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Abstract

My study was based on multidisciplinary studies conducted within the frame of the
binational project AMIES II, the overall aim of which was to develop a sustainable land use
scenario for the Central Greater Caucasus (Kazbegi, Georgia). One of the tasks of the project
was to study the vegetation of the steep slopes of the subalpine meadow. More specifically
my work was related to the study of the structure of herbaceous vegetation on steep slopes,
the soil seed bank and productivity. Thematically, the dissertation is structured in four parts.
Each chapter has its own literature review, research questions, methods, results,
discussion, and conclusions. The dissertation is based on fieldwork conducted in 2014-2017,
which included selection and sampling of phytosociological plots, soil sampling for both soil
seed bank experiments, as well as chemical analysis and biomass clipping. The first chapter
presents the results of the soil seed bank experiment and discusses the potential of its use in
the process of repairing damaged slopes. However, the frequency and diversity of soil seed
bank is related to both topography and land use, as well as comparable to standing
vegetation. The second chapter describes the taxonomic and geographical structure of the
sampled meadow vegetation. Plant diversity is given at the species, genus and family level.
The number of endemics is discussed and given the life forms of each species. The third
chapter presents the classification of vegetation based on the described phytosociological
plots according to the Braun-Blanquet methodology. The floristic and ecological
characteristics of each plant community types are given. The final fourth chapter and
discusses the productivity of meadows, for different types of plant community and for
different settlements in the study area, under different land use conditions. All four chapters
are based on data collected in phytosociological plots sampled in the study area and hence the
overall list of meadow vegetation species.

Key Words: Land use, Subalpine Grasslands, Steep slopes, Revegetation potential, Taxonomic

and geographical structure, Classification, Biomass.
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Introduction to the thesis

The importance of plant diversity for our life is impossible to overestimate. Plant
diversity plays a crucial role in supplying mankind with important natural resources, while
diverse and intact plant communities that contain various life forms provide us with many
vital ecosystem services (Korner 2003; EEA 2010). These services include, but are not limited
to, the following: supplying fresh water, protection from erosion, providing food, fodder,
medicinal plants, construction materials and supporting traditional subsistence economies in
low-income societies. Further, plant diversity is important to maintain intact habitats that
harbour diverse forms of animal life. Recreation and tourism depend greatly on the
conservation of traditional landscapes where plant diversity is a fundamental component
(Korner 2003; EEA 2010; NBSAPG 2014-2020 2014). The importance of plant diversity to
primary and secondary habitats, which shelter many species of high conservation value is
particularly noticeable in high mountains.

A diverse vegetation cover develops many forms of dense roots that penetrate into
considerable depths and stabilize soils on the slopes. On the other hand, such vegetation can
be maintained only on functioning/intact well-formed soils of a diverse structure. In general,
there is a clear relationship between the soil type and plant species distribution in mountains
(Korner 2003; Pohl et al. 2009; Martin et al. 2010).

Soil is a key component of high mountain ecosystems that can sustain a healthy and
diverse vegetation cover. Soil contains the seed bank that can help restore plant communities
and their ecosystem functions after natural and human-induced disturbances (e.g., flushing
rains, avalanches, compaction, overexploitation). The higher the diversity of plants and their
seed bank in the soil in mountain ecosystems, the higher their ability to withstand natural
disasters such as falling rocks, landslides, mudslides and avalanches (Oades 1984; Tisdall
1994; Bird et al. 2007).

Over the millennia, natural alpine and subalpine forests were converted into semi-
natural pastures and hay meadows in the central Caucasus; the traditional agriculture created
here a rich cultural landscape with remarkably high plant diversity, which can help attract

tourists interested in ecology and culture. In fact, the region currently is an important tourist



destination that offers mountaineering, hiking, horseback riding, and skiing, and supports
economic growth and diversification (Debarbieux et al. 2014; Gugushvili, Salukvadze, and
Salukvadze 2017; Salukvadze, Gugushvili, and Salukvadze 2019).

Grasslands constitute an important part of vegetation in high mountains; traditionally,
they are managed as pastures and some parts are hay meadows to provide fodder for winter
time. These subalpine and alpine herbaceous plant communities appear to be very sensitive
to climate change (Korner 2003), while the consequences of overexploitation such as
intensive soil erosion has become a threat to plant diversity. Livestock husbandry in
mountains is based on the resources that pastures and hay meadows provide. The impact of
ongoing land use practices include overgrazing and disturbances owing to construction
(roads, pipelines, other infrastructure) which can increase the risk of natural hazards, abrupt
abandonment of pastures and hay meadows owing to depopulation of the remote high
mountain villages (Nakhutsrishvili et al. 1999; Kérner 2003; Nakhutsrishvili 2005; Gigauri et
al. 2011; NBSAPG 2014-2020 2014). These changes bring about alterations in ecosystem
functioning (Cernusca et al. 1996; Tasser et al. 2007; Theissen, Otte, and Waldhardt 2019)
with consequences such as productivity loss (Tasser and Tappeiner 2002). All these factors
reduce species diversity, the integrity of the vegetation, and prompt soil erosion.

It should be noted though that moderate grazing can in fact help maintain high plant
diversity (Korner, Nakhutsrishvili, and Spehn 2006). Exclusion of grazing usually leads to a
decline in species diversity, which becomes evident after only a few years. On the other
hand, economic importance of mountain pastures to local economy is very high as this
economy is essentially based on the production of meat and dairy, and this is also true for not
only high mountain regions but also plains in other regions of Georgia. In fact, the existing
grasslands provide food security, and satisfy to a large extent the increasing demands of
growing urban populations (O’Mara 2012).

The state of affairs described above appears to be appreciated by the authorities as one
can see a more or less realistic description of the existing situation in the legal frameworks
issued by the Georgian government. First of all, there is the “National Biodiversity Strategy

and Action Plan of Georgia 2014 — 2020” (2014), which assesses the state of the country’s



biodiversity and describes it as ,challenging®, since data collection, analysis of species
distribution, and the state of habitats and key ecosystems are poorly organized and
unsystematic. The same document admits that the unregulated and chaotic use of pastures
and hay meadows is aggravated by the absence of comprehensive legislation and regulations,
while the existing law is ambiguous. At the same time, the lack of basic data and information
on important variables, such as the area occupied by pastures and hay meadows, number of
land plots per municipality, cattle density, vegetation type, their composition and
conservation value and productivity, hinders the attempts to improve the existing legislation
(NBSAPG 2014-2020 2014). One of the exceptions in this regard is Kazbegi district, where
only in the last decade complex and multidisciplinary studies have been conducted (Magiera
et al. 2013; 2016; 2017; Tephnadze et al. 2014; Magiera 2017; Hanauer et al. 2017; Hiiller,
Heiny, and Leonhduser 2017; Shavgulidze, Bedoshvili, and Aurbacher 2017; Hansen et al.
2018; Theissen et al. 2019; Theissen, Otte, and Waldhardt 2019; Tedoradze et al. 2020;
Togonidze 2020).

In spite of this background, it is remarkable that the development of animal
husbandry, together with other sectors of agriculture, have been declared a priority of the
state (ARDSG- 2015-2020 2015; ARDSG 2021 — 2027 2019). Livestock husbandry, if founded
on knowledge-based practices and scientifically tested technologies, can be the core of
sustainable agriculture. But, to achieve this, natural resources and land use must be managed
correspondingly to maintain species composition and diversity, productivity and nutritional
value of pastures and hay meadows. This aim cannot be reached without the prevention of
slope soil erosion and restoring the degraded lands (Wiesmair 2016).

The aim of the present doctoral thesis is to fill the aforementioned gaps in our
knowledge on the high mountain managed plant communities in Georgia. My study was
based on multidisciplinary studies conducted within the frame of the binational project
AMIES II (Scenario development for sustainable land use in the Greater Caucasus). The latter
is a follow-up project of AMIES (the analysis of the interrelationship between environmental
and societal processes in the Greater and Lesser Caucasus of Georgia). The overall aim of the

AMIES II was to focus on the development of sustainable agricultural land-use scenarios for



the rural development of the marginal Kazbegi region. The project was organized into four
project units (Landscapes, Soils, Phytodiversity, and Socio-economic). In each unit, German
and Georgian researchers collaborated. My research was related to the subalpine vegetation
of steep slopes, more specifically my work was focused on plant community structure, soil
seed banks, and productivity. Collaboration included fieldwork for vegetation sampling and
collecting soil and plant material samples, laboratory analyses of samples and subsequent
statistical analyses, the results of which are reported in this thesis.

Steep slopes are particularly prone to soil erosion (Jaksik et al. 2015; Wiesmair 2016),
while the managed grassland communities in Khevi mostly occur on slopes of 20-30°
inclination (Kavrishvili 1965). Therefore, one of the main aims of our study was to
investigate the seed banks in the managed grasslands within our study region. Our task was
assessing the impact of land use and topography on the composition and diversity of soil seed
banks and testing whether the existing seed banks could be used in the restoration of
vegetation on eroded and heavily disturbed areas (Chapter 1). Since the steepness of the
terrain is directly linked to the threat of soil erosion, a dense, diverse, slope-protecting
vegetation cover is greatly important to the conservation of high mountain grasslands.
Understanding the dynamics of this vegetation requires the knowledge on species
composition, taxonomic structure, as well as historical geography of Khevi’s subalpine
pastures and hay meadow communities (Chapter 2). The conservation of habitats on the
steep slopes of Khevi also requires a constant monitoring of the current vegetation layer and
its composition; for this having a workable vegetation classification is indispensable. Hence,
one of my aims was to establish phytosociological groups and give their floristic and
ecological characteristics. A workable vegetation classification can enable us to summarize
this information in vegetation maps, an essential tool for nature conservation, landscape
management, policy-making, and sustainable land-use (Chapter 3). In the frame of the
AMIES project we also looked at the productivity of managed grasslands and their area
(Magiera 2017), which are important variables in sustainable agriculture and helps determine
the optimal cattle density under various scenarios for future land use development (chapter

4).



Thematically, the dissertation is structured in four parts. Each chapter has its own
literature review, research questions, methods, results, discussion, and conclusions. The two
chapters of the dissertation are based on two published articles, while the remaining two
(second and third) chapters are based on unpublished data. As a study area, we choose the
macro-slopes of Mt. Kazbegi located in Kazbegi Municipality, Georgia, the Caucasus.

With this thesis I will answer the following questions:

The persistent soil seed banks (Chapter 1):

i) to analyse whether the composition of soil seed bank in high mountains is linked to
land use and terrain topography;

ii) to analyse whether persistent seed bank can restore plant communities in case of
disturbance, and

iii) to address which species are most frequent and what is their share in the soil seed
bank of the high mountain managed plant communities of the central Caucasus.

Floristic composition of the pastures and hay meadows on Khevi’s slopes (Chapter 2):

i) what is the floristic composition of the managed plant communities on the slopes of
Khevi, and

ii) which floristic centres contribute mostly to their species composition?
Phytosociological classification of Khevi’s steep subalpine pasture and hay meadow
communities (Chapter 3):

i) to classify subalpine pastures and hay meadow vegetation on the slopes of various
steepness in Khevi, and

ii) to describe concrete phytosociological communities and examining what were the
ecological and land use factors that determined their differences.

Productivity of pastures and hay meadows, and sustainable land use capacity in Khevi (Chapter
4).
i) what is the area of the managed herbaceous plant communities in the surroundings

of Khevi villages, and what is the ratio of pastures to hay meadows, and



ii) what is the productivity of the managed herbaceous plant communities in the
surroundings of Khevi villages, and how different is the yield among different pasture and
hay meadow communities?

The species names are compared with four databases (i.e., “Euro+Med” 2006; “The
Plant List” 2013; “GBIF.Org” 2020; “IPNI” 2021), the results are presented in the form of
species lists see the appendices.

Some results and data of my study were published and used in two scientific articles:

1.Tedoradze, G., Nakhutsrishvili, G., Seip, M., Theissen, T., Waldhardt, R., Otte, A., &
Magiera, A. (2020). Terrain impacts the composition of the persistent soil seed bank: A case
study of steep high mountain grasslands in the Greater Caucasus, Georgia.
Phytocoenologia,47-63.
https://www.schweizerbart.de/papers/phyto/detail/50/92499/Terrain_impacts_the_compositi
on_of the_persistent_soil_seed_bank_A_case_study_of steep_high mountain_grasslands_in
_the_Greater_Caucasus_Georgia

2. Theissen, T., Aurbacher, J., Bedoshvili, D., Felix-Henningsen, P., Hanauer, T.,
Hiuller, S., Kalandadze, B., Leonhiduser, I.-U., Magiera, A., Otte, A., Shavgulidze, R.,
Tedoradze, G., Waldhardt, R. (2019). Environmental and socio-economic resources at the
landscape level-Potentials for sustainable land use in the Georgian Greater Caucasus. Journal
of Environmental Management, 232, 310-320.

https://www.sciencedirect.com/science/article/pii/S0301479718312891
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Chapter 1. The persistent soil seed banks of steep high mountain grasslands

1.1 Literature review
1.1.1 Overview

The study area is located in Khevi, the historical province of Georgia, on the northern
slopes of the Central Caucasus. Khevi today constitutes Kazbegi Municipality and, together
with four other neighbouring municipalities, is part of Mtskheta-Mtianeti Region. However,
the ‘municipality’ as an official name has been introduced after the administrative reform
conducted relatively recently, while the old name, ‘district’, informally still remains in use.
Therefore, ‘Kazbegi Municipality’, ‘Kazbegi District’ and ‘Khevi’ can be used
interchangeably. Kazbegi Municipality includes 45 villages, 16 of which are completely
abandoned. Geologically the study area is complex. The major bedrocks are represented by
Paleozoic granitoids, Jurassic sediments, limestones, marls, conglomerates, clay shales, and
sandstones (Maruashvili 1971; Abdaladze et al. 1998; Schiirholz 2010; Urushadze,
Tarasashvili, and Urushadze 2000).

The Caucasus in general, and Georgia in particular, are distinguished with
outstandingly high biological diversity and are among the 36 biodiversity hotspots in the
world (Myers et al. 2000; Habel et al. 2019). The flora of Georgia counts more than 4130
species of the vascular plants. Approximately 31% of the flora, or 1300 plant species, are
endemic to Caucasus Ecoregion. Of them about 280 species are endemic to Georgia
(Solomon, Schatz, and Shulkina 2013). If compared to the countries within the same climate
zone, Georgia stands out for its floristic richness and endemism. The flora of Khevi is also
very rich and includes 1347 vascular plant species. In Khevi, approximately 25%, or 337
species, are endemic to this region. Specifically, 322 species are endemic to the Caucasus
Ecoregion and 15 species are endemic to Georgia (Sakhokia and Khutsishvili 1975; Gagnidze
2000, 2005).

In 1977, Kharadze estimated the number of species in Khevi to to be ca. 1300 with
28% rate of endemism including 60 species that were described uniquely from Khevi
(Kharadze 1977). Other authors give similar estimates of endemism i.e., 25-28% of Khevi

flora is endemic to the region (Grossheim 1936; Sakhokia and Khutsishvili 1975; Tephnadze



et al. 2014). In any case, the endemism rate as an indicator of the conservation value of
Khevi’s plant communites reaches high levels. This is likely due to the geographical and
ecological isolation of this region, together with the high diversity of environmental
conditions of plant life that includes the wide range of microclimate types and abiotic
stresses created by strongly variable topography (Dolukhanov 1978; Nakhutsrishvili 2000;
Gagnidze et al. 2002; Kérner 2003).

1.1.2 History of the studies on Khevi flora

The history of botanical exploration of Khevi begins with Johann Anton Giildenstadt,
a renowned naturalist and explorer of the 18" century. He travelled through the northern
Caucasus and Georgia, and Khevi was the first Georgian province that he entered. After
Giildenstddt, Khevi was explored by many well-known naturalists and botanists, among
them M. Adams, A. A. Mussin-Pushkin, C. C. Steven, J. J. F. W Parrot, K. H. E. Koch, F. J.
Ruprecht, G. F. R. Radde, N. A. Desulavi, A. Rehman, N. Bush, N. A. Troitsky, and others.
These explorations produced the first herbarium specimens of plant species from Khevi and
contributed to the description of Khevi’s flora (Sakhokia and Khutsishvili 1975). The regular
botanical studies on the vegetation and flora of Khevi began in 1928 with the aim to produce
a comprehensive description of plant species and vegetation types, as well as assessments of
plant resources. Before this, the pastures and hay meadows in Khevi and elsewhere in the
Soviet Union, were managed traditionally (Larin 1967), which was considered irregular and
ineffective management by professional botanists (Larin 1967; Nakhutsrishvili 1990; 2003).
Nonetheless, the knowledge produced by Georgian botanists was rarely applied in the
management of pastures and hay meadows of Khevi, which until now, has largely remained
based on traditions. The pioneer of studying the vegetation of Khevi, including its plant
resources, pasture and hay meadow communities, is Ana Kharadze. Since 1937, Ecaterine
Khutsishvili was involved in these investigations (Sakhokia and Khutsishvili 1975).

Between 1937-1951, botanists whose work was focused on the flora and vegetation of
Khevi took active part in a nation-wide programme of land certification. Attention was paid

to the productivity of the pastures and meadows. At the end, each Kolkhoz farm (a collective



farm in the Soviet Union) received a ‘land passport’ of the agricultural lands allocated to
them. The land passport detailed the floristic composition of hay meadows and pastures, soil
types, terrain, and other ecological characteristics of plant communities. It was a very well-
done job at the time. Studies on vegetation ecology (then it was called geobotany) in the
Central Caucasus began in early 1960s, along with floristic and plant geographic research
(Kharadze 1966a; 1977; Nakhutsrishvili and Gagnidze 1999). Experimental, plant ecological
studies that included both mensurative and manipulative experiments were conducted from
the 1970s and aimed at: determining temperature (Chkhikvadze 1970; Kikvidze 1988;
Kikvidze and Abdaladze 1988) and water relations (Tulashvili 1970; Nakhutsrishvili 1988) in
various plant communities; ecophysiological studies of CO:2 gas exchange between plant and
environment (Abdaladze 1988b; 2011); light relations (Nakhutsrishvili et al. 1985); the
effects of autotrophic and heterotrophic organisms on the productivity of meadows
(Nakhutsrishvili 1965; 1977a; Khetsuriani 1966; Abdaladze and Kikvidze 1991); various
adaptive mechanisms and strategies (Nakhutsrishvili 1965; Nakhutsrishvili, Chkhikvadze,
and Khetsuriani 1980; Gamtsemlidze 1977; Larcher and Nakhutsrishvili 1982;
Nakhutsrishvili and Gamtsemlidze 1984; Nakhutsrishvili et al. 1988; Nakhutsrishvili 1990;
Nachuzrischwili et al. 1990); heat resistance (Abdaladze et al. 1988; Akhalkatsi et al. 2006);
productivity of various pasture and hay meadow communities and drought resistance of
plants (Lortkhiphanidze 1966; Chkhikvadze 1977; Nakhutsrishvili, Chkhikvadze, and
Khetsuriani 1980; Nakhutsrishvili 1986); and human impacts on high mountain plant
communities ( Nakhutsrishvili 1965; Gamkrelidze 1986; Abdaladze 1988a), including impacts
of grazing (Nakhutsrishvili and Cernusca 1982; Nakhutsrishvili 1990; Korner,
Nakhutsrishvili, and Spehn 2006). Further, studies on the taxonomy and classification
continued, and by 1975 a comprehensive checklist of Khevi flora was produced (Sakhokia
and Khutsishvili 1975). The flora of Khevi was approached from the perspective of historical
plant geography (Janelidze and Margalitadze 1977) and several publications have been
devoted to different questions of vegetation classification (Bedoshvili 1988; Zazanashvili

1988, 1990; Pysek and Sriitek 1989; Bohn, Zazanashvili, and Nakhutsrishvili 2007).



The collapse of the Soviet Union in 1991, and the following severe economic crisis
that protracted till the early 2000s, caused a notable decline in the intensity of botanical and
ecological research in Georgia and, in particular, Khevi. Nonetheless, there were some
noteworthy studies published over this difficult period. These works include studies on
species interactions, specifically documenting facilitative interactions of plants in high
mountain herbaceous communities (Kikvidze 1993; 1996; Kikvidze and Nakhutsrishvili 1998;
Callaway, Kikvidze, and Kikodze 2000), and also the diurnal dynamic balance between
facilitation and competition in hay meadows (Kikvidze et al. 2006). Additionally, important
studies on the reproductive phenology of different species of seeds and seedlings were
published (Akhalkatsi and Wagner 1996; Akhalkatsi et al. 2006). Vegetation ecologists have
established permanent plots in 2001 at high altitudes and since then Khevi is included in
large-scale monitoring networks (GLORIA-EUROPE and GLORIA-WORLDWIDE) to
document the effects of climate change on the structure of high mountain plant communities
(Nakhutsrishvili 2005; Gigauri et al. 2011; 2014). Comparative analysis of high mountain
flora and vegetation in the Caucasus and other regions such as European Alps have also been
conducted (Akhalkatsi and Wagner 1997; Nakhutsrishvili 2003; Erschbamer et al. 2010).

In 2010-2017, multidisciplinary research was conducted in Khevi, within the
framework of two binational projects, AMIES I and AMIES II, which created opportunities
for young scientists too. This helped increase the intensity of research because plant
communities in Khevi were intensively sampled with phytosociological and experimental
methods and resulted in a number of publications (Magiera et al. 2013; 2016; 2017;
Tephnadze et al. 2014; Hanauer et al. 2017; Hiiller, Heiny, and Leonhiduser 2017;
Shavgulidze, Bedoshvili, and Aurbacher 2017; Theissen et al. 2019; Theissen, Otte, and
Waldhardt 2019; Tedoradze et al. 2019; Tedoradze et al. 2020); new articles are expected to

be published in the near future.

