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Abstract

Abstract

In the peri-Carpathian region some basiphilous semi-dry grasslands (meadow
steppes) feature exceptionally high values of vascular plant species richness,
especially when managed as hay meadows. The goal of this thesis was to survey
traditional hay meadows in the Hills of Cluj (Transylvania, Romania), which were
suspected to contain these very species-rich type of semi-dry grasslands as well. In
addition to vegetation and phytodiversity data, the research included aspects of land
tenure and land use change. This interdisciplinary approach aimed to show which
aspects are important to consider for a successful conservation of Transylvania’s
cultural landscapes and their biodiversity.

The study was carried out in three traditional hay meadows in the communes Dabéaca
and Borsa in the north-western part of the Transylvanian Plateau. In a
phytosociological survey with priority on meadow steppes and Molinia meadows,
Braun-Blanquet-relevés were carried out in the years 2009-2013. The historical land
use and tenure from 1880 onwards was determined through cadastral maps.
Interviews provided information about the traditional meadow management and land
use changes in the post-communist era. In the years 2010-2014 the mown plots were
mapped in the field. In the meadow steppes, regularly mown stands were compared
with unmown or permanently grazed stands regarding their plant diversity and
vegetation, using nested-plot series.

Four of nine identified plant communities belong to semi-dry basiphilous grasslands.
This includes the Polygalo majoris-Brachypodietum pinnati Wagner 1941 with the
highest mean vascular plant species richness (61 species / 10 m?) and the
Brachypodio pinnati-Molinietum arundinaceae Klika 1939, which is often associated
with the highest values of plant species richness on a small scale. Furthermore, the
first description for Romania of the Molinietum caeruleae Koch 1926 which explicitly
mentions Molinia arundinacea is provided.

The meadows have been managed continuously as hay meadows for a minimum of
140 years. Their tenure pattern consists of hundreds of small, narrow plots, which has
its origin at least 100 years ago. The meadows were traditionally mown once a year
between June to August, were not fertilised and were grazed in spring and autumn.
Abandonment of mowing, the advent of year-round sheep grazing, and the resulting
scrub encroachment are the most important land use changes in the post-communist
era.

One of the worldwide highest values of vascular plant species richness on 0.01 m? was
found (26 species). Short-term abandonment of mowing in the steppe meadows
resulted in a decrease of plant species richness and a shift in species composition
within the typical species inventory. Conversion of the meadows to permanent sheep
pastures led to a decrease in plant species richness and evenness and a replacement
of typical meadow species through species of other communities, including ruderal
vegetation.



Abstract

The thesis provides a holistic view on the traditional hay meadows of the study area
and reveals possible factors contributing to the high plant diversity of the meadow
steppes. Despite their location in a Natura 2000 site, the existing laws on grassland
protection and agri-environment payments seem unable to protect the valuable
grasslands in the face of delayed land restitution, illegal sheep grazing and decline of
small family farming. Management measures and strategies are proposed which might
successfully protect the meadows.
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1 Introduction

1 Introduction

1.1 Hay meadows of outstanding importance

The study area in the communes Borsa and Dabéaca, Transylvania, attracted scientific
attention when Prof. Dr. La4szI6 Rékosy discovered in 2008 that its grasslands harbour
five taxa of the butterfly genus Phengaris (syn.: Maculinea). These taxa all are
considered near threatened, vulnerable or endangered on the European level (Van
Swaay et al. 2010). At the time when the syntopic occurrence of the Phengaris taxa
was discovered, something which is probably unique in Europe (Timus 2014), their
habitats had not yet been studied botanically. Thus, the starting point for this thesis
was to identify and describe the vegetation types important for the Phengaris taxa in a
number of sites in Borsa and Dab&ca communes.

The butterflies of the genus Phengaris have a complex life-cycle, including specific
host plant species for oviposition and for feeding on by the young larvae. The host
plants occur either in mesic to wet grasslands, like Sanguisorba officinalis and
Gentiana pneumonanthe, or in semi-dry and dry grasslands and fringe communities,
like Origanum vulgare and species of the genus Thymus (Rékosy and Voda 2008).

The first field surveys in 2009 revealed that the Phengaris taxa and their host plants
were found in three sites which had been managed as hay meadows for a long
unbroken period (see Figure 1).

Figure 1: Hay making in one of the hay meados i which Phengaris spp. are
present (Dabaca commune, 02.08.2013)
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These meadows were all located on north-facing slopes and were between 42 to 200
hectares in area. They were characterised by a savannah-like appearance and a
complex, small-scale relief reflected in a mosaic of different vegetation types, with
meadow steppes being the most common grassland type. Meadow steppes are
defined by Willner et al. (2019) as semi-dry grasslands with a large proportion of steppe
species with a Siberian-Pontic-Pannonian distribution. Furthermore, there were
patches of wet meadows with Molinia arundinacea in scattered, small areas on the
meadow surfaces.

The apparent species richness of the meadow steppes, at least in parts, attracted
attention from the very first field visits. Through discussions with local botanists, it
became clear that the hay meadows were a rarity in the region due to their large size
and their relatively good state of preservation. Another point that seemed interesting
was that there was no literature for Romania on Molinia meadows with the species
Molinia arundinacea, which is often considered a subspecies of Molinia caerulea and
not mentioned separately (see Figure 2).

2
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Figure 2: Meadow vegetation with Molinia arundinacea and Gentiana pneumonanthe
in one of the meadows in which Phengaris spp. are present (Borsa commune,
15.08.2013)

At that time, there was only one phytosociological study covering parts of the study
area, a PhD thesis about the flora and vegetation of the interfluve between the Nadas
and the Borsa valley by Pop (1985), including Borsa commune south of the river Borsa
and one of the hay meadows in question (see also Pop 1996). The phytosociological
publications by Soé (1927, 1947, 1949) cover an area around Cluj-Napoca south of
Borsa commune, thus do not directly include the study area. In contrast, other
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meadows located only 7-11 km as the crow flies from the study area of this thesis are
very well known and researched botanically, namely the Hay Meadows of Cluj
(Fanatele Clujului) nature reserve, see for example Hayek (1916), Soo (1927),
Bujorean (1933) and So6 (1947).

In this nature reserve, at about the same time as the syntopic Phengaris spp.
occurrence was discovered, some of the meadow steppes traditionally managed as
hay meadows had been identified as a world record site for vascular plant species
richness at the small scale (Dengler et al. 2012; Wilson et al. 2012). On 0.1 m?, Dengler
et al. (2012) found 43 vascular plant species and on 10 m?, 98 species, which was later
increased to 106 species by Rolecek et al. (2019) and finally to 115 species on 10 m?
by Rolecek et al. (2021), all at the same location.

The vegetation of the site belongs to a type of semi-dry basiphilous grasslands, which
is found only in some regions of Europe, namely the Transylvanian Plateau, the White
Carpathians, the Ukrainian Carpathians, Western Estonia and Southern Oland, and
which seem to have a higher plant diversity than comparable grasslands in other parts
of Europe (Merunkova et al. 2012; Dengler et al. 2014; Role¢ek et al. 2014). These
semi-dry grasslands often are assigned to the phytosociological association
Brachypodio pinnati-Molinietum arundinaceae (lllyés et al. 2007; Rolecek et al. 2014;
Rolecek et al. 2019) with Molinia caerulea agg., including Molinia arundinacea.

The fact that the hay meadows where Phengaris spp. occur also contain basiphilous
semi-dry grassland vegetation and communities with Molinia arundinacea, the obvious
high plant species richness, as well as the geographical proximity to the world record
site, gave rise to the question whether these hay meadows might also belong to this
particularly species-rich type of semi-dry basiphilous grasslands (see Figure 3).

Through an applied nature conservation project running at the same time (Paulini
2012), attention was drawn, on the one hand, to the threats to the hay meadows posed
by the abandonment of mowing and an increase in sheep grazing, as well as to their
special land tenure structure: they consists of over hundred small ownership parcels
of around 0.3 or 0.6 ha, something which was thought likely to have a direct influence
on conservation efforts.

Apart from their outstanding recognised lepidopterological and presumed botanical
importance, the hay meadows with Phengaris spp. were also a typical example of the
situation of many traditional hay meadows in Transylvania, threatened by land use
change (see Chapter 1.4). This led to an extension of the thesis focus from single
vegetation types to a holistic view on the traditional hay meadows as an element of the
Transylvanian cultural landscapes. For this purpose, the core research approach was
supplemented with interdisciplinary aspects. Before presenting the objectives of this
thesis, however, the importance of traditional hay meadows and semi-natural
grasslands in general and in Romania in particular shall be explained.
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Figure 3: Secies-rich semi-dry grassland (meadow steppe) in one of the surveyed
hay meadows with Rhinanthus rumelicus, Anthericum ramosum, Stachys officinalis,
Leucanthemum vulgare, Trifolium montanum, etc. (Dabéca commune, 24.06.2016)

1.2 Importance of hay meadows and semi-natural grasslands

Hay meadows are unsown grasslands which are cut from time to time, once or twice a
year, receive no or little manure and serve for the production of hay or green fodder
(not silage) for farm animals (Dierschke and Briemle 2008; Luick et al. 2012;
Oppermann et al. 2012).

This is a low to medium intensity management characterized by the low use of external
inputs (Baldock et al. 1994). This extensive to semi-extensive (at the most semi-
intensive) land use (Schumacher 1995; Dierschke and Briemle 2008) generates semi-
natural vegetation, that is, grasslands and other vegetation types which are partly
shaped by human influence, generally over long time periods, but which maintain also
many natural features (Luick et al. 2012). Other examples of semi-natural vegetation
include litter and water meadows, wooded pastures and rough pastures. Semi-natural
vegetation is also the most important type of High Nature Value farmland, a term often
encountered in European policies discussions (Beaufoy et al. 2012).

Semi-natural grasslands were generated over many centuries by ordinary farming
activities (Oppermann and Paracchini 2012); as an ‘unintentional by-product’, one
might say (Poschlod and Schumacher 1998; Schumacher 2005). As changes towards
more intense farming occurred, semi-natural grasslands were often abandoned,
replaced and isolated bit by bit. The remaining semi-natural grasslands are thus an
important part of the European natural and cultural heritage.
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Semi-natural grasslands, and especially hay meadows, belong to the most species-
rich communities in Europe (Poschlod and WallisDeVries 2002). A high plant species
richness of semi-natural grasslands can be linked to a high diversity of other species
groups, as Batary et al. (2010) could show in the case of bee species and insect-
pollinated plants. Often, plant species richness and bird diversity of semi-natural
grasslands are correlated positively (e.g. Vessby et al. 2002).

Semi-natural meadows are an important habitat for a range of species which are
adapted to their management regime. Many of these typical meadow species are
highly specialized, rare or endangered. Red data lists often include typical meadow
plants, such as orchids (e.g. Anacamptis morio, Orchis mascula), Arnica montana and
wet meadows species such as Iris sibirica and Gentiana pneumonanthe (see Figure
4). Endangered bird species often found in wet meadows include the corncrake (Crex
crex) and the great snipe (Gallinago media).
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Figure : Iris sibirica in one of the study hay meadows (Dabaca commune, 19.05.2013)

Semi-natural grasslands provide important public goods and ecosystem services,
which often are higher here than in agriculturally improved grasslands, with the
exception of the quantity of food provided through livestock raising (Bullock et al. 2011,
Paracchini and Oppermann 2012).

The aforementioned high wild species diversity offers genetic resources that could be
used to breed improved cultivars better adapted to climate change. Another ecosystem
service important in the context of climate change is the storage of carbon, which
seems to be higher at intermediate levels of grassland management compared to
intensive - and extensive - management levels (Ward et al. 2016). Furthermore, the
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emission of nitrous oxide (N20) and other greenhouse gases is often higher from
intensively farmed than from extensively farmed grasslands (Flechard et al. 2007;
Skiba et al. 2013).

Our food supply depends on crops pollination and pest control, which can be enhanced
through the so-called ‘spillover’ of bees, bumble bees, hoverflies and other groups from
semi-natural grasslands towards farmed land (Tscharntke et al. 2005; Ockinger and
Smith 2007; Bullock et al. 2011).

Eventually, semi-natural meadows contribute to the structural beauty and peculiarity of
the cultural landscapes, for example through their often spectacular flowering displays
(Nowak and Schulz 2002), and provide public goods such as recreation, tourism,
education or ecological knowledge (Bullock et al. 2011). Like most semi-natural
grasslands, traditionally farmed meadows are a result of centuries of human influence
on the landscape (Luick et al. 2012). Therefore, they conserve the traces of our past
and of the richness of different management forms throughout Europe (Oppermann
and Paracchini 2012), for example different forms of stacking the hay as well as
different cutting dates often based on traditional holidays.

1.3 Current situation of meadows and conservation attempts

In many parts of Europe, there has been a dramatic decline of the traditionally farmed
meadows during this and the last century, affecting both, their quantity and quality, as
the following examples show:

e Britain has lost around 98 % of its hay meadows since 1930 (Gamble and St. Pierre
2010; Knowles 2011). For instance, the ‘northern or upland hay meadows’
(Anthoxanthum odoratum — Geranium sylvaticum grassland) have been reduced to
an area of about 900 hectares in the entire United Kingdom (Bullock et al. 2011,
Pinches et al. 2013).

e Sweden lost 99,7% of its hay meadows between 1870 and 2010 (Dahlstrém et al.
2013).

e The remaining area of lowland hay meadows in German federal states is for
example about 110 ha in Schleswig-Holstein and 760 ha in Mecklenburg-
Vorpommern (Riecken et al. 2006).

¢ Almost all meadow plant communities are regarded as endangered in Germany,
for example the Geranio sylvatici-Trisetetum (critically endangered), nutrient-poor
Arrhenatheretum elatioris meadows (endangered) or the Molinietum caeruleae
(critically endangered) (Rennwald 2000). Meadow stands with the complete typical
species composition are encountered only rarely (Rennwald 2000; Nowak and
Schulz 2002).

Most of the remaining species-rich meadow sites in Northern, Western and Central
Europe depend on nature conservation activities and are protected through various
conservation instruments. These range from protection measures for typical meadow
species and habitats in national laws on environment conservation, to the central
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instrument of the European Union for wildlife conservation, the Habitats Directive
(Council of the European Communities 2013), which includes several protected habitat
types of farmed meadows (e.g. habitat type 6410 ‘Molinia meadows’, 6510 ‘Lowland
hay meadows’ and 6520 ‘Mountain hay meadows’).

Conservation measures linked to agriculture are especially important for protecting
low-input grasslands including meadows, which after all depend on regular farming.
The agri-environment schemes of the national Rural Development Programmes are
such instruments, which compensate farmers financially for the loss of income and/or
additional costs of environmentally and wildlife-friendly farming. Many countries have
designed programmes targeted at the conservation of species-rich meadows, often
including specifications of cutting dates, top-ups for non-mechanized mowing and so
on.

While the agri-environment programmes in many cases do have a positive impact on
the environment and biodiversity, there are also many records of failed delivery (Kleijn
and Sutherland 2003; Stoate et al. 2009; Batéary et al. 2015) and in some cases they
may even have negative effects on biodiversity, for example through uniform cutting
dates (Knowles 2011); they must be well-designed and thoroughly-evaluated.

1.4 Semi-natural meadows and grasslands in Romania

In Transylvania, like on other regions of the former Eastern Bloc countries, large areas
of semi-natural grasslands as well as traditional land use systems have survived until
today due to the agricultural policy and farming structure during and after communist
times (Rusdea et al. 2005; Schmitt and Rakosy 2007; Dahlstrom et al. 2013; Sutcliffe
2013). For example, in Romania, 34% of the utilised agricultural area, that is about 4.8
million hectares, have been classified as High Nature Value farmland by Paracchini et
al. (2008). However, the amount of international literature about semi-natural
vegetation in the New Member States of the EU, including Romania, is very low
compared to its high natural value (Sutcliffe et al. 2015).

To some extent, in Romania semi-natural grasslands are being maintained by small-
scale farming. There are still huge numbers of small farms in Romania: out of around
2.9 million farms, around 2.6 million farms had less than 5 hectares agricultural area
in 2020 (Eurostat 2023). If they are still actively farming, subsistence- and semi-
subsistence farmers need hay from their meadow parcels for winter keep for their cattle
and graze their livestock on the common pasture of the village, thus maintaining not
only semi-natural meadows and pastures but also traditions and knowledge about low-
intensity farming (Dahlstrom et al. 2013).

On-site evidence as well as regional studies show the existence, at least until recently,
of large areas of species-rich hay meadows in Romania, especially in the hilly and
mountain regions (e.g. Knowles 2011; Paulini et al. 2012; Dahlstrom et al. 2013).
Additionally, the figures from the Article 17 reporting of the EU Habitats Directive give
some ideas about the large extent of semi-natural meadows in Romania. For example,
the area size of lowland hay meadows in the reporting period 2013-2018 was in
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Romania 6700 km?, compared to 1536 km? in Germany and 1435 km? in the Czech
Republic (European Environment Information and Observation Network 2023).

However, the Romanian hay meadows and semi-natural grasslands in general are
under a high threat of the imminent loss of both quality and quantity unless effective
countermeasures are taken. Several studies expect an accelerated loss of biodiversity
in most of the New Members States of the EU, due to major changes in the farming
structure (e.g. Stoate et al. 2009; Sutcliffe et al. 2015). As for the traditional hay
meadows, the ongoing changes lead in many cases to the abandonment of mowing
due to a decline in the keeping of cattle and therefore a reduction in the need for hay.
The abandoned meadows get overgrown by shrubs and forest or transformed into
sheep pastures (Demeter and Kelemen 2011; Paulini et al. 2012).

Especially the expansion of sheep farming has become a common problem for the
semi-natural grasslands of Romania in general. Roman et al. (2020) for instance show
that more than 50 % of the permanent grassland of Romania is strongly affected and
degraded, most of it by overgrazing. The developments of the last decades give rise
to fears that much of the valuable grassland in Romania exists on paper only.

1.5 Definition of the thesis objectives

When the research for this thesis started in 2009, the following facts were known about
the hay meadows in Dabaca and Borsa communes:

e There existed large meadow surfaces with semi-natural, in part very species-rich
vegetation.

e There was an unique syntopic occurrence of five Phengaris taxa.
e The vegetation types might belong to extremely species-rich meadow steppes.

e There were plant communities with Molinia arundinacea, which had not been
described for Romania up to that point.

e There existed a particular pattern of land tenure.
¢ There had been a long temporal continuity of meadow use.
e Mowing was to some extent still present as part of the small-scale farming.

e At the same time, large parts of the meadows were unmown and scrub
encroachment and sheep grazing had increased, with still unexplored effects on
the meadow vegetation and plant diversity.

The rarity of semi-natural meadows in Europe, even, in general, in Romania, as well
as the acute threat at that time to that element of the cultural landscape by land use
change seemed to demand both ecological research and the implementation of
protection measures for the ‘Phengaris-meadows’. The basis for this should be a
baseline survey of the vegetation.

Experiences from an applied conservation project for the hay meadows managed by
the thesis author had revealed furthermore that successful conservation measures
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could only be developed based on knowledge of the land use history and the land
tenure structure.

Thus, the overall goal of this thesis is to better understand the traditional hay meadows
of the study area from a vegetation-ecological point of view, and to collect information
necessary for their protection. In addition to ecological and phytodiversity data, this
includes aspects of land tenure and land use change. This detailed and
interdisciplinary approach aims to show, by way of example, which aspects are
important to consider for a successful conservation of the high biodiversity of
Transylvania’s cultural landscapes. Finally, based on the collected data,
recommendations for conservation strategies shall be outlined.

After this introduction and description of the study area in Chapter 2, the thesis is
divided into four parts:

Chapter 3 - Vegetation survey: ldentification and description of the grassland
vegetation types harbouring host plants of several Phengaris taxa, the Molinia
arundinacea meadows and the basiphilous semi-dry grasslands.

Chapter 4 - Land use survey: Investigation of the land tenure structure and the land
use history; description and quantification of some ongoing land use changes.

Chapter 5 - Phytodiversity survey: Verification of the assumption that the semi-dry
grasslands of the meadows reach very high vascular plant richness values. Analysis
of how cessation of mowing and sheep grazing alter the semi-dry grasslands and their
plant diversity.

Chapter 6 - Conclusions and outlook: The results of Chapters 3 to 5 are discussed
against the background of the agricultural and legal framework; conservation strategies
are recommended.

The data for this thesis was collected in the years 2009-2013. However, the analysis
and discussion of the results is also based on current scientific publications and
includes recent developments in the study area.
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2 Study area

2.1 Geographical location

The study area is located in Northwest Romania, in the historical region of
Transylvania, and belongs to the county of Cluj (see Figure 5). It is situated on the
Somes Plateau (Podisul Somesan) in the north-western part of the Transylvanian
Plateau (Podisul Transilvaniei).
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:] other Romanian counties E study area

Figure 5: The location of the study area within Romania

Source of the map showing national borders, the historical region Transylvania, and
Romanian counties: Andrein (https://commons.wikimedia.org/wiki/File: Transylvania.svg),
https://creativecommons.org/licenses/by-sa/4.0/legalcode
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The Somesg Plateau borders on the Transylvanian Plain (Campia Transilvaniei),
separated by the valley of the Somes Mic (see Figure 6). The lower parts of the Somes
Plateau are called Hills of Cluj and Dej (Dealurile Clujului si Dejului) (see Figure 6).
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Figure 6: The location of the study area in the Hills of Cluj and Dej

Red polygons: the study hay meadows; green polygon: the Eastern Hills of Cluj Site of
Community Importance; black lines: borders of communes; pink lines: borders of Dabaca
and Borsa communes; blue lines: rivers (only the rivers Someg Mic, Lonea and Borsa
and some of their tributaries are shown)

The areas on which this thesis is focussed are five hay meadows located in the
communes of Dabaca and Borsa, in the centre of the Hills of Cluj and Dej (see Figure
6). The communes, including the hay meadows, are partly situated in the Eastern Hills
of Cluj Site of Community Importance (ROSCI0295) (see Figure 6). They are located
close to Cluj-Napoca which, with around 325,000 inhabitants, is the second largest city
in Romania. The communes are accessible via the A-road DN 1C (Cluj-Napoca-Dej)
and municipal roads which branch off it. The distance between Cluj-Napoca and the
centres of Borsa and Dabéaca villages is in both cases approximately 35 km.
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Three of the study meadows (Lord’s Meadow, Village Meadow and Great Meadow)
are called utilised hay meadows in this thesis, because they were still partly mown at
the time of data collection. They are the focus of the phytosociological and land use
studies (see Figure 7). In addition, two nearby units which featured similar
geomorphological and historical conditions, but which had already been converted into
permanent sheep pastures at the time of data collection (Meadow Hill and Jacob’s
Meadow) were selected to enable a comparison between mown and grazed meadows.
These meadows are called former hay meadows in this thesis (see Figure 7).
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Figure 7: The hay meadows in the communes Borsa and Dabéaca

LM: Lord’s Meadow; VM: Village Meadow; GM: Great Meadow; MH: Meadow Hill; JM:
Jacob’s Meadow. Green polygons: utilised hay meadows; orange polygons: former hay
meadows; grey polygons: villages; pink lines: borders of Dabaca and Borsa communes;
blue lines: rivers (only the rivers Someg Mic, Lonea and Borsa and some of their

tributaries are shown). The source of the topographic map is indicated in the lower right
corner of the map.

Dabaca commune covers 5025 ha and has 1437 inhabitants in three villages (status
2021, Institutul National de Statistica 2023). The villages are in the valley of the river
Lonea, a left bank tributary of the Somes Mic, which runs from northwest to southeast
through the centre of the commune (see Figure 7). The height above sea level ranges
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from 280 m in the Lonea valley to 550 m on the hilltops. The owners of the meadow
plots usually originate from Luna de Jos village, which has 693 inhabitants, but there
are also some from Dabaca village, which has 651 inhabitants.

Borsa commune covers 6162 ha and has 1511 inhabitants in four villages (status 2021,
Institutul National de Statistica 2023). The villages are located in the valleys of the river
Borsa and its tributaries, which runs from northwest to southeast through the commune
and is another left bank tributary of the Somes Mic (see Figure 7). The height above
sea level ranges between 300 m in the valleys and 500 m on the hilltops. The owners
of the meadow plots usually originate from the villages Borsa-Catun (54 inhabitants)
and Borsa (1167 inhabitants).

2.2 Climate

At the closest weather station to the study area, Cluj-Napoca (413 m a.s.l), the mean
annual temperature between 1971-1990 was 8.2°C and mean annual precipitation
over the same period was 548 mm (Deutscher Wetterdienst 2023). The highest
monthly mean temperature is reached in July (18.2°C), the lowest in January (-3.4°C),
and the most precipitation occur in the months of June, July, May and August
(Deutscher Wetterdienst 2023) (see also the climate diagram in Figure 8). The
precipitation maxima are predominantly caused by the influence of the dominant
westerly (Sunder-Plassmann 2016). There are around 2000 hours of sunshine per year
(Deutscher Wetterdienst 2023).
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Figure 8: Climate diagram for Cluj-Napoca weather station for the period 1971-
1990

Data source: Deutscher Wetterdienst 2023. The diagram was created with the
software Klima 0.9 Thierer (2000).

According to the Képpen-Geiger climate classification system, the study area belongs
to the cold or boreal climate zone (D), the humid climate type (f) and the subtype with
warm summers (b). This classification is based on the following characteristics: the
average month temperature is over 10°C in at least four months (May-September), the
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warmest month July averages below 22 °C and the coldest month January averages
below 0°C / 3°C (Kun et al. 2004; Peel et al. 2007). In the climate classification system
of Troll and Paffen (1964), the study area belongs to the subcontinental climate of the
cool-temperate zones.

The average annual temperature shows an increasing trend during the last decades.
Thus, the average annual temperature for the 20-year period 1991-2010 is 9.2°C, one
degree higher than for the period 1971-1990 (Tutiempo Network 2023).

The mean annual precipitation for the period 1970 to 2008 as measured at the
hydrometric station Borga range between around 350 mm and 900 mm (Societatea
Lepidopterologica din Roméania 2016). The mean value for the period is slightly higher
than that for the weather station at Cluj-Napoca (up to 600 mm) and shows a slight
downward trend over the last decades.

The high variation in annual mean precipitation and the occurrence of torrential rains
are important for understanding the geomorphological processes of the study area
(Sunder-Plassmann 2016). Severe storm events occur mainly in the months June to
August (Irimus et al. 2009) and can bring precipitation of 70 to 110 mm over a 24 hour
period (Moraru et al. 2015). According to Surdeanu and Sorocovschi (2005), the
environmental risks in the wider study area include erosion through torrential rains,
landslides, but also droughts.

The predominantly northern aspect of the hay meadows, which reduces the intensity
of solar radiation, plays a significant role in their local climate. This affects for example
soil temperature, evapotranspiration rate or snow cover (Sunder-Plassmann 2016).

2.3 Geology, relief and soils

The Transylvanian Plateau is a sedimentary basin consisting of Tertiary strata
(Foldvary 1988). The middle Miocene sedimentation stage of the Sarmatian covers the
eastern part of Borsa and Dabaca communes, including the study hay meadows. It is
characterized by formations of carbonate-rich clays, including marly clays, clayey and
sandy marls, sandstones, conglomerates and tuffs (Pop 2001; Badea et al. 2006;
Societatea Lepidopterologica din Romania 2016; Sunder-Plassmann 2016). The river
beds (e.g. of the rivers Somes Mic, Borsa and Lonea) are filled with quaternary
deposits of sand and gravel (Societatea Lepidopterologica din Roméania 2016).

The landscape of the Hills of Cluj and Dej has been formed by the fluvial network,
consisting in the main of left tributaries of the Somes Mic river (Pop 2001). The
streams, which developed after the subsidence of the Transylvanian Plateau, have
eroded their paths into the weak geological strata (Pop 2001; Societatea
Lepidopterologica din Roméania 2016), resulting in a sequence of hills and valleys (see
Figure 9).
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D study hay meadows communes Borsa & Dabaca rivers

Figure 9: Digital elevation model of the study area
Source of the relief map: processed SRTM data (version 4.1) by Jarvis et al. (2008)

Thus, the study area is characterized by a sequence of NW-SE-orientated hill ridges
on around 450-500 m a.s.l., alternating with valley bottoms of around 280-350 m a.s.l.
The resulting north- and south-facing hillslopes differ clearly in their microclimatic
conditions. The study hay meadows are mainly north-facing, in smaller parts also east,
northeast- or northwest-facing.

The study meadows are characterised by a complex relief consisting of small plateaus,
erosion gullies, concave and convex forms with a generally very high level of slope
morphodynamics (see Figure 10). The underlying processes from the past are known
for the Lord's Meadow. Here, the upper and middle slope was most probably formed
by complete slumping at the end of the Last Glacial Period. Furthermore, dislocation
of solid material by surface erosion occurred, probably intensified by an increase of
anthropogenic influence through episodical burning of the grass vegetation during
spring (Sunder-Plassmann 2016). Current processes in all study meadows are for
example rotational slumping, caused by alternating water-permeable and -
impermeable sediment layers, as well as mass displacement due to the constant
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creeping of the ground cover (G. Sunder-Plassmann, personal communication,
February 2023).

™

Figure 10: Corﬁplex small-scale relief of the Lord's Meadow (Dabaca commune,
16.08.2013)

The information on the soils of the study hay meadows come from different sources:
the soil map of Romania 1:200,000 by Florea et al. (1963-1993), a more detailed map
(scale 1:10,000) of the soil types and other soil properties available for the commune
of Borsa (Oficiul pentru Studii Pedologice si Agrochimice Cluj 1960s /1970s) and the
management plan for the SCI (Societatea Lepidopterologica din Roméania 2016).
Furthermore, there exists a detailed pedological study for the Lord’s Meadow by
Sunder-Plassmann (2016).

In general, the following conditions have had an influence on the soil formation in the
Lord’s Meadow and presumably also on the other study meadows (G. Sunder-
Plassmann, personal communication, February 2023):

unconsolidated, carbonate-rich marls as parent material

concentration of the precipitations in late spring / early summer, with frequent
occurrence of torrential rains in this period (see also Chapter 2.2)

the already mentioned pronounced morphodynamic processes on the hillslopes,
leading to a mosaic of substrate ablation, translocation and accumulation

a long history of anthropogenic influence on vegetation cover during the Holocene
(see also Chapter 2.6)
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According to the sources named above, the zonal soil types of the study meadows are
chernozems and phaeozems (see Figure 11). The chernozems can be shallow in
places, and in this case are indicated as regosols in the soil map of Florea et al. (1963-
1993). Furthermore, vertisols occur as intrazonal soil types.
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Figure 11: Soil map of the study hay meadows

Source of the soil map: Soil map of Romania 1:200,000 by Florea et al. (1963-1993);
original soil units have been grouped together and adapted to the World Reference Base
for Soil Resources (IUSS Working Group WRB 2022)

Chernozems, the zonal soil type of the tallgrass steppes, are soils with a thick, black
Ah-horizon generally located directly above the C-horizon (Zech et al. 2014), which
develop from unconsolidated carbonate-rich parent material, e.g. loess or marl. They
are characterized by a favourable pore size distribution, a high usable field capacity, a
high humus richness, a high biological activity during the humid months, a high
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bioturbation rate through an active soil fauna, as well as high nutrient supply and
availability (Zech et al. 2014).

Phaeozems, the zonal soil type of the forest steppes, have very similar biological,
physical and chemical properties to the chernozems. The diagnostic difference to the
chernozems is the lack of secondary carbonates in the first 50 cm under the lower limit
of the Ah-horizon (Zech et al. 2014).

