high-priority tasks (Valké et al. 2016a).

Integrating cultural ecosystem services into landscape planning and protection
can effectively support nature conservation projects which aim to conserve historical
landscape elements with a potential of harbouring high biodiversity and providing
ecosystem services (Jones et al. 2016, Ramos et al. 2016). Ancient burial mounds
called ‘kurgans’ can serve as ideal objects for such projects. Kurgans are earthen burial
mounds built by nomadic tribes from the Late Copper Age to the medieval period
(Sudnik-Wojcikowska et al. 2011, Bede et al. 2015). They are iconic landscape ele-
ments of the Eurasian steppes and have a considerable role in the life of local people
as historical and sacred places (Dedk et al. 2016a, Sudnik-Woéjcikowska et al. 2011).
Their size ranges from a few hundred square metres to one hectare and their height is
usually between 1 and 15 metres (Dedk et al. 2016a). Their special shape makes them
prominent landscape elements in plain areas. The estimated number of kurgans is
400-600,000 in the steppe region (Dedk et al. 2016a), thus they can be considered as
typical elements of the steppe biome.

Besides their cultural and aesthetic value, burial mounds often act as biodiversity
hotspots in agricultural landscapes. Their particular shape and steep slopes have often
prevented ploughing; thus, grassland vegetation has been able to survive on burial
mounds (Dedk et al. 2016b, Dembicz et al. 2016). This is especially true for loess
grasslands which are often restricted to burial mounds and road verges in many regions
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(Sudnik-Wojcikowska et al. 2011, Dedk et al. 2016a, b). Given the importance of
burial mounds in landscape protection and biodiversity conservation, they can serve
as representative spots for the demonstration of the results of conservation projects.
Their importance is acknowledged by the European Landscape Convention and they
are considered typical landscape elements of Hungary (Jones 2007, Jones et al. 2016).
Despite their legal protection, urbanisation and ploughing considerably threaten the
vegetation of the burial mounds, thus in many cases active restoration measures are
needed for their revitalisation (Dedk et al. 2016a). Due to the scattered distribution
and relatively small area of the burial mounds, small-scale and volunteer NGO projects
can contribute considerably to preserving or restoring their biodiversity.

Spontaneous recovery of target plant populations in degraded landscapes is often
hampered by propagule-limitation, i.e. the lack of target species in the seed banks and
seed rain, as many grassland plant species have transient seed banks and many are
dispersal-limited (Baur 2014). Thus, active management strategies such as reintroduc-
tion of plant populations to appropriate habitats have become increasingly integrated
into conservation practice (Maunder 1992, Rout et al. 2009). However, in spite of
this huge number of species introduction projects and the urgent need for best prac-
tices from the practitioner’s side, there are only a few available studies in this topic
(Bottin et al. 2007, Godefroid et al. 2011a). A search for scientific articles in the ISI
Web of Knowledge using the keywords “plant species introduction” and “conservation”
confined to the countries of the European Union, returned only 183 hits. These hits
were screened by title and only 21 publications were found that concerned plant spe-
cies introduction projects. Information is especially lacking about negative results and
failures, however these can be highly informative for practitioners in order to avoid
future problems (Godefroid et al. 2011b). Latter cases are of high importance as most
of the species introduction projects are not considered as comprehensively successful,
thus information about potential problems would be especially helpful in planning
such projects (Allen 1994).

The authors introduced historically widespread species of loess grasslands on burial
mounds with species-poor and degraded vegetation in the Hortobdgy National Park,
Hungary. An approach which was found to be effective in restored grasslands was
used, i.e. creating establishment hot-spots for grassland specialist plant species (see
also Valké et al. 2016b), from where they are able to colonise the whole habitat patch.
The overall aim was to introduce typical grassland species to create representative sites
demonstrating burial mounds as landscape elements with the associated biodiversity
for the public. Three methods were used for species introduction: seed sowing, plant-
ing individuals grown in greenhouses and translocating adult plants from threatened
natural populations, which otherwise would probably become extinct. As it was pri-
marily a conservation-focused and not a scientific project, species lists, sowing densities
and the number of introduced individuals were determined according to the demands
of the site manager. Due to the abovementioned reasons, it was not possible to run
state-of-the-art statistical analyses which should be considered during the interpreta-
tion of the results. However publication of the authors’ experiences was considered
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of a high importance, as Godefroid et al. (2011b) also pointed out, a major problem
is that in many cases results of non-scientific plant reintroduction projects remain in
unpublished internal reports. The following questions were asked: (1) which method
is the most effective for species introduction? (2) which species can establish most suc-
cessfully? (3) how does management affect the establishment rate and flowering success
of the target species?

Materials and methods

Study sites

The study sites are situated in the Great Hungarian Plain, in the Hortobdgy National
Park (N47.58°, E20.92°). The climate of the area is moderately continental with a
mean annual temperature of 9.5 °C and mean annual precipitation of 550 mm (Lukdcs
et al. 2015). The National Park is a UNESCO World Heritage site, due to the large
areas of connected open landscapes and the associated traditional pastoral practices.
Typically, burial mounds are covered by loess grassland vegetation (Festucion rupicolae;
Dedk et al. 2014). Due to their fertile chernozem soils, the majority of loess grasslands
have been converted into arable fields in the region. They have mostly been preserved
on sites unsuitable for arable farming, for example, on burial mounds.

