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No need for grazing exclusion —
Sheep grazing supports grassland recovery even
from the early successional stages

Keine Notwendigkeit fiir einen Beweidungsausschluss —
Schafbeweidung unterstiitzt die Renaturierung von Grasland,
sogar von friithen Sukzessionsstadien an
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Abstract

Availability and dispersal of target plant propagules and applied management techniques can
considerably affect the success of grassland restoration. In our study we explored the effect of sheep
grazing on plant species composition of an early staged recovering grassland, which developed on
newly created soil surfaces. We recorded the presence and cover of vascular plant species in 17 grazed
and 6 ungrazed plots during three consecutive years after the restoration of a landfill in southern Italy.
A DCA ordination based on species percentage cover was calculated to assess the species composition
of the plots in the three years. Plant assemblages were compared to adjacent reference grassland in
terms of species composition and cover of functional groups based on their role (i.e. target species or
weeds) and their seed dispersal potential (i.e. high or low epizoochorous ranking index). For each
parameter, Relative Response Indices (RRIs) were calculated to assess the relationship between the
vegetation characteristics of the restored areas and the reference grassland. The DCA ordination of
plant communities in the restored area revealed gradients of increasing similarity to reference grassland
as a function of successional age and grazing. For most of the considered vegetation characteristics,
RRIs in restored grassland became more similar to the reference grassland with increasing successional
age and under grazed conditions. Besides underlining the role of passive restoration in supporting
effective grassland recovery, our results revealed that extensive sheep grazing even from the early
successional stages can improve target species dispersal and establishment, and enhance grassland
restoration. Our results suggest that grazing can improve the feasibility and sustainability of restoration
projects by saving costs of fence installation and providing forage for local animal husbandry.
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1. Introduction

Extensively managed semi-natural pastures are among the most species-rich habitat
types in Europe (WILSON et al. 2012, ROLECEK et al. 2019), and have an exceptional
importance in preserving biodiversity in agricultural landscapes (WALLISDEVRIES et al.
1998, DENGLER et al. 2014). Degradation and loss of grassland habitats resulted in a consid-
erable decrease of ecosystem functions and services, and a loss of biodiversity at both local
and landscape scales (PAPANASTASIS et al. 2015, SUTCLIFFE et al. 2015). Thus, the recovery
of grassland biodiversity became a top priority in both scientific research and practice
(BAKKER & BERENDSE 1999, HABEL et al. 2013). As successful restoration of plant commu-
nities mostly depends on the establishment of target species, availability and dispersal of
plant propagules may represent a bottleneck for successful restoration (BAKKER &
BERENDSE 1999, WOLTERS et al. 2005, OZINGA et al. 2009). Adjacent grasslands can act as
important source habitats from which target species colonize after restoration (BAKKER &
BERENDSE 1999, OSTER et al. 2009, WINSA et al. 2015). However, proximity to the propa-
gule source in its own does not guarantee a fast grassland recovery in case of seed dispersal
limitation (OZINGA et al. 2009, DEAK et al. 2015). It has been suggested that the loss or
decline in long-distance seed dispersal vectors could be a major factor negatively influencing
plant species richness in current landscapes (POSCHLOD et al. 1998).

Dispersal limitation may heavily affect the establishment of grassland plant species,
which generally have a poor dispersal ability (MORTIMER et al. 1998). Active vectors are
needed to ensure their long distance dispersal (POSCHLOD et al. 1998). For most temperate
grassland species, ungulates may provide the means for this critical mobile stage (STILES
2000). When both propagules of target species and dispersal vectors are present in the
surrounding matrix, establishment of target species can be faster in the recovering habitats
(VALKO et al. 2017). In such cases, passive restoration can rely on the locally available prop-
agule sources (PRACH & REHOUNKOVA 2008, TOROK et al. 2011, ALBERT et al. 2014), offer-
ing a cost-effective way of recovery. In habitats with high productivity, medium intensity of
grazing may support species diversity by suppressing the dominant competitor species and
creating gaps in the dense sward, thereby facilitating the establishment of subordinate
species (DiAz et al. 2001, TARHOUNI et al. 2015, TOROK et al. 2016, BOCH et al. 2018). Live-
stock may serve as effective zoochorous dispersal vectors, and hence their presence can
increase plant species richness (FISCHER et al. 1996, ROSENTHAL et al. 2012, WINSA et al.
2015). In grasslands with a long history of continuous grazing management, species adapted
to zoochorous dispersal are well represented (PURSCHKE et al. 2012). In particular, studies on
epizoochory by sheep have shown the great potential of animal vectors in terms of dispersal
distance, abundance and diversity of transported seeds (FISCHER et al. 1996, MOUISSIE et al.
2005, MANZANO & MALO 2006, WESSELS et al. 2008). Due to their curly and greasy hair,
sheep epizoochory is possible for most if not all grassland species (MOUISSIE et al. 2005).
Besides epizoochory, sheep are also important endozoochorous dispersal vectors: MOUISSIE
et al. (2005) estimated that one sheep can disperse approximately 40,000 seeds per year via
endozoochory. Thus, sheep grazing can be especially valuable for the dispersal of target
grassland species, which is particularly important for conservation and restoration purposes
(WESSELS et al. 2008).