Vertisols are soils rich in swelling clay minerals. They shrink when dry, often with
formation of cracks, and swell when the conditions become wet again. Under wet
conditions the soils are characterized by poor drainage, low air capacity and a low
usable field capacity (Zech et al. 2014; Sunder-Plassmann 2016). In the dry season
the usable field capacity is also low due to a high water tension (Sunder-Plassmann
2016). The soils have high nutrient reserves, some of which, however, are poorly
available to plants (Zech et al. 2014).

The following characteristics of the soils in the Lord’s Meadow are listed by Sunder-
Plassmann (2016) as being particularly important. First, the high clay content of the
soils, which varies depending on whether the soils are located in accumulation and
translocation areas, where the clay mineral formation mainly takes place, or ablation
areas, where the least thick soil profiles with the lowest clay contents are found
(Sunder-Plassmann 2016). The high clay content leads to stagnic properties of the
soils, i.e. temporary water-logging and reducing conditions, which were identified for
all soil profiles in the Lord’s Meadow (Sunder-Plassmann 2016). Further effects of high
clay content on plants were described in the paragraph on vertisols.

Second, the exceptionally high and deep humus content of the soils, for which the
various reasons are listed by Sunder-Plassmann (2016). This characteristic of the soils
significantly increases their water-binding capacity and structural stability.
Furthermore, it also makes the soils an exceptionally large carbon sink, which must be
preserved in the face of global warming (Sunder-Plassmann 2016).

Third, the soils are subject to intensive bioturbation by soil mammals and Lumbricidae
and the high density of ants on the site. The extremely rich soil biology leads to
intensive mixing activity and the generation of a loose and stable soil structure, which
has a significant impact on soil properties (Sunder-Plassmann 2016).

Regarding the properties of the substrate that affect vegetation productivity, on the one
hand there are positive factors, such as marl as a parent rock, high bioturbation, and
high relief dynamics, which at most sites lead to a re-accumulation of nutrients in the
topsoil. On the other hand, the interaction of the high clay content (and thus a low
usable field capacity) with the highly seasonal climate has a negative effect on
productivity. Especially on steep, clay-rich sites, drought stress sets in more frequently
and relatively early due to the high water tension. Furthermore, increased drought
stress occurs on the less clay-rich but more exposed sites of the upper slope, as there
is no supplemental water here (G. Sunder-Plassmann, personal communication,
December 2016).
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At the sites in the Lord's Meadow covered by Molinia meadows, where stagnant water
and slope water supply provide plant-available water for a longer period of time,
productivity is likely to be higher, despite the highest clay contents, than at the sites
covered by semi-dry grassland communities (G. Sunder-Plassmann, personal
communication, December 2016).

2.4 Vegetation cover of the study area

Figure 12 shows the result of a land cover and grassland survey on the level of
phytosociological alliances carried out in the communes of Borsa and Dabéca in the
years 2010 and 2011 by Barbos (2012), at the same time as the data collection for this
thesis. The methodology has been described by Paulini et al. (2011). Around 5740 ha,
that is, 51 % of the total communal area, were covered by grasslands, which could be
considered on the whole as semi-natural (Barbos 2012). The most common vegetation
units in terms of area are presented in the following.
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Figure 12: Map of the land cover and vegetation in Borsa and Dabaca communes in the
year 2011, with detailed information about the grassland types (phytosociological alliances)
Synonyms of alliance names: Agrostion stoloniferae = Deschampsion cespitosae Horvati¢
1930; Danthonio-Brachypodion = Cirsio-Brachypodion pinnati Hada¢ et Klika in Klika et
Hadac¢ 1944, from: Barbos (2012), page 13
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Around 3430 ha, that s, 60 % of the grassland area belonged to agricultural grasslands
of the class Molinio-Arrhenatheretea, mainly to the alliance of mesotrophic to eutrophic
mesic pastures Cynosurion cristati (see Figure 12). This type of grassland was used
as pasture or hay meadow and could be found on many surfaces, ranging from those
which were arable until the 1990s to long-standing and more recent pastures.

A small area (190 ha, 3 %) was covered by mesic meadows of the Arrhenatherion
elatioris (see Figure 12). These meadows were distributed in several patches over the
two communes and were situated mostly near the villages. They were used as hay
meadows (Paulini et al. 2011; Barbos 2012).

The order of wet grasslands, Molinietalia caeruleae, was represented by two alliances
and accounted for 6 % of the grassland area (340 ha). Almost the entire share
belonged to the floodplain meadows of the Deschampsion cespitosae (syn.: Agrostion
stoloniferae), which often were found in the lower part of north-facing slopes and were
used as hay meadows or pastures (see Figure 12).

According to this survey, around 5.4 ha, that is, 0.1 % of the total grassland surface,
belonged to intermittently wet meadows of the alliance Molinion caeruleae. They were
occurring in small patches in the traditional hay meadows on north-facing slopes,
usually within a matrix of semi-dry grassland, except one case where they were located
in a mesic meadow. Within the vegetation survey in this thesis, the area of the Molinion
caeruleae in the study meadows alone was estimated to be higher, namely 7 - 8.5 ha
(see Chapter 3.3.4.4). In any case, the Molinion meadows occupied a small surface
compared to the total grassland area.

Around 2300 ha, that is, 40% of the grassland area was covered by dry and semi-dry
basiphilous grasslands of the class Festuco-Brometea. Around half of these
grasslands (1130 ha) belonged to communities of the alliance Festucion valesiacae,
mostly located on the south-facing slopes. These grasslands occurred on traditional
grazing areas, but also on former arable land used at the time of data collection as
pastures (see Figure 12).

Communities of semi-dry grasslands of the alliance Cirsio-Brachypodion pinnati (syn.:
Danthonio-Brachypodion) covered around 1180 ha, that is, 21% of the grassland area,
and occurred mainly on the north-facing slopes (see Figure 12). They often could be
found in places which had been used traditionally as hay meadows, including the
surveyed meadows, but also in traditional grazing areas. In most cases these
grasslands had not been used as arable for at least 60 years.

Only around 12 % of the communal area of Borsa and Dabaca were covered by forests
(Paulini et al. 2011). The forests were mainly located in the western part of the
communes, while the eastern part, where the study hay meadows are located, was
almost free of forest (see Figure 12).

According to Pop (1996), most of the forests of the Hills of Cluj belong to the
mesophilous Transylvanian oak-hornbeam forests represented by the association
Lathyro hallersteinii-Carpinetum Coldea 1975. The association is dominated by
Quercus petraea and Carpinus betulus, with a weakly developed shrub layer of
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Crataegus monogyna, Coryllus avellana, Acer campestre and Tilia cordata (Pop and
Coldea 1987; Pop 1996). Itis included in the habitat type of Community interest ’'Dacian
oak & hornbeam forests’ (91Y0) (Societatea Lepidopterologica din Romania 2016).

According to the management plan of the SCI 'Eastern Hills of Cluj’ the habitat type
’Pannonian-Balkanic turkey oak — sessile oak forests’ (91MO0) is the most widespread
forest type in the SCI, represented by the association Quercetum petraeae-cerris So6
(1957) 1969 (Societatea Lepidopterologica din Romania 2016). According to Wallnofer
(2003), these are forests dominated by Quercus petraea and Quercus cerris, with
Potentilla alba in the herb layer. Pop (1996) also mentions the association Carpino-
Quercetum cerris Klika 1938 as occuring in the Hills of Cluj.

Another forest type reported to occur in the SCI is the habitat of Community interest
'Alluvial forests with Alnus glutinosa and Fraxinus excelsior’ (91EQ) along the
watercourses, represented by several associations. The characteristic species are
Salix fragilis, Salix alba and Alnus glutinosa (Societatea Lepidopterologica din
Roménia 2016).

The most common scrub association named by Pop (1996) for the Hills of Cluj is the
Pruno spinosae-Crataegetum monogynae (So6 1927) Hueck 1931. According to
Donita et al. (2005), the association is included in the habitat type of Community
interest 'Subcontinental peri-Pannonic scrub’ (40A0*). The dominant shrub species are
Prunus spinosa, Crataegus monogyna, Rosa canina, Ligustrum vulgare, Pyrus
pyraster and Cornus sanguinea (Pop 1996). In the study area, scrubs could be found
for example on forest edges, boundary ridges, verges and waysides.

2.5 Potential natural vegetation

According to the map of the potential natural vegetation of Romania drawn up by Ivan
et al. (1993), the eastern part of the Hills of Cluj, including the area of the study hay
meadows, belongs to mesophilous Transylvanian oak-hornbeam forests of Quercus
petraea and Carpinus betulus with Lathyrus hallersteinii (see Figure 13). Directly to the
west of the study area the potential natural vegetation according to Ivan et al. (1993)
is the thermophilous Pannonian-pre-Carpathian forests of Quercus petraea and
Quercus cerris with Potentilla alba and Vicia cassubica. Thus, the forest remnants in
the communes correspond to the named forest types of the potential natural vegetation
(see previous chapter).

In a south-easterly direction from the study area, separated by the valley of the Somesg
Mic, the natural vegetation of the Transylvanian Plain (lvan et al. (1993) is the
Transylvanian forests of Quercus robur and Quercus petraea in a complex with extra-
zonal steppe communities (Stipa tirsa, Carex humilis, Astragalus peterfii) (see Figure
13).
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Figure 13: Detail from the map of the potential natural vegetation of Romania by Ivan et
al. (1993)
The red oval shows the approximate position of the communes Borsa and Dabéaca.
Explanation of selected units: 25 - thermophilous Pannonian-pre-Carpathian forests of
Quercus petraea and Quercus cerris; 29 - Danubian-Balkanic forests of Quercus cerris;
12 - mesophilous Transylvanian forests of Quercus petraea and Carpinus betulus;

21 - thermophilous Transylvanian forests of Quercus robur and Quercus petraea in
complex with extra-zonal steppe communities

An interesting and much-debated aspect related to the natural vegetation is whether
the Transylvanian Basin belongs (at least in part) to the vegetation zone of forest-
steppes. Eurasian forest-steppes usually are considered to be a transitional zone
between the closed-canopy temperate forests and the temperate treeless steppes,
extending intermittently from Hungary to East Asia (Feurdean et al. 2015; Erdds et al.
2020). A more complex definition by Erdds et al. (2018) includes elements of
physiognomy (mosaical vegetation complex of arboreal and herbaceous components),
climate conditions (semi-arid to semi-humid) and complex biotic and abiotic
interactions.
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According to the bioclimatological classification by Kun et al. (2004), the potential
vegetation of the Transylvanian Basin would not be uniform, featuring several
vegetation zones with gradual transitions between them. These would include a forest
zone in the north and east, a forest-steppe zone in the southwest, as well as a
transitional zone between forest and forest-steppe in the central and western part. The
study are would be located in the forest zone, bordering to the transition zone between
forest and forest-steppes (see Figure 14).

Figure 14: Bioclimatological vegetation zones of the
Translyvanian Basin by Kun et al. (2004)

The red oval shows the approximate position of the communes
Borsa and Dabaca. W: forest; W-WS: forest/forest-steppe; WS:
forest-steppe

However, Feurdean et al. (2015) emphasise that the biogeography of the forest-
steppes in Europe is nowadays rather shaped by cultural and less by natural factors,
leading to the occurrence of forest-steppes in regions where local environmental
factors would favour forest. According to the map in their publication, the study area
would be located within the forest-steppe zone.

Similarly, So6 already mentions 1927 that the south-eastern part of the Hills of Cluj
was originally a wooded hill region and would now be an artificial steppe zone. In this
context, the possibility of chernozem formation from former forest soil under grassland
vegetation in a relatively short time (300-400 years), described by So6 (1927), is also
worth mentioning.
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2.6 Continuity of open land vegetation

The discussion about the current assignment of the Transylvanian Basin to the forest-
steppe zone is closely linked to the vegetation history of this area, especially to the
guestion of whether, to name the extremes, it was once in the Holocene covered by a
closed forest cover or whether there is a post-glacial continuity of forest-steppe
vegetation. On this depends the continuity or age of the nowadays occurring natural
and semi-natural grasslands; a long continuity could be a reason for the high
biodiversity of some of the grasslands in the region (e.g. Feurdean et al. 2015).

Feurdean et al. (2015) could show by means of an integrated palaeoecological record
from Lake Stiucii (around 14-18 km east of the study meadows) that the main forest
clearing phase of the grasslands in the region already took place in the Middle Bronze
Age (3700 cal. yr BP). This caused a biome shift from forest to forest-steppe (Feurdean
et al. 2015).

However, even in the preceding mid-Holocene, the forest cover never would have been
completely closed, which would have made grassland persistence throughout the
Holocene possible (Feurdean et al. 2015). The reasons for this would have been a
warm and dry climate, frequent fires, herbivore pressure and early Neolithic
settlements (Feurdean et al. 2018). The northward exposure of the slopes with their
relatively cool and humid meso-climate makes it likely that the study utilised hay
meadows were forested during the early and middle Holocene (Sunder-Plassmann
2016), however, possibly with a not entirely closed tree cover as mentioned above.

After the main forest clearing phase starting in the Middle Bronze Age, there were
some further phases of grassland expansion, often associated with increased burning
activity, but presumably also favoured by the introduction of iron scythes after 2600
cal. yr BP (Feurdean et al. 2015). During periods of strong decline in tree cover, the
region could be considered a grassland biome. An increase in tree cover only occurred
between 700 and 200 cal. yr BP and during the first decades of the 21st century, as
will be explained below (Feurdean et al. 2015).

In the pre-socialist period (1860-1950), the proportion of grassland within a radius of
50 km around Lake Stiucii was about 30-50 %, as Feurdean et al. (2017) could show.
This indication is supplemented by the data given by Paulini et al. (2011) regarding the
share of arable and permanent grassland in the communes of Borsa and Dabéaca for
the beginning and end of the communist period (see Figure 15): The share of grassland
of the entire agricultural area decreased from around 40 % at the end of the 1960s to
around 30 % at the end of the 1980s (Paulini et al. 2011).
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Figure 15: Share of arable and permanent grassland in the total
agricultural area in the communes of Borsa and Dabéaca 1968, 1989 and
2011

From: Paulini et al. (2011), page 22. Sources: 1968: cadastre map
1:25,000, Agency of Cadastre and Land Registration Cluj; 1989:
interviews with experts; 2011: field survey

Twenty years later, in 2011, 70 % of the agricultural area of the communes was
permanent grassland (see Figure 15), which illustrates the high level of abandonment
of arable cropping during the two decades after the fall of communism (Paulini et al.
2011). This was, among others, due to the lack of equipment and financial resources
of the many small-scale farmers to whom the land had been restituted. For the post-
socialist period, Feurdean et al. (2017) also observed large areas of new grassland on
former arable in the surveyed 50 km radius centred on Lake Stiucii.

An important aspect of these land cover fluctuations is that there are grassland units,
which have not been converted to arable since at least the 1960s, as Paulini et al.
(2011) could show. These are mostly traditional common pastures and traditional hay
meadows. Furthermore, Feurdean et al. (2017) could show, that of the grasslands
presentin 2010 in the study radius around Lake Stiucii, 60% were present as grassland
in 1985, but only 8% in 1860. The utilised hay meadows of this study are part of latter
category, as explanations in Chapter 4.3.1.2.3 will show.

2.7 Phengaris taxain the hay meadows

All five European taxa of the genus Phengaris (=Maculinea) have been observed in
the study hay meadows: Phengaris arion Linnaeus, 1758, Ph. teleius Bergstrasser,
1779, Ph. nausithous Bergstrasser, 1779, and Ph. alcon Denis & Schiffermuller, 1775
(see Figure 16). The taxon Phengaris alcon is represented in the study area by two
ecotypes: Ph. alcon ‘cruciata’ and Ph. alcon ‘pneumonanthe’, which are named after
their host plants, following Timus et al.(2013b). Although an equivalence might be
suspected, Phengaris alcon ‘cruciata’is not equated here with Phengaris (=Maculinea)
rebeli Hirschke, 1904.
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‘ |
Figure 16: Phengaris alcon in the Lord’s Meadow (Dabaca commune, 13.06.2009,
picture: Natalia Timusg)

The butterflies of the genus Phengaris, in English ‘large blues’, are parasitic
myrmecophilous butterflies with a complex life-cycle, which depend on specific host
ants of the genus Myrmica as well as specific host plants for oviposition and feeding
by the first instars of the caterpillars. For every Phengaris species there are particular
combinations of ant and plant species preferred (Thomas et al. 1989; Johst et al. 2006;
Rakosy and Voda 2008; Timus et al. 2013b; Tartally et al. 2019).

The host plants for the large blues occurring in mesic to wet meadows and marshes
are Sanguisorba officinalis for Phengaris teleius (see Figure 17) and Ph. nausithous
(see Figure 18), as well as Gentiana pneumonanthe for Ph. alcon ‘pneumonanthe’. In
the patches of semi-dry and dry grasslands on their fringes the host plants are Thymus
spp. and Origanum vulgare for Phengaris arion and Gentiana cruciata for Ph. alcon
‘cruciata’ (Rakosy and Voda 2008).

A common feature of the large blue plant-ant systems is their high specificity of habitat
requirements, linked to low-intensity agricultural use and partly also specific mowing
management. Thus, changes in land use have led to a rapid decline of many Phengaris
populations and extinctions in several European countries (Thomas 1980; Wynhoff
1998; Tartally et al. 2019). These developments are reflected by the inclusion of the
Phengaris taxa in numerous regional to international red lists. Furthermore, both
Phengaris nausithous and Ph. teleius are listed in Annexes Il and IV and Phengaris
arion in Annex IV of the Habitats Directive (Council of the European Communities
2013).
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Figure 17: Marked Phengaris teleius on Sanguisorba officinalis in the Lord’s Meadow
(Dabaca commune, 30.07.2009, picture: Natalia Timus)

Figure 18: Marked Phengaris nausithous on Sanguisorba officinalis in the Lord’s
Meadow (Dabaca commune, 30.07.2009, picture: Natalia Timus)
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Besides the high conservation value, the occurrence of five Phengaris taxa in the study
area is also of elevated scientific value, due to several reasons:

e It is most probably the only case in Europe where five Phengaris taxa occur
together in the same habitat (Timus 2014), that is, are syntopic in the sense of
Rivas (1964).

e Itis the only known syntopic occurrence of Phengaris alcon ‘cruciata’ and Ph. alcon
‘pneumonanthe’, whose taxonomic classification as species or ecotype has not yet
been definitively clarified (Timus et al. 2013b; Czekes et al. 2014).

e Itis assumed by Rékosy et al. (2010) that the Phengaris nausithous populations in
the study area belong to the subspecies Phengaris nausithous kijevensis
Sheljuzhko, 1928, which may differ from the nearest western population of
Phengaris nausithous in Western Hungaria (Hollés et al. 2012).

The populations of the large blues in the study area have been surveyed since 2009,
especially those of Phengaris nausithous, Ph. teleius and Ph. alcon. This includes
studies focussing on adult butterfly phenology, demography, mobility, and spatial
distribution (e.g. Voda et al. 2010, Timus et al. 2011, Timus et al. 2013b, Timus 2014),
studies about parasitism (Timus et al. 2013a, Timus 2014; Csata et al. 2017), host ants
(Tartally et al. 2008a; Tartally et al. 2008b), taxonomy (Rakosy et al. 2010) and
oviposition strategy (Czekes et al. 2014).

2.8 Population structure and agriculture

The population figures of the communes of Borsa and Dabaca during the period 1850
to 2021 show a steady increase until the 1940s / 1950s, followed by a decline which
continued until the most recent data point, 2021 (see Figure 19). Thus, in 2021, the
population of Borsa commune (1511) was only 32 % of that in the 1940s and 1950s
while the corresponding figure for Dabéca commune (1437) is 41 %. The decline in
population has already resulted in the dying of one of Borsa commune’s villages
(Borsa-Crestaia), which had around 140 inhabitants in the 1950s and has been
abandoned completely during the last decades.

The information regarding the situation of agriculture was mainly obtained through an
agro-economic study in the communes of Borsa and Dabaca carried out in the years
2010-2011 (Mihai and Jitea 2011a, 2011b, 2011c; Paulini et al. 2011). The study
included a questionnaire survey of a sample of 79 agricultural households in Borsa and
Dabaca communes and three larger commercial farms in Borsa commune (Mihai and
Jitea 2011a). The situation described here is therefore that of about a decade; this was
the context which shaped the agricultural situation of the hay meadows at the time of
the vegetation survey.
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Figure 19: Population of the communes of Borsa and Dabéaca 1850-2021
Data sources: Varga E. (1999-2023), Institutul National de Statistica (2011, 2023)

In 2010, in Borsa commune (1600 inhabitants at that time), there were 650 small family
run agricultural holdings (Romanian: gospodarie), two registered commercial farms
and one self-employed farmer (Romanian: persoana fizica autorizata), while Dabaca
commune (1543 inhabitants) had 542 small agricultural holdings, no registered
commercial farms and three self-employed farmers working in agriculture (Mihai and
Jitea 2011a).

Of the 79 sampled small agricultural holdings, around one third were subsistence farms
(standard gross margin below 1,200 Eurosl/year), which produced mainly for the
household consumption. The majority of the holdings, i. e. around 60 %, were semi-
subsistence farms with a standard gross margin between 1,200 and 9,600 Euros/year,
for which market participation was more important. Eventually, 7 % of the family run
holdings in Borsa and 10 % in Dabaca had the size of a professional farm (Mihai and
Jitea 2011b; Paulini et al. 2011).

The family run agricultural holdings used on average an agricultural area of 7-8 ha,
which mainly consisted of arable land (average 3.4 ha/household) and permanent
meadows and pastures (average 2.8 ha/household), partitioned in many parcels (Mihai
and Jitea 2011b; Paulini et al. 2011). The arable was split in 7-8 parcels on average
per holding and the grassland in 3-5 parcels per holding. The largest arable area
owned by a holding was 18 ha in Borsa and 17 ha in Dabaca commune, the largest
permanent grassland area was 14 ha in Borsa and 70 ha in Dabdca commune.

Only around 7-8 % of the family run holdings owned a tractor at the beginning of the
2010s (Mihai and Jitea 2011b). This low percentage illustrates the low mechanization
level of agriculture in the study communes and the financial strain for the small farmers
who didn’t own a tractor and had to contract others for this service. In contrast, the
commercial farms in Borsa had almost no expenses for work performed by third parties
(Mihai and Jitea 2011c).
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Family holdings traditionally have a broad range of agricultural activities to ensure their
self-sufficiency; the production is mainly for their own consumption. Usually, a family
farm in the study communes held a broad range of livestock: one or more dairy cows,
other cattle, sheep, which usually spent the period between spring to autumn in the
flocks on the communal sheep pastures, pigs, poultry, and sometimes horses. In 2010,
around half of the interviewed farmers stated that they owned some sheep.

In 2010, in Dabaca commune there were 268 head of cattle, of which 170 were dairy
cows, and in Borsa commune, 811 cattle, of which 460 were dairy cows. In Borsa
commune, around half of the cattle and of the dairy cows belonged to the three
commercial farms (Mihai and Jitea 2011c). Considering the fact that the family
households may own more than one cattle beast or dairy cow per farm, it is estimated
that only around 10% to 25% of the 650 holdings in Borsa and 542 holdings in Dabéaca
owned dairy cows and/or other cattle at that time.

The total numbers of livestock recorded were clearly lower than what had formerly
been kept in the communes (see Table 1); cattle numbers entered a decline after the
regime change in 1989. One reason for this was the dismantling of the collective farms.
Dairy farming by the family households was not profitable for several reasons: the small
milk price, the lack of infrastructure for milk collection, low livestock numbers per
household and therefore high levels of inconvenience and lack of economies of scale,
as well as low levels of cooperation between the farmers.

Dairy sheep farming on the other hand experienced a period of growth (see Table 1),
again due to multiple reasons: the sheep were managed for large parts of the year by
a professional sheep-keeper, with economies of scale and low demands on the
individual households. Furthermore, there was additional grazing area available
compared to the former common sheep pastures (abandoned arable land, abandoned
hay meadows, rented pastures) as well as a constant demand and market for sheep
cheese. Furthermore, the sheep-keepers had the wherewithal and capacity to invest
and enlarge their flocks.

Table 1: Number of cattle and sheep in the communes of Dabéaca and Borsa in selected
years

Year 1895 | 1948 | 1971 | 1992 | 1995 | 1999 | 2009 | 2010
Cattle (C) 1370 | 1479 | 1848 | 885 733 819 305 268
Dabaca | Sheep (Sh)| 2893 | 3786 | 3233 | 1930 | 3335 | 2650 | 3100 | 3764
Ratio Sh/C | 2.1 2.6 1.7 2.2 4.5 3.2 10.2 | 14.0

Cattle (C) 1043 780 811
Borsa |Sheep (Sh) 5762 7226 6027
Ratio Sh/C 5.5 9.3 7.4

Empty cells: No data available. Sources: 1895: agricultural census (Rotariu et al. 2004);
1948: agricultural poll (Pintilie and Pintilie 2001); 1971: agricultural census (Pintilie and
Pintilie 2001); 1992 - 2009: Locality Fact Sheet (report of statistical data provided by the
communes to the Ministry of Agriculture and Rural Development); 2010: General
Agricultural Census of the National Institute of Statistics (Directia Regionala de Statistica
Cluj 2010)
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This new livestock situation had consequences for the grasslands in the study area:
the need of hay from the meadows for dairy cattle had declined and the communal
cattle pastures were undergrazed, while the demand for sheep pastures had
increased. The consequences for the study hay meadows are discussed in Chapter
4.3.3.

With an average of 157 ha used agricultural area, the three commercial farms in Borsa
commune were substantially larger than the family holdings. Their main activity at that
time was cattle dairying with around 80 dairy cows and 140 total heads of cattle per
farm. The largest share of the land they worked was arable (average of 73 %), growing
fodder crops as well as maize.

The average milk yield per cow (litres/head/year) ranged between 5000 | and 5800 |
(family households: 3900 [); the annual amount of milk sold annually between 370,000 |
and 500,000 I. The milk was sold by all three commercial farms individually to the large
dairy company Napolact with an acquisition price of 1.19 RON per litre (around 0.26
Euros/litre). The family households received only around half the milk price paid to the
three commercial farms. The managers of all three farms saw cattle breeding as the
main development possibility for their commune, similar to the family farmers (Mihai
and Jitea 2011c).

2.9 Description of the study hay meadows

In this chapter, the five study meadows are described in more detail, regarding their
geography, delimitation, Romanian and English toponyms and short land use history.
The Romanian toponyms of the meadows are well-established place names, while the
English denominations have been derived from them by the thesis author.

The delimitation of the meadows used in this thesis is based mainly on aerial and
satellite images, but also on cadastral maps, communal borders, observations in the
field and statements of local farmers. While oral tradition, landscape elements and
cadastral maps determine the approximate location of the meadows, the setting of
exact limits is based on subjective decisions on the part of the thesis author.
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2.9.1 Dabaca commune

The two utilised hay meadows Lord’s Meadow and Village Meadow are located in the
southeast of Dabaca commune, where it meets Borsa and Bontida communes (see
Figure 20). They belong to the territory of the village Luna de Jos. To the northwest
follows the former hay meadow Meadow Hill, which belongs to the village of Dabaca.
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Figure 20: Topographic map of the study hay meadows in Dabaca commune
Green polygons: utilised hay meadows, orange polygon: former hay meadow, blue outline:
surveyed part of the Meadow Hill. Source of topographic map: Military Topographic Maps
L-34-048-A-b and L-34-048-B-a, scale 1:25,000 (Directia Topografica Militara ‘General de

divizie Constantin Barozzi’; period of publication: 1974-1992)

2.9.1.1 The Lord’s Meadow

The Lord’s Meadow is located below the Dealu Cocosului peak (492 m a.s.l.) on the
upper and middle slope of a side valley of the Lonea River (see Figure 20). The slope
has an amphitheatre-like shape, resulting in a northern aspect in the centre and north-
east and north-west aspects on the slopes on either side. The hay meadow has a
maximum width (west-east) of 750 m, a maximum length (north-south) of 800 m, and
an altitude difference of about 115 m (see Figure 21). Its surface area is 42 ha. Further
down the slope, the side valley periodically carries water.

Most of the boundaries of the Lord’s Meadow correspond well to landscape elements:
a path on the hill crest in the south, a hill ridge in the south-east, and hedgerows in the
north and on the western slope shoulder (see Figure 22). Only in the case of the
eastern delimitation, which was taken from cadastral maps from the late communist
period, a clear topographical boundary is not present in the landscape (see Figure 23).
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Figure 21: Google Earth image of the Lord’s Meadow (white outline)
Red lines: communal borders. The Google Earth image is from 10 October
2016 (Google, © 2023 CNES / Airbus).

Figure 22: The Lord's Meadow: western upper part (Dabaca commune, 06.09.2012)
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Fgure 23: Te Lord's Meadow: eastrn pper part (Déaca commune, 16.08.213)
The Romanian toponym Fénatul Domnesc was used by all the inhabitants and officials
consulted. The Romanian word fanatul means ‘the hay meadow’ and domnesc means

‘lordly’ or ‘manorial’. The English name Lord’s Meadow is derived from these
meanings.

The Lord’s Meadow has been used as a hay meadow from at least 1878 until the
1950s. From the 1950s to 1990, the meadow was used as pasture for dairy cows, then
again for hay production, with gradual abandonment of use as a meadow from 1990
onwards. Parallel to the abandonment of mowing, the frequency of sheep grazing
increased. The meadow is divided in numerous ownership plots. More details on the
land tenure and use history can be found in Chapter 4.3.

2.9.1.2 The Village Meadow

The Village Meadow is located on the upper and middle slope of the next side valley
of the Lonea River westward from the Lord’s Meadow. Further down the slope, the side
valley periodically carries water (see Figure 20).

Most of the shape and contour of the Village Meadow is based on the limits of the
meadow unit in the cadastral map from 1878 (see also Chapter 4.3.1). An exception is
the south-eastern boundary, which originates from the communism period, when part
of the original Village Meadow was converted into arable (see Figure 24 and Figure
25). Apart from the western boundary, which was taken from the 1878-map, all the
delimitations are reflected in landscape features: a path on the hill crest and the
boundary with the former arable to the south, a field path to the east and a narrow
hedge to the north.
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Figure 24: Google Earth image of the Village Meadow (white outline)
Red lines: communal borders. The Google Earth image is from 10 October 2016 (Google,
© 2023 CNES / Airbus).

Figure 25: The Village Meadow: south-eastern part (Dabaca commune, 11.08.2013)
On the right side of the picture the border with the former arable is visible.
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The eastern part of the hay meadow is north-facing and has a less inclined slope than
the NE-facing western part (see Figure 25 and Figure 26). The eastern part does not
extend to the hill ridge and lies at an elevation of about 440 m a.s.l. to 375 m a.s.l.,
while the western part extends to the ridge at about 460 m a.s.l. The meadow has a
maximum width (west-east) of 1200 m and a maximum length (north-south) of 750 m;
its size is 67 ha.

Figure 26: The Village Meadow: western part (Dabaca commune, 14.09.2012)

The Romanian toponym Fanatul Satesc was used by all consulted locals and officials
and can be considered as a counterpart of the Lord’s Meadow, as satesc means
‘belonging to the village'. As with the Lord’s Meadow, the meaning of the toponym can
also be explained by the historical ownership relations (see Chapter 4.3.1).