Target species were reintroduced on to five burial mounds (see Table 1). All burial
mounds harboured degraded and generally species-poor loess grasslands, characterised
by grasses such as Festuca rupicola, Poa angustifolia and Bromus inermis. Several weedy
species with good competitor abilities, which are unwanted from a nature conservation
viewpoint, were present in the vegetation (Bromus sterilis, Carduus acanthoides, Cirsium
arvense, Lycium barbarum and Elymus repens) and target forb species of loess grasslands
were lacking. Two burial mounds with the steepest slopes (Filagéria and Meggyes) were
managed by the authors; they mowed the kurgans by a hand-held mowing machine three
times a year (late April, mid-June and late August, every year from 2010 to 2015) and
removed the hay by raking (Supplementary material 1). Two burial mounds with more
gentle slopes (Nyiregyhdzi and Porosllds) were mown by heavy machinery, once a year

Table 1. Site characteristics of the studied kurgans.

Filagéria Meggyes Goérbeszék | Nyiregyhdzi | Porosillds

Coordinates N47.573271°, | N47.585222°, | N47.589589°, | N47.570090°, | N47.550524°,

E20.942839° | E20.973992° | E20.872901° | E20.951617° | E20.881466°
Total area (m?) 7500 4500 1600 10000 17000
Height (m) 7 2 8 5.5 2.5
Total vegetation cover (%) 78.0+10.4 84.0+6.6 77.0+5.8 78.0+5.7 87.0+5.7
Vegetation height (cm) 67.0£20.8 83.0£17.5 36.0£9.6 62.0+17.9 72.0£14.8
Management type mown (hand) | mown (hand) | grazed (sheep) (miﬁ‘i:;r::ry) (mzﬁ‘i’:;y)
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in mid-June and the hay was removed by machinery. One burial mound (Gérbeszék) was
managed by extensive grazing by sheep; the grazing intensity was approximately 0.8 ani-
mal unit/ha. The grazing season lasted from late April to mid-October. The area which
was affected by species reintroduction was approximately 0.25 ha in the studied kurgans.

Plant introduction

The aim of the project was to reintroduce characteristic loess grassland species to the
studied burial mounds. Experts of the Hortobdgy National Park Directorate selected
the list of introduced species and also recommended the set of species to be reintro-

uced to certain kurgans. lhey selected a total o species typical of the loess grass-
duced to certain kurgans. They selected a total of 18 sp pical of the loess g
ands of the region. Three measures were applied for plant reintroduction: seed sowing,
lands of the region. Th pplied for plant reintroduct d g
planting of individuals grown in the greenhouse (transplantation) and planting adult
plants from threatened natural populations (translocation).

Seed collection

At the first stage of plant introduction, seeds of 16 target species were collected in
2013. Seeds originated from semi-natural loess grasslands of the region. The authors
could not collect seeds of two endangered species (Amygdalus nana and Anchusa bar-
relieri), as from their few existing scattered populations, it was impossible to collect
ripened viable seeds. For Rosa rubiginosa, seeds were collected before maturation (in
late September) because, in that season, the amount of germination inhibitor com-
pounds is lower in the pericarp (Haouala et al. 2013). The collected seed material was
the basis for seed sowing (15 species) and also for growing individuals in a greenhouse
(11 species). Germination tests were performed for all species; the germination rates of
three sorts of 100 seeds per each species (altogether 300 seeds) were monitored from
October 2013 to June 2014 (altogether 36 weeks).

Seed sowing

The collected seeds of herbaceous species were sown, after soil disturbance by raking
in October 2013 (see Table 2). Scarification or stratification was not applied on the
seeds of herbaceous species. Three characteristic species of loess grasslands (Filipendula
vulgaris, Salvia austriaca and S. nemorosa) were sown as matrix forb (amount of 500 g
seeds per burial mound). Other species were sown in an amount of 20 g seeds per
burial mound.

Transplantation

Using the collected seed material, individuals of 11 target species were grown in a
greenhouse (see Table 2). The seeds were sown in pots in March 2014. The only excep-
tion was Rosa rubiginosa which was sown in November 2013 and was grown under
outdoor conditions because cold stratification has proved to be an effective method for
breaking the seed dormancy of rose species (Zhou and Bao 2011). Germinated plants
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Table 2. List of species introduced on the five kurgans. (A) Sown species and the amount of sown seeds
(g), (B) Species list and number of greenhouse-grown transplants and (C) Species list and number of
individuals translocated from threatened natural populations. Matrix species are marked with an asterisk.

Filagé6ria Gorbeszék ‘ Meggyes ‘Nyl'regyhézi Porosallas

(A) Seed sowing

Carthamus lanatus 20g 20g

Centaurea pannonica 20¢g 20¢g 20g 20g
Centaurea sadleriana 20g 20g 20¢g

Centaurea solstitialis 20g 20g

Dianthus pontederae 20g 20g 20g 20g
Filipendula vulgaris* 500 g 500 g 500 g 500 g
Galium verum 20g

Hypericum perforatum 20g

Knautia arvensis 20g

Lotus corniculatus 20g
Lycopsis arvensis 20g

Phlomis tuberosa 20g 20¢g 20¢g 20g 20g
Salvia austriaca* 500 g 500 ¢g 500 ¢g 500 g
Salvia nemorosa™ 500 g 500 g 500 g 500 g
Silene vulgaris 20g 20g 20g

(B) Transplantation

Carthamus lanatus 30

Centaurea pannonica 38 30

Centaurea sadleriana 50 45 50

Centaurea solstitialis

Dianthus pontederae 20 20 30 50
Filipendula vulgaris 20 20 30 50
Lotus corniculatus 34
Rosa rubiginosa 49

