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Steppe-like grasslands in Transylvania (Romania):
characterisation and influence of management
on species diversity and composition

— Eszter Ruprecht, Anna Szabd, Marton Z. Enyedi and Jirgen Dengler —

Abstract

In this paper we aim to present data on current state of steppe-like grasslands dominated by feather
grasses (Stipa spp.) in the Transylvanian Lowland (Romania), and to investigate whether management
type affects species composition, biodiversity, or the occurrence of rare and endangered vascular plant
species in these grasslands. Twelve grassland stands, originating from nine areas and belonging to two
associations, Stipetum lessingianae and Stipetum pulcherrimae from the alliance Stipion lessingianae
(Festucetalia valesiacae, Festuco-Brometea), were investigated by phytosociological sampling. Our data
set contains 60 relevés originating from differently managed grasslands: grazed and abandoned stands as
well as former grasslands afforested with Pinus nigra. Transylvanian stands of the Stipion lessingianae
occur on steep, south-facing slopes. The species composition has an accentuated sub-continental character,
including several steppe elements of Siberian and Pontic origin, many of them reaching the western edge
of their distribution in this region. By comparing the species composition of the two associations, we
identified 12 differential species for the Stipetum lessingianae and 19 for the Stipetum pulcherrimae, but
these associations also contained many species in common, which underlines their close syntaxonomic
relatedness. Grazing vs. abandonment had only a slight influence on species composition and vegetation
structure, while afforestation with pines resulted in strong transformations: decreased cover of the herb
layer, increased cover of litter, decreased representation of diagnostic (i.e. typical) species of the two
associations but increased frequency of woody, ruderal, and mesophytic grassland species. As the Stipion
lessingianae belongs to the priority habitats of the Habitats Directive, these alterations call for grassland
restoration measures. Our study revealed a lack of high-quality data on the vegetation of steppe-like dry
grasslands in southeast Europe, where they have their largest and best-developed stands on the conti-
nent. Thus, we emphasize the need for compiling such data and for developing a consistent supra-
national vegetation classification of Festucetalia valesiacae communities in this region.

Zusammenfassung: Steppenrasen in Siebenbiirgen (Ruminien):
Charakterisierung und Einfluss der Nutzung auf Diversitit und Artenzusammensetzung

Ziel dieser Arbeit ist es, einen aktuellen Uberblick iiber die von Federgras-Arten (Stipa spp.) domi-
nierten Steppenrasen im Siebenbiirgischen Becken (Ruminien) zu geben. Ferner soll analysiert werden,
ob verschiedene Managementmafinahmen die Artenzusammensetzung, die Biodiversitit oder das Vor-
kommen seltener und gefihrdeter Gefifipflanzenarten beeinflussen. Es wurden zwolf Trockenrasen-
bestinde der beiden Assoziationen Stipetum lessingianae und Stipetum pulcherrimae aus dem Verband
Stipion lessingianae (Festucetalia valesiacae, Festuco-Brometea) aus neun Gebieten pflanzensoziologisch
untersucht. Unsere insgesamt 60 Vegetationsaufnahmen stammen aus aktuell beweideten, vor lingerem
brach gefallenen sowie mit Pinus nigra aufgeforsteten Bestinden. Die siebenbiirgischen Stipion lessingi-
anae-Bestinde wachsen generell an steilen, siidexponierten Hangen. Thre Artenkombination hat einen
ausgepragt subkontinentalen Charakter und enthilt zahlreiche Steppenelemente sibirischen oder ponti-
schen Ursprungs, die im Gebiet ihre westliche Verbreitungsgrenze erreichen. Der Vergleich der Arten-
zusammensetzung ergab 12 Differenzialarten fiir das Stipetum lessingianae und 19 fir das Stiperum
pulcherrimae, wobei beide Assoziationen zugleich viele gemeinsame Arten aufweisen, was ihre syntaxo-
nomische Nihe unterstreicht. Wihrend die Nutzungsaufgabe ehemals beweideter Trockenrasen nur
einen geringen Einfluss auf Artenzusammensetzung und Vegetationsstruktur hatte, fithrten Kiefernauf-
forstungen zu erheblichen Verinderungen (geringere Deckung der Krautschicht, erhohte Streudeckung,
Abnahme diagnostischer Arten der Assoziationen bei gleichzeitiger Zunahme von Gehélzen, Ruderal-
und mesophytischen Griinlandarten). Da das Stipion lessingianae ein prioritirer Habitattyp der FFH-
Richtlinie der Europiischen Union ist, unterstreichen diese Ergebnisse die Notwendigkeit von Renatu-
rierungsmafinahmen auf solchen aufgeforsteten Flichen. Unsere Arbeit zeigte ferner, dass es einen
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Mangel an qualitativ hochwertigen Daten von den Steppenrasen Stidosteuropas gibt, obwohl dieser
Vegetationstyp dort innerhalb Europas seine grofiten und bestentwickelten Bestinde aufweist. Deshalb
betonen wir abschlieffend die Notwendigkeit, solche Daten zu erheben bzw. zusammenzutragen, um
auf dieser Basis eine konsistente, supranationale Klassifikation der Festucetalia valesiacae-Gesellschaften
dieser Region zu erstellen.

Keywords: abandonment, dry grassland, Festuco-Brometea, grazing, pine plantation, Stipion lessin-
gianae.

1. Introduction

European semi-natural grasslands carry an exceptionally high diversity of plants (e. g.
KORNECK et al. 1998). Their characteristic species are adapted to human land use, and grass-
land diversity is strongly related to past and current management practices (POSCHLOD &
WALLISDEVRIES 2002).

In Romania, a large variety of grassland types exist (SANDA et al. 1980, 2008, DONITA et
al. 1992), their occurrences determined mostly by geographic position, geomorphology, soil
type, and land use. Steppe-like grasslands are of a special interest because they are consid-
ered to be relic vegetation types from the Late Glacial that escaped Holocene woodland
invasions (ILLYES & BOLONI 2007, KUNES et al. 2008). For this reason, they harbour many
plant species of eastern and southern origin as well as several endemic taxa. Such vegetation
types are typical for steep south-facing slopes in the Transylvanian Lowland. This region
represents the westernmost outpost of the distribution for many species of Siberian or
Pontic origin (e.g. Nepeta ucranica, Cephalaria uralensis, Centaurea ruthenica, Peucedanum
tauricum; see SOO 1942).

The occurrence of such typical steppic species prompted the raising of a separate
alliance, the Stipion lessingianae So6 1947 within the order Festucetalia valesiacae Br.-Bl. &
Tx. ex Br.-Bl. 1950 of the class Festuco-Brometea Br.-Bl. & Tx. ex Klika & Hada¢ 1944 (SO0
1947). In Romania, this alliance comprises four associations distributed in Transylvania,
Moldova, Muntenia and Dobrogea, but only two of these occur in Transylvania: the
Stipetum lessingianae So6 1947 and the Stipetum pulcherrimae Soé 1942 (SCHNEIDER-
BINDER 1977, DONITA et al. 1992, SANDA et al. 2008). Followmg their description by SO0
(1942, 1947), the major focus of which was on species composition, several other studies
investigated these grassland types (e.g. SOO 1949, CSUROS et al. 1961, SCHNEIDER-BINDER
1975, 1977, BADARAU et al. 2001). From these studies, it is evident that steppe-like grasslands
from Romania represent an important link between eastern European grasslands dominated
by feather grass species (Stipa spp.) and central European dry and semi-dry grasslands. The
stands of the Stipetum lessingianae from Transylvania were considered by SO0 (1949) as
western exclaves of the Ukrainian monocot-dominated steppes (see LAVRENKO & KARA-
MISHEVA 1993, BOHN et al. 2003), and the Stipetum pulcherrimae as the westernmost repre-
sentative of the Russian steppes in central Europe (SO0 1942).

Due to their high species richness and the occurrence of rare and endangered species
grasslands dominated by Stipa spp. are a focus of conservation (SSYMANK et al. 1998). More
specifically, the alliance Stipion lessingianae together with three other alliances constitutes
the priority habitat type 62C0 (Ponto-Sarmatic steppes) of the Habitats Directive of the
European Union (EUROPEAN COMMISSION 2007, GAFTA & MOUNTFORD 2008). This conser-
vation interest revealed a serious lack of data regarding the actual state and dynamics of the
xeric grassland types in the Transylvanian Lowland (CREMENE et al. 2005). Aspects of vege-
tation dynamics caused by changes in management, which may be attributable to present-
day conservation problems, have scarcely been studied in recent decades, with the exception
of two regional-scale surveys on the long-term consequences of abandonment of these
grasslands (CREMENE et al. 2005, ENYEDI et al. 2008).