The Village Meadow has been used continuously as a hay meadow from at least 1878
until the present day, though mowing has been abandoned on some plots since the
1990s, especially in the western part of the meadow. The meadow is divided in
numerous ownership parcels. More details on the land use and tenure history can be
found in Chapter 4.3.
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2.9.1.3 The Meadow Hill

The former hay meadow called Meadow Hill used to be one of the largest continuous
hay meadow areas of Dabaca village and is located northwest of the Village Meadow
(see Figure 20). The delimitation of the meadow is based on the cadastral maps from
the 1960s/1970s. The name ‘Meadow Hill’ is a translation of the Romanian place name
‘Dambul Fanatelor’, which was mentioned by local farmers.

The meadow is located on the slopes of a valley named Valea Gropii whose non-
permanent watercourse runs into the Lonea River (see Figure 20). The vegetation
relevés were carried out in one 14 ha sub-area of the Meadow Hill, located on the
upper slope and facing east to north-east. The south-eastern corner of this part borders
onto the hilltop called Piscu Lapat’ (466.6 m a.s.l.) and the lowest elevation is at
395 m a.s.l. (see Figure 20 and Figure 27).
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Figure 27: Google Earth image of the surveyed upper part (white outline) and lower part
(yellow outline) of the Meadow Hill

Red lines: communal borders. The Google Earth image is from 21 September 2011
(Google, © 2023 Maxar Technologies).

This small meadow polygon has a maximum width (west-east) of 380 m and a
maximum length (north-south) of 620 m. It is delimitated by the hill crest in the south-
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west and (former) arable areas in the other directions, which at the time of data
collection were mainly covered with new permanent grasslands on the abandoned
arable (see Figure 27). Nowadays (year 2023), a large part of the entire meadow,
including the small polygon, is converted into arable, which also extends to the
surrounding areas to the east and west.

How far back the use of the Meadow Hill as hay meadow goes is not known. The
earliest known mention as hay meadow is from the 1960s/1970s cadastral maps. A
gradual abandonment of mowing from the 1990s onwards is presumed, as happened
in the Village and Lord’s Meadows. According to the statement of a local shepherd in
2013, the upper part of the Meadow Hill has been mainly used as a permanent sheep
pasture since 2009, because mowing had been almost completely abandoned (see
Figure 28). In 2014, for the last time a mown plot was observed in the upper part of
Meadow Hill and since the year 2015 the area has been gradually converted into arable
land.
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Figure 28: The upper part of the Meadow Hill (Dabaca commune, 11.08.2013)
In the foreground a Molinia arundinacea-stand, the light-coloured dots in the background

are Eryngium campestre. In the middle part of the picture a flock of sheep is visible.
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2.9.2 Borsa commune

The third utilised hay meadow surveyed in this thesis, called the Great Meadow, is
located in the south-eastern corner of Borsa commune, and borders on the three
communes Bontida, Jucu de Sus and Chinteni (see Figure 29). The former hay
meadow Jacob’s Meadow lies to the north-west of the Great Meadow.
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Figure 29: Topographic map of the study hay meadows in Borsa commune

Green polygon: utilised hay meadows, orange polygon: former hay meadow. Source of
topographic map: Military Topographic Map L-34-048-A-d, scale 1:25,000 (Directia
Topografica Militara ‘General de divizie Constantin Barozzi’; publication period: 1974-1992)

2.9.2.1 The Great Meadow

The Great Meadow is made of three attached parts with very similar landscape
structure, but three different local toponyms: Bortologeia, Sekeliste and Fanaia (see
Figure 29). These local names have been used by all the consulted inhabitants and
officials in Borsa commune and appear on several cadastral maps. Due to its having
the largest extent of all meadows, the novel English name Great Meadow is being
introduced in this thesis for all three parts together, which are considered one land use
unit.

The Great Meadow is located on the upper and middle slopes of two side valleys of a
short tributary of the Borsa River (see Figure 29). The valleys are separated by a slope
shoulder with dirt path, which separates Fanaia in the east from Sekeliste in the west.
Sekeliste and Bortologeia are not delimited from each other by clear geographical
features. As with the Lord’s Meadow, the valleys have the concave form of an
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amphitheatre, facing north in the centre and north-west or north-east on the shoulders
of the bowl. The Great Meadow is about 200 ha in size, up to 2250 m wide (west-east)
and up to 1100 m long (north-south). The highest point is 500.2 m a.s.l. on the ridge at
the southern border of Sekeliste, the lowest point is about 325 m a.s.l.

The southern and eastern boundaries of the Great Meadow follow geographical and
municipal boundaries (see Figure 29), while the northern and western boundaries are
mainly based on the 1970s cadastral maps, which for the most part correspond to the
part which is actually used as hay meadow (see Figure 30).

800 m

Bortoloseia Sekeliste

Figure 30: Google Earth image of the Great Meadow (white outline)
Red lines: communal borders. The Google Earth image is from 5 October 2013 (Google,

© 2023 CNES / Airbus).

Like the Village Meadow, the Great Meadow was used continuously as a hay meadow
from at least 1883 until 1990. Since then, it has been a mosaic of mown and unmown
plots (see Figure 31). During the last years, the frequency of sheep grazing increased.
The meadow is divided in numerous ownership plots. More details on the land use and
tenure history can be found in Chapter 4.3.
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Figure 31: The Great Meadow: view from W to E on the Sekeliste and Bortoloseia
sections (Borsa commune, 06.08.2011)

2.9.2.2 Jacob’s Meadow

The former hay meadow named Jacob’s Meadow is the next bigger area formerly used
as a hay meadow to be found west of the Great Meadow in Borsa commune (see
Figure 29). The delimitation of the meadow polygon is based on cadastral maps from
the 1970s. According to those maps, the area which was used as a hay meadow at
that time consisted of a large western (around 21 ha) and a narrow eastern part
(around 4 ha), separated by what was at that time an arable field (see Figure 29 and
Figure 32). The vegetation survey has been carried out in the main western part.

Jacob’s Meadow is situated on the upper and middle slope of the next side valley
westward from the Great Meadow (see Figure 29). The meadow also has an
amphitheatre shape, this time with north-east as the main exposure and east to north
exposed margins. The main meadow polygon has a maximum width (west-east) of
about 600m and a maximum length (north-south) of about 700m. It is delimited by the
hill ridge to the southwest and west and a line of trees and shrubs to the east (see
Figure 32), while the northern border seems not to be reflected by a geographical
feature. The hill ridge is at an altitude of about 450 m a.s.l. and the lowest point at
about 380 m a.s.l.
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Figure 32: Google Earth image of Jacob’s Meadow (white outline)
Red lines: communal borders. The Google Earth image is from 5 October 2013
(Google, © 2023 CNES / Airbus).

The place name /lacobaia Sateasca was mentioned by town hall employees and locals.
The name ‘acobaia’ appears also in other toponyms for areas surrounding the
meadow (Dealu lacobaia, Dosu lacobdii, Fata lacobaii) and may be derived from the
name lacob. The Romanian word sateasca means ‘belonging to the village’, like in the
Romanian place name ‘Fanatul Satesc’ for the Village Meadow.

The area was said to be a former hay meadow by town hall employees and is also
marked on a cadastral map from the 1970s as a hay meadow. In 2013, a local
shepherd stated that grazing in Jacob’s Meadow had started before 1989 and that
mowing had stopped completely by 1998 except for one plot, at which point the
meadow was finally converted into a permanent sheep pasture. A sheep farmer has
been settled just beyond the northern boundary of the meadow since at least 2011,
gradually adding sheepfolds, shepherds’ huts, simple farm buildings and a vegetable
garden (see Figure 33). Like the utilised hay meadows, Jacob’s Meadow is also divided
into numerous ownership plots.
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Figure 33: View from S to N on the main part of Jacob’s Meadow with the buildings and
infrastructure of a sheep farm adjacent to the meadow (Borsa commune, 06.08.2013)
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3 Vegetation and flora of the hay meadows

3.1 Introduction

This vegetation survey aims to identify the most important grassland vegetation types
of the study meadows (Lord’s Meadow, Village Meadow and Great Meadow) and to
sketch their structure and ecological characteristics. Additional information shall help
to develop adequate management measures for the hay meadows.

The selection of the surveyed vegetation types was based on the priorities outlined in
Chapter 1. Vegetation types harbouring the host plants of the butterfly species
Phengaris teleius, Ph. nausithous and Ph. alcon ‘pneumonanthe’ were prioritized,
since these were the best studied Phengaris species in the area and, referring to the
first two species, the main reason for the designation of the Natura 2000 site. Their
host plant species, Sanguisorba officinalis and Gentiana pneumonanthe, occur in or
near stands with Molinia arundinacea.

Stands with Molinia arundinacea were a focus of this survey for the following further
reasons: a lack of information on Molinia meadows with this species in Romania, which
is often considered a subspecies of Molinia caerulea, and underrepresentation of
basophilic Molinion meadows in the phytosociological literature of Romania in general.
For instance, the central association of the alliance, the Molinietum caeruleae Koch
1926, is not listed in the phytosociological synopses of Romanian vegetation by Coldea
et al. (2012) and Sanda et al. (2008).

A further priority of the vegetation survey were the species-rich meadow steppes, with
the intention of verifying whether they belonged to similar plant communities like the
meadow steppes of the world record site in the Hay Meadows of Cluj nature reserve
(see Chapter 1).

During the first field walks, the occurrence of the species Serratula coronata L. was
detected (synonym: Serratula wolffii Andrae), mostly in the Great Meadow, where the
tall forb species seemed to co-occur with Calamagrostis epigejos. Since this was a
new location of the rare species for Romania (S. Badarau, personal communication,
August 2009), another focus was put on the vegetation stands with Serratula coronata.

To complement the information about the meadow vegetation, some relevés were also
made in non-priority grassland vegetation types. Furthermore, the relevés made for
the phytodiversity study (see Chapter 5) in the former hay meadows were also included
in the analysis.

It is important to note that the study meadows, besides having their predominant
grassland vegetation, are also characterised by woody plants, particularly Crataegus
monogyna, Prunus spinosa, Rosa canina, Cornus sanguinea, Pyrus pyraster and Salix
cinerea. These occur either as solitary shrubs or trees, clumps of shrubs scattered over
the meadow surface, or as more or less dense shrubby plant formations in the areas
affected by scrub encroachment or at the margin of the meadows. The woody plant
communities were not surveyed in this thesis.
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3.2 Methodology
3.2.1 Vegetation sampling

3.2.1.1 Overview

For the identification of the vegetation types the phytosociological approach (Braun-
Blanquet-school) was chosen, since this is the most comprehensive and consistent
methodology for vegetation classification as well as the mainstream classification
scheme in Europe (Dengler et al. 2008).

Field work was carried out in the summer months of 2009, 2011, 2012 and 2013 by
the thesis author and colleagues (for detailed information on the surveyors see Annex
2). For the data analysis 102 phytosociological relevés were used, containing 320
vascular plant species. Some of these relevés (n = 44) are additionally part of nested
diversity plot series (see Chapter 5).

From the total number of 102 relevés, 86 relevés were carried out in three utilised hay
meadows, which were still partly mown at the time of data collection: 28 in the Lord’s
Meadow, 24 in the Village Meadow (both Dabaca commune) and 34 in the Great
Meadow (Borsa commune). Additionally, 16 relevés were made in the former hay
meadows, which were used as permanent pastures at the time of data collection: nine
in the upper part of the Meadow Hill (Dabaca commune) and seven in Jacob’s Meadow
(Borsa commune) (see description of the meadows in Chapter 2.9).

The sample plots were square-shaped phytosociological relevés. The plot size
traditionally used for phytosociological grassland relevés in Romania is 25 m? or 100
m?, see for example the most frequently used plot sizes in the Romanian Grassland
Database: 100 m? — 22 %, 25 m? — 21 % and 10 m? — 4 % (Vassilev et al. 2018). Here,
the size of 25 m?was chosen for the phytosociological relevés (n = 64), except for the
relevés which belong to the nested diversity plot series, where the size of 10 m? was
used (n = 38). In the phytosociological analysis the difference in relevé size was not
considered (see discussion in Chapter 3.4.2).

3.2.1.2 Selection of the plots

The selection of the plots within the grassland vegetation of the meadows was in most
cases targeted (preferential) towards certain species:

e The Phengaris host plants Sanguisorba officinalis and/or Gentiana pneumonanthe
and/or of the species Molinia arundinacea

e Diagnostic species for steppe meadows, that is, species composition with high
cover values of Brachypodium pinnatum and/or Festuca stricta subsp. sulcata, and
occurrence of one or more other species like Trifolium montanum, Centaurea
scabiosa, Ranunculus polyanthemos and Scabiosa ochroleuca

e Serratula coronata
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For the 44 relevés included into the nested diversity plot series, land use was an
additional criterion (see Chapter 5.2.1). Further selection criteria for all the plots were
homogenous vegetation physiognomy, floristic homogeneity, as well as homogeneity
of the visual site conditions (Dierschke 1994; Tremp 2005).

In addition, six relevés in the utilised hay meadows were made in other vegetation
types occurring on small surfaces of the meadows: four relevés in wet meadows and
two in dry grasslands with Stipa tirsa and Stipa capillata. The preferential selection
method is discussed in Chapter 3.4.1).

3.2.1.3 Collected species data

For all vascular plant species, the cover values per plot have been estimated using the
shoot-presence approach (vertical projection). For the estimation, three different cover
scales have been used by different surveyors:

e abundance / cover estimation based on categories of the Braun-Blanquet scale
(Dierschke 1994) for 33 relevés: r: 1 individual with small cover value;
+:cover<1%; 1: cover 1 — 5 %; 2: cover 5 — 25 %; 3. cover 25 — 50 %;
4: cover 50 — 75 %; 5: cover 75 - 100 %

e abundance / cover estimation based on categories of the Londo scale (Londo 1976;
Dierschke 1994) for 25 relevés: r: 1 individual with small cover value;
1:cover<1%; .2: cover 1 — 3%; .4: cover 3 — 5%; 1. cover 5 — 15 %;
2:15-25%; 3: 25 — 35%; 4: 35 — 45%; 5:45-50%; 5+ 50 — 55 %;
6: 55 —-65 %; 7: 65— 75 %; 8: 75 — 85 %; 9: 85 - 95 %; 10: 95 - 100 %

e cover estimation in percentage values (Dierschke 1994) for 44 relevés

For the phytosociological analysis, all values have been converted into cover values
based on the Braun-Blanquet scale due to the specification of the data processing
software (details about the conversion in Chapter 3.2.4.1). Additionally, for each
vascular plant species, the layer was specified using the following rules:

e Herbaceous plants were assigned to the herb layer.

e The specimen of the six phanerophyte species Crataegus monogyna, Rosa canina,
Prunus spinosa, Salix cinerea, Cornus sanguinea and Rosa micrantha measuring
less than 50 cm were assigned to the juvenile layer and measuring more than 50
cm were assigned to the shrub layer.

e The species Lembotropis nigricans, Cytisus albus, Rosa gallica, Dorycnium
pentaphyllum subsp. herbaceum, Genista tinctoria, Teucrium chamaedrys, Thymus
pulegioides subsp. pannonicum and Rubus caesius were always assigned to the
herb layer.

The taxonomy of vascular plants follows the Euro+Med PlantBase (Euro+Med 2006+),
except for Festuca pratensis Huds. and Festuca arundinacea Schreb., which are listed
as Schedonorus pratensis (Huds.) P. Beauv. and Schedonorus arundinaceus
(Schreb.) Dumort. in the Euro+Med PlantBase. In the following cases, subspecies
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which are considered species according to Savulescu (1952-1976) were not
considered separately:

e Centaurea scabiosa L. includes Centaurea scabiosa subsp. spinulosa (Spreng.)
Arcang. (synonyms: Centaurea apiculata subsp. spinulosa (Spreng.) Dostal,
Centaurea spinulosa Spreng.).

e Euphorbia esula L. includes Euphorbia esula subsp. tommasiniana (Bertol.)
Kuzmanov (synonym: Euphorbia virgata Waldst. & Kit.).
3.2.1.4 Collected header data

For all relevés (n = 102), the total cover of vascular plants was estimated, and the
species richness was calculated. Additionally, the following parameters of vegetation
structure were estimated (or measured with a tape measure where indicated) for a part
of the relevés:

e Cover of bare ground (n = 44)

e Cover of bryophyte, lichen, and litter layer (n = 44)

e Litter depth (n=41) (measured at standardized points, median of at least 6 values)
e Average and maximum height of herb layers (n = 38)

e Average height of lower and upper herb layer (n = 43) (measured, one value / plot)

The cover of bare ground, the cover of the bryophyte, lichen and litter layer and the
litter depth were only determined for the diversity relevés, and therefore mean values
can only be specified for three communities (see the subchapters ‘Structure and
species composition’). The recorded parameters on the height of the herb layers
differed between the phytosociological and diversity relevés; the results are also
discussed in the mentioned subchapters.

Furthermore, the following environmental parameters were recorded:

e The geographic coordinates (n = 100), height above mean sea level (n = 97) and
aspect (n = 83) were determined with a GPS device.

¢ The inclination was estimated (n = 92).

e The soil texture of the topsoil was determined by haptic tests in the field (AG Boden
1996) (n = 38, only for the diversity relevés).
3.2.2 Occurrence, habitat codes and conservation value

The occurrence of the plant communities in the study hay meadows was described
qualitatively according to observations, except for the Molinietum caeruleae in the
Lord’s Meadow, for which more detailed information can be provided based on a
mapping of the species Molinia arundinacea carried out in 2010 with a GPS device in
the field.
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Additional information on the occurrence of the plant communities in Romania, the
habitat codes and national / European conservation value were obtained from
literature.

3.2.3 Data storage

The vegetation relevés were stored in databases using the programs EXCEL 2019
(Microsoft Corp. 2018) as well as TURBOVEG version 2.140b (Hennekens and
Schaminée 2001).

3.2.4 Data analysis

3.2.4.1 Phytosociological classification

For the phytosociological vegetation classification, the program JUICE version 7.1
(Tichy 2002) was used. The releveé data was imported from TURBOVEG using adapted
categories of the Braun-Blanquet scale indicated in Table 2, considering only cover
values.

Table 2: Adapted cover scale used in the program JUICE

Braun-Blanquet
values

r + 1 2 3 4 5

Estimated cover

0.01-0.1| 02-1 2-5 6-25 | 26-50 | 51-75 | 76—100
(%)

For the standardization of relevé data, occurrences of species in the different layers
(shrub, herb and juvenile layer) were combined (Dengler et al. 2012). Additionally, taxa
determined only on genus level or coarser, as well as taxa with uncertain determination
(‘confer’ in field name), were excluded from the analyses, except for the determination
of the species richness (Jansen and Dengler 2010).

For the classification of the relevé table, the program TWINSPAN (‘Two way Indicator
Species Analysis’) was used (Hill 1979, cited in Berg and Magnes 2019), which is
integrated into JUICE. It is the most commonly used program for numerical
classifications of vegetation relevés (Berg and Magnes 2019).

The ‘Two way Indicator Species Analysis’ is a hierarchical divisive classification
technique (Rolecek et al. 2009). In the first step, the TWINSPAN algorithm places the
sites along the first axis of correspondence analysis (CA), then the sites are divided
into two clusters by splitting the first CA axis near its middle (Rolecek et al. 2009). After
a mechanism of refinement, the process can be repeated at will and each of the two,
four, etc. clusters is divided again according to the same principle (Rolecek et al. 2009;
Berg and Magnes 2019).

To obtain good results using TWINSPAN, the same conditions as for a correspondence
analysis must be given, i.e. the gradient in the gradient analysis must be long enough
and there must be one effective ecological main factor (Berg and Magnes 2019).

In TWINSPAN, only presence-absence-values of the species are used; however,
through the principle of ‘pseudospecies cut levels’, the cover values of the species are
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included in the calculation to a certain extent (Berg and Magnes 2019). In order to
achieve this, TWINSPAN internally creates ‘pseudospecies’ for species that exceed
the specified coverage thresholds.

The specific procedure for the classification of the 102 relevés was the following: first,
a preliminary detrended correspondence analysis (DCA) was performed to verify the
axis length, which proved to be long enough (3.7 SD) (Lep$ and Smilauer 2003). After
testing different possibilities, a TWINSPAN classification with the following analysis
parameters was carried out because it resulted in the best interpretable classification
of the relevé table:

e 3 pseudospecies cut levels with thresholds 0, 5, 25
e Minimum group size: 2
e Maximum level of division: 3 (resulting in 8 groups)

Subsequently, another group with two relevés was separated with manual editing; the
group is characterized by species of high indicator value (the only two relevés with
Stipa tirsa, Stipa capillata, Festuca valesiaca and Salvia nutans; see Chapter 3.3.10).
In addition, two relevés were moved from one group to another due to the indicator
species combination.

In the end, nine vegetation groups were obtained, each with a different number of
relevés (from 1 to 36). An overview of the results and a detailed description of the
vegetation types is given in Chapter 3.3.

3.2.4.2 Identification of diagnostic species

After the classification, the diagnostic species were identified for each of the nine
groups and the relevé table was sorted manually according to these diagnostic species
as well as their fidelity value.

In phytosociology, the term ‘diagnostic species’ is traditionally applied to differential
and character species (Dengler et al. 2008). Diagnostic species are based on the
concept of fidelity (german: Treue’), i.e. species with high fidelity can be considered
diagnostic (Chytry 2007a). Fidelity is defined as the concentration of occurrence or
abundance of species within the given syntaxon (Dengler et al. 2008). In the past,
arbitrary measures of fidelity were used, while the use of statistical fidelity measures
has increased more recently (Dengler et al. 2008).

In this analysis, three different fidelity criteria have been considered. The decisive
criterion was the statistical fidelity criterion, i.e. species are considered diagnostic if
they meet at least the statistical fidelity criterion. The statistical fidelity measure used
in this analysis is the phi-(®)-coefficient of association, which is a statistical measure
of association between categories (in this case species presence/absence) (Chytry et
al. 2002; Tichy et al. 2010). It is one of the standard measures which can be calculated
by JUICE (Berg and Magnes 2019).
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The phi-coefficient is independent of the size of the data set and takes values from — 1
to + 1 (Chytry et al. 2002); for convenience these values are multiplied with 100 in
JUICE (Tichy et al. 2010). Positive values indicate that the species and the vegetation
unit co-occur more frequently than would be expected by chance, with larger values
indicating a greater degree of joint fidelity. The value 100 indicates that the species
and the vegetation unit are completely faithful to each other (Chytry et al. 2002), and
the value 0 indicates no relation between the target species and the target vegetation
unit (Tichy et al. 2010).

Species are considered diagnostic at a subjective phi-coefficient level so as to obtain
an appropriate number of diagnostic species. Frequently used thresholds are 20 (Aci¢
et al. 2015) or 25 (Chytry 2007a; Dengler et al. 2012). In this study, species with phi-
coefficient values of at least 20 are considered diagnostic and species with phi-
coefficient values of at least 45 are considered highly diagnostic. Only significant phi-
coefficient values were considered; the statistical significance was calculated by
Fisher's exact test (level of significance p > 0.05) in JUICE (Chytry et al. 2002; Tichy
and Chytry 2006).

Since the groups obtained by the TWINSPAN classification differ considerably in the
number of relevés (from 1 to 36), a standardisation of the relevé group size was applied
in JUICE (Tichy and Chytry 2006).

In addition to the statistical fidelity values, the frequency class and percentage
frequency were also considered, to complement the results with the two following
‘classic’ fidelity criteria:

e Difference of frequency class: For diagnostic species, constancy differences
between the considered group and other groups should be at least two frequency
classes (Dierschke 1994) (e.g., V/IV vs. II, 1, 0; lll vs. I, O; Il vs. 0).

e Difference of percentage frequency: A species can be considered differential for a
syntaxon when in has at least double the percentage frequency compared to
another syntaxon of the same rank, provided that the observed difference in
frequency is not coincidental (Bergmeier et al. 1990; Dengler 2003).

3.2.4.3 Assignment to syntaxonomical units

For the assignment of the vegetation groups to syntaxonomical units, the identified
diagnostic species have been compared with indications in the phytosociological
literature, focusing specifically on character and differential species. Other important
indications for identifying the matching syntaxon (an association in most cases) are
constant and dominant species, the total species composition, and information on site
conditions, vegetation structure and range of the syntaxa.

If a group could not be assigned to an already existing syntaxon, it was named after a
dominant species and referred to as dominance or informal community (see Chapters
3.3.5 and 3.3.7). The vegetation table with 102 relevés in nine groups was sorted
manually based on the diagnostic species and affiliation to syntaxonomical groups.
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The main syntaxonomical literature sources used were for the vegetation of Romania
Coldea et al. (2012), Coldea et al. (1997), and Sanda et al. (2008) and for the
vegetation of Europe Mucina et al. (2016), Leuschner and Ellenberg (2017), and
Willner et al. (2019). The comparison of the obtained vegetation types with the
vegetation of the White Carpathians was mainly based on the publications of Chytry
(2007b), including H4jkova et al. (2007) and Chytry et al. (2007), and Jongepierova
(2008), including Skodova et al. (2008).

3.2.4.4 Ellenberg indicator values and DCA

Ellenberg indicator values provide approximate evidence for the ecological site
conditions of the identified plant communities, based on the species composition of the
relevés (Ellenberg et al. 2001). The indicator values for vascular plants were taken
from the program JUICE (Tichy et al. 2011), which are based on Ellenberg et al. (1992)

For the species not included in the mentioned list, indications were completed from the
Hungarian flora by Borhidi (1995) (34 of 320 species). For 12 species, no information
on the Ellenberg indicator values could be found. Mean unweighted Ellenberg indicator
values for relevés were calculated in JUICE and, based on these results, mean
indicator values for the vegetation types.

A detrended correspondence analysis (DCA) was carried out to find the most important
ecological gradients based on the floristic composition of the relevés. The DCA was
performed in JUICE version 7.1 (Tichy 2002) using the software R version 3.6.1. (R
Core Team 2019). The cover values were transformed by square root transformation,
and down-weighting of rare species was used; the Ellenberg indicator values
(unweighted) were displayed as vectors (Berg and Magnes 2019).

3.3 Results

3.3.1 Overview of the results

In the following, the most important results of the vegetation study are presented for all
vegetation types together, while Chapters 3.3.2 to 3.3.10 show more detailed results
on the individual plant communities.

3.3.1.1 Phytosociological results and occurrence in the hay meadows

The hierarchical divisive classification TWINSPAN of 102 relevés and subsequent
manual editing has resulted in nine vegetation types with different numbers of relevés
(from 1 to 36), which are also referred to as plant communities or, if applicable, as
associations.

In the following, the results of the syntaxonomical assignment will be outlined, while
the detailed syntaxonomical deduction of the plant communities is explained in the
subchapters ‘Syntaxonomy and diagnostic species’ for each vegetation type, where a
selection of the diagnostic species is also presented. Furthermore, the sorted
phytosociological table is shown in Annex 1.
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The nine identified grassland communities belong to three different phytosociological
classes: reed and tall-sedge marshes (Phragmito-Magnocaricetea), agricultural
grasslands (Molinio-Arrhenatheretea) and base-rich semi-dry and dry grasslands
(Festuco-Brometea).

Six of the nine plant communities have the rank of phytosociological associations; one
vegetation type has been identified as a dominance community (Calamagrostis
epigejos-community, see Chapter 3.3.5), and two vegetation types are informal
communities (Festuca pratensis-community, see Chapter 3.3.7, and Cirsium furiens-
Brachypodium pinnatum-community, see Chapter 3.3.9). Figure 34 shows the names
of the identified associations and communities and their placement in the
syntaxonomic system.

Association:

Order:
Alliance:
Association:

Association:

Community:

Association:

Class: Phragmito-Magnocaricetea Klika in Klika et Novak 1941

Order: Magnocaricetalia Pignatti 1953

Alliance: Magnocaricion gracilis Géhu 1961

Association: Caricetum vesicariae Chouard 1924 (1 relevé)
Class: Molinio-Arrhenatheretea Tx. 1937

Order: Potentillo-Polygonetalia avicularis Tx. 1947

Alliance: Potentillion anserinae Tx. 1947

Mentho longifoliae-Juncetum inflexi Lohmeyer ex
Oberdorfer 1957 nom. invers. (3 relevés)

Molinietalia caeruleae Koch 1926
Molinion caeruleae Koch 1926
Molinietum caeruleae Koch 1926 (16 relevés)

Community: Calamagrostis epigejos-[Molinietalia caeruleae]-community
(10 relevés)
Class: Festuco-Brometea Br.-Bl. et Tx. ex So6 1947
Order: Brachypodietalia pinnati Korneck 1974 nom. conserv. propos.
Alliance: Cirsio-Brachypodion pinnati Hada¢ et Klika in Klika et Hada¢ 1944

Brachypodio pinnati-Molinietum arundinaceae Klika 1939
(10 relevés)

Festuca pratensis-[Cirsio-Brachypodion pinnati]-
community (8 relevés)

Polygalo majoris-Brachypodietum pinnati Wagner 1941
(36 relevés)

Community: Cirsium furiens-Brachypodium pinnatum-[Cirsio-
Brachypodion pinnati]-community Dengler et al. 2012
(16 relevés)

Order: Festucetalia valesiacae So6 1947

Alliance: Festucion valesiacae Klika 1931 nom. conserv. propos.

Suballiance: Stipenion lessingianae So6 1947

Association: Danthonio-Stipetum stenophyllae Ghisa 1941 (2 relevés)

Figure 34: Identified syntaxa and their placement in the syntaxonomic system

The nomenclature for the classes, orders and alliances follow Mucina et al. (2016); for
the associations and communities the nomenclature follows different authors indicated
in the respective chapters.
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The course of the classification by TWINSPAN is illustrated by a dendrogram in Figure
35 and described in the following:

e In the first division step, four communities of moist to wet grasslands were
separated from four communities of semi-dry grasslands of the alliance Cirsio-
Brachypodion pinnati.

e In the second step, the Mentho-Juncetum inflexi and Molinietum caeruleae were
divided from the Caricetum vesicariae and the Calamagrostis epigejos-community.

e On the side of the semi-dry vegetation, the second division step divided the
Brachypodio-Molinietum arundinaceae and the Festuca pratensis-community from
the Polygalo-Brachypodietum pinnati and the Cirsium furiens-community (including
the Danthonio-Stipetum stenophyllae).

e The third step resulted in the final division, with subsequent manual separation of
the Danthonio-Stipetum stenophyllae from the Cirsium furiens-community.

Caricetum vesicariae

Calamagrostis epigejos-community

Mentho-Juncetum inflexi

Molinietum caeruleae

Brachypodio-Molinietum arundinaceae

Festuca pratensis-community

Polygalo-Brachypodietum pinnati

Cirsium furiens-community

Danthonio-Stipetum stenophyllae

Figure 35: Dendrogram of the TWINSPAN classification of the relevés
The program does not specify distance measures. The Danthonio-Stipetum
stenophyllae was separated manually from the Cirsium furiens-community.

The location of the 102 relevés with display of the group affiliation is shown for the
Lord’s Meadow in Figure 36, for the Village Meadow in Figure 37, for the Meadow Hill
in Figure 38 and for the Great Meadow and Jacob’s Meadow in Figure 39.

Qualitative information about the location and the area covered by the plant
communities is provided in the respective subchapters ‘Occurrence of the plant
community in the study hay meadows’. Furthermore, the mapping results of the Molinia
arundinacea stands are presented in Chapter 3.3.4.4.
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Legende

@ 2- Mentho-Juncetum inflexi

@ 3- Molinietum caeruleae

@ 4- Calamagrostis-community
- Brachypodio-Molinietum
- Festuca pratensis-comm.
- Polygalo-Brachypodietum

Figure 36: Locations of the relevés with plant community affiliation in the
Lord’s Meadow (white outline; Dabaca commune)

Red lines: communal borders. The Google Earth image is from September
2011 (Google, © 2023 Maxar Technologies).