Salvia austriaca 10 20 50
Salvia nemorosa 30 10 20 50
Silene vulgaris 36 20

(C) Translocation

Amygdalus nana 35 25

Anchusa barrelieri 32

Phlomis tuberosa 32 124 10 53 20

were transplanted to the kurgans in early September 2014. All transplants were marked
with sticks and were watered for one week after transplanting to facilitate rooting and
acclimatisation. The average temperature of the region was 17.3°C, and there was 54
mm precipitation in that month (HCSO 2017). In November 2014, mulching (using
an approximately 0.5 cm thick layer of hay) was applied at the basal parts of the stems
in order to prevent freezing.
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Translocation

In the case of three endangered species, adult plants were translocated to the kurgans from
endangered natural populations in the region (Table 2). The individuals of Amygdalus nana
and Phlomis tuberosa were translocated from populations situated in road verges which
were threatened both by intensive mowing and herbicide application. The individuals of
Anchusa barrelieri originated from the margin of an arable field and were threatened by
ploughing and fertiliser run off. Individuals were translocated in September 2013. All
translocated individuals were marked with sticks and were treated similarly (watering and
mulching) to the greenhouse grown transplants (Supplementary material 1).

Sampling of introduction success

The survival rate of introduced species was tested in September 2015 by counting all
individuals. To evaluate reproductive success, the species which flowered or set seeds in
September 2015 were listed. For sown species, the establishment rates were calculated
as follows. From germination rates in the greenhouse experiment, the predicted num-
bers of individuals were calculated on the burial mounds using the following equa-
tion: NP= SN x (N /100), where Np is the predicted number of individuals per burial
mound; SN _is the number of seeds sown on burial mounds and N _is the number of
germinated individuals in the greenhouse experiment. The observed number of indi-
viduals were compared with the predicted numbers of individuals. For transplanted
and translocated species, the establishment rate was calculated as the ratio of planted
individuals/surviving individuals.

Results

The results of the germination experiment showed that the majority of species had
good germination rates under greenhouse conditions, regardless of their thousand-
seed weights (Supplementary material 1). The observed establishment rates of sown
species on the burial mounds were lower than the predicted values (a mean of 0.55 %
+ 2.57 SD; Table 3). The establishment rate of sown species was the highest on the two
burial mounds (Filagéria and Meggyes) which were managed by hand mowing (Table
3). Only two sown species (Carthamus lanatus and Lycopsis arvensis) had an establish-
ment rate higher than 10% on at least one burial mound. These two species were those
with the highest thousand-seed weights (Supplementary material 1). There were six
species (Centaurea pannonica, C. sadleriana, Dianthus pontederae, Filipendula vulgaris,
Lotus corniculatus and Phlomis tuberosa) which failed to establish on any of the burial
mounds after seed sowing (Table 3).

The establishment rate of transplanted plants was the highest on the two burial
mounds (Filagéria and Meggyes) which were managed by hand mowing (Table 3).
The highest establishment rates were detected for Rosa rubiginosa, Salvia austriaca and
S. nemorosa. There were three species (Carthamus lanatus, Dianthus pontederae and
Lotus corniculatus) which failed to establish on any of the burial mounds.
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Table 3. Establishment rates in September 2015 (%) of (A) sown species, (B) greenhouse-grown trans-
plants and (C) individuals translocated from threatened natural populations. Species which had flowering

individuals are marked with an asterisk.

‘ Filagéria ‘ Goérbeszék ‘ Meggyes ‘Nyiregyhézi Porosallas

(A) Seed sowing

Carthamus lanatus 0.00 12.61*

Centaurea pannonica 0.00 0.00 0.00 0.00
Centaurea sadleriana 0.00 0.00 0.00

Centaurea solstitialis 0.11* 0.75*

Dianthus pontederae 0.00 0.00 0.00 0.00
Filipendula vulgaris 0.00 0.00 0.00 0.00
Galium verum 0.08*

Hypericum perforatum 0.02*

P 024"

Lotus corniculatus 0.00
Lycopsis arvensis 10.68*

Phlomis tuberosa 0.00 0.00 0.00 0.00 0.00
Salvia austriaca 0.51* 0.03* 0.00 0.01
Salvia nemorosa 0.37* 0.33* 0.01 0.02
Silene vulgaris 0.03* 0.00 0.00

(B) Transplantation

Carthamus lanatus 0.00

Centaurea pannonica 10.50* 3.30*

Centaurea sadleriana 8.00 51.10* 0.00

Dianthus pontederae 0.00 0.00 0.00 0.00
Filipendula vulgaris 10.00 0.00 0.00 0.00
Lotus corniculatus 0.00
Rosa rubiginosa 75.50

Salvia austriaca 60.00* 5.00 6.00
Salvia nemorosa 100.00* 90.00* 10.00* 36.00*
Silene vulgaris 5.60* 0.00

(C) Translocation

Amygdalus nana 37.10 0.00

Anchusa barrelieri 56.30*

Phlomis tuberosa 66.10* 75.50* 75.00*

Establishment rates of individuals translocated from threatened natural popula-
tions were higher than 50% on all sites for Anchusa barrelieri and Phlomis tuberosa
(Table 3). The establishment rate of Amygdalus nana was 37.1 % on Filagéria kur-
gan, managed by hand-mowing. The species failed to establish on Nyiregyhdzi kurgan,
which was managed by mowing machinery.

Altogether, 12 species having individuals with flowering shoots were found. The
highest proportion of flowering species was found on burial mounds managed by hand
mowing (Filagéria and Meggyes). Of the established species, Amygdalus nana, Filipen-
dula vulgaris and Rosa rubiginosa failed to flower on any of the kurgans.
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Discussion

The study demonstrated that all three methods (seed sowing, transplanting and translo-
cating) were feasible for plant introduction. Based on these results, several circumstances,
such as site conditions, management type, species characteristics, available manpower
and financial limitations should be considered when choosing the most feasible method.