The aim of our study was to present data about the actual state of Stipa-dominated
steppe-like grasslands in the Transylvanian Lowland. Further, we question how management
type affects species composition, species diversity, and the occurrence of endangered plant
species in the studied grassland types.
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2. Material and methods
2.1. Study area and studied vegetation types

The dry grassland stands we studied are situated in the Transylvanian Lowland (Campia
Transilvaniei), in north-central Romania (Fig. 1). The climate is temperate continental, with
an annual precipitation of 520-650 mm with a summer peak (June, July, August), and a mean
annual temperature of 8.4-9.7 °C (KUN et al. 2004).

® Suatu Sarmaigel

@ Soporu de Campie

Fig. 1: Overview of the research area with location of sampled grassland sites in the Transylvanian
Lowland, Romania.

Abb. 1: Uberblick des Untersuchungsgebietes und der erfassten Trockenrasenflichen im Siebenbiirgi-
schen Tiefland, Ruminien.

The potential vegetation according to BOHN & NEUHAUSL (2000) is “subcontinental
thermophilous (mixed) pedunculate oak and sessile oak forests” and according to KUN et al.
(2004) forest-steppe/forest. Extensive deforestation of the Transylvanian Lowland occurred
more than 1,000 years ago. At present, small remnants of oak (Quercus robur, Q. petraea)
and oak-hornbeam (Q. petraea, Carpinus betulus) woods grow on hilltops or on north-fac-
ing slopes, while the remaining area is occupied by large agricultural fields and grasslands.

The target dry steppe-like grasslands belong to the alliance Stipion lessingianae, which
represents one of the most xeric grassland types of the Transylvanian Lowland, where it is
found on steep, south-facing slopes with eroded carbonate chernozemic soils on clayish or
marly substrate. The stands are dominated by either of two species, Stipa lessingiana or
S. pulcherrima, and were assigned to two associations accordingly: the Stipetum lessingianae
or the Stipetum pulcherrimae. These grasslands have an open structure owing to the dense
tussock habit of the dominant species.

Traditional management of these steppe-like grasslands was grazing by sheep or cattle
from spring to autumn. Through the last 50 years, land-use has changed in this region great-
ly, influencing several dry grassland sites. Livestock number has decreased due to the low
profitability, and because these dry grasslands have the lowest productivity (600 g m™ yr™!
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dry matter) among the region’s grasslands, they were the first to be abandoned. Likewise,
the low productivity and open structure of Stipa communities led to disfavour in human
economic interest, and so some stands were converted to plantations of Pinus nigra (or less
often of Pinus sylvestris), for both profit and erosion control. However, this anthropogenic
afforestation has slowed in recent years owing to low profitability.

2.2. Field sampling

We analysed 12 dry grassland stands in nine different sites (Fig. 1, Table 1). Seven stands were
assigned to the Stipetum lessingianae and five to the Stipetum pulcherrimae based on the prevalence of
either of the two name-giving Stipa species. We distinguished three management categories: grazed pas-
tures (G), abandoned pastures (A), and pine plantation on former grasslands (P). Abandoned grasslands
were removed from grazing by sheep or cattle 30-50 years ago, while plantations of the non-indigenous
Pinus nigra had been established on former grasslands 30-45 years ago. In case of pine plantations,
relevés were made in both the planted area and in the intact part of the same grassland site (Table 1). By
this sampling strategy, we intended to represent differently managed situations impacting the two dry
grassland types.

In each of the 12 stands, we made five phytosociological relevés, using 4 m x 4 m or 5 m x 5 m plots.
Cover of all vascular plant species was estimated visually in percent. We also estimated total cover of
vascular plants (herb and shrub layer), of the tree layer (in case of pine plantations), of litter, and of bare
ground. Cover of bryophytes was estimated for 50 % of the relevés, while cover of lichens was not con-
sidered because it was negligible (< 0.1 %) throughout. Aspect and slope were noted, and land use of the
last decades (management type) was determined through interviews with local people.

Species nomenclature follows “Flora Europaea” (TUTIN et al. 1968-1993). The chorological assess-
ment of taxa follows SANDA et al. (1983).

Table 1: Location, altitude, date of sampling, and management characteristics for the nine grassland
stands and the three pine plantations sampled

Tab. 1: Geografische Angaben, Meereshohe, Untersuchungsdatum und Nutzung der neun untersuchten
Trockenrasenbestinde und der drei Kiefernanpflanzungen

Relevé Location Coordinates Altitude Date of Management type
no. in (ma.s.l.) sampling

Table 2

1-5 Cojocna 46°75°N, 23°83’E 350 05.07.2005  grazed by sheep
6-10 Sucutard 46°90°N, 24°07°E 380 07.07.2005 grazed by sheep
11-15  Valea Florilor 46°67°N, 23°67'E 464 13.08.2004  grazed by cattle
1620  Suatu 46°77°N, 23°97°E 400 06.07.2006 grazed by sheep
21-25  Soporu de Campie 46°70°N, 24°00°E 395 22.07.2007  abandoned pasture
26-30  Suatu 46°77T°N, 23°97°E 400 06.07.2006  pine plantation
31-35  Soporu de Campie 46°70°N, 24°00’E 395 22.07.2007  pine plantation
36-40  Tirimia 46°45°N, 24°50’E 425 26.06.2005  abandoned pasture
41-45  Puini 46°90°N, 24°02°E 400 08.07.2005 abandoned pasture
46-50  Sarmasel 46°78°N, 24°22°E 440 18.08.2004 abandoned pasture
51-55  Viigoara 46°55°N, 23°91’E 335 15.07.2007 abandoned pasture
56-60  Viigoara 46°55°N, 23°91’E 335 15.07.2007 pine plantation
356
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2.3. Data analysis

We determined differential species both between the two associations and within these for the different
management types. For this purpose, we applied the criterion of at least two-fold constancy as suggested
by DENGLER (2003; see also DENGLER et al. 2005). We disregarded all those species whose concentration
was insignificant according to Fisher’s exact test at o = 0.05 (calculated with the online tool at
www.langsrud.com/stat/Fishertest.htm). Putative character species of higher syntaxonomic units
(alliances, order, class) were basically assigned according to SANDA et al. (2008), supplemented by S00
(1947), MucINA & KOLBEK (1993), CHYTRY (2007) and JANISOVA (2007).

We calculated species richness, cover-based Shannon index, Shannon-based evenness, and the num-
ber of red-listed species for each vegetation relevé (BOSCAIU et al. 1994; DIHORU & DIHORU 1994;
OLTEAN et al. 1994; all species listed in at least one of these publications were regarded). To account for
potential confounding effects of different plot sizes, we additionally calculated species richness stan-
dardised to 16-m? plots, using the mean z-value (0.21) of the power-law species-area relationship that
was reported by DENGLER (2005) for a wide range of different dry grassland types. Accordingly, the
expected species richness on 16 m2 is 91.1 % of the value on 25 m2 We compared all these diversity
measures as well as the available environmental (slope) and structural data (cover of vascular plants, of
litter, and of bare ground) both between the two associations (only non-afforested sites were consid-
ered) and among the management types within the two associations. As some of the response variables
were not distributed normally, we applied non-parametric tests throughout. We used Mann-Whitney
U-tests for the comparisons between the two associations and between the two management types of
the Stipetum pulcherrimae, and Kruskal-Wallis tests for comparisons between grazed, abandoned, and
afforested sites in the case of the Stipetum lessingianae. Analyses were done with Statistica, ver. 6.0 (Stat-
Soft Inc.).

3. Results
3.1. Characterisation of the two associations

The stands of both associations (Fig. 2-4) occurred on southerly exposed (mostly S to
SW, rarely SE or W), steep slopes with a mean inclination of nearly 40° (range: 20-55°; see
Table 2 in the Supplement). Mean inclination did not differ between the two associations
(Table 3). In the case of non-afforested stands, the cover of vascular plants was slightly high-
er in the Stipetum pulcherrimae than in the Stipetum lessingianae (90% vs. 83%, Table 3),
and in the latter association there was typically more bare ground (8% vs. 14%, Table 3),
while cover of litter was not different between the two associations (Table 3). The non-
afforested stands of both associations were similar in vascular plant species richness (Table 3)
with an average value of around 40 species per plot of 16-25 m? size and extreme values
ranging from 24 to 63. Shannon diversity and evenness were not different between the two
associations, but the number of red-listed species was higher in the Stipetum pulcherrimae
(Table 3).