Legende
@ 2 - Mentho-Juncetum inflexi
@ 3 - Molinietumn caeruleae
- Brachypodio-Molinietum
- Festuca pratensis-comm.
- Polygalo-Brachypodietum
- Cirsium furiens-comm

Figure 37: Locations of the relevés with plant community affiliation i the
Village Meadow (white outline; Dabaca commune)
Red lines: communal borders. The Google Earth image is from September

2011 (Google, © 2023 Maxar Technologies).
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Legende

@ 3 - Molinietum caeruleae

@ s Braychpodio- Molinietum
@ 7 - Polygalo-Brachypodietum
@) 8- Cirsium furiens-comm .

Figure 38: Locations of the relevés with plant community affiliation in the Meadow
Hill (white outline; Dabaca commune)

Red lines: communal borders. The Google Earth image is from September 2011
(Google, © 2023 Maxar Technologies).

Legende

e

- Caricetum vesicariae

3 - Molinietum caeruleae

- Calamagrostis-comm.

- Brachypodio-Molinistum

- Festuca pratensis-comm.
- Polygalo-Brachypodietum
- Cirsium furiens-comm.

- Danthonio-Stipetum

O
(]
(]
®
®
®

W 0 ~N

Figure 39: Locations of the relevés with plant community affiliation in the Great Meadow
(white outline) and Jacob’s Meadows (black outline) (Borsa commune)

Red lines: communal borders. The Google Earth image is from September 2011 (Google,
© 2023 Maxar Technologies).
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3.3.1.2 Ellenberg indicator values

The mean Ellenberg indicator values (unweighted) of the nine identified plant
communities, calculated from the mean values of the relevés, are shown in Table 3,
Figure 40, and are also discussed in the subchapters ‘Environmental and ecological
conditions’ for the single plant communities. For discussions about the use of the
arithmetic mean for the Ellenberg indicator values, which are ordinal data, see
Dierschke (1994), Ellenberg et al. (2001) and Chytry et al. (2018).

Table 3: Unweighted mean Ellenberg indicator values of the plant communities

Tempera- | Continen-

Plant community Light ture tality Reaction | Moisture | Nutrients
Caricetum vesicariae 6.9 5.6 4.6 7.0 8.0 5.5
Mentho-Juncetum inflexi 71+01| 5701 | 42+00 | 72£0.2 | 68£0.3 | 43+£04
Molinietum caeruleae 72+02| 58+01 | 44+02 | 7.3+0.2 | 55+04 4+0.3

Calamagr. epigejos-comm. |7.2+0.1| 59+0.1 | 48+0.1 | 75+£0.2 | 54+04 | 42+£0.3
Brachypodio-Molinietum 73+£01| 59+01 | 47+0.1 | 75+0.1 | 43+0.2 | 34+£0.1
Festuca pratensis-comm. 73+01| 6.0+01 | 46+0.2 | 7401 | 4303 | 3.6x0.2
Polygalo-Brachypodietum 72+01| 6.1+£01 | 49+0.1 | 75+0.1 | 3.8+0.2 | 3.4+£0.2

Cirsium furiens-comm. 73+01| 6.0+x0.1 | 47+0.2 | 76+0.2 | 39£0.2 | 3.4+£0.3
Danthonio-Stipetum 7.7+00| 65+01 | 55+0.1 | 78+0.2 | 3.0+£0.1 | 29+0.1
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Figure 40: Diagram of the unweighted mean Ellenberg indicator values

The plant communities differ most in their ecological behaviour regarding soil moisture
(range from 3.0 to 8.0) and the supply of mineral nitrogen (range from 2.9 to 5.5). The
mean values of the other indicators (light, temperature, continentality, soil reaction) are
within approximately one scale step per plant community. In the following, the results
for the single Ellenberg indicator values are considered in more detail.
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Since all studied plant communities are grasslands, the Ellenberg indicator for light
varies little, as expected, and reflects a relatively high light requirement of the vascular
plant species (Dierschke and Briemle 2008). The mean indicator values per plant
community range between 6.9 (Caricetum vesicariae) and 7.3 for all vegetation types
except the Danthonio-Stipetum stenophyllae, which has a value of 7.7. This means
that the studied plant communities predominantly contain vascular plant species
occurring generally in well lit places, but also in partial shade (Hill et al. 1999; Ellenberg
et al. 2001).

The mean Ellenberg indicator value for temperature, which depends on the geographic
range or altitudinal stage of the species (Ellenberg et al. 2001), ranges between 5.6
(Caricetum vesicariae) and 6.5 (Danthonio-Stipetum stenophyllae). This means that
the majority of the plant communities have an elevated occurrence of vascular plant
species of temperate areas in the lowland to (sub)montane level (Ellenberg et al.
2001).

The mean indicator value for continentality ranges between 4.2 (Mentho-Juncetum
inflexi) and 5.5 (Danthonio-Stipetum stenophyllae). The continentality value 4 indicates
a suboceanic occurrence of a species, the value 5 a weak suboceanic to weak
subcontinental occurrence (Ellenberg et al. 2001). This means that, on average, the
plant species in the vegetation types occur predominantly in this range, although there
can be large deviations (values from 2 to 9 for single plant species).

The mean indicator value for soil reaction ranges between 7.0 (Caricetum vesicariae)
and 7.8 (Danthonio-Stipetum). This indicates the more frequent occurrence of plant
species growing predominantly on soils with neutral to rather alkaline pH-value
(Ellenberg et al. 2001), which can be explained by the fact that the parent rock is
carbonate-rich marl (see Chapter 2.3).

The mean Ellenberg indicator value for moisture ranges between 3.0 (Danthonio-
Stipetum stenophyllae) and 8.0 (Caricetum vesicariae) and has the largest range of all
indicator values as previously mentioned. Many indicator species for dryness occur in
the Danthonio-Stipetum stenophyllae, while the four plant communities assigned to the
alliance of semi-dry grasslands Cirsio-Brachypodion pinnati (Brachypodio-Molinietum,
Festuca pratensis-community, Polygalo-Brachypodietum and Cirsium furiens-
community) have a mean moisture value of about 4, indicating soil moisture conditions
between dry and damp.

The Molinietum caeruleae and the Calamagrostis epigejos-community, that is, the two
plant communities assigned to the Molinietalia caeruleae, have a mean indicator value
of about 5.5 (damp to slightly moist), while the mean moisture value of 6.8 for the
Mentho-Juncetum inflexi and of 8.0 for the Caricetum vesicariae indicate moist and
wet soil conditions, respectively.

The mean indicator value for mineral nitrogen i.e. nutrient availability ranges between
2.9 (Danthonio-Stipetum stenophyllae) and 5.5 (Caricetum vesicariae). Thus, the site
conditions of the plant communities fall into the range between low nitrogen supply (3)
and moderately high nitrogen supply (5).
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3.3.1.3 DCA

The result of the detrended correspondence analysis (DCA) is shown in Figure 41. The
gradient length of the first axis is 3.7 SD and the length of the second axis is 2.2 SD.
That means that the minimum gradient length for a reasonable application of a DCA
between 3 and 4 SD is fulfilled for the first axis (Lep$ and Smilauer 2003) and the DCA
is therefore considered interpretable.
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Figure 41: DCA biplot (1st and 2nd axis) with projected relevés (red-yellow circles), species
(grey crosses and, for some species, black labels) and unweighted Ellenberg indicator
values as vectors (red)

The cover values were transformed by square root transformation, and down-weighting of
rare species was used. The plant communities are displayed with envelopes, spiderplots
and centroids. Gradient length of 1st axis: 3.7 SD, 2nd axis: 2.2 SD; eigenvalue 1st axis:
0.45, 2nd axis: 0.19

Plant communities:

1 — Caricetum vesicariae 2 — Mentho-Juncetum inflexi

3 — Molinietum caeruleae 4 — Calamagrostis epigejos-community
5 — Brachypodio-Molinietum arundinaceae

6 — Festuca pratensis-community 7 — Polygalo-Brachypodietum pinnati

8 — Cirsium furiens-community 9 — Danthonio-Stipetum stenophyllae
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Another important parameter of the DCA is the eigenvalue of each axis, which ranges
between 0 and 1; an eigenvalue above 0.5 indicates that a high part of the variability
of the data set is explained by this axis (Berg and Magnes 2019). The eigenvalues of
the analysed data set are as follows: 15t axis 0.45 and 2" axis 0.19. From this it was
concluded that the first axis can explain a large part of the variability, while the second
axis should not be used for interpretation.

The vector that represents the Ellenberg indicator values for moisture runs almost
parallel to the first axis (see Figure 41). This confirms that soil moisture is the most
important ecological gradient for the plant communities studied (see previous chapter).
Pointing in the opposite direction of the moisture vector are the vectors representing
the Ellenberg indicator values for soil reaction and temperature.

The four damp, moist or wet plant communities (Molinietum caeruleae, Calamagrostis
epigejos-community, Mentho-Juncetum and Caricetum vesicariae), which are located
on the right side of the first axis, have a somewhat larger distance to each other, while
the four semi-dry communities of the Cirsio-Brachypodion pinnati (Brachypodio-
Molinietum, Festuca pratensis-community, Polygalo-Brachypodietum and Cirsium
furiens-community), which have a relatively central position in the ordination diagram,
are located close to each other and partially overlap (see Figure 41). The clear distance
of the Danthonio-Stipetum from the Cirsium furiens-community confirms the validity of
the manual separation following the TWINSPAN classification.

Regarding the variability within the groups, it turns out that in the Polygalo-
Brachypodietum, despite having the largest number of plots, the projected relevés are
closest to each other. This shows that the Polygalo-Brachypodietum is one of the most
ecologically homogeneous vegetation types.

3.3.1.4 Vegetation structure and species richness

In the following, some parameters on vegetation structure that were surveyed uniformly
for (almost) all relevés are shown. Additional parameters are discussed in the
subchapters ‘Structure and species composition’ for each vegetation type.

Table 4 shows the mean, minimum and maximum total cover of vascular plant species
for each studied plant community. All average values are above 90 %, except the
single relevé of the Caricetum vesicariae (80 %). The highest values are reached by
the Mentho-Juncetum (99.3 %) and the Molinietum caeruleae (98.9 %), the lowest by
the Cirsium furiens-community (92.6 %) and the Danthonio-Stipetum (92.5 %).
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Table 4: Mean total cover of vascular plant species per plant

community
Total cover (%)

Plant community Numb,er

relevés |mean + SD| min. | max.
Caricetum vesicariae 80 80 80
Mentho-Juncetum 3 99.3+0.9( 98 100
Molinietum caeruleae 14 98.9+1.5( 95 100
Calamagr. epigejos -comm. 10 94.3+45| 90 100
Brachypodio-Molinietum 10 95.3+4.4| 85 100
Festuca pratensis-comm. 8 97.6+£3.9| 90 100
Polygalo-Brachypodietum 36 96.8+4.1| 80 100
Cirsium furiens-comm. 16 92.6+4.7( 85 100
Danthonio-Stipetum 2 925+25| 90 95
Sum no. relevés 100

SD = standard deviation

Table 5: Mean vascular plant species richness per plant community

Speciesrichness

Plot

Plant community Numb,er size | mean .

relevés (m?) <D min. | max.
Caricetum vesicariae 25 7 7 7
Mentho-Juncetum 3 25 23+3 19 25
Molinietum caeruleae 14 25 32+5 25 43
Calamagr. epigejos -comm. 10 25 29+4 23 36
Brachypodio-Molinietum 10 56 £ 8 46 67
Festuca pratensis-comm. 25 42 + 10 30 56
Polygalo-Brachypodietum i 2> 1328 20 >0

21 10 61 + 10 41 81

Cirsium furiens-comm. 14 10 59+9 48 76
Danthonio-Stipetum 2 25 24+1 23 25
Sum no. relevés 95

SD = standard deviation

Table 5 shows the mean vascular plant species richness for each plant community,
either related to the 25 m2-relevés or the 10 m?-relevés (the latter highlighted in grey).
Only the species richness of relevés with the same size can be compared to each
other; the accuracy of the richness determination also differs between the purely
phytosociological relevés (25 m?) and the relevés which were part of diversity nested
plots (10 m?) (see Chapter 5).

The highest mean richness values are reached by three communities of the Cirsio-
Brachypodion pinnati alliance: the Polygalo-Brachypodietum (61 species / 10 m?), the
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Cirsium furiens-community (59 species / 10 m?), and the Brachypodio-Molinietum (56
species / 10 m?).

The richness values of the purely phytosociological relevés can be compared for all
communities except the Brachypodio-Molinietum and the Cirsium furiens-community.
Here again, the Cirsio-Brachypodion-communities, that is, the Polygalo-
Brachypodietum and the Festuca pratensis-community, have the highest richness
values (around 42 species / 25 m?).

The next highest mean richness value is found in the Molinietum caeruleae
(32 species / 25 m?), followed by the Calamagrostis epigejos-community (29
species / 25 m?). The single Caricetum vesicariae-relevé had the lowest value with
only 7 species on 25 m?2,

Table 6 shows the number and share of relevés per plant community in which the
following six phanerophyte species occur: Crataegus monogyna, Rosa canina, Prunus
spinosa, Salix cinerea, Cornus sanguinea and Rosa micrantha, regardless of their size.
Of the 102 releveés, 54 relevés contain these phanerophyte species.

Table 6: Occurrence and cover of phanerophyte species

© «
All ogl = |5 |08 &
considered Crataegus ; é g s |E é § E
Plant community l:l:lrg\?éesr phanerphytes| onedYna g e g ic—; S § = g
N
no. share no. share cover no.
(%) (%)
Caricetum vesicariae
Mentho-Juncetum 3 1 33
Molinietum caeruleae 16 7 44 6 38 | 2.2 1 1
Calamagr. epigejos -comm. 10 4 40 3 30 | 1.0
Brachypodio-Molinietum 10 7 70 6 60 | 2.8 3
Festuca pratensis-comm. 8 2 25 2 25 | 1.0 1
Polygalo-Brachypodietum 36 17 47 16 | 44 | 1.2
Cirsium furiens- comm. 16 16 100 14 | 88 | 0.9 9 8
Danthonio-Stipetum 2
Sum number relevés 102 54 47 15 14 2 1 1

Empty cell = zero; no. = number of relevés in which the species occurs; cover = mean cover
related to the relevés with non-zero cover

The most frequent woody species recorded in the relevés is Crataegus monogyna
(found in 47 of 102 relevés), which accounts for the largest proportion of
phanerophytes in all communities by far, except in Mentho-Juncetum inflexi. Therefore,
the share of relevés containing the species per community is shown, too. Crataegus
monogyna is followed by the less frequent species Prunus spinosa (15 relevés) and
Rosa canina (14 releves). Salix cinerea, Cornus sanguinea und Rosa micrantha occur
only in one or two relevés out of the total dataset.
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In the Cirsium furiens-community, all relevés contain at least one of the six
phanerophyte species. In the Brachypodio-Molinietum arundinaceae, 70 % of all
relevés contain one or more phanerophytes, followed by the Polygalo-Brachypodietum
pinnati with 47 %, the Molinietum caeruleae with 44 %, and the Calamagrostis
epigejos-community with 40 % of the relevés.

The mean cover of the single phanerophyte species ranges between 0.1 % and 2.8 %
of the relevé area, except in the Mentho-Juncetum inflexi, where Salix cinerea covered
15 % of the area (value of 1 relevé). In contrast to the proportion of relevés with
phanerophytes, which is highest in the Cirsium furiens-community as mentioned
above, the mean cover value is the lowest (0.9 %) in the Cirsium furiens-community,
at least for Crataegus monogyna.

3.3.1.5 Environmental parameters

Table 7 shows the mean elevation above sea level of the relevés per plant community.
The minimum and maximum values range from 364 to 468 m.a.s.l. The highest mean
value is reached by the Danthonio-Stipetum stenophyllae with 462 m.a.s.l., and the
lowest mean value by the Caricetum vesicariae with 395 m.a.s.l.

Table 7: Altitude of the relevés - mean for plant communities

Number Altitude (m a.s.l.)
Plant community . .

relevés |mean + SD| min. max.
Caricetum vesicariae 1 395 395 395
Mentho-Juncetum 2 400 + 10 390 409
Molinietum caeruleae 14 435 + 25 370 468
Calamagr. epigejos -comm. 10 418 + 22 364 445
Brachypodio-Molinietum 10 432 £ 22 384 457
Festuca pratensis-comm. 7 433 + 14 416 456
Polygalo-Brachypodietum 35 431 + 18 377 461
Cirsium furiens-comm. 16 421 + 23 374 450
Danthonio-Stipetum 2 462 + 1 461 463
Sum no. relevés 97

SD = standard deviation

Table 8 shows the median values of the estimated inclination of the plots per plant
community. The Caricetum vesicariae, Mentho-Juncetum inflexi and Calamagrostis
epigejos-community, that is, communities at wet to slightly moist sites, have the lowest
values of inclination (median of 0°), which can be explained by their occurrence in flat
areas or small depressions within the hill slope.

The next lowest inclination values (median of 1.5° or 2°) were found for the plant
communities at slightly moist or semi-dry sites, such as the Molinietum caeruleae,
Brachypodio-Molinietum and Festuca pratensis-community, while the Polygalo-
Brachypodietum and Cirsium furiens-community have higher average inclination
values (median of 5° and 7°). This indicates that stands of the latter plant communities
are more frequently found on the inclined parts of the hillside.
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Table 8: Inclination of the relevés - median for plant communities

: Number Slope (degrees)

Plant community . - -

releveés | median | min. | max.
Caricetum vesicariae 1
Mentho-Juncetum 3 0.0 0.0 3.0
Molinietum caeruleae 10 15 0.0 3.0
Calamagr. epigejos -comm. 10 0.0 0.0 3.0
Brachypodio-Molinietum 10 2.0 0.0 10.0
Festuca pratensis-comm. 8 1.5 0.0 5.0
Polygalo-Brachypodietum 35 5.0 0.0 15.0
Cirsium furiens-comm. 15 7.0 1.0 12.0
Sum no. relevés 92

The inclination has not been surveyed for the Danthonio-Stipetum
stenophyllae.

Table 9 shows the aspect of the relevés for each plant community. The majority of the
plots are north-facing (55 %) and only 5 % and 2 % of the plots are east- or west-
facing, respectively. The remaining 37 % of the plots have an aspect of NNE, NE, ENE,
NW or NNW. These values result from the main orientation of the hay meadow slopes
towards the north, with possible deviations at the slope shoulders or in complex
microrelief situations.

Table 9: Aspect of the relevés

: Number] N | NNE| NE | ENE E w NW | NNW

Plant community .
relevés| 360° | 23° | 45° | 68° | 90° | 270° | 315° | 338°

Mentho-Juncetum 3 3
Molinietum caeruleae 8 6 1
Calamagr. epigejos -comm. 5 1 3
Brachypodio-Molinietum 10 6 2 1 1
Festuca pratensis-comm. 7 7
Polygalo-Brachypodietum 35 17 2 10 1 2 2 1
Cirsium furiens- comm. 15 6 5 1 2 1
Sum no. relevés 83 46 5 15 1 4 2 6 4
Sum (%) 100 55 6 18 1 5 2 7 5

The aspect has not been surveyed for the Caricetum vesicariae and the Danthonio-Stipetum
stenophyllae.

The soil texture of the topsoil was determined solely for the diversity relevés and
therefore can be specified for the stands of the three communities Brachypodio-
Molinietum (n = 6), Polygalo-Brachypodietum (n = 20), and Cirsium furiens-community
(n =12). Since the soil texture was determined only in the field and not in the
laboratory, the results give only a rough indication of the soil texture: In 80 % of the
plots clayey silt was found, mainly medium to highly clayey silt (Ut3, Ut4). In the
remaining 20 % of the plots, silty clay was found, mainly highly silty clay (Tu4).
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3.3.1.6 Habitat codes and conservation value

Table 10 shows the habitat codes for each plant community according to the Romanian
classification (Donita et al. 2005) and the EUNIS-classifications of the European Union
(European Environment Agency 2019; Chytry et al. 2020). The EUNIS-codes for the
Festuca pratensis-community and the Cirsium furiens-community were taken from the
most similar plant communities. For the Calamagrostis epigejos-community no codes
were assigned.

Table 10: Habitat codes of the plant communities

Plant community

Romanian habitat
code

EUNIS 2007 code
(level 3)

EUNIS 2007 code
(level 4/5/6)

EUNIS 2020 code
(level 3)

Caricetum vesicariae

(R5310 — Daco-danubian

communities with Carex
elata, C. rostrata, C.
riparia and C.
acutiformis)

D5.2 — Beds of large
sedges normally
without free-standing
water

D5.2142 — Bladder
sedge beds

Q53 - Tall-sedge bed

Mentho-Juncetum inflexi

R3709 - Danubian
communities with
Juncus effusus, J.
inflexus and Agrostis
canina

E3.4 - Moist or wet
eutrophic and
mesotrophic
grassland

E3.46- Continental
humid meadows /
E3.441 — Tall rush
pastures

R35 / R36 - Moist or
wet mesotrophic to
eutrophic hay
meadow / pasture

(R3710 - Dacian

E3.5 - Moist or wet

E3.513 - Giant

R37 - Temperate and
boreal moist or wet

Festuca pratensis- community,
Polygalo-Brachypodietum,
Cirsium furiens- community

Danthonio-Stipetum
stenophyllae

R3407 - Ponto-pannonic
grasslands of Stipa

stenophylla (S. tirsa) and

Danthonia (provincialis)
alpina

E1.2 - Perennial
calcareous grassland
and basic steppes

xerophile grasslands
of the Transylvanian
basin and the foothills
of the Apuseni
mountains)

Molinietum caeruleae grasslands with Molinia |oligotrophic . .

moorgrass swards oligotrophic

caerulea) grassland
grassland

Calamagrostis epigejos - ) ) )
community

E1.233 - Dacio-

Pannonic meadow-
Brachypodio-Molinietum, steppes (meso- R1A - Semi-dry

perennial calcareous
grassland (meadow
steppe)

E1.22- Arid
subcontinental
steppic grassland

R1B - Continental dry
grassland (true
steppe)

Romanian habitat code:

text

Donita et al. (2005); EUNIS 2007 codes: European Environment
Agency (2019); EUNIS 2020 codes: Chytry et al. (2020); explanation of the brackets in the

Where the Romanian habitat codes are in brackets, Donita et al. (2005) does not list
the plant community considered explicitly. The Caricetum vesicariae was allocated to
the Romanian habitat type R5310, which also includes the ecologically similar Carex
acuta (synonym: Carex gracilis) as a possible dominant species. The Molinietum
caeruleae was assigned to the habitat type R3710, which comprises the communities
Junco-Molinietum Preising 1951, Peucedano rocheliani-Molinietum coeruleae Boscaiu
1965 and Molinio-Salicetum rosmarinifoliae Magyar ex So6 1933.
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In Table 11, the conservation value of the plant communities is indicated based on the
European Red List of Habitats by Janssen et al. (2016). Almost all plant communities
in the relevés are considered vulnerable or endangered. Table 11 also shows the
assignment of the communities to habitat types listed in Annex | of the Habitats
Directive (European Environment Agency 2019). Six of the nine plant communities are
protected by the Habitats Directive as habitat types 6410 (Molinietum caeruleae), 6210

(Brachypodio-Molinietum arundinaceae, Festuca pratensis-community,

Brachypodietum, Cirsium furiens-community) and 6240 (Danthonio-Stipetum

stenophyllae).

Table 11: Conservation value of the plant communities

Polygalo-

Plant community

European red list of habitats
(Janssen et al. 2016)

Annex | of the Habitats
Directive (Council of the
European Union 2013)

Conservation value in
Romania (Donita et al.
2005)

Caricetum vesicariae

wilnerable (code C5.2: Tall-
sedge bed)

moderate conservation
value

Mentho-Juncetum inflexi

endangered (code E3.4a/b:
Moist or wet eutrophic and
mesotrophic hay
meadow/pasture)

reduced conservation
value

Molinietum caeruleae

endangered (code E3.5: Moist or
wet oligotrophic grassland)

6410 - Molinia meadows on
calcareous, peaty or clayey-
silt-laden soils (Molinion
caeruleae)

moderate conservation
value

Calamagrostis epigejos -
community

Brachypodio-Molinietum,
Festuca pratensis- community,
Polygalo-Brachypodietum,
Cirsium furiens-community

wilnerable (code E1.2a: Semi-
dry perennial calcareous
grassland)

6210 - Semi-natural dry
grasslands and scrubland
facies on calcareous
substrates (Festuco-
Brometalia) (* important
orchid sites)

Danthonio-Stipetum
stenophyllae

near threatened (code E1.2b:
Continental dry steppe)

6240 - Sub-pannonic steppic
grasslands

moderate conservation
value

Information about the national conservation value of the plant communities can be
provided only through a rough indication for the Romanian habitat types by Donita et
al. (2005), since there is no true red list of plant communities or habitats for Romania
yet. The information from Donita et al. (2005) is of limited value, however, as some of
the plant communities do not have an exact correspondence in the listed habitat types
and the conservation value seems questionable in some cases (such as the moderate
conservation value of the Molinion meadows).

Table 12 shows the vascular plant species of national conservation concern in the
relevés (endemic, vulnerable or rare). The assignment is based on three literature
sources, since there is no generally valid red list of plant species for Romania: Dihoru
and Dihoru (1994), Oltean et al. (1994) and Boscaiu et al. (1994). Sixteen of the 320
vascular plant species are considered rare and/or vulnerable by at least one of the
Romanian authors mentioned above, and two species are endemic to Romania
(Cirsium furiens and Jurinea transylvanica).
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Table 12: Vascular plant species of national conservation concern in the relevés: percentage
frequency per plant community

CEls El Sle |,
| o | 8 [5€|e5|58|z8|B5|88|es|EelEE
2 |18¢=3]28|58|g8|fs|€5 3 |87
) s m|O

Adonis vernalis v |D 13 | 67 6 25
Cirsium furiens (e) k |[D 25 4
Gentiana pneumonanthe v |B 56 50 | 25| 3 17
Gladiolus imbricatus r |[D 13 1
Iris aphylla r |D 10 1
Iris sibirica rrv |D;B 44 | 10 | 10 9
Jurinea transylvanica (e) r |[D,O 6 1
Klasea radiata r |[O 6 1
Mercurialis ovata r |[O 6 2
Nepeta ucranica v,r |O;B 3 1
Rosa micrantha r |0 13 1
Salvia nutans v |D 100 2
Serratula coronata r D, O 70 13 8
Seseli peucedanoides r |[O 10 25 | 22 | 19 14
Teucrium montanum r D 50 1
Trinia kitaibelii r B 6 1
Veratrum nigrum r |[O 3 1
No. of species / comm. 0 0 3 4 2 6 6 5 2

e = endemic, v = vulnerable, k = insufficiently known, r = rare; D = Dihoru and Dihoru (1994),
B = Boscaiu et al. (1994), O = Oltean et al. (1994); total = percentage frequency in the entire
dataset of 102 releveés; no. of species / comm. = number of species of conservation concern

per plant community

Some of these 16 species occur in one seventh (Seseli peucedanoides), one sixth
(Gentiana pneumonanthe) or even one quarter (Adonis vernalis) of the relevés (see
Table 12). However, most of the rare or vulnerable species have been found only in
one or few relevés (e.g. Gladiolus imbricatus, Nepeta ucranica, Trinia kitaibelii and
Veratrum nigrum). Separate studies are necessary to determine the actual occurrence
of rare or endangered plant species in the hay meadows.

The plant communities with the highest numbers of species of national conservation
concern are the Polygalo-Brachypodietum and the Festuca pratensis-community, each
with six species, followed by the Cirsium furiens-community and the Calamagrostis
epigejos-community with four species each (see Table 12).

In single relevés of the three communities Polygalo-Brachypodietum, Cirsium furiens-
community and Danthonio-Stipetum stenophyllae, the species Pontechium maculatum
has been found, which is protected by the Habitats Directive (Council of the European
Communities 2013). Iris aphylla, recorded in one relevé of the Calamagrostis-epigejos-
community and observed in several more places in the meadows (see Figure 42) may
also be protected by the Habitats Directive if it is synonymised with Iris aphylla subsp.
hungarica (see explanations in Annex 3).
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A\

Figure 42: Iris aphylla in the Lord’s Meadow with Adonis vernalis in the background
(Dabaca commune, 02.05.2009)
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3.3.1.7 Occurrence of Phengaris spp. host plant species

The host plant species of Phengaris teleius and Ph. nausithous, Sanguisorba
officinalis, occurred in seven of nine plant communities in the study meadows (see
Table 13). The highest frequency of the species was found in the Molinietum
caeruleae-relevés (88 %), followed by the relevés of the Festuca pratensis-community
(75 %), the Mentho-Juncetum inflexi (67 %), the Calamagrostis epigejos-community
(50 %), and the Brachypodio-Molinietum arundinaceae (40 %) (see Table 13).

Table 13: Host plant species for Phengaris spp.: percentage frequency per plant community

E | El £l 2
g£ol, o |« 2 £ S|leB| 5 |2 @
. |Phengaris 2 g Eg 55 g8|82(8°¢ %§ SeE|E5| &
Host plant species . 83|28 |L23|En|>2|52|28|=E|20T| T
species s2|2s|58|RS|Cs|e2|S2|ES|ES| 2
o g S|26|oo| g3 212¢|? S =
) <3 @ | O w
Sa-ngwslorba Ph. nau§|thous, 67 88 50 40 75 14 13 37
officinalis Ph. teleius
Gentiana Ph. alcon
. . 56 50 25 3 17
pneumonanthe pneumonanthe
. . Ph. alcon
Gentiana cruciata |, . 50 6 6
cruciata
Origanum vulgare 20 33 13 16
Thymus
pulegioides subsp. [Ph. arion 10 19 81 | 100 | 23
pannonicus
Thymus
ymus 3| 6 | s0] 3
odoratissimus
No. of species / 0 1 2 5 3 3 6 4 5
comm.

The values shown are percentage values. Empty cells: zero; no. of species / comm.: number
of host plant species per plant community

This means that Sanguisorba officinalis occurs both in plant communities of moist sites
and in semi-dry grasslands, especially if the latter are characterised by alternating soil
moisture. Occasionally, the species is found also in semi-dry grasslands with less
pronounced alternating moisture (Polygalo-Brachypodietum and Cirsium furiens-
community). In total, Sanguisorba officinalis occurs in 37 % of all relevés (see also
Stoianov et al. 2012).

The host plant species of Phengaris alcon ‘pneumonanthe’, Gentiana pneumonanthe,
occurs at a lower frequency in the relevés (17 % of all relevés) and is also correlated
to a smaller range of plant communities: mainly the Molinietum caeruleae (56 %), the
Brachypodio-Molinietum arundinaceae (50 %), and the Festuca pratensis-community
(25 %) (see Table 13).

The host plant species of Phengaris alcon ‘cruciata’, Gentiana cruciata, occurs in four
of the eight relevés of the Festuca pratensis-community and in two of the 36 Polygalo-
Brachypodietum-relevés. The preferential occurrence in these plant communities
should be verified with more data, especially regarding the Festuca pratensis-
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community. The frequency of Gentiana cruciata in all relevés amounts to 6 % (see
Table 13).

Field observations also suggest that Gentiana cruciata has a different distribution
pattern than Gentiana pneumonanthe in the north facing hay meadows; while the latter
species has a more clustered occurrence in the plant communities mentioned above,
Gentiana cruciata is irregularly distributed in the semi-dry grassland communities and
their fringes and is likely less frequent than Gentiana pneumonanthe. In contrast,
Gentiana cruciata is more frequent in the (semi)dry grasslands of the south-facing
slopes.