In our study we investigated the spontaneous vegetation recovery on newly created open
soil surfaces in grazed and ungrazed conditions. Since the restored area was adjacent to
semi-natural grasslands, we were able to define the reference state of grassland recovery and
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to compare vegetation characteristics of the recovering grassland to those of reference grass-
land. High similarity to reference grassland was considered as the restoration target in terms
of species composition and cover of target and weedy species. Cover of species with high
and low epizoochory ranking index (ERI; HINTZE et al. 2013) was used to assess the effect
of sheep grazing on seed dispersal. With regard to the restored area, we hypothesised that:
(1) the species pool, especially the cover of target and weedy species and the cover of epi-
zoochorous species, becomes similar to the reference grassland with successional time, and
(2) grazing facilitated this process.

2. Study area

The restored area is located on a hilltop of Alta Murgia (600 m a.s.l.; central coordinates:
41.0851° N; 16.1023° E), a calcareous plateau in southeast Italy (Fig. 1). It is included with-
in the Natura 2000 site “Murgia Alta” and the National Park “Alta Murgia”. Ranging from
300 to 700 m a.s.l., Alta Murgia is primarily characterized by its compact platform of Creta-
ceous limestone, with very shallow and rocky soils and the total lack of surface water cours-
es. The climate is sub-Mediterranean, with mean temperatures from 7 °C in January to 25 °C
in July and August, and precipitation mostly in autumn and winter (600 mm/yr on average),
with meso-Mediterranean thermotype, ombrotype from dry to sub-humid, and growing sea-
son bound by both winter temperature and summer drought (MAIROTA et al. 2013).

Reference  Grazed Ungrazed A
N

Alta Murgia o
National Park = A

Sampling plot
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[ I m

Fig. 1. Location of the study area and distribution of sampling units.

Abb. 1. Lage des Untersuchungsgebietes und raumliche Verteilung der erhobenen Flachen.
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Fig. 2. The study area a) before restoration (2014), b) covered with soil layer (2015), ¢) after three
years under grazed and d) ungrazed conditions (2018) (Photos: R. Labadessa).

Abb. 2. Das Untersuchungsgebiet a) vor der Renaturierung (2014), b) bedeckt mit einer Bodenschicht
(2015), ¢) nach drei Jahren mit und d) ohne Beweidung (2018) (Fotos: R. Labadessa).

With the exception of a few patches of downy oak (Quercus pubescens s.l.) woodland
and Aleppo pine (Pinus halepensis) plantations, the upper part of the plateau is mainly
covered by semi-natural dry grasslands. To date, grasslands cover approximately 29,800 ha
in Alta Murgia and represent the remnants of the approximately 80,000 ha wide grasslands
which existed at the beginning of the 20" century. Calcareous grasslands of the area were
formed by various natural and anthropogenic processes and are mainly managed by moder-
ate sheep grazing (MAIROTA et al. 2013). Among the grassland plant communities occurring
in this area, those belonging to the phytosociological classes Festuco-Brometea Br.-Bl. et
Tx. ex So06 1947, Stipo-Trachynietea distachyae S. Brullo in S. Brullo et al. 2001 and Lygeo
sparti-Stipetea tenacissimae Rivas-Mart. 1978 are listed in the Habitats Directive 92/43/EEC
(6220%*: Pseudo-steppe with grasses and annuals; and 62A0: Eastern sub-Mediterranean dry
grasslands). Due to small-scale heterogeneity in soil morphology and past land use, these
grassland communities are commonly found as complex mosaics or transitional forms in
many sites of Alta Murgia (LABADESSA et al. 2017). Only a few studies have considered
successional dynamics and restoration potential of these important grassland types.