The two associations studied shared a large number of species many of which occurred
with hlgh constancy and are largely considered to be character species of superior syntaxo-
nomic units (Table 2 in the Supplement). However, within our dataset according to the criteria
applied, the Stipetum pulcherrimae (19 differential species) was also well separated from the
Stipetum lessingianae (12 differential species, Table 2). The differential species of both asso-
ciations included several rare or endangered taxa (Table 2).

The species composition of these two feather grass associations contained Siberian (e. g.
Stipa lessingiana, S. pulcherrima, Brassica elongata, Nepeta ucranica, Pencedanum tanricum,
Artemisia pontica), Pontic (e. g. Astragalus dasyanthus, Cephalaria uralensis, Crambe tataria,
Echium russicum, Inula ensifolia, Linum flavum, L. nervosum, Salvia nutans, Serratula radia-
ta), sub-Mediterranean and Mediterranean species (e. g. Astragalus monspessulanus, Planta-
go argentea). Additionally, there were some endemic species or subspecies occurring in these
grasslands (e. g. Cephalaria radiata, Salvia transsylvanica, Allium albidum subsp. albidum,
Jurinea mollis subsp. transylvanica) (see Table 2).
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Fig. 2: Extensively grazed stand of the Stipetum lessingianae with Nepeta ucranica near Valea Florilor
(Photo: Andras Kun, May 2003).

Abb. 2: Extensiv beweideter Bestand des Stipetum lessingianae mit Nepeta ucranica nahe Valea Florilor
(Foto: Andris Kun, Mai 2003).

Fig. 3: Species-rich stand of the Stipetum pulcherrimae with Echium russicum, Salvia nutans, Dictam-

nus albus, Stachys recta, Verbascum phoenicenm, and Campanula sibirica near Mociu (Photo: Eszter
Ruprecht, May 2001).

AbD. 3: Artenreicher Bestand des Stipetum pulcherrimae mit Echium russicum, Salvia nutans, Dictam-
nus albus, Stachys recta, Verbascum phoeniceum und Campanula sibirica bei Mociu (Foto: Eszter Rup-
recht, Mai 2001).
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Fig. 4: Long-term abandoned stand of the Stipetum pulcherrimae with Salvia nutans, Leontodon
crispus, and Adonis vernalis near Suatu (Photo: Ménika Dedk, May 2003).

Abb. 4: Vor langem brach gefallener Bestand des Stipetum pulcherrimae mit Salvia nutans, Leontodon
crispus und Adonis vernalis bei Suatu (Foto: Ménika Dedk, Mai 2003).

3.2. Effects of management on species composition

Abandonment had only moderate effects without clear trend on the species composition
of the Stipetum lessingianae (Table 2 in the Supplement; no data for grazed sites of the
Stipetum pulcherrimae were available). While four species were differential for grazed vs.
abandoned stands, nine showed significantly increased constancy under abandonment.
Interestingly, the five relevés from the single abandoned stand of the Stipetum lessingianae
were even less similar to grasslands of the Stipetum pulcherrimae (all abandoned) than were
the two other management types of the first association. This is evidenced by the nearly
complete absence of diagnostic species for the second association in relevés no. 21-25 in
Table 2.

By contrast, the effect of afforestation on species composition was much stronger. In the
Stipetum lessingianae, seven species showed a strong and significant decrease compared to
both the grazed and the abandoned stands (plus additional two compared to the grazed
stands and eight compared to the abandoned stands), while 10 species fall into this category
in case of the Stipetum pulcherrimae (Table 2). Many of the decreased species belong to the
differential (i. e. typical) species of the associations (five for the Stipetum lessingianae, two
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for the Stipetum pulcherrimae) or are character species of superior syntaxa. Two species
(Dichanthium ischaemum and Asperula cynanchica) showed a consistent decrease in both
associations. Interestingly, three typical dry steppe species were highly diagnostic for
afforested stands in the case of the Stipetum pulcherrimae (Iris pumila, Oxytropis pilosa, and
Salvia transsylvanica). However, the large majority of species showing significant increase in
afforested stands were either woody species (e.g. Robinia pseudacacia, Crataegus monogyna),
ruderals (e.g. Lactuca serriola, Buglossoides arvensis), or mesophytic grassland species (e. g.
Dactylis glomerata).

3.3. Effects of management on diversity and vegetation structure

Species richness did not differ between management types in the case of the Stipetum
lessingianae, but it did in the Stipetum pulcherrimae, where the afforested grassland had
significantly higher species richness per relevé as compared to abandoned stands (Table 3).
This result was unaffected by accounting for plot size differences (Table 3). Shannon diversity,
evenness, and the number of red-listed species were not significantly different between
relevés originating from differently managed grassland stands in any of the two associations
(Table 3).

Vegetation cover differed between differently managed stands of the Stiperum lessin-
gianae, with afforested plots having lower vascular plant cover as compared to grasslands,
and the same pattern was found for the Stipetum pulcherrimae (Table 3). Similarly, litter
cover differed between stands under different management in case of both associations. The
lowest litter cover was found for grazed stands of the Stipetum lessingianae, and the highest
for afforested sites (Table 3). The quantity of bare ground differed between differently
managed stands only in case of the Stipetum lessingianae, where in grazed grasslands bare
soil was more prevalent than in abandoned and planted sites (Table 3).

Aspect was similar between differently managed stands of the two associations (Table 2),
and slope did not differ significantly (Table 3), thus the compositional and structural diffe-
rences presented above were not caused by different topography of the studied sites.

4. Discussion
4.1. Syntaxonomy

In this study, we assigned the relevés a priori to the two presumed associations, Stzpetum
lessingianae and Stipetum pulcherrimae, based on the dominating Stipa species only. Regard-
less of this simple approach, this separation resulted in two floristically well-defined
phytosociological units, each of which had a remarkably long list of differential species.
Admittedly, most of the diagnostic species determined by us can only serve as differential
species as they are widespread in other Festuco-Brometea communities, too, or even have
their major occurrences in other classes. Regionally, Stipa lessingiana and S. pulcherrima can
certainly be considered as character species of the two associations, though at least S. pul-
cherrima is frequent in other Festuco-Brometea associations elsewhere, e. g. in Hungary
(SENDTKO 1999) and the Czech Republic (CHYTRY 2007). From a supra-regional perspec-
tive, Crambe tataria and Jurinea mollis subsp. transylvanica could be more suitable as character
species of the Stipetum pulcherrimae.

Both associations were described by SO0 (1942, 1947) from the same region as our
present study. The character species mentioned by him only partly correspond to those
determined by us. Only three of his character species of the Stipetum lessingianae were also
found by us to be differential (Stipa lessingiana, Astragalus monspessulanus, Leontodon
crispus), while Allium paniculatum and Chondrilla juncea were absent from our relevés, and
Allium albidum subsp. albidum, Chamaecytisus albus, and Pulsatilla montana were more
frequent in the Stipetum pulcherrimae than in the Stipetum lessinginae (Table 2). In case of
the Stipetum pulcherrimae, we only confirmed the name-giving feather grass as diagnostic,
while Astragalus asper, Lathyrus pallescens, and Thlaspi kovatsii did not occur in our
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relevés, and Linum nervosum, Phlewm montanum, Pulsatilla montana, and Chamaecytisus
albus were too rare to be considered as diagnostic (Table 2). While we used a consistent
statistical fidelity approach and included more relevés than SO0 (1949; in 1947 the author
provided only a synoptic list without mentioning the number of underlying relevés), our
findings are still to be considered as preliminary as long as no synoptic table or vegetation
database is available that allows for a comparison with all other dry grasslands communities
in Romania and beyond.

In Romania, the two associations studied, Stipetum lessingianae and Stipetum pulcherri-
mae, are usually placed in the alliance Stipion lessingianae within the order Festucetalia vale-
siacae (SOO 1947, SANDA et al. 1980, 2008). Romanian authors consider the Stipion lessin-
gianae to be different from the Festucion wvalesiacae Klika 1931, the first comprising steppe
communities of steep slopes occurring mostly in the Transylvanian Lowland, and the second
continental xerophytic grasslands of wider distribution (SANDA et al. 2008). However, our
table of two major associations of the Stipion lessingianae from Transylvania (Table 2)
demonstrates that ‘character species’ of the Festucion valesiacae are even more frequent in
the stands than those of the Stipion lessingianae (according to the assignment of SANDA et al.
2008). This finding clearly questions the justification for two separate alliances. Non-
Romanian authors rarely accept the Stipion lessingianae as a separate alliance (but see
RODWELL et al. 2002). In the only published European synthesis of Festuco-Brometea com-
munities based on synoptic tables of constancy columns, ROYER (1991), for example, identi-
fied the Stipion lessingianae with a ‘groupe d’associations de Transylvanie’, which he included
in the Festucion rupicolae So6 1940 corr. 1964 (= Festucion valesiacae).

