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Introduction

Semi-natural grasslands in Europe belong to the plant communities with the
highest species diversity recorded in detailed scale (Kull & Zobel 1991, Klime$
1997). They may also host a high number of endemic taxa. For example in Slo-
vakia more than 75% of endemic taxa grow in grasslands (Seffer et al. 2002).

However extensive areas of semi-natural grassland in Europe is a result of human
activity, grasslands and their species composition were influenced by co-evolution
of human farming and local environment (O’Rourke 2006). Due to continuous
management with limited nutrient input and a large portion of human labour,
grasslands have become a unique plant community of high conservation value.

After the Second World War European agriculture faced a lot of changes. Due to
subsidy support of intensive agriculture on both sides of the Iron Curtain large
areas of grasslands were intensified or transformed to arable land and their di-
versity was significantly reduced. Species-rich grasslands have persisted only in
some regions, especially in mountainous areas. The rapid decline of biodiversity
led member states of the European Union to the approval of the Habitat Direc-
tive protecting threatened habitats and species throughout Europe. The directive
covers substantial part of European semi-natural grasslands (EC 2007). Member
states are obliged to implement it through the network of protected areas NATURA
2000. Except for NATURA 2000, there are also some other tools for preserving
and restoration of grassland biodiversity, e.g. agri-environmental schemes. Several
states of EU have started or they plan to start implementation of special measures
for conservation management of semi-natural grasslands (e.g. Slovakia, Czech
Republic, Poland). However traditional forms of agriculture disappear steadily, so
it is necessary to look for alternative methods of grassland management, which
could maintain species-rich communities and would be also economically feasible.
The ecological research plays an important role as an essential base of knowledge
for the formulating of conservation management measures.

Slovakia is a country with a high variety of grassland types compared to other
countries of central Europe (Seffer & Stanova 1999). Although research of
grassland vegetation in the country has quite a long tradition, it was mainly
oriented on the phytosociological description of grassland vegetation till 1990s



(e.g. Jurko 1974, Maglocky 1979, RuZi¢kova 1986). Later in 1999 a national
grassland inventory started and by 2005 more than 90% of the country was
mapped. The area of semi-natural and natural grasslands in the country is ap-
proximately 300,000 hectares (Galvanek 2006).

The first attempts of an experimental approach to grassland study started in
the 90s, when some experiments on grassland management and restoration
were established on the Morava River floodplain (Seffer & Stanova 1999) and
on the mountain grasslands of Poloniny National Park (RuZzi¢kova et al. 1998).
An experimental study of secondary succession was carried out in the Polana
Mts. (Ujhazy 2003). In spite of those efforts the knowledge about interaction
of grassland management, diversity and species composition was still highly
insufficient and it required much more research efforts.

In 2000 DAPHNE-Institute of Applied Ecology started a medium-size project
»,Central European Grasslands — Conservation and Sustainable Use“. The proj-
ect covered a huge variety of activities. One of them was an applied research
component oriented to the determination of suitable conservation manage-
ment and restoration of mountain grasslands. Another activity of the project
was the finalization of species-rich floodplain meadows on the Morava River
floodplain in western Slovakia. The results of management experiments on
mountain grasslands and the results of restoration monitoring in the Morava
River floodplain are part of this thesis.

A high number of experimental studies on management and restoration of semi-
natural grasslands have been published in recent years. They have studied how
plant communities react to various management measures like mowing (e.g.
Hellstrom et al. 2006, Vanderpoorten et al. 2004, Huhta et al. 2001), grazing
(e.g. Kohler et al. 2004, Pykala 2003, Pavla et al 2003, de Bello et al. 2007),
mulching and mowing (Gaisler et al. 2004) or they compare several manage-
ment techniques (e.g. Kohler et al. 2005, Stammel et al. 2003, Jantunen 2003,
Kahmen et al. 2003). However the experiments are usually established in one
vegetation type with the same management history. The locality in Mala Fatra,
where we set up our experiment is unique, because it is still traditionally man-
aged by small farms and management is linked to the ownership. Therefore, the
abandonment is not driven so much by the quality of the stand, but it is more



driven by the accessibility of the locality. In advance, due to a high heterogeneity,
it is possible to compare the performance of vegetation with different moisture
status. Grassland vegetation in the surroundings of village Zazriva (Zazrivské
lazy site), where we carried out our experiment was described in the first chap-
ter of the thesis. The site is a typical sample of species-rich mostly calcareous
grasslands of the Western Carpathians.

Then we present 3 papers with the results from the experiment.

The first paper (Chapter II) is focusing on the evaluation of species richness,
changes after cessation of mowing and after the introduction of restoration mow-
ing. Semi-natural grasslands belong to the plant communities with the highest
species richness recorded in a small area and many hypotheses were formulated
how to explain this fact (Palmer 1994). In spite of this, we have also to take in
mind plant traits of different species and the overall functional diversity of the
plant community (de Bello et al. 2006), species diversity is a very important
parameter describing the quality of plant community. An interesting task is also
spatial dependence of species richness, because it seems to have some relations
to management measures applied (e.g. de Bello et al. 2007).

The second paper (Chapter III) tries to evaluate the changes of species com-
position in our experimental plots. Methods of multivariate analysis (Lep$
& Smilauer 2003) provided a space for comparison of the changes in species
composition in contrasting conditions of our experimental plots. Methods of
partial direct gradient analysis also enable to determine which ecological vari-
able mostly influence the variance in our data set.

The third paper (Chapter IV) is oriented on the analysis of productivity param-
eters of grassland as well the recruitment of seedlings in the canopy. Increased
nutrient availability weakens nutrient limitation in grasslands and competi-
tion for light seems to be much more pronounced (Lep§ 1999). The fact has
many implications in practical grassland management, because if biomass is
not removed from the community by regular mowing or grazing, it may cause
eutrophication and thus a reduction of species richness.

Seedling recruitment is also a very important parameter and one of the adapta-
tions, how to promote high species variety in grasslands (van der Maarel 1993 &



Sykes 1993, Herben et al. 1993). However, an accumulation of litter and moss
biomass on the ground seems to be aspects limiting recruitment of seedlings
(Spackova & Leps 2004).

Changes in Common Agricultural Policy of European Union have led to some
intensification of agriculture in EU. Therefore quite substantial area of arable
land is converted into grasslands. The process may have interesting biodiversity
conservation consequences so quiet a lot of effort is oriented around this kind of
research (e. g. van der Putten et al. 2000, Leps et al. 2007). However the focus
is oriented on conservation measures on grasslands in Slovakia is oriented on
existing species-rich grasslands; there are some regions or vegetation types,
where grassland restoration is urgently needed. The Main focus is namely ori-
ented on floodplain grasslands in lowland areas.

The fourth paper (Chapter V) is focusing on the monitoring results of such res-
toration applied in Morava River Floodplain. In spite of the fact, experimental
research was carried out before the restoration, to find the best methodology for
further restoration (Seffer & Stanova 1999a), restoration itself is an interesting
large scale experiment which may bring interesting experience.

If we count the number of studies dealing with the topic of grassland manage-
ment and restoration, it looks really like the ,,0ld evergreen“. However the be-
haviour of grasslands in different conditions and even in different localities may
be totally different (Krahulec 1995), so it looks even generations of ecologists
coming after us will have many new questions to ask. The research questions
asked in this thesis have usually many practical implications in nature conser-
vation so I hope they will be stimulating for practical conservation activities.
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CHAPTER

Galvanek D. 2009: The species-rich grasslands of the Zazrivské lazy site in
Slovakia. In: Veen P, Jefferson R., de Smidt J. & van der Straaten J. (eds.):
Grasslands in Europe of high nature value. KNNV Publishing. pp. 196-201.

(Druhovo bohaté trdvne porasty na lokalite Zdzrivské lazy na Slovensku)

Abstract

The chapter presents semi-natural grasslands in the site Zazrivské lazy located
in the surroundings of village Zazriva in north-western Slovakia. The village
was founded in 16 century by Valachian colonists and grasslands have played
important role in local agriculture. Nowadays most of the grasslands in the
site are managed by co-operative farm, but significant portion of the land is
managed also by smaller private farmers. Dominant vegetation types are ol-
igitrophic and mesic pastures of Violion caninae and Cynosurion alliances and
hay meadows of Arrhenatherion and Polygono-Trisetion alliances. Fen meadows
and fens (Calthion, Caricion davallianae, Caricion fuscae) occur only in small
fragments. The grasslands with the highest biodiversity are usually located on
small traditional farms. The number of those farms is declining rapidly and
species-rich grasslands are threatened because of land abndonment or chang-
es in management practices.