The study area is a restored landfill abandoned since 1992 and restored in 2015. After
removing waste, the landfill was capped using different layers (clay, HDPE geomembrane,
drainage geonet), then covered with native fine-grained soil for vegetation recovery. Our
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study focused on the central flat part of the area, where a uniform soil layer (> 30 cm thick)
was laid. A portion of the restored area (1.46 ha) was evenly grazed by 4 sheep/hectare,
which were fenced in the area in the morning during spring and autumn. The remaining
portion (0.36 ha) was not grazed as it was protected by an inner fence (Fig. 1). Both grazed
and ungrazed portions of the restored landfill were surrounded by continuous semi-natural
grasslands, representing a reference for vegetation recovery. The grassland vegetation was
composed by a mosaic of annual and perennial plant communities developing on rocky
calcareous soil and is mostly managed by extensive sheep grazing. The grasses Dasypyrum
villosum, Dactylis glomerata subsp. hispanica and Triticum ovatum were the most abun-
dantspecies in the area and represented over 50% of total vegetation cover in the grasslands.
Among forbs, Hypochaeris achyrophorus, Thapsia garganica and Trifolium stellatum were
typical, with mean cover values above 3%.

3. Methods

Vegetation data were collected in 23 permanent plots (1 m x 1 m), marked with PVC sticks, in the
restored area during the first three years after landfill restoration, i.e. in May of 2016, 2017 and 2018.
Plot size was chosen because this is among the most frequently used plot sizes in grasslands (please see
GrassPlot 2.0, the most comprehensive database on Palaearctic grasslands, BIURRUN et al. 2019). Plots
were evenly distributed in the area, at reciprocal distance of more than 10 meters. Given the different
size of the grazed and ungrazed areas, we considered 17 grazed plots and 6 ungrazed plots. Although
the study area had a limited width, it comprised different small-scale herbaceous communities.

We recorded the presence and percentage cover of all vascular plant species, total vegetation cover
and mean vegetation height in each sampling plot across three years. In order to assess a reference for
vegetation recovery, vegetation data were collected during May 2018 in 10 plots (1 m X 1 m) in the
surrounding grassland (2.67 ha), in a distance of 2m-30 m from the edge of the restored area. Plant
nomenclature follows BARTOLUCCI et al. (2018).

To assess the species composition of the 23 plots in the three years, a DCA ordination based on
percentage cover of the species was calculated using CANOCO 5.0 program (TER BRAAK & SMILAUER
2012). A set of plant community descriptors referring to structure (vegetation mean height, total vegeta-
tion cover) and composition (species richness, Shannon diversity) was then used for the subsequent
analysis.

Species were classified according to their morphology (i.e. grasses or forbs) and their function
(i.e. target species or weeds in the reference vegetation). Target species were classified based on their
phytosociological affiliations to the classes Festuco-Brometea, Stipo-Trachynietea distachyae and
Lygeo sparti-Stipetea tenacissimae (MUCINA et al. 2016). Weeds were identified as ruderal species or
remnants of earlier successional stages, which typically do not occur in the reference grasslands.

All species were also classified according to their dispersal potential through epizoochory. For this
we assigned an epizoochory ranking index (ERI) for every species, provided by the D3 database
(HINTZE et al. 2013). ERI values for species not reported in the D3 database were calculated as average
ERI values of closely related species of the same genus or family. Species were then classified as “good
dispersers” and “poor dispersers”, respectively considering species with values above or below the
median of ERI of the sampled flora (ERI = 0.6).