It is evident that we cannot solve these syntaxonomic problems here, either based on the
existing publications or on the data of our own study. To overcome the strong inconsisten-
cies and idiosyncrasies of existing systems, a supranational classification is needed that is
based on a larger number of relevés to which statistical fidelity criteria are applied. Unfor-
tunately, up to now the large number of accepted and newly proposed Festucetalia valesiacae
associations and alliances in southeastern European countries such as Hungary, Romania,
and Ukraine (SOLOMAKHA 1996, KRASOVA & SMETANA 1999, BORHIDI 2003, SANDA et al.
2008), strongly contrasts to the near complete lack of synoptic tables that would allow the
comparison of the species composition of different syntaxonomic units and the objective
determination of diagnostic species.

4.2. Succession, management and conservation

Although our selection of study sites was not completely random, the fact that most of
the Stipetum lessingianae stands were grazed, while all stands of the Stipetum pulcherrimae
were abandoned, may indicate a successional relationship between these two associations. In
a case study from the same region, ENYEDI et al. (2008) were indeed able to demonstrate
with repeated vegetation sampling and repeated vegetation mapping that cessation of grazing
often leads to the transformation of stands of the Stipetum lessingianae into stands of the
Stipetum  pulcherrimae. Thus, the two associations may represent two dynamical/
successional stages of the same grassland type, the first being characteristic of persistently
and extensively grazed sites, the second representing long abandoned sites (ENYEDI et al.
2008). However, in the present study the only abandoned stand of the Stipetum lessingianae
we analysed did not show particular floristic similarities to the Stipetum pulcherrimae (Table 2).

Grasslands can react differently to changes in land-use, which is a function of the history
of change in management and productivity of the community (NAVEH & WHITTAKER 1979,
MILCHUNAS et al. 1988). Not only land-use intensification (e. g. overgrazing), but also cessa-
tion of former pasture-type management can have significant effects on vegetation that is
evolutionarily adapted to grazing (SALA et al. 1996). Following abandonment less trampling-
induced erosion is expected, and litter accumulation together with decreasing bare soil sur-
faces can lead to dramatic changes in species composition and diversity (VIRAGH & BARTHA
1996, KAHMEN et al. 2002, PYKALA et al. 2005, ENYEDI et al. 2008). Between grazed and
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abandoned stands of the Stipetum lessingianae we found only slight differences in species
composition and no difference in species diversity parameters, even though litter quantity
was significantly higher and bare soil surfaces were lower in the abandoned site compared to
those continuously grazed.

Contrary to grazing vs. abandonment treatment, planting with pines caused drastic com-
positional and structural changes in both associations. One of the most obvious long-term
consequences of afforestation was the increased cover of woody species additional to the
planted Pinus nigra. Contrary to the findings of HALBRITTER et al. (2003) relating to pine
plantations on dolomite grasslands in Hungary, our results suggest that environmental con-
ditions in planted sites might become more suitable for colonisation by shrubs and trees.
This may be due to erosion abatement, increased humus content of the soil, and shading by
planted trees. By these means, planting with pines can cause former grassland communities
to take on characteristics of a later successional stage, one dominated by woody species.
Another important structural difference between grasslands and pine plantations is the
decreased quantity of hemicryptophytes in planted sites in the case of both associations.
Light-demanding grassland species in particular have lower cover values in plantations, with
the dominant and highly abundant grasses (i. e. Stipa lessingiana, S. pulcherrima, S. capillata,
Elymus hispidus). This is in line with the findings of LEEGE & MURPHY (2001) in the case of
sand dune communities, where Pinus nigra plantations on sand grasslands were also associ-
ated with reduced cover of the herb layer. Decreased cover of herbaceous species is probably
brought about by the shading effect of planted trees and subsequent shrub encroachment.
The canopy cover of pines and perhaps also disturbances caused during planting facilitated
weed infiltration into afforested stands. This may explain the prevalence in such sites of
archaeophytes (e.g. Lactuca serriola, Marrubium peregrinum, Matricaria perforata) and inva-
sive species (Robinia pseudacacia, Fraxinus pennsylvanica) (KUHN et al. 2004). Changes in
species composition are accompanied by the accumulation of pine litter in the planted
stands, and, on a longer term, depletion of seed-bank stores (CSONTOS et al. 1997,
MACCHERINI & DoMINICIS 2003). These effects could threaten restoration potential of semi-
natural grassland communities after timber harvest.

Surprisingly, and in contrast to the results of CREMENE et al. (2005), we found that pine
plantations on steppe-like grasslands may have similar or even higher species densities than
typical stands, and can preserve a large set of rare and endangered species even 45 years after
planting. Notwithstanding, because planted sites lose part of their typical flora, and vegeta-
tion and landscape structure are altered, planting non-indigenous trees in grasslands is
inappropriate to the interests of biodiversity conservation and landscape ecology (LEEGE &
MURPHY 2001, TaAMAS 2001, CREMENE et al. 2005).

4.3. Methodological issues

Both regarding the characterisation of the two associations and the assessment of the
effects of different management (grazing, abandonment, afforestation) our results are some-
what preliminary as we analysed only a moderate number of replicates. Additionally, several
methodological problems may be involved. First, we had unequal and insufficient sampling
of different management types, and differently managed situations were not temporal repeti-
tions of the same grassland stand, as well as we were never able to sample proximal occur-
rences of the two associations.

Second, the sampling was carried out on five plots per steppe patch and management
type, which could be seen as pseudoreplication (e.g. QUINN & KEOUGH 2002), leading to
spatial autocorrelation and thus underestimation of p-values through potentially confound-
ing effects of idiosyncrasies of the individual patches. Topography (i.e. slope and aspect),
possibly the most important environmental factor operating on landscape scale in this
region, was equivalent among associations and treatments. Additionally, all relevés originated
from a relatively small geographic area. Thus, we are confident that such potentially con-
founding effects were subordinate in our study to other factors.
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Third, as practically all biodiversity measures are scale-dependent and also species co-
occurrence patterns and classification results are influenced by plot size (see DENGLER 2003,
OTYPKOVA & CHYTRY 2006, DENGLER et al. 2008, in press), the two different plot sizes
could be problematic. In the case of species richness, we were able to correct for different
plot sizes approximately by applying a previously established species-area relationship (see
DENGLER 2009). However, for the Shannon index and number of red-listed species no such
‘correction functions’ are available, though evenness should be relatively unaffected by plot
size because this diversity parameter is already standardised to species richness. Finally,
available studies suggest that species co-occurrence patterns and thus the determination of
diagnostic species is affected by plot size but that the effects will be negligible for a plot-size
ratio of only 1.56 as it is in our study (DENGLER 2003, OTYPKOVA & CHYTRY 2006, DENG-
LER et al. in press).

5. Conclusions and outlook

Steppe-like grasslands of Romania have characteristics similar to those of zonal steppes
in central Eurasia, but are mostly represented by smaller, extra-zonal stands (SO0 1942,
1949, LAVRENKO & KARAMISHEVA 1993). Stands of the Stipion lessingianae in Transylvama
are particularly species-rich (up to 63 vascular plant species on 16 m?) and contain many
endangered as well as some endemic taxa (e.g. Cephalaria radiata, Nepeta ucranica, Jurinea
mollis subsp. transylvanica, Crambe tataria, Salvia transsylvanica, S. nutans, Pencedanum
tauricum, Allium albidum subsp. albidum). This together with the fact that high quality
steppe-like grasslands are now scarce in SE Europe gives them high priority in national and
international conservation efforts (DONITA et al. 2005, EUROPEAN COMMISSION 2007).

As can be seen from our study, many of the traditionally grazed steppe patches in Tran-
sylvania are now either abandoned or afforested with Pinus nigra. Both alterations in man-
agement cause significant changes in floristic composition and partly also in biodiversity. As
grazed and abandoned patches both contain a specific set of characteristic rare steppe
species, conservation strategies should aim at maintaining a mosaic of these two management
types. By contrast, afforestation clearly has negative effects on the occurrence of various
steppe taxa. Therefore, further plantations of pine species on steppe-like grassland patches
should be avoided and existing plantations should preferably be restored to grassland
vegetation.