Regarding Phengaris arion, three potential host plant species have been recorded in
the relevés: Origanum vulgare, Thymus pulegioides subsp. pannonicus and Thymus
odoratissimus. The thyme species occurred especially in the Cirsium furiens-
community and the Danthonio-Stipetum stenophyllae, while Origanum vulgare has the
highest frequency in the Polygalo-Brachypodietum (see Table 13).

The situation described so far refers to the occurrence of host plant species in the
years 2009-2013, which in some cases has changed in the years since.
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3.3.2 Caricetum vesicariae Chouard 1924

Vegetation type: Tall-sedge community

Names:
English: Tall-sedge community of Carex vesicaria
Romanian: Comunitate de rogoz inalt cu Carex vesicaria
German: Blasenseggen-Rasen, Blasenseggen-Ried

Relevé type, size, year: 1 phytosociological relevé, 25 m?, 2009

Location:
Borsa: Great Meadow

3.3.2.1 Structure and species composition

The vegetation type is described on the basis of a single phytosociological relevé
carried out in the year 2009 in the Great Meadow. This consists of seven herb species
and is dominated by Carex vesicaria with a cover value of 75-80 %. Both the species-
poorness and the dominance of one sedge species, is typical for tall-sedge
communities (Dierschke and Briemle 2008; Leuschner and Ellenberg 2017).

In addition to Carex vesicaria, Iris pseudacorus occurs with a cover value of up to 5%,
as well as five other species (Phragmites australis, Lysimachia nummularia, Cirsium
canum, Lythrum salicaria, Inula salicina) with a cover value of up to 1%.

The vegetation height has not been measured; however, Carex vesicaria can reach a
height of 80 cm (Ciocéarlan 2000). The total vegetation cover of the relevé equals 80%,
which is low compared to all other vegetation types (see Table 4, page 61). Obviously,
more relevés of this vegetation type must be made to provide reliable information on
its typical species composition and structure in the study area.

3.3.2.2 Syntaxonomy and diagnostic species

Class: Phragmito-Magnocaricetea Klika in Klika et Novak 19412
Order: Magnocaricetalia Pignatti 1953

Alliance: Magnocaricion gracilis Géhu 1961°¢
Association: Caricetum vesicariae Chouard 19244

Selected synonyms:
2 Phragmitetea Tx. et Preising 1942
b Magnocarici-Phragmitetalia (Pignatti 1953) Succow 1974
¢ Caricion gracilis-vulpinae Bal.-Tul. 1965
d Caricetum vesicariae Br.-Bl. et Denis 1926

The nomenclature and selected synonyms regarding the class, order, and alliance
come from Mucina et al. (2016); the nomenclature of the association follows Landucci
et al. (2020). The synonym of the association was taken from FloraWeb (2000-).
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Although the described vegetation type is represented by only one relevé, it can safely
be assigned to the phytosociological association Caricetum vesicariae Chouard 1924,
due to the high cover value of the association character species Carex vesicaria
(Coldea et al. 1997). Furthermore, Iris pseudacorus was also identified as diagnostic
species for this vegetation type (see Table 14 and Figure 43), and is considered a
character species of the syntaxonomical units of tall-sedge communities, which include
the Caricetum vesicariae (e.g., the Caricenion gracilis according to Sanda et al. 2008).

Table 14: Diagnostic species of the Caricetum
vesicariae (total n = 2)

Association character Carex vesicaria
species

Magnocaricion gracilis / Iris pseudacorus
Magnocaricion elatae

The association Caricetum vesicariae was assigned to the alliance Magnocaricion
gracilis Géhu 1961 in the classification of the European marsh vegetation (Phragmito-
Magnocaricetea) by Landucci et al. (2020). However, often the alliance Magnocaricion
gracilis Géhu 1961 is not separated from the Magnocaricion elatae Koch 1926 (e.g. in
Leuschner and Ellenberg 2017), and then the Caricetum vesicariae is assigned to the
Magnocaricion elatae.

v

Figure 43: Iris pseudacorus near the Great Meadow (Borsa commune, 29.05.2013)
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3.3.2.3 Environmental and ecological conditions

The described vegetation stand occurs in a small depression within the meadow
vegetation matrix, characterized by wet soil conditions, which are reflected by the high
Ellenberg indicator value (unweighted) for soil moisture M = 8.0. Furthermore, four of
the seven species occurring in the releveé indicate alternating soil moisture conditions
(Lysimachia nummularia, Cirsium canum, Lythrum salicaria and Inula salicina) while
Carex vesicaria and Iris pseudacorus are species indicating regular flooding (Ellenberg
et al. 2001).

The Ellenberg indicator value (unweighted) for nitrogen supply N = 5.5 is also the
highest of all studied plant communities and indicates moderately high nitrogen
conditions.

3.3.2.4 Occurrence of the plant community in the study hay meadows

The relevé was made in a tall-sedge stand of small extent in the eastern part of the
Great Meadow (see Figure 39, page 56). Tall-sedge communities dominated by other
sedge species, for example Carex vulpina, have also been observed in the Village
Meadow, where they have been found near a large Phragmites australis-stand, for
example (see Figure 44). The tall-sedge communities form small stands in very wet
parts of the studied hay meadows; the area covered and exact location have not been
surveyed.

ks 4 Ao,
I g

Figure 44: Carex vulpina-stand (dark green patch in the centre) in the Village Meadow
(Dabaca commune, 31.07.2009)
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3.3.2.5 Occurrence of the plant community in Romania

The nearest occurrences of the association Caricetum vesicariae to the study area
mentioned by Coldea et al. (1997) are in the Western Romanian Carpathians (Gilau
Mountains, Vladeasa Mountains). Pop et al. (1999-2000) mention a locality of
Caricetum vesicariae in the north of Dej in Bistrita-Nasaud county, an approximately
40 km straight-line distance from the study area. Whether the mentioned stands belong
to shore vegetation of lakes and ponds or occur on waterlogged slopes is not
mentioned.

Sanda et al. (2008) specify that the Caricetum vesicariae occurs sporadically in
Romania in depressions and nutrient-rich swamps. Csergd and Demeter (2011b) list
the association as one of the most frequent plant communities of eu-mesotrophic,
temporary ponds in the Ciuc Basin (Eastern Carpathians).

3.3.2.6 Conservation value and protection status

On the European red list of habitats by Janssen et al. (2016), the tall-sedge beds, here
with the EUNIS 2007 code C5.2, are indicated as vulnerable. However, the Caricetum
vesicariae is not included in Annex | of the EU Habitats Directive (Council of the
European Communities 2013). The Caricetum vesicariae-relevé considered in this
study contains no vascular plant species of national conservation concern.
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3.3.3 Mentho longifoliae-Juncetum inflexi Lohmeyer ex Oberdorfer
1957 nom. invers.

Vegetation type: Community of flooded grasslands and creeping plants

Names:
English: Community of flooded grasslands and creeping plants with Juncus
inflexus and Mentha longifolia
Romanian: Comunitate de pajisti inundate si plante taratoare cu Juncus
inflexus si Mentha longifolia
German: Rossminzen-Blaubinsen-Rasen

Information relevés:
Type, size, year: 3 phytosociological relevés, 25 m?, 2009

Surveyors: 3 different persons / teams
Location:
Dabaca: Lord’s Meadow (1), Village Meadow (2)

3.3.3.1 Structure and species composition

The following descriptions are based on three phytosociological relevés carried out in
the year 2009. The surveyed parameters of vegetation structure are shown in Table
15. The vegetation stands have a well-developed upper layer of tall-growing plants
consisting of species such as Juncus inflexus, Mentha longifolia, Deschampsia
cespitosa, Cirsium canum, Lythrum salicaria, Carex distans, Ranunculus acris, and
others, most of them rarely eaten by grazing animals (see Figure 45). The resulting
structure resembles patchy meadows or tall forb vegetation.

Table 15: Data on vegetation structure for the Mentho longifoliae-
Juncetum inflexi

Total cover (n = 3) mgan +/- SD 99.3% +/- 0.9 %
min. - max. 98.0 % - 100.0 %

Share of relevés with Salix cinerea 33.3 % (1 releve)
Shrub cover (n=1) 15%

. mean 0.6m
Shrub hight (n = 1) —— 06m
Average hight of herb mean +/- SD 67 cm +/- 24 cm
layers (n = 3) min. - max. 50 cm - 100 cm
Max. hight of herb layers [mean +/- SD 120 cm +/- 59 cm
(n=23) min. - max. 60 cm - 200 cm

The second, lower vegetation layer is characterized especially by creeping plant
species such as Ranunculus repens, Lysimachia nummularia and Potentilla reptans.
Generally, the studied vegetation type is characterized by high cover values of rushes
(Juncus inflexus, J. articulatus), sedges (e.g. Carex distans, C. hirta, C. filiformis) as
well as mint species (e.g. Mentha longifolia, M. arvensis), clearly displaying the wet
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site conditions. In one releveé, Salix cinerea is occurring with a cover value of 15 %
(height 0.6 m).
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Figure 45: Mentho-Juncetum inflexi stand wit Juncus inflexus and Lythrum
salicaria in the Great Meadow (Borsa commune, 06.08.2011)

The total cover of vascular plants is consistently high in all three plots and shows the
highest mean value of all studied vegetation types (99.3 +/- 0.9 %, see also Table 4,
page 61). The average and maximum height of the herb layers shows a wider variety
of values: The average height lies between 50 cm and 100 cm, while the maximum
height lies between 60 cm and 200 cm (see Table 15 for the mean values).
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3.3.3.2 Syntaxonomy and diagnostic species

Class: Molinio-Arrhenatheretea Tx. 1937

Order: Potentillo-Polygonetalia avicularis Tx. 19472

Alliance: Potentillion anserinae Tx. 1947

Association: Mentho longifoliae-Juncetum inflexi Lohmeyer ex

Oberdorfer 1957 nom. invers.¢

Selected synonyms from Dierschke (2012) and Mucina et al. (2016):
aPolygono-Potentilletalia anserinae Tx. 1947 nom. invers.
propos.; Agrostietalia stoloniferae Oberd. in Oberd. et al. 1967
b Lolio-Potentillion anserinae Tx. 1947; Agrostion
stoloniferae Gors 1966; Eu-Agropyro-Rumicion Westhoff
et Den Held 1969
¢ Juncus inflexus-Mentha longifolia-association
Lohmeyer 1953

The nomenclature regarding the class, order and alliance follows Mucina et al. (2016),
the nomenclature of the association follows Dierschke (2012).

The vegetation type described here has been identified as the association Mentho
longifoliae-Juncetum inflexi Lohmeyer ex Oberdorfer 1957 nom. invers., due to the
identification of two association character species as diagnostic species, namely
Juncus inflexus and Mentha longifolia (see Table 16). Mentha longifolia is also
diagnostic for the Molinietum caeruleae and the species is often found on abandoned
arable land in the study area, too (see Figure 46).

Fgure 46: Mentha Ionifolia in an abandoned arable near the ViIIge Meadow
(Dabaca commune, 04.08.2009)
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Table 16: Fidelity values and preferential occurrence in plant communities of selected
diagnostic species of the Mentho longifoliae-Juncetum inflexi

Juncus inflexus

| Mentha longifolia | Juncus articulatus |Ranuncu|us repens

Fidelity values: perc (class) fid

Mentho-Juncetum

100 (V) fid 91 **

67 (IV) fid 50 **

100 (V) fid 94 **

100 (V) fid 68 **

Molinietum caeruleae 19 () 44 (Il fid 27* 13 (I) 44 (Il fid 20*
Calamagr. epigejos -comm. 20 () 40 (1)
Brachypodio-Molinietum 10 ()
Festuca pratensis-comm.
Polygalo-Brachypodietum
Cirsium furiens -comm. 6 (1)
Braun-Blanquet-values 53 + 3,1,0 3,2, + 4, +

C alliance
Coldea et al. (2012), p. C association C association . Potentillion

. o o accompanying :

214ff. : table of Potentillion |Mentho longifoliae- |Mentho longifoliae- species anserinae / order
anserinae Juncetum inflexi Juncetum inflexi Potentillo-

Polygonetalia

Dierschke (2012), p. 57:
table of Mentho longifoliae-
Juncetum inflexi

C association
Mentho longifoliae-
Juncetum inflexi

D association
Mentho longifoliae-
Juncetum inflexi

D subassociation
in wet locations

C class Molinio-
Arrhenateretea

Perc = percentage frequency; class = frequency class; fid = statistical fidelity; C = character
species; D = differential species; empty cells = zero. The Braun-Blanquet-values are
indicated for the Mentho longifoliae-Juncetum inflexi. The fidelity measure is the phi-(®)-
coefficient of association. Species with phi-coefficient values of at least 20 are considered
diagnostic (indicated by fid* and yellow colour); species with phi-coefficient values of at least
45 are considered highly diagnostic (indicated by fid** and green colour).

The association Mentho longifoliae-Juncetum inflexi was first provisionally described
by Lohmeyer (1953) as Juncus inflexus-Mentha longifolia-association in a single
relevé. The sequence of the species names was switched later on because of the
higher importance of Juncus inflexus as a character species for the association
(Dierschke 2012).

Regarding the syntaxonomical placement of the association Mentho-Juncetum inflexi,
this study follows the classification of Dierschke (2012), which is identical with the
grouping by Coldea et al. (2012), except for the choice of the synonyms: The
association is assigned to the order of flooded grasslands and communities of creeping
plants Potentillo-Polygonetalia avicularis, with the single alliance Potentillion
anserinae, usually within the class of agricultural grassland Molinio-Arrhenatheretea
(Leuschner and Ellenberg 2017). An alternative assignment of the Mentho-Juncetum
inflexi is made by Hajkova et al. (2007) for the Czech Republic, who place the
association within the wet and nutrient-rich meadows of the Calthion palustris Tx. 1937.

The following species of the alliance Potentillion anserinae occur with high fidelity
values in this vegetation type: Juncus articulatus and Ranunculus repens (see Table
17). There is one diagnostic species from the class Molinio-Arrhenatheretea,
Ranunculus acris, and several character species of the order of wet grasslands
(Molinietalia caeruleae): Mentha arvensis, Cirsium canum, Lythrum salicaria and
Deschampsia cespitosa.
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Table 17: Selected diagnostic species of the Mentho longifoliae-Juncetum
inflexi (12 from a total of 13)

Association character Juncus inflexus, Mentha longifolia

species

Potentillion anserinae Juncus articulatus, Ranunculus repens

Molinietalia caeruleae / Mentha arvensis, Cirsium canum, Lythrum

Mol.-Arrhenatheretea salicaria, Deschampsia cespitosa, Ranunculus
acris

Magnocaricion gracilis/ |Carex vulpina, Carex riparia, Epilobium palustre

Magnocaricion elatae

Also worth mentioning is a certain resemblance between the Mentho-Juncetum inflexi
and tall forb communities, especially where Mentha longifolia dominates (Sykora 1982;
Dierschke and Briemle 2008), see also the classification of the Mentho longifoliae-
Juncion inflexi T. Muller et Gors ex de Foucault 2009 into an order of tall-herb wet
meadow fringe vegetation by Mucina et al. (2016).

It is interesting to notice that Agrostis stolonifera, which in both phytosociological tables
of Dierschke (2012) and Coldea et al. (2012) occurs as an alliance character species
with high frequency values (classes IV and V), is missing from the three relevés
classified here as Mentho-Juncetum. To check this peculiarity and to verify the
diagnostic species and species composition of the Mentho-Juncetum in general, more
relevés of this vegetation type need to be made in the hay meadows.

Finally, there are four diagnostic species which occur only in this vegetation type, each
only in one relevé. They are characteristic species of the alliance Magnocaricion
gracilis / Magnocaricion elatae (Carex vulpina, Carex riparia and Epilobium palustre)
and the alliance Senecionion fluviatilis (Epilobium hirsutum).

3.3.3.3 Environmental and ecological conditions

The three analysed relevés have only a slight inclination (median: 0°), which indicates
the occurrence of this vegetation type in flat areas within the hill slope. One relevé
occurs next to a watering place for sheep as well as a path. This corresponds to the
fact that the two most important ecological factors forming the Mentho-Juncetum inflexi
are temporal waterlogging and disturbance by trampling or mechanical soil compaction
(Dierschke and Briemle 2008; Dierschke 2012).

The Ellenberg indicator value for soil moisture M = 6.8 + 0.3 (unweighted) for the
studied relevés is the second highest value after the Caricetum vesicariae and reflects
the favoured occurrence of species that grow in moist locations, often with strongly
fluctuating groundwater and waterlogging (Dierschke and Briemle 2008).

The unbalanced water and air regime can be caused, for example, by flooding (e.g. of
soil depressions) during high water, after rainfall, or by waterlogging. The fluctuation
between limnic and terrestrial phases during the dry summer is typical for locations
with Potentillion anserinae communities (Dierschke 2012). From the 13 diagnostic
species of this vegetation type, eight species are indicators for alternating soil moisture:
Mentha longifolia, Ranunculus repens, Carex hirta, Mentha arvensis, Cirsium canum,
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Lysimachia vulgaris, Lythrum salicaria and Deschampsia cespitosa (Dierschke and
Briemle 2008).

The Ellenberg indicator value for nutrient availability N = 4.3 £ 0.4 (unweighted) of the
three analysed relevés is the second highest value after the Caricetum vesicariae and
reflects the favoured occurrence of species that grow in places with a moderate
nitrogen supply (Dierschke and Briemle 2008). One reason for the higher nitrogen
value than in most of the other studied plant communities could be nutrient input from
grazing livestock.

The flooded grasslands of the Potentillion anserinae alliance often have various
contact communities and undergo frequent spatio-temporal changes within their own
community, but also in regards to the neighbouring communities (Dierschke 2012). In
the studied meadows, the Mentho-Juncetum inflexi-stands are often found adjacent to
Molinietum caeruleae-stands (see Figure 47).

Figure 47: Mentho-Juncetum inflexi stand (image centre) adjacent to an Iris sibirica
dominance stand (on the right) and a Molinietum caeruleae stand (on the left) in the Village
Meadow (Dabaca commune, 06.08.2011)

3.3.3.4 Occurrence of the plant community in the study hay meadows

The three relevés of the Mentho-Juncetum inflexi were made in the Lord’s Meadow
(n =1) and the Village Meadow (n = 2) (see Figure 36 and Figure 37, page 55). In
general, the community occurred on rather small areas, and the surface of the Mentho-
Juncetum inflexi was distinctly smaller than that of the Molinietum caeruleae-stands.
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However, one of the factors promoting the characteristic species of flooded grasslands,
soil disturbance by trampling, has increased since the relevés were made in 2009.
Specific studies could reveal the present extent and distribution of the Mentho-
Juncetum inflexi in all three hay meadows.

3.3.3.5 Occurrence of the plant community in Romania

According to Coldea et al. (2012), the Mentho-Juncetum inflexi is reported for several
colline and montaneous zones in Romania on pond edges and brook sides. Both
Coldea et al. (2012) and Sanda et al. (2008) give no more exact indications about the
geographical distribution of the association. Pop et al. (1999-2000) do not mention the
association at all in their overview about the vegetation of the County Cluj.

However, there are several regional and local studies which cover the Mentho-
Juncetum inflexi, also for the region of this study. One example is the work about the
flora and vegetation of the river Somes by Dragulescu and Macalik (1999), who
mention the association for the sector of the river Somes Mic between Gilau and Dej,
which runs near the eastern border of Dabaca commune (see Chapter 2.1).

Karacsonyi (2011) lists the association in his doctoral thesis about the flora and
vegetation of the Hills of Tasnad (Counties Satu Mare, Bihor and Salaj) in North-
Western Romania, where it is apparently rather widespread. As the most frequent
species he indicates Juncus inflexus, Mentha longifolia, Ranunculus strigulosus,
Angelica sylvestris, Caltha palustris, Scirpus sylvaticus and Symphytum officinale.

Other examples of studies including the Mentho-Juncetum inflexi are located in North-
Eastern Romania: for example, Blaj-Irimia (2008) studied the Mentho-Juncetum inflexi
and three other associations of the Molinio-Arrhenatheretea in the Vaslui river basin
(Vaslui County). Besides Mentha longifolia and Juncus inflexus, she mentions Agrostis
stolonifera, Inula britannica, Potentilla reptans and Ranunculus repens as frequent
species.

3.3.3.6 Conservation value and protection status

On the European red list of habitats by Janssen et al. (2016), moist or wet eutrophic
and mesotrophic grasslands (code E3.4 a/b) are indicated as endangered. However,
the Mentho-Juncetum inflexi is not included in Annex | of the EU Habitats Directive
(Council of the European Communities 2013) and Donita et al. (2005) indicate a
reduced conservative value for the corresponding habitat type in Romania.

The Mentho-Juncetum inflexi-relevés considered in this study contain no vascular plant
species of national conservation concern.
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3.3.4 Molinietum caeruleae Koch 1926

Vegetation type: Wet meadows of oligotrophic habitats

Names:
English: Molinia meadow (on calcareous soils), moor grass meadow
Romanian: Pajiste de Molinia, pajiste de iarba albastra
German: Pfeifengras-Wiese

Information relevés:
Number: 16
Type, size, year: 14 phytosociological relevés, 25 m?, 2009
2 diversity-relevés, 10 m?, 2013

Surveyors: 5 different persons / teams

Locations:
Dabéaca: Lord’'s Meadow (10), Village Meadow (3), Meadow Hill (1)
Borsa: Great Meadow (2)

3.3.4.1 Structure and species composition

The following descriptions are based on 16 relevés carried out in the years 2009 and
2013 in four different meadows. The surveyed parameters of vegetation structure are
shown in Table 18. The vegetation type is characterized by three herb layers: a high
upper layer of around 2 m dominated by the tall growing Molinia arundinacea, followed
by a second, middle layer which is characterized by a large number of forb species
such as Cirsium canum, Lysimachia vulgaris, Lythrum salicaria, Iris sibirica, Centaurea
phrygia and Serratula tinctoria as well as grass and sedge species such as Agrostis
stolonifera, Deschampsia cespitosa and Carex hirta (see Figure 48).

Table 18: Data on vegetation structure for the Molinietum

caeruleae
_ mean +/- SD 98.9 % +/- 1.5 %

Total cover (n = 14) min. - max. 95.0 % - 100.0 %
Share of relevés with Crataegus monogyna (38 %
Share of relevés with Salix cinerea 6 %
Share of relevés with Cornus sanguinea 6 %
Shrub cover (n=1) 5%

. mean 0.5m

hrub hight (n=1

Shrub hight (n = 1) max. 0.7m
Max. hight of herb layers [mean +/- SD 188 cm +/- 26 cm
(n=6) min. - max. 130 cm - 200 cm

The calculation of the maximum height of the herb layers is based on the data for only
6 out of 16 relevés, therefore the result should be considered preliminary. The values
are relatively high due to the occurrence of many tall-growing species, not least the
dominant Molinia arundinacea: the maximum height is 188 cm +/- 26 cm, ranging
between 130 cm and 200 cm.
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Figure 48: Upper and middle layer of a Molinietum caeruleae stand with Molinia
arundinacea, Lythrum salicaria, Lysimachia vulgaris and Sanguisorba officinalis in

the Village Meadow (Dabaca commune, 29.07.2010)

34

Figure 49: Structure of a Molinietum caeruleae stand in the Village Meadow with
Molinia arundinacea, Cirsium canum, Lythrum salicaria, etc. (Dabaca commune,
03.08.2010)
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The third, low herb layer consists mainly of forb species such as Stachys officinalis,
Galium boreale, Galium mollugo, Achillea millefolium, Ononis spinosa subsp. hircina
and the leaves of Filipendula vulgaris and Sanguisorba officinalis, as well as the sedge
species Carex filiformis and Carex distans (see Figure 49).

The total cover of vascular plants is the second-highest of the studied vegetation types,
with an average of 98.9 % + 1.5 % and a range between 95 % and 100 % (surpassed
only by the Mentho-Juncetum with 99.3 % + 0.9 %). In seven of 16 relevés,
phanerophytes are occuring (Crataegus monogyna, Salix cinerea and Cornus
sanguinea), but only in one relevé are the Crataegus monogyna specimen taller than
0.5 m and thus attributed to the shrub layer (see Table 18).

Most of the relevés have been made in the Dabaca meadows (13 of 16), especially the
Lord’s meadow (10). Thus, the information about this vegetation type in the Village
Meadow and the Great Meadow is incomplete and should be complemented by future
studies.

3.3.4.2 Syntaxonomy and diagnostic species

Class: Molinio-Arrhenatheretea Tx. 1937

Order: Molinietalia caeruleae Koch 19262

Alliance: Molinion caeruleae Koch 1926°
Association: Molinietum caeruleae Koch 1926¢

Selected synonyms:
@ Molinietalia Ribel 1933, Deschampsietalia cespitosae Horvati¢
1958
b Juncion acutiflori Br.-Bl. in Br.-Bl. et al. 1947, Eu-
Molinion Doing 1963, Serratulo-Molinion Doing 1963
¢ Allio suaveolentis-Molinietum Gors ex Oberdorfer
1983, Iridetum sibiricae Philippi 1960, Molinietum
medioeuropaeum Oberdorfer 1957

The nomenclature and selected synonyms regarding the class, order, and alliance
come from Mucina et al. (2016); the nomenclature and selected synonyms for the
association were taken from Burkart et al. (2004).

The assignment of the vegetation type described here to the association Molinietum
caeruleae Koch 1926 was made due to the close concordance of the diagnostic
species found with the order, alliance and association character species described in
literature (see next chapter) as well as based on the considerations listed further below.

3.3.4.2.1 Diagnostic species

There are two diagnostic species which are considered character species for the
association Molinietum caeruleae Koch 1926, as well as the alliance Molinion
caeruleae Koch 1962 (see Table 19). The first is Iris sibirica (see Figure 50), which is
diagnostic for this vegetation type only. This species indicates fallow or late mown
stands of the Molinietum caeruleae (Burkart et al. 2004). The second species,
Gentiana pneumonanthe, is diagnostic for both this vegetation type and the

84



3 Vegetation and flora of the hay meadows

Brachypodio-Molinietum arundinaceae, similar to Molinia arundinacea (see Table 19

and

Figure 51).

Table 19: Fidelity values and preferential occurrence in plant communities of selected
diagnostic species of the Molinietum caeruleae

L Gentiana Molinia . . i
Iris sibirica . Succisa pratensis [Plantago altissima
pneumonanthe arundinacea
Fidelity values: perc (class) fid
Molinietum caeruleae 44 (ll) fid 51** 56 (ll) fid 41* 100 (V) fid 62** 13 (I) fid 34* 13 (I) fid 34*
Calamagr. epigejos -comm. 10 () 30 (I
Brachypodio-Molinietum 10 (1) 50 (Il fid 35* 80 (IV) fid 46**
Festuca pratensis-comm. 25 (I
Polygalo-Brachypodietum 3 3
Cirsium furiens-comm. 6 (1)
Braun-Blanquet-values 2,1,+ 1,+,r 5,4,3,+ + +
Coldea et a.ll.' (2012?’ p. 194 C alliance Molinion [C alliance Molinion M. lcaerulea: .C4 C order Molinietalia
ff. : table Filipendulion, alliance Molinion
A L caeruleae caeruleae caeruleae
Calthion & Molinion caeruleae
. - Molinia caerulea:
Boscaiu et al. (1964), p. 244- association . . -
S - association alliance Molinion
245: table Molinietum Molinietum -
Molinietum caeruleae
caeruleae caeruleae
© caeruleae
j
g association Molinia caerulea:
2 |Resmerita (1969), p. 47-48: - association alliance Molinion
. Molinietum .
table Molinietum caeruleae caeruleae Molinietum caeruleae
caeruleae
association association Molinia caerulea:
Boscaiu (1965), p. 256-259, association . -
.~ |Peucedano- Peucedano- alliance Molinion
table Peucedano rocheliani- L L Peucedano-
. Molinietum Molinietum . caeruleae
Molinietum caeruleae Molinietum
caeruleae caeruleae
caeruleae
Hajkova et al. (2007), p. s. lat.: diagnostic,
2 210/211: Molinietum highly constant, diagnostic, constant
-§ caeruleae highly dominant
Z_ Z|HaMova (2006), p. 93-95: o .
o Gf .. ) T association M. caerulea agg: ) .
= c|diagnostic species in - . e alliance Molinion
Q 2 . L Molinietum alliance Molinion
3 Z[synoptic table of Molinion caeruleae
g = caeruleae caeruleae
£ 8 caeruleae
- -
@ [Skodowa et al. (2008), p.175- (lzllco(iilrj]riZtISm dlaanostic diagnostic,
© 176: Molinietum caeruleae 9 constant, dominant
caeruleae
C association C association i .
> S S M. arundinacea ? / . intext p. 48: C
c Molinietum Molinietum D / regional C )
© |Burkart et al. (2004), p. 78 M. caerulea agg.: D ) - alliance
IS L caeruleae + C caeruleae + C . e alliance Molinion .
g |ff.: table Molinion caeruleae : L : L alliance Molinion Deschampsion
& alliance Molinion [alliance Molinion caeruleae A
caeruleae cespitosae
caeruleae caeruleae

Perc = percentage frequency; class = frequency class; fid = statistical fidelity; C = character
species; D = differential species; empty cells = zero. The Braun-Blanquet-values are
indicated for the Molinietum caeruleae. The fidelity measure is the phi-(®)-coefficient of
association. Species with phi-coefficient values of at least 20 are considered diagnostic
(indicated by fid* and yellow colour); species with phi-coefficient values of at least 45 are

considered highly diagnostic (indicated by fid** and green colour).

Gentiana pneumonanthe is described by some Romanian authors as a character
species of the acidophilous Junco-Molinietum (Borza and Ratiu 1970; Gergely et al.
1988). However, the Ellenberg indicator value for soil reaction is specified as
‘indifferent’ (x) by Rothmaler (2005) and 6 by Borhidi (1995), the latter indicating
medium, slightly acidic to neutral sites (Dierschke and Briemle 2008). Furthermore,
Gentiana pneumonanthe is often named as diagnostic species for the basiphilous
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Molinietum caeruleae, for example in Romania by Boscaiu et al. (1964) and Resmerita
(1969), as well as in the White Carpathians by Skodova et al. (2008) (see Table 19).

Figure 50: Iris sibirica and Filipendula vulgaris in a Molinietum caeruleae stand in
the Lord’s Meadow (Dabaca commune, 04.06.2011)
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Figure 51: Gentiana pneumonanthe and Serratula tinctoria in a Molinietum
caeruleae stand in the Lord’s Meadow (Dabaca commune, 13.08.2013)
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Three diagnostic species are considered differential or character species for the
alliance Molinion caeruleae (see Table 19). The first, Molinia arundinacea, is highly
diagnostic for both this vegetation type and the Brachypodio-Molinietum arundinaceae
(see Figure 52). It is important to emphasize that from the species aggregate of Molinia
caerulea, only Molinia arundinacea occurs in the studied hay meadows, and not
Molinia caerulea. Molinia arundinacea often occurs on rather alkaline substrate
(Ellenberg 1996) and in drier grassland types (intermittently wet to intemittently dry up
to semi-dry) than Molinia caerulea (Rothmaler 2005; Budzhak et al. 2016).

A\ T

Figure 52: Molinia arundinacea and Lythum salicaria in the Lord’s Meadow (Dabéaca
commune, 03.08.2009)

The second species is Succisa pratensis (see Table 19), which has a high diagnostic
value for the Molinietum caeruleae according to Burkart et al. (2004), although it is only
a differential species with distribution priorities in other alliances as well. The third
species, Plantago altissima, which can reach a height of up to 80 cm (Ciocéarlan 2000),
occurs only in two Molinietum caeruleae-relevés. There are several studies (e.g. Zelnik
and Carni 2013 for Slovenia, Biondi et al. 2023 for Italy) which place Plantago altissima
into the Molinion caeruleae. However, it can also be a character species of the river
valley meadows of the Deschampsion cespitosae (see Table 19).