Seed sowing

Sowing the seeds of target species is considered to be the least labour- and cost-in-
tensive method for species introductions (Guerrant and Kaye 2007). However, this
study and several other papers reported that seed sowing has the lowest success rate
amongst the widely applied plant introduction methods, because seed germination in
the field is influenced by many factors and is often rather unpredictable (Menges 2008,
Becker 2010). It was found that the success of seed sowing largely depended on specific
germination features, management and local environmental conditions. Besides these
factors, the introduction success also depends on the timespan of the monitoring. For
instance, several seeds, especially those with a hard seed coat, germinate after several
years of dormancy in natural conditions (Baskin and Baskin 1998). Thus, these seeds
might be able to germinate in the future years.

The quality of the collected seed material was assessed by the germination success
of all target plant species from which viable seeds could be collected. It was found that
the seeds of all collected species germinated under greenhouse conditions, however,
species with a hard seed coat (Lotus corniculatus, Lycopsis arvensis, Phlomis tuberosa
and Salvia austriaca) and most species of the family Asteraceae (Carthamus lanatus,
Centaurea pannonica and C. sadleriana) had moderate germination rates in the green-
house. On the one hand, as many of these species require some mechanism to break
seed dormancy (Baskin and Baskin 1998), in future projects, testing scarification or
stratification measures on such seeds is reccommended in order to increase their estab-
lishment success. On the other hand, seed predator insects often consume the seeds
of these species (Steffan-Dewenter et al. 2001) and, even though the seed material
of infested seeds was carefully cleaned, some of them remained in the seed material.

It was found that species with high thousand-seed weights (especially Carthamus lana-
tus and Lycopsis arvensis) could establish most successfully on the burial mounds. It was also
found in former studies that species with large seeds can better tolerate the shading effect of
litter and can also germinate below thick litter layers (Miglécz et al. 2013). Litter accumula-
tion is typical in the loess grasslands of the region; Kelemen et al. (2013) reported amounts
of litter ranging between 161-516 g/m?. This suggests that large-seeded species can have
an establishment advantage compared to small-seeded ones under such conditions (see also
Ambika et al. 2014). Therefore, sowing species with large seeds is advisable in such projects
and, by the application of these species, the cost efficiency of the project can be increased.

In many cases, seeds failed to germinate due to the lack of proper establishment mi-
crosites (see also Dedk et al. 2011). It was found that seed sowing was most effective on
burial mounds which were managed by hand mowing. Hand mowing usually creates a
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higher diversity of microsites favourable for plant germination compared to the homo-
geneous vegetation structure formed by mowing machinery (Humbert et al. 2009). In
the study sites, hand mowing was performed three times a year, which supported higher
vegetation openness compared to kurgans mown once a year by machinery. More fre-
quent hand mowing was likely to be more effective in weed control than less frequent
mowing by machinery and, at the early mowing dates, weeds could be removed before
their seeds ripened (Kelemen et al. 2014). By hand mowing, it was also possible to
give an advantage to introduced species by avoiding cutting them before seed ripening.
Grazing is usually associated with a higher trampling disturbance than hand mowing
(Télle et al. 2016, Téth et al. 2016) resulting in the failure of germination of the sown
species on the grazed Gorbeszék kurgan. Based on these findings, for the effective in-
troduction of target species by seed sowing, either hand mowing or soil preparation by
raking or smooth harrowing is necessary (Klaus et al. 2017, Valké et al. 2016b). Higher
flowering ratio of introduced species on hand mown sites compared to the sites mown
by machinery also shows the advantages of hand mowing versus mowing by machinery.

Even though seed sowing is considerably less labour-intensive than the transplant-
ing of individuals, important drawbacks of the method were identified. The success
of seed sowing largely depends on the germination rates of the available seed material
(see also Godefroid et al. 2011a). In many cases, it is difficult to harvest viable seeds
from certain species, especially from rare ones (such as Anchusa barrelieri and Amyg-
dalus nana in this study). This is due to the fact that they usually have small and scat-
tered populations and often one of the reasons for their vulnerability is the low seed
production itself (Bottin et al. 2007). Thus, seed sowing cannot be an option for the
reintroduction of species with low availability of ripened seeds or very low germination
rates. Given the abovementioned drawbacks, seed sowing can be recommended only in
certain cases. It can be a feasible option in the case of large-seeded species, which can
tolerate litter accumulation, or on sites where the availability of establishment micro-
sites is high, but the intensity of trampling and biomass removal is moderate.

Transplanting and translocation
Both transplanting of juvenile and adult plants proved to be a more effective method
than seed sowing, as individuals are introduced at a more developed ontogenetic stage
which increases the probability of successful establishment (Guerrant and Kaye 2007,
Wallin et al. 2009). However, it should be considered that, even though transplan-
tation and translocation were successful in the first year, dynamics might be differ-
ent in following years. Even though transplanting adult individuals is considerably
more labour-intensive and expensive than seed sowing, this method was more reliable
and less sensitive to site characteristics and management regimes. The most successful
establishment was found in the case of species with well-developed root systems or
belowground storage organs, such as Salvia austriaca, S. nemorosa, Phlomis tuberosa,
Amygdalus nana and Anchusa barrelieri (Kutschera et al. 1992).

By translocation, individuals of the threatened donor populations could be saved.
All three species which were translocated from threatened natural populations estab-
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lished successfully and two of them (Anchusa barrelieri and Phlomis tuberosa) had flow-
ering and fruiting individuals on the burial mounds and were thus able to establish a
new population on the recipient site. This result indicates the importance of this kind
of conservation action which aims to translocate individuals from threatened popula-
tions to suitable habitats.