Abstrakt

Kapitola opisuje poloprirodné luky v izemi Zazrivské lazy, ktoré sa nachadza
v okoli obce Zazriva na severozapadnom Slovensku. Obec zalozili valasski ko-
lonisti v 16. storo¢i a travne porasty hrali v miestnom polnohospodarstve do-
lezitd ulohu. V stcasnosti vac¢sinu travnych porastov v izemi obhospodaruje
miestne polnohospodarske druzstvo, vyznamnu vymeru v§ak vyuzivaji aj mali
sikromni polnohospodari. Dominantnymi vegetac¢nymi typmi st oligotrofné
az mezotrofné pasienky zvazov Violion caninae a Cynosurion a kosné luky zv.
Arrhenatherion a Polygono-Trisetion. VIhké a slatinné liky (zv. Calthion, Caricion
davallianae, Caricion fuscae) sa vyskytuju iba v podobe malych fragmentov. Trav-
ne porasty s najvy$Sou biodiverzitou sa zvy¢ajne nachadzaji na malych tradic-
ne hospodariacich farmach. Pocet takychto sa rychlo zniZuje a druhovo bohaté
travne porasty ohrozuje opustanie pddy a zmeny v spdsoboch vyuZivania.



CHAPTER II

Galvanek D. & Leps J. 2008: Changes of species richness pattern in mountain
grasslands: abandonment versus restoration. Biodiversity and Conservation.
17:3241-3253. (IF = 1.473).

(Zmeny druhového bohatstva na horskych litkach: opustanie v porovnani s obnovou)
Autorsky podiel: 60 %

Abstract

Changes in plant species richness at various spatial scales were investigated
by manipulative experiment in mountain grasslands. The aim of the research
was to compare changes in species richness in newly abandoned sites and sites
where restoration measures were applied after 20 years of abandonment. The
plots were located in two vegetation types with different moisture regime.

Species richness decreased significantly after abandonment, mainly at the fin-
est spatial scale of 10 x 10 cm. There was significant increase of species rich-
ness on restored sites, but it was apparent mainly at a larger scale. However,
even 4 years of regular mowing were not sufficient to restore species richness
to the level typical for traditionally managed grasslands in the region.

No significant difference was found in the performance of the 2 contrasting
vegetation types (wet and dry) in relation to management measures. A signifi-
cant difference in scale-dependent species richness was only observed. The dry
type had a steeper species-area curve, with a lower number of species at the
finest spatial scale.

According to the results of the experiment, mountain grasslands are very vul-
nerable habitats, losing their conservation value quickly after abandonment.
Restoration is possible due to an extensive species pool in the region, but re-
turn to the original species richness at all spatial scales is quite a long process.



Abstrakt

Zmeny v druhovom bohatstve rastlin v roznych priestorovych skalach sa sle-
dovali v ramci riadeného experimentu na horskych likach. Cielom vyskumu
bolo porovnanie zmien druhového bohatstva na ¢erstvo opustenych plochach
v porovnani s plochami, kde sa aplikovali obnovné opatrenia po 20 rokoch bez
vyuzivania. Plochy sa zalozili v dvoch vegetaénych typoch s rozdielnym vlh-
kostnym reZimom. Po opusteni doslo k vyznamnému poklesu druhového bo-
hatstva a to najma v najdetailnejsSej Skale 10 x 10 cm. K preukaznému zvyse-
niu druhového bohatstva doslo aj na obnovovanych plochach, kde sa vSak pre-
javilo najma vo vacsej Skale. AvSak ani Styri roky pravidelného kosenia nebo-
li dostato¢né, aby sa obnovilo druhové bohatstvo typické pre tradi¢ne vyuziva-
né travne porasty v regione. Nezistil sa Ziadny vyznamny rozdiel medzi reak-
ciou oboch studovanych typov vegetacie (vlhkého a suchého) vo vztahu k apli-
kovanému manaZmentu. Zistil sa iba preukazny rozdiel v priestorovom rozlo-
zeni druhového bohatstva medzi oboma typmi. Suchy typ ma menej druhov v
najmensej Skale, ale narast druhov s rastom plochy je tu rychlejsi ako vo vlh-
kom type.

Vysledky experimentu poukazuju na to, Ze horské liky sa velmi zranitelnym
biotopom, ktori po opusteni rychlo straca svoju hodnotu z pohladu ochrany
prirody. Obnova je mozna vdaka Sirokému zasobniku druhov v okoli, ale na-
vrat povodného druhového bohatstva vo vietkych priestorovych §kalach je po-
merne dlhy proces.



CHAPTER III

Galvanek D. & Lep$ J. 2009: How do management and restoration needs of
mountain grasslands depend on moisture regime? Experimental study from
north-western Slovakia (Western Carpathians). Applied Vegetation Science
12:273-282. (IF =1.349).

(Ako vlhkostny rezim ovplyviiuje ndroky horskych litk na manazment a obnovu?)
Autorsky podiel: 60%

Abstract

Question: How does species composition change in traditionally managed
meadows after mowing has ceased, and in abandoned meadows after re-intro-
duction of mowing? Are there differences in the dynamics of dry and moder-
ately wet meadows?

Location: Zazriva-Plesiva (19°11'N, 49°16’E), north-western Slovakia, western
Carpathians

Methods: Pairs of experimental plots (mown and unmown) were established to
replicate each combination of dry/wet and traditionally managed/abandoned
meadows. Changes in species composition were studied over five years. The
data on changes in species composition was analysed by constrained and un-
constrained ordinations, and visualized using Principal Response Curves.

Results: Species composition of newly abandoned wet grasslands was chang-
ing towards the corresponding long abandoned plots even in the first year of
abandonment. Similarly, newly established restoration mowing in abandoned
dry grasslands rapidly shifted the stand species composition towards that of
traditionally managed ones. Nevertheless, four years after re-introduction of
mowing, the species composition of the restored plots was still far from target.
The effect of mowing in abandoned wet grasslands and abandonment in dry
grasslands was much less pronounced and slower.

Conclusions: Moisture regime is a very important factor determining the man-
agement needs of various grassland types. Wet grasslands are much more sen-
sitive to abandonment, with a fast degradation rate and limited possibilities



for restoration, which can be extremely slow. Even in the dry grasslands, that
quickly responded to restoration mowing, restoration is a long-term process.

Abstrakt

Otdzka: Ako sa meni druhové zloZenie tradi¢ne vyuZzivanych lik po skonceni
kosenia a dlhodobo nevyuZivanych 1uk po obnove kosenia? St rozdiely v dyna-
mike suchych a mierne vlhkych lak?

Lokalita: Zazriva — Plesiva (19°11 vychodnej zemepisnej dizky, 49°16 “severnej
zemepisnej $irky)

Metédy: Parové experimentalne plochy (kosené, nekosené) sa zalozili v repli-
kaciach moznych kombinacii suchych/vlhkych a tradi¢ne vyuzivanych/opus-
tenych luk. Zmeny druhového zloZenia sa sledovali po¢as piatich rokov. Uda-
je o zmenach druhového zloZenia sa analyzovali pomocou ordinacii s obme-
dzenim aj bez obmedzenia a vyzualizovali sa s vyuzitim kriviek hlavnej odpo-
vede druhov.

Vysledky: Druhové zloZenie Cerstvo opustenych vlhkych Iuk sa od prvého roku
od opustenia menilo smerom k zloZeniu obdobnych dlhodobo nevyuZzivanych
porastov. Podobne obnovné kosenie v suchom type sposobilo rychle zmeny
smerom k tradi¢ne vyuZivanym porastom tohto typu. Avsak aj po Styroch ro-
koch kosenia bolo druhové zlozenie obnovovanych ploch velmi vzdialené od
cielového stavu. Kosenie dlhodobo zanedbanych vlhkych porastov ako aj ab-
sencia kosenia v tradi¢ne vyuzivanych porastoch suchého typu, nemali az taky
vyznamny vplyv a zmeny tu boli pomalsie.