Finally, our study revealed an astonishing lack of high-quality data on the vegetation of
steppe-like dry grasslands in SE Europe, where they have their largest and best-developed
stands on the continent. Despite recently published syntaxonomic overviews of SE Euro-
pean countries (SOLOMAKHA 1996, BORHIDI 2003, SANDA et al. 2008), speculation plays a
large role in determining the major types of steppic grasslands in this region, whether differ-
ently named syntaxa are truly distinct, and whether some syntaxa require placement in
synonymy. To remedy these ambiguities, we highlight the urgent need for a consistent
supra-national vegetation classification. This is a task not only for purely scientific interest,
but also one of great importance for conservation. Only with a methodologically sound
classification will it be possible to determine the rarity or commonness and ecological
integrity of certain steppe types. Additionally, statistically determined, unambiguous units
of classification would allow experience gained in one restoration effort to be confidently
put to use in restoration in other regions.
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Zu Ruprecht et al.: Steppe-like grasslands in Transylvania (Romania): characterisation and influence of management on species diversity and composition

Table 2: Vegetation table with 60 relevés from nine steppe-like grassland stands and three pine plantations on former sites of such grasslands in the Transylvanian Lowland, Romania
For data about location, altitude, and date of sampling, see Table 1. At the right margin, we present synoptic columns with percentage constancy values for all relevés, for the relevés of the two associations (excluding the pine plantations), and for the different management types within these. The header of the table contains
important topographic, structural, and biodiversity parameters, and in the constancy columns, arithmetic means of these. The figures in the columns are percentage cover values. Differential species of relevé groups within our dataset are highlighted in grey and arranged according to decreasing constancy. Character species
of higher syntaxa among the diagnostic species of the associations are marked in the second column. Red-listed species are marked with an asterisk after their name.

Tab. 2: Vegetationstabelle mit 60 Aufnahmen von neun Steppenrasen und drei Kiefernanpflanzungen auf ehemaligen Steppenrasen im Siebenbiirgischen Becken (Rumanien)

Informationen zur geografischen Lage und Meereshohe der Trockenrasengebiete sowie zum Aufnahmedatum konnen Tab. 1 entnommen werden. Neben den Spalten der Einzelaufnahmen (mit prozentualen Deckungswerten) folgen rechts Stetigkeitsspalten (mit prozentualen Stetigkeitswerten) fiir alle Aufnahmen, fiir die
beiden Assoziationen (ohne die aufgeforsteten Bestinde) und fiir die Managementypen innerhalb der Assoziationen. Im Kopf der Tabelle sind wichtige topografische, strukturelle und Biodiversititsparameter der Aufnahmen bzw. Mittelwerte derselben in den Stetigkeitsspalten angegeben. Differenzialarten von
Aufnahmegruppen sind grau hinterlegt und nach fallender Stetigkeit angeordnet. Diejenigen Charakterarten hoherer Syntaxa, die zugleich diagnostisch fiir eine der beiden Assoziationen waren, sind in der zweiten Spalte entsprechend gekennzeichnet. Ein Stern hinter dem Namen markiert Arten der Roten Listen.