Plants are in a sensitive period for a few months after transplantation and
translocation; thus, in this early period, intense disturbance, such as trampling,
mowing or grazing should be avoided (Bottin et al. 2007). Besides, transplantation
and translocation themselves are often associated with small-scale soil disturbance
and these disturbed soil surfaces can be starting points for weed encroachment
(Torok et al. 2012). As mowing and grazing are not feasible management options
in the very close vicinity of recently planted individuals, weeds growing close to the
planted plants were suppressed by cutting them with pruning shears.

Implications for nature conservation

Based on these results, in plant introduction projects, it is crucial to collect basic seed
material from a local provenance and to test the germination ability of seeds. One
part of the seeds can be used for seed sowing on the field and the other part should be
germinated in a greenhouse. In the case of larger seeded species, greater success with
seed sowing than in the case of smaller-seeded ones can be expected. With trans-
planting and translocating individuals, the establishment success can be increased,
but it is crucial to ensure proper water availability and protect the transplants from
severe disturbance.

Godefroid et al. (2011a, b) pointed out that there is a considerable publication bias
in plant introduction studies: usually only the successful results are published. Experi-
ences of failures or problems generally remain unavailable to the public, even though
they would be very useful for planning and implementing plant introduction projects.
In this case, most of the difficulties were associated with improper management (use of
mowing machinery) or too intense competition by neighbouring vegetation (see also
Kelemen et al. 2015). These results suggest that post-introduction management is a
crucial factor which has to be carefully planned and implemented in future projects. In
the first year after introduction, mowing by machinery or grazing should be avoided,
as these management types are associated with too intense non-selective trampling
and biomass removal. Mowing by hand proved to be the best management option in
the first few years, because in this way, the mowing of young transplanted individuals
which are at a life stage highly sensitive to disturbance could be avoided. Later on, both
grazing and mowing can be viable management options, depending on site character-
istics, grassland type and available resources (Tille et al. 2016).

This study demonstrated that landscape and biodiversity conservation can be
linked by species reintroduction projects in historical landscapes. For such projects,
burial mounds are ideal objects because they can act as representative spots for society.
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These results draw attention to the necessity of restoring the landscape and biodiversity
values of kurgans which are important parts of the cultural heritage across Eurasia.
The need to link conservation and introduction programmes on cultural monuments
should be emphasised.

To support future plant reintroduction projects, the following findings should
be considered:

Seed material should be collected from regional populations to ensure the use of
locally adapted ecotypes. Before large-scale application, indoor germination
tests are recommended.

The use of a combination of seed sowing and transplanting greenhouse-grown
plants is advisable. Seed sowing is a cost-effective method for introducing
large-seeded species, whilst introduction of greenhouse-grown transplants
warrants higher establishment rates for a larger set of species.

To create proper microsites for germination and establishment, it is crucial to
lightly disturb the soil surface by raking prior to seed sowing.

As post-introduction management, regular watering and mulching is necessary to
prevent drought, freezing and weed invasion after transplanting.

Intensive management, such as mowing with heavy machinery and intensive graz-
ing, should be avoided in the first few years after introduction.

This project demonstrated that by the revitalisation of cultural ecosystem services,
such as aesthetic values, public relations and educational values, can be restored at the
same time (Plieninger et al. 2013). During the project, several layers of society could be
involved. Several volunteers participated in the re-introduction and post-management
actions. Due to the increased public awareness, the restored kurgans became part of
the public demonstration route system in the Hortobdgy National Park. By demon-
strating the natural and cultural values of these cultural monuments, a wider society
will become familiar with the historical, natural and landscape values of these monu-
ments. Two of the restored kurgans became involved in the field courses of Hungarian
and foreign institutes of higher education, representing the technical details of plant
re-introduction and their nature conservation advances. In a few years, it will be pos-
sible to re-introduce moderate grazing, which is the traditional land use in the area and
which is beneficial for local farmers, who can make use of the area.

Acknowledgements

We are grateful to E. Téth, L. Gdl, K. Siiveges and A. Lovas-Kiss for their help in
the seed collection, soil preparation and transplantation. We are grateful to T. Har-
tel, A. Helm and S. Lengyel for their constructive comments on the manuscript.
The restoration project was funded by the Hortobdgy National Park and the KEOP-
3.1.2/2F/09-11-2011-0009 project. The study was supported by OTKA PD 111807



Cultural heritage and biodiversity conservation — plant introduction... 77

(OV), NKFI FK 124404 (OV), NKFI KH 126476 (OV), NKFI KH 126477 (BT),
OTKA PD 115627 (BD), OTKA K 116639 (BT), NKFI PD 124548 (TM) and NK-
FIH K 119225 (PT) projects. OV and BD were supported by the Bolyai Janos Research
Scholarship of the Hungarian Academy of Sciences. Authors were funded by the MTA’s
Post Doctoral Research Programme. OV and BD were supported by the UNKP-17-4-
II-DE-151 and UNKP-17-4-11I-DE-160 New National Excellence Programme of the
Ministry of Human Capacities. We are grateful to L. Papp and the Botanical Garden of
the University of Debrecen for their support in the greenhouse experiments.

References

Allen WH (1994) Reintroduction of endangered plants. Bioscience 44: 65-68. https://doi.
org/10.2307/1312203

Ambika S, Manonmani V, Somasundaram G (2014) Review on effect of seed size on seedling
vigour and seed yield. Research Journal of Seed Science 7: 31-38. https://doi.org/10.3923/
rjss.2014.31.38

Babai D, Molndr Z (2014) Small-scale traditional management of highly species-rich grasslands
in the Carpathians. Agriculture, Ecosystems & Environment 182: 123-130. https://doi.
org/10.1016/j.agee.2013.08.018

Baskin CC, Baskin JM (1998) Seeds: Ecology, Biogeography, and Evolution of Dormancy and
Germination. Elsevier.