Relative Response Indices (RRI; BRINKMAN et al. 2010) were calculated for describing the
relationships between the vegetation characteristics (i.e. species richness, Shannon diversity, total
vegetation cover, average vegetation height and the cover scores of the functional groups) of the
restored area and the reference grassland. RRI has been recently used for the assessment of plant
community succession in restoration studies (VALKO et al. 2017), and was calculated using the follow-
ing equation:

RRI = (Cr — Cs)/(Cr + Cq)
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where Cr represents the vegetation characteristic (i.e. percentage cover of a particular functional
group) of the restored area and Cg represents the vegetation characteristic of the reference grassland.
Value of RRI ranges from -1 to +1. The closer is the RRI to zero, the higher the similarity of the recov-
ering vegetation to the reference grassland, while the closer [RRI] to 1, the lower the similarity. Nega-
tive RRIs mean that a certain variable has a smaller value in the restored area, positive RRIs mean that
the variable has a larger value in the restored area compared to the reference grassland. To analyse
restoration success, RRIs of the vegetation characteristics in the three study years were tested by
repeated measures general linear models accounting for the normal distribution of the dependent varia-
bles. We used management (two levels: grazed, ungrazed) and year (three levels: Year 1, Year 2 and
Year 3) as fixed factors. The values of the dependent variables were log-transformed (using the
log(x+2) formula) to approximate them to normal distribution. All univariate statistics were calculated
using the GLM repeated measures command in IBM SPSS Statistics v. 20.0 (Armonk, NY: IBM Corp).

4. Results

4.1 Species composition of the restored area

Among the 189 vascular plant species recorded in the study, 21, 31 and 38 species were
respectively recorded in the restored area in the first, second and third year after restoration,
with mean species richness (= SD) of 7.13 + 2.67 per sample plot. The reference grassland
harboured a total of 142 species, with mean species richness of 31.02 £ 12.23 per sample
plot. According to the DCA ordination, plant community composition shifted in the restored
area with successional age and grazing regime (Fig. 3). The primary component revealed a
gradient of increasing similarity to the reference grassland, with species characteristic for the
reference grassland plotted towards the third year plots. The ordination segregated grazed
communities from ungrazed ones along the second axis. Plant assemblages dominated by
ruderal species (e.g., Avena barbata, Conium maculatum and Silybum marianum) were
associated with first year samples and ungrazed plots, while species assemblages in the
following years became gradually richer in target grassland species (Bartsia trixago, Trifoli-
um campestre and Trifolium scabrum), especially in grazed plots (Fig. 3).

4.2 Relative response indices

For the majority of considered vegetation characteristics, scores in the restored area be-
came more similar to the reference grassland (i.e. RRIs were closer to zero), both along
successional age and grazing (Fig. 4, Supplement E1). The 1-year-old restored grassland was
characterised by significantly lower total vegetation cover and higher vegetation height than
the reference grassland (Table 1). In the restored grassland, vegetation height became more
similar to the reference grassland with increasing successional age regardless of management
type (Fig. 4, Table 1). Total vegetation cover at the restored area became more similar to that
of the reference grassland with increasing successional age and grazing (Fig. 4, Table 1).
The considered factors also had a positive effect on species richness (Fig. 4) and succession-
al age had a negative effect on Shannon diversity (Fig. 4). First-year plots were all different
from the reference grassland in terms of target and weed species cover. Successional age and
grazing, both considered individually and coupled, had positive effects on the RRIs of target
forb cover (Fig. 4). The cover of weedy forbs became significantly more similar to the refer-
ence grassland with successional age (Fig. 4, Table 1). The cover of target grass species was
not significantly affected either by increasing successional age or grazing (Fig. 4, Table 1).
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Fig. 3. Species composition of the restored area at year 1, 2 and 3 plotted by a DCA. Total variation in
the gradient was 2.45; eigenvalues were 0.412 and 0.258 for the first and second axis, and percentage
variance was 16.8% and 10.5%, respectively. The twenty most frequent species are plotted, for abbre-
viations see the panel. Notations: &— year 1, grazed; & — year 1, ungrazed; O — year 2, grazed;
— year 2, ungrazed; B — year 3, grazed; OJ —year 3, ungrazed.

Abb. 3. Artenzusammensetzung auf der Renaturierungsflache im 1., 2., und 3. Jahr, dargestellt durch
eine DCA. Die Gesamtvariation im Gradienten war 2,45; die Eigenvalues betrugen jeweils 0,412 und
0,258 fiir die erste und zweite Achse. Die prozentuelle Varianz betrug jeweils 16,8 % und 10,5 %. Die
zwanzig hiufigsten Arten sind angezeigt (Abkiirzungen siehe Leiste). Legende: & — 1. Jahr, beweidet;
A — 2. Jahr, unbeweidet; O — 2. Jahr, beweidet; ' — 2. Jahr, unbeweidet; B — 3. Jahr, beweidet;
[J — 3. Jahr, unbeweidet.