Association Stipetum lessingianae | Stipetum pulcherrimae | All S.. S.p. S... S S S.p. S.p.
Actual management Grazed pasture | Abandoned pasture | Pine plantation | Abandoned pasture |  Pine plantation | Ass. Ass. G A P A P
Relevé no. 1 2 3 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 % % % % % %
Plot size (m?) 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 256 25 26 25 256 25 26 26 26 256 256 25 256 25 25 26 256 25 25 25 6 16 16 16 16 16 16 16 16 16 16 16 16 16 16 25 26 25 25 25 26 256 25 25 25 n=60 n=25 n=20 n=20 n=5 n=10 n=20 n=5
Aspect § SE S S8SW SSE SW S WSW SW SW WSWWSWWSWWSWWSW SSW SW Sw Ssw S Wsw Sw SwW SSW SwW S SSW SSwW SSE SW SSW SW SSWWSW sw SW SW Sw Sw Sw SW WSWWSWWSWWSWWSW W WSWWSWWSWWSW sSwW WSwWwsw W Sw SW SS8W SwW Ssw
Slope ("} 35 35 40 35 30 3B 40 35 30 35 50 S50 50 35 40 30 30 40 45 50 35 40 45 50 45 45 40 45 50 50 50 30 35 35 45 40 40 40 35 35 45 50 35 40 45 35 20 35 35 35 40 45 45 40 25 40 55 30 35 20 39 39 38 39 43 43 38 36
Cover of Pinus nigra in tree layer (%) 60 45 50 S50 50 70 75 65 65 65 40 50 45 40 45 14 8 i i s 60 i 44
Cover of vascular plants without Pinus nigra (%) 7% 90 70 9 65 8 85 8 70 80 70 75 7I7 80 80 100 100 98 95 98 7T0O 7F0O 85 90 8O 40 50 60 70 7F0O 55 15 20 45 10 100 95 9 98 90 98 100 95 100 100 70 90 75 75 70 90 85 85 85 95 100 95 100 95 95 80 83 90 83 79 44 20 97
Cover of bryophytes (%) ? ? T ? ? ? ? ? ? ? T ? ? ? ? 02 01 01 02 02 20 T 10 5 2 05 2 1 05 02 2 1 20 5 12 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 20 1 0 05 5 1 01 05 05 05 4 4 5 0 9 4 5 1
Cover of litter (%) 0 L] 0 0 0 0 0 0 0 0 0 3 80 80 45 30 30 50 40 30 50 40 80 70 60 60 50 80 95 95 98 85 40 35 30 25 15 70 65 15 30 60 4 3 0 3 4 4 3 30 30 50 85 60 90 90 60 36 20 27 14 42 77 27 77
Cover of bare ground (%) 25 10 30 10 35 15 15 15 30 20 30 25 23 20 20 1 0 2 2 1 10 10 2 5 2 3 05 2z 02 02 10 5 5 2 15 0 5 5 10 2 0 5 0 0 30 10 25 25 30 05 3 3 5 05 15 25 3 2 3 10 14 8 16 6 4 8 10
Vascular plant species richness 37 37 30 39 37 47 39 49 23 40 48 39 47 52 45 30 30 36 47 41 32 39 39 41 37 42 43 45 43 40 19 19 28 18 17 24 33 28 35 32 33 39 63 38 54 35 46 38 44 43 56 46 48 47 49 55 53 51 58 53 40 39 42 40 38 31 42 54
Stipetum lessingianae - differential species
Ord.  Stipa capillata 05 02 8 5 3 5 1 4 5 6 1 7 03 1 35 1 15 20 20 25 15 40 50 02 2 05 2 1 .04 2 2 02 4 4 4 10 5 3 15 i 67 100 50 100 100 50 50
All. 1 Stipa lessingiana 25 35 20 12 20 40 35 20 15 30 10 13 7 8 18 15 15 05 15 5 10 15 35 20 15 02 1 0.2 05 1 0.5 0.3 . = = 4 . 03 05 = = 58 100 35 100 100 30 35 =
Class Potentilla cinerea 10 8 5 8 8 8 4 8 3 L] 5 4 3 4 25 05 05 02 05 2 1T 05 1 05 0.1 03 01 3 3 4 05 03 . = . 05 A 05 . 57 96 35 95 100 10 35 40
Class Astragalus monspessulanus 03 05 03 . 05 5§ 1 8 4 8 05 03 05 05 05 0.1 05 1 1 05 05 f 35 1 i 1 05 05 0.5 1 05 a7 80 25 75 100 25 60
Leontodon crispus 1 0.3 1 05 2 15 2 15 2 02 01 02 03 . . 9 . 03 0.5 25 52 5 65 5 20
Class Sanguisorba minor 1 S 05 2 1 2 2 1 : @ .01 01 01 : @ . G : 0.1 18 40 5 50 S 5
Class Euphorbia seguierana 0.2 P : : . 04 15 1 : ] 05 05 1 1 05 - 15 36 20 | 100 .
Class Hieracium praealtum subsp. bauhinii = 0.2 .03 0.5 0.2 0.5 0.5 0.2 0.1 0.5 0.1 17 36 35 40 20
Calamagroslis epigejos 4 1 1 3 7 2 7 8 20 15 40
Cephalaria radiata* . . o . 05 05 1 2 05 8 20 . 100
Class Linum tenuifolium 0.1 0.3 0.3 4 05 . . . . 8 20 25
All. 1 Nepeta ucranica® 05 02 1 03 02 8 20 25
Stipt pulcherrimae - d ial species
Stipa pulcherrima* : 15 : : 1 15 01 05 0.1 . 02 B g 2 05 5 4 1 60 55 50 40 20 65 65 15 35 50 20 25 15 25 17 25 30 25 35 40 05 5 01 ¢ s 58 28 100 35 s 50 100 60
Ord.  Elymus hispidus 3 3 A5 2 3 4 3 - E « . 10 30 1 3 7 15 4 20 2 05 2 05 2 5 10 4 8 5 . 02 05 02 041 4 1 05 041 3 05 2 05 05 01 65 40 95 45 20 50 95 100
All. 2 Vinca herbacea @ : e i 3 03 03 02 03 02 5 25 01 01 15 25 2 3 15 15 . 02 4 2 02 03 05 03 03 03 041 1 04 2 05 5 5 48 24 90 30 50 20 5
All. 2 Veronica spicala subsp. orchidea 05 01 05 05 05 1 . 02 0.5 0.1 0.2 05 05 02 02 5 05 03 0.1 05 03 03 05 05 1 03 03 05 1 . 01 05 1 05 01 . , 53 40 80 50 40 80 40
Class Filipendula vulgaris 05 03 03 03 0.5 . x v v 02 x v 0.2 . 05 2 25 - . . 05 . 7 4 3 05 1 1 03 1 15 1 05 3 2 05 5 2 1 47 24 75 30 20 75 100
All. 2 Muscari comosum i F A 0.2 05 02 01 .01 05 01 0.1 05 02 2 05 05 02 01 1 1 3 . 05 01 § . 02 05 01 05 1 1 i ¢ i 3 . 42 28 75 35 30 75 i
All. 1 Jurinea mollis subsp. transylvanica* 4 5 - 0.3 02 02 - . 5 . 05 . 2 1 .01 03 02 03 041 1 5 5 3 05 01 05 01 05 35 16 60 20 . 60 100
Ord.  Campanula sibirica 15 05 4 0.1 4 0.1 2 H 5 H ] N | 2 05 2 5 1 05 03 2 2 05 01 . 05 041 . 05 2 32 16 55 15 20 i 55 80
Crataegus monogyna 0.5 : 1.5 : 1.5 05 2 041 2 02 1 1 01 15 35 05 05 1 4 25 5 s 5 : s 1 0.5 s s . 05 55 10 18 565 10 47 16 50 15 20 20 50 100
Ord.  Asler linosyris 03 . x 05 01 . 1 0.5 . 03 02 15 5 10 10 10 05 05 05 05 27 4 45 5 20 45 80
Thalictrum minus 02 15 2 02 E ] 2 15 2 3 G 3 : : 1 3 1 1 05 G 1 05 1 01 05 : g 3 . 2 30 16 45 20 30 45 40
Asparagus officinalis . ' 0.2 1 0.1 .05 15 01 . 01 01 01 . p : . 25 05 03 05 01 05 05 05 05 05 01 05 35 8 40 10 70 40 80
Rosa gallica 1 15 0.5 15 02 15 1 ] s . 3 ] 5 05 - ¥ 3 18 12 40 15 40 .
All. 1 Crambe tataria* . 4 35 05 05 1 05 3 3 5 1 17 a5 B 60
Class Polygala major 0.5 . 2 1 05 05 1 0.5 12 30 30 20
Acinos arvensis 103 03 1 . H 7 20 20
Melampyrum arvense . . . . . 2 1 2 2 . . . . 7 20 . 20 .
Robinia pseudacacia 5 5 10 4 4 . 05 05 6 8 4 17 20 10 20 | 100
Seseli pallasii 1 2 1 0.5 05 1 05 12 20 20 60
Alliance 1: Stipion lessingianae
Cephalaria uralensis 25 02 03 1 0.5 . 1 1.5 0.5 1 0.5 . 03 25 1 03 1 2 5 8 5 4 . 3 01 01 . 38 40 50 50 5 50 60
Salvia transsylvanica® 8 8 7. 4 15 6 5 1 15 8 . ; : " . . 2 . . : . . . . : . . 5 5 3 5 1 10 6 12 15 15 35 44 25 50 20 o 25 | 100
Salvia nutans® 3 05 02 1 15 2 8 2 15 02 15 02 5 5 25 4 1 2 05 15 15 i . g : i f i 33 24 45 30 50 45 7
Peucedanum tauricum*® 03 c 02 03 03 05 c . - G . . q . 0.1 2 03 05 05 01 05 05 1 01 05 27 20 40 25 40 60
Allium albidum subsp. albidum* 0.1 > 0.1 . . 0.1 . . 03 03 . 0.1 .01 2 2 1 17 12 35 15 35