Zdvery: Vlhkostny rezim je vyznamnym faktorom, ktory ovplyvituje manaz-
mentové naroky rdoznych typov travnych porastov. Vlhké porasty st ovela cit-
livejSie na zanechanie obhospodarovania, ked k degradacii dochadza rychlo
a obnova je velmi pomalad a jej moznosti si obmedzené. Aj na suchych lukach,
ktoré rychlo reagovali na obnovné kosenie, je obnova dlhotrvajuci proces.
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Abstract

The management regime may have a significant impact on the productivity
and dynamics of grasslands, but the causal relationships influencing grass-
land conservation value are still not completely understood. Changes of se-
lected community characteristics, such as standing crop, proportion of forbs
in the standing crop, litter amount, litter decomposition and seedling recruit-
ment, were investigated in a four year manipulative experiment in a mountain
grassland in Slovakia. The aim of the research was to compare changes in new-
ly abandoned sites and sites where restoration measures were applied after
20 years of abandonment. The sites were located in areas containing two veg-
etation types of the Arrhenatherion alliance (wet Poo-Trisetetum and dry Antho-
xantho-Agrostietum) with different moisture regimes. The expected increase of
the standing crop after abandonment was rather slow, and more pronounced
towards the end of the experiment, and in the wet meadow type (approx. 30 %
increase). The restoration mowing promoted forb proportions in the biomass,
but it did not decrease the standing biomass in the restored grasslands. Strong
litter accumulation after abandonment was observed in subsequent years after
abandonment, when the amount of litter increased about 100% in abandoned
plots. Decrease in litter was also significant after the start of restoration mow-
ing (a decrease from 258 to 159 g.m in wet type and from 287 to 147 g.m* in
dry type was noted). Accumulated litter was negatively correlated to seedling
recruitment (r =-0.63 at the end of the experiment). The litterbag experiment
showed that the wet type has a higher rate of decomposition, with 20 % more
biomass decomposed during the litter-bag experiment.

The experiment confirmed a negative role of litter accumulation on seedling
recruitment, with the number of seedlings per m? decreasing from 413 to



321 individuals in the abandoned wet-type site. This may lead to a decrease in
species richness. Mowing along with raking of mowed biomass may be a use-
ful tool to restore degraded mountain grasslands and to remove accumulated
litter from the stands.

Abstrakt

Manazmentovy reZim mdZe mat vyznamny vplyv na produktivitu a dynami-
ku travnych porastov, ale kauzalne suvislosti tychto parametrov s hodnotou
travnych porastov z pohladu ochrany prirody nie st doposial dostato¢ne pre-
skimané. V ramci Stvorroéného manipulativheho experimentu na horskych
lakach na Slovensku sa sledovali zmeny nadzemnej biomasy, mnozstva opa-
du, rozklad opadu a uchytavanie semenacikov. Cielom vyskumu bolo porov-
nanie zmien v ¢erstvo opustenych porastoch v porovnani s porastami, kde sa
zacali aplikovat obnovné opatrenia po 20 rokoch opustenia.Plochy sa zalozili
v dvoch vegeta¢nych typoch zvazu Arrhenatherion liSiacich sa vlhkostnym reZi-
mom (vlhké Poo-Trisetetum a suché Anthoxantho-Agrostietum). O¢akavany na-
rast nadzemnej biomasy po opusteni lik bol dost pomaly a viac sa prejavil az
v zavere experimentu a vo vlhkom type, kde doslo k narastu o 30 %. Obnov-
né kosenie spOsobilo zvySenie podielu bylin v nadzemnej biomase, nespdsobi-
lo v8ak pokles celkovej nadzemnej biomasy. V ¢erstvo opustenych lukach do-
$lo v rokoch, nasledujucich po opusteni, k vyraznému narastu mnozstva opa-
du, ktoré sa zvysilo 0 100 %. Obnovné kosenie spdsobilo tieZ pokles mnozstva
opadu v dlhodobo zanedbanych porastoch (z 258 na 159 g.m vo vlhkom type
az 287 na 147 g.m? v suchom type). Mnozstvo nahromadeného opadu v nega-
tivne korelovalo s mnozstvom uchytenych semenaéikov (r = - 0.63 v posled-
nom roku experimentu). Experiment s rozkladovymi sa¢kami ukazal, Ze opad
sa vo vlh§om type rozklada rychlejSie. Za rovnaky ¢as sa tu rozloZilo o 20 %
viac biomasy ako v suchom type.

Experiment potvrdil negativny vplyv nahromadenia opadu na uchytavanie se-
menacikov, ked'ich mnozstvo v ¢erstvo opustenom vlhkom type z 413 na 321 je-
dincov na meter §tvorcovy. Tento fakt moze viest k poklesu druhového bohat-
stva. Kosenie s naslednym odstranenim biomasy moZe byt velmi vyznamnym
nastrojom na obnovu degradovanych horskych luk a na odstranenie nahroma-
deného opadu.
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Abstract

The development of vegetation on ex-arable restored sites was monitored for
five years in the Morava River Floodplain in Slovakia. Meadows were restored
using a local seed mixture combined with turf transplantation. One site was
restored only by the reintroduction of mowing without any addition of seeds.
Data on the floristic composition of the sites were recorded once a year along
with cover estimates using the 3-degree Tansley’s scale. Data on the species
composition were analysed by ordination methods (DCA, CCA), and data on the
presence of indicator species were tested using general linear models (GLM).
The results were compared with the results from a smallscale experiment car-
ried out before large-scale restoration that tested turf transplantation and seed
mixture sowing. Significant temporal changes in the species composition were
observed at restored sites. The species composition in restored sites was found
to be changing slowly towards the target habitats, and the process seemed to
be faster wetter sites. Additionally, the presence of ruderal species on restored
sites did not decline significantly during the monitoring period. Species of the
Arrhenaterion alliance and semi-ruderal species became well established in the
first years following restoration, whereas the presence of the target species of
Cnidion alliance did not increase significantly during monitoring. Dominant
grass species were successfully recruited, and the establishment of herbs was
variable depending on individual species traits. Expectations based on the
small-scale experiment high establishment rates of target species on plots with
turf transplantation were not confirmed, probably due to the limited dispersal
of species from the turf specimens and to high competition of grasses from
seed mixture. It is evident that results of small-scale experiments may provide



limited evidence when applied on larger scales, and monitoring of large-scale
restoration projects must be incorporated into project planning.

Keywords: Grassland restoration, Cnidion alliance, turf transplantation, local
seed mixture, Slovakia, Central Europe

Introduction

Alluvial meadows of the Cnidion venosi alliance belong to the most threatened
habitat types within Europe, and they are protected by an EU Habitat Directive
(EC-DG ENV 2007). In the past, these meadows were widespread in lowland
areas throughout Europe, but the majority of their area was transformed into
arable land or changed to intesively used grasslands (Manchester et al. 1999,
Benstead et al. 1999). Several attempts to restore species-rich Cnidion meadows
have been carried out in European floodplains using various restoration tech-
niques (Bissels et al. 2004, Vécrin et al. 2002, Seffer et al. 1999a).

Each decision regarding restoration techniques is a compromise among techni-
cal, ecological and financial criteria (Manchester et al. 1999). From an ecological
point of view, several important aspects must be taken into consideration. Ex-
perience with the restoration of species-rich grasslands shows that the process
is not straightforward. Simple reintroduction of ecological conditions typical
for the target communities does not automatically mean that their successful
restoration will occur (Bakker & Berendse 1999).

Seed dispersal appears to be the most limiting factor (Bissels et al. 2004,
Bischoff 2002) when seedlings are recruited mostly in close vicinity of parent
plants (Bischoff 2002, Donath et al. 2003). Therefore, if the restored sites are
isolated from well-preserved grasslands, there is little chance that seeds of tar-
get species will reach the restored fields. If restoration efforts are performed in
active floodplain, a positive effect of regular flooding on seed dispersal may be
expected. However, the results of experimental studies produce controversial
results, showing both significant correlations (Rosenthal 2006) and no signifi-
cant evidence of a relationship between flooding and seed dispersal (Bissels et
al. 2004). Experiments addressing seed banks have also that their potential with
respect to the restoration of meadows is quite limited. Seed bank on floodplain
grasslands is relatively species-poor, and many species typical of floodplain



grasslands are missing (Vécrin et al. 2007). In addition, the seed bank contains
high amounts of ruderal species (Vécrin et al. 2002).