However, the RRI of the cover of non-target grass Dasypyrum villosum, which was the most
abundant in the reference grassland (average cover 20%), showed a rapid increase in the
restored site (RRIvear1: -0.77 £ 0.29; RRIvear2: -0.10 + 0.65; RRIvear3: -0.06 £ 0.60). The
interaction of age and grazing had a significant effect on the RRIs of the cover of weedy
grasses (Table 1). The cover of good epizoochorous dispersers was higher during later stages
of succession and became more similar to that of the reference grassland in case of grazing
(Fig. 4, Table 1). Grazing also had negative effect on the cover of poor dispersers, while the
coupled effect of increasing successional age and grazing affected the cover of both good
and poor dispersers (Fig. 4, Table 1).

5. Discussion

In this study we analysed changes in plant communities on newly created open soil
surfaces in order to explore the role of sheep grazing in promoting spontaneous vegetation
recovery, with reference to adjacent dry grassland vegetation. Our study revealed that if
restoration sites are surrounded by natural grasslands, spontaneous plant recovery can
provide promising results even within a few years. Cover of target grassland forbs in

435



o
3

RRI score
o
o

-0.5

0.5

0.0

RRI score

RRI score
o o
o (9]

<)
o

RRI score
o o
o w

&
(4]

o
o

S
o

436

RRI score
o
o

Grass height

1 Age ***; Management n.s.; Ax M n.s.

Species richness

| Age **; Management *; Ax M n.s.

Target forb cover

Age ***; Management ***; Ax M ***

o

Weedy forb cover
m O [u]

H—

H

Age **; Management n.s.; Ax M n.s.

Good dispersers cover
Age **; Management **; Ax M **

Year 1 Year 2

Total cover
1.0
Age ***; Management **; Ax M n.s.
0.5
0.0 L L R
"
0.5
-1.0
Shannon diversity
10 Age **; Management n.s.; Ax M n.s.
0.5
0.0 u §
[ ]
° .
05 L
-1.0
Target grass cover
10 Age n.s.; Management n.s.; Ax M n.s.
0.5
0.0
0.5
107 m o LI | L o
Weedy grass cover
1.0
05 } %
0.0 T % -
0.5
Age n.s.; Managementn.s.; Ax M *
-1.0
Poor dispersers cover
1.0 Age n.s.; Management *; Ax M **
0.5
0.0 @ §
[ ]
° .
-05 i
Year 1 Year 2 Year 3



the restored area approached that present in reference grassland during the three years of the
study, indicating that many target species can quickly establish in the restoration area from
the surrounding areas via seed rain. This is in line with studies demonstrating that adjacent
grasslands represent an important source habitat from which species colonize after restora-
tion (BAKKER & BERENDSE 1999, OSTER et al. 2009, WINSA et al. 2015). Thus, this method
should be first considered for sites where there is a high chance for unassisted establishment
of target species (WALKER et al. 2014). Passive restoration is more cost effective compared
to species introduction measures (e.g. by seed sowing), can support sustainable regeneration
pathways (PRACH & REHOUNKOVA 2008, ALBERT et al. 2014) and can facilitate species and
functional diversity (TOLGYESI et al. 2019). As target species are able to establish from the
surroundings, this may also ensure colonization by locally adapted ecotypes.

This was not true for target grasses, which did not approach the reference grassland in
terms of cover and species composition. A possible reason is that during spontaneous recov-
ery, target grasses usually colonize the restored sites during mid-successional stages (see e.g.
ALBERT et al. 2014, NOVAK & PRACH 2003). Another possible reason is that in our study, the
non-target grass Dasypyrum villosum showed a rapid increase in the restored site and proba-
bly hampered the establishment of other grass species. These results suggest that even
though sheep grazing was a good tool for supporting grassland recovery and several im-
portant target species of the reference grasslands established already in the first three years,
the spontaneous establishment of target grasses will require more time.