Baur B (2014) Dispersal-limited species — A challenge for ecological restoration. Basic and Ap-
plied Ecology 15: 559-564. https://doi.org/10.1016/j.baae.2014.06.004

Becker T (2010) Explaining rarity of the dry grassland perennial Astragalus exscapus. Folia Geobot
45:303-321. hteps://doi.org/10.1007/5s12224-010-9068-3

Bede A, Salisbury RB, Csathé Al, Czukor B, P4ll DG, Szildgyi G, Siimegi P (2015) Report of
the complex geoarcheological survey at the Ecse-halom kurgan in Hortobdgy, Hungary.
Central European Geology 58: 268-289. https://doi.org/10.1556/24.58.2015.3.5

Bottin L, Le Cadre S, Quilichini A, Bardin B, Moret ], Machon N (2007) Re-establishment
trials in endangered plants: a review and the example of Arenaria grandiflora, a species
on the brink of extinction in the Parisian region (France). Ecoscience 14: 410-419.
hteps://doi.org/10.2980/1195-6860(2007)14[410:RTIEPA]2.0.CO;2

Deék B, Téthmérész B, Valké O, Sudnik-Wojcikowska B, Bragina TM, Moysiyenko I, Apos-
tolova I, Bykov N, Dembicz I, Toérok P (2016a) Cultural monuments and nature conserva-
tion: The role of kurgans in maintaining steppe vegetation. Biodiversity and Conservation
25: 2473-2490. https://doi.org/10.1007/s10531-016-1081-2

Deék B, Valké O, Torok P, Téthmérész B (2016b) Factors threatening grassland specialist plants
— A muld-proxy study on the vegetation of isolated grasslands. Biological Conservation
204: 255-262. https://doi.org/10.1016/j.biocon.2016.10.023

Dedk B, Valké O, Alexander C, Miicke W, Kania A, Tamds ], Heilmeier H (2014) Fine-scale
vertical position as an indicator of vegetation in alkali grasslands — Case study based on

remotely sensed data. Flora 209: 693—697. https://doi.org/10.1016/j.flora.2014.09.005


https://doi.org/10.2307/1312203
https://doi.org/10.2307/1312203
https://doi.org/10.3923/rjss.2014.31.38
https://doi.org/10.3923/rjss.2014.31.38
https://doi.org/10.1016/j.agee.2013.08.018
https://doi.org/10.1016/j.agee.2013.08.018
https://doi.org/10.1016/j.baae.2014.06.004
https://doi.org/10.1007/s12224-010-9068-3
https://doi.org/10.1556/24.58.2015.3.5
https://doi.org/10.2980/1195-6860(2007)14%5B410:RTIEPA%5D2.0.CO;2
https://doi.org/10.1007/s10531-016-1081-2
https://doi.org/10.1016/j.biocon.2016.10.023
https://doi.org/10.1016/j.flora.2014.09.005

78 Orsolya Valké et al. /| Nature Conservation 24: 65-80 (2018)

Dembicz I, Moysiyenko II, Shaposhnikova A, Vynokurov D, Kozub L, Sudnik-Wojcikowska
B (2016) Influence of isolation and size of a habitat patch on plant species density on
kurgans and within other refuges of Ukrainian steppe. Biodiversity and Conservation 25:
2289-2307. https://doi.org/10.1007/s10531-016-1077-y

Dengler ], JaniSovd M, Torok P, Wellstein C (2014) Biodiversity of Palaearctic grasslands: A
synthesis. Agriculture, Ecosystems & Environment 182: 1-14. https://doi.org/10.1016/j.
agee.2013.12.015

Godefroid S, Piazza C, Rossi G, Buord S, Stevens A-D, Aguraiuja R, Cowell C, Weekly
CW, Vogg G, Iriondo JM, Johnson I, Dixon B, Gordon D, Magnanon S, Valentin
B, Bjuerke K, Koopman R, Vincens M, Virevaire M, Vanderborgth TS (2011a) How
successful are plant species reintroductions? Biological Conservation 144: 672-682.
https://doi.org/10.1016/j.biocon.2010.10.003

Godefroid S, Vanderborght T (2011b) Plant reintroductions: The need for a global database. Bi-
odiversity and Conservation 20: 3683-3688. https://doi.org/10.1007/s10531-011-0120-2

Guerrant EO, Kaye TN (2007) Reintroduction of rare and endangered plants: common fac-
tors, questions and approaches. Australian Journal of Botany 55: 362-370. https://doi.
org/10.1071/BT06033

Guerrant EO, Havens K, Maunder M (2004) Ex situ Plant Conservation: Supporting Species
Survival in the Wild. Island Press, Washington.

Haouala E Hajlaoui N, Cheikh-Affene Z-B (2013) Enhancing seed germination in rose (Rosa
rubiginosa L.). Medicinal & Aromatic Plants 2: 139. https://doi.org/10.4172/2167-
0412.1000139

Humbert J-Y, Ghazoul J, Walter T (2009) Meadow harvesting techniques and their impacts on
field fauna. Agriculture, Ecosystems & Environment 130: 1-8. https://doi.org/10.1016/j.
agee.2008.11.014

Hungarian Central Statistical Office (2017) Hungarian Central Statistical Office. http://www.
ksh.hu/docs/hun/xstadat/xstadat_evkozi/e_met002.html

Hiise B, Szabé S, Dedk B, Téthmérész B (2016) Mapping ecological network of green habitat
patches and their role in maintaining urban biodiversity in and around Debrecen city (Eastern
Hungary). Land Use Policy 57: 574-581. https://doi.org/10.1016/j.landusepol.2016.06.026