It is interesting that several species which often belong to the character species of the
Molinion caeruleae, and indeed do occur in many vegetation types in the study area,
are not diagnostic of the vegetation type described here (see also Chapter 3.3.4.3).
Serratula tinctoria, for example, is diagnostic for the Brachypodio-Molinietum and the
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Calamagrostis epigejos-community, but not for the Molinietum caeruleae (constancy
class Ill). Galium boreale and Carex filiformis occur in most of the vegetation types and
are diagnostic for some of them, but not for the Molinietum caeruleae (constancy class
II). Finally, Stachys officinalis occurs (non-diagnostic) in most of the described
vegetation types with a high constancy class (V or 1V), including the Molinietum
caeruleae.

The largest diagnostic species group of the local Molinietum caeruleae, comprising
nine species, is the group of character species for wet meadows of the order
Molinietalia caeruleae (see Table 20). Many of these species are tall forbs.
Sanguisorba officinalis, the host species for Phengaris nausithous and Phengaris
teleius (see Figure 53), belongs to this group. It occurs in all identified plant
communities, except the Caricetum vesicariae and the Danthonio-Stipetum, and is
diagnostic for the Molinietum caeruleae and the Festuca pratensis-community.

Table 20: Diagnostic species of the Molinietum caeruleae (total n = 19)

Association character Iris sibirica, Gentiana pneumonanthe

species

Molinion caeruleae Molinia arundinacea, Succisa pratensis,
Plantago altissima

Molinietalia caeruleae Sanguisorba officinalis, Cirsium canum,

Lysimachia vulgaris, Lythrum salicaria,
Thalictrum flavum, Equisetum telmateia, Juncus
effusus, Deschampsia cespitosa, Colchicum
autumnale, Trifolium hybridum

Potentillion anserinae Potentilla reptans, Inula britannica, Agrostis
stolonifera, Mentha pulegium

Another Molinietalia-species is Cirsium canum, which is distributed in Europe and
Western Siberia and has a Pannonic-Pontic center of geographic range (FloraWeb
2000-) (see Figure 53). The species occurs with consistency class V or IV in the four
studied vegetation types with the highest soil moisture: The Molinietum caeruleae, the
Calamagrostis epigejos-community, the Mentho-Juncetum inflexi and the Caricetum
vesicariae.

Havlova (2006) classify Cirsium canum as a diagnostic species for the Molinietum
caeruleae var. Bromus erectus in the Czech Republic, and in the White Carpathians it
is also regarded as diagnostic (Skodova et al. 2008). An interesting aspect regarding
Cirsium canum is raised by Wagner (1950), who found several examples of vicarious
character species in the Molinietum careuleae throughout Europe. For example,
Cirsium canum in the Pannonian variant of the Molinietum caeruleae replaces Cirsium
tuberosum in the Central European variant of the association.

Within the Molinietalia, the diagnostic species Lysimachia vulgaris, Lythrum salicaria,
and Thalictrum flavum have their main occurrence in the Molinion caeruleae and
Deschampsion cespitosae (Dierschke 2012), and are also linked to tall-herb fringe
communities. The diagnostic species Equisetum telmateia is a character species of
the Filipendulion ulmariae as well (Rothmaler 2005). Furthermore, there are some

88



3 Vegetation and flora of the hay meadows

references of its occurrence in Molinia-communities: For instance, Equisetum
telmateia is a diagnostic species in a Molinia arundinacea-community in abandoned
haymeadows in SW-Ukraine (Budzhak et al. 2016).

Buchwald (1996) mentions this species in his study of the Molinietum caeruleae in a
region of SW-Germany as a tall-herb species of moist habitats, which can increase in
abandoned Molinietum caeruleae-stands. In the analysed dataset, Equisetum
telmateia occurs only in three Molinietum-releveés.

Further Molinietalia-species diagnostic for this vegetation type are Juncus effusus,
Deschampsia cespitosa, Colchicum autumnale, and Trifolium hybridum (latter
following Resmerita 1969 and Boscaiu 1965). Finally, the following four diagnostic
species are characteristic species of flooded grasslands (Potentillion anserinae),
although they are diagnostic only for this vegetation type in the analysed dataset:
Potentilla reptans, Inula britannica, Agrostis stolonifera, and Mentha pulegium.

Figure 53: Sanguisorba officinalis, Cirsium canum and
Lythrum salicaria in a Molinietum caeruleae stand in the
Great Meadow (Borsa commune, 23.08.2019)
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3.3.4.2.2 Molinietum caeruleae and Junco-Molinietum

In most of the European literature about the alliance Molinion caeruleae, two major
groups are indicated; those dominated by calcicole, and those dominated by calcifuge
species (Hajkova et al. 2007; Leuschner and Ellenberg 2017).

One of the most important associations on calcareous soils is the Molinietum caeruleae
Koch 1926. It is the central association of the Molinion caeruleae (sensu Dierschke
1994 and Dengler 2003) because the association character species correspond to the
alliance characters species. The Molinietum caeruleae is often species-rich and
characterized by species like Serratula tinctoria, Stachys officinalis, Carex filiformis,
Gentiana pneumonanthe, Sanguisorba officinalis, Iris sibirica and Cirsium tuberosum
(Burkart et al. 2004; Hajkova et al. 2007; Leuschner and Ellenberg 2017). In Germany,
it occurs especially on base-rich fen soils in the montane and submontane level
(Dierschke and Briemle 2008).

Opposite to this is the Junco effusi-Molinietum caeruleae Tixen 1954: an acid,
species-poor community with Molinia caerulea agg., which developed in place of birch
swamp forests and damp birch-oak forests (Hajkova et al. 2007; Leuschner and
Ellenberg 2017). Even if the synsystematic position of the Junco-Molinietum is
sometimes contested, as it lacks many or even all character species of the Molinion
alliance (Leuschner and Ellenberg 2017), its existence has been confirmed by several
recent vegetation classifications, for example in the Czech Republic (Havlova 2006;
Hajkova et al. 2007).

3.3.4.2.3 Mismatch with current Romanian Molinion syntaxonomy

The most recent phytosociological synopses of Romanian vegetation by Coldea et al.
(2012) and Sanda et al. (2008) do not indicate the Molinietum caeruleae Koch 1926
for Romania, but include the vegetation stands described as such by other authors into
the Junco effusi-Molinietum caeruleae Tiixen 1954, stating there would be no major
differences in structure between the recorded relevés (Coldea et al. 2012). However,
there are several descriptions of the Molinietum caeruleae in Romania, most of them
dating from the 1950s to 1980s (see Chapter 3.3.4.5.4).

Coldea et al. (2012) describe the Junco-Molinietum for the north and central part of
Romania as growing on acid substrate and brown gleyic, sometimes marsh soils. They
do not name specific association character species. However, from their
phytosociological table of the Molinietalia caeruleae, a higher frequency class of
Juncus conglomeratus and Nardus stricta is apparent.

Sanda et al. (2008) indicate Juncus conglomeratus and Juncus effusus as
characteristic species for the Junco-Molinietum alongside the dominant Molinia
caerulea. Furthermore, many species of the Arrhenatheretalia and Molinio-
Arrhenatheretea would occur in the association, like Festuca rubra, Rhinanthus
angustifolius, Plantago lanceolata, Stellaria graminea, Leucanthemum vulgare,
Agrostis capillaris and Jacobaea vulgaris.
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Considering the characteristics of the Junco effusi-Molinietum caeruleae described for
Romania, it can be safely stated that the Molinion-vegetation type described here does
not belong to this association due to the following reasons:

e The occurrence on base-rich soils

e The missing indicator species for the Junco-Molinietum (like Juncus
conglomeratus, Nardus stricta; Juncus effusus in only two relevés with cover values
less than 5 % resp.1 %)

e The presence of calcicole species like Galium boreale, Carex filiformis, Thalictrum
flavum, Equisetum telmateia

The above-mentioned points instead support an assignment to the Molinietum
caeruleae or to another association characterised by calcicole species. The relatively
low frequency values of some typical Molinion character species in the Molinietum
caeruleae described here, like Galium boreale, Carex filiformis, and Serratula tinctoria
(see Chapter 3.3.4.2.1), is presumably explained by the management of the stands
(late or no mowing), which is also indicated by the high cover values of Molinia
arundinacea, and does not speak per se against the assignment to the Molinietum
caeruleae.

3.3.4.2.4 Associations with Molinia arundinacea

If one wants to find parallels between the analysed vegetation type and the already
described associations or their subtypes in European literature, a similarity to
communities with Molinia arundinacea is apparent.

One example is an association of the summerwarm lowlands of SW-Germany and the
Upper Rhine Valley named Cirsio tuberosi-Molinietum arundinaceae Oberd. et Phil. ex
GOrs 1974 (Oberdorfer 1993; Burkart et al. 2004), with similarities and differences to
the vegetation type described here:

e From the Molinia caerulea species aggregate, normally Molinia arundinacea is the
dominant species (like in the study hay meadows).

e One of the other character species is Cirsium tuberosum, which, according to
Wagner (1950), is the vicariant character species of Cirsium canum (diagnostic in
the Molinietum caeruleae described here). However, Cirsium tuberosum is also a
character species of the semi-dry Bromion erecti Koch 1926, while Cirsium canum
is more restricted to wet Molinietalia-meadows (Rothmaler 2005). Another
character species, Lotus maritimus, does occur in the study hay meadows, but was
not diagnostic for any of the vegetation types.

e The Cirsio-Molinietum arundinaceae connects to the semi-dry grasslands of the
Bromion erecti and contains character species of the class Festuco-Brometea, like
Bromus erectus and Brachypodium pinnatum (Burkart et al. 2004). In the study
area, the Molinietum caeruleae is embedded in a matrix of semi-dry Cirsio-
Brachypodio-grassland, but does not contain Festuco-Brometea-species to a
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significant extent (unlike the Brachypodio-Molinietum arundinaceae described in
Chapter 3.3.6).

e Many of the German Cirsio-Molinietum arundinaceae-relevés are stands with
dominating Molinia caerulea agg., which are no longer mowed or are used as litter
meadows (Burkart et al. 2004; Dierschke and Briemle 2008); in the study meadows
the stands are also dominated by Molinia arundinacea and at least semi-
abandoned.

e The Cirsio-Molinietum arundinaceae has a Southwest-Central European
distribution (Balatova-Tulackova 1987), and has been described for summerwarm
lowlands (Dierschke and Briemle 2008). The soils are clayey, intermittently wet (like
the soils of the studied meadows) and only moderately humous (Dierschke and
Briemle 2008) (unlike the soils of the studied meadows).

Interestingly, Balatova-Tulackova (1987) describe a vicariant association of the Cirsio-
Molinietum arundinaceae, namely the Gentiano pneumonanthis-Molinietum litoralis
llijani¢ 1968, which has a subcontinental-submeditarranean distribution (Balatova-
Tulackova and Hajek 1998). This association shows a similar structure and can also
be found on intermittently wet, summerwarm slopes or alluvial soils (Balatova-
Tulackova 1987). It has been identified in Croatia (llijani¢ 1968), Austria (Kuyper et al.
1978; Balatova-Tulackova 1987; Ellmauer and Mucina 1993), the Czech Republic
(Balatova-Tulackova 1993; Balatova-Tulackova and Hajek 1998) and Slovakia
(Balatova-Tulackova 1993).

According to llijani¢ (1968), who first described the association from Northeastern
Croatia, the differences between the Gentiano-Molinietum litoralis and the Central
European Molinietum caeruleae are the occurrence of Molinia arundinacea (= M.
litoralis) instead of Molinia caerulea and of several other species like Genista tinctoria,
Rhinanthus rumelicus, or Clematis integrifolia, which do not occur in the Central
European Molinietum caeruleae. On the other hand, species of fen and bog hollow
communities (Scheuchzerio-Caricetea nigrae), which do often occur in the Central
European Molinietum caeruleae, would be missing in the Gentiano-Molinietum litoralis.
Character species of this association would be, for example, Selinum carvifolia,
Laserpitium prutenicum and Peucedanum cervaria (llijani¢ 1968).

For the southwest of Ukraine, a recent syntaxonomical analysis of communities with
Molinia caerulea s. lat. by Budzhak et al. (2016), which considered the differences
between Molinia caerulea and Molinia arundinacea, has resulted in nine clusters, such
as the Junco-Molinietum Tixen 1954 and the Brachypodio pinnati-Molinietum
arundinacea Klika 1939. Fifteen relevés have been assigned to a rank-free community
with Molinia arundinacea within the Molinion, for which no analogues to previously
described associations have been found (Budzhak et al. 2016).

According to Budzhak et al. (2016), the stands were abandoned, species-rich hay
meadows in the colline-submontane level, which developed under the influence of
regular mowing and replaced communities of beech and oak forests. They bordered
on meadow communities of the Arrhenatherion elatioris alliance. Diagnostic species
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were, for example, Laserpitium latifolium, Dianthus membranaceus, Peucedanum
oreoselinum, Adenophora lilifolia, Equisetum telmateia, Stachys officinalis,
Sanguisorba officinalis and Lysimachia vulgaris (Budzhak et al. 2016).

3.3.4.2.5 Narrow or broad definition of the Molinietum caeruleae

There are two main approaches with which different authors deal with the classification
of the Molinion caeruleae. One option is that used by Burkart et al. (2004) in Germany,
where a broadly defined association concept where all Molinion stands are
summarized to a single association, the Molinietum caeruleae, is used (in this case
excluding the relevés assigned to the Junco effusi-Molinietum by other authors). The
Molinietum caeruleae is then subdivided into subtypes, like subassociations,
geographical races, altitudinal forms, or land use-related subunits (Oberdorfer 1993;
Burkart et al. 2004; Dierschke and Briemle 2008).

A similar approach is described for the Czech Republic, where the analysis of the
Czech National Phytosociological Database identified only the two associations Junco
effusi-Molinietum caeruleae Tuxen 1954 and Molinietum caeruleae Koch 1926
(Havlova 2006; Hajkova et al. 2007), latter with Molinia caerulea and M. arundinacea
(Hajkova et al. 2007). The Molinietum caeruleae was subdivided into three variants, of
which one is a variant with Bromus erectus. This variant includes species of the
Bromion erecti, Cirsio-Brachypodion pinnati, and Arrhenatherion elatioris alliances and
is found in the driest sites. Examples of diagnostic species for this variant are Bromus
erectus, Cirsium canum, Dactylis glomerata, and Inula salicina (Hajkova et al. 2007).

The second approach is to describe a larger number of associations, for example in
the Czech Republic before the national vegetation classification (10 associations, see
Havlova 2006) or in Austria, where nine associations of the Molinion alliance are listed
(Ellmauer and Mucina 1993); the same was reported in Slovakia (Havlova 2006).

According to Havlova (2006), the large number of associations emerge because the
associations are often distinguished by a high cover of some species, but the
diagnostic species often overlap and the variability in species composition among the
associations is very small. For example, the Galio borealis-Cirsietum cani Balatova-
Tulackova 2001 would only be characterized by a high cover of Cirsium canum
(Havlova 2006).

Similarly, Havlova (2006) and Hajkova et al. (2007) assign the Gentiano
pneumonanthis-Molinietum litoralis-relevés in the Czech Republic to the Molinietum
caeruleae, because the species composition would not differ between the
associations. The same pattern can be found for the White Carpathians: Balatova-
Tulackova and Hajek (1998) speak of the Gentiano-Molinietum litoralis in their paper
about the wet vegetation communities in the Southern White Carpathians, while in the
book about the White Carpathian grasslands only the Molinietum caeruleae is named,
although with Molinia arundinacea (Skodova et al. 2008).

The vicariant association from Southwestern Germany, the Cirsio tuberosi-Molinietum
arundinaceae, is also not recognized by some authors, e.g. Burkart et al. (2004).
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Instead, it is placed in the rank of a subassociation of the Molinietum caeruleae
(cirsietosum tuberosi), since the character species Cirsium tuberosum and Lotus
maritimus would occur with the same constancy in semi-dry grasslands (Burkart et al.
2004).

Based on these considerations, the broad association concept is applied in this thesis
as well, and the vegetation type studied is assigned to the Molinietum caeruleae Koch
1926, with the note that only Molinia arundinacea is present from the Molinia caerulea
species aggregate.

3.3.4.3 Environmental and ecological conditions

For half of the relevés, information about the exposition has been collected; most of
these relevés are north-facing (six of eight). Other cardinal directions are north-
northeast and northwest (see Table 9, page 64). The stands have only a slight
inclination (median: 1.5°), which indicates that the vegetation type is found on flat parts
within the hillslope (see Table 8, page 64).

The unweighted Ellenberg indicator value for nutrient availability N = 4.0 £ 0.3 for this
vegetation type (see Table 3, page 57) reflects the occurrence of species that grow on
moderately N-rich sites, but only rarely on N-poor sites (Schulze et al. 2002).

The occurrence on soils with low nitrogen availability is a general feature of Molinion
meadows (Leuschner and Ellenberg 2017). The reasons are low-intensity
management with or without low fertilizer supply, as well as waterlogging of the soil
and drying-out of the topsoil in summer, which lead to temporarily inhibited or even
interrupted decomposition of organic matter, and thus an irregular mineralization
(Buchwald 1996). The annual net nitrogen mineralization for Molinietum caeruleae
sites is indicated by Dierschke and Briemle (2008) with 0-40 kg N / ha. The dry matter
productivity is very variable and ranges from approximately 25 to 60 dt / ha (Dierschke
and Briemle 2008).

In general, not only the supply of nitrogen, but also of potassium can be insufficient on
Molinion sites (Buchwald 1996), and Molinion character species generally have low
leaf concentrations of nitrogen, phosphorus, and potassium (Leuschner & Ellenberg
2017).

The Ellenberg indicator value for soil moisture M = 5.5 + 0.4 (unweighted) for the
studied Molinietum caeruleae relevés reflects the occurrence of species that grow in
damp locations (Dierschke and Briemle 2008). Dierschke and Briemle (2008) list an
Ellenberg indicator value for soil moisture of 6 to 7 for Molinion meadows, which
reflects moist conditions, while the value of 5.5 corresponds to the moderately moist
Arrhenatherion meadows.

In the study meadows, the sites of the Molinietum caeruleae are characterized by
periodic waterlogging or even standing water, the latter occurring especially during the
period with the highest precipitations in late spring and early summer. During late
summer, in turn, the sites can dry out completely. A high variability of water supply is
generally found in Molinia grasslands on marl (Leuschner and Ellenberg 2017).
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Accordingly, around half of the species (ten) from the 19 diagnostic species for this
vegetation type are indicators for alternating soil moisture: Molinia arundinacea,
Sanguisorba officinalis, Cirsium canum, Lysimachia vulgaris, Lythrum salicaria,
Thalictrum flavum, Deschampsia cespitosa, Colchicum autumnale, Agrostis stolonifera
and Ranunculus repens (Ellenberg et al. 2001).

There are several indications that suggest that the studied Molinietum caeruleae
stands show several characteristics of sporadical, late and / or abandoned mowing.
First, the cover values of Molinia arundinacea are high: in three-quarters of 16 relevés
the cover values are 50 % or higher (Braun-Blanquet value 4 or 5), of which again
seven relevés feature a Molinia arundinacea cover of 75 % or higher (Braun-Blanquet
value 5). The longer the process of abandonment already lasts and the more summer-
dry the locations are, the easier Molinia enriches in its typical tussock form (Buchwald
1996), which is the case in many of the studied stands.

Additionally, a mosaic of dominance stands of different species can be observed (e.g.,
Iris sibirica, Galium boreale) in some of the surveyed Molinietum caeruleae stands, as
described for example by Zacharias et al. (1988) for fallow Molinion meadows.
Furthermore, Lysimachia vulgaris occurs with high fidelity values, which is typical for
abandoned or irregularly mown meadows (Burkart et al. 2004).

Finally, the relatively low fidelity of small-growing character species of the Molinion
caeruleae, like Galium boreale or Carex filiformis (compare Chapter 3.3.4.2.1), which
are diagnostic in the data set for adjacent vegetation types like the Brachypodio pinnati-
Molinietum arundinaceae, may also be an indication of a less developed lower herb
layer due to the dominance of Molinia arundinacea and the resulting dense litter layer.

3.3.4.4 Occurrence of the plant community in the study hay meadows

Of the approximately 300 ha of utilised hay meadow surface, it is estimated here that
around 7 to 8.5 ha were covered by Molinietum caeruleae vegetation (with Molinia
arundinacea), divided in numerous single stands, which thus represent around 2-3 %
of the meadow area. Often, the Molinietum caeruleae stands were at least partly
surrounded by Brachypodio-Molinietum arundinacea stands (see also Chapter
3.3.6.4).

3.3.4.4.1 Lord’s Meadow

In the Lord’s Meadow, the Molinietum caeruleae stands occur almost exclusively in the
upper part of the middle slope, characterized by a small gradient and high clay
contents. In 2010, the overall outlines of the Molinia arundinacea stands were mapped.
Six stands could be identified, covering an area of 0.95 ha, with different tuft densities
(see Figure 54). On 0.65 ha of the mapped area, Molinia arundinacea had a cover of
at least 40 %, while a maximum of 5 % cover was found on around 0.3 ha (see Figure
54). The stands were bordered by smaller patches or single tufts, all separated from
each other by drier vegetation types (see Figure 55).
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Figure 54: Stands of Molinia arundinacea (orange polygons) in the
Lord’s Meadow (white outline) in the year 2010 (Dabaca commune)
Red lines: communal borders; the percentages indicate the cover of
Molinia arundinacea in the respective stand. The mapping was
carried out by Inge Paulini & Gwyn Jones. The Google Earth image
is from September 2011 (Google, © 2023 Maxar Technologies).

Figure 55: Autumn view on the Molinia arundinacea tufts in the Lord’s
Meadow (Dabaca commune, 10.10.2010)
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It is important to note that the mapped area did not correspond exactly to the extent of
the Molinietum caeruleae, since Molinia arundinacea also occurs in the Brachypodio-
Molinietum arundinaceae (see Chapter 3.3.6.2), and stands with low Molinia cover may
belong to this community. Therefore, the area of the Molinietum caeruleae was
estimated to be approximately 0.5 ha in size. The size of the area surrounding all
Molinia arundinacea stands was about 2.5 ha.

3.3.4.4.2 Village Meadow

In the Village Meadow, there was one 1.5 ha continuous stand of Molinia arundinacea
on the eastern margin, located below a reedbed and willow scrub (surveyed in 2010,
data not shown). This area, according to personal observations, corresponded in large
parts to the Molinietum caeruleae (see Figure 56).
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Figure 56: Central part of a large, strip-shaped Molinietum caeruleae stand with Molinia
arundinacea (fresh-green colour) in the eastern part of the Village Meadow (Dabaca
commune, 30.08.2011)

Additionally, there were a large number of various Molinia arundinacea stands
distributed within the mostly semi-dry vegetation matrix of the Village Meadow, ranging
from single tufts of several tens of square meters up to dense polygons of several
hundreds of square meters; the larger stands belonged to the Molinietum caeruleae
(see Figure 57). Taken together, these scattered Molinietum caeruleae stands covered
1 to 1.5 ha (estimated).
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Figure 57: Molinietum caeruleae stands (orange areas marked by white arrows) in
the western part of the Village Meadow (Dabaca commune, 15.09.2010)

3.3.4.4.3 Great Meadow

In the Great Meadow, similar to the Village Meadow, Molinia arundinacea could be
found in many small patches of single tufts to larger patches of several hundreds of
square meters scattered over the meadow surface (estimated about 2 to 3 ha). The
largest contiguous area with Molinietum caeruleae vegetation was located in the
meadow centre, west of the path between the meadow sections Sekeliste and Fanaia
(estimated around 2 ha, see Figure 58).

Figure 58: View on the central part of the largest Molinietum caeruleae stand (with
Molinia arundinacea) in the Great Meadow (Borsa commune, 23.08.2019)
In the foreground: Phragmites australis, Lythrum salicaria, Cirsium canum, etc.
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3.3.4.5 Occurrence of the plant community in Romania

3.3.4.5.1 Molinia arundinacea in publications about the Molinion caeruleae
from Romania

In Romanian literature about Molinion-communities, Molinia arundinacea is not known
to be mentioned; therefore, it is difficult to estimate how widespread the vegetation
type described here is. Molinia arundinacea is listed as a subspecies of Molinia
caerulea in the Romanian floras of Savulescu (1952-1976) and Ciocarlan (2000).

Savulescu (1952-1976) indicates only one occurrence of Molinia caerulea ssp.
arundinacea in Cluj County; the communes Calatele (65 km W of Cluj) and Capusu
Mare (25 km W of Cluj) in the northern foothills of the Apuseni (Gilau) mountains.
Molinia caerulea ssp. caerulea is described as frequent throughout the whole country.

3.3.4.5.2 Publications about Molinion-vegetation in Cluj County

Pop et al. (1999-2000) do not list the alliance Molinion caeruleae in their
phytosociological and ecological study of Cluj County’s vegetation at all. Furthermore,
Molinia meadows are not mentioned in the PhD thesis and related article of Pop (1985,
1996) about the vegetation of the Cluj Hills, including part of Borsa commune with the
Great Meadow.

However, Cristea (2014) includes in his enumeration of habitat types in Cluj-Napoca
and surroundings the habitat type R3711: Dacian meadows with Nardus stricta and
Molinia caerulea (Donita et al. 2005), but without further details of location or type. The
reference could be related to the Molinion-occurrence in Faget forest and Morii Valley
(see below).

There are two publications by So6 (1927, 1947) which mention the Molinietum
caeruleae for the surroundings of Cluj, mainly for Faget forest (Fagetul Clujului) and
Morii Valley (Valea Morii), an area in the south of the municipal center of Cluj-Napoca
(see information about the Natura 2000-site ‘Fagetul Clujului — Valea Morii’ below).

In the 1927 publication by So6 there is a constancy table for the Molinietum caeruleae;
the 1947 publication shows only a list of local character species without a
phytosociological table. However, the species composition is comparable in both
publications, and suggests that the described vegetation belongs to other communities
of wet meadows and communities of mesotrophic fens of the class Scheuchzerio-
Caricetea with occurence of Molinia caerulea: Molinia caerulea, Nardus stricta, Carex
flava, Carex cespitosa, Carex panicea, Juncus atratus, Juncus thomasii, Gladiolus
imbricatus, Herminium monorchis, Epipactis palustris, Parnassia palustris, Pedicularis
palustris, Succisa pratensis, Cirsium rivulare, Ligularia sibirica and Agrostis stolonifera.

3.3.4.5.3 SClIs with Molinion-habitat in Romania and Cluj County

Another source of information about the occurrence of Molinion-vegetation in Romania
is data on the Natura 2000 network, which includes the protection of the habitat type
6410 ‘Molinia meadows on calcareous, peaty or clayey-silt-laden soils (Molinion
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caeruleae)’, on both neutro-alkaline and more acid soils (European Commission DG
Environment 2013).

From the 435 Sites of Community Importance (SCIs) in Romania (European
Environment Agency 2018), there are 29 SCIs (European Environment Agency 2021)
listing the habitat type 6410 in the Standard Data Form (6,7 %). Most of the sites are
located in the Carpathian Mountains and the Maramures region, and there are only
two sites with the habitat type 6410 in the whole Translyvanian Basin. In Cluj County,
there are four Natura 2000-Sites of Community Importance (SCIs), which include the
habitat type 6410 (European Environment Agency 2021); two of them in the
surroundings of Cluj are treated in the following.

SCI ‘Eastern Hills of Cluj’ (ROSCI2095): In the management plan of the SCI ‘Eastern
Hills of Cluj‘, in which the study hay meadows are included, the vegetation of the Lord’s
and Village Meadow is indicated as a complex of three habitat types (6430, 6510 and
6410) (Societatea Lepidopterologica din Romania 2016). The Molinion stands in the
Great Meadow are not shown on the map of habitat types (the area is mapped as
habitat complex 6510-6430), like several other locations in the area of the SCI, in which
the author of this thesis has found stands with Molinia caerulea agg. and species like
Serratula tinctoria and Sanguisorba officinalis. Common features of these stands are
that they are all located in old (former) hay meadows (Paulini et al. 2012) and are of
small size, i.e. several tens to hundreds of square meters. The total area covered by
the habitat type 6410 in the SCI is not specified in the management plan (Societatea
Lepidopterologica din Roméania 2016).

It is somewhat surprising that the Molinion vegetation in the Cluj Hills has received so
little attention up to now, despite its close proximity to the nature reserve ‘Hay
Meadows of Cluj’ which has been visited by numerous botanists since the 19t century.
Only the discovery of the Phengaris spp. occurrence in the studied hay meadows finally
drew attention to the Molinia meadows.

SCI ‘Fagetul Clujului — Valea Morii’ (ROSCI0074): Today, a large part of the Faget
forest and the Morii Valley mentioned in the publication of So6 (1947) is covered by
the Site of Community Importance ‘Fagetul Clujului — Valea Morii’. The SCI measures
1686 ha and, according to the management plan, is covered mainly by forests (1423
ha), grasslands (217 ha), alkaline fens (5 ha), and Molinia meadows (11 ha; habitat
type 6410) (Erés and Platon 2015). In the SCI, there are three plant and two butterfly
species protected by the Habitats Directive which are linked to the alkaline fens and
Molinia-meadows: Adenophora lillifolia, Ligularia sibirica and Liparis loeselii, as well as
Phengaris nausithous and Phengaris teleius.

However, the management plan does not identify the Molinion associations occuring
in the area. The height above mean sea level of the designated Molinia habitat is
around 200-300 m higher than that of the study hay meadows (620-680 versus 370-
470 m a.s.l.). According to So06 (1927), the area belongs to the montaneous forest
zone, while the Hills of Cluj are located in the transition area towards the steppe zone
of the Translyvanian Basin.
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3.3.4.5.4 Locations of Molinietum caeruleae in Romania

From the botanical literature it can be observed that a significant part of the publications
describing the Molinietum caeruleae Koch 1926 in Romania have been published in
the 1960s to 1980s, either as papers about Molinia-vegetation, for example by Boscaiu
et al. (1964), Boscaiu (1965), Resmerita (1969), and Borza and Ratiu (1970), or as
part of the vegetation description of a certain region, for example by Pop et al. (1964)
and Gergely et al. (1988). More authors can be found in the vegetation synopsis of
Coldea et al. (2012), who list the source of the relevés used for the classification.

Many of the publications mentioned above classify their analysed vegetation as
Molinietum caerulaea (Boscaiu et al. 1964; Resmerita 1969; Borza and Ratiu 1970;
Gergely et al. 1988). Boscaiu (1965) describes the new association Peucedano
rocheliani-Molinietum coeruleae, which is generally accepted in Romanian
syntaxonomy (Sanda et al. 2008; Coldea et al. 2012).

Despite the assignment of the mentioned authors, Coldea et al. (2012) and Sanda et
al. (2008) allow only the Junco effusi-Molinietum caeruleae Tiixen 1954 and the Junco
effusi-Molinietum caeruleae galietosum boreale Gergely et al. (1988) for Romania (see
also Chapter 3.3.4.2.3). Clarity in this contradictory classification of the Molinion stands
can only be achieved by a classification of a large number of Molinion-relevés from
Romania and comparison with other European classifications.