All these constraints may be partially overcome using appropriate restoration
methods, but the effects appear to vary across individual methods (Klimkowska
etal. 2007). Techniques involving propagule transfer are among the most popu-
lar methods, but they are limited by different constraints (Donath et al. 2007),
and their success strongly depends on many important aspects, e.g., the qual-
ity of plant material used for transfer (Holzel & Otte 2003). Another option is
soil (grassland turf) translocation, which seems to be a highly suitable method
promoting the establishment of a variety of meadow species (Vécrin & Miiller
2003, Seffer et al. 1999c¢).

Monitoring following the application of restoration measures is an important
part of restoration activities. The trajectory of the expected development of re-
stored sites on ex-arable land is usually estimated from small-scale experiments,
where receptor sites are rather small (up to 10 hectares) (Kiehl et al. 2010),
and data sampling is carried out on relatively small plots of up to 100 m? (Do-
nath et al. 2003, LepS$ et al. 2007). However, the real development of restored
sites at a large scale may be different from what is expected based on data from
small-scale experiments (Underwood et al. 2005, Melbourne & Chesson 2005).
Therefore, it is necessary to investigate whether habitat development after res-
toration follows the expected trajectory (Critchley et al. 2004).

The largest complex of Cnidion meadows in central Europe is located in the
lower part of the Morava River floodplain in three countries: Slovakia, Austria
and the Czech Republic. A major part of the floodplain grassland is located in
Slovakia, covering 1,913 ha of the total 3,450 ha in the area (Seﬁer etal. 1999b).

Although most grasslands have been managed as meadows for many decades,
some grasslands were ploughed in the 1970s-1980s and managed as intensively
used arable land. This type of land management may have many negative con-
sequences when carried out in floodplains with regular floods (e.g., pesticides
and fertilisers are discharged to a wide area during floods). Therefore, the
decision was made to restore the floodplain meadows in the arable fields on
the Slovak side of the floodplain in a 140-ha area (Seffer et al. 1999a). A 4-year



manipulative experiment was established prior to large-scale restoration to de-
termine the most appropriate methods for local seed sowing and turf transfer.
The conclusions of the experiment were rather optimistic, indicating that both
sowing of a local seed mixture and turf transfer are suitable methods for the
restoration of floodplain grasslands at this locality. The results from plots where
turf transfer was performed were especially promising regarding the speed of
the whole process (Seffer et al. 1999c¢).

Most of the subsequent large-scale restoration was carried out using two prin-
cipal methods: sowing of a local seed mixture from species-rich floodplain
grasslands in the region and translocation of turf from species-rich grasslands
in the region to restored fields (Seffer et al. 1999a).

The aims of this study were to (1) analyse the changes in the species composi-
tion on restored sites; (2) test whether these temporal changes were significant;
(3) analyse whether these changes led to a species composition typical of the
target habitat types; and (4) to compare the results of large-scale restoration
with expectations arising from a small-scale restoration experiment performed
in the region prior to restoration (Seffer et al. 1999c¢).

Data and methods

The study site is located in the middle part of the Morava River Floodplain in
Slovakia near the village of Gajary, close to the border with Austria. Large-scale
restoration was carried out in six localities (Fig. 1). Three restoration tech-
niques were applied: sowing of a seed mixture, transplantation of turf from
a species-rich grassland and mowing twice a year. The application of the differ-
ent techniques is summarised in Table 1. Because our survey was a component
of a practical restoration project, no plot was left as an unrestored control.
Therefore, we could only follow the establishment of species on restored plots,
but we were not able to accurately evaluate their effectiveness.

A seed mixture was collected using a harvesting machine on a species-rich grass-
land in the Morava River floodplain. Collection was focused mostly on grass spe-
cies typical of floodplain meadows in the region. The mixture contained mostly
grass species (75 % of the mixture), and the dominant species in the mixture



were Alopecurus pratensis, Poa pratensis and Elytrigia repens. The remainder of
the mixture was composed mostly of sedges and herbs. Herbs only represented
8 % of the mixture (Seffer et al. 1999a). The seed mixture (40-60 kg per ha) was
then applied to restored sites.

Turf was translocated from the closest species-rich floodplain meadow, located
approximately 3 km downstream from the restored sites. Turf specimens were
removed from the source meadow to a depth of 10 cm, then cut into small
pieces that measured 10 x 10 cm and translocated to the restored sites, where
they were placed on bare soil over an area of 2 x 4 metres (an 8-fold larger area
than the turf had covered in the source meadow) (Seffer et al. 1999a). One turf
area of 2 x 4 metres was created per hectare, but the turf specimens were placed
randomly, rather than regularly distributed.

One of the six restored localities (site 5) was restored only by mowing (twice per
year), as it was a grassland heavily infested with Aster novi-belgii agg. neophytes
but still hosted some species typical of floodplain grasslands.

Table 1: Restoration techniques applied to different sites.

. Begin-
. S.eed Turf Movylng ning of Area Flood
Site mixture trans- twice .
. . restora- (ha) regime
sowing plantation peryear .
tion
1 es es es 1999 726  Rarely
y y y ’ flooded
Rarely
2 yes yes yes 1999 20.25 flooded
3 es es es 1999 3791 Occasionally
y y y ' flooded
Frequently
3A yes yes yes 2000 6.79 flooded
Rarely
4 yes yes yes 1999 9.80 flooded
Frequently
5 no no yes 2002 29.54 flooded
Occasionally
6 yes yes yes 2002 21.22

flooded




Most of the localities are flooded in some years, but the duration of the floods
varies among them. The approximate durations of floods are given in Table 1.
This information is based on long-term observations of local farmers (Masarovié¢
in verb.). Frequently flooded sites are flooded regularly each year, up to several
times in some years. Occasionally flooded sites are flooded only in certain
years during higher flood levels. Rarely flooded sites are flooded only during
extremely high floods with many years in between floods. Generally, the part
of the floodplain where restoration was performed belongs to the most highly
elevated parts of the floodplain area, where floods occur only when the water
table in Morava River is rather high. This is probably the reason that the area
was used as arable land in the past.

Fig. 1: Location and map of the restoration area
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Data sampling was carried out using the polygon mapping method (Seffer et
al. 2000), in which the list of higher plant species is recorded in a polygon of
homogenous vegetation surrounded by natural or artificial boundaries. The
plant cover was estimated using the simple Tansley scale (3 - dominant species,
more than 50 %; 2 - frequent species, 1-50 %; 1 - rare species, <1 %). Each
locality was surveyed as a single polygon, except for locality 3, where the wetter
portion (polygon 3A) was sampled separately.



A 4-year (1995-98) small-scale experiment was carried out several kilometres to
the north of the site of large-scale restoration under conditions very similar to
those observed at the restored sites. Sowing of local seed mixtures and trans-
plantation of turf were investigated, but the experiment was not designed as
a factorial experiment, so no plots were tested using the combination of both
methods (Seffer et al. 1999c).

Data analysis

Monitoring began at each site in the first year after the initiation of restoration
and continued until 2005. In 2004, data recording was not performed. The data
obtained in the field were evaluated by indirect and direct gradient analysis
(Lep$ & Smilauer 2003) processed using CANOCO for Windows 4.5 software
(ter Braak & Smilauer 2002). Site 5 was excluded from the direct gradient
analysis because it was different from the other sites (no seed sowing or turf
transplantation was performed there).

Indirect gradient analysis was performed using the DCA (Detrended Correspon-
dence Analysis) method. The factors characterising the species composition were
projected into a graph as supplementary variables. The characteristic species
of three alliances (Cnidion, Magnocaricion and Arrhenatherion) recognised as
target vegetation for the sites were identified according to national classifica-
tion overviews (Stanova & Valachovi¢ 2002, Seffer et al. 2002, 2005) and us-
ing local classifications (Stanova et al. 1999). Ruderal species were defined as
species occurring mostly in ruderal communities (factor RUDER) according
to Jurko (1990) and corrected to local conditions according to Stanova et al.
(1999). Species occurring in both ruderal and grassland communities (factor
SEMIRUD) were defined using the same published sources. The categorisation
of the species into all groups is presented in a table in App. 1. For indirect gradi-
ent analysis, all species from different groups present at the sites were counted.