1.1.3 Soil seed banks and erosion
Georgia is a country with a distinctly mountainous terrain with a high risk of erosion,

therefore protecting soils should be an important activity. Erosion prevention is especially
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important for areas where mountain ranges are mainly built of shale rocks and such are the
ranges almost throughout eastern Georgia (S. Nakhutsrishvili 1960). The steepness of the
terrain is directly linked to the threat of soil erosion (Wiesmair 2016). Therefore, dense,
diverse, slope-protecting vegetation cover is of great importance for high mountain
grasslands (Bazilevich, Davydova, and Yashina 1987; Korner 2003; Martin et al. 2010;
Sharikadze et al. 2011). The denudation of slopes and loss of soils washed down (Fig. 1.1) by
atmospheric precipitation are mainly caused by unsustainable management of forests and
grasslands. This is especially true for the subalpine zone, where forests were largely
converted into pastures and hay meadows. This strongly reduces water-retaining capacity of
vegetation, while subalpine slopes receive abundant precipitation. Protective measures
against erosion may include planting, use of anti-erosion blankets, digging diversions to help
drainage, building terraces, however, these measures are efficacious only in conditions of
sustainable management of standing plant communities (S. Nakhutsrishvili 1960).

Figure 1.1: Eroded slopes of Khevi (Photos by Giorgi Tedoradze).

Cattle herding has been practiced in the mountains of the Caucasus since ancient
times, and so the high mountain grasslands of this region cannot be considered “virgin”

(Troitsky 1924; Nakhutsrishvili 1990, 2003). Troitsky (1924) noted almost a century ago the
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deplorable condition of high mountain grasslands in the Caucasus, where the population
complained about decline in pasture yields, degradation, and loss of pastures. Troitsky
blamed the limited, or in some cases, complete lack of use of primitive methods of pasture
improvement (Troitsky 1924). Our study area is no exception as it fits to the general picture.
The grasslands were long been used by the locals as pastures and hay meadows, and it seems
that the traditional management was sustainable owing to the moderate intensity of land use
by subsistence agriculture. However, the sharp rise in livestock numbers during the Soviet
period (Didebulidze and Plachter 2002) led to a wide spread of overgrazing and caused mass
erosion that became very conspicuous on the slopes in Khevi. In heavily grazed areas, plant
communities are mainly composed of species with high cellulose content, but of low
nutritional value, such as the widespread grasslands dominated by matgrass (Nardus stricta)
and fescue (Festuca varia) (Kharadze 1977). Fortunately, even though the nutritional value of
fescue is not high, it can protect slopes from erosion. It should be noted that the area of
distribution of these species is expanding, which on one hand is an ecologically positive
phenomenon (protection of slopes from erosion), but on the other hand it is economically
negative (low nutritional value) (S. Nakhutsrishvili 1962; Kimeridze 1965).

Nakhutsrishvili (1960) studied the effects of grazing on pasture communities using
permanent plots and found that even a year of exclusion produced considerable positive
changes in vegetation. Specifically, species diversity and biomass grew, while 50% of stripped
soils were recovered by new growth (S. Nakhutsrishvili 1960). Grazing exclusion over 15-20
years led to 10-15-fold increase in the productivity of subalpine meadows (Nakhutsrishvili
1977b). Nakhutsrishvili documented the changes in Lagodekhi pastures after a 12-year break.
The results showed that the restoration processes are more intense in the subalpine than in
the alpine zone (S. Nakhutsrishvili 1962). Plants such as lady's mantle (Alchemilla spp.),
sibbaldia (Sibbaldia spp.), matgrass (Nardus stricta), thistles (Cirsium spp.), dock (Rumex
spp.) and other less valuable pasture species disappeared completely from the plots after the
exclusion, and were replaced by grasses (Poa spp.), leguminous genera ( 7rifolium spp.) and
other nutritious forbs. Unlike this, in alpine zone relatively less changes in vegetation were

found, most probably owing to less intensive restoration processes (S. Nakhutsrishvili 1962).



Restoration also can depend on the characteristics of a given plant community and its soils,
as well as its exploitation history and slope angle. Sites on steep soils where inclination
exceeded 15°, restoration takes long time if it is possible at all (Gadzhiev 1979).

Subalpine plant communities (1,800-2,500 m a.s.l. in Khevi), particularly on steep
slopes, are rich in species (Sakhokia 1983; Bazilevich, Davydova, and Yashina 1987;
Nakhutsrishvili 2013). Certainly, the ongoing changes in climate and land use affects these
communities (Bekker et al. 1997; Korner 2004; Magiera et al. 2013). Negative land use
changes in traditionally used communities (moderate rotational grazing, regular moving)
include not only overgrazing, but also abrupt and prolonged abandonment (MacDonald et al.
2000). The latter negatively affects plant community structure, productivity, and integrity of
vegetation by disrupting the erosion-preventing capacity of the communities on the high
mountain slopes (Tappeiner and Cernusca 1993). At the same time, extreme weather events
that increase likelihood of disastrous events such as avalanches and landslides under ongoing
climatic changes (Keggenhoff et al. 2014). In summary, restoration of these species-rich
communities on the steep slopes of the Central Greater Caucasus has become a challenge.

Restoration ecology gives considerable importance to studies on seed banks (Bakker et
al. 1996). In fact, the contribution of soil seed banks to vegetation restoration in degraded
plant communities is among the most intensively discussed questions, however, this field is
not free of controversies (Baskin and Baskin 1998; Vivian-Smith and Handel 1996).

Roberts (1981) defines the soil seed bank as a collection (reservoir) of viable seeds in
the soil and on its surface. Seeds can stay dormant in the soil, some of them for years, and
this depends on the species (Roberts 1981; Poschlod 1991). A soil seed bank may not contain
seeds of all species that are present in a given community (Ungar and Woodell 1996; Baskin
and Baskin 1998), while, in contrast, it is also possible to find seeds of species that are not
members of a given community (Milberg and Hansson 1994; Baskin and Baskin 1998). Seed
abundance and species composition can vary over time and space, depending on the rate of
seed loss through germination, rotting and decomposition, physiological death, and animal
transfer versus the rate of new seed arrival through seed rain from the fruiting plants of a

given community and neighbouring vegetation (Poschlod 1991).



Various soil seed bank models were developed (Thompson and Grime 1979; Grime
1981; Bakker 1989; Thompson, Bakker, and Bekker 1997; Csontos and Tamas 2003).
However, most of these models divide seeds found in soils into two categories: transient and
persistent. Seeds that perish in the soil within one year constitute a transient seed bank, and
seeds that survive in the soil longer than one year build a persistent seed bank (Thompson
and Grime 1979; Grime 1981). However, there are also more detailed classifications of seed
banks suggested, for example, some models distinguish the following three types of seed
banks: transient with seed lifespan less than one year; short-term persistent with seed
lifespan more than one year, but less than five years; and long-term persistent with seed
lifespan of at least 5 years or more (Bakker 1989; Thompson, Bakker, and Bekker 1997).
Other even more detailed classifications divide soil seed bank in four or more categories in
which along with the seed lifespan include other criteria such as seed depth in soil, seed rain
time, germination rate, and seed dormancy duration (Poschlod and Jackel 1993). There are
extensive reviews of main approaches to soil seed banks classification available (Csontos and
Tamas 2003; Walck 2005). Nowadays, most researchers prefer the models with fewer seed
bank categories (Csontos and Tamds 2003; Walck et al. 2005). The presented thesis reports
the results obtained from the analyses of persistent soil seed banks, since this is the category
that can be used for restoring degraded plant communities (Bakker et al. 1996).

In general, soil seed bank is considered to be an important component of an ecosystem
that supports long-term stability of plant communities and that can be effectively used for
restoration (Bekker et al. 1997; Willems and Bik 1998; J. Bakker and Berendse 1999; Bossuyt
and Honnay 2008; Kalamees et al. 2012), even though some authors question this opinion.
The criticism is based on the fact that the dissimilarity of species compositions between
aboveground plant community and the plant species that emerge from the seeds collected in
the soil beneath the same plant community can be considerably different (Davies and Waite
1998; Miller and Cummins 2003; Handlova and Miinzbergova 2006; Jacquemyn et al. 2011).

Germination and plant establishment are the factors that largely determine the success
of restoration, yet the density of diaspores can play a decisive role too. The main resources

for successful restoration of plant cover are provided by soil seed banks, seed rain, animal



seed dispersal, the amount of seeds produced, root fragments, rhizomes, and tubers (Graham
and Hutchings 1988; Kinucan and Smeins 1992; Bakker et al. 1996). Interrelated factors such
as the successional stage of the site, local terrain, water content and oxygen level in the soil,
soil temperature and chemical composition can play a role in success of germination and
plant establishment (Karssen and Hilhorst 1992; Eriksson and Eriksson 1997; Christoffoleti
and Caetano 1998; Thompson et al. 1998; 2001; Délle and Schmidt 2009; Jacquemyn et al.
2011). Severe environmental conditions in high mountains such as cold generally reduces
viability of seeds, while the lack of favourable sites can hinder germination and
establishment of plants. In front of these challenges, persistent seed bank must be an
important contributor to the regenerating of plant communities and the restoration of high
mountain ecosystems (Holtmeier 2009).

There is a consensus among restoration ecologists that aboveground vegetation, land
use, and site environmental conditions can generally be linked to soil seed banks (Gutiérrez,
Arancio, and Jaksic 2000; Waldhardt et al. 2011; Tephnadze et al. 2014; Klaus et al. 2018).
However, there are only a few studies on the seed banks of high mountain plant
communities, and even less conducted in the central Caucasus (Onipchenko 2004). Further,
in the South Caucasus (Armenia, Azerbaijan and Georgia) no work on soil seed bank can be
found (Shi, Zhang, and Wei 2020). This area belongs to a biodiversity hot-spot (Myers et al.
2000; Habel et al. 2019) where persistent traditional land use systems excluded any
application of mineral fertilisers to the pastures and hay meadows (Onipchenko 2004;
Tephnadze et al. 2014; Theissen et al. 2019). This circumstance permits conducting
experimental tests on the relationship between topography, land use, and the soil seed bank
composition under the traditional low intensity land use system (Thompson and Grime 1979;
Walck et al. 2005). Therefore, my study was designed to collect quantitative data on soil seed
banks found on steep slopes of the Greater Caucasus in high mountains of Khevi, Georgia.
The aim of my study was to examine the effects of topography and land use on the seed bank
composition and density, as well as analyse whether soil seed bank can be used in the
restoration of degraded vegetation cover. To achieve this aim, I set three objectives for my

research: (1) analyse whether the composition of soil seed bank in high mountains is linked
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to land use and terrain topography; (2) analyse whether persistent seed bank can restore
plant communities in case of disturbance; and (3) address which species are most frequent
and what is their share in the soil seed bank of the high mountain managed plant

communities of the central Caucasus.

1.2 Materials and Methods
1.2.1 Study area

The study was conducted on pastures and hay meadow communities found on the
slopes of various steepness in the subalpine zone of Khevi, where the altitudinal range of this
zone is 1,800 to 2,500 m a.s.l. Administratively this area belongs to Kazbegi Municipality,
Mtskheta-Mtianeti Region, Georgia. All study sites were located on the northern macro-

slope of the Central Greater Caucasus (Fig. 1.2).

Figure 1.2: Map of the study region, Tedoradze et al. 2020.
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Khevi’s climate is relatively continental with mean annual temperature of 4.6 °C at
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1,850 m (1970-2000). Temperature varies strongly seasonally. Specifically, the annual mean
minimum and maximum temperatures range from of —12.9 °C in January 19 °C in July.
Annual precipitation is ca. 910 mm (1970-2000), and also seasonally very variable. Most of

the precipitation occurs during the late spring and early to mid summer and is followed by a
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relatively dry spell that lasts from August to March. (The climate data were obtained from
the WorldClim database, Fick and Hijmans 2017).

The major bedrocks are built by volcanic andesite and dacite with a considerable
occurrence of sandstones. The major soil types are leptosols, skeletic regosols, skeletic
cambisols, and umbrisols (Maruashvili 1971; Urushadze, Tarasashvili, and Urushadze 2000;
Hanauer et al. 2017). Humic components mostly spread on the steep, north-exposed slope
soils. By the former Soviet classification this soil type is a ‘mountain forest meadow and
mountain meadow soil’ (Urushadze, Tarasashvili, and Urushadze 2000).

There are various herbaceous communities on the slopes of Khevi mountains
(Nakhutsrishvili 2003), but Bromus variegatus, Agrostis capillaris, Lomelosia caucasica, and
Trifolium alpestre dominate the steep subalpine slopes (1,800-2,500 m a.s.l.) (Sakhokia 1983).
In contrast, the most common species on the moist north-east or north-exposed slopes are
Anemone narcissiflora subsp. fasciculata, Lomelosia caucasica, Betonica macrantha
(Nakhutsrishvili and Abdaladze 2017a). Forests are mostly made up of Betula /itwinowii and
Sorbus caucasigena and occur mainly on steep north-exposed slopes (Akhalkatsi et al. 2006).
The southern slopes are often dry and eroded, hence herbaceous communities are more
xerophilous, which is caused by the land use along with other factors (Sakhokia 1983;

Tephnadze et al. 2014; Nakhutsrishvili and Abdaladze 2017a).

1.2.2 Vegetation sampling

Vegetation was sampled on subalpine herbaceous communities found on the slopes of
variable steepness (10°-45°) between the altitudes of 1,750 and 2,350 m a.s.l. Sampling was
conducted in July-August of 2014 and 2015 (species were recorded for each plot in
subsequent years 2016-2017 too). 5m X 5m plots were set for sampling, which follows the
traditional protocol used in phytosociological studies (Braun-Blanquet 1964). The recorded
species abundances were estimated by the modified scale of Braun-Blanquet (r, +, 1, 2m, 2a,
2b, 3, 4, 5) (van der Maarel 2007).). Plant species were identified using keys and synopses
given in the following publications: Ketskhoveli, Kharadze, and Kutateladze (1964; 1969) and
Ketskhoveli, Kharadze, and Gagnidze (1971-2011 vols. I-XVI). Species that not identified in



field were collected and compared to the samples in the National Herbarium of Georgia of
the Institute of Botany (TBI), Ilia State University, Georgia. Because multiple herbarium
specimens were often collected from the same plant in different plots, we found 82
herbarium specimens taken from these 43 plants (herbarium specimens is available at the
TBI). The botanical nomenclature primarily follows Gagnidze (2005) updated from other
databases such as The Plant List 1.1, “Euro+Med” 2006 and “GBIF.Org” 2020 as well as the
renewed nomenclatural list of the Flora of Georgia (Davlianidze et al. 2018) (Annex 1).

In total we sampled 81 plots in pastures and hay meadows belonging to nine
settlements (Akhaltsikhe, Juta, Stepantsminda, Kanobi, Kobi, Pkhelshe, Sioni, Sno, and
Tsdo). The mean distance between the villages and sampling sites was 900 m, and the plots
were at least 15 m apart. There were eight to 10 plots per village. Vegetation cuttings were
collected from the plots for measuring standing mass. To obtain an acceptably balanced data
set, a stratified random sampling design was employed in which the slope aspect (north
versus south), slope angle (mild - 10-25° versus steep 25-45°), and land use (pasture versus
hay meadow) were used as strata. Digital Elevation Model (DEM) was used to obtain the
basic data on environmental conditions for each plot. These data, except the altitude,
included the Compound Topographic Index (CTI), eastness and northness, roughness of the
terrain, slope inclination, and solar radiation. The following two land use category was also

added as a variable: hay meadow (33 plots) versus pasture (48 plots).

1.2.3 Soil sampling

To measure the soil seed bank and nutrients, 10 subsamples (Fig. 1.3) of the upper soil
layer at a depth of 0-5 cm were taken at random from each plot using a soil corer (& 3 cm).
Soil samples were collected in 2014. A deeper, 10 to 15 cm soil sampling often was impossible

owing to soil shallowness and the frequent presence of stones (Csontos 2007).
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Figure 1.3: Soil sampling in the study area.

The ten randomly taken subsamples were mixed in the field into a combined sample,
totalling in volume at 350 cm?, and brought in the laboratory. From this, 95-100 cm? sample
was used for chemical analysis and the rest was used for seed bank experiment. The samples
intended for chemical analyses were dried, sieved with 5 mm mesh to separate stones and
roots, and then the sieved soil, stones and roots were weighed separately. Next, the 5 mm
sieved soil was sieved (2 mm mesh) and dried again for soil nutrient analyses. Soil pH was
determined in H2O solution with pH Meter p325, WTW. For determining total carbon (C:)
and total nitrogen (N:) the Duma method with an EA1110 elemental analyzer of CE
Instruments was used. Plant available phosphorus (Pea), potassium (Kei), and magnesium
(Mgca) were assayed with calcium-acetate-lactate extraction method (Amelung et al. 2018).
The chemical analyses were conducted in the Laboratory of Soil Science and Conservation of

the University of Giessen.

1.2.4 Preparation of the soil seed bank samples

The soil samples intended for seed bank analyses were stored in a refrigerator at 3 °C until
February 2016. The prolonged storage period was necessary to obtain the persistent seed
bank. This procedure imitates wintering of the seeds, therefore my persistent seed bank

consisted of species whose seeds survived two winters in the soil (one winter in the field, and
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a second ‘winter’ in the refrigerator in 2016). A similar method was used to study persistent
seed bank in the Andes (Arroyo et al. 1999) and British Islands (Warr, Kent, and Thompson
1994).

Figure 1.4: Soil seed bank experiment in Linden-Leihgestern, close to Giessen (Hesse,
Germany), (Photos by Giorgi Tedoradze)
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The seed bank was examined with the seedling emergence method, in which the
number of emerged seedlings is a measure of the germinable seed bank (Thompson, Bakker,
and Bekker 1997). In spring 2016, soil samples were sieved (2 mm mesh-size), placed in
styrofoam trays containing sterilised soil on the bottom, and spread evenly over the top of
the sterilised soil as a layer of 2 cm thickness. For control, we used sterilised soil samples.
The trays were covered with a fine net to prevent airborne seeds from contaminating the
germination experiment, and placed outdoors at the experimental site in Linden-Leihgestern,
close to Giessen (Hesse, Germany, N50°32°10.536” / E8°41°35.782, 178 m a.s.l.), for four
months (Fig. 1.4). The annual mean temperature at this site is 9 °C, and annual precipitation
is 600-700 mm per year (Umweltatlas Hessen, 2013; 30-year average).

The cold stratification outdoor continued till mid-December 2016, then the trays were
moved indoors, in a heated greenhouse in which air temperature was maintained between
18-24 °C at day and between 12-18 °C at night. The trays received artificial light of more
than 10,000 Ix through 6:00 am. and 10:00 p.m. and were watered every third day to
maintain sufficient soil moisture. The experimental trays were monitored regularly to
identify and record the emerging seedlings. The seedlings that could not be safely identified
were transplanted into small pots and continued their growth there till their flowering phase
(Fig. 1.5). In this way we avoided ambiguities in plant species identification, although data
collection from the germination experiment has been prolonged up to 12 months.

Seed density was calculated per m? for 0-5 cm deep soil layer. The volume of the soil
sample was calculated by dividing the mass of the soil sample by 1.3 g*cm® (mean soil
density), while the mass of the stones was divided by 2.7 g*cm (mean stone density); their
sum was taken as the total volume of the sampled soils. Since the volume of 1m? plot at depth
0.05m=50 000cm™ I calculeted the factor, by dividing 50,000 cm? by each sample volume
and the resulting number (factor) was multiplied by the seedling number to obtain the

germinable seed density.
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Figure 1.5: Greenhouse. Seedlings transplantation into small pots, Giessen (Hesse, Germany),
(Photos by Giorgi Tedoradze)

1.2.5 Statistical analyses

Three community matrices were constructed. The first one included the list of all
species and their abundance in plots. The second matrix contained only species that emerged
after the germination experiment and their abundances. The third matrix included plots and
their environmental conditions. To reduce the number of environmental variables and reveal
the patterns of species and their germinable seed bank distributions, the first two matrices
were analysed together with the third matrix using an ordination method of non-metric

multidimensional scaling (nMDS, Kruskal 1964). The plants species abundance data both for
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standing plant communities and seed bank were log-transformed. The nMDS was performed
using Euclidean distances with 200 iterations and random starting settings (Clarke and
Ainsworth 1993).

A two-step approach was used to analyse the patterns in species distribution across the
plots. The first was a cluster analysis based on Ward’s method (Ward 1963). At the next step,
plant community types were identified through the procedure described by Dierschke
(1994), which consist in modifying slightly the obtained clusters on the basis of
phytosociological criteria (see appendices 3). Land use category determined for the study
region in the field by Theissen (2011), together with these modified clusters or plant
community types, were used as grouping variables in the nMDS ordination. The identified
plant communities were also used in the indicator Species Analysis (ISA), commonly
employed to identify indicator species in already known plant community types (Legendre
and Legendre 2012).

The Mantel test was used to compare species compositions between the standing plant
communities and their germinable soil seed bank (Mantel 1967). Statistical significance of
the differences in environmental variables among plant community types was tested by
Kruskal-Wallis rank sum test, followed by the Nemenyi’s pairwise post hAoc comparisons test
that is based on the chi-squared approximation for independent samples.

Ordination was performed using software PC-Ord Version 7 (McCune and Mefford
1999). For other statistical tests (Mantel, Kruskal-Wallis and Nemenyi) the package PMCMR

in R programme Version 3.3.2 was used.