Jones M (2007) The European Landscape Convention and the question of public participation.
Landscape Research 32: 613-633. https://doi.org/10.1080/01426390701552753

Jones PJ, Andersen E, Capitani C, Carvalho Ribeiro S, Griffiths GH, Loupa-Ramos I, Ma-
deira L, Mortimer SR, Paracchini ML, Pinto Correia T, Schmidt AM, Simoncini R,
Wascher DM (2016) The EU societal awareness of landscape indicator: A review of its
meaning, utility and performance across different scales. Land Use Policy 53: 112-122.
https://doi.org/10.1016/j.landusepol.2015.01.038

Kelemen A, Lazzaro L, Besny6i V, Albert A—], Koneénd M, Dobay G, Memelink I, Adamec V,
Gétzenberger L, de Bello E Le Bagousse-Pinguet Y, Leps$ J (2015) Net outcome of com-
petition and facilitation in a wet meadow changes with plant’s life stage and community
productivity. Preslia 87(4): 347-361.

Kelemen A, Torsk P, Valké O, Dedk B, Miglécz T, Téth K, Olvedi T, Téthmérész B (2014) Sus-

taining recovered grasslands is not likely without proper management: vegetation changes


https://doi.org/10.1007/s10531-016-1077-y
https://doi.org/10.1016/j.agee.2013.12.015
https://doi.org/10.1016/j.agee.2013.12.015
https://doi.org/10.1016/j.biocon.2010.10.003
https://doi.org/10.1007/s10531-011-0120-2
https://doi.org/10.1071/BT06033
https://doi.org/10.1071/BT06033
https://doi.org/10.4172/2167-0412.1000139
https://doi.org/10.4172/2167-0412.1000139
https://doi.org/10.1016/j.agee.2008.11.014
https://doi.org/10.1016/j.agee.2008.11.014
http://www.ksh.hu/docs/hun/xstadat/xstadat_evkozi/e_met002.html
http://www.ksh.hu/docs/hun/xstadat/xstadat_evkozi/e_met002.html
https://doi.org/10.1016/j.landusepol.2016.06.026
https://doi.org/10.1080/01426390701552753
https://doi.org/10.1016/j.landusepol.2015.01.038

Cultural heritage and biodiversity conservation — plant introduction... 79

and large-scale evidences after cessation of mowing. Biodiversity and Conservation 23:
741-751. hteps://doi.org/10.1007/s10531-014-0631-8

Kelemen A, Térok B, Valké O, Miglécz T, Téthmérész B (2013) Mechanisms shaping plant
biomass and species richness: plant strategies and litter effect in alkali and loess grasslands.
Journal of Vegetation Science 24: 1195-1203. https://doi.org/10.1111/jvs. 12027

Klaus V, Schifer D, Kleinebecker T, Fischer M, Prati D, Holzel N (2017) Enriching plant
diversity in grasslands by large-scale experimental sward disturbance and seed addition
along gradients of land-use intensity. Journal of Plant Ecologyogy 10: 581-591. https://
doi.org/10.1093/jpe/rtw062

Kutschera L, Lichtenegger E, Sobotik M (1992) Wurzelatlas mitteleuropiischer Griinlandp-
flanzen. Verlag Gustav Fischer, Stuttgart, Jena, New York.

Lindborg R, Plue J, Andersson K, Cousins SAO (2015) Function of small habitat elements for
enhancing plant diversity in different agricultural landscapes. Biological Conservation 169:
206-213. https://doi.org/10.1016/j.biocon.2013.11.015

Lukécs BA, Torok P, Kelemen A, Virbiré G, Radécz S, Miglécz T, Téthmérész B, Valké O
(2015) Rainfall fluctuations and vegetation patterns in alkali grasslands — Self-organizing
maps in vegetation analysis. Tuexenia 35: 381-397. https://doi.org/10.14471/2015.35.011

Maunder M (1992) Plant reintroduction: An overview. Biodiversity and Conservation 1: 51—
61. hetps://doi.org/10.1007/BF00700250

Menges ES (2008) Restoration demography and genetics of plants: when is a translocation
successful? Australian Journal of Botany 56:187-196. https://doi.org/10.1071/BT07173

Miglécz T, Téthmérész B, Valké O, Kelemen A, Torok P (2013) Effect of litter on seedling
establishment: an indoor experiment with short-lived Brassicaceae species. Plant Ecology
214: 189-193. https://doi.org/10.1007/s11258-012-0158-6

Plieninger T, Hartel T, Martin-Lépez B, Beaufoy G, Bergmeier E, Kirby K, Montero M]J,
Moreno G, Oteros-Rozas E, Van Uytvanck ] (2015) Wood-pastures of Europe: Geograph-
ic coverage, social-ecological values, conservation management, and policy implications.
Biological Conservation 190: 70-79. https://doi.org/10.1016/j.biocon.2015.05.014

Plieninger T, Dijks S, Oteros-Rozas E, Bieling C (2013) Assessing, mapping, and quantifying
cultural ecosystem services at community level. Land Use Policy 33: 118—129. https://doi.
org/10.1016/j.Jandusepol.2012.12.013

Ramos IL, Bernardo E Ribeiro SC, Van Eetveld V (2016) Landscape identity: Implica-
tions for policy making. Land Use Policy 53: 36-43. https://doi.org/10.1016/j.Janduse-
pol.2015.01.030

Rout TM, Hauser CE, Possingham P (2009) Optimal adaptive management for translo-
cation of a threatened species. Ecological Applications 19: 515-526. https://doi.
org/10.1890/07-1989.1