Direct gradient analysis was performed using Canonical Correspondence Analy-
sis (CCA). The factor TIME was tested to detect possible shifts in the species
composition on the monitored plots. The significance of the relationship was
tested using a Monte Carlo permutation test, with permutations within a block
defined as individual localities (localities used as covariables).



The changes of the number of indicator species on the restored sites were anal-
ysed by general linear models (GLMs). Only species classified as cover 2 or 3 in
Tansley’s scale were taken into account. The factor TIME, as consecutive time in
years since the beginning of restoration, was considered as a continuous predic-
tor. The factor SITE, identifying particular sites, was a categorical factor. Five
indicator species groups were defined. Three groups consisted of characteristic
species of the three alliances Arrhenatherion, Cbidion and Magnocaricion. The
groups (App. 1) were defined using comprehensive national surveys (Stanova
& Valachovi¢ 2002, Seffer et al. 2002) and local survey from the Morava River
floodplain (Stanova et al. 1999). The groups of ruderal species (RUDER) and
semi-ruderal species (SEMIRUDER) were identified according to Jurko (1990).

The numbers of species in the five indicator species groups were also calculated
for the small-scale experiment, separately for plots with turf transplantation
and for the plots with sowing of the seed mixture.

Results

Changes of the species composition on restored sites

The results of DCA (Fig. 1) show the trajectories of all sites in the ordination
space. The first axis may be interpreted as the temporal succession gradient
from plant communities with a higher proportion of ruderal species soon after
restoration to communities with a higher proportion of grassland species 6 years
after restoration. The second axis probably represents the moisture gradient from
sites flooded only rarely to sites that are regularly flooded several times per year.

Fig. 2: Ordination graph resulting from the DCA (Detrended Correspondence
Analysis) method. The records from a single site are connected in a time series.
The beginnings of the series are marked by triangles. Arrows represent the
number of species of different ecological groups present at the site (ARR - Ar-
rhenatherion species, CNI - Cnidion species, MCP - Magnocaricion species,
RUDER - ruderal species, SEMIRUD - species typical of both ruderal and grass-
land communities). They are projected in the graph as supplementary variables.
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renne, lythvirg = Lythrum virgatum, phalarun = Phalaroides arundinacea, planlanc
= Plantago lanceolata, planmajo = Plantago major, poa_prat = Poa pratensis,
potearge = Potentilla argentea agg., ranuacri = Ranunculus acris, sympoffi = Sym-
phytum officinale, tanavulg = Tanacetum vulgare, taraoffi = Taraxacum officinale,
trifprat = Trifolium pratense, tripperf = Tripleurospermum perforatum, verbblat
= Verbascum blattaria

Two groups of the study sites can be recognised in the graph according to their
succession trajectories following restoration, with site 6 exhibiting rather spe-
cific behaviour. Sites 1, 2 and 4 can be characterised as presenting a step-by-step
increase of species typical of the Arrhenatherion alliance and species typical for
ruderal and grassland communities. Typical species of the Cnidion alliance were
more frequent in the last year of monitoring, when a decrease of typical ruderal
species was observed as well.

Sites 3, 3A and 5 were characterised by a decrease of the number of ruderal spe-
cies, followed by an increase of Cnidion species.

Site 6 is a unique locality where restoration was carried out in 2002, and data
sampling began in 2003. Therefore, we have only two records from this site.

The projected species scores in scatter plots confirmed the pattern described.
Ruderal species or species dependent on regular disturbance are located on the
left side of the graph (e.g., Conyza canadensis, Lythrum virgatum, Lolium perenne,
Tripleurospermum perforatum, Inula britannica). Species that are more typical of
closed grasslands are found on the right side of the graph (e.g., Leucanthemum
vulgare, Festuca arundinacea, Alopecurus pratensis, Ranunculus acris, Potentilla
argentea). The bottom part of the graph is mostly occupied by species typical
of dry stands, such as Echium vulgare, Cichorium intybus and Hypericum perfora-
tum. In the upper part of the graph, typical wetland species, such as Phalaroides
arundinacea and Symphytum officinale, are observed.

Direct gradient analysis using the Canonical Correspondence Analysis method
confirmed that the changes in the species composition on the restored plots
were highly significant (P=0.002). In spite of this, the explained variability is
not particularly pronounced (10.6 %).



Changes in the number of indicator species on restored sites
and on experimental plots of the small-scale experiment.

The changes in the number of indicator species were analysed by general linear
models. The overall trend on restored plots is a decrease in the number of ru-
deral species and an increase in the number of Arrhenatherion and semi-ruderal
species (Fig. 3). However, only the change in the number of Arrhenatherion
species is significant (P=0.011). The most dramatic changes were observed in
first two years after restoration. In the first year following restoration, ruderal
species represent the most numerous group on the restored sites; however, the
situation changed in the subsequent year.

On the plots of the small-scale experiment where turf was transplanted, there
was a relatively constant number of semi-ruderal species, while the number of
indicator species of the Arrhenatherion alliance was observed to decrease slightly,
and that of the Cnidion alliance increased slightly. However, the numbers of all
of these species were much higher than on plots with the application of seed
mixture. Ruderal species dominated the plots only in the first year after restora-
tion, after which they began to decrease in number (Fig. 3).

The experimental plots where the seed mixture was applied show a different
pattern. Ruderal species were dominant in the first three years of the experi-
ment, and other species groups representing different grassland types and
semi/ruderal species began to increase only from third year of the experiment.



Fig. 3: Average numbers of indicator species from different groups (App. 1) in
restored plots in consecutive years after restoration; a) large-scale restoration
sites (only species with cover degrees of 2 and 3 in Tansley’s scale are consid-
ered, and site 5 is not considered); b) small-scale experiment plots with turf
transplantation; c) small-scale experiment plots with sowing of the local seed
mixture. ARR - characteristic species of the Arrhenatherion alliance, CNI - char-
acteristic species of the Cnidion alliance, MCP - characteristic species of the
Magnocaricion alliance, RUDER - ruderal species sensu Jurko (1990), SEMI-
RUDER - semi-ruderal species, characteristic of both grassland and ruderal
habitats sensu Jurko (1990)
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Table 2: Results of analysis of changes in the number of indicator species on
restored sites by general linear models (GLMs). ARR = number of characteristic
species of the Arrhenatherion alliance, CNI = number of characteristic species of
the Cnidion alliance, MCP = number of characteristic species of the Magnocari-
cion alliance, RUDER = number of ruderal species, SEMIRUDER = number of
semiruderal species, TIME = time in years since the beginning of restoration,
SITE = identification of restored sites

& & — —
ﬁ % 4 Z
9 9
F P F P F P F P
TIME 7.866 0.011 0.860 0.365 0.072 0.792 1.190 0.289 2.323 0.144
SITE 11.176 <0.001 1.507 0.235 4.339 0.008 4.183 0.010 5.875 0.002

SEMIRUDER
SEMIRUDER

MCP
MCP
RUDER
RUDER

Factor
=
e}

Establishment of indicator species on restored sites compared
with those of the small-scale experiment

Analysis of species establishment on the restored sites and the experimental
plots showed an uneven ability of floodplain meadow indicator species to be
recruited in restored plots. Typical grasses of floodplain meadows (e.g., Alope-
curus pratensis, Poa pratensis) colonised the restored sites quite well. The estab-
lishment of sedges was much poorer, as only Carex praecox was rarely recorded
on restored sites. Some herb indicator species occurred frequently on restored
sites, e.g., Lythrum virgatum and Symphytum officinale, whereas some species
were found there only rarely, e.g., Clematis integrifolia and Galium boreale. There
were also species present on transplanted turf that did not occur on restored
sites, e.g., Cnidium dubium, Viola pumila and Sanguisorba officinalis (Table 3).