1.3 Results
1.3.1 Distribution of species germinable from the soil seed bank along ecological gradients

Germination experiment produced 70 vascular plant species (Appendix 1). These
species germinated from soil samples of 74 plots, while soil samples from five plots did not
produce any seedling, therefore these plots were discarded from the analyses. One sample

produced only one species (7rifolium spadiceum), but in very large numbers and was



discarded too. Finally, one more plot had to be discarded through the statistical analyses as a
clear outlier. In total, out of the original 81 plots, 74 were included in downstream analyses.

Figure 1.6: Non-metric multidimensional scaling (NMDS) of the reweighted soil seed bank at
the species level, with a stress level of 17.15. Indicator species are labelled. Arrows represent
environmental gradients with correlations to the ordination of r > 0.2 and r > -0.4. BSN =
belowground species number, North = northness, SD = seed density (m?2), SR = solar

radiation. Tedoradze et al. 2020.

N
@
+ "'é .
+ Betula litwinowii *
+ ¥ |Bellis pgrennis
+
+ |+
Plantag%ma jor| * ° +SD BSN - _
Urtica lpica. + £ SR Axis 1
H+ | i :
North 1*+ NN Lom+elos!a caucasica .
- L Se um_hlspanlc_um_
. b ot Arenaria serpyllifolia
* +
+
& +
+
+
+

The soil seed bank as represented by the community of germinated species was
dominated by Lomelosia caucasica (mean seed density 438.8 + 91 m?), Potentilla crantzii
(mean seed density 394.5 + 123 m?), Agrostis vinealis (mean seed density 290.4 + 82 m?),
Plantago atrata (mean seed density 204.4 + 56 m?), Arenaria serpyllifolia (mean seed density
187.7 + 48 m?), Sedum hispanicum (mean seed density 172.3 +52 m?), Trifolium pratense
(mean seed density 118.2 + 38 m2), Urtica dioica (mean seed density 90 + 28 m?2), and Carex
sp. (mean seed density 133.4 + 52 m, see Appendix 2).

Cluster analysis with phytosociological modification grouped plant communities (both
the standing plant community and their germinable seed composition) in three main types:
Polygonum carneum community type (PC) on 26 plots, Rhinanthus minor community type

(RM) on 33 plots and Astragalus captiosus community type (AC) on 15 plots (Table 1.1).



Then, plant community type was included as a group variable in the nMDS ordination. The
ISA was also based on the distinction of these three plant community types (Tab. 1.1, Fig.
1.6).

The first three axes of the nMDS ordination explained 81% of the variation in my data
set of seed bank species, with a stress level of 17.15 (Fig. 1.6). Axiswise, the first, second and
third axes explained the 49%, 17%, and 15% of variation respectively.

The first nMDS axis coincided with the transition from Polygonum carneum
community type (PC) (seed bank indicator species Urtica dioica and Plantago major) to AC
grassland (seed bank indicator species Lomelosia caucasica, Arenaria serpyllifolia, Sedum
hispanicum), which correlated with increasing north exposure of the PC community and an
increasing richness of germinable species (belowground species number or BSN, r = 0.54),
also with seed density (r = 0.4), and solar radiation (r = 0.44) (see also Fig. 1.7b).

Figure 1.7: Non-metric multidimensional scaling (NMDS) of a) the aboveground vegetation
composition with a stress level of 18.7, explaining 72% of the initial distances, with axes one,
two, and three explaining 31%, 23%, and 18%, respectively, and b) the reweighted soil seed
bank with a stress level of 17.15, explaining 81% of the initial distances, with axes one, two,
and three explaining 49%, 17%, and 15%, respectively. In both diagrams, arrows represent
environmental gradients with correlations to the ordination of r > 0.3 and r > -0.3 and for b)
r> 0.2 and r > -0.4. The length of the arrow was fitted to the relationship between ordination
and environmental gradient. ASN = aboveground species number, BSN = belowground
species number (m2), C = carbon content in soil [%], CH = height of cryptogams [cm]; CL =
cover of litter [%], CC = cover of cryptogams [%], LB = legume biomass [%], NDVI =
the normalized difference vegetation index, N = nitrogen content in soil [%], Roots = root
weight [%], pH = pHuo, SD = seed density (m2), North = northness, SR = solar radiation.
Tedoradze et al. 2020.
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The second nMDS axis correlated with the intermediate Rhinanthus minor
community type (RM) characterised by the seed bank indicator species Bellis perennis,
Bromus variegatus and Betula litwinowii (r= 0.3, 0.2, 0.4 respectively).

PC communities on the slopes of north aspect were characterised by a high soil
nutrient content (Norg = 0.8%, Corg = 8.8%, phosphorus content = 19.1 mg*kg'), deeper soils
(14.3 cm), and higher acidity (pH = 5.8) (Appendix 3). Conversely, the AC communities that
largely occurred on the slopes of south aspect were exposed to increased solar radiation and
grew on poor soils with considerably low levels of available nutrients (Norg = 0.4%, Corg =
3.5%, phosphorus content = 6.1 mg*kg!); these soils were notably shallower (7.9 cm), but less
acid (pH = 6.49). Similar findings for soil pH have been reported for the alpine zone of
Kazbegi district (Jolokhava et al. 2020)

Table 1.1: Indicator species analysis of the aboveground vegetation and the soil seed bank for
the three grassland types: Polygonum carneum (PC), Rhinanthus minor (RM), and
Astragalus captiosus (AC), with a significance level of p < 0.05 and an indicator value

(IV) > 12. Tedoradze et al. 2020.

Indicator species v Rel. frequency (%) p

PC RM AC

n=26 n=33 n=15

PC grassland

Aboveground vegetation

Polygonum carneum 545 62 3 7 0.0002
Betonica macrantha 46.7 54 12 0  0.0004
Cyanus cheiranthifolius 45.8 65 24 7 0.0006
Pimpinella rhodantha 42.6 62 18 7 0.0002
Ranunculus oreophilus 41.2 81 45 27  0.0042
Carex humilis 39.7 54 0 20  0.0008
Vicia alpestris 39 62 30 13 0.0028
Cirsium obvallatum 37.1 65 21 40  0.0066
Geranium ibericum 29 38 15 0 0.0088

Calamagrostis arundinacea 27.5 31 6 0 0.0046



Cruciata glabra 25.7 42 21 13 0.041
Gymnadenia conopsea 18.3 27 6 7 0.0492
Gentiana septemfida 17.2 23 6 7 0.0412
Daphne glomerata 15.4 15 0 0 0.0328
Soil seed bank

Urtica dioica 20 31 12 7 0.0394
Plantago major 11.5 12 0 0 0.0498
RM grassland

Aboveground vegetation

Trifolium alpestre 45.3 35 79 27  0.0006
Rhinanthus minor 415 77 82 20 0.008
Phleum phleoides 41.2 54 91 67  0.0072
Anthyllis variegata 39.9 38 76 47  0.0094
Polygala anatolica 36.1 12 48 13 0.0028
Galium verum 29.6 19 58 33 0.0384
Seseli transcaucasicum 27.4 8 36 7 0.0098
Gentianella caucasea 23.2 12 30 0 0.022
Echium rubrum 17.5 4 21 0 0.0486
Soil seed bank

Bellis perennis 18.5 8 24 0 0.0368
Bromus variegatus 15.3 4 18 0 0.044
Betula litwinowii 15.2 0 15 0 0.0364
AC grassland

Aboveground vegetation

Astragalus captiosus 95.1 4 9 100  0.0002
Dianthus cretaceus 63.3 8 12 73 0.0002
Sedum acre 46.7 0 0 47  0.0002
Sempervivum pumilum 43.6 0 6 47  0.0002
Thymus collinus 42.1 46 39 80  0.0026
Poa alpina 41.8 8 0 47  0.0002
Campanula collina 39.8 69 61 93 0.0194



Festuca ovina 38.9 35 48 80 0.0082

Euphrasia caucasica 36.2 0 6 40 0.0004
Silene ruprechtii 33.7 42 33 73 0.0174
Achillea millefolium 285 12 18 47  0.0092
Erigeron caucasicus 23.9 0 3 27  0.0032
Artemisia vulgaris 23.3 0 6 27 0.004
Echium vulgare 20 0 0 20 0.0064
Alyssum murale 20 0 0 20 0.007
Asperula molluginoides 20 0 0 20 0.0074
Onosma caucasica 13.3 0 0 13  0.0354
Scutellaria oreophila 13.3 0 0 13 0.037
Lolium rigidum 13.3 0 0 13 0.042
Securigera varia 12.3 0 3 13 0.0238
Sempervivum caucasicum 12 0 3 13 0.0244
Soil seed bank

Sedum hispanicum 47.8 4 12 60  0.0002
Arenaria serpyllifolia 40 8 21 60 0.0002
Lomelosia caucasica 39.5 15 45 73 0.0018
Medicago lupulina 28.3 4 3 33 0.001
Gnaphalium supinum 20 0 0 20 0.0058
Verbascum sp. 16.7 4 0 20 0.0236
Mpyosotis alpestris 13.3 0 0 13 0.0386
Juncus tenuis 13.3 0 0 13 0.0388

1.3.2 Restoration potential of the persistent soil seed bank

The analysed 74 relevés contained 269 vascular plant species found in pasture and hay
meadow communities, while the germination experiment produced much less, only 70
species. These two sets of plant species shared 47 species, i.e., only 18% of species from
standing plant communities were represented in their germinable seed bank. The other 23

species from the soil seed bank were not found in pastures and hay meadows. In sum, the



relevés were dominated by Bromus variegatus (in 96% of relevés), Medicago glomerata
(77%), Phleum phleoides (73%), Agrostis vinealis (72%), Campanula collina (70%), Lotus
corniculatus (70%), Rhinanthus minor (68%) and Trifolium ambiguum (66%). Conversely,
the germinable seed bank was dominated by Lomelosia caucasica (from 43% of plots),
Potentilla crantzii (30%), Agrostis vinealis (29%), Arenaria serpyllifolia (26%), Plantago
atrata (24%) and Sedum hispanicum (20%) demonstrating that the compositions of the most
frequent species in two datasets were very dissimilar. The ISA showed that there was not a
single shared indicator species between standing plant communities and their seed bank
representatives. The ISA also showed that the AC plant community type possessed more
indicator species than RM and PC (Tab. 1.1).

The plant community types also differed widely in species richness: the relevés from
AC contained less species (ASN = 30.9) than those from RM (ASN = 34.9) and PC (ASN =
34.2). Nonetheless, plant community types did not differ notably in the richness of
germinable seed bank species: the values of the BSN equalled to five, five and four for AC,
RM and PC, respectively.

The mean seed density was found to be the highest in the AC plant community type
(4,386 m?) followed by PC (3,584 m?) and RM (3,916 m?). The AC plant community also
showed the highest shared species rate (25%) followed by the RM (24%) and the PC (21%)
plant community types.

The differences in species composition between the standing plant communities and
their germinable soil seed bank can be easily discerned on ordination plots (Fig. 1.7). The
Mantel test also found only a weak correlation (r = 0.21 by the standardised Mantel test)
between the two data sets. At the same time, the first axis of the nMDS ordination correlated
with the northness (r = 0.54), root mass (r = 0.46) and litter cover (r = 0.44) and thus clearly
differentiated the plant community types along the north-to-south gradient with increasing
root and litter mass. Specifically, AC tended to the south aspect whilst RM and PC tended to
the north aspect. The second axis of the nMDS ordination correlated negatively with species
richness of standing plant communities (r = -0.44) and soil C/N ratio (r=-0.37), but

positively with solar radiation (r = 0.38); the AC plant community type separated again from



RM and PC along the gradients of the solar radiation and soil organic content, which

coincided with decreasing species richness.

1.4 Discussion
1.4.1 Topography and soil seed banks

Slope aspect and solar radiation, which are the variables that are determined by
topography, can be linked with species composition (Peco, Ortega, and Levassor 1998). My
results show that species richness and seed density in the soils varied greatly between the
slopes of north versus south aspects. This is a clear gradient from the cool and moist (north
aspect) to warm and dry (south aspect) plant life conditions. Warmer slopes generally enjoy
more abundant seed rain resulting in a higher density of seeds in soils (Bertiller 1992).
Theoretically, topography can have effects on seed density by other mechanisms too, such as
seeds brought by surface run-off. However, my results do not show any statistically
significant relation of seed density with the altitude, curvature, or topographical wetness
(Caballero et al. 2003; Havrdova, Douda, and Doudova 2015).

The difference in plant community structure between two slope aspects could also be
accentuated by grazing impacts (Bekker et al. 1997), since the AC plant community type
contains abundant species characteristic to poor pastures (Lomelosia caucasica, Arenaria
serpyllifolia). The relatively rich and dense soil seed bank of the AC communities could help
adapt to the overgrazing disturbance, yet this might not always repair the damaged plant
cover as indicated by the relatively high occurrence of shallow and bare soils, especially on
steeper slopes (Appendix 3). Therefore, my results suggest that the steep slopes of the south
aspect run an increased risk of soil erosion.

The PC plant community type, contrary to AC, are found mostly on the slopes of the
north aspect. Remarkably, the soils beneath PC contain abundant seeds of ruderal species
(for example Plantago major and Urtica dioica), which can persist in the soils over a long
time (Christoffoleti and Caetano 1998; Bossuyt and Hermy 2003). The soils under the PC
communities are relatively more acid, deep, and rich in available nutrients. These

characteristics and the proximity of cattle paths can explain the abundance of ruderal species



in the soil seed bank (Appendix 3). At the same time, the relative scarcity or the absence of
seeds of standing species in these soils might indicate a reduced ability of post-disturbance
regeneration of this type of plant communities.

The RM plant community type occupies the middle (intermediate) part of the north-
to-south gradient of environmental conditions where soil seed banks show a high abundance
of Bellis perennis and Betula litwinowil. The seeds of these two species are dispersed by wind
and run-off water, and often germinate and emerge within the vegetation gaps (Schmid and
Harper 1985; Gibson 1996). As Bossuyt and Hermy (2003) showed, Betula can form a
persistent seed bank, a rare phenomenon among the tree taxa whose soil seed banks were
examined. These authors also report that seed density in the soils increased with increasing
disturbance. These results were confirmed by the studies conducted in the mountains of
Belgium (Jacquemyn et al. 2011). High seed density of Betula was also found in alpine
eutrophic fens of the North Caucasus (Onipchenko 2004). These fens might function as a

seed trap or as a sink of the seeds of Betu/a brought by winds and run-off water.

1.4.2 Potential of the soil seed bank to re-vegetate the disturbed sites

The similarity of species composition between standing communities and their soil
seed bank can be 50-60% (Bakker and Berendse 1999), however, along a disturbance gradient
the mean density of seeds in the soil can vary (Ma, Zhou, and Du 2010). Therefore, my
results show that on the relatively steep slopes of Khevi the mean density of seeds in soils
was not high (4,249 seeds*'m), and the percent proportion of the species that standing
communities shared with soil seed banks was as low as 18%. The mean seed density of seeds
can be 18,108 seeds*m as reported by a study on a managed grassland in the Czech Republic,
where 27% of standing plant species were found also in its germinable seed bank (Handlova
and Miinzbergovd 2006). In the grasslands of the Central European mountainous region, the
mean seed density was found to be 10,367 seeds*m2, while 56% of the species were shared
between the soil seed bank and the standing plant communities (Wellstein, Otte, and
Waldhardt 2007). Communities with high levels of disturbance show the values of seed

density and shared species percentage that are comparable with the values found in my



study: in green rooftops the soil seed density was 4,814 seeds*m2, with 34% of species shared
(Vanstockem et al. 2018), and in semiarid grasslands the seed density was found to be 3,749
seeds'm2, with 32-51% species shared (Kinucan and Smeins 1992). Therefore, the values of
seed density and shared species percentage rather indicate moderate to high levels of
disturbance in the pastures and hay meadows of Khevi, characteristic of high mountain
environments (Christoffoleti and Caetano 1998; Bossuyt and Hermy 2003). Most probably,
many of the species of standing communities that did not emerge in the germination
experiment mostly contributed to transient seed bank (Lopez-Marino et al. 2000). The
dissimilarities between standing and germinated species could also owe to the fact that,
depending on the type and strength of disturbance, standing plant community and its seed
bank can be affected in different ways (Holzel and Otte 2004). However, there were 23
species not found in standing plant communities; in other words the soil seed bank of a plant
community can contribute to the persistence of species from other communities too and this
effect can be important for conservation at larger, regional scale. Out of 70 species that
emerged in germination experiment eight appeared to be endemic to the Caucasus ecoregion,
while another five species (they are identified only to the genus level) had an unknown red
list status (Gagnidze 2005; Solomon, Schatz, and Shulkina 2013). This emphasises the general
importance of seed banks for restoration at a large spatial scale. As for the studied plant
communities, their restoration to the original state after a considerable disturbance seems not
to be easy since the similarity in community structure between the standing vegetation and
germinable seed bank beneath it is low. Besides, 10 percent of soil samples did not produce
any seedlings at all indicating the scarcity of persistent seeds in the soils under some of my
study plots. Restoration efforts can be further hindered by high mortality of seedlings,
typical of alpine environments (Schlag and Erschbamer 2000; Erschbamer, Kneringer, and
Schlag 2001). We conclude that the prevention of disturbances appears to be the most
effective measure against soil erosion and degradation of subalpine pastures and hay
meadows (Miller and Cummins 2003). Nonetheless, the species found in the persistent soil
seed bank still might have a certain ability to establish an erosion-preventive vegetation

cover, yet this potential requires further investigation.



Conclusions

We found evidence that soil seed banks in the high mountain pastures and hay
meadows of Khevi have a limited potential for restoring damaged and disturbed vegetation to
its original state. This evidence is based on the considerable mismatch between the standing
plant communities and their persistent soil seed bank, particularly on the slopes of the north
aspect. If a given plant species is lost after a strong disturbance, this species might not
reappear from the soil seed bank. Prevention of disturbances and damage by careful
management, therefore, is highly recommended. At present, such management can be based
on the moderate grazing and regular mowing practice characteristic of the traditional, low-
intensity subsistence agriculture. However, studies shall continue to test innovative
restoration strategies. Given that the persistent soil seed bank from my study showed a
considerable admixture of species that were not members of standing plant communities,
testing the direct diaspore transfer methods might be promising in the high mountains of the

central Caucasus.



Chapter 2. Floristic composition of the pastures and hay meadows on
Khevi’s steep slopes

2.1 Literature review

The species as the major unit of classification is the basic concept of plant systematics
and taxonomy, and play a central role in the related disciplines such as plant community
ecology, plant geography, plant phylogenetics, description and analysis of vegetation,
conservation, and restoration. Therefore, it is crucial to have a well-developed nomenclature
in an authoritative and internationally recognised list of species (Korovina 1986; Rao 2004).

Flora represents a comprehensive list of all species recorded in any geographically
defined area (country, region, island, river valley) (Tolmachev 1974). Floristic analyses are
comprised of quantitative descriptions of the relations among major taxa (families, genera,
species), and also examinations of the geographic origin of species included. Floristic
analyses, therefore, also have to consider climatic characters and the history of terrestrial
systems, as well as current human impacts such as land use and climate change (Wulff 1943;
Tolmachev 1974; Mirkin, Naumova, and Solomeshch 2001).

The knowledge of plant species current distributions can be understood as the
geographical structure of a given flora, being one of the main aims of floristic studies. Such
knowledge can be gained using an approach that in the Soviet Union termed as ‘the
arealogical method’ with ‘areal’ as the main unit that in fact means the area of distribution of
a given species. The geographic structure is based on the concept of geographical element,
which R. Gagnidze and M. Ivanishvili consider to be a part of a floristic element and is
established by the arealogical method (Gagnidze and Ivanishvili 1975a).

The geographical element refers to the set of the representative taxa of a given
phytochorion, the major area of which is covered by these species where they supposedly
find optimal life conditions (Wulff 1943; Portenier 1993). Chorotype, area type, and
chorological category are often used as synonyms for a geographical element (Passalacqua
2015).

Therefore, a geographical element denotes the group of species that have similar

distribution. Identifying a geographical element helps generalise and systematise the existing



knowledge on the geographical distribution of a species, and also facilitates the storage and
synthesis of the required data (Portenier 1993; Pedrotti 2013). The analysis of area types can
provide additional knowledge on the ecology and evolutionary history of species, and aid
also the identification of phytochorions and plant geographical regions at higher scales
(Portenier 2000; Mirkin, Naumova, and Solomeshch 2001). The species that typically occupy
the Arcto-alpine environments versus the species typical for Central Asia clearly differ
ecologically. Yet, there can be also plants of different ecological types within each of the
large geographical areas more narrowly adapted to local environmental conditions. These
can vary, for example, in soil types, water and temperature relations. Therefore, even an
exact knowledge of geographical distribution provides only an approximate knowledge of the
ecology of a given species, and might not be sufficiently accurate. This is because species
within the same area may be ecologically different, and conversely, species with different
areas may be ecologically similar (Mirkin and Naumova 2012). Nonetheless, identifying the
geographical element enables exact mapping of species distribution, which is crucial for
conservation purposes because an accurate knowledge of the distribution of species of high
conservation value is indispensable for planning, establishing, and monitoring of protected
areas. At the same time, distribution maps are essential to creating and updating "red lists"
both at national and regional levels (Pedrotti 2013).

Distribution areas can vary in size being either continuous or disjunct (Mirkin and
Naumova 2012; Pedrotti 2013). Furthermore, various systems were suggested to organise the
knowledge of plant species distributions into a comprehensible and operable system. In the
Caucasus, the first attempt to construct such a system was undertaken by Grossheim (1936).
This system is based on the principle of geographical zonation, which proved to be difficult
to use due to the lack of standartization (Portenier 1993), and many authors attempted to
modify this system. The consequence is that different authors consider the same species to
represent different geographical elements. The matter becomes even more complicated when
different authors use different floristic systems and employ different species concepts. In
sum, the comparison of the results of floristic analysis from different regions of the Caucasus

and neighbouring regions often becomes impossible (Portenier 1993). It should be noted,



though, that Caucasian botanists often use common approaches when defining plant
geographical zones at large scale. Important differences emerge at the level of botanical
provinces and below, where there are discrepancies in identifying districts, and the
descriptions of districts often lack important details (Portenier 1993).