The faster recovery in grazed restored grassland also suggests that extensive grazing
management can be a feasible tool for facilitating spontaneous recovery of dry grasslands.
Given that proximity to propagule sources and lack of proper dispersal vectors is often limit-
ing grassland recovery (OZINGA et al. 2009, DEAK et al. 2015), the presence of livestock
grazing can be a very effective measure for increasing species richness through zoochorous
seed dispersal (FISCHER et al. 1996, ROSENTHAL et al. 2012, WINSA et al. 2015, TOTH et al.
2018). Gaps created by extensive trampling can provide microsites for the establishment of
subordinate target species (DiAZ et al. 2001, TARHOUNI et al. 2015, EICHBERG & DONATH
2018). In particular, we found that both target species and plant species best adapted to

Previous page (vorherige Seite):

Fig. 4. Relative Response Indices (RRIs) of vegetation height, total vegetation cover, target forb and
grass cover, weedy forb and grass cover, and cover of good and poor dispersers (mean + SE). RRIs
were calculated in the restored area at Year 1, Year 2 and Year 3. Full symbols denote scores calculated
for the grazed plots, while empty symbols denote ungrazed plots. The results of the repeated measures
linear models for Age, Management and Age x Management (A x M) are displayed for all dependent
variables; notations: *** p <0.001, ** p <0.01, * p <0.05, n.s. — not significant. See Supplement E1
for corresponding statistical analyses.

Abb. 4. Relative Response Indices (RRIs) fiir die mittlere Vegetationshohe, Gesamtdeckung der Vege-
tation, Deckung der krautigen und grasartigen Zielarten, und Deckungsgrad der Arten mit gutem und
schwachem epizoochoren Ausbreitungsvermogen (Mittelwert + Standardabweichung). RRIs wurden in
den renaturierten Flichen im 1., 2. und 3. Jahr berechnet. Die gefiillten Symbole zeigen Werte fiir die
beweideten Flachen an, wihrend die ungefiillten Symbole Werte fiir die unbeweideten Flachen darstel-
len. Die Ergebnisse der allgemeinen linearen Modelle mit wiederholten Messungen fiir die Faktoren
Alter, Management und Alter x Management (A x M) sind fiir alle abhéngigen Variablen angezeigt;
Abkiirzungen: *** p <0,001; ** p <0,01; * p <0,05; n.s. — nicht signifikant. Siehe Anhang E1 fiir die
dazugehdrige statistische Analyse.
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epizoochory became more abundant in the grazed area, which underlined the role of sheep as
an important driver of seed dispersal of grassland species (DOSTALEK & FRANTIK 2008,
FREUND et al. 2014, KELEMEN et al. 2014). Sheep are particularly useful for restoration as
they tend to be kept in large herds which are relatively easily transferable and possess fur
that has a high seed transport capability (WESSELS et al. 2008).

Site managers are often concerned about the applicability of grazing in early-
successional restoration sites, because animal trampling can create suitable establishment
gaps for weedy species (VALKO et al. 2016, EICHBERG & DONATH 2018). In some cases,
grazing can undermine biodiversity benefits (LINDENMAYER et al. 2018). However, in our
study system, grazing in the early successional years did not increase the cover of weeds and
instead proved to be effective in promoting species diversity and cover of target grassland
species. This implies that site managers can minimise the costs of restoration as there is no
need for installing protective fences around restored areas. It is very important from the
viewpoint of sustainability, that restored sites can provide forage for the livestock and sup-
port local animal husbandry. In the study region, as well as in other countries of the Europe-
an Union, this means that site managers could be eligible for agri-environmental subsidies,
which could increase the feasibility and sustainability of restoration projects. An involve-
ment of local farmers from the very beginning could increase their commitment throughout
the project.

Erweiterte deutsche Zusammenfassung

Einleitung — Graslandrenaturierung ist zu einer prioritdren Aufgabe geworden, um Verluste von
Biodiversitit und Okosystemfunktionen zu minimieren, die mit der Degradierung und dem Schwund an
Grasland einhergehen. Das Vorhandensein von Zielarten, die Ausbreitung ihrer Diasporen sowie ein
angewandtes Management, konnen den Erfolg von Renaturierungsmafnahmen erheblich beeinflussen.
Angrenzendes Grasland kann dabei als wichtiges Spenderhabitat fiir die Besiedlung durch Zielarten
dienen, jedoch miissen auch Vektoren verfigbar sein, um eine Ausbreitung zu gewihrleisten. Ein
angepasstes Beweidungsmanagement und die Wahl der geeigneten Weidetiere konnten dies erfiillen
und somit die Artenvielfalt im Grasland fordern. Schafe sind als wirksame Vektoren fiir zoochore
Diasporen von Graslandarten bekannt. Die vorliegende Studie untersucht inwieweit sich Schafs-
beweidung auf die Artenzusammensetzung einer renaturierten Graslandvegetation auswirkt, die auf
einer neuen Bodenoberfliche etabliert wurde und sich im Friihstadium befindet.