From the analysed literature, the Molinia-vegetation described by Boscaiu et al. (1964),
Boscaiu (1965), and Resmerita (1969) is floristically the most similar to the Molinietum
caeruleae described here. Boscaiu et al. (1964) mention stands of Molinia meadows
with sizes of 2 and 5 ha, but also 40 and 60 ha in the Oas region (Satu Mare County)
and Sighet region (Maramures County), both NW Romania. These Molinietum
caeruleae stands were used partly as hay meadows, but some of them were already
abandoned and experiencing succession towards forest communities (Boscaiu et al.
1964). The Molinia stands in the Maramures County are located in what is now the Site
of Community Importance ‘Ignis’ (ROSCI0092).

One year later, Bogcaiu (1965) describes the new association Peucedano rocheliani-
Molinietum coeruleae from two locations in W-Romania (SE-Banat near Caransebes
and Lugoj, and from the Hateg depression). He speaks of relic stands and suspects a
larger extension of the Molinia meadows in the past. The association is defined based
on 7 relevés of 100 m? size.

Boscaiu (1965) names 10 character species for the association, which correspond to
the Molinietum caeruleae Koch 1926: Molinia caerulea, Sanguisorba officinalis,
Cirsium canum, Inula salicina, Gentiana pneumonanthe, Euphorbia illirica, Iris sibirica,
Gladiolus imbricatus, Selinum carvifolia, and Thalictrum simplex subsp. galioides.
Additionally, he lists four regional characteristic species: Narcissus poeticus subsp.
radiiflorus (= Narcissus stellaris), Peucedanum rochelianum, Polygala vulgaris f. albida
and Ranunculus polyanthemos.

Boscaiu (1965) calls his new community a regional association with daco-illyric
character; in the system of Wagner (1950) about the geographic variants of the
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Molinietum caeruleae it would be a new, sub-illyric unit from Romania (Banat, South-
Transylvania) with similarities to the illyric variant. In this sense, the Peucedano
rocheliani-Molinietum coeruleae could also be considered a geographic vicariant/race
of the Molinietum caeruleae, which is distinguished by several differential species
(sensu Dierschke 1994).

Resmerita (1969) describes Molinietum caeruleae stands near Bistrita (Bistrita-Nasaud
county; 70 km straight-line distance from the studied hay meadows towards NE), which
were located in around 3000 ha of hay meadows and pastures, with scattered Salix
cinerea shrubs and individuals of Rhamnus frangula, Quercus robur and Quercus
petraea.

Resmerita (1969) considers these Molinietum caeruleae stands to be among the most
representative and best developed in Romania. However, similar to Boscaiu (1965),
he suspects a larger extension in the past and considers them relic stands. As reasons
for their reduction Resmerita (1969) names natural processes of drying out of the sites,
as well as anthropogenic influence (drainage, transformation into arable), and predicts
a further reduction of their area.

3.3.4.6 Agricultural use, conservation value and protection status

According to the statement of a farmer from Luna de Jos, the Molinia arundinacea
plants were traditionally harvested separately from the other hay species and either
fed to horses or water buffaloes, or used as bedding in the stables (Vasile Rus Sr.,
personal communication, March 2023).

Although the Molinietum caeruleae (with Molinia arundinacea) occurs only on around
2-3 % of the utilised hay meadows surface (see Chapter 3.3.4.4), these areas can be
regarded as a focus for conservation due to the following reasons.

Two host plants of three different Phengaris taxa have their main occurrence in this
plant community, at least according to the analysed vegetation table: Sanguisorba
officinalis (in 88 % of the Molinietum-relevés) and Gentiana pneumonanthe (in 57 % of
the Molinietum-relevés). Additionally, Gentiana pneumonanthe is of national
conservation concern, being classified as vulnerable by Boscaiu et al. (1994).

Two more vascular plant species of national conservation concern occur in the 16
relevés made in this vegetation type: Iris sibirica, a rare (Dihoru and Dihoru 1994) and
vulnerable (Boscaiu et al. 1994) species was found in 44 % of the relevés, and Klasea
radiata (synonym: Serratula radiata), a rare species according to Oltean et al. (1994)
was found in one Molinietum-relevé.

Also worth mentioning is the high nature conservation value of the Molinietum
caeruleae with Molinia arundinacea in the hay meadows, which results from the first
description of the community with this Molinia species for Romania so far, as well as
the frequent co-occurrence with the Brachypodio-Molinietum arundinaceae, which is
also rarely indicated for Romania up to now (see Chapter 3.3.6.5).
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In general, Molinion meadows, together with the dry and semi-dry grasslands of the
Festuco-Brometea class, are ranked among the most species-rich and flower-rich
ecosystems of Central Europe (Leuschner and Ellenberg 2017).

While Molinion meadows used to be widespread in some areas of Europe (e.g. in
Germany in the northern Upper Rhine Plain and the Bavarian Alpine Foreland),
occurrences have declined significantly since the second half of the 20th century, and
the meadows survive only in areas with exceptionally extensive land use and in
protected areas (Burkart et al. 2004; Leuschner and Ellenberg 2017).

On the European red list of habitats by Janssen et al. (2016), the entire group of moist
or wet oligotrophic grasslands (code E3.5) is classified as endangered. Furthermore,
the Molinietum caeruleae is included in Annex | of the EU Habitats Directive as part of
the habitat type 6410 - Molinia meadows on calcareous, peaty or clayey-silt-laden soils
(Molinion caeruleae).

The study hay meadows are located, as previously mentioned, in a Site of Community
Importance (ROSCI2095), hence the status and management recommendations for
Annex | habitat types are specified in the management plan of the site (Societatea
Lepidopterologica din Roméania 2016).

The habitat type 6410 is included in the SCI management plan but was not mapped as
a separate habitat type due to its small extent, or in some cases not mapped at all.
Moreover, the management plan does not mention the Molinietum caeruleae, only the
‘Junco-Molinietum Preising 1951', hence the plant community is not properly adressed
by the management plan.
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3.3.5 Calamagrostis epigejos-[Molinietalia caeruleae]-community

Vegetation type: Calamagrostis epigejos-dominance community

Names:
English: Wood small-reed community within the order of wet meadows
Romanian: Comunitate de trestie de camp in cadrul ordinului de pajisti umede
German: Land-Reitgras-Gesellschaft innerhalb der Ordnung der Feucht-

und Nasswiesen

Information relevés:

Number: 10

Type, size, year: phytosociological relevés, 25 m?, 2009

Surveyors: 2 different persons / teams
Locations:

Dabéaca: Lord’s Meadow (1)

Borsa: Great Meadow (9)

3.3.5.1 Structure and species composition

The following descriptions are based on 10 phytosociological relevés carried out in the
year 2009 in the Great Meadow (n = 9) and the Lord’s Meadow (n = 1). When selecting
the plots in the meadows, preference was given to stands with Serratula coronata by
one surveyor (S. Badarau, personal communication, July 2009), since the meadows
have been an unknown location of this rare species in Romania at this time. The
surveyed parameters of vegetation structure are shown in Table 21.

Table 21: Data on vegetation structure for the Calamagrostis
epigejos-community

Total cover (n = 10) mgan +/- SD 94.3 % +/- 4.5 %
min. - max. 90.0 % - 100.0 %

Share of relevés with Crataegus monogyna |30 %

Share of relevés with Rosa canina 10 %

Average hight of herb mean +/- SD 58 cm +/- 21 cm

layers (n = 5) min. - max. 30cm -90 cm

Max. hight of herb layers |mean +/- SD 140 cm +/- 24 cm

(n=5) min. - max. 100 cm - 170 cm

Data on the shrub layer have not been recorded.

The stands of this vegetation type are characterized in general by a high cover of the
wood small-reed (Calamagrostis epigejos): it was recorded in seven of 10 relevés with
cover values between 50 and 100 % (Braun-Blanquet value 4 or 5). However, the plots
have a variable degree of co-dominant species: in four of seven plots dominated by
the wood small-reed, there is just one or no co-dominant species at all, with the other
species reaching cover values of, at most, a few percent. In the remaining three plots,
four or five species reach the Braun-Blanquet value 2 (5-25 % cover) or higher.
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Additionally, three relevés have been assigned to this vegetation type, which contain
no or less than 1 % Calamagrostis epigejos; in these relevés, Festuca pratensis and
Carex filiformis as well as several forb species like Galium boreale, Serratula tinctoria,
or Cirsium canum reach high cover values (25 % to 75 %).

Besides the species already mentioned, other frequent species in this vegetation type
are Stachys officinalis, Thalictrum lucidum, Centaurea phrygia, Inula salicina, Serratula
coronata, Filipendula vulgaris, Ononis spinosa subsp. hircina, Euphorbia esula,
Sanguisorba officinalis, Rhinanthus minor, Symphytum officinale, Lysimachia vulgaris,
Lythrum salicaria, Carex filiformis, Galium verum, Daucus carota, Lotus corniculatus,
and Leontodon hispidus. Several of the frequent and diagnostic species are tall forb
species, for example Thalictrum Ilucidum, Cirsium canum, Serratula coronata,
Symphytum officinale, Lysimachia vulgaris, Lythrum salicaria, and Valeriana officinalis.

Due to the dominant Calamagrostis epigejos and the tall forb species, the stands of
this vegetation type reach, after the Molinietum caeruleae, the second highest values
of the maximum height of the herb layers, averaging 140 cm +/- 24 cm and ranging
between 100 cm and 170 cm. The lower herb layer is clearly smaller, as the average
height of the vegetation layer of 58 cm +/- 21 cm and the range between 30 cm and
90 cm suggest (see Figure 59). The total cover of vegetation averages 94.3 % +/- 4.5
% and ranges between 90 % and 100 %. Phanerophytes occur in four of 10 relevés
(Crataegus monogyna and Rosa canina); it has not been recorded if the specimens
are taller than 0.5 m and thus may be attributed to the shrub layer.

2 "‘.\ ’”i._"\( N \,»’ % kR SRS } g Nod R { : Ry (\’\‘l
Figure 59: Calamagrostis epigejos-community stand in the Great Meadow (Borsa
commune, 18.09.2011)

The light-brown Asteraceae infructescences belong to Serratula tinctoria.

{
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3.3.5.2 Syntaxonomy and diagnostic species

Class: Molinio-Arrhenatheretea Tx. 1937

Order: Molinietalia caeruleae Koch 19262

Community: Calamagrostis epigejos-[Molinietalia caeruleae]-
community

Selected synonyms:
@ Molinietalia Ribel 1933, Deschampsietalia cespitosae Horvati¢
1958

The nomenclature and selected synonyms regarding the class and order come from
Mucina et al. (2016).

For the vegetation type described here, 17 diagnostic species have been found, of
which the following five species are mainly diagnostic for this vegetation type.

Calamagrostis epigejos (wood small-reed, see Figure 60) has high fidelity values as a
diagnostic species in this vegetation type and is diagnostic also for the Brachypodio-
Molinietum (see Table 22). The wood small-reed is a tall growing perennial grass
species which spreads predominantly vegetatively through creeping rhizomes (Rebele
and Lehmann 2001; Rebele 2014). The species is characterized by extraordinarily
broad ecological amplitudes with regard to the factors moisture, soil reaction and
nutrients (Rebele 2014). Hence, the tall growing species occurs in a wide range of
different habitat types.

Figure 60: Calamagrostis epigejos stand in the Great Meadow (Borsa commune,
30.08.2011)
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Table 22: Fidelity values and preferential occurrence in plant communities of selected
diagnostic species of the Calamagrostis epigejos-community

Calamagrostis Serratula Thalictrum Symphytum Valeriana
epigejos coronata lucidum officinale officinalis
Fidelity values: perc (class) fid

Calamagr. epigejos-comm. 90 (V) fid 62** 70 (IV) fid 75** 90 (V) fid 66 ** 50 (1) fid 42* 30 (1) fid 40*
Mentho-Juncetum 33 (I
Molinietum caeruleae 19 () 13 (I 31 (I) fid 21*
Brachypodio-Molinietum 50 (I fid 26*
Festuca pratensis-comm. 13 () 25 (1) 13 (1)
Polygalo-Brachypodietum 3( 3(l) 3()
Cirsium furiens-comm. 19 () 13 (I) 13 ()
Braun-Blanguet-values 5,4, + 1, + + + +

Coldea et al. (2012), p. 194ff.:
table Filipendulion, Calthion &
Molinion

C alliance Molinion |C order Molinietalia [C alliance
caeruleae caeruleae Filipendulion

Perc = percentage frequency; class = frequency class; fid = statistical fidelity; C = character
species; empty cells = zero. The Braun-Blanquet-values are indicated for the Calamagrostis
epigejos-community. The statistic fidelity measure is the phi-(®)-coefficient of association.
Species with phi-coefficient values of at least 20 are considered diagnostic (indicated by fid*
and yellow colour); species with phi-coefficient values of at least 45 are considered highly
diagnostic (indicated by fid** and green colour).

Serratula coronata is highly diagnostic for this vegetation type and occurs only in one
relevé belonging to another vegetation type (Festuca pratensis-community, see Table
22). According to S. Badarau (personal communication, August 2009), the study hay
meadows are a new location of the rare species in Romania and one of the
westernmost populations regarding the entire distribution area. Itis a hemicryptophyte
which can reach a height of 80-150 cm and flowers in August and September
(Savulescu 1952-1976; Ciocarlan 2000) (Figure 61 and Figure 62). In Europe, the
species is native only to Romania, Moldova, Ukraine, Belarus, and Russia, as well as
to Transcaucasia (Greuter 2006+). It extends over large parts of Asia up to Japan
(Royal Botanic Gardens). The nearest locations mentioned by Savulescu (1952-1976)
are the ‘Hay Meadows of Cluj’ nature reserve and Jucu commune, which borders on
Borsa commune.

Greuter (2006+) indicates Serratula wolffii Andrae as a heterotypic synonym of
Serratula coronata L. Savulescu (1952-1976) on the other hand rejects the name
Serratula coronata for the Romanian specimens and opts for the name Serratula wolffii,
since Serratula coronata L. would have been described as very similar to Serratula
tinctoria L. (see Savulescu 1952-1976). In this thesis, the name Serratula coronata L.
is used, referring to that Serratula species which differs clearly from Serratula tinctoria,
especially with regard to size.
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Figure 61: Floral head of Serratula coronata (Cojocna commune, 27.07.2009)

L

Figure 62: Flower buds of Serratula coronata in the Great
Meadow with Molinia arundinacea in the background (Borsa
commune, 23.07.2011)
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According to Savulescu (1952-1976), Serratula coronata (=S. wolffii) occurs in hay
meadows and scrubs in the lowland layer, while in the flora of China the following
habitats are mentioned: forests, forest margins on mountain slopes, steppes,
meadows, and riverbanks (Missouri Botanical Garden and Harvard University Herbaria
2023). Sanda et al. (2008) considers Serratula coronata (=S. wolffii) a character
species of the Molinietalia caeruleae. According to RoleCek et al. (2014), Serratula
coronata is a mesophilous species typical of hemiboreal forests and continental forest
meadows.

Thalictrum lucidum is a good diagnostic species for this vegetation type, with high
frequency and fidelity values (see Table 22). It is a typical species of tall forb
communities and wet to intermittently wet meadows (Rothmaler 2005). Coldea et al.
(2012) assign it to the Molinion caeruleae. For Southeast Lower Saxony (Germany),
Zacharias et al. (1988) describe fallow litter meadows of the Molinietum caeruleae with
a high frequency of Thalictrum lucidum (as well as Calamagrostis epigejos).

Symphytum officinale is diagnostic for this group, and, with lower diagnostic values,
also for the Molinietum caeruleae (see Table 22). The species indicates a good supply
of nutrients (Buchwald 1996) and often occurs in wet meadows (Molinietalia caeruleae)
(Rothmaler 2005; Coldea et al. 2012) and tall-herb fringe communities (Dierschke
1996).

Valeriana officinalis is diagnostic only for this group (see Table 22). The species occurs
in similar habitats like Thalictrum lucidum and Symphytum officinale: tall forb
communities, wet meadows, alder and hardwood floodplain forests, and also on
nutrient-rich sites like nitrophytic fringe communities (Rothmaler 2005); Coldea et al.
(2012) assign the species to the Filipendulion.

Furthermore, there are four diagnostic species for this vegetation type which are
character species of the Molinion caeruleae (Serratula tinctoria) and Molinietalia
caeruleae (Clematis integrifolia, Cirsium canum and Lysimachia vulgaris; see also
Table 23).

Table 23: Selected diagnostic species of the Calamagrostis epigejos-
community (15 from a total of 17)

Diagnostic mainly for this |Calamagrostis epigejos, Serratula coronata,
community Thalictrum lucidum, Symphytum officinale,
Valeriana officinalis

Molinion caeruleae and Serratula tinctoria, Clematis integrifolia, Cirsium

Molinietalia caeruleae canum, Lysimachia vulgaris
Molinio-Arrhenatheretea |Alopecurus pratensis, Avenula pubescens
Fringe communities Poa trivialis, Calystegia sepium, Solidago

virgaurea, Erigeron canadensis

The following diagnostic species occur only with low frequency, that is, in two or three
relevés out of 10, and are species of Molinio-Arrhenatheretea grasslands and fringe
communities. Alopecurus pratensis, Poa trivialis, and Calystegia sepium are nutrient-
demanding species from rather moist sites, while Solidago virgaurea, Erigeron
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canadensis, and Avenula pubescens are growing on damp to dry sites with moderate
nitrogen supply (see also Table 23).

There is one association mentioned in Romanian literature which has some similarities
to the vegetation type described here, namely the Lythro-Calamagrostietum epigei I.
Pop 1968 with Lythrum salicaria, Symphytum officinale and Cirsium canum indicated
for NE-Romania (Chifu 1995; Sanda et al. 2008). However, this association is assigned
to the order of flooded grasslands and creeping plants (Potentillo-Polygonetalia), while
the vegetation type found in the meadows belongs to the order of wet grasslands
(Molinietalia careuleae). This is indicated by the diagnostic species hamed above and
high frequency values of Sanguisorba officinalis, Cirsium canum, Lysimachia vulgaris
and Lythrum salicaria.

Since no good match was found with associations described in the literature, it was
decided to describe the vegetation type as a dominance community (German:
Dominanzgesellschaft) of Calamagrostis epigejos. Dominance communities are
frequently recurring stands dominated by a certain species, and do not possess
association character species (Dierschke 2012). The dominants often are species with
a pronounced vegetative growth like Calamagrostis epigejos, Elytrigia repens, or
Agrostis stolonifera. If association character species can be identified, the stands are
assigned to the respective associations, for example as a facies (Dierschke 2012).

Due to the assignment of several diagnostic species to the Molinietalia caeruleae, the
community is placed here into this order of wet grasslands, leading to the name
Calamagrostis epigejos-[Molinietalia caeruleae]-community. Whether the
dominance community can be assigned to the Molinion-alliance remains to be clarified.
The greatest similarities in diagnostic species are with the Molinietum caeruleae and
the Brachypodio-Molinietum arundinaceae.

3.3.5.3 Environmental and ecological conditions

For five of 10 relevés the exposition has been recorded: one is N-facing, one NW-
facing and three are NNW-facing (see Table 9, page 64). The stands have only a slight
or no inclination (median: 0°), which indicates that the Calamagrostis epigejos-
community is generally found in flat areas of the meadow hill slope (see Table 8, page
64).

It can be assumed that these depressions are exposed to irregular waterlogging as
well as drought; according to Rebele and Lehmann (2001), established clones of
Calamagrostis epigejos are tolerant to both conditions and survive fluctuations
between those extremes. The tolerance towards flooding of Calamagrostis epigejos is
mentioned by Thomas (1990) as well.

The high number of species in the Calamagrostis epigejos-community which are
characteristic of sites with alternating soil moisture or regularly flooded sites supports
this assumption: Thalictrum lucidum, Valeriana officinalis, Clematis integrifolia,
Serratula tinctoria, Cirsium canum, Lysimachia vulgaris and Lythrum salicaria as
diagnostic species, as well as Sanguisorba officinalis, Inula salicina, Filipendula
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vulgaris, Galium boreale, Stachys officinalis, Galium verum and Carex filiformis as non-
diagnostic species with high frequency values.

The unweighted Ellenberg indicator value for soil moisture M = 5.4 + 0.4 (see Table 3,
page 57) for the studied Calamagrostis epigejos-community reflects the favoured
occurrence of species that grow in damp to slightly moist locations (Ellenberg et al.
2001; Dierschke and Briemle 2008). The Ellenberg indicator value for moisture is
almost identical to that of the studied Molinietum caeruleae (M = 5.5 +0.4,
unweighted).

The unweighted Ellenberg indicator value for nitrogen supply N = 4.2 £ 0.3 for this
vegetation type reflects the favoured occurrence of species that grow on moderately
N-rich sites (Dierschke and Briemle 2008); the Molinietum caeruleae (N = 4.0 = 0.3)
and Mentho-Juncetum (N = 4.3 £ 0.4) have comparable unweighted values.

The similar values for moisture and nitrogen supply raise the question of which
environmental conditions distinguish the sites of the Molinietum caeruleae from those
of the Calamagrostis epigejos-[Molinietalia caeruleae]-community, since both
vegetation types occur in depressions within the meadow hillslope. The results of the
DCA (see Figure 41, page 59) indicate that there are factors that separate the
vegetation types on the y-axis. If this difference is the reason for the different
manifestation or whether the vegetation itself has changed site conditions requires
further investigation.

An aspect that may play a role in the formation of the Calamagrostis epigejos-
[Molinietalia caeruleae]-community is the gradual abandonment of regular mowing
since the 1990ies (see Chapter 4.3.3). The absence of regular cuts changes the
competition conditions in the meadow vegetation, and can lead to increasing
dominance of expanding species like Calamagrostis epigejos (e.g. Dierschke and
Briemle 2008). A spread of the Calamagrostis-dominance stands starting from small
depressions is plausible. Furthermore, the frequent occurrence of Serratula coronata
in this vegetation type, which is disadvantaged on regularly or early mowed sites due
to its late phenology, may also indicate the absence of mowing.

Quinger et al. (1995) observed that Calamagrostis epigejos shows an increased
development in shaded places and often colonizes the areas of fallow litter meadows
bordering on forest edges. It is possible that the expansion of Calamagrostis epigejos
in the study meadows is enhanced by the increasing scrub encroachment (see Chapter
4.3.3).
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3.3.5.4 Occurrence of the plant community in the study hay meadows

The location and extent of Calamagrostis epigejos-dominance stands in the hay
meadows has not been surveyed in these studies. However, it can be stated with
confidence that they occur in all three meadow sites. The abundance of the
Calamagrostis epigejos-[Molinietalia caeruleae]-community  and the
Calamagrostis epigejos-dominance stands in general was higher in the Great Meadow
than in the Lord’s and Village Meadow at the time of data collection (2009-2013) (see
Figure 63).

In the Great Meadow, Calamagrostis epigejos-dominance stands were found
especially in the depressions, in some cases with large area extent (see Figure 60,
page 106). It is assumed that the area covered in the Great Meadow by Calamagrostis
epigejos-dominance stands was larger than the area covered by Molinietum
caeruleae-vegetation. Furthermore, the continuing abandonment of mowing has
probably led to an increase of Calamagrostis epigejos-dominance stands since the
time of data collection.
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Figure 63: Occurrence of Calamagrostis epigejos-dominance stands in the Great
Meadow: large stand in the foreground and bright patches in the background (Borsa
commune, 30.08.2011)

In the area SE of the Village Meadow, which formerly was part of the meadow and has
been an abandoned arable field since 1990 (see Chapter 4.2.1.3), Calamagrostis
epigejos-dominance stands covered large areas at the beginning of the 2010s' while in
the actual Village Meadow there were only sporadic stands (see Figure 64).

Concerning the occurrence of Serratula coronata in the study hay meadows, the
species was not found in the Lord’s Meadow at all, and only in one single location in
the Village Meadow in the year 2009. The main occurrence of Serratula coronata lies
in the Great Meadow, where 17 locations were recorded in the years 2009 and 2011.
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Figure 64: Sporadic Calamagrostis epigejos-stands in the Village Meadow: bright
patches indicated by arrows (Dabaca commune, 24.08.2011)

In the left background, the abandoned arable field mentioned in the text with
numerous Calamagrostis epigejos-stands.

3.3.5.5 Occurrence of the plant community in Romania

No exact correspondences to the Calamagrostis epigejos-[Molinietalia caeruleae]-
dominance community have been found in the relevant literatur for Romania. The
association Lythro-Calamagrostietum epigei I. Pop 1968 (see Chapter 3.3.5.2), which
has some similarities to the vegetation presented here, has been described for the
Moldavia region in the East of Romania (Chifu 1995; Sanda et al. 2008).

3.3.5.6 Conservation value and problems

Calamagrostis epigejos is a native expansive species which often acts as a dominant.
It spreads by clonal dispersal using the guerilla strategy (Rebele and Lehmann 2001).
The competitive success of the C. epigejos lies among others in its ability to store and
translocate resources below ground (Holub et al. 2012; TéSitel et al. 2017), similar to
Molinia caerulea agg.

In many European countries, the wood small-reed has become a problem in various
habitat types, reaching from alluvial meadows (Holub 2002), mesic (Pruchniewicz and
Zotierz 2017), semi-dry (Somodi et al. 2008) and dry grasslands (Schuhmacher and
Dengler 2013; Vrahnakis et al. 2013; TéSitel et al. 2017), as well as in grassland
succession on old-fields (Bartha et al. 2013).

Unlike most other competitive meadow grasses, such as Arrhenatherum elatius, the
wood small-reed does not require high soil nutrient (N) availability to spread and attain
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dominance. Instead, it occurs also in HNV grasslands with low nutrient availability, and
often benefits from their low-intensity conservation management and/or their
abandonment (TéSitel et al. 2017). All these conditions are also present in the
investigated meadows.

There are several examples in which the spreading of Calamagrostis epigejos has
been observed in Molinion meadows: in the Wieliczka Foothills (S Poland), Bator 2005
(in Wojcik and Janicka 2016) report abandoned Molinietum caeruleae stands
dominated by Calamagrostis epigejos in dry and insolated sites (while areas with a
variable groundwater level are invaded by Phragmites australis). An example from
Germany is Calamagrostis epigejos spreading into Molinia litter meadows in Bavaria
(Quinger et al. 1995). Apparently, the colonies of the wood small-reed appear in rather
dry and somewhat eutrophic abandoned litter meadows, especially in the Cirsio
tuberosi-Molinietum arundinaceae (see Chapter 3.3.4.2.4) (Quinger et al. 1995).

Hence, the Calamagrostis epigejos-dominance stands can become a threat for the hay
meadow vegetation if they expand and replace the formerly established semi-natural
vegetation types. This can be relevant for the vegetation types Molinietum caeruleae
and Brachypodio-Molinietum arundinaceae and the Phengaris spp. host species, like
Gentiana pneumonanthe (see Figure 65). Furthermore, the spreading of the
dominance stands is likely to reduce the agronomic value of the meadows by
suppressing more valuable forage species.

Figure 65: Calamagrostis epigejos (left and foreground) next to a Molinietum caeruleae-
stand with Molinia arundinacea (right side and foreground) in the Great Meadow (Borsa
commune, 15.08.2010)

Other visible species: Sanguisorba officinalis, Cirsium canum, Lythrum salicaria

While the Calamagrostis epigejos-[Molinietalia caeruleae]-dominance community
grows in moist to wet sites, it cannot be excluded that the semi-dry grassland is or will
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be affected by the Calamagrostis epigejos-expansion, as the moist and semi-dry sites
interlock in a small-scale mosaic. Disturbances in the vegetation cover, for example
through excessive and unregulated grazing, could facilitate the expansive tendencies.

The increasing dominance of Calamagrostis epigejos usually reduces the plant
diversity of the vegetation stands by competitive exclusion of subordinate species
(Somodi et al. 2008; Tésitel et al. 2017) due to, among other factors, strong shading
(Somodi et al. 2008; Rebele 2014), which can hinder the reappearance of species of
the original grassland (Somodi et al. 2008).

On the other hand, Serratula coronata, which is is designated as a rare species for
Romania on the red lists of Dihoru and Dihoru (1994) and Oltean et al. (1994), seems
to have a certain preference or co-occurrence with this plant community, at least in the
Great Meadow. Management recommendations aimed at limiting the Calamagrostis
epigejos-dominance stands must take this into account. However, the high frequency
of the species (75 %) in the Calamagrostis epigejos-community is likely to be over-
determined, since the relevé plots have been selected subjectively towards this
species.

That means only a small part of Calamagrostis-epigejos-dominated stands in the
studied hay meadows include specimens of Serratula coronata. Furthermore,
Serratula coronata has been observed in stands not dominated by Calamagrostis
epigejos as well, for example in meadow steppe communities.

Furthermore, three other vascular plant species of conservation concern have been
found in the 10 relevés made in this vegetation type (see also Table 12, page 67): Iris
aphylla, a rare species in Romania according to Dihoru and Dihoru (1994) was
recorded in one relevé. Iris aphylla was also found in the Lord’s Meadow in semi-dry
Cirsio-Brachypodion vegetation. Iris sibirica, a rare (Dihoru and Dihoru 1994) and
vulnerable (Oltean et al. 1994) species in Romania, was also found in one relevé of
this vegetation type; however, it occurs mainly in the Molinietum caeruleae. The third
species, Seseli peucedanoides, is considered a rare species in Romania according to
Oltean et al. (1994), and was found in one relevé of this vegetation type. It also occurs
in three Cirsio-Brachypodion-communities.
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3.3.6 Brachypodio pinnati-Molinietum arundinaceae Klika 1939

Vegetation type: Semi-dry basiphilous grassland

Names:
English: Semi-dry meadow of tall purple moor grass and tor-grass
Romanian: Pajiste semi-uscata de Molinia arundinacea si Brachypodium
pinnatum
German: Halbtrockenrasen mit Brachypodium pinnatum und Molinia

arundinacea, Fiederzwenken-Pfeifengraswiese

Information relevés:
Number: 10
Type, size, year: 3 phytosociological relevés, 25 m?, 2009
7 diversity-relevés, 10 m?, 2012 & 2013

Surveyors: 3 different persons / teams

Locations:
Dabaca: Lord’s Meadow (4), Village Meadow (2), Meadow Hill (3)
Borsa: Great Meadow (1)

3.3.6.1 Structure and species composition

The following descriptions are based on 10 relevés carried out in the years 2009, 2012,
and 2013 in three utilised hay meadows and one former hay meadow. The surveyed
parameters of vegetation structure are shown in Table 24.

This vegetation type is often found in the transition zone between the Molinietum
caeruleae and drier vegetation types such as the Polygalo-Brachypodietum. The plant
community stands out for its colorful, flower-rich appearance (see Figure 66). It is
characterized by a loose tall layer rich in herb species like Serratula tinctoria, Gentiana
pneumonanthe, the Apiaceae species Seseli annuum, Peucedanum cervaria and
Dichoropetalum carvifolia, Genista tinctoria, Centaurea phrygia, Galium verum, and
flower stems of Sanguisorba officinalis and Stachys officinalis (see Figure 67).

Frequent grass species in this layer are Molinia arundinacea, which occured in eight
of 10 relevés, mostly with cover values between 5 and 50 %, Festuca arundinacea,
Festuca pratensis, and Calamagrostis epigejos, with the latter three usually with a
cover of up to 5%.

Furthermore, the plant community is characterized by a dense lower herb layer with
Festuca stricta subsp. sulcata (in nine of 10 relevés, cover values between 5 and
50 %), Brachypodium pinnatum (in six of 10 relevés, cover values up to 5 %), Galium
boreale, Inula salicina, Potentilla alba, Clematis integrifolia, Carex filiformis, Ononis
spinosa subsp. hircina, Linum catharticum, the rosettes of Sanguisorba officinalis and
Stachys officinalis, and many other species.
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The mean height values of the herb layers (upper layer 63 cm, lower layer 28 cm)
indicate a relatively low growing vegetation. However, these are average values; where
tall growing grasses occur, the maximum height can also reach almost 2 m.