It is clear from the above that there is no common approach and understanding among
plant geographers in the classification of geographical elements in the Caucasus. The flora, as
well as the geography, of this region are uniquely complex and rich, and defining its
geographical elements based on the concept of phytochorion and plant geographical area
types might produce acceptably comparable results. This is exactly the approach initially
formulated by Josias Braun-Blanquet (1919; 1923), Alexander Eig (1931), Revaz Gagindze
(1974), Marine Ivanishvili (1973) and others (Braun-Blanquet 1919; 1923; Eig 1931;
Ivanishvili 1973; Gagnidze and Ivanishvili 1975a; Yurtsev and Kamelin 1991; Portenier
2000), which in the Soviet references is often called ‘a regional principle’ or ‘floristic
approach’ (Gagnidze and Ivanishvili 1975a). Following these authors, the regional principle
might be more ‘flexible’ and effective in the Caucasus with its complex terrain.

The question of which plant geographical area a species belongs to should be resolved
on the basis of current distribution area of this species (Portenier 1993; White 1993), taking
also into account its core distribution (Wulff 1943). A geographical element can be
considered a species that falls within the boundaries of a certain chorion. Some species are
found in two or more provinces and are referred to as linking species. These linking species
can be identified by their occurrence linked to one or more provinces (Portenier 1993;
White 1993; Dowsett-Lemaire, and Miiller 2021).

Depending on the researcher's goals and the aims of floristic analysis, the description
of area types can be very detailed or general, and determined by the spatial scale at which
the geographical element is defined. For example, the geographical element of the Apennines
belongs to the Euro-Siberian region at the regional scale, to the boreal level at the sub-
regional scale, and to the Holarctic kingdom at the global level (Gagnidze and Ivanishvili
1975a; Passalacqua 2015). At any rate, however, defining the geographical element based on

plant geographical areas will require use of one of the existing schemes of the division of a



given territory into floristic regions, and these schemes are more than one. One of them is
the well-known and widely accepted system of Armen Takhtajan (Takhtajan 1978). A similar
system was produced by Salvador Rivas-Martinez (2004), who despite some differences, also
considers the Caucasus, and Georgia in particular, as part of the Euro-Siberian
(corresponding to circumboreal in the scheme of Takhtajan) and the Irano-Turanian regions
(Rivas-Martinez and Rivas-Saenz 2004)

Revaz Gagnidze placed the main part of the Caucasus into the sub-Mediterranean
region (Gagnidze and Ivanishvili 1975b), which coincides with the Macaronesia-
Mediterranean region by Hermann Meusel and Eckehart Jager (Meusel, Jager, and Weinert
1965). In his later works, Gagnidze lifted the Ancient Mediterranean region to a higher rank
of kingdom, and this is one of the main features distinguishing his system from other
classifications (Gagnidze 1996, 2004; Gagnidze and Davitadze 2000).

The flora of the Caucasus can be linked to the Mediterranean as well as the Irano-
Turanian and Boreal floras. Clearly, the relative contribution from these floras will vary
through the complex gradients of Georgia’s environment. Since the aim of the present study
was to establish general connections of the flora of Khevi’s subalpine pastures and hay
meadows with other regional floras, we addressed the following questions: i) what is the
floristic composition of the managed plant communities on the slopes of Khevi? and ii)

which floristic centres contribute mostly to their species composition?

2.2 Materials and Methods

A floristic analysis approach was used to determine the types of species areas based on
identified geographical elements. This method largely relies on the hierarchy of botanical-
geographical units of the country (Portenier 2000).

The list of plants obtained from the sampling of pastures and hay meadows on the
slopes of various steepness in the subalpine zone of Khevi was used in floristic analyses.
There were 81 plots sampled following the usual phytosociological protocol in 2014-2017
(see the previous chapter). All species within the plots were recorded and their sum was

considered to represent the floristic composition of high mountain pastures and hay



meadows of Khevi.

Species nomenclature is in accordance with the checklist of vascular plant species of
Georgia (Gagnidze 2005). The list was updated from international plant databases (“IPNI”
2021; “GBIF.Org” 2020; “Euro+Med” 2006; “PESI” 2021; “The Plant List” 2013), the second
edition of the list of vascular plant species of Georgia (Davlianidze et al. 2018), and the
checklist of the Khevi’s flora (Sakhokia and Khutsishvili 1975). see Annex 1. I collected data
on the geographical range of each species using the following floras: Flora of Georgia, Flora
of Turkey, Flora of USSR, Flora of Armenia, Flora of Europe, Caucasian flora conspectus
(Komarov 1934-1960; Takhtajan 1954-2009, 2003-2012; Tutin et al. 1964-1993; Davis 1965-
2001; Ketskhoveli, Kharadze, and Gagnidze 1971-2011). Additionally, we crosschecked
databases (“GBIF.org” 2020; “Euro+Med” 2006; “World Flora Online” 2021). If the area of
distribution of a given species, or at least its center of distribution, was confined to the
boundaries of a chorion, it was considered to be a geographical element of this chorion.
Although quite often a species’ distribution was not confined to any one chorion, but instead
was found spread across two or more chorions. In such cases the species was considered to be
a linking species. A similar type of linking species whose distribution area did not extend
beyond a higher-ranked phytochorion was included in this higher phytochorion
(Passalacqua 2015). Since in the Caucasus the high-rank botanical-geographical units are
established using generally the same principles, these areas are relatively consistent from
author to author (Portenier 1993). The same cannot be said about the phytochoria of lower
ranks (provinces, districts), where inconsistencies are conspicuous owing to the lack of
shared principles for delineating these areas (Yurtsev and Kamelin 1991). Therefore, in this

study, only the chorions of provinces and above are used.

2.3 Results
2.3.1 Taxonomic structure
Khevi’s flora is comprised of 1347 vascular plant species (Sakhokia and Khutsishvili

1975; Gagnidze 2005). Out of these species, 269 were found in 81 sampling plots, which



constitutes 20 % of Khevi’s flora. The recorded species belonged to 143 genera and 42
families (Table 2.1).

Table 2.1: General taxonomic structure of the recorded species in subalpine pasture and hay

meadow communities in Khevi.

Higher Taxa Families Genera Species

Number % Number % Number %

Angiospermae 42 100 143 100 269 100
Among these:

Dicotyledonae 34 81 118 825 222 825
Monocotyledonae 8 19 25 17.5 47 17.5

The largest 10 families included 92 genera (64.5 %). All in all, the composition of these
families and their size (the number of genera in them) is very similar to the general
taxonomic structure of Khevi’s flora (Sakhokia and Khutsishvili 1975) (Table 2.2).

Table 2.2: Number of genera in the largest 10 families in the vascular flora of subalpine

pasture and hay meadow communities in Khevi.

N Family Number of Genera %
1  Asteraceae 21 14.7
2 Poaceae 15 10.5
3  Fabaceae 11 7.7
4  Apiaceae 10 7

5  Lamiaceae 9 6.3
6  Brassicaceae 6 4.2
7  Caryophyllaceae 5 3.5
8  Orobanchaceae 5 3.5
9  Ranunculaceae 5 3.5

10 Rosaceae 5 3.5




Total 92 64.4

Measuring family size by the number of species produced the same 10 families with
one exception: Campanulaceae replaced Ranunculaceae. These families included 173 (64.3
%) species (Table 2.3). The top three families remained the same through all analyses, but the
order of families was variable.

Table 2.3: Number of species in the largest 10 families in the vascular flora of subalpine

pasture and hay meadow communities in Khevi.

N Family Number of Species %
1  Asteraceae 39 14.7
2 Poaceae 31 11.7
3  Fabaceae 23 8.7
4  Caryophyllaceae 14 53
5  Rosaceae 14 53
6  Apiaceae 12 45
7  Orobanchaceae 12 45
8 Lamiaceae 12 4.2
9  Campanulaceae 9 3

10 Brassicaceae 7 2.6
Total 173 64.5

The largest genus as measured by the number of species is Trifolium. Twenty-eight
genera are represented by three or more species, 40 genera by two species each, while more
then half of genera contain a single species (Table 2.4).

Table 2.4: Number of species in the genera of the vascular flora in subalpine pasture and hay

meadow communities in Khevi.

N Genera  Number of Species N Genera Number of Species
1  Trifolium 10 17 Gentiana 3
2 (Campanula 8 18 Geranium 3




3 Alchemilla 7 19 Hypericum 3
4 Silene 6 20 Luzula 3
5 Festuca 6 21 Veronica 3
6 Cirsium 5 22  Koeleria 3
7  Pedicularis 5 23 Poa 3
8 Carex 4 24 Thalictrum 3
9 Euphorbia 4 25 Potentilla 3
10 Plantago 4 26 Galium 3
11 Phleum 4 27 Salvia 3
12 Erigeron 3 28 Polygonum 3
13 Tanacetum 3 In The rest

14 Taraxacum 3

15 Dianthus 3 40 genera 2-2
16 Sedum 3 75 genera 1-1

Out of 269 species in the list, 64 were endemic (23.8%), among them 56 —NE, five —
LG, two - NT, one - DD categories (Solomon, Schatz, and Shulkina 2013).

The most frequent among the life forms were hemicryptophytes with 188 species
(69.9%), chamephytes with 25 species (9.3%), therophytes with 21 species (7.8%), geophytes
with 19 species (7.1%), hemiparasites of vascular plants with eight species (2.9) and

phanerophytes with six species (2.2%), and lianas with two species (0.7%).

2.3.2 Geographical structure

We recorded 269 species of vascular plants, and these were grouped into 18
geographical range types or chorotypes (Table 2.5).

The proximity of the study area to the Western and Eastern Caucasus, the connections
with Central Dagestan, and the colonisation of the Caucasus by the Boreal and South-West
Asian flora might explain the high percentage of linking species in the flora of Khevi’s
(Sakhokia and Khutsishvili 1975; Kharadze 1966a; 1977; Grossheim 1936). In our data set, the
Caucaso-Southwest Asian species were most prominent among the linking species with 26

species (9.6% of the flora of Khevis subalpine pastures and hay meadows). This was followed



by 16 species (5.9%) from the European-Mediterranean region, 14 species (5.2%) from the
Caucaso-Anatolian, six species (2.2%) from European-South-west Asian, and four species
(1.5%) from the Hyrcanian-Euxinian region. The remaining chorotypes of this group did not
exceed 1% each.

Table 2.5: Chorotypes and their proportions in the vascular flora of subalpine pasture and hay

meadow communities in Khevi.

Geographical range types (chorotypes) Number of % Number of %
Species Species
Widespread Species
Palearctic 59 21.9 86 31.9
Holarctic 25 9.3
Cosmopolitan 2 0.7
Linking Species
Caucaso-SW Asian 26 9.7 82 30.5
Euro-Mediterranean 16 5.9
Caucaso-Anatolian 14 5.2
Euro-Mediterranean-SW Asian 11 4.1
Euro-SW Asian 6 2.2
Hyrcano-Euxinian 4 15
Mediterranean-SW Asian-Eurasian steppe 2 0.7
Euro-Ancient Mediterranean 1 0.4
Caucaso-East Mediterranean 1 0.4
SW Asian-Caucasian-Eurasian steppe 1 0.4
Ancient Mediterranean Species
Mediterranean-SW Asian 8 29 9 3.3
Mediterranean-SW Asian-Turanian 1 0.4
Boreal Species
Caucasian 73 27.1 92 34.2
Caucaso-Euxinian 10 3.7

Euro-Siberian 9 3.3




2.4 Discussion
2.4.1 Taxonomic structure

The vascular flora of Khevi’s pasture and hay meadow communities was represented
by only angiosperms, where the number of dicotyledonous species exceeded that of
monocotyledonous fourfold. My results clearly show the disproportional distribution of
species and genera among families, which is characteristic of the vegetation developed under
harsh environmental conditions (Tables 2.2 and 2.3). Species diversity within the genera was
visibly low (Table 2.4) as 75 genera (52.4%) had a single species and 40 genera (27.9%)
contained only two species; in other words, 80.4% of genera were represented by one or two
species. Therefore, the high species richness in the floristic composition was strongly
influenced by the relatively high number of small-sized genera.

The species composition of the top 10 largest families gives a good idea of the
contribution of different floristic centres to the flora of Khevi’s pasture and hay meadow
communities.

The largest family in the flora of Khevi’s subalpine pastures and hay meadows was
Asteraceae and Poaceae - the families of a very wide distribution over various regions.
Conversely, other large families showed more distinct distribution and could indicate
connection to a specific floristic region. For instance, Fabaceae, Caryophyllaceae,
Brassicaceae and Apiaceae, which were among the top largest families in Khevi, are
associated with Mediterranean floras (Tolmachev 1986). In contrast, Ranunculaceae and
Rosaceae, also among the largest families in Khevi, are characteristic of, and indicate a link
to, the Boreal floras (Tolmachev 1986). These are two large floristic regions with which
Khevi’s flora can be connected.

Being in the top ten families Campanulaceae and Orobanchaceae (the latter also
includes genera Pedicularis, Rhinanthus, and Rhynchocorys), indicates the specificity of the
high mountain flora and its influence on Khevi’s pastures and hay meadows.

The composition of the 10 largest families from Khevi’s subalpine pastures and hay

meadows generally mimicked the taxonomic structure of the flora of all of Khevi. The only



difference was Campanulaceae, which replaced Cyperaceae, as the tenth largest family in the
entire flora (Sakhokia and Khutsishvili 1975). The reduced prominence of Cyperaceae in my
data can be explained by the fact that the study area was located on relatively steep slopes
where the moist meadows with abundant Cyperaceae were rarely represented.

The contribution of boreal and Mediterranean flora is even more evident in the
analysis of the number of species in the genus. In this case, the representatives of the boreal
flora are Alchemilla, Carex, and Plantago. Further, the Mediterranean connections are
indicated by Trifolium, Silene, and Euphorbia. In addition, the flora of the high mountain
Caucasus is characterized by presence of diverse species of Campanula and Pedicularis.

Out of the 64 endemic species, 51 were confined to the Caucasus Ecoregion (Solomon,
Schatz, and Shulkina 2013). The distribution of the remaining endemics went beyond the
borders of the Ecoregion: ten of them were Caucaso-SW Asian (e.g. Sedum spurium,
Euphorbia iberica, Pedicularis wilhelmsiana) and Caucaso-Anatolian (e.g. Cirsium
caucasicum, Draba hispida, Vicia alpestris) with five species in eachtype, two were Caucasian
(with irradiation) (Cirsium obvallatumand Pulsatilla violacea), and one was Euro-

Mediterranean-SW Asian (Draba siliquosa).

2.4.2 Geographical structure

The species showed the following three prominent patterns of geographical
distribution (chorotypes): boreal (34.2%), linking (30.5%) and ‘widespread’ (31.9%). The
proportion of the Ancient Mediterranean chorotype was minor (3.3%). At the finer spatial
scale, the Caucasian, Palearctic, Holarctic and Caucaso-Southwest Asian chorotypes had a
total share of 68% of the species, whilst European-Ancient Mediterranean, Caucaso-Eastern
Mediterranean, Southwest Asian-Caucasian-Eurasian-steppe, and Mediterranean Southwest
Asian-Turanian chorotypes appeared to be very minor, with their total share not exceeding
1.5%.

The prominence of Palearctic species, represented by 59 (21.9%) species, was large. At

the finer spatial scale, this included 50 Palearctic species, six Western Palearctic species, and



three Palearctic (conditional) species. Holarctic species accounted for 9.3% (25 species). The
number of cosmopolitan species was negligible with two only species (0.7%).

The 97.7% of the widely distributed species appeared to be Palearctic and Holarctic.
The high proportion of such species in the flora of Khevi’s subalpine plant communities was
in fact as expected. Indeed, the species were recorded on mainly mesic meadows, while, the
Central Great Caucasus is a part of the Holarctic kingdom (Takhtajan 1978; 1986).

According to Ana Kharadze (Kharadze 1966b), Khevi’s flora belongs to the sub-
province of high mountain Caucasus, which is part of the province of the Great Caucasus.

The high mountain flora of the Caucasus mainly consists of Arcto-alpine elements,
which colonised Khevi as early as in Pleistocene (Nakhutsrishvili 2003). Nakhutsrishvili
(2003) also notes the opinion of Fedorov (1952) and Kharadze (1960) that the flora of the
high mountain Caucasus is mostly autochthonous and evolved in the Tertiary and
Quaternary. Finally, Grossheim (1936) in his analysis of endemics remarked that the central
Caucasus was colonised by both Boreal and Western Asian elements (Fedorov 1952;
Kharadze 1960; Nakhutsrishvili 2003).

In the Ancient Mediterranean group, Mediterranean-Southwest Asian is represented
by eight (2.9%) species, and Mediterranean-Southwest Asian-Turanian by a single species.
The Mediterranean chorotype has a much higher percentage in the scrub vegetation of the
Khevi, which is as expected since the vegetation in the study area is mesophilic and
developed in a climate notably different from the Mediterranean (Ivanishvili 1973).
However, if we look at the linking group, it becomes clear that all the species in this group
are related to the Mediterranean region. Consequently, the relation to the Mediterranean
flora is not as weak as it may seem at first glance, but the contribution of the Boreal flora is
the largest and most easily observed.

Among the Boreal species, the most frequent was the Caucasian chorotype with 73
(27.1%) species, followed by 10 (3.8%) Caucaso-Euxinian species, and 9 (3.3%) Euro-Siberian
species. The high proportion of the Caucasian chorotype is an indication of the
autochthonous origins of a flora (Kharadze 1966). There were 51 endemics among the

Caucasian chorotypes, 42 of them of status NE, five of LC, two of NT, and two of DD. The



high proportion of the Caucasian chorotype is natural and conforms to the results of analysis
of the scrub-like vegetation on the northern slopes of the great Caucasus range (Ivanishvili
1973).

For the sake of comparison, floristic analysis of the pistachio woodlands in the south-
east of Georgia on the lori plateau and the Eldar plain showed a large contribution from the
Mediterranean flora, and a reduced Boreal element. This contrasting difference is not
unexpected, since Khevi lays to the north of the Great Caucasus main range and thus much
closer to Boreal ecosystems (Lachashvili, Eradze, and Khetsuriani 2020).

In summary, it can be stated that the Caucasian, Caucaso-Southwest Asian and
Palearctic floras play the most important role in shaping the vegetation of Khevi’s subalpine
pastures and hay meadows. Holarctic and European-Mediterranean species also contribute
considerably. Finally, the chorotypes such as Caucaso-Anatolian, European-Mediterranean-
Southwest Asian, European-Southwest Asian and Hyrcanian-Euxinian are notable and

diversify Khevi’s floristic spectrum.

Conclusions

The taxonomic structure of Khevi’s subalpine pasture and hay meadow communities
shows the influence of both the Boreal and Mediterranean flora. At the same time, the share
of widespread families is high.

The chorotype analysis confirmed the strong influence of the Boreal flora, which was
expressed in the high percentage of Caucasian chorotypes. The latter points to the
autochthonous origin of the flora. The influence of the Mediterranean flora is mainly
expressed by the linking chorotypes. At the same time, the percentage of species with a wide

distribution is large.



Chapter 3. Phytosociological classification of Khevi’s steep subalpine
pasture and hay meadow communities

3.1 Literature review

An ideal classification of vegetation is difficult to achieve, since plant communities are
dynamic systems with various biomorphs characterised by seasonal fluctuations, variable
phenology, successional change, also man-made or transient communities (Rabotnov 1978).
To address these complexities, an array of approaches have been proposed (Braun-Blanquet
1964; UNESCO 1973; Whittaker 1980; Hill 1989; Dierschke 1994; De Caceres et al. 2015;
Faber-Langendoen et al. 2017; MacKenzie and Meidinger 2018), each of which has its own
advantages and disadvantages (De Céceres and Wiser 2012). This chapter discusses and
compares two approaches, one is the classification based on dominant species (Whittaker
1980) and another is the phytosociological method of Braun-Blanquet (Braun-Blanquet
1964). The Braun-Blanquet approach is currently the most accepted and used, whilst the
dominant-based method was widely used in the former USSR (Mirkin and Gareeva 1978)
including in Georgia (Nakhutsrishvili 2013; Etzold, Miinzner, and Manthey 2015). One of
the first attempts to classify the vegetation of Georgia can be attributed to Grossheim
(Grossheim, Sosnowsky, and Troitsky 1928), who built a classification scheme that provides a
general overview of the Georgian vegetation. In addition to the dominant species, a
classification of vegetation requires environmental data such altitude, exposure, slope, and
soil composition (Kavrishvili 1965; Etzold, Miinzner, and Manthey 2015; Nakhutsrishvili and
Abdaladze 2017b). The named variables were used by Kavrishvili (1965) for the classification
of natural pastures (Kavrishvili 1965).