Methoden — Bei dem Untersuchungsgebiet handelt es sich um eine renaturierte Deponie im Alta
Murgia Nationalpark, in Siidost-Italien. Auf der Renaturierungsfliche wurden Vegetationsdaten in
17 beweideten und sechs unbeweideten Dauerflichen (1 m x 1 m) wihrend der ersten drei Jahre nach
dem Beginn der Melioration erhoben. Dabei wurden fiir jede Untersuchungsflidche die vorkommenden
Arten und ihre prozentualen Deckungsgrade, sowie die Gesamtdeckung der Vegetation und die mittlere
Vegetationshohe erfasst. Ferner wurden Vegetationsaufnahmen in einem angrenzenden halb-
natiirlichen Grasland erhoben, um Referenzwerte zu erhalten. Basierend auf den prozentualen
Deckungswerten der Arten wurde mittels DCA-Ordination die Artenzusammensetzung der drei Unter-
suchungsjahre verglichen. Die Arten wurden nach ihrer Morphologie (z. B. Griser, Krduter) und ihrer
Funktion (z. B. Ziel- oder Unkrautarten) in der Referenzvegetation erfasst.

Zielarten wurden jeweils aufgrund ihrer phytosoziologischen Zugehorigkeit einer der drei Klassen
Festuco-Brometea, Stipo-Trachynietea und Lygeo-Stipetea zugeordnet. Als ,,Unkrautarten” wurden
ruderale Arten oder Uberbleibsel friiherer Sukzessionsstadien definiert, die typischerweise nicht im
Referenzgrasland vorkamen. Ferner wurde das Ausbreitungsvermdgen jeder Art anhand des epi-
zoochory ranking index (ERI; HINTZE et al. 2013) bewertet. Arten deren Samen oder Friichte mit Haft-
oder Klebeeinrichtungen ausgestattet sind, konnen an der Oberfldche von Tieren hingenbleiben. Diese
wurden als ,,gut epizoochor ausgebreitet” eingestuft, Arten ohne solche Einrichtungen als ,,schwach
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epizoochor ausgebreitet™. Relative Response Indices (RRI; BRINKMAN et al. 2010) wurden berechnet,
um die Artenvielfalt, Shannon diversity, Gesamtdeckung und mittlere Hohe der Vegetation und die
Deckung der funktionalen Artengruppen der renaturierten Flichen mit jenen im Referenzgrasland zu
vergleichen. Um den Renaturierungserfolg zu bewerten, wurden die RRIs der drei Untersuchungsjahre
mittels allgemeiner linearer Modelle mit wiederholten Messungen getestet (repeated measures general
linear models).

Ergebnisse — Die DCA-Ordination zeigte, dass die Artenzusammensetzung der renaturierten
Flachen jener des Referenzgraslands in Abhéngigkeit des Sukzessionsstadiums und des Beweidungs-
regimes mit der Zeit immer &hnlicher wurden (Abb. 3). Frilhe Sukzessionsstadien des ersten Erhe-
bungsjahres sowie unbeweidete Fldchen zeichneten sich durch eine hohe Anzahl von Unkrautarten aus.
Die Anzahl der Zielarten nahm mit der Zeit zu und dies insbesondere auf den beweideten Flichen
(ADbb. 3). Mit zunehmendem Sukzessionsalter und Beweidung wurden die renaturierten Flichen
hinsichtlich Artenvielfalt und Deckung der Ziel- und Urkautarten, sowie der Gesamtdeckung und der
mittleren Hohe der Vegetation dem Referenzgrasland immer dhnlicher (Abb. 4, Tab. 1). Der Deckungs-
grad der Arten mit guter epizoochorer Ausbreitung war zudem hdher in den spéteren Sukzessions-
stadien und hat sich dem Referenzgrasland angeglichen, insbesondere in beweideten Fldchen (Abb. 4,
Tab. 1).