Most of the observed species present similar behaviour in the small-scale
experimental plots and the large-scale restored plots, with some exceptions.
A number of species do not occur in the area where the small-scale experiment
was established, e.g., Alisma lanceolatum and Gratiola officinalis. Therefore, they
are not present in the experimental plots. Additionally, there are a number of



species that were recruited very successfully to the experimental plots but that
did not appear on restored sites, or were very rarely found there, e.g., Cnidium
dubium, Serratula tinctoria, Viola pumila (Table 3).

Table 3: Comparison of the establishment of floodplain meadow species in
the plots of the small-scale restoration experiment and the monitored sites.
(x - the species is present in the seed mixture or at the donor site; f - frequent
occurrence in the experiment plots or the monitored sites; o — occasional pres-
ence in the experiment plots or the monitored sites; r — rare presence in the
experiment plots or the monitored sites; cover of more than 50% at the donor
site; 2 — cover between 1 and 50% at the donor site; 1 — cover of less than 1%
at the donor site)
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Discussion

Monitoring of restoration projects is an invaluable tool because the success of
these (often very costly) efforts can only be evaluated when they are monitored.
However, restoration projects differ from experimental research, as only one
method, considered to be the best one, is usually applied in these projects, and
no control is generally available. Consequently, it is very difficult to disentangle
the effect of sowing from turf transfer in the present study because both were
applied together. Similarly, the only site where these measures were not ap-
plied differed initially from the other sites, so it cannot serve as a “control”.
Consequently, we are limited to a rather informal interpretation of the temporal
trends observed during five years of monitoring.

Each monitoring programme must solve the problem of how to address complex
parameters, such as species composition, especially in habitats that are relatively
rich in species. Approaches oriented toward target species are quite common
(Rosenthal 2003) and very useful. The phytocoenological classification of non-
forest vegetation in Central Europe is relatively well developed, providing lists of
indicator species based on analyses of large datasets of vegetation relevés (e.g.,
Chytry & Tichy 2003). As the natural vegetation of the Morava River floodplain
has been very well surveyed (Seffer & Stanova 1999), the target vegetation for
the restored sites can be estimated relatively precisely.

The polygon mapping method involving the recording of species of vascular
plants has particularly been used for large inventories of grassland vegetation
(Seffer et al. 2002, Sarbu et al. 2002), but we have also found it suitable for res-
toration monitoring. This method is able to detect species changes if a relatively
high species turnover is expected, which is the case in the present study. The
species record per polygon is comparable with that of several relevés performed
on a site (Filipova et al. 2005), and it is much less time consuming.

Making a decision regarding the methodology to be used for restoration at the
study locality required taking into account several important factors, which
could limit the effectiveness of restoration activities. The main problem reported
with respect to similar restoration efforts throughout Europe is dispersal limi-
tation (Donath et al. 2003, Bischoff 2002, Bissels et al. 2004). In our case, we



proposed to overcome this issue using two methods: sowing of a seed mixture
from species-rich floodplain grasslands and transplantation of turf from the
same type of grasslands. Sowing of seed mixtures with high diversity may be
a suitable technique for the restoration of species-rich grasslands. The use of
such mixtures suppresses natural colonisation but promotes higher productivity
in the first years following restoration (Lep$ et al. 2007). Translocation of turf
also seems to be a method promoting higher diversity on restored plots and
better establishment of rarer species (Vécrin & Muller 2003).

No flooding model is available for the part of the floodplain where restoration
was performed, but under analogous ecological conditions, floodplain mead-
ows of the Cnidion venosi alliance are known to exist, as well as of the Magno-
caricion alliance. Higher elevation areas of the floodplain, which are flooded
irregularly, host vegetation associated with the transition to mesic grasslands
of the Arrhenatherion alliance. Hence, the vegetation of these three alliances
may be considered as target vegetation for our restored sites. Comparison of
the establishment of indicator species for various potential target grassland al-
liances showed that species of the Arrhenaterion alliance appear to be the most
successful. Many species typical of this alliance are semi-ruderal species, which
are able to persist in both grassland and ruderal communities. They were also
found to be typical of the early stages of succession in former arable fields by
Filipova et al. (2005). In contrast, species typical of alluvial meadows of the
Cnidion alliance did not significantly increase in number on restored sites. This
lack of increase might be caused by the limitation of seed germination by low
moisture and the lack of flooding at some sites, but it can also result from the
specific seed germination traits of some Cnidion species (Holzel & Otte 2004).

The results of the small-scale experiment (Seffer et al. 1999¢) indicated that
we should expect a decrease in the number of ruderal species two years after
restoration on plots with turf transplantation and four years after restoration
on plots sown with the seed mixture. Non-ruderal grassland species began
to dominate the restored sites two years after restoration, but no significant
decrease in the number of ruderal species was observed. Donath et al. (2003)
and Bissels et al. (2004) also reported a fairly significant presence of ruderal
species on restored sites in the Rhine floodplain in first years after restoration.



Ruderal species probably benefit from the fact that dominant grasses are not
able to cover ground completely in the first year after restoration, and gaps are
still present. In addition, several very dry years occurred following restoration;
in particular, 2003 was an extremely dry year. Such extreme droughts may sup-
press dominant grass species and even promote the colonisation of invasive or
ruderal species (Morecroft et al. 2004). They also cause high mortality rates of
young seedlings (Bissels et al. 2006).

There are two groups of sites at our study locality (Fig. 1), which exhibit slightly
different performances concerning their species composition. One group is
represented by sites 3, 3A and 5, consisting of sites that are frequently, or at
least occasionally flooded. The second group is represented by the rest of the
sites (1, 2 and 4), where flooding is rare (except for site 6). Regularly flooded
sites exhibit a faster transition towards species-rich floodplain grasslands after
restoration. This situation may be a result of increased soil moisture, which has
a positive effect on seed germination (Eckstein & Donath 2005). It could also
be expected that more frequent, regular floods could promote the transfer of
diaspores from well-preserved meadows, but it appears that the flooding regime
does not play as important a role as dispersal and microsite limitation (Bissels
etal. 2004).

One of the techniques used in this study was sowing of a seed mixture of local
origin. We conclude that, 6 years after restoration, dominant grass species (e.g.,
Alopecurus pratensis, Poa pratensis) from the mixture had become well established
on the restored sites, and represented the dominant species on most of the sites.

Turf transplantation is considered to be a suitable method to overcome seed
dispersal limitation (Kiehl et al. 2010). Although negative experiences have also
arisen from using this method (Kardol et al. 2009), it is generally assumed to
represent a suitable means of restoring species-rich grasslands. Turf transplan-
tation was applied as an additional method to enhance the overall diversity on
restored sites and to promote the establishment of rare species that may not be
included in the seed mixture. The source meadow hosted vegetation typical of
Cnidion floodplain meadows associated with the presence of several indicator
species. The performance of these indicator species on restored sites appears
to be quite species specific. Species such as Alium angulosum, Carex praecox and



Vicia cracca were only recorded on restored sites very soon after restoration, and
they then disappeared. The species Poa palustris exhibited similar performance
only at drier localities, whereas it was recruited well to the wet locality of site
6. In contrast, the species Galium boreale, Ranunculus acris and Symphytum of-
ficinale were recorded for the first time several years after restoration. These
findings provide support for the conclusion that species performance is highly
individual, and some species may be limited by site conditions or by higher
competition in later successional stages.

The results of the small-scale experiment showed a very promising pattern of
target species establishment on the plots with turf transplantation (Fig. 3). Such
a pattern was not confirmed for the large-scale restoration sites, perhaps because
only species associated with cover of greater than 1% were considered. Some
additional indicator species of floodplain meadows were recorded on restored
sites, but with only an individual occurrence being observed. We are not able to
precisely determine whether transplanted turf had a positive effect on species
establishment, though some positive effect might be expected. Nevertheless, this
effect seems to be very limited on a larger scale. Species of floodplain meadows
exhibit very limited dispersal (Bischoff 2002), and thus, turf may only influence
the very close surroundings of the site where it is transplanted. The small-scale
experiment performed in an area of several square metres therefore provided
an overly optimistic view. This issue could be overcome by employing higher
density turf application, but such an approach is not feasible from a technical
and financial point of view.