Since the 1950s, however, the dominance-based method was criticised by some
prominent Soviet vegetation ecologists, namely Ramensky (1952), Rabotnov (1974) and
Mirkin (Mirkin and Gareeva 1978). These authors indicated the advantages of the
phytosociological classification and its theoretical foundation, which could also be readily
used in practice (Ramensky 1952; Mirkin and Gareeva 1978; Rabotnov 1984). Certainly, a
striking advantage of the dominance-based classification is its simplicity, which allows for

the determining of plant community categories even in the process of fieldwork. The use of



this method may be justified for forest ecosystems, as well as for other plant communities
where the dominance of one or a few species is strongly pronounced (Mirkin, Naumova, and
Solomeshch 2001). Nevertheless, this method stumbles over a number of obstacles in other
types of vegetation, especially when it comes to classifying meadows or man-made systems.
Here the dominant species change both yearly and seasonally, and some species dominate
only over certain years due to their life cycle. Furhter, the dominance of some species is
associated with environmental disturbances. In such cases, an establishment of plant
associations based only on dominant species cannot be recommended (Rabotnov 1978;
Mirkin, Naumova, and Solomeshch 2001). Conversely, the Braun-Blanquet approach and its
modern versions were successfully used in Europe and also other continents (Rabotnov 1978;
Dengler, Chytry, and Ewald 2008). Rabotnov and other authors emphasise that this approach
provides the most effective method of vegetation classification compared to other methods
(Rabotnov 1978; Dengler, Chytry, and Ewald 2008). The Braun-Blanquet method usually
produces detailed and accurate results (Kent 2011). Even though the use of this method is
somewhat complicated in the northern latitudes and other countries with species-poor
vegetation, but there are successful cases of classification from such places too (Rabotnov
1978; Dengler, Chytry, and Ewald 2008). The frequent criticism of this method was that
some authors deem it to be subjective, and also that the constructing and arrangement of
phytosociological tables, despite being based on general principles, is a tedious and
complicated process for students and young scientists (Kent 2011). Indeed working with
large tables and community matrices might be complicated, but the classification process can
now be automated by means of computers and the use of multivariate methods of analyses.
These methods can be considered to be more objective due to their repeatability (Kent 2011).

Even though the standard protocol for sampling herbaceous communities introduced
by Braun-Blanquet (1964) was routinely used in the Caucasus, this work was rarely
concluded with a vegetation classification system. A few publications come from the North
Caucasus alpine meadows (Korotkov and Belonovskaya 2000; Onipchenko 2004). Similarly,
there are several studies from Khevi that used the original Braun-Blanquet method

(Bedoshvili 1985; Lichtenegger et al. 2006) or its modern versions that included multivariate



ordination (Py$ek and Sriitek 1989; Magiera et al. 2013; Tephnadze et al. 2014) to produce a
classification of Khevi’s alpine meadows. The scarcity of works on vegetation classification in
Georgia can be easily seen from the results of bibliometric analysis of trends in the
publishing on the classification of Palearctic herbaceous communities, which included all the
journals embedded in the Web of Science database (Janisova, Dengler, and Willner 2016).
The vegetation composition was assessed using the standard Braun-Blanquet scale and thus
acquired necessary data for phytosociological classification (Chapter 1). This was an
opportunity to fill in the existing gaps in knowledge, and thus we conducted a
phytosociological analysis of Khevi’s managed subalpine herbaceous vegetation. My aim was
to establish phytosociological associations and give their floristic and ecological
characteristics. To achieve this goal we performed two-step investigation. The first step was
to classify subalpine pastures and hay meadow vegetation on the slopes of various steepness
in Khevi, under more or less similar land use conditions, using the Braun-Blanquet
methodology. The objective of step two, in case of successful step one, was the description of
concrete phytosociological associations established under the named conditions and

examining what were the ecological and land use factors that determined their differences.

3.2 Materials and methods

The phytosociological analysis used the field data collected in the study area in 2014-
2017 (Chapter 1, the Materials and Methods section). The number of plots was 81. The
classification process could be represented as six consecutive steps. 1) Construct a community
matrix organised into columns (relevé numbers) and rows (species). 2) Calculate the
constancy of each species (the percentage of relevés in which a given species is present) and
reorder species (table rows) to form a constancy table. 3) Find good diagnostic species - the
groups of species that characterise various associations - these are primarily species of
intermediate constancy; species with high constancy are characteristic of the entire set of
relevés and species with very low constancy are not likely to be characteristic of relevé
groups. 4) Draw up partial tables to order the relevés and species by their floristic similarity.

5) Sort again (secondary sorting) to produce the final arrangement of relevés within the



preliminary community types, and group all the species into associations with the most
constant on the top and accidental species listed at the bottom. 6) Each of these groups
should be treated as an association or plant community and given formal names in
accordance with the Braun-Blanquet system and to show the relationship to existing units
(called syntaxa) (Braun-Blanquet 1964; Dierschke 1994; Dengler, Chytry, and Ewald 2008;
Kent 2011).

Dengler et al (2008) give a succinct description of the differential, character and
diagnostic species used in the process of phytosociological classification:

“Within the Braun-Blanquet approach, the concept of character and differential species
is important for the recognition of previously defined syntaxa. Differential species are
those that positively differentiate, by their occurrence, the target syntaxon from other
syntaxa. Character species are a special case of differential species: they positively
differentiate the target syntaxon from all other syntaxa. The differential and character
species combined are called diagnostic species’ (Dengler, Chytry, and Ewald 2008).

That is, the character species of a particular syntaxon can also be differentiated
between other plant groups and vice versa (Westhoff and Van Der Maarel 1978; Dengler,
Chytry, and Ewald 2008). Differential species show a distinct pattern of their distribution
across the relevés and are usually included in several syntaxa, while character species are
found in only one (or mainly one) syntaxon (Westhoff and Van Der Maarel 1978; Mirkin,
Naumova, and Solomeshch 2001).

The diagnostic species are established on the concept of constancy and fidelity.
Traditionally, to be constant in the target group, the species must occur at least two times
more frequently in this than in any other group (Dengler, Chytry, and Ewald 2008). The
value of constancy is calculated as the percentage of plots where the species is found and
then is categorised as degrees of constancy often expressed in Roman numerals (I: 1-20%; II:
21-40%;... V: 81-100%; Dengler, Chytry, and Ewald 2008). Differential species can usually
be found at degrees II, III and IV, or within 20 to 80% of relevés (Westhoff and Van Der
Maarel 1978). As for the fidelity value, it is a quantity that shows how often a species is

found in an established group. A species is considered to be faithful to a group if its



frequency of distribution coincides with a given group and is diminished or absent elsewhere
(Dengler, Chytry, and Ewald 2008). The name of the group is represented by the species,
which possesses the maximum level of fidelity value and constancy degree. In my case,
working with the table revealed a tendency in plants to group along a diagonal that
coincided with the direction from the dry to wet community groups; such a pattern usually
emerges in phytosociological tables when there is a clear ecological gradient that can affect

plant species distribution (Dengler, Chytry, and Ewald 2008).

3.3 Results

The phytosociological analysis of Khevi’s subalpine managed herbaceous vegetation
initially established two well-distinguished groups: of Astragalus captiosus and Rhinanthus
minor. However, the latter group appeared to be rather large and included most of the
relevés, at the same time this group possessed a structure that allowed for its further division.
At the next stage, we performed this division into two subgroups and, as a final result,
obtained three community types: Astragalus captiosus, Rhinantus minor proper and
Polygonum carneum. In Chapter 1. we used these three communities in the analysis of
indicator species and the soil seed bank comparisons. This chapter describes the further
phytosociological analysis of the above three plant communities. First, when looking at these
phytosociological groups in relative detail (see Annex 2 and Figure 3.1), it became noticeable
that, with the exception of Astragalus captiosus community, each of the other two
communities contained two subgroups. Since these subgroups were well-defined and
possessed more than three character species, I proceeded in my classification and, all in all
established five community types (their details are given below). Their floristic and
ecological characterisation enabled a comparative approach to these five community types.
In their descriptions below, the species of the groups are arranged in a descending order of
constancy values.

Group I included 16 plots. Diagnostic species of this group usually grow on dry and

stony slopes and were represented by the following species (see the table below).



Diagnostic species of Group I. Frequency refers to the number of plots out of 81

sampled ones where a given species was recorded.

Species Total frequency Frequency in Group I Fidelity Constancy
Astragalus captiosus 19 16 84.2 25.7
Dianthus cretaceus 18 12 66.7 243
Sempervivum pumilum 10 7 70 13.5
Sedum acre 7 7 100 9.5

The floristic composition of this community was not rich, with maximum 24 species
recorded in some plots. The plots of this group are found within the range of 1791 — 2122
a.s.l., usually on the slopes that are highly illuminated by the sun (south, southeast, east). The
mean vegetation coverage is 75%, with slope inclination ranging from 15-45° (mean = 23.4°).
The mean height of vegetation was in the range of 15-20 cm. The coverage of legumes was
relatively high as compared to other communities and varied in the range of 30-70% (mean =
50%). Graminoids made up 9-78% (mean = 34.4%) of aboveground biomass, while forbs and
legumes accounted for 5-58 (mean = 31.3%) and 3-50% (mean = 23.8%), respectively. The
biomass ratio of graminoids : forbs : legumes is 1.4:1.4:1. The soil here is loamy and thin
(mean = 8.8 cm). The content of roots in the soil varied from 1-3% (mean = 1.9), while the
mean content of stones in the soil was 22.4%; the pH u20 varied between 5.84—6.83 (mean =
6.4). Nitrogen content in soil varied from 0.2 to 0.9% (mean = 0.4%) and carbon Cor; from
1.23 to 8.21% (mean = 3.7%). As for the content of potassium (Kci), phosphorus (Pea) and
magnesium (Mgca) in the soil varied from 9 -81 (mean = 39.6), 1.3-16 (mean = 6.3) and 159.2-
492.3 (mean = 283) mg/kg, respectively. All plots in this group are used as pastures, most of
them have traces of heavy grazing (paths, compaction, open ground).

Group Il included 21 plots (eight plots are covered by the first group) - see Annex 2.

Diagnostic species of Group II. Frequency refers to the number of plots out of 81
sampled ones where a given species was recorded. See the table below for the diagnostic

species.



Species Total frequency Frequency in Group II Fidelity Constancy
Plantago atrata 36 20 55.6 48.6
Potentill acrantzii 29 17 58.6 39.2
Scabiosa bipinnata 19 11 57.9 25.7
Bupleurum falcatum”® 17 8 47.1 229
Campanula rapunculoides 12 5 41.7 16.2
Phleum pratense 8 4 50 10.8
Leontodon caucasicus 6 3 50 8.1

*subsp. Polyphyllum

The floristic composition of this plant community was rich, included 26 to 46 species
per plot (mean richness 36 species). This group represents a transitional plant community
from Group I (AC community) to other groups. Out of 21 plots, 14 were pastures, seven were
hay meadows. Seven plots faced the south-east, three plots faced the north-east, and three
more faced to north or north-east. This group is typical for the subalpine belt, the plots
included in this group are presented in the range of 1791-2262 m a.s.l., usually on the slopes
that are well-irradiated by the sun (south, east). Vegetation coverage averaged 85%, with
slope inclination ranging from 15 to 35° (mean 21.6°). However, the coverage of legumes
varied from 10-70% (mean = 44%), and the mean height of vegetation was in the range of
15-75 cm. Graminoids made up 6-78% (mean = 39%) of aboveground biomass, while forbs
and legumes made up 5-88 (mean = 31.4%) and 2-50 (mean = 21%), respectively. The
biomass ratio of graminoids : forbs : legumes was 1.9:1.3:1. The soil was shallow (mean depth
= 9.7 cm). The content of roots in the soil varied from 1 to 4 % (mean = 2.4%), while the
mean content of stones in the soil was 22.3%. Soil pHmo varied between 5.57-6.58 (mean =
6.2). Nitrogen content in soil varied from 0.25-0.87% (mean = 0.49%) and organic carbon Corg
from 2.19-9.93% (mean = 5.28%). Finally, the content of potassium (K1), phosphorus (Pca)
and magnesium (Mgc1) in the soil varied from 26-186 (mean = 76.1), 3-22 (mean = 11.1) and
220-585 (mean = 369.3) mg/kg, respectively. Some of the plots in this group were used as



regularly mown hay meadows and some as pasture, although there were traces of medium or
light grazing on the hay meadows too.

Group III included 14 plots - see the table below for the diagnostic species.

Diagnostic species of Group III. Frequency refers to the number of plots out of 81

sampled where a given species was recorded.

Species Total frequency Frequency in Group III | Fidelity Constancy
Lomelosia caucasica 29 11 37.9 39.2
Polygala anatolica 23 12 52.2 31.1
Salvia verticillata 17 11 64.7 22.9

The floristic diversity of this plant community was, on average, 25 to 40 species per
plot, and the mean number of species reached 34. This group is typical for the subalpine belt,
the plots included in this group are presented in the range of 1750-2170 m a.s.l., it seemed
that thus group did not have any preference for slope exposure, although the north and the
north-west expositions were presented by only one plot. The mean coverage of vegetation
was 84.3%, and slope inclination ranged from 15 to 50° (mean = 31.8°). Legume coverage
varied within 30-75% (mean = 61.1%). The mean height of the vegetation varied within 30-
65 cm. Graminids made up 19-58% (mean = 45%) of surface biomass, while forbs and
legumes accounted for 8-40.9% (mean = 23%) and 6.4-72.8% (mean = 23.7%), respectively.
The biomass ratio of graminoids : forbs : legumes is 2:1.9:1. The soil here was relatively deep
(mean = 12.9 cm). The content of roots in the soil varied from 0.88 to 5.35% (mean = 2.8%),
while the content of stones in the soil ranged from 10 to 28% (mean = 18.8%). Soil pHr2o
varied between 5.8-7.5 (mean = 6.4). Nitrogen content in soil was 0.27-1.06% (mean =
0.55%) and carbon Corg was 3.57-12.59% (mean = 5.6%). The content of potassium (Kcal),
phosphorus (Pc1) and magnesium (Mgel) in the soil varied between 16.4-120 (mean 67.4),
1.27-79.08 (mean 16.3) and 112-838.9 (mean 386.4) mg/kg, respectively. All plots of this
group were used as regularly mown hay meadows, and there were no observable signs of
grazing.

Group IV included 31 plots -- see table below for the diagnostic species.



Diagnostic species of Group IV. Frequency refers to the number of plots out of 81

sampled where a given species was recorded.

Species Total frequency Frequency in Group IV Fidelity Constancy
Cirsium obvallatum 31 20 64.5 419
Pimpinella rhodantha 26 19 73.1 35.1
Cyanus cheiranthifolius 27 19 70.4 36.5
Polygonum carneum 23 21 91.3 31.1
Betonica macrantha 21 19 90.5 28.4
Carex humilis 18 15 83.3 24.3
Anthoxanthum odoratum 18 11 61.1 24.3

The floristic diversity of this plant community was, on average, 23 to 41 species
recorded per plot, and the mean number of species reaching 34.9. This group is typical of the
subalpine belt, and it is closely related to and partly overlaps with, the fifth group (below).
The plots included in this group are presented in the range of 1795-2317 m a.s.l., this group
can be found in different exposures. Vegetation coverage was high (mean = 88.4%), slope
inclination was 10 to 400 (mean = 29.60). Legume coverage varied from 15-70% (mean =
45.3%). The mean height of vegetation was in the range of 20-80 cm. Graminoid species
made up 2-95% (mean = 38.9%) of biomass, while forbs and legumes made up 1-86 (mean =
44%) and 1-36 (mean = 10.3%), respectively. The biomass ratio graminoids : forbs: legumes is
3.8:4.3:1. The soil here is relatively deep (mean = 14.7 cm). The content of roots in the soil
varied from 2-11% (mean = 4.2%), while the mean content of stones in the soil was 16.5%.
Soil pH H:0 varied between 4.47-6.6 (mean = 5.76). Nitrogen content in soil was 0.45-1.53%
(mean = 0.84%) and carbon Corz was 4.71-18.3% (mean = 9.3%). Finally, the content of
potassium (Keca), phosphorus (P«) and magnesium (Mge) in the soil varied within 34-517

(mean = 98.2), 5-50 (mean = 20.8) and 58-832 (mean = 376.5) mg / kg, respectively. More



than half of the plots in this group were used as pastures. There are signs of grazing on some
of the plots and there are regularly mown hay meadows in this group.

Group V included seven plots (all seven plots are covered by the fourth group) - see
Annex 2.

Diagnostic species of Group V. Frequency refers to the number of plots out of 81

sampled ones where a given species was recorded. See the table below for the diagnostic

species.
Species Total frequency Frequency in Group V | Fidelity | Constancy

Silene linearifolia 8 5 62.5 10.9
Helictotrichon adzharicum 9 5 55.6 12.2
Deschampsia cespitosa 5 5 100 6.8
Veratrum lobelianum 4 4 100 5.4
Anemone narcissiflora* 4 4 100 5.4
Fritillaria collina 4 4 100 5.4
Potentilla reptans 4 3 75 5.4
Chaerophyllum roseum 3 3 100 41
Carex panicea 3 3 100 4.1
Calamagrostis arundinacea 11 5 455 14.9

*subsp. fasciculata

The floristic composition of this plant community is consistently rich, with 36-40 per plot.
This group is typical of Khevi’s subalpine belt, and the plots included in this group were
located within the range of 1822-2317 m a.s.l. on relatively moist slopes of N and NW aspect.
Vegetation coverage was high and averaged 85%, with slope inclination ranging from 10 to
40° (mean = 19.7°). The mean coverage of legumes was 15-60% (mean = 41.8%). The mean
height of the vegetation varied within 25-60 cm. Graminoids made up 18.9-53% (mean =
38%) of surface biomass, while forbs and legumes accounted for 22.2-68.7 (mean = 44.8%)
and 1.2-24 (mean = 8.6%), respectively. The biomass ratio graminoids: forbs: legumes is 4.4:

5.2: 1. The soil here is relatively deep (mean = 19.2 cm). The content of roots in the soil



Chapter 3

varied from two to 11% (mean = 5.5%), while the average content of stones in the soil was
11.8%. Soil pHuo varied between 4.55-6.47 (mean = 5.5). The content of soil nitrogen and
carbon Corg were 0.45-1.53% (mean = 0.95%) and 4.71-18.27% (mean = 11%), respectively.

Figure 3.1: Defined groups of plant communities in a subalpine pasture and hay meadow in
Khevi (Photos by Giorgi Tedoradze)

Hordeum violaceum

Finally, the content of potassium (K), phosphorus (P«1) and magnesium (Mge) in the soil
varied within 44-517.4 (mean = 170.6), 5-50 (mean = 26.5) and 201.19-494.2 (mean = 339.4)
mg/kg, respectively. The plots of this group were used as pastures, with signs of medium or

weak grazing.
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In total, these groups included 74 plots out of sampled 81 ones since seven plots could
not be resolved between the second and third groups and did not form a specific group.

Accordingly, we excluded them.

3.4 Discussion

Astragalus captiosus (AC) group. Character species with high fidelity and constancy in
this group are Astragalus captiosus and Dianthus cretaceous. As for the other two species
(Sempervivum pumilum, Sedum acre) with high fidelity, their constancy was below 20%.
Therefore, it was not advisable to consider them as character species (Dengler, Chytry, and
Ewald 2008). However, these species can be considered to be differential species, as they
more or less differentiate the dry group AC from the PA and LC groups of intermediate
moisture (Westhoff and Van Der Maarel 1978).

The AC stands out sharply from the established plant community types. The meadows
of Astragalus captiosus are mentioned by Sakhokia (1983) as a representative of dry steppe
meadows, specifically the forb and legume species (Sakhokia 1983). For rocky slopes with a
thin soil cover, for relatively small areas, this plant group is referred to as Astragaleta
captiosus (Sakhokia 1983; Nakhutsrishvili 2013; Nakhutsrishvili and Abdaladze 2017a). This
group of meadows is also mentioned by Magiera (2017), where Astragalus captiosus,
Potentilla crantzii and Silene linearifolia (Tephnadze et al. 2014; Magiera et al. 2017) are the
character species. The last two species, are in my character species too, though not
specifically in the AC group. However, Potentilla crantzii occurs in plant communities
which directly extend from AC group and even overlap with it in a number of plots. As for
Silene linearifolia, in my case it is a character of relatively humid meadows, which might be
an effect of peculiar topography, especially on steep slopes.

AC plant communities are mainly found on sunny slopes of the south and south-east
aspect, where the soil is thin and gravelly. Vegetation coverage is the lowest here, compared
to other groups. However, the coverage of legumes at these sites is high, with the height of
vegetation in the range of 15-20 cm. Soil organic nitrogen content is the lowest as compared

to other groups and conforms to the high coverage of legumes (Dvorakovsky 1983). Organic



carbon is one of the most important component in the soil because it helps to retain water in
the soil and increases its fertility (Lal 2008). Like organic nitrogen, the content of organic
carbon in AC soils is the lowest, although within the range characteristic for high mountain
soils (Troeh and Thompson 2005). Likewise, available potassium and phosphorus are very
low (Espinoza, Slaton, and Mozaffari 2012). The availability of magnesium depends on many
factors such as the chemical composition of rocks in the soil. Like other elements, the
magnesium content in the soil is low (Cowan, n.d.). Soil pH, topographical characteristics,
together with the chemical composition of the soil and land use practice could lead to the
low productivity of 3 t/ha (the methods of biomass measurements are described in Chapter
IV, the Materials and Methods section).

Plantago atrata (PA) group. Character species with high fidelity and constancy are
Plantago atrata, Potentilla crantzii, Scabiosa bipinnata, and Bupleurum falcatum subsp.
polyphyllum. The constancy of the remaining three species (Campanula rapunculoides,
Phleum pratense, Leontodon caucasicus) did not reach 20% and we did not include them as
character species according to common practice (Dengler, Chytry, and Ewald 2008).

PA is closely related with AC. First of all, a part of the plots overlap, and there are
shared species. For example Potentilla crantzii was already mentioned as a character species
of the AC group (Magiera et al. 2017). The same can be said for Plantago atrata and Scabiosa
bipinnata, which are found in both meadows and scree slopes. Typical species of dry
meadows are Leontodon caucasicus, Phleum pratense, and Bupleurum falcatum subsp.
polyphyllum, the latter is also associated with the forest boundary (Sakhokia 1983). As for
Campanula rapunculoides, it is found in various habitats and, thus, its fidelity is low. This
species can be found in forests, in meadows, arable lands or along riverbanks. Phleum
pratense is one of the character species of hay meadows, which are dominated by Hordeum
violaceum (Tephnadze et al. 2014; Magiera et al. 2017; Nakhutsrishvili and Abdaladze
2017a).