Chamaecytisus albus i 0.5 03 1 2 5 4 1 03 i : 13 16 20 20 20
Brassica elongata 05 0.2 5 . 01 2 1 05 10 8 20 10 20
Scorzonera hispanica 0.5 25 1 1 0.1 1 = § 10 4 25 5 25 o
Linum nervosum : 0.1 01 041 5 5 5 40
Pulsatilla mentana : . 2 2 05 5 . 15 . 15
Salvia nutans x nemorosa 0.2 3 i 3 4 5 5 5
Phleum montanum 0.2 2 5 5
Alliance 2: Festucion valesiacae
Thymus pannonicus 4 2 05 3 1 3 1 8 7 2 4 4 5 5 3 2 1 05 5 ) 15 15 10 15 15 .02 . o 1 25 4 2 4 1 1 2 2 05 1 1 04 4 4 5 3 1 05 3 2 1 05 80 96 80 95 100 10 90 100
Salvia nemorosa . 02 3 .03 3 4 05 6 03 1 0.5 02 1 : 5 5 2 2 1 05 4 02 1 5 5 4 05 1 1 1.5 02 . 2 4 15 05 3 . 05 2 1 3 . : - T 58 68 55 60 100 70 55 .
Carduus hamulosus 05 02 03 05 2 1 02 01 .02 03 02 02 2 3 0.1 3 3 6 25 3 3 1 1 3 3 [ i .01 .0 1 01 01 1 05 01 55 80 45 70 20 50 45 80
Adonis vernalis* . . . ; . 1 1 . . 01 05 " . . 1 02 2 256 3 : . : : . . 2 . 2 05 : 1 0.2 . . . 2 . . . . 25 16 30 20 . 50 30 .
Artemisia pontica i 5 ] 3 . i E 2 01 3 5 3 . 0.1 15 15 15 15 1 : 1 22 24 25 5 100 10 25 20
Tragopogon dubius . c 02 05 0.5 02 02 02 01 . 01 01 1 . . . .02 q . 18 28 10 35 . 20 10
C pif subsp. spil 0.5 0.5 0.3 . . 1 . S 05 . . . 8 0.5 s 1 13 16 20 15 20 . 20
Vicla ambigua 0.1 0.1 0.5 0.1 0.5 0.1 2 : i 10 12 10 5 40 10 10 A
Lathyrus pannonicus » . : 1 0.1 0.1 5 . 10 10 20
Linum austriacum s & 0.2 . 1 0.1 5 4 10 5 10
Linum flavum 1 2 0.5 5 8 5 10 5
Echium russicum 0.5 . 2 5 5
Inula germanica 0.5 2 6 5
Order: Festucetalia valesiacae
Dichanthium ischaemum 3 1 4 15 2 8 10 10 10 10 6 6 10 10 8 35 30 45 e 10 8 5 5 15 05 02 e 4 t . 5 . 2 3 - 4 5 6 3 2 2 05 03 8 10 8 1 05 68 92 80 90 100 20 80
Achillea collina 02 02 05 03 1 . 05 0.5 .04 05 041 .04 1 3 5 3 5 1 15 05 1 01 . 05 1 " B o 1 2 02 15 05 04 03 04 03 1 . " T 2 o e n 58 64 65 55 100 60 65 o
Falcaria vulgaris .01 0.2 « 05 2 ¥ 1 £ . 03 05 2 05 05 05 05 05 2 10 2 5 02 3 01 01 041 5 1 2 2 03 1 5 0.5 « ¢ .04 I i F; | s .01 01 01 . 58 56 50 45 100 80 50 80
Inula ensifolia 4 6 1 8 05 . . . . 02 02 . . . ‘ 10 . 2 ‘ 15 05 03 2 4 2 5 05 05 05 05 05 35 28 50 35 v . 50 80
Ajuga laxmannii i x & 18 i " 1 0.1 1 0.1 ” s . : 1 . i " . § . 01 05 041 1 05 4 . 4 . " 15 07 07 1 1 05 . 01 05 33 24 35 25 20 50 35 40
Centaurea biebersteinii subsp. biebersteinii 02 i 03 1 1.5 : i i s 0.1 . 05 02 01 15 1 1 01 01 01 03 02 15 15 25 i i 32 44 25 35 80 30 25
Salvia austriaca 03 3 2 . 3 2 25 15 1 1.5 . 02 15 . n : . . : . . q . 15 03 . 1 05 2 15 1 n . 30 44 35 55 . . 35
Nonea pulla 0.2 0.1 f 5 1 . 0.2 01 04 .01 01 041 0.1 0.2 0.5 1 . 0.5 0.1 . .04 . . 05 - f ’ . 28 36 25 25 80 30 25 -
Iris pumila . 03 03 03 02 05 - e a - P 1 3 0.2 0.5 05 2 01 01 01 041 25 20 25 25 10 25 80
Verbascum phoeniceum .15 . 0.1 0.1 0.2 05 1 : 02 05 1 0.5 ‘ 1 2 1 2 01 . . ‘ : . . 2 . . 25 24 25 30 + 40 25 .
Oxytropis pilosa 1 . 05 .01 04 . 0.1 i 01 05 05 . 05 05 05 2 05 2 23 16 20 15 20 10 20 | 100
Astragalus dasyanthus*® 03 2 . B ‘ . 1 3 0.5 . . v . 1.5 . . v 1 05 05 1 01 041 20 20 25 20 20 . 25 40
Serratula radiata® " 05 02 03 041 . 0.1 1 05 05 " 5 1 03 .02 01 20 16 20 20 40 20
Cleistogenes serotina 0.1 £ 10 15 02 1.5 05 05 i 2 i 1 i 15 8 20 10 i 30 20 i
Scabiosa ochroleuca 0.3 1 : n : 2 2 . . 5 1 1 15 . 0.2 0.5 15 16 20 10 40 20 20
Allium flavum 0.1 03 041 . 03 02 0.5 5 : 10 12 15 15 . 15
Aslragalus austriacus 3 - ] 0.5 o1 01 041 7 4 10 & 10 10
Linum hirsutum 0.5 0.1 0.5 ‘ g : 5 12 . 15 .
Veronica austriaca 05 01 041 5 15 i 15
Phlomis tuberosa 4 4 : ; 3 F 20 : ;
Veronica prostrata " 0.1 0.1 3 5 5 20
Asyneuma canescens 2 3 2 5 [
Iris aphylla* 0.5 2 5 5
Class: Festuco-Brometea
Teucrium chamaedrys 2 A5 ‘2 2 2 7 5 3 041 2 1 25 10 2 2 02 - 20 10 40 . 15 8 2 5 25 5 30 4 01 05 4 .04 5 10 5 10 5 8 6 15 8 7 4 4 3 3 4 3 05 05 1 12 05 05 2 05 2 93 88 100 a5 60 20 100 100
Euphorbia cyparissias 3 3 2 1 15 2 05 1 1 15 05 03 05 05 05 2 05 02 02 01 05 2 1 05 05 05 02 15 01 01 01 01 15 3 15 2 2 1 15 1 1 15 05 05 03 03 04 ¥ 101 7 .01 5 83 96 85 100 80 80 85 20
Dorycnium pentaphyllum subsp. herbaceum 4 3 3 2 4 8 7 1 5 10 5 3 2 . s 30 35 60 02 10 12 3 3 5§ 01 05 05 4 0.1 . s 15 3 3 3 25 8 10 3 5 45 2 z 1 0.2 3 8 5 05 8 15 1 2 05 05 s 7 76 90 70 100 50 20 80
Carex humilis 10 10 8 15 « . 1 0.5 3 o 15 20 25 30 30 * . 05 15 I « . " s 5 5 4 5 3 05 0.5 15 15 15 15 15 15 15 30 10 15 15 20 25 20 20 30 25 25 15 15 20 15 25 35 15 75 52 100 65 x 70 100 100
Asperula cynanchica 1 05 02 05 03 1 05 2 05 03 03 03 02 03 02 05 05 05 02 1 0.1 1 05 1 1 01 041 02 0.1 5 5 = E 5 . 03 05 1 02 03 02 01 01 02 02 05 1 1 1 05 KE 100 75 100 100 40 75
Festuca rupicola 8 8 6 8 8 8 5 3 g 35 3 4 4 4 3 7 10 8 3 . 5 5 7 8 8 02 05 02 0.2 05 3 3 4 15 05 2 03 02 02 15 .07 . . 01 05 . 08 q 2 E B a1 72 96 70 95 100 S0 70 2
Stachys recta » . 05 05 1 . 15 03 01 03 05 03 02 02 1 01 05 01 05 . 02 1 1 ” 05 02 05 " 1 1 1 2 1 05 o7 1 1 05 05 05 2 1 05 1 2 05 3 68 60 85 55 80 40 85 100
Eryngium campestre 2 25 i F £ 2 05 i 1 A - 5 . 01 05 02 .01 2 3 3 01 05 05 01 02 01 05 1 2 15 35 15 15 '@ 1 03 15 03 2 . 03 05 01 01 60 52 85 45 80 60 85
Koeleria macrantha 02 3 03 02 . 2 15 05 4 2 6 ] 4 4 7 05 05 4 1 05 7 5 10 3 02 - B . . . 3 3 1 05 1 05 1 05 03 . 05 . . 5 . 57 92 50 90 100 10 50 .
Teucrium montanum 4 2 3 2 4 i & . 35 05 1 2 04 02 0.2 e 5 7 1 5 7 01 02 02 i 0.1 1 2 05 15 5 B 3 ] i . 05 5 10 7 2 3 52 68 50 60 100 30 50 20
Medicago sativa subsp. falcata E z 0.3 2 2 4 05 . 25 05 1 05 05 05 g : < 1 0.2 s 15 3 5 1 3 s < 25 1 1 0.5 s 4 2 1 4 02 1 05 03 03 g s : s g s 50 48 65 60 s 50 65 s
Plantago media 05 05 - v 03 2 . 2 03 02 03 05 1 05 01 05 . . 0.5 01 . . 05 0.5 0.5 i 05 05 03 05 . : 1 05 i . 05 . 05 05 . 05 . 01 05 50 56 45 65 20 40 45 60
Galium glaucum 05 15 05 07 = E . 03 01 03 05 03 . 15 35 S 02 01 0.2 1 3 5 03 2 03 .0 1 1 05 05 0.5 0.5 43 44 50 55 5 30 50 40
Salvia verticillata . o 02 03 2 1 3 0.5 5 .01 03 1 1 5 5 3 05 05 . 5 . . 05 02 1 2 1 . O 1 1 2 35 52 35 50 80 10 35
Senecio jacobaea 01 01 v . 05 " 15 0.2 01 02 02 05 02 0.1 . 05 01 02 . ” 05 05 02 041 v . n . - . ” B - 30 40 20 50 . 40 20 "
Onobrychis viciifolia 0.1 03 05 1 i § 01 3 i 15 4 i z 0.3 i 1 01 2 g5 2 04 05 01 01 28 20 40 20 20 40 80