Diskussion — Unsere Untersuchung hat gezeigt, dass sich die Néhe zu natiirlichem Grasland positiv
auf die Wiederherstellung einer Pflanzendecke auswirken kann, und dies sogar innerhalb eines relativ
kurzen Zeitraums von wenigen Jahren. Die Deckungsgrade der krautigen Zielarten auf den renaturierten
Flachen haben sich denen auf den Referenzflichen iiber die drei Untersuchungsjahre angeglichen, was
darauf hindeutet, dass sich Zielarten ziigig durch Sameneintrag von den nahegelegenen Referenzflichen
etablieren konnten. Diese passive Wiederherstellung ist im Vergleich zu MaBinahmen mit aktiver
Arteneinfithrung (z. B. durch Aussaat) kostengiinstiger, kann nachhaltige Regenerationspfade unter-
stlitzen und dadurch die Artenvielfalt sowie die funktionelle Diversitit fordern. Diese Methode eignet
sich deshalb besonders fiir Standorte, an denen eine hohe Wahrscheinlichkeit fiir eine passive Etablie-
rung von Zielarten besteht. Der schnellere Renaturierungserfolg, den wir auf den beweideten Flichen
verzeichnet haben, legt nahe, dass extensives Beweidungsmanagement eine niitzliche Methode ist, um
die Renaturierung von Trockenrasen zu beschleunigen. Sowohl Zielarten als auch Arten mit hohem
epizoochoren Ausbreitungsvermdgen profitierten von der Beweidung, ohne dass dabei die Deckung der
Unkréuter zunahm. Dies unterstreicht die Rolle von Schafen als wichtigen Faktor fiir die Samenaus-
breitung von Graslandarten. Es impliziert ferner, dass Landschaftspfleger Renaturierungskosten senken
und gleichzeitig Futter fiir Vieh bereitstellen konnten. Dies hitte einen positiven Einfluss auf die lokale
Viehwirtschaft sowie den Erfolg und die Akzeptanz von Renaturierungsprojekten.
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Supplement E1. Effects of successional age (repeated measures factor), grazing management (fixed factor) and coupled effect of age x management
on Relative Response Index |[RRI| scores of the vegetation characteristics (i.e. scores of the restored area compared to that of the reference grassland)
as tested by repeated-measures general linear models. F-values for age and age x management were derived from the within-subject analysis part,
and the F-value for management from the between-subjects analysis part. For calculating the degrees of freedoms in the within subject analysis we
used Greenhouse-Geisser correction.

Anhang E1. Auswirkungen des Sukzessionsalters (Faktor fiir wiederholte Messungen), des Weidemanagements (fester Faktor) und der gekoppelten
Auswirkung von Alter X Management auf die Werte des ,Relative Response Index” |RRI| der Vegetationseigenschaften (d. h. Werte der
wiederhergestellten Flache im Vergleich zu denen des Referenzgriinlandes), durch allgemeine lineare Modelle mit Messwiederholungen getestet. Die
F-Werte fiir Alter und Alter x Management wurden aus dem Teil der subjektinternen Analyse und der F-Wert fiir das Management aus dem Teil
zwischen den Subjekten abgeleitet. Zur Berechnung der Freiheitsgrade in der Subjektanalyse verwendeten wir die Greenhouse-Geisser-Korrektur.

Parameter Age Management Age x Management
dfium  dfden F 4 dfum  dféen F 4 dfoum  dfden F p
RRI grass height 2 1.129 36.929 0.000 1 1 2.164 0.156 2 1.129 1.018 0.324
RRI total cover 2 1.591 86.824 0.000 1 1 9.426 0.006 2 1.591 0.553 0.465
RRI species richness 2 1.344 10.082 0.005 1 1 4.957 0.037 2 1.344 0.092 0.765
RRI Shannon diversity 2 1.774 9.286  0.006 1 1 3.804 0.065 2 1.774 0.572 0.458
RRI target forb cover 2 1.262 84.740 0.000 1 1 19.621 0.000 2 1.262 45.747 0.000
RRI target grass cover 2 1.007 0.786  0.385 1 1 0.721 0.405 2 1.007 0.786 0.385
RRI weedy forb cover 2 1.792 9.934  0.005 1 1 0.756 0.394 2 1.792  0.123 0.729
RRI weedy grass cover 2 1.798 0.153 0.700 1 1 0.094 0.762 2 1.798 6.876 0.016
RRI good dispersers cover 2 1.664 12.718 0.002 1 1 8.423 0.009 2 1.664 11.685 0.003
RRI poor dispersers cover 2 1.531 0.079  0.781 1 1 4.287 0.050 2 1.531 12.935 0.002
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