PA meadows are usually found on sunny (south, east) slopes. The vegetation cover is
high compared to the first group (85%), but the soil is shallow, though not as thin as in AC.

However, the coverage of legumes in PA is less compared to AC, while the vegetation height



is variable but taller than in AC (15-75 cm). The percentage of legumes is relatively reduced
also in biomass. Soil organic nitrogen, carbon available nutrients, potassium, phosphorus and
magnesium are higher than the first group. Soil pH is still close to neutral, yet slightly more
acidic in the case of the AC group. These characteristics, together with the chemical
composition of the soil, could lead to a slightly higher productivity of 3.8 t/ha. Land use is a
mixed grazing and mowing.

Lomelosia caucasica (LC) group. Character species in this group with high fidelity and
constancy are Lomelosia caucasica (Scabiosa caucasica), Polygala anatolica, Salvia verticillata.

According to Tephnadze (2014) Salvia verticillata is a character species of hay
meadows, while Lomelosia caucasica (Scabiosa caucasica in her publication) is that of
pastures (Tephnadze et al. 2014). In my case, these species form a group represented by hay
meadows, although this does not exclude grazing at different times of the year. Sakhokia
(1983) also notes that Lomelosia caucasica is less tolerant to grazing and is found in wet or
moderately dry meadows, forest edges, and shrublands (Sakhokia 1983). In the Teberda
reserve, Onipchenko (2002) established a group of vegetation Bromopsietosum varigatae,
with participation of Lomelosia caucasica. Similar to my findings, Bromus variegatus
(Bromopsis variegata in the original publication) dominated the community (Onipchenko
2002).

For the LA meadows no exposure seems to be a priority, although they occur on the
north and north-west slopes less often. Vegetation coverage is high compared to the first
group and slightly lower compared to the PA group (84.3%), while the height of vegetation
is within 30-65 cm. Interestingly, the coverage of legumes exceeds that in the previous two
groups (61.1%). Accordingly, the percentage of legumes in biomass appeared to be relatively
high too (23.7%). The soil here is deepper (12.9 cm) with quite high organic nitrogen and
carbon, as well as high amounts of other available nutrients, excluding K. Soil pH (mean 6.4)
is slightly acidic, similar to the AC group. These characteristics, together with the chemical
composition of the soil, could lead to a relatively high productivity of 4.5. All plots of this

group are used as hay meadows, no signs of grazing were observed.



Polygonum carneum (PC) group. Many species of this group can be character species
due to their high fidelity and constancy. Polygonum carneum shows a remarkably high
fidelity of 91.3 and constancy of 31.1%. This led to the conditional name for the group, as in
the case of other groups (Dengler, Chytry, and Ewald 2008). The other six character species
are Cirsium obvallatum, Pimpinella rhodantha, Cyanus cheiranthifolius, Betonica macrantha,
Carex humilis, and Anthoxanthum odoratum.

PC contains species that are somewhat identical to the graminoids-mixtoherbosa
vegetation of Sakhokia (1983). This plant community spreads mainly on steep slopes.
Sakhokia (1983) includes in it Bromus variegatus, Agrostis vinealis (then Agrostis planifolia)
(Agrostis vinealis subsp. Planifolia) Anthoxanthum odoratum, Koeleria eriostachya (Koeleria
caucasica in the original publication) (Sakhokia 1983). From these species, graminoids
(Bromus variegatus, Agrostis vinealis, Koeleria eriostachya) are represented in my PC group
as companion species, while Anthoxanthum odoratum, Polygonum carneum and Betonica
macrantha are among the character species. A similar plant community type with
Polygonum carneum and Betonica macrantha from subalpine and alpine pastures have been
established by Lichtenegger et al. (2006). For the subalpine belt of the Teberda reserve,
Onipchenko (2002) describes the association Betonici macranthae-Calamagrostietum
arundinaceae, which is characterized by the following species: Betonica macrantha,
Bupleurum falcatum, and Rhinanthus minor (Onipchenko 2002). In my case, these species
are shared by PA and similar groups.

PC Meadows of this group are found across various exposures. Vegetation coverage is
high and exceeds all considered groups (88.4%). Legume coverage is high (45.3%). The
height of vegetation is in the range of 20-80 cm. The percentage of legumes in biomass is
notably less (10.3%). The soil here is relatively deeper (12.9 cm) with also quite high organic
nitrogen and carbon as well as available nutrients exceeding similar characteristics of the AC
and PA groups, with the exception of Kcal. Soil pHu2 (mean 5.76) is relatively acidic. These
characteristics, together with the chemical composition of the soil, could lead to a high
productivity of 4.5 t/ha. All plots of this group are used as regular hay meadows and exclude

grazing.



Calamagrostis arundinacea (CA) group. Most of the species in this group have a high
degree of fidelity, although the constancy is problematic, its value appeared to be much
lower than the recommended threshold for character species, in many cases this value was
even below 10. Calamagrostis arundinacea has a relatively high values of fidelity (45.5) and
constancy (14.9), and thus was chosen as given name to this group. It should also be noted
that the species characteristic of the group are listed only conditionally, as they are not
recommended as character species due to their low constancy value (Dengler, Chytry, and
Ewald 2008). However, the species associated with this group can be considered differential
species, as they more or less differentiate the humid group of the CA from the PA and LC
groups of intermediate humidity (Westhoff and Van Der Maarel 1978). In my case, the CA
group extends from the PC community type. Certainly, this does not mean that there not
many communities in the study region where Calamagrostis arundinacea is dominant, many
studies document their existence, yet more commonly in the plains (Sakhokia 1983;
Tephnadze et al. 2014; Magiera et al. 2017; Nakhutsrishvili and Abdaladze 2017a). Other
species of this group distinguished by relatively high fidelity and constancy are Silene
linearifolia, Helictotrichon adzharicum, and Deschampsia cespitosa. For the subalpine belt of
the Teberda reserve, Onipchenko (2002) cites an association referred to as Calamagrostion
arundinaceae, where the character species are Calamagrostis arundinacea, Anemone
narcissiflora, and Anthoxanthum odoraum (Onipchenko 2002). The wide distribution of
Calamagrostion arundinaceae syntaxon in the central Caucasus has been also noted Ermakov
(2012).

Calamagrostis arundinacea is mainly found in moist forest clearings. The forest in the
study area is mostly formed by Betula litwinowii, which is found on the northern slopes. The
Calamagrostis arundinacea group is also found in the same exposition, which confirms the
connection of this species with Betula forest and the preference for less sunny but moist
exposures. Calamagrostis arundinacea is often accompanied by Agrostis planifolia (Agrostis
vinealis subsp. planifolia), Anemone fasciculata, Betonica macrantha, Inula orientalis,
Lomelosia caucasica, Helictotrichon adzharicum, Geranium ibericum (Sakhokia 1983;

Tephnadze et al. 2014; Nakhutsrishvili and Abdaladze 2017a). These species are shared



among the groups established by us. A different species composition for Calamagrostion
arundinaceae is given by Ermakov (2012), where the character species are Bupleurum
longifolium, Calamagrostis arundinacea, Delphinium elatum, Avenella flexuosa, and Digitalis
grandiflora (Ermakov 2012).

The CA group, as already mentioned, is found on relatively moist slopes exposed to
west and north-west. Vegetation coverage is high (85%), the legumes contributing a
considerable share (42%). The height of the vegetation varies within 25-60 cm, which is
average among the vegetation types. Yet the portion of legumes in the biomass is sharply
reduced to 8.6%. The soil is relatively deep (19.2 cm) and acidic (mean soil pHu2 = 5.5). The
resulting character species include acidophilic plants (Deschampsia cespitosa, Calamagrostis
arundinacea) (Dvorakovsky 1983; Gamzatova 2018). Organic carbon content is (11%) close to
the typical organic soils (12% -18%) (Troeh and Thompson 2005). Organic nitrogen,
available potassium, phosphorus and magnesium also exceed the respective values in AC and
PA groups, but available potassium is less. This is the most productive community type
yielding 4.7 t/ha. It is an exclusively hay meadow group without any signs of grazing.

The comparison of established community types allows for arranging them along a
gradient from dry to moist conditions. AC is the driest community type, while CA is the
most moist. Productivity increases from 3 t/ha to 4.7 t/ha on this gradient. While AC
communities are mainly located on the south or south-east exposure, CA grasslands are
found on the north or north-west slopes. Chemical composition of the soil also tracks the
same gradient; organic nitrogen increases from 0.4 to 0.95%, organic carbon from 3.7 to 11%,
available potassium from 39.6 to 170.6 mg / kg, phosphorus from 6.3 to 26.5 mg / kg.
However, the impacts of land use on the studied plant communities is obvious. AC
communities used as mostly pastures are much less productive than CA used exclusively as
hay meadows. However, it should be noted that productivity, soil chemical composition,
land use, and topography are interdependent and directly or indirectly always affect each
other (Sakhokia 1983; Fraterrigo et al. 2005).

Remarkably, the plant groups discussed above overlap with the communities

Rhinanthus minor (RM), a notable exception being AC. Therefore, RM can be used as a kind



of ‘umbrella’ under which the four groups (PA, LC, PC, CA) can be collected. This overlap
must be a consequence of the homogeneity of the vegetation shaped by the common land use
traditions in Khevi. The methodology of plot selection in the study area with less subjective
approach might also lead to a narrower range of plant communities that exist in Khevi. The
groups established in my study show partial, but not complete, similarity with plant
community types established in other studies. This is probably a result of using non-
dominant plants as character and differential species. Certainly, the established groups
cannot be understood as separately standing vegetation types, but instead as part of a much
bigger picture of dynamic vegetation.

Conclusions

e The homogeneity of subalpine herbaceous managed plant communities caused by a
more or less common land use traditions pose a challenge for the full resolution of
syntaxa based on the Braun-Blanquet methodology.

e Nonetheless, even under similar management, the established community groups
arrange along a gradient from dry to wet meadows. The established plant groups
differ from each other floristically, topographically, by soil characteristics, and land
use. However, all of this variation builds a gradation where environmental conditions
change from relatively dry to relatively moist, and where the species composition of

plant communities at the ends of gradient are sharply dissimilar.



Chapter 4. Productivity of pastures and hay meadows, and sustainable land

use capacity in Khevi
4.1 Literature review

Livestock husbandry in the Caucasus, including Georgia, has a long history because it
was a basis of low intensity subsistence agriculture over three millennia (Kikvidze 2020).
However, in the Soviet period of planned economy, there was a sharp increase in the
number of cattle which led to intensified land use (i.e., grazing and hay-making). An abrupt
reduction in the heads of domestic cattle that led to the abandonment of pastures and
meadows followed soon after the collapse of the Soviet system. For example, the heads of
sheep in the Mtskheta-Mtianeti region decreased from 470,000 (1990) to 65,000 (1996)
(Didebulidze and Plachter 2002), which in turn had an impact on vegetation (Togonidze and
Akhalkatsi 2015). Both the sharp increase and the sudden decline in agriculture intensity had
detrimental effects on the structure and composition of managed plant communities in
Khevi. Indeed, biodiversity and ecosystem functions can be damaged not only by
unsustainable intensive land use, but also by abandonment of traditionally managed lands
(Tasser, Mader, and Tappeiner 2003; Uchida and Ushimaru 2014).

Grazing is generally considered a natural process that can be both beneficial and
harmful, depending on its intensity and duration. Moderate grazing reduces dominant
species and subsequently creates niches for other species. However, overgrazing, especially
in early spring, can reduce productivity and soil absorption capacity and increase the risk of
leaching and erosion. This eventually can lead to a complete destruction of vegetation.
Further, multiple studies have also shown that a sudden abandonment of pastures increases
the risk of erosion (Kavrishvili 1965; Tasser, Mader, and Tappeiner 2003; Korner,
Nakhutsrishvili, and Spehn 2006; Fischer et al. 2008).

Healthy pastures and hay meadows not only prevent soil erosion and disruption of
ecosystem functions, but also provide invaluable food resources to livestock husbandry.
Further, this helps to supply dairy products and meat which contribute to food security
amidst the demands of a growing world population (O’Mara 2012). Sustainable development

of livestock husbandry is impossible without a knowledge of the area of existing pastures and



hay meadows, their species composition, nutritional value, and productivity. Pastures and
hay meadows can provide 9/10 of food for livestock, which is cheap, nutritious, and rich in
vitamins and proteins (Grossheim, Sosnowsky, and Troitsky 1928; Kavrishvili 1965; Larin
1967).

Different authors provide contrasting estimates of the area of pastures and hay
meadows in Georgia. For example, Troitsky in 1924 found that there were 180 thousand ha
of summer pastures and 265 thousand ha of winter pastures (Troitsky 1924). The 1955 data,
in contrast, found pastures and hay meadows occupied 1/4 of Georgia’s area (i.e., 1638.4
thousand ha). Of these, 1479.3 thousand ha were pastures (1168.7 thousand ha of summer
and 310.6 thousand ha of winter pastures). The area of hay meadows appeared to be much
less at 159.1 thousand ha (Kavrishvili 1965; Ketskhoveli 1966). The current assessment given
by the Agriculture and Rural Development Strategy of Georgia, is that natural pastures and
hay meadows occupy 38% of agricultural land and amount to 300,004 ha (ARDSG 2021 -
2027 2019).

For Khevi, the estimates are that 48136 ha (44.5% of the total area of Khevi) is
occupied by agricultural lands. The largest part is pastures with 41,856 ha (39%), while the
hay meadows occupy only 1851 ha (1.6% ) (Sakhokia 1983). The proportions of the pastures
in the upper montane, subalpine and alpine belts were 12.4, 34.5, and 53.1%, respectively.
However, due to density of stones and erosion, only 50-60% of pastures were suitable for
grazing (Sakhokia 1983).

Studies on the productivity of the Caucasus mountain grasslands are crucial for their
sustainable use. The productivity of pastures and hay meadows depends on many factors,
including vegetation types and land use intensity. The subalpine plant communities of the
Central Caucasus show relatively high productivity that strongly depends on precipitation
and temperature over the vegetation period (Nakhutsrishvili 1977; Bazilevich, Davydova,
and Yashina 1987).

A number of studies have been conducted to study the productivity of grasslands in
the subalpine belt of the Kazbegi district. Nakhutsrishvili et al. (1980) reported the results of

a long-term study of grassland productivity in four meadow communities, where their



productivity was estimated for different periods of growing season. The communities were
classified by the dominance method and the top dominant species were used for plant
community names. Their results, presented below, refer only to the aboveground biomass
(AGB) measured in mid-summer when the productivity is at its maximum: Agrostis tenuis-
Bromus variegatus-Trifolium ambiguum-Festuca ovina 6.06 t/ha; Festuca varia-Carex
meinshauseniana-Mixtoherbosa 7.93 t/ha; Bromus variegatus- Agrostis planifolia- Carum
caucasicum 6 t/ha (while when it was 4.7 t/ha); Festuca ovina- Pulsatilla violacea- Carex
buschiorum 3.57 t/ha (Chkhikvadze 1977; Nakhutsrishvili, Chkhikvadze, and Khetsuriani
1980). Grazing could strongly affect the productivity of hay meadows; for example, a limited
grazing in Agrostis tenuis-Bromus variegatus-Trifolium ambiguum-Festuca ovina community
reduced the hay biomass yields twice (Nakhutsrishvili, Chkhikvadze, and Khetsuriani 1980).
The use intensity and nutritional value of pastures and hay meadows can be strongly
reduced by the spread of unpalatable and poisonous plants. Many of our high mountain
grasslands are considerably infested with unpalatable and low-nutrition weeds such as
Aconitum, Anemone, Anthriscus, Aquilegia, Astrantia, Chaerophyllum, Cirsium, Colchicum,
Delphinium, Digitalis, Euphorbia, Fritillaria, Galega, Gentiana, Lilium, Nardus, Pedicularis,
Pulsatilla, Ranunculus, Rumex, Scrophularia, Swertia, Trollius, Rhinanthus, and Veratrum.
On the one hand, this indicates overgrazing, and on the other hand, it shows that almost no
weed control is in practice (Troitsky 1924; Nakhutsrishvili 2003). In 1965 Kavrishvili
reported that erosion, abundant rocks and stones, fragmented vegetation, and other signs of
pasture degradation are common in 35.5% of summer pastures and 21.5% of winter pastures.
Weeds occupied 35.6 thousand ha of summer pastures, while poisonous plants such as
Veratrum took 18.7 thousand ha; likewise, plants of low nutritional value such as Sibbaldia
and Alchemilla spread widely on 321.5 thousand hectares, while Nardus occupied 100
thousand ha. 18 thousand ha of winter pastures was infested with unpalatable weeds
(Kavrishvili 1965). A study conducted in the Eastern Caucasus found that the percentage of
weeds such as Veratrum, Cirsium and Rumex in the biomass of the subalpine plant

communities often reached 48.1%, 27.9%, 81.1%, respectively (Vagabov 1974).



An additional challenge at national scale is the disproportion between the winter and
summer pastures. A full use of summer herding lands, the productivity of which is three
times higher than that of winter pastures and hay meadows together, is usually limited
because of the above (in Soviet times this was compensated by using winter pastures beyond
the borders of Georgia). Food requirements of livestock can be met either with larger winter
pastures or by feeding livestock with expensive products of agriculture (Kavrishvili 1965;
Theissen et al. 2019). Perhaps the share of hay meadows shall be increased at the expense of
summer pastures to be able to provide sufficient hay in winter.

Even though the problem of sustainable and productive livestock husbandry is
declared to be a national priority for the government of Georgia (ARDSG - 2015-2020 2015;
ARDSG 2021 - 2027 2019), there is an acute lack of the research on grassland productivity in
the central Caucasus (Lichtenegger et al. 2006; Magiera et al. 2017). Most of such research
was conducted during the Soviet period (Chkhikvadze 1977; Nakhutsrishvili, Chkhikvadze,
and Khetsuriani 1980). Studies on grassland productivity since the 1990s are rare in Khevi
(Lichtenegger et al. 2006; Magiera et al. 2017) whilst already 30 years have passed after the
collapse of Soviet Union and these three decades are rather long time period over which
visible changes took place in the land use. These changes could affect both the species
diversity and productivity of plant communities in both managed or abandoned pastures.
These changes, as well as the appreciation of pastures and hay meadow resources as a cheap
and abundant food base for livestock husbandry, motivated our study on the productivity of
plant communities. The specific objectives were answering the following questions: i) what
is the area of the managed herbaceous plant communities in the surroundings of Khevi
villages, and what is the ratio of pastures to hay meadows? ii) what is the productivity of the
managed herbaceous plant communities in the surroundings of Khevi villages, and how

different is the yield among different pasture and hay meadow communities?



Chapter 4

4.2 Materials and methods

4.2.1 Biomass sampling

Plant biomass can combine various components and subcomponent. For example, the
aboveground biomass (AGB) is the mass of all living plant parts above the ground that
includes stems, branches, bark, seeds and foliage (Poniatovskaia 1978; Nakhutsrishvili,
Chkhikvadze, and Khetsuriani 1980). Our study measured the AGB. In the past, the most
often used method was direct cutting, which not only damages the sampled vegetation, but
also is a tedious procedure requiring time and resources. Nowadays, non-invasive remote
methods are increasingly used and, in our case, the AGB estimates were obtained through a
limited direct cutting combined with remote sensing (Magiera et al. 2017; Mikeladze 2020).

Figure 4.1: Vegetation and biomass sampling in the study area (Photos by Giorgi Tedoradze)
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The cuts were carried out in the summer of 2015 and 2016 (late July, when the biomass
reaches its peak). The AGB was harvested with scissors. A frame of 0.1 m? was placed four
times at random within a sampling plot (25 m?), and all the AGB was cut inside the frame.
Therefore, we cut an area of 0.4 m? per plot. To obtain biomass per 1 m?, we multiplied the
weight of the cut biomass by a factor of 2.5 (0.4 * 2.5 = 1 m?).

The resulting harvested vegetation was collected, sorted (into four groups consisting of
either graminoids, legumes, forbs, and the rest), dried at 60 °C in an oven for 48 hours and
the dry mass weighed. The obtained data were used for the extrapolation of the biomass per
hectare. Drying and weighing procedures were performed at the Justus Libig University in

Giessen (Germany).

4.2.2 Modelling

Plant community productivity map was generated by the same general modelling
technique as described in Magiera et al. (2017). It incorporates the records of vegetation
sampling in the field, biomass clippings, multispectral imagery, vegetation indexes, and
topographic information (Magiera et al. 2017). We combined two years of clipped
biomass data to base the modelling on a larger data set and thus improve the statistical
power of analyses (Magiera et al. 2017; Theissen et al. 2019). The mapping of biomass that
depends on the variable productivity in plant communities was conducted in two steps.
First, all the vegetation sampling plots was subjected to the ISOMAP ordination (52% of
initial distances were transferred to the ordination axis, (Tenenbaum, De Silva, and
Langford 2000) to reduce the high-dimensional floristic data to three major gradients.
The latter were then linked to satellite imagery using three random forest models
(Breiman 2001), vegetation indices, and topographic variables (R? = 42%, R? = 27%, and
R? = 5.62% explained variance). The resulting ISOMAP modelled/species composition
maps were again used to predict biomass by a random forest algorithm. The resulting
model explained 43% of variance.

The estimated biomass yield was expressed as tons per ha. The mapping and

calculation of area for different land uses was performed with ArcGIS 10.2 (ESRI, Redlands,
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CA, USA) (Theissen et al. 2019). The area of the plant communities was limited by the areas
where the biomass cuts took place, thus both the slope inclination and the altitude remained
within a certain range representing mainly the subalpine belt.