Galium verum - 5 “ . 1 0.1 0.5 05 041 1 05 1 1 15 5 0.1 . 18 20 30 10 60 30 .
Plantago argentea i & . 03 05 05 05 03 3 H 3 i H 0.1 1 05 041 0.1 17 20 20 25 20 20
Thesium linophyllon 0.2 0.3 0.3 . PR | " " 01 0.1 0.2 . 03 13 16 20 20 e 20
Pimpinelia saxifraga 15 0.5 0.2 0.1 .01 1 05 f g i S 2 : 12 20 5 25 10 5 >
Phleum phlecides : A 2 0.2 : 1 4 01 0.1 8 15 15 40
Anthericum ramosum . f 02 02 3 5 15 . 15
Seseli elalum subsp. osseum 01 01 5 1 ) 5 5 20 5
Dianthus carthusianorum . 0.3 0.2 3 . 10 . 10
Scorzonera austriaca 01 01 . 3 8 40 .
Melica ciliata : 05 2 i 20
Stachys germanica 0.1 2 10
Differential species of management types
Coronilla varia 0.3 . . : . 02 2 1 3 5 1 1 05 . 0.1 .04 0.1 0.2 0.1 . 15 1 2 2 . 05 o . e . 05 05 3 05 05 1 05 1 3 47 36 55 20 100 30 55 100
Echium vulgare s i 02 01 05 05 0.1 0.1 . 05 05 01 01 0.5 « 02 : 2 . i : 4 05 03 .01 .04 0.1 .04 % ; 33 36 35 25 80 20 35 40
Medicago lupulina 02 0.3 05 05 05 041 . 0.1 0.5 H . 01 05 01 05 20 24 5 10 80 10 5 80
Poa angustifolia i 1 ] 2 05 0.5 05 01 12 16 5 80 10 5 20
Vicla hirta 05 05 02 05 05 1 1 05 02 02 04 05 05 01 02 01 05 02 01 05 02 05 1 1 2 2 05 02 03 02 05 05 03 05 05 . 1 03 02 05 0.1 05 01 70 68 55 85 100 55 80
Cormus sanguinea 0 . 2 % 15 15 6 15 18 10 . % 10 100
Daclylis glomerata 1 0.1 0.5 05 1 05 05 1 13 4 20 20 100
Erysimum odoratum . ; 3 01 01 05 01 01 8 3 100
Ligustrum vulgare : ] B : : s : : : . 05 35 15 1 3 : 3 : ] 1 15 15 8 10 15 - : . 40 : 100
Prunus spinosa 1 0.5 2 2 1 15 2 2 = 5 1 1 2 01 02 02 02 50 2 2 1 5 05 05 2 1.5 = 2 B = 2 01 15 05 7 55 2 50 44 30 40 60 80 30 100
Prunus tenella® 1 1 05 1 3 0.2 03 02 04 041 60 35 15 15 10 25 20 25 25 25 | 100
Rhamnus catharticus . 5 . 5 . . . e . . . . . 5 = . e . 25 15 05 05 1 8 e 5 . . . . 100
Rosa canina y . 1 ) - 05 .01 01 0.2 s .02 . 01 35 1 041 0.1 . 05 5 041 1 1 1 28 18 10 5 60 60 10 100
Taraxacum spec. 0.2 0.2 01 01 01 02 05 041 0.1 i . 1 2 5 7 5 23 16 5 20 40 5 100
Buglossoides arvensis . 01 1 01 05 2 1 . 10 10 . 10 = 80
Lactuca serriola 01 = 1 05 2 6 8 10 80
Acer platanoides : : ] s : : .01 041 .0 5 F : v . . 60
Elymus repens = q 05 05 01 8 3 0.5 0.1 0.1 1 1 4 01 . 20 24 10 15 60 10 10 60
Phragmites australis 0.5 1 25 3 1 f 2 05 2 12 12 5 15 i 5 60
Ulmus minor 35 . 5 05 . 1 7 10 60
Viburnum lantana . 1 05 6 5 . 60
Cirsium arvense 01 05 10 5 10 40
Euocnymus europaeus . . 01 05 3 40
Euphorbia epithymoides 3 3 1 041 5 3 5 5 40
Galium mollugo 01 02 ¥ . 05 s 1 7 4 5 10 40
Juglans regia 01 02 1 1 7 20 40
Lithospermum officinale : g H i ¥ 1 5 3 @ i 40
Melilotus officinalis 0.1 01 05 .01 .01 0.1 10 4 20 30 40
Pinus nigra 05 05 . N 3 40
Quercus robur 01 041 3 40
Other
Fragaria viridis " . 5 103 . 1 4 45 05 05 3 4 5§ 25 02 . 8 8 2 05 .15 15 1 . 05 05 02 05 15 3 101 1 1 2 1 15 & 45 . 2 2 1 b 62 68 70 65 80 50 70 20
Convolvulus arvensis 02 041 . 03 03 . 02 02 02 03 02 02 ” . 01 05 01 01 05 041 0.2 .01 .01 01 041 01 02 02 . 02 .01 041 02 02 01 01 0.5 53 64 50 60 80 50 50 20
Agrimonia eupatoria 05 03 03 1 03 3 2 . 05 i i 05 2 2 0.1 2 01 15 05 05 02 01 15 01 05 01 05 05 2 03 3 1 15 i ¥ : i i f V i 50 64 35 55 100 70 35 ¥
Dictamnus albus* 3 q 5 5 o = 05 1 04 1 1 o 5 5 o 5 A 15 .18 1 02 15 2 L 2 1 1 25 20 30 25 = = 30 80
Hypericum perforatum : ] F . . 0.5 : 02 01 01 05 1 02 1 05 3 05 0.2 0.1 01 05 23 20 15 20 20 30 15 60
Hieracium piloselia 05 02 07 02 1 1 3 05 15 A 5 q .01 1 05 .02 A s A F 22 36 20 45 20 3
Picris hieracioides 1 1 05 02 05 . . . A . 05 1 02 3 0.1 0.1 05 2 20 20 20 25 . 5 20 60
Plantago lanceolata 2 1 : 01 05 2 1 01 0.2 05 01 : 3 5 02 L : 18 24 5 15 60 40 5 3
Lembotropis nigricans g 2 » 3 1 0.5 1 1 M8 2 2 z 2 . 5 3 01 15 12 20 15 20 40
Bupleurum falcatum 03 02 05 0.5 5 2 05 . 01 04 < . 13 12 15 15 15 40
Carex tomentosa 3 : 3 i 3 1 2 1 05 05 10 15 H : 15 60
Cardaria draba 03 05 02 5 1 .01 8 12 15 20
Fraxinus pennsylvanica s : . 02 01 05 02 3 8 4 5 40
Poa pratensis £ g 05 2 02 5 05 02 H 8 12 8 15 20 3
Ajuga chamaepitys 0.5 . 03 0.1 . . 0.3 7 12 5 15 . 5
Artemisia campestris 2 5 3 2 2 “ & 7 16 10 40 =
Centaurea jacea 15 15 01 2 P : s 7 P 40 : .
Clinopodium vulgare 5 2 03 5 3 05 7 10 5 10 40
Leontodon hispidus 0.1 i . i ‘ 0.5 0.2 01 7 4 10 5 : = 10 20
Marrubium peregrinum . q g 1 . . 05 1 5 7 4 - 20 30
Ornithogalum pyramidale .0 .0 ) 01 01 ) 7 8 10 20
Rapistrum perenne 0.2 05 02 1 3 X T 12 B 15 10 X
Rubus caesius > . N 05 0.1 05 35 7 ‘ 5 . 30 5
Achillea millefolium 1 15 05 E d 5 12 15 H
Alyssum alyssoides . 5 5 .02 0.1 . 5 8 . 10 10 A
Anagallis arvensis 0.1 0.2 v s 3 01 5 8 5 10 o 5
Brachypodium sylvaticum 3 6 05 1 5 i . 30
Cichorium intybus 0 0.1 0.5 0.1 . 5 5 8 10 10
Erigeron acer 0.3 5 i 01 . 05 8 5 4 I 5 20 s
Lappula squarrosa 02 02 3 5 01 5 8 5 10 5 5
Reseda lutea . 01 01 0.5 5 8 5 5 20 5
Camelina microcarpa 05 041 B S 3 8 H 10 5 3
Cuscuta sp. 0.1 . . 0.1 3 4 5 20 . 5
Cynoglossum officinale 01 0.2 : X 3 e 20 .
Daucus carota 0.1 i 0.1 3 10 10
Genista linctoria g : 0.5 0.5 3 10 . 10
Inula hirta 01 01 3 20
Iris graminea 5 : 3 3 3 5 20
Lepidium campestre . 01 03 . 3 8 10
Lotus comiculatus 1 01 3 i 3 8 10 i
Quercus petraea . . 02 02 3 = . 20
Xanthium strumarium 05 041 v 3 8 40 +
Anchusa officinalis 0.1 i 2 10
Ballota nigra . 1 2 . . 10
Bifora radians 0.1 ; 2 4 5 5
Buglossoides purpurocaerulea . 05 2 F . 20
Caucalis platycarpos . 04 2 . 5 . 5
Centaurea cyanus 01 . 2 4 i 5 i
Clematis vitalba 0.2 . 2 5 5 .
Conyza canadensis 5 0.1 2 . . 20
Crupina vulgaris 1 X 2 4 g
Danthonia alpina 0.1 . 2 4 5 .
Elaeagnos angustifolia 0.2 i 2 i 10 .
Euphorbia esula subsp. tommasiniana . 05 2 : 5 . 5
Fallopia convolvulus 01 N 2 4 8 ”
Festuca heterophylla . 0.5 2 i i 20
Frangula alnus . 0.1 2 5 . 5
Galium schultesii 2 < 2 10 <
Geum urbanum 0.1 “ 2 20
Inula conyza . 05 2 20
Matricaria perforata 1 . 2 20
Plantago major 3 1 2 . " 20
Poa compressa 0.5 : 2 4 0 20 N
Pyrus pyraster 8 2 2 . 5 i 5
Sinapis arvensis 0.1 . 2 4 . 5 .
Thymelaea passerina 0.2 f 2 5 5
Trifolium rubens 0.1 . 2 5 5 .
Verbascum phlomoides 5 1 2 . . 20
Vincetoxicum hirundinaria 0.3 2 5 5