The establishment of species from turf could also be limited by competition
from sown grasses. The amount of the seed mixture used in large-scale restora-
tion was high (40-60 kg of seeds per square meter) compared with the usual
recommendations (see Kiehl et al. 2010) and might result in higher competition
among species during their establishment. With respect to other possibilities
regarding seed dispersal to the study localities, dispersal via wind and flood
waters may be considered. The role of wind dispersal appears to be very limited,
because restored sites are mostly surrounded by arable fields or by floodplain
forests. The closest well-preserved floodplain grasslands are several kilometres
from the restored sites. Therefore, these well-preserved grasslands probably did
not play as significant a role as dispersal sources.



It may be expected that some propagules could also be transported to restored
sites by floods. Our results show that sites that are flooded more frequently
show faster development toward species-rich alluvial grasslands. However, Bis-
sels et al. (2004) found no evidence that the flooding regime influence input of
diaspores. We expect that the positive influence of flooding is more important
with respect to its effect on seed germination than the input of new seeds itself.
Regular flooding may positively influence moisture conditions within a locality
and, thus, improve conditions for seed germination.

Our findings related to monitoring the large-scale restoration of floodplain
grasslands in the Morava River floodplain show that the development of re-
stored sites at a large scale can be different from that expected from small-scale
experiments. Although restored sites develop in the expected direction towards
species-rich alluvial meadows, the process is slower than expected from small-
scale experiments. Turf transplantation appears to be the more useful of the
tested methods to overcome dispersal limitation, but the effect of this method
is very limited at a larger scale.
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Appendix 1: Categorisation of indicator species

present on restored sites

Alliance
indicator species Ruderal (RUDER)/
Species (ARR-Arrhenatherion, semi-ruderal species
CNI-Cnidion, (SEMIRUD)
MCP-Magnocaricion)
Acetosa pratensis ARR
Acetosella vulgaris ARR SEMIRUD
Agrimonia eupatoria ARR
Achillea millefolium ARR SEMIRUD
Alisma lanceolatum CNI
Allium angulosum CNI
Alopecurus geniculatus MCP
Alopecurus pratensis CNI
Ambrosia artemisiifolia RUDER
Anchusa officinalis RUDER
i =
Arctium lappa RUDER
Aristolochia clematitis RUDER
Armoracia rusticana RUDER
Arrhenatherum elatius ARR SEMIRUD
Artemisia absinthium RUDER
Artemisia campestris SEMIRUD
Artemisia vulgaris RUDER
Aster novi-belgii agg. RUDER
Atriplex sp. RUDER
Avena sativa RUDER
Berteroa incana ARR SEMIRUD
Bidens frondosa RUDER
Bidens tripartita RUDER
Bromus hordeaceus ARR SEMIRUD
Bromus inermis SEMIRUD

Bromus sterilis

RUDER




Alliance

indicator species Ruderal (RUDER)/
Species (ARR-Arrhenatherion, semi-ruderal species
CNI-Cnidion, (SEMIRUD)
MCP-Magnocaricion)
Calamagrostis epigejos ARR SEMIRUD
Capsella bursa-pastoris RUDER
Carduus acanthoides RUDER
Carduus nutans SEMIRUD
Carex praecox CNI
Carex riparia CNI
Centaurium erythraea ARR
Cichorium intybus SEMIRUD
Cirsium arvense RUDER
Cirsium vulgare RUDER
Clematis integrifolia CNI
Convolvulus arvensis RUDER
Conyza canadensis RUDER
Cota tinctoria SEMIRUD
Dactylis glomerata ARR SEMIRUD
Datura stramonium RUDER
Daucus carota SEMIRUD
Dianthus armeria ARR
Echinochloa crus-galli RUDER
Echium vulgare ARR SEMIRUD
Elytrigia repens RUDER
Equisetum arvense ARR SEMIRUD
Erdoium cicutarium SEMIRUD
Eryngium campestre ARR SEMIRUD
Festuca rupicola ARR
Filipendula vulgaris ARR
Fragaria viridis ARR
Galium boreale ARR
Galium verum ARR SEMIRUD
Glechoma hederacea SEMIRUD
Gratiola officinalis CNI




Alliance

indicator species Ruderal (RUDER)/
Species (ARR-Arrhenatherion, semi-ruderal species
CNI-Cnidion, (SEMIRUD)
MCP-Magnocaricion)
Helianthus annuus RUDER
Hordeum murinum RUDER
Hypericum perforatum ARR SEMIRUD
nczzlcgr;ul:?asstmm RUDER
Chenopodium album RUDER
Inula brittannica CNI
Iris pseudacorus CNI
Jacea pratensis SEMIRUD
Lactuca serriola RUDER
Lactuca sp. RUDER
Lamium album RUDER
Lathyrus pratensis CNI SEMIRUD
Lathyrus tuberosus RUDER
Leucanthemum vulgare ARR SEMIRUD
Linaria genistiifolia SEMIRUD
Linaria vulgaris RUDER
Lolium perenne SEMIRUD
Lotus corniculatus ARR SEMIRUD
Lycopus exaltatus SEMIRUD
Lychnis flos-cuculi CNI
Lysimachia nummularia CNI SEMIRUD
Lysimachia vulgaris SEMIRUD
Lythrum virgatum ARR SEMIRUD
Matricaria discoidea RUDER
Medicago sativa SEMIRUD
Melilotus officinalis RUDER
Mentha aquatica SEMIRUD
Odontites vulgaris ARR SEMIRUD
Pastinaca sativa ARR SEMIRUD
Persicaria amphibia MCP




Alliance

indicator species Ruderal (RUDER)/
Species (ARR-Arrhenatherion, semi-ruderal species
CNI-Cnidion, (SEMIRUD)
MCP-Magnocaricion)
Persicaria dubia RUDER
Persicaria hydropiper RUDER
Phalaroides arundinacea SEMIRUD
Phleum pratense ARR SEMIRUD
Phragmites australis RUDER
Picris hieracioides SEMIRUD
Plantago lanceolata ARR SEMIRUD
Plantago major RUDER
Poa palustris CNI SEMIRUD
Poa pratensis ARR SEMIRUD
Poa trivialis CNI SEMIRUD
Polygonum aviculare RUDER
Potentilla anserina RUDER
Potentilla argentea agg. ARR SEMIRUD
Potentilla reptans CNI SEMIRUD
Prunella vulgaris ARR SEMIRUD
Zsrfggfgllﬁ;:?acmon CNI
Ranunculus acris agg. ARR
Ranunculus repens SEMIRUD
Rorippa amphibia MCP SEMIRUD
Rorippa austriaca CNI SEMIRUD
Rorippa palustris RUDER
Rorippa sylvestris RUDER
Rubus sp. ARR
Rumex crispus SEMIRUD
Rumex obtusifolius SEMIRUD
Salvia pratensis ARR
Scrophularia nodosa SEMIRUD
Scutellaria hastifolia CNI
Securigera varia ARR SEMIRUD




Alliance

indicator species Ruderal (RUDER)/
Species (ARR-Arrhenatherion, semi-ruderal species
CNI-Cnidion, (SEMIRUD)
MCP-Magnocaricion)
Senecio jacobaea SEMIRUD
Setaria pumila RUDER
Silene latifolia RUDER
Silene vulgaris ARR SEMIRUD
Spergularia rubra SEMIRUD
Stachys palustris RUDER
Stellaria graminea ARR SEMIRUD
Stenactis annua RUDER
Symphytum officinale CNI SEMIRUD
Tanacetum vulgare RUDER
Taraxacum officinale CNI SEMIRUD
Tithymalus cyparissias SEMIRUD
Trifolium arvense ARR SEMIRUD
Trifolium campestre ARR SEMIRUD
Trifolium hybridum ARR SEMIRUD
Trifolium pratense ARR SEMIRUD
Trifolium repens ARR SEMIRUD
e
Urtica dioica RUDER
Verbascum blattaria RUDER
Verbascum lychnitis ARR
Veronica scutellata MCP
Veronica verna agg. RUDER
Vicia cracca ARR SEMIRUD
Vicia hirsuta RUDER
Vicia tetrasperma RUDER
Xanthium strumarium RUDER
Zea mays RUDER




General discussion

The attempt to conserve high nature-value (HNV) grasslands in Europe has
become one of the main topics for European nature conservation. The loss
of these areas has accelerated in recent decades, especially in the Central and
Eastern European countries (Kiister & Keenleyside 2009). The total area in
HNV grasslands is changing (e.g., Kaligaric et al. 2006). Moreover, their species
composition is being altered and influenced by management changes in local
and landscape contexts (Halada et al. 2008).