Figure 4.2: Selected settlements and their surrounding lands, Theissen et al. 2019.
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4.3 Results

Data were collected around 17 settlements. However, if the settlements were located
close to each other, we merged them so that all in all we analysed data from nine research
areas: 1) Stepantsminda and Gergeti; 2) Pansheti; 3) Koseli, Sno, Akhaltsikhe; 4) Tsdo; 5)
Sioni, Vardisubani; 6) Pkhelshe, Goristsikhe; 7) Kanobi; 8) Kobi, Almasiani, Nogkau, Ukhati;
9) Juta. The productivity map model was prepared for pastures, meadows and forests around
the named villages, and excludes areas with low (<0.2) NDVI. Further, the study areas were
limited also to the sites where field descriptions and biomass clippings were conducted.

The area and productivity of the studied plant communities were calculated for the three

(PROT-REG, PROT-MAX and LIM-MAX) scenarios, however, since in the PROT-REG and
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PROT-MAX scenarios the land use system and biomass results were equal (the only
difference was the number of cattle which was not analysed in the current dissertation; for
more details see Theissen et al. 2019.), here we will discuss only two models (PROT-REG
and LIM-MAX). The PROT-REG model was more conservative, included restrictions to
protect agricultural land use, regional biodiversity, soil integrity, and slope stability. The land
use system in this scenario encompassed all herbaceous plant communities on the slope of up
to 30° inclination. Most of them were pastures. Steeper slopes (> 30°) were excluded to
prevent the adding of damage to the vegetation cover already caused by the trampling effect
of grazing cattle. In this scenario, the total grassland area for the study area was 3312 ha, of
which 599 ha was hay meadows and 2713 ha was pastures.

Figure 4.3: Haymaking in the study area (Photos by Giorgi Tedoradze).
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The total AGB estimate was 9276 tons (1967 tons of hay meadows and 7309 tons of pastures).
The mean productivity of hay meadows was 3.44 t/ha, and the average productivity of
pastures ass 2.7 t/ha.

A considerable number of hay meadows were found in Sno, Akhaltsikhe, and Koseli,
as well as in Stepantsminda and Gergeti. On the study area, the hay meadows in the
surroundings of Stepantsminda-Gergeti area occupied 106 ha. The mean productivity of hay
meadows was 3.17 t/ha, total expected yield of 336 t of hay. Hay meadows around Sno,
Akhaltsikhe and Koseli occupied 127 ha, productivity was 3.28 t/ha, or 416 t expected hay
harvest in total.

Figure 4.4: Grazing in the study area (Photos by Giorgi Tedoradze).
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Hay meadow area was the least around Phansheti and Tsdo (20 and 24 ha, respectively),
although here the productivity per hectare was high 3.75 and 4.25 t/ha with corresponding
estimates of the total yield of 75 and 102 t/ha, respectively.

Pastures dominated the areas below the Jvari Pass in the most southern part of the
Tergi valley around Kobi and Ukhati, as well as lower in the Tergi valley around
Stepanthsminda and Gergeti. In the area of Kobi-Ukhati pastures occupied 643 ha, mean
productivity was 2.68 t/ha and the total expected hay harvest 1721 t. Pastures in the area
around Stepantsminda and Gergeti occupied 614 ha, the mean productivity was 2.71 t/ha and
the total expected harvest is 1661 t of hay. The Pastures occupied the least area (mean = 122)
around Tsdo (118 ha), Kanobi (123 ha), and Sioni-Vardisubani (127 ha), and mean
productivity was 3.26, 2.43 and 2.48 t/ha in Tsdo, Kanobi and Sioni-Vardisubani,
respectively.

In the second (LIM-MAX) scenario, the ecological limits were loosened. In this
scenario, the environmental barriers were weakened and consequently become tolerable.
Land use in this scenario included all locations up to a 40° inclined slopes. The same hay
meadows were included in this scenario, yet pastures increased by 44% as compared to the
first scenario and amounted to 4844 ha (increment 2131 ha). Total pasture productivity was
14056 t (increment 6747 t), which is 48% more than in the previous scenario. The
productivity of pastures was 2.9 t / h. In the second scenario, most of pasture areas were
around Kobi-Ukhati (958 ha) and Stepantsminda-Gergeti (960 ha), and also the villages of
Sno gorge (Koseli, Sno, Akhaltsikhe) with 965 hectare pastures. The productivity was 3.03,
2.87 and 2.94 t/ha found around Kobi-Ukati, Stepanthsminda-Gergeti and Koseli-Sno-
Akhaltsikhe, respectively.

Area (ha) and DM biomass (t * a-1) for different land cover and land use (LCLU) types
in 2015 and for scenarios PROT-REG, PROT-MAX and LIM-MAX, for the 17 study
settlements. The area calculation was based on the LCLU pattern and the defined scenario
maps. The biomass yield calculation for meadow and pasture were derived from the biomass

model.



4.4 Discussion

Grassland productivity is closely related to temperature, seasonal distribution of
precipitation, soil types, and topography (S. Nakhutsrishvili 1960; Martin et al. 2010;
Hanauer et al. 2017; Tedoradze et al. 2020). In general, the growing season shortens with
increasing altitude (Nagy and Grabherr 2009). Also, meadow productivity is often directly
related to the distribution of fertile soils, mostly Cambic umbrisols on volcanic plateaux.
These fertile soils are restricted to loamy colluvium at the volcanic plateaus in the study area,
for example, around the villages of Ukhati, Kanobi, Tsdo, as well as Pkhelshe and Goristsikhe
(Hanauer et al. 2017). In the past, the fields around the settlements in Khevi were used as
agricultural lands, now covered by pastures and hay meadow. These lands are fertilised
naturally, with the faeces of grazing cattle and horses, and represent the highest hay
production sites in the study area (Lichtenegger et al. 2006; Tephnadze et al. 2014; Magiera
et al. 2017).

Scenario development is often used to analyse the interaction between humans and
the environment, which helps understand how the situations might develop under different
conditions (Van Notten et al. 2003). In our particular case, the scenarios should help find the
desirable direction of land use change (Theissen et al. 2019). In addition, one of the
prerequisites for sustainable land use is the detailed knowledge of the specific area and
productivity of each site for determining its sustainable capacity for grazing, that is, the
appropriate number of livestock per each pasture (Hancock 2006).

In the first scenario, the total area of pastures is 4.5 times larger than that of hay
meadows, the corresponding total yield of aboveground biomass is 3.7 times higher. This
disproportion is a major challenge for feeding the cattle in winter (Kavrishvili 1965; Theissen
et al. 2019). Although a considerable area of hay meadows is found in Sno, Akhaltsikhe and
Koseli, as well as in Stepantsminda and Gergeti, the disproportion becomes clear if we
compare this area to that of pastures even around the same villages. The pastures of
Stepantsminda and Gergeti exceed the hay meadows 5.8 times in area, while in Sno,
Akhaltsikhe and Koseli the difference is three times. In this respect, the area ratio of hay

meadows to pastures seems to be more balanced in Sioni-Vardisubani and Kanobi, where the



ratios are 89/127 and 77/123, respectively, and the existing difference is almost entirely
balanced by the high yields of the hay meadows as compared to pastures. The total yield
ratios of hay meadows to pastures were 280/315 and 271/299 in Sioni-Vardisubani and
Kanobi, respectively. The situation is dramatically different in Pansheti and Kobi-Ukhati
where the area of pastures is nine and 11.5 times larger than that of hay meadows,
respectively. Clearly, this can lead to a sharp difference between total yields from hay
meadows and pastures in these areas (Appendix 4). The mean productivity of pastures and
hay meadows including all sampled plots in Khevi were 2.7 t/ha and 3.44 t/ha, respectively.
In the second scenario, the difference was made by the fact that the ecological barriers
were weakened and permitted the inclusion of more lands, and that the area of hay meadows
did not increase at all since the added area did not contain any hay meadow. This naturally
caused that the area of pastures to increase by 44% as compared to the first scenario. The
average productivity of pastures was 2.9 t/ha, slightly higher than average (above), which
must be due to the fact that in this scenario hay meadows were not separately analysed, but
mixed with pasture data. However, it does not reach the mean productivity of hay meadows
(3.44 t/h). Despite the increase in pasture area and total yield (both double up) (Appendix 4),
it should be understood that the use of steep slopes for intensive agricultural purposes is
undesirable as such land use can destroy vegetation cover, and, as a consequence, increase
the risk of landslides, soil erosion and loss of species diversity. Here vegetation restoration is
associated with additional challenges and is often impossible (Wiesmair et al. 2016;
Tedoradze et al. 2020). Despite the increased area of pastures in the second scenario, it is still
almost three times less than the area indicated by Sakhokia for the subalpine belt (ca. 16606
h). Which can be attributed in part to the fact that our study did not fully cover all
settlements of Khevi, although in our study the areas with a considerable presence of stones
and rock outcrops were excluded from the analyses (Sakhokia 1983; Magiera et al. 2017).
Some settlements have more potential for hay production, which makes it possible to
feed cattle in winter, while other hay meadows are small and less productive, making it
almost impossible to feed cattle in winter. This was compensated during the Soviet period by

the use of winter pastures in Dagestan and Azerbaijan, but now these opportunities are



limited (Didebulidze and Plachter 2002). However, to cope with this challenge, according to
Theissen et al. (2019), it is potentially possible to sow alfalfa on a significant part of arable
lands and exchange the obtained resources between villages (Theissen et al. 2019). This is
especially true if we are guided by the conditions set out in the first scenario. On the other
hand, according to the National Statistics Agency in 2014, the number of cattle in Kazbegi
municipality is 2593, and the number of sheep is 4315 (NSOG 2016). Considering that cattle
require 942.6 kg / head for one season (Shavgulidze, Bedoshvili, and Aurbacher 2017), we
can calculate the number of cattle heads that can be fed with natural food resources available
during the winter season. This suggests that even under the first scenario productivity does
not allow for an increase in livestock unless more alfalfa is used (Heiny, Mamniashvili, and

Leonhaeuser 2017; Shavgulidze, Bedoshvili, and Aurbacher 2017; Theissen et al. 2019).

Conclusions

® The mean productivity of hay meadows for Khevi is 3.44 t/ha, and the mean
productivity of pastures is 2.7 t/ha.

® The total area of pastures is 4.5 times larger than the area of hay meadows, and total
expected yield is 3.7 times higher.

® Lands appropriate for hay production are disproportionately distributed among the
villages, which is a challenge for cattle feeding in winter conditions.

® It is possible to increase the existing number of livestock under sustainable land use

conditions by growing alfalfa in arable lands.



References
1. Abdaladze, Otar. 1988a. “Influence of the Anthropogenic Factor on CO2-Gas Exchange
of Some Plants in the Subalpine Meadows of the Central Caucasus.” Bulletin of the Georgian

Botanical Society 8: 133-141. [In Russian.]

2. . 1988b. “On field Research Plant CO2-Gas Exchange in the High-Mountains of
the Caucasus.” In Ecology of high mountains, edited by George Nakhutsrishvili, 63-75.

Tbilisi: Metsniereba. [In Russian.]

3. . 2011. “Functional Diversity of Alpine Plants of Georgia and Climate Global
Change.” In Biodiversity of Georgia, edited by George Nakhutsrishvili, 15-18. Tbilisi:
Georgian National Academy of Sciences. [In Georgian.]

4. Abdaladze, Otar, Tamazi Gamkrelidze, Giorgi Sanadiradze, and Liana Khetsuriani. 1988.
“The Ecological-Physiological Pecularities of Anthriscus nemorosa (M.Bieb.) Spreng. In
Relation to Vertical Distribution of Leaves.” In Ecological and geobotanical studies of various
mountainous countries and regions, 76-83. Thilisi: Metsniereba. [In Russian.]

5. Abdaladze, Otar, and Zaal Kikvidze. 1991. “Canopy impact on CO: assimilation in
Trifolium ambiguum M.B. in the subalpine belt of the Central Caucasus.” Ekologia 1: 33-37.
[In Russian. |

6. Abdaladze, Otar, Ramin Gobejishvili, Gia Nakhutsrishvili, and Vaja Neidze. 1998. Khevi.
Thbilisi, Georgia: WWF. [In Georgian.]

7. “Agriculture and Rural Development Strategy of Georgia - 2015-2020.” (ARDSG) 2015.
Ministry of Environment Protection and Agriculture of Georgia. [In Georgian. ]

8. “Agriculture and Rural Development Strategy of Georgia 2021 — 2027.” (ARDSG) 2019.

Ministry of Environment Protection and Agriculture of Georgia. https://mepa.gov.ge. [In

Georgian. |
9. Akhalkatsi, Maia, and Johanna Wagner. 1996. “Reproductive Phenology and Seed
Development of Gentianella caucasea in Different Habitats in the Central Caucasus.” Flora

191 (2): 161-168.


https://mepa.gov.ge/

10.

. 1997. “Comparative Embryology of Three Gentianaceae Species from the
Central Caucasus and the European Alps.” Plant Systematics and Evolution 204 (1-2): 39-48.
https://doi.org/10.1007/bf00982530.

11. Akhalkatsi, Maia, Otar Abdaladze, George Nakhutsrishvili, and William K. Smith. 2006.
“Facilitation of Seedling Microsites by Rhododendron caucasicum Extends the Betula
litwinowii Alpine Treeline, Caucasus Mountains, Republic of Georgia.” Arctic, Antarctic,

and  Alpine  Research 38 (4): 481-488. https://doi.org/10.1657/1523-0430

(2006)38[481:FOSMBR]2.0.CO;2.

12. Amelung, Wulf, Hans-Peter Blume, Heiner Fleige, Rainer Horn, Ellen Kandeler, Ingrid
Kogel-Knabner, Ruben Kretzschmar, Karl Stahr, and Berndt-Michael Wilke. 2018.
Scheffer/Schachtschabel Lehrbuch Der Bodenkunde. Springer-Verlag.

13. Arroyo, Mary T. Kalin, Lohengrin A. Cavieres, Carmen Castor, and Ana Maria Humafia.
1999. “Persistent Soil Seed Bank and Standing Vegetation at a High Alpine Site in the Central
Chilean Andes.” Oecologia 119 (1): 126-132. https://doi.org/10.1007/s004420050768.

14. Bakker, Jan P. 1989. Nature Management by Grazing and Cutting. Dordrecht: Kluwer,
Academic Publishers.

15. Bakker, Jan P., Peter Poschlod, Roel J. Strykstra, Renee M. Bekker, and Ken Thompson.
1996. “Seed Banks and Seed Dispersal: Important Topics in Restoration Ecology.” Acta Bot.
Neerl., 45 (4): 461-490.

16. Bakker, Jan P., and Frank Berendse. 1999. “Constraints in the Restoration of Ecological
Diversity in Grassland and Heathland Communities.” 7rends in Ecology & Evolution 14 (2):

63—-68. https://doi.org/10.1016/50169-5347 (98)01544-4.

17. Baskin, Carol C., and Jerry M. Baskin. 1998. Seeds: Ecology, Biogeography, and,
Evolution of Dormancy and Germination. USA: Elsevier.

18. Bazilevich, Natalia, M. Davydova, and A. Yashina. 1987. “Productivity of Plant
Communities of the Subnival Belt, Alpine, Subalpine and Post-Forest Meadows in the
Caucasus.” In Transformation of Mountain Ecosystems of the Greater Caucasus under the
Influence of Economic Activity, 50-69. Moscow: USSR Academy of Sciences, Institute of

Geography. [In Russian.]


https://doi.org/10.1657/1523-0430
https://doi.org/10.1016/S0169-5347

19. Bedoshvili, David. 1985. “An attempt of classification of the alpine meadow vegetation of
the Caucasus using the groups of the associated species (as exemplified by the Kazbegi

region).” Bot. Zh. 70, no. 12: 1605-1614. [In Russian. ]

20. Bedoshvili, David. 1988. “Classification of plant communities of meadows in the Truso

and Daryali subdistricts of the Kazbegi region using groups of associated species.” Bulletin of
the Georgian Botanical Society, 8: 91-101. Thbilisi: Metsniereba. [In Russian.]

21. Bekker, Renee M., Geurt L. Verweij, R. E. N. Smith, R. Reine, Jan P. Bakker, and S.

Schneider. 1997. “Soil Seed Banks in European Grasslands: Does Land Use Affect

Regeneration Perspectives?” Journal of Applied Ecology, 34 (5): 1293-1310.

22. Bertiller, Moénica B. 1992. “Seasonal Variation in the Seed Bank of a Patagonian

Grassland in Relation to Grazing and Topography.” Journal of Vegetation Science 3 (1): 47—
54.

23. Bird, Simon B., Jeffrey E. Herrick, Michelle M. Wander, and Leigh Murray. 2007.

“Multi-Scale Variability in Soil Aggregate Stability: Implications for Understanding and

Predicting Semi-Arid Grassland Degradation.” Geoderma 140 (1-2): 106-118.

24. Bohn, Udo, Nugzar Zazanashvili, and George Nakhutsrishvili. 2007. “The Map of the

Natural Vegetation of Europe and Its Application in the Caucasus Ecoregion.” Bulletin of the
Georgian National Academy of Sciences 175 (1): 112-121.

25. Bossuyt, Beatrijs, and Martin Hermy. 2003. “The Potential of Soil Seedbanks in the

Ecological Restoration of Grassland and Heathland Communities.” Belgian Journal of Botany;,

136 (1): 23-34.

26. Bossuyt, Beatrijs, and Olivier Honnay. 2008. “Can the Seed Bank Be Used for Ecological

Restoration? An Overview of Seed Bank Characteristics in European Communities.” Journal
of Vegetation Science 19 (6): 875-884.

m

27. Braun-Blanquet, Josias. 1919. “Essai sur les notions d™" élément" et de" territoire"
phytogographiques.” Archives des Sciences Physiques et Naturelles, 5, 1: 497-512. Quoted in
Portenier, Nikolay. 2000. “Methodological Issues of Defining the Geographical Elements of

the Flora of the Caucasus.” Botanical Journal 85 (6): 76—-84. [In Russian. ]



28.

. 1923. L'origine et Le Développement Des Flores Dans Le Massif Central de
France. Paris. Quoted in Portenier, Nikolay. 2000. “Methodological Issues of Defining the
Geographical Elements of the Flora of the Caucasus.” Botanical Journal 85 (6): 76-84. [In
Russian. |

29. Braun-Blanquet, Josias. Pflanzensoziologie. 1964. “Grundziige Der Vegetationskunde. 3
Aufl./]. Braun-Blanquet.” Wien-New York: Springer-Verlag.

30. Breiman, Leo. 2001. “Random Forests.” Machine Learning 45 (1): 5-32.

31. Caballero, Idoia, Miguel Olano, Javier Loidi, and Adrian Escudero. 2003. “Seed Bank
Structure along a Semi-Arid Gypsum Gradient in Central Spain.” Journal of Arid
Environments 55 (2): 287-299.

32. Callaway, Ragan M., Zaal Kikvidze, and David Kikodze. 2000. “Facilitation by
Unpalatable Weeds May Conserve Plant Diversity in Overgrazed Meadows in the Caucasus
Mountains.” Oikos 89 (2): 275-282.

33. Cernusca, Alexander, Ulrike Tappeiner, Michael Bahn, Neil Bayfield, Claudio Chemini,
Federico Fillat, Werner Graber, Marc Rosset, Rolf Siegwolf, and John Tenhunen. 1996.
“ECOMONT Ecological Effects of Land Use Changes on European Terrestrial Mountain
Ecosystems.” Pirineos 147-148: 145-172.

34. Chkhikvadze, Avto. 1970. “To study the temperature of some plants in the subalpine
zone in the surroundings of Kazbegi.” In Collection of works of young scientists, edited by
Niko Ketskhoveli, 45-51. Thilisi: Academy of Sciences of the Georgian SSR, Institute of

Botany. [In Georgian.]

35. . 1977. “Primary biological productivity of herbaceous vegetation of some
biocenoses of Kazbegi.” In The high mountain ecosystems of Kazbegi, edited by George
Nakhutsrishvili, 75-78. Tbilisi: Metsniereba. [In Russian. ]

36. Christoffoleti, Pedro J., and Regma S. X. Caetano. 1998. “Soil Seed Banks.” Scientia
Agricola 55 (SPE): 74-78.

37. Clarke, K. Robert, and Martyn Ainsworth. 1993. “A Method of Linking Multivariate

Community Structure to Environmental Variables.” Marine Ecology Progress Series, 92: 205—

219.



38. Cowan, Dale. n.d. “Measure and Manage High Magnesium Soils.” Agri-Food Laboratories
CCA.

39. Csontos, Peter. 2007. “Seed Banks: Ecological Definitions and Sampling Considerations.”
Community Ecology 8 (1): 75-85.

40. Csontos, Peter, and Julia Tamads. 2003. “Comparisons of Soil Seed Bank Classification
Systems.” Seed Science Research 13 (2): 101-111.

41. Davies, Angus, and Stephen Waite. 1998. “The Persistence of Calcareous Grassland
Species in the Soil Seed Bank under Developing and Established Scrub.” Plant Ecology 136
(1): 27-39.

42. Davis, Peter, ed. 1965-2001. Flora of Turkey. Vol. I-XI. Edinburgh University Press.

43. De Céceres, Miquel, and Susan K. Wiser. 2012. “Towards Consistency in Vegetation
Classification.” Journal of Vegetation Science 23 (2): 387-393.

44. De Céceres, Miquel, Milan Chytry, Emiliano Agrillo, Fabio Attorre, Zoltan Botta-Dukat,
Jorge Capelo, Balint Czucz, Jirgen Dengler, Jorg Ewald, and Don Faber-Langendoen. 2015.
“A Comparative Framework for Broad-Scale Plot-Based Vegetation Classification.” Applied
Vegetation Science 18 (4): 543-560.