Table 24: Data on vegetation structure for the Brachypodio-

Molinietum arundinaceae

Total cover (n = 10) mean +/- SD 953%+/-44%
min. - max. 85.0 % - 100.0 %
i 0,
Cover bare ground median 1.0%
(n=7) mean +/- SD 26% +/-3.1%
min. - max. 0.3%-10.0%
1 0)
Cover moss layer median 0.0 %
(n=7) mean +/- SD 0.3% +/-0.5%
min. - max. 0.0%-1.0%
i 0,
Cover litter layer median 97.0%
(n=7) mean +/- SD 95.6 % +/- 4.3 %
min. - max. 88.0% - 99.0 %
Depth litter layer median 1.0 cm
(n=7) mean +/- SD 1.8cm +/-2.0cm
min. - max. 0.5cm-6.5cm
median 2.0%
Shrub cover (n = 3) mean +/- SD 5.8% +/- 6.1 %
min. - max. 1.0%+/-145%
. mean +/- SD 0.3m +/-0.0m
h hight (n =
Shrub hight (n = 3) max. +-SD 0.6 m +-0.1m
Share of relevés with phanerophytes 70%
Share of relevés with Crataegus monogyna |60 %
Share of relevés with Prunus spinosa 30 %
Share of relevés with Rosa canina 10 %
Mean hight of low herb median 28 cm
layer (n = 6) mean +/- SD 28cm +/-7cm
min. - max. 15cm -35cm
Mean hight of tall herb median 65 cm
layer (n = 6) mean +/- SD 63 cm +/- 12 cm
min. - max. 50cm -80cm

Regarding the proportion of relevés with phanerophytes, 70 % of the relevés contain
at least one of the six considered woody species, with the most common being
Crataegus monogyna (see Table 24); this is the second highest value after the Cirsium
furiens-community. More studies are needed to reveal if this vegetation type is
particularly endangered by shrub encroachment as the data suggest. The three relevés
with species in the shrub layer are all located in the grazed former hay meadow
‘Meadow Hill' and therefore exposed to a higher abandonment extent than the other
releves.

The vegetation type is furthermore characterized by a higher average cover of litter
(median of 97 %) and litter depth (median of 1 cm) and lower average cover of the
bryophyte layer (median of 0.0 %) than the Polygalo-Brachypodietum and Cirsium
furiens-community.
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Figure 66: Flower-rich aspect of the Brachypodio-Molinietum arundinaceae in the Lord’s
Meadow with Gentiana pneumonanthe, Sanguisorba officinalis, Centaurea jacea, Serratula
tinctoria, Genista tinctoria, Ononis spinosa subsp. hircina, etc. (Dabaca commune,

23.07.2009)
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Figure 67: Brachypodio-Molinietum arundinaceae stand in the Lord’s Meadow with Inula
hirta, Genista tinctoria, Gentiana pneumonanthe, Prunella grandiflora, Stachys officinalis,
Anthericum ramosum, Clematis recta, Peucedanum cervaria, etc. (Dabaca commune,
23.07.2009)

In the background, a Molinietum caeruleae stand with Molinia arundinacea.

3.3.6.2 Syntaxonomy and diagnostic species

Class: Festuco-Brometea Br.-Bl. et Tx. ex So6 1947

Order: Brachypodietalia pinnati Korneck 1974 nom. conserv. propos.2

Alliance: Cirsio-Brachypodion pinnati Hada¢ et Klika in Klika et

Hadag 1944°

Association: Brachypodio pinnati-Molinietum arundinaceae Klika
1939

Selected synonyms:
@ Brometalia erecti Koch 1926 nom. ambig. rejic. propos.,
Brometalia erecti Br.-Bl. 1936 nom. ambig. rejic. propos.
b Festucion sulcatae So6 1938, Danthonio-Brachypodion
Boscaiu 1970

The nomenclature and selected synonyms regarding the class, order, and alliance
come from Mucina et al. (2016); the nomenclature of the association follows Chytry et
al. (2007).
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3.3.6.2.1 Diagnostic species

The vegetation type described here was assigned to the association
Brachypodio pinnati-Molinietum arundinaceae Klika 1939. Of the species mentioned
by Klika (1939) in the first description of the association for the Moravian White
Carpathians as character species, only Peucedanum cervaria was identified as
diagnostic in the relevé table (see Table 25).

Peucedanum cervaria grows in thermophilic mixed oak forests (Rothmaler 2005;
Chytry et al. 2021) and their fringes (Rothmaler 2005; Coldea et al. 2012; Chytry et al.
2021), as well as in semi-dry grasslands (Rothmaler 2005). According to Chytry et al.
(2007) and Chytry et al. (2021), the species is highly diagnostic and constant in the
Brachypodio-Molinietum arundinaceae, and diagnostic and constant in the Polygalo-
Brachypodietum.

Table 25: Selected diagnostic species of the Brachypodio pinnati-Molinietum
arundinaceae (24 from a total of 31)

Character species Peucedanum cervaria

association (Klika 1939)
Diagnostic / constant for | Molinia arundinacea, Serratula tinctoria, Inula
association (Chytry et al. |salicina, Genista tinctoria, Linum catharticum,
2007) Ranunculus polyanthemos, Trifolium
montanum, Festuca stricta subsp. sulcata,
Potentilla alba, Inula hirta, Peucedanum

cervaria
Wet meadows with Gentiana pneumonanthe, Galium boreale,
alternating soil moisture | Carex filiformis, Clematis integrifolia
Basiphilous (semi-)dry Leucanthemum vulgare, Seseli annuum,
grassland communities Danthonia alpina, Fragaria viridis, Koeleria
macrantha
Thermophilic forests, Dichoropetalum carvifolia, Rosa gallica,

scrubs and their fringes Euphorbia epithymoides

Veronica orchidea (synonym: V. spicata subsp. orchidea) is also an association
character species according to Klika (1939). In the analysed dataset it is only
diagnostic for the Festuca pratensis-community and occurs in three of 10 relevés of
the Brachypodio-Molinietum arundinaceae (constancy class Il). However, the Festuca
pratensis-community has the closest similarities in species composition to this
vegetation type or may even be a subunit of it (see Chapter 3.3.7.2).

The other species indicated by Klika (1939) as character species of the Brachypodio-
Molinietum arundinaceae either do not occur in the analysed relevés, like Cytisus
hirsutus, Koeleria pyramidata, Astragalus danicus, Iris variegata, and Lathyrus
pannonicus, or are diagnostic for the vegetation type identified here as Polygalo-
Brachypodietum pinnati (Polygala major, Cirsium pannonicum, Thesium linophyllon,
and Scabiosa ochroleuca; see Chapter 3.3.8.2).

The vegetation type was nevertheless assigned to the Brachypodio-Molinietum
arundinaceae, mainly because of the high concordance of diagnostic and constant
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species specified by Chytry et al. (2007) for the association in the Czech Rebublic and
the diagnostic species for the vegetation type in the studied meadows (see also Table
25). These are Molinia arundinacea, Serratula tinctoria, Inula salicina, Genista
tinctoria, and Linum catharticum as species indicating intermittent soil moisture. Some
of these species are also diagnostic species of the order Brachypodietali pinnati (see

Table 26).

Table 26: Fidelity values and preferential occurrence in plant communities of selected
diagnostic species of the Brachypodio-Molinietum arundinaceae (species of intermittently wet

meadows)

S.erratu'la Inula salicina Qenist'a Linl{m Galium ' (.:arex' ' Clemati§

tinctoria tinctoria catharticum boreale filiformis integrifolia

Fidelity values: perc (class) fid
Brachypodio-Molinietum 90 (V) fid 44 | 100 (V) fid 38 | 60 (Ill) fid 44 60 (Il fid 39 | 80 (IV) fid 43 90 (V) fid 30 [ 70 (IV) fid 42
Caricetum vesicariae 100 (V)
Mentho-Juncetum 33 () 67 (IV)
Molinietum caeruleae 50 (Il 31 () 31 () 6 () 31 () 38 (I 6 (I)
Calamagr. epigejos -comm. 90 (V) fid 43 70 (IV) 50 (1) 60 (1) 60 (Il fid 33
Festuca pratensis-comm. 50 (Il 38 (Il) 25 (I 13 (I) 25 (I 50 (Il fid 25
Polygalo-Brachypodietum 6 () 36 (I) 17 (1) 17 (1) 25 (I) 58 (Il 6 (l)
Cirsium furiens-comm. 6 (I) 44 (1l 6 (1) 44 (Ill) fid 24 38 (Il) 81 (V) fid 25
Braun-Blanquet-values 2,1, + 3,21, + + +, T 3,21, + 1, + 2,1, +, r
Chytry et al. (2007) p. 447: h?ghly ) diagnostic, diagnostic, diagnostic,
Brachypodio-Molinietum diagnostic, constant constant constant
constant
D subass.
Coldea et al. (2012), p. 194 ff.: |alliance alliance order order Junco-
table Filipendulion, Calthion & |Molinion Molinion Molinietalia Molinietalia Molinietum
Molinion caeruleae caeruleae caeruleae caeruleae galietosum
boreale

Willner et al. (2019), electronic order order order order
appendix 3, p. 3: order Brachypodie- Brachypodie-  [Brachypodie- |Brachypodie-
Brachypodietalia pinnati talia pinnati talia pinnati talia pinnati talia pinnati

Perc = percentage frequency; class = frequency class; fid = statistical fidelity; D = differential
species; empty cells = zero. The Braun-Blanquet-values are indicated for the Brachypodio-
Molinietum arundinaceae. The statistic fidelity measure is the phi-(®)-coefficient of
association. Species with phi-coefficient values of at least 20 are considered diagnostic
(indicated by fid* and yellow colour).

Other species of wet meadows with alternating soil moisture which are diagnostic for
the local Brachypodio-Molinietum are Gentiana pneumonanthe, Galium boreale, Carex
filiformis, and Clematis integrifolia (see Table 26).

According to Wagner (1950), Clematis integrifolia is a character species of the
pannonian variant of the Molinietum caeruleae (see Figure 68). Interestingly, Budzhak
et al. (2016) found Clematis integrifolia in Brachypodio-Molinietum arundinaceae
relevés in Southwestern Ukraine. Ciocarlan (2000) and Savulescu (1952-1976)
indicate grasslands, but also shrub vegetation, forest edges, and clearings as habitats
of Clematis integrifolia in Romania. Coldea et al. (2012) mentions the species for the
association Geranio-Dictamnetum Wendelbg. 1954 (alliance Geranion sanguinei).

Species occuring in semi-dry grasslands named by Chytry et al. (2007) as diagnostic
and constant for the Brachypodio-Molinietum arundinaceae are Ranunculus
polyanthemos, Trifolium montanum, and Festuca stricta subsp. sulcata. Other species
of basiphilous dry and semi-dry grasslands which are diagnostic for the local
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Brachypodio-Molinietum are, for example, Leucanthemum vulgare, Seseli annuum,
Danthonia alpina, Fragaria viridis, or Koeleria macrantha (see Table 25).

i."\ \1 V .

Figure 68: Clematis integrifolia in the Great Meadow (Borsa commune,
09.06.2009)

Finally, Potentilla alba, Inula hirta and Peucedanum cervaria are species of
thermophilic forests and their fringes named by Chytry et al. (2007) as diagnostic and
constant for the Brachypodio-Molinietum arundinaceae. Other species of thermophilic
forests and scrubs and their fringes which are diagnostic for the local Brachypodio-
Molinietum are Dichoropetalum carvifolia (synonym: Peucedanum carvifolia), Rosa
gallica, and Euphorbia epithymoides (synonym: E. polychroma) (see Table 25).

The occurrence of character species of subcontinental mixed Potentilla-oak forests
(Potentillo albae-Quercion petraeae), namely Potentilla alba and Inula hirta, and of
thermophilic mixed oak forests (Quercion / Quercetalia pubescenti-petraeae), namely
Peucedanum cervaria, Rosa gallica, and Euphorbia epithymoides, may be explained
by the replacement of the corresponding forest communities through this association.
For example, Chytry et al. (2007) state that the Brachypodio-Molinietum arundinaceae
grasslands are replacing beech and hornbeam forests, and lllyés et al. (2007) write
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that they developed after clearing of Fagus, Quercus-Carpinus, and Quercus forests,
which included islands of the association Potentillo albae-Quercetum petraeae.

Seventeen of the 31 diagnostic species identified are characteristic species of semi-
dry grasslands, and thus warrant assignment to a corresponding alliance. Chytry et al.
(2007) place the association into the alliance of subatlantic basiphilous semi-dry
grasslands Mesobromion erecti (Br.-Bl. et Moor 1938) Oberd. 1957 (synonym:
Bromion erecti Koch 1926), while Willner et al. (2019) assign it to the alliance of
subcontinental semi-dry grasslands Cirsio-Brachypodion pinnati.

According to Willner et al. (2019), the best diagnostic taxa to distinguish these two
alliances are Festuca Ser. Ovinae (mostly F. guestfalica) for the Mesobromion and
Festuca Ser. Valesiacae (mostly F. stricta subsp. sulcata) for the Cirsio-Brachypodion.
Thus, the occurrence of Festuca stricta subsp. sulcata in the studied vegetation type
speaks for the assignment to the Cirsio-Brachypodion pinnati. However, Willner et al.
(2019) also state that there are several associations which have a transitional position
between the two alliances, for example the Brachypodio-Molinietum arundinaceae.

3.3.6.2.2 Correspondences with Brachypodio-Molinietum arundinaceae in
the White Carpathians

The assignment of the vegetation type to the Brachypodio-Molinietum arundinaceae is
supported, in addition to the diagnostic species listed in the previous chapter, by the
correspondences of the following characteristics of the studied sites with sites of the
association in the White Carpathians described by Klika (1939), Chytry et al. (2007),
lllyés et al. (2007), Hajkova et al. (2011), Rolecek et al. (2014), and Fajmonova et al.
(2020):

e The climatic conditions of the area in the south-western part of the White
Carpathians (WC), where the Brachypodio-Molinietum is mainly found, are
comparable to the conditions of the study area: mean annual temperature WC:
7.0 — 8.5°C (Rolecek et al. 2014), study area: 8.2°C; mean annual precipitation WC:
630 — 840 mm, study area: 550 — 700 mm.

e The bedrock at the sites with Brachypodio-Molinietum consists mainly of
calcareous sediments of Tertiary age, on which base-rich to moderately base-rich
soils have developed (RoleCek et al. 2014), as in the case of the study area.
Accordingly, Klika (1939) indicates the Brachypodio-Molinietum on Tertiary clay
marls and sandstones of the White Carpathians.

e Another shared feature of the sites with Brachypodio-Molinietum are an unstable
bedrock with slope movements like sliding or slumping, which could create a
characteristic complex topography supporting a mosaic of wet, mesic and dry sites
(Rolecek et al. 2014), like in the studied meadows.

e In their comparison of Brachypodio-Molinietum grassland sites in the White
Carpathians, the Ukraine, and Transylvania, Rolecek et al. (2014) found that the
grasslands occurred in similar landscapes, mostly hilly regions suitable for
mesophilous species, but with links to sources of forest-steppe species. This is also
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the case in the study area, with mesophilous oak-hornbeam forests as potential
natural vegetation (see Chapter 2.5), but bordering to the Transylvanian Plain,
which has more of a forest-steppe character (Kun et al. 2004).

e According to Chytry et al. (2007), the stands of this association are composed of
species of meadows, dry grasslands, open forests, and forest fringes, including
species of intermittently moist soils, which corresponds to what was found in the
studied meadows. The presence of meadow species indicating intermittently
moist/dry conditions is also mentioned by Hajkova et al. (2011) and lllyés et al.
(2007) for this association, caused by a high clay content of the soil (Hajkova et al.
2011); this is the case in the study meadows as well.

e One of the most striking characteristics of the Brachypodio pinnati-Molinietum
arundinaceae is its extremely high vascular plant species richness, mentioned by
numerous authors, e.g. Chytry et al. (2007), lllyés et al. (2007), Hajkova et al.
(2011), Rolecek et al. (2014), Chytry et al. (2015), and Willner et al. (2019). Role¢ek
et al. (2014) indicate mean species richness values for the Brachypodio-Molinietum
from sites in the Ukraine and the Czech White Carpathians of 54-57 respectively
62 species on 10 m2. With a mean vascular plant species richness of 56 +/- 8
species on 10 m? the studied relevés also show this feature.

e In the White Carpathians, the grasslands belonging to this association have been
traditionally mown for hay once a year, usually in summer, with occasional
aftermath grazing in the late summer and autumn (Chytry et al. 2007; Bonari et al.
2017). Intensive management, such as application of mineral fertilizers, intensive
grazing, or ploughing was rare or absent (RoleCek et al. 2014). This corresponds
to the traditional meadow management in the study area (see Chapter 4.3.2).

e There seems to be a long continuity of human activities since prehistoric times in
the areas with extremely species-rich semi-dry grassland in the White Carpathians,
the south-western Ukraine, and Transylvania (Hajkova et al. 2011; Rolecek et al.
2014). These activities probably helped maintain an ancient pool of Eurasian forest-
steppe and hemiboreal forest species (RoleCek et al. 2014; Fajmonova et al. 2020),
like Veratrum nigrum (see Figure 69), Serratula coronata (see Chapter 3.3.5.2), or
Adenophora liliifolia (Role€ek et al. 2014). Many of these species are heliophilous
species with disjunct distributions, like Danthonia alpina and Dichoropetalum
carvifolia (Hajkova et al. 2011), both of which are diagnostic for the Brachypodio-
Molinietum arundinaceae in the studied meadows.
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Figure 69: Veratrum nigrum below the slope edge in the Lord’s Meadow
(Dabaca commune, 28.07.2010)

Other species on the picture: Geranium pratense, Adonis vernalis,
Anthericum ramosum, and Brachypodium pinnatum

3.3.6.2.3 Relation to other associations

The assignment of the vegetation type to the Brachypodio-Molinietum arundinaceae is
highly supported by the correspondences listed in the previous chapter, even though
this association is not included in the current synopses of the vegetation of Romania
(Sanda et al. 2008; Coldea et al. 2012) nor the monography about the vegetation of
Cluj County by Pop et al. (1999-2000). However, there have been recent publications
mentioning the occurrence of the Brachypodio-Molinietum arundinaceae directly or
indirectly in Transylvania (see Chapter 3.3.6.5).
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In some of these publications, the association is synonymized with the Festuco
sulcatae-Brachypodietum pinnati So6 1927, more precisely by Willner et al. (2019),
who denote this name as the oldest valid name used for the Brachypodio-
Molinietum arundinaceae (see also Chapter 3.3.8.2). Similarly, RoleCek et al. (2019)
assign the world record relevé of vascular plant diversity on 10m? reported by Dengler
et al. (2012) in the nearby nature reserve ‘Hay Meadows of Cluj’, classified at the time
as  Festuco  sulcatae-Brachypodietum  pinnati, to the Brachypodio-
Molinietum arundinaceae ‘in a broadly conceived sense’.

Interestingly, in the species list of the mentioned ‘world-record-relevé’ provided by
Rolecek et al. (2019), as well as in the repetition of the sampling by Rolecek et al.
(2021), numerous species indicating intermittently moist conditions are either missing,
like Genista tinctoria and Sanguisorba officinalis, or present with low cover values, like
Molinia arundinacea, Serratula tinctoria, Inula salicina, Galium boreale, or Clematis
integrifolia. On the other hand, in the first description of the Brachypodio-Molinietum
by Klika (1939), Inula salicina, Galium boreale and Clematis integrifolia are also not
mentioned, and Molinia arundinacea, Serratula tinctoria, and Sanguisorba officinalis
are indicated only as accompanying species.

Based on the above, it becomes clear that analysis of more relevés from Transylvania
is needed to conclusively clarify the relationship between the Brachypodio-Molinietum
and the Festuco sulcatae-Brachypodietum pinnati, especially in comparison to the
Polygalo majoris-Brachypodietum pinnati (see Chapter 3.3.8.2).

For instance, one could postulate a broad conception of the Brachypodio-Molinietum
arundinaceae, as RoleCek et al. (2019) also suggest, and include stands into the
association with more drought-tolerant species and fewer species indicating
intermittently moist conditions. An example of this would be the Festuco sulcatae-
Brachypodietum pinnati-relevés listed by Dengler et al. (2012). Stands with many
indicators for alternating soil moisture, mentioned for example by Chytry et al. (2007),
lilyés et al. (2007), and Hajkova et al. (2011) would be included in this broad conception
as well.

The vegetation type described in this chapter belongs to the latter type, that is, the
Brachypodio-Molinietum arundinaceae with indicator species of alternating moisture.
It seems to be part of a vegetation complex along a humidity gradient which is found
throughout the studied meadows several times. The sequence of elements from
moister to drier conditions are:

e Moderately moist: Molinietum caeruleae (with Molinia arundinacea)
¢ More mesic with alternating soil moisture: Brachypodio-Molinietum arundinaceae

e Semi-dry: Polygalo-Brachypodietum (or Brachypodio-Molinietum arundinaceae
‘sensu lato’)

The Brachypodio-Molinietum arundinaceae ‘with alternating moisture indicators’
discussed here thus occurs in the transitional area between the moist and semi-dry
sites.
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An alternative view to the designation of an independent association (Brachypodio-
Molinietum arundinaceae) would be the use of an ecologically defined subassociation.
For example, the vegetation type described here could be a subassociation of the
semi-dry association, e.g. Polygalo-Brachypodietum pinnati molinietosum
arundinaceae’, or, vice-versa, the Polygalo-Brachypodietum pinnati discussed in
Chapter 3.3.8 could be a subassociation of the Brachypodio-Molinietum arundinaceae
on drier sites, e.g. 'Brachypodio pinnati-Molinietum arundinaceae salvietosum'.
Interestingly, Klika (1939) describes the subassociation Brachypodio-Molinietum
stipetosum stenophyllae, which has similarites to the Danthonio-Stipetum
stenophyllae described in Chapter 3.3.10.

The decision of whether the vegetation type discussed here has the rank of an
independent association or only a subassociation is, ultimately, based on whether the
diagnostic species are valid association character species, or only differential species
of a subassociation. Here, the vegetation type is described as a distinct association,
because the species composition and other characteristics largely correspond to the
Brachypodio-Molinietum arundinaceae mentioned in the literature; however, further
research should be carried out to delineate and classify the plant communities along
the aforementioned moisture gradient.

There are several descriptions of contact communities between Molinia meadows and
semi-dry grasslands, which are counted as belonging to either the Molinion or the
Mesobromion erecti; an overview is given by Buchwald (1996). The relatively frequent
transitional communities between Molinia meadows and semi-dry grasslands show
that there are many species that can occur both in (intermittently) dry Molinia meadows
and (intermittently) moist semi-dry grasslands, such as Carex filiformis, Galium
boreale, Serratula tinctoria, or Brachypodium pinnatum (Buchwald 1996).

3.3.6.3 Environmental and ecological conditions

Most of the relevés are north-facing (six of 10); other cardinal directions are north-
northeast, northwest, and east (see Table 9, page 64). The stands have a slight
inclination (median: 2°), which indicates that the vegetation type is found on relatively
flat parts within the hillslope (see Table 8, page 64).

The unweighted Ellenberg indicator value for nutrient availability N = 3.4 + 0.1 for this
vegetation type (see Table 3, page 57) reflects the occurrence of species that grow
more frequently on nitrogen-poor sites than on sites moderately rich in nitrogen
(Ellenberg et al. 2001).

The main reasons for the nutrient deficiency as compared to the conditions in the
Molinia meadows may be low-intensity management without fertilizer supply and
drying-out of the topsoil in summer, which can lead to temporarily inhibited or even
interrupted decomposition of organic matter and thus an irregular mineralization
(Buchwald 1996).

The unweighted Ellenberg indicator value for soil moisture M = 4.3 £ 0.2 for the studied
Brachypodio-Molinietum relevés reflects their intermediate position between the
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moderately moist sites of the local Molinietum caeruleae and Calamagrostis-
community (moisture indicator value around 5.4) and the slightly drier, but still semi-
dry sites of the Polygalo-Bachypodietum and the Cirsium furiens-community (moisture
indicator value around 3.8, see also Table 3, page 57). This is consistent with the
assumption that the Brachypodio-Molinietum takes the central position in a vegetation
zonation along a gradient of humidity described in the previous chapter.

Another feature of the relevé sites are changing moisture levels in the upper soil layers,
indicated by many species adapted to intermittently moist or dry conditions, which,
according to Buchwald (1996), are often also indicators of nutrient shortage. From the
31 diagnostic species of this vegetation type, 14 species, i.e. 45 % of the diagnostic
species, indicate alternating soil moisture conditions.

3.3.6.4 Occurrence of the plant community in the study hay meadows

The 10 relevés classified as Brachypodio-Molinietum arundinaceae have been
recorded in different meadows: four in the Lord’s Meadow, two in the Village Meadow,
three in the former hay meadow Meadow Hill, and one in the Great Meadow (see
Figure 70). Our observations in the field also confirm that the vegetation type occured
in all three utilised hay meadows and in the Meadow Hill at the time of the data
collection.

Figure 70: Stand of the Brachypodio-Molinietum arundinaceae (in the foreground) in front
of a Molinietum caeruleae stand with Molinia arundinacea (in the middle part of the image)
in the Great Meadow (Borsa commune, 23.08.2019)

Noticeable are the numerous inflorescences of Daucus carota, a disturbance indicator.
Other visible species are for example Sanguisorba officinalis, Phragmites australis, Galium
boreale, and Clematis recta.
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An observed pattern was that stands of this vegetation type often occurred adjacent to
Molinietum caeruleae stands, such as in the Lord’s Meadow and the Great Meadow
(see Figure 70Figure 70), but not exclusively; in the Great Meadow (Fanaia part), the
vegetation type also occured independently. In general, there could be differences
between the Brachypodio-Molinietum stands of the different hay meadows; for
example, during a 2019 site visit, more Brachypodium pinnatum was observed in the
Fanaia part than in the Sekeliste part of the Great Meadow, where, on the other hand,
more Equisetum arvense was present.

The number of relevés in the studied dataset is not indicative of the actual area
occupied by the vegetation type; the Brachypodio-Molinietum was also widespread in
the Great Meadow, which was most recently confirmed during a 2019 site visit.
However, the current extent and condition of the vegetation type, especially in light of
increased sheep grazing in recent years, would need to be investigated.

3.3.6.5 Occurrence of the plant community in Romania

In the classification of semi-dry grasslands in Central and Eastern Europe by Willner
et al. (2019), relevés in several European countries have been assigned to the
Brachypodio-Molinietum. This includes relevés from the Romanian Grassland
Database (EU-RO-008) (Vassilev et al. 2018), mainly in Transylvania (see Figure 71).
According to Willner et al. (2019), the association is restricted to the Carpathian fringes,
and plots assigned to the Brachypodio-Molinietum outside the Carpathians might be
considered as misclassified.

Figure 71: Location of relevés in Central and Eastern Europe classified as
Brachypodio pinnati-Molinietum arundinaceae; from: Willner et al. (2019),
electronic appendix 7, page 11
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The association has been mentioned indirectly by Dengler et al. (2012) and Rolecek
et al. (2014) as similar to the Festuco sulcatae-Brachypodietum pinnati So6 1927, both
referring to data from the nature reserve ‘Hay Meadows of Cluj and the ‘Nature
Reserve of the Steppe Peonys’. Furthermore, one relevé in the nature reserve ‘Hay
Meadows of Cluj has been directly assigned by Rolecek et al. (2019) to the
Brachypodio-Molinietum (variant without indicator species for alternating soil moisture,
see Chapter 3.3.6.2).

3.3.6.6 Conservation value and protection status

Two vascular plant species of conservation concern occur in the 10 relevés made in
this vegetation type: Gentiana pneumonanthe in half of the relevés, and Iris sibirica in
one relevé (see Table 12, page 67). Furthermore, two host plants of three different
Phengaris taxa have an important occurrence in this plant community, at least
according to the analysed vegetation table: Sanguisorba officinalis (in 40 % of the
relevés) and Gentiana pneumonanthe (in 50 % of the relevés).

On the European red list of habitats by Janssen et al. (2016), the group of semi-dry
perennial calcareous grasslands (EUNIS 2007 code E1.2a) is classified as vulnerable.
Additionally, the Brachypodio-Molinietum arundinaceae as part of the alliance Cirsio-
Brachypodion pinnati is included in Annex | of the EU Habitats as part of the habitat
type 6210 (Olmeda et al. 2019).

Furthermore, the high ecological value of the Brachypodio-Molinietum arundinaceae is
also based on its high richness of vascular plant species and its assumed rarity due
to the sparse mentions in the relevant literature.
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3.3.7 Festuca pratensis-[Cirsio-Brachypodion pinnati]-community

Vegetation type: Informal community of semi-dry basiphilous grassland

Names:
English: Meadow fescue-community
Romanian: Comunitate de paius de livada
German: Wiesen-Schwingel-Gesellschaft

Information relevés:

Number: 8

Type, size, year: phytosociological relevés, 25 m?, 2009

Surveyors: 2 different persons / teams
Locations:

Dabéaca: Lord’s Meadow (7)

Borsa: Great Meadow (1)

3.3.7.1 Structure and species composition

The following descriptions are based on eight phytosociological relevés carried out in
the year 2009 in the Lord’s Meadow (n= 7) and the Great Meadow (n = 1). The
surveyed parameters of vegetation structure are shown in Table 27.

Table 27: Data on vegetation structure for the Festuca
pratensis-community

Total cover (n = 8) mgan +/- SD 97.6 % +/- 3.9 %
min. - max. 90.0 % - 100.0 %

Average hight of herb mean +/- SD 29cm +/- 11 cm
layers (n=7) min. - max. 15cm-50cm
Max. hight of herb layers [mean +/- SD 107 cm +/- 19 cm
(n=7) min. - max. 80cm -130cm

. mean 0.4m
Shrub hight (n = 1) —— 07m
Shrub cover (n=1) 8%
Share of relevés with Crataegus monogyna |25 %
Share of relevés with Rosa micrantha 13 %

When selecting the plots, preference was given to the stands with high cover of
Festuca pratensis (synonym: Schedonorus pratensis) by one of the authors (S.
Badarau, personal communication, July 2009). As a consequence, the most prominent
feature of this vegetation type is the high cover of Festuca pratensis: in half of the
relevés it was recorded with the Braun-Blanquet value 3 (25-50 % cover), and in three
of eight relevés with the Braun-Blanquet value 4 (50-75 % cover).

The pattern of co-dominant grass and sedge species is quite heterogenous: The
second most common Poaceae species is Danthonia alpina (over 25 % cover in three
relevés), while the following species reach high cover values only in single releveés:
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Festuca stricta subsp. sulcata, Elytrigia intermedia, Brachypodium pinnatum,
Arrhenatherum elatius, and Carex caryophyllea.

Apart from Festuca pratensis, forb species are, in most of the relevés at least as
dominant as the mentioned graminoid species. Examples include Stachys officinalis,
Centaurea phrygia, Galium verum, Filipendula vulgaris, Serratula tinctoria,
Sanguisorba officinalis, Securigera varia, Dichoropetalum carvifolia, Clematis recta,
Rhinanthus minor, Campanula glomerata, or Cruciata laevipes.

The total cover of the vegetation averages 97.6 % +/- 3.9 %, which is the third highest
value after the Mentho-Juncetum and Molinietum caeruleae. The mean height of the
herb layers averages 29 cm and ranges between 15 and 50 cm, while the maximum
height of the herb layers averages 107 cm and ranges b