Hay meadows are one of the most threatened and most interesting grassland
habitats. They are of conservation interest because of their extremely high spe-
cies richness on a very small scale (Klime§ 2008), which results in part from
local natural conditions but is also the result of long-time extensive manage-
ment with low nutrient input.

The Carpathian Mountains are one the most important centres of European
plant diversity and endemism (Webster et al. 2001). Species-rich grasslands are
not a dominant habitat covering a large area of the region, but they are of high
value (Seffer et al. 2002, Sarbu et al. 2004). Their conservation and restoration
is a very urgent task that requires information on the ways in which different
management and restoration techniques have influence grassland diversity and
species composition. Such information promotes cost-effective and efficient
conservation measures. Despite particular efforts (Basnou et al. 2009, Klime$
etal. 2008, Halada et al. 2001), experimentally developed management recom-
mendations based on long-term research in the region are still lacking.

The assessment of species richness must incorporate the aspect of scale (Rosen-
zweig 1995, Magurran 2004). A number of studies have shown that the changes
of species richness in grasslands are scale dependent (Huber 1994, de Bello
et al. 2006). Our data confirmed this finding and showed that the decrease of
species richness after the cessation of mowing is most pronounced on a very
detailed scale (Chapter II). In contrast, the re-introduction of mowing promotes
an increase of species richness that occurs primarily on a larger scale. These
changes may occur because the density of species decreases step-by-step after
abandonment and the absence of species is first detected on a detailed scale.



Consequently, the re-appearance of the species in restored grasslands is gradual,
and they are first detected in larger plots.

Species-rich grasslands have existed continuously since the Neolithic in cen-
tral Europe (Klimes 2008). Although our study area was colonised much later,
beginning in the 16th century, the grasslands in the area also have a remark-
able degree of species richness. Due to extensive use, which is balanced with
the local abiotic conditions, high numbers of species may coexist together in
a small space. However, the results of our study show that the balance is fragile.
If mowing is absent, the conditions for coexistence in a small space are lost.

It is probable that several mechanisms play a role in the reduction of species
richness after grassland abandonment.

The first mechanism is litter accumulation. Our study confirmed that litter ac-
cumulation after the cessation of mowing is rapid and has a negative impact on
species richness (e.g., Foster & Gross 1998). The negative correlation between
litter accumulation and seedling recruitment was pronounced even from the first
year after abandonment (Chapter IV). Litter also physically limits the growth
of young plants during the springtime (Janecek & Lep$§ 2005).

The second mechanism is a lack of standing biomass removal. Mowing removes
a significant portion of the plants, but its effect is not even (Klimes & KlimeSova
2002). Higher broad-leaf plants lose a higher proportion of their body. They are
harmed more than smaller plants growing close to the ground. Mowing seems
to maintain a necessary competitive balance that promotes the co-existence of
species with various ecological strategies.

The third mechanism could be the absence of small topsoil disturbances caused
by mowing and subsequent raking. These disturbances might be significant,
especially for seedling recruitment (Zobel et al. 2000, Kotorova & Lep$ 1999).
However, soil disturbances are still present on grasslands after abandonment
(e.g., due to ants, wild pigs or moles). Nevertheless, their distribution is usually
rather patchy, and they have a different character from the disturbances caused
by mowing and raking.



Our results showed that the simple re-introduction of mowing on long-time
abandoned grasslands is not a guarantee that the former species composition
and species richness will be restored in a short time (Chapter III).

The main constraint on rapid restoration appears to be a lack of propagules of
the grassland species that were lost during the period of abandonment (Bakker
& Berendse 1999). Grassland species have different mobilities (Herben et al.
1993), but most of these species have only limited dispersal abilities over lon-
ger distances (Stein et al. 2008, Franzén & Eriksson 2003). In addition, they
usually lack a long-term persistent seed bank (Davies & Waite 1998, Handlova
& Minzbergova 2006). If they become absent from the local species pool due
to successional changes, their return is usually very slow and unpredictable.
A lack of propagules may also be caused by changes on the landscape level.
Traditionally farmed landscape was a very heterogeneous mosaic of differently
used small patches. Grasslands covered a much larger area and were less frag-
mented. Domestic animals were continuously present on grasslands during
the vegetation season. Such land use promoted permanent seed dispersal and
created refuges for weakly competitive species (Kleyer et al. 2007).

The current landscape is considerably different from traditionally farmed
landscape. Grasslands are more fragmented because of successional changes.
Traditional small-scale management is disappearing and is being replaced by
the large-scale management practices of large agricultural companies.

Dispersal limitation may be overcome by several methods of diaspore transfer
used in grassland restoration projects (Kiehl et al. 2010). Our case study from
the Morava River floodplain seeks to evaluate grassland restoration on ex-arable
land using a local seed mixture and turf transfer. Its results show that the full
restoration of the species composition and diversity of species-rich meadows is
avery complex and long-term process (Chapter V). Different restoration meth-
ods have their technical, spatial and financial limits. Turf transfer appeared to
be a very efficient method according to the results of a small-scale experiment,
but its effect might be limited on a larger scale due to the limited ability of spe-
cies to disperse from transferred turfs. It is theoretically possible to transfer
more turfs if the donor locality is sufficiently large, but practical restoration



projects must also consider financial limitations. These limits may determine
the feasibility of different restoration methods.

Moisture is one of the most important ecological factors influencing grassland
diversity in central Europe (Seffer et al. 2002). We have shown in our study
that the position of a particular grassland type on a moisture gradient may
influence the requirements for its regular management and the possibilities
for its restoration (Chapter III). Moisture may play an important role for sev-
eral reasons. Wet grasslands are more productive than dry ones. At our study
site, wet grasslands have approximately 1.5 times more standing crop than dry
grasslands. If they are not mown, more litter accumulates on the ground. The
negative consequences of litter accumulation were discussed above. Although
litter decomposition in wet grasslands is more rapid than in dry grasslands,
the difference in the decomposition rates is not as high in relative terms as the
difference in the amount of standing crop, and it does not compensate for the
higher productivity of wet grasslands.

At our study site, the wet grasslands have more broad-leaved grasses and forbs
with bigger leaves in their species pool. If they are not suppressed by mowing,
they are able to invest more resources in leaf growth and thus monopolise the
light reaching the grassland canopy. Small species growing near the ground are
suppressed and later excluded from the canopy. These strong competitors are less
frequent in dry grasslands. In addition, the growth of plants in dry grasslands
is limited much more strongly by droughts (Stampfli & Zeiter 2004), which
limit the growth of stronger competitors.

The results of our study support the conclusion that wet and more eutrophic
types of mountain grasslands are more threatened by abandonment and by suc-
cessional changes and that their management should therefore be prioritised
in plans for the use of species-rich grasslands (Chapter III). Even a short period
without mowing may have a very negative impact on species composition, and
the changes are barely reversible.

This consideration has already been reflected, in part, in a number of national
rural development programmes. For example, certain countries, such as Slovakia
and Poland, introduced agri-environmental schemes for species-rich grasslands



with differentiated obligations and payments. This trend is surely positive,
but the real effectiveness of environmental payments (e.g., agri-environment,
NATURA 2000 payments) appears to be very questionable, and the results of
studies of the impact of such payments on biodiversity are controversial (Kleijn
& Sutherland 2003). It is possible that these payments are not more effective
because they provide a very attractive incentive for larger farms but are of less
interest to smaller traditional farms (Schmitzberger et al. 2005). The fulfilment
of an extensive list of obligations related to all environmental and hygienic
laws imposes very high fixed costs on the farmers, and the payments are not
sufficiently high to meet these costs. The size of a farm that is still viable from
an economic perspective and still offers a number of biodiversity benefits is
approximately 20-60 hectares in our region (Cierna-Plassmann 2010).

It is unlikely that EU regulations and the resulting national laws will be sig-
nificantly modified to improve the position of small farms. Accordingly, it is
probable that alternative solutions to preserve traditional farming must be
identified, e.g., establishing unions of small private farmers that offer common
machinery and subsidy services to the members.
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