Steffan-Dewenter I, Miinzenberg U, Tscharntke T (2001) Pollination, seed set and seed preda-
tion on a landscape scale. Proceedings of the Royal Society B 268: 1685-1690. https://doi.
org/10.1098/rspb.2001.1737

Sudnik-Wéjcikowska B, Moysiyenko II, Zachwatowicz M (2011) The value and need for pro-
tection of kurgan flora in the anthropogenic landscape of steppe zone in Ukraine. Plant
Biosystems 145: 638—-653. https://doi.org/10.1080/11263504.2011.601335


https://doi.org/10.1007/s10531-014-0631-8
https://doi.org/10.1111/jvs.12027
https://doi.org/10.1093/jpe/rtw062
https://doi.org/10.1093/jpe/rtw062
https://doi.org/10.1016/j.biocon.2013.11.015
https://doi.org/10.14471/2015.35.011
https://doi.org/10.1007/BF00700250
https://doi.org/10.1071/BT07173
https://doi.org/10.1007/s11258-012-0158-6
https://doi.org/10.1016/j.biocon.2015.05.014
https://doi.org/10.1016/j.landusepol.2012.12.013
https://doi.org/10.1016/j.landusepol.2012.12.013
https://doi.org/10.1016/j.landusepol.2015.01.030
https://doi.org/10.1016/j.landusepol.2015.01.030
https://doi.org/10.1890/07-1989.1
https://doi.org/10.1890/07-1989.1
https://doi.org/10.1098/rspb.2001.1737
https://doi.org/10.1098/rspb.2001.1737
https://doi.org/10.1080/11263504.2011.601335

80 Orsolya Valké et al. /| Nature Conservation 24: 65-80 (2018)

Szilassi P, Bata T, Szabé S, Cztcz B, Molnir Z, Mezési G (2017) The link between land-
scape pattern and vegetation naturalness on a regional scale. Ecological Indicator 81:
252-259. https://doi.org/10.1016/j.ecolind.2017.06.003

Tille M, Dedk B, Poschlod P, Valké O, Westerberg L, Milberg P (2016) Grazing vs. mowing:
a meta-analysis of biodiversity benefits for grassland management. Agriculture, Ecosystems
& Environment 15: 200-212. https://doi.org/10.1016/j.agee.2016.02.008

Torok P, Miglécz T, Valké O, Kelemen A, Dedk B, Lengyel S, Téthmérész B (2012) Recovery
of native grass biodiversity by sowing on former croplands: Is weed suppression a feasible
goal for grassland restoration? Journal for Nature Conservation 20: 41-48. https://doi.
0rg/10.1016/j.jnc.2011.07.006

Téth E, Dedk B, Valk6 O, Kelemen A, Miglécz T, Téthmérész B, Torok P (2016) Livestock type
is more crucial than grazing intensity: Traditional cattle and sheep grazing in short-grass
steppes. Land Degrad Develop. https://doi.org/10.1002/1dr.2514

Valké O, Dedk B, Torok P, Kelemen A, Miglécz T, Téth K, Téthmérész B (2016a) Abandon-
ment of croplands: problem or chance for grassland restoration? Case studies from Hunga-
ry. Ecosystem Health and Sustainability 2(2): €01208. https://doi.org/10.1002/¢hs2.1208

Valké O, Dedk B, Térok P, Kirmer A, Tishew S, Kelemen A, Téth K, Miglécz T, Radécz S,
Sonkoly J, Téth E, Kiss R, Kapocsi I, Téthmérész B (2016b) High-diversity sowing in
establishment gaps: a promising new tool for enhancing grassland biodiversity. Tuexenia
36: 359-378. https://doi.org/10.14471/2016.36.020

Wallin L, Svensson BM, Lonn M (2009) Artificial dispersal as a restoration tool in meadows:
sowing or planting? Restoration Ecology 17(2): 270-279. https://doi.org/10.1111/j.1526-
100X.2007.00350.x

Zhou Z, Bao W (2011) Levels of physiological dormancy and methods for improving seed
germination of four rose species. Scientia Horticulturae 129: 818-824. https://doi.
org/10.1016/j.scienta.2011.04.024

Supplementary material |

Supplementary material 1

Authors:  Orsolya Valké, Katalin Téth, Andrés Kelemen, Tamds Miglécz,

Szilvia Radécz, Judit Sonkoly, Béla Téthmérész, Péter Torok, Baldzs Dedk

Data type: (measurement/occurence/multimedia/etc.)

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/natureconservation.24.20019.suppl1


https://doi.org/10.1016/j.ecolind.2017.06.003
https://doi.org/10.1016/j.agee.2016.02.008
https://doi.org/10.1016/j.jnc.2011.07.006
https://doi.org/10.1016/j.jnc.2011.07.006
https://doi.org/10.1002/ldr.2514
https://doi.org/10.1002/ehs2.1208
https://doi.org/10.14471/2016.36.020
https://doi.org/10.1111/j.1526-100X.2007.00350.x
https://doi.org/10.1111/j.1526-100X.2007.00350.x
https://doi.org/10.1016/j.scienta.2011.04.024
https://doi.org/10.1016/j.scienta.2011.04.024
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/natureconservation.24.20019.suppl1

	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Cultural heritage and biodiversity conservation – plant introduction and practical restoration on ancient burial moun﻿﻿﻿﻿ds
	﻿﻿﻿﻿﻿﻿﻿﻿﻿Abstract
	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Introducti﻿﻿on
	Materials and methods
	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Study sites﻿﻿
	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Plant introduction

	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Result﻿﻿s
	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Discussion﻿﻿
	﻿﻿﻿﻿﻿﻿﻿﻿Implications for nature conservation

	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Acknowledgemen﻿﻿ts
	References
	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Supplementary material ﻿﻿﻿1