45. Debarbieux, Bernard, Mari Oiry Varacca, Gilles Rudaz, Daniel Maselli, Thomas Kohler,
and Matthias Jurek. (Eds.). 2014. Tourism in Mountain Regions: Hopes, Fears and Realities.
Sustainable Mountain Development Series. Geneva, Switzerland: UNIGE, CDE, SDC.

46. Dengler, Jirgen, Milan Chytry, and Jorg Ewald. 2008. “Phytosociology,” In General
Ecology. Vol. [4] of Encyclopedia of Ecology, edited by Sven Erik Jorgensen and Brian D.
Fath (Editor-in-Chief) 5 vols., 2767-2779. Oxford: Elsevier.

47. Didebulidze, Aleksander, and Harald Plachter. 2002. “Nature Conservation Aspects of
Pastoral Farming in Georgia.” In Pasture Landscapes and Nature Conservation, edited by B.
Redecker, B. Fink, W. Hérdtle, U. Riecken, and E. Schréder, 87-105. Berlin: Springer.

48. Dierschke, Hartmut. 1994. “Tabellen-Auswertung Pflanzensoziologischer Daten.” In

Pflanzensoziologie — Grundlagen und Methoden, VI: 175-201. Stuttgart: Ulmer.



49. Dolle, Michaela, and Wolfgang Schmidt. 2009. “The Relationship between Soil Seed
Bank, above-Ground Vegetation and Disturbance Intensity on Old-Field Successional
Permanent Plots.” Applied Vegetation Science 12 (4): 415—428.

50. Dolukhanov, Armen. 1978. “The Timberline and the Subalpine Belt in the Caucasus
Mountains, USSR.” Arctic and Alpine Research 10 (2): 409—422.

51. Dvorakovsky, Mikhail. 1983. Plant ecology. Moscow. Vysshaya Shkola. [In Russian.]

52. Eig, Alexander. 1931. Les éléments et les groupes phytogéographiques auxiliaires dans la
flore palestinienne. 1 Texte. Repertorium specierum novarum regni vegetabilis., Beihefte 63,
1. Berlin Verl. d. Rep. Quoted in Portenier, Nikolay. 2000. “Methodological Issues of
Defining the Geographical Elements of the Flora of the Caucasus.” Botanical Journal 85 (6):
76-84. [In Russian. |

53. Eriksson, Asa, and Ove Eriksson. 1997. “Seedling Recruitment in Semi-Natural Pastures:
The Effects of Disturbance, Seed Size, Phenology and Seed Bank.” Nordic Journal of Botany
17 (5): 469-482.

54. Ermakov, Nikolai. 2012. “Prodromus of Higher Units of Vegetation in Russia.” In
Current State of Basic Concepts in Vegetation Science, edited by Mirkin Boris and Naumova

Lenisa, 377-483. Ufa: Gilem. https://lib.agu.site/books/116/171/. [In Russian.]

55. Erschbamer, Brigitta, E. Kneringer, and Ruth Niederfriniger Schlag. 2001. “Seed Rain,
Soil Seed Bank, Seedling Recruitment, and Survival of Seedlings on a Glacier Foreland in the
Central Alps.” Flora 196 (4): 304-312.

56. Erschbamer, Brigitta, Martin Mallaun, Peter Unterluggauer, Otar Abdaladze, Maia
Akhalkatsi, and George Nakhutsrishvili. 2010. “Plant Diversity along Altitudinal Gradients in
the Central Alps (South Tyrol, Italy) and in the Central Greater Caucasus (Kazbegi Region,
Georgia).” Tuexenia 30 (1): 11-29.

57. Espinoza, Leo, Nathan Slaton, and Morteza Mozaffari. 2012. “Understanding the
Numbers on Your Soil Test Report.” FSA2118. Arkansas, US: University of Arkansas, United
States Department of Agriculture, and County Governments Cooperating.

58. Etzold, Jonathan, Franziska Miinzner, and Michael Manthey. 2015. “Sub-Alpine and

Alpine Grassland Communities in the Northeastern Greater Caucasus of Azerbaijan.”


https://lib.agu.site/books/116/171/

Applied Vegetation Science 19: 316-335.
http://onlinelibrary.wiley.com/doi/10.1111/avsc.12207/pdf.

59. Euro+Med. 2006. “Euro+Med PlantBase. The Information Resource for Euro-
Mediterranean Plant Diversity”. Accessed 16 August 2021.
https://ww2.bgbm.org/EuroPlusMed/howtociteus.asp.

60. European Environment Agency (Ed.), 2010. Europe's Ecological Backbone: Recognising
the True Value of Our Mountains, EEA Report 6. Off. for Off. Publ. of the Europ. Union,
Luxembourg.

61. Faber-Langendoen, Don, Ken Baldwin, Robert K. Peet, Del Meidinger, Este Muldavin,
Todd Keeler-Wolf, and Carmen Josse. 2017. “The EcoVeg Approach in the Americas: US,
Canadian and International Vegetation Classifications.” Phytocoenologia. 1-23. DOI:
10.1127/phyto/2017/0165

62. Fedorov, Andrey. 1952. “The history of the high-mountain flora of the Caucasus in the
Quaternary period as an example of autochthonous development of the Tertiary floristic
basis.” In Material on the Quaternary period, edited by Lavrenko E, 3:49-86. Moscow. [In
Russian.] Quoted in Nakhutsrishvili, Gia. 2003. “High Mountain Vegetation of the Caucasus
Region.” In Alpine Biodiversity in Europe, L. Nagy, G. Grabherr, Ch. Korner, D.B.A.
Tompson, 1:93-104. Ecological Studies. Berlin Heidelberg: Springer-Verlag.

63. Fick, Stephen E., and Robert ]J. Hijmans. 2017. “WorldClim 2: New 1-Km Spatial
Resolution Climate Surfaces for Global Land Areas.” International Journal of Climatology 37
(12): 4302—4315.

64. Fischer, Markus, Katrin Rudmann-Maurer, Anne Weyand, and Jirg Stocklin. 2008.
“Agricultural Land Use and Biodiversity in the Alps: How Cultural Tradition and
Socioeconomically Motivated Changes Are Shaping Grassland Biodiversity in the Swiss
Alps.” Mountain Research and Development 28 (2): 148-155.

65. Fraterrigo, Jennifer M., Monica G. Turner, Scott M. Pearson, and Philip Dixon. 2005.
“Effects of Past Land Use on Spatial Heterogeneity of Soil Nutrients in Southern Appalachian

Forests.” Ecological Monographs 75 (2): 215-230.



66. Gadzhiev, Vahid. 1979. "Peculiarities of the Restoration of Communities in the High-
Mountains of the Caucasus." In Flora and Vegetation of the Highlands, edited by A.
Tolmachev and I. Krasnoborov 178-182. Problemy Botaniki, XIV. Novosibirsk: Nauka. [In
Russian. |

67. Gagnidze, Revaz. 1996. Plant Geography. Tbilisi, Georgia: Tbilisi University. [In
Georgian. |

68.

. 2000. “Diversity of Georgia’s flora.” In Biological and Landscape Diversity of
Georgia, edited by Niko Beruchashvili, Andrey Kushlin and Nugzar Zazanashvili, 21-33.
Thbilisi, Georgia: WWF Georgia Country Office.

69.

. 2004. “Up to date problems and tasks of botanical geography of the Caucasus.”
Notes on plant systematics and geography, 44-45.: 8-52. [In Russian. ]

70. . 2005. Vascular Plants of Georgia - A Nomenclatural Checklist. Edited by George
Nakhutsrishvili. Tbilisi: Georgian Academy of Sciences, N. Ketskhoveli Institute of Botany, I.
Javakhishvili Tbilisi State University, Department of Botany.

71. Gagnidze, Revaz, and Marina Ivanishvili. 1975a. “Concerning the floristic element and

some principles of the classification of distribution ranges.” Bulletin of the Academy of

Sciences of the Georgian SSR, Separate imprint Biological series, 1 (3): 201-209. [In Russian. ]

72. . 1975b. “Some types of distribution ranges characteristic to the flora of the
Caucasus.” Bulletin of the Academy of Sciences of the Georgian SSR 1 (5, 6): 373-390. [In
Russian. |

73. Gagnidze, Revaz and Murman Davitadze. 2000. Local Flora (Plants of Georgia). Batumi,
Georgia: Ajara. [In Georgian.]

74. Gagnidze, Revaz, Tsiala Gviniashvili, Shamil Shetekauri, and Nino Margalitadze. 2002.
“Endemic Genera of the Caucasian Flora.” Feddes Repertorium 113 (7-8): 616—630.

75. Gamkrelidze, Tamazi. 1986. “To study the impact of haymaking on the microclimate and

energy exchange of the subalpine mountain Kazbegi (Central Caucasus).” In High-Mountain

vegetation, edited by Rudolf Kamelin, 168-173. Leningrad: Nauka. [In Russian.]



76. Gamtsemlidze, Zaza. 1977. “Bioecological and coenotic peculiarities of Kazbegi subnival
plants.” In The high mountain ecosystems of Kazbegi, edited by George Nakhutsrishvili, 44—
49. Thilisi: Metsniereba. [In Russian. ]

77. Gamzatova, Khalisat. 2018. “Biological Features of Soil Diversity in the Didoy Depression
of Mountainous Dagestan.” Makhachkala: Dagestan State University. [In Russian. ]

78. GBIF.Org. 2020. “Data Base. GBIF Home Page”. Accessed 16 August 2021.

https://www.gbif.org.

79. Gibson, C.W.D. 1996. “The Effects of Horse Grazing on Species-Rich Grasslands.” 164.
UK: English Nature.

80. Gigauri, Khatuna, Maia Akhalkatsi, George Nakhutsrishvili, and Otar Abdaladze. 2014.
“Vascular Plant Diversity and Climate Change in the Alpine Zone of the Central Greater
Caucasus.” Int. J. Ecosys. & Ecol. Sci4 (4): 573-578.

81. Gigauri, Khatuna, Maia Akhalkatsi, Gia Nakhutsrishvili, and Otar Abdaladze. 2011.
“First Signs of Weak Thermophilisation on the GLORIA-EUROPE Target Region in the
Central Caucasus (GE-CAK13).” In Biodiversity of Georgia, edited by George
Nakhutsrishvili, 19-22. Tbilisi: Georgian national academy of science. [In Georgian. ]

82. Graham, David J., and Michael ]. Hutchings. 1988. “Estimation of the Seed Bank of a
Chalk Grassland Ley Established on Former Arable Land.” Journal of Applied Ecology 25 (1):
241-252.

83. Grime, J. Philip. 1981. “The Role of Seed Dormancy in Vegetation Dynamics.” Annals of
Applied Biology 98 (3): 555-58. https://doi.org/10.1111/j.1744-7348.1981.tb00792 x.

84. Grossheim, Aleksander. 1936. Analysis of the flora of the Caucasus. Baku: Azerbaijan
Academy of Sciences. [In Russian.]

85. Grossheim, Aleksander, Dimitri Sosnowsky, and Nikolay Troitsky. 1928. Attempt to
Classify Georgian Vegetation Formations. Translated by Niko Ketskhoveli. Tbilisi: Bureau for
the Study of Natural-Industrial Forces. [In Georgian.]

86. Gugushvili, Temur, Gvantsa Salukvadze, and Joseph Salukvadze. 2017. “Fragmented
Development: Tourism-Driven Economic Changes in Kazbegi, Georgia.” Annals of Agrarian

Science 15 (1): 49-54.


https://www.gbif.org/

87. Gutiérrez, Julio R., G. Arancio, and Fabian M. Jaksic. 2000. “Variation in Vegetation and
Seed Bank in a Chilean Semi-Arid Community Affected by ENSO 1997.” Journal of
Vegetation Science 11 (5): 641-648.

88. Habel, Jan C., Livia Rasche, Uwe A. Schneider, Jan O. Engler, Erwin Schmid, Dennis
Rodder, Sebastian T. Meyer, et al. 2019. “Final Countdown for Biodiversity Hotspots.”
Conservation Letters 12 (6): e12668. https://doi.org/10.1111/conl.12668.

89. Hanauer, Thomas, Carolin Pohlenz, Besik Kalandadze, Tengiz Urushadze, and Peter
Felix-Henningsen. 2017. “Soil Distribution and Soil Properties in the Subalpine Region of
Kazbegi; Greater Caucasus; Georgia: Soil Quality Rating of Agricultural Soils.” Annals of
Agrarian Science 15 (1): 1-10.

90. Hancock, Amanda. 2006. “Doing the Math: Calculating a Sustainable Stocking Rate.”
Annual Report. https://core.ac.uk/download/pdf/5051267.pdf.

91. Handlova, Viola, and Zuzana Miinzbergovd. 2006. “Seed Banks of Managed and
Degraded Grasslands in the Krkonose Mts., Czech Republic.” Folia Geobotanica 41 (3): 275-
288.

92. Hansen, Wiebke, Anja Magiera, Tim Theissen, Rainer Waldhardt, and Annette Otte.
2018. “Analysing Betula Litwinowii Encroachment and Reforestation in the Kazbegi Region,
Greater Caucasus, Georgia.” Journal of Vegetation Science 29 (1): 110-123.

93. Havrdovd, Alena, Jan Douda, and Jana Doudova. 2015. “Local Topography Affects Seed
Bank Successional Patterns in Alluvial Meadows.” Flora-Morphology, Distribution,
Functional Ecology of Plants217: 155-163.

94. Heiny, Jennifer, Giorgi Mamniashvili, and Ingrid-Ute Leonhaeuser. 2017. “The
Socioeconomic Situation of Private Households in the Kazbegi Region—First Insights Based
on Quantitative Data.” Annals of Agrarian Science 15 (1): 31-39.

95. Hill, Mark O. 1989. “Computerized Matching of Relevés and Association Tables, with an
Application to the British National Vegetation Classification.” Vegetatio 83 (1-2): 187-194.
96. Holtmeier, Friedrich-Karl. 2009. Mountain Timberlines: Ecology, Patchiness, and

Dynamics. Vol. 36. Springer Science & Business Media.


https://core.ac.uk/download/pdf/5051267.pdf

97. Holzel, Norbert, and Annette Otte. 2004. “Inter-Annual Variation in the Soil Seed Bank

of Flood-Meadows over Two Years with Different Flooding Patterns.” Plant Ecology 174 (2):

279-291. https://doi.org/10.1023/B:VEGE.0000049108.04955.e2.

98. Hiiller, Sarah, Jennifer Heiny, and Ingrid U. Leonhduser. 2017. “Linking Agricultural

Food Production and Rural Tourism in the Kazbegi District—A Qualitative Study.” Annals of
Agrarian Science 15 (1): 40—48.

99. “IPNL.” 2021. International Plant Names Index. 2021. http://www.ipni.org.

100.  Ivanishvili, Marina. 1973. Flora of Thorn Astragal Tragacanth Formation of the
Northern Slope of the Greater Caucasus. Tbilisi: Metsniereba. [In Russian. |

101.  Jacquemyn, Hans, Carmen Van Mechelen, Rein Brys, and Olivier Honnay. 2011.

“Management Effects on the Vegetation and Soil Seed Bank of Calcareous Grasslands: An 11-

Year Experiment.” Biological Conservation 144 (1): 416—422.

102. Jaksik, Ondtej, Radka Kode$ova, Adam Kubis, Iva Stehlikova, Ondtej Drabek, and

Ale$ Kapicka. 2015. “Soil Aggregate Stability within Morphologically Diverse Areas.” Catena
127: 287-299.

103.  Janelidze, Chichiko, and Nino Margalitadze. 1977. “History of forest vegetation in
Holocene (Kazbegi district).” In The high mountain ecosystems of Kazbegi, edited by George

Nakhutsrishvili, 17-21. Thbilisi: Metsniereba. [In Russian. ]

104.  JaniSovd, Monika, Jiirgen Dengler, and Wolfgang Willner. 2016. “Classification of
Palaearctic Grasslands.” Phytocoenologia 46 (3): 233-239.

105. Jolokhava, Tamar, Otar Abdaladze, Shorena Gadilia, and Zaal Kikvidze. 2020.

“Variable Soil PH Can Drive Changes in Slope Aspect Preference of Plants in Alpine Desert

of the Central Great Caucasus (Kazbegi District, Georgia).” Acta Oecologica 105: 103582.

106.  Kalamees, Rein, Kersti Piissa, Kristjan Zobel, and Martin Zobel. 2012. “Restoration
Potential of the Persistent Soil Seed Bank in Successional Calcareous (Alvar) Grasslands in

Estonia.” Applied Vegetation Science 15 (2): 208-218.

107.  Karssen, M. Cees, and Henk W. M. Hilhorst. 1992. “Effect of Chemical Environment

on Seed Germination.” In Seeds: The Ecology of Regeneration in Plant Communities, edited

by Michael Fenner, 327-348. UK: CAB International.



108.  Kavrishvili, Levan. 1965. “Natural Forage Lands (Hayfields and Pastures) of the
Georgian SSR.” In Natural Resources of the Georgian SSR, VI: 100-218. Moscow: Nauka. [In
Russian. |

109. Keggenhoff, Ina, Mariam Elizbarashvili, Anahita Amiri-Farahani, and Lorenz King.
2014. “Trends in Daily Temperature and Precipitation Extremes over Georgia, 1971-2010.”
Weather and Climate FExtremes 4 (August): 75-85.
https://doi.org/10.1016/j.wace.2014.05.001.

110.  Kent, Martin. 2011. Vegetation Description and Data Analysis: A Practical
Approach. John Wiley & Sons.

111.  Ketskhoveli, Niko. 1966. “Principles of Mapping the Vegetation Cover of
Mountainous Countries in Connection with Their Agricultural Development.” In Vegetation
of High Mountain Areas and It’s Utilization, edited by Alexander Tolmachev, 69-74.
Moscow: USSR Academy of Sciences. [In Russian. ]

112. Ketskhoveli, Niko, Ana Kharadze, and Shushana Kutateladze. (eds.) 1964. The Key
to Plants of Georgia. Vol. 1. 458. Thilisi, Georgia: Metsniereba. [In Georgian. ]

113.

. 1969. The Key to Plants of Georgia. Vol. II. 506. Thbilisi, Georgia:
Metsniereba. [In Georgian.]

114. Ketskhoveli, Niko, Ana Kharadze, and Revaz Gagnidze (eds.) 1971-2011. Flora of
Georgia. 2nd ed. I-XVI vols. Tbilisi, Georgia: Metsniereba. [In Georgian. ]

115.  Kharadze, Ana. 1960. “An Endemic Hemixerophilous Element of the Greater
Caucasus uplends.” Probl. Bot. 5 (1): 15-126. [In Russian.] Quoted in Nakhutsrishvili, Gia.
2003. “High Mountain Vegetation of the Caucasus Region.” In Alpine Biodiversity in Europe,
L. Nagy, G. Grabherr, Ch. Koérner, D.B.A. Tompson, 1:93-104. Ecological Studies. Berlin

Heidelberg: Springer-Verlag.

116. . 1966a. “Brief Botanical-Geographical Description of the Studied Areas.” In
Caucasian Forage Legumes, edited by Ana Kharadze, 5-12. Tbilisi: Metsniereba. [In

Georgian. |



117.

. 1966b. “The botanical-geographical units of the High-Mountains of the
Greater Caucasus.” In Vegetation of High Mountain Areas and It’s Utilization, edited by
Alexander Tolmachev, 75-89. Moscow: USSR Academy of Sciences. [In Russian.]

118.

. 1977. “Geomorphology and Floristic Characteristics Ecosystems of the
Kazbegi.” In The high mountain ecosystems of Kazbegi, edited by George Nakhutsrishvili,
10-16. Thilisi, Georgia: Georgian SSR Academy of Sciences, Institute of Botany. [In Russian. ]
119.  Khetsuriani, Liana. 1966. “Study of the Relationship between Photosynthesis of
Subalpine Meadow Plants with Environmental Factors.” In Conference of Young Scientists,
edited by Niko Ketskhoveli, 41-45. Tbilisi: Academy of Sciences of the Georgian SSR,
Institute of Botany. [In Georgian.]

120.  Kikvidze, Zaal. 1988. “Temperature relations of Central Caucasus subalpine plants.”
In Ecological and geobotanical studies of various mountainous countries and regions, 162—
168. Thilisi: Metsniereba. [In Russian.]

121.

. 1993. “Plant Species Associations in Alpine-Subnival Vegetation Patches in
the Central Caucasus.” Journal of Vegetation Science 4 (3): 297-302.
https://doi.org/10.2307/3235587.

122.

. 1996. “A General Model of Specialization for Species Distribution.” Biologia
51 (4): 387-390.
123.

. 2020. Traditional Ecological Knowledge in Georgia: A Short History of the
Caucasus. Routledge.

124.  Kikvidze, Zaal, and Otar Abdaladze. 1988. “On temperature relations and CO2-gas
exchange of some alpine succulents of Caucasus.” In Ecology of high mountains, edited by
George Nakhutsrishvili, 169-174. Tbilisi: Metsniereba. [In Russian.]

125.  Kikvidze, Zaal, and Gia Nakhutsrishvili. 1998. “Facilitation in Subnival Vegetation
Patches.” Journal of Vegetation Science 9 (2): 261-264. https://doi.org/10.2307/3237125.

126.  Kikvidze, Zaal, Liana Khetsuriani, David Kikodze, and Ragan M. Callaway. 2006.
“Seasonal Shifts in Competition and Facilitation in Subalpine Plant Communities of the
Central Caucasus.”  Journal  of  Vegetation Science 17 (1): 77-82.

https://doi.org/10.1111/j.1654-1103.2006.tb02425 x.



127.  Kimeridze, Kukuri. 1965. Variegated fescues of Kavkasioni. Tbilisi, Georgia:
Metsniereba. [In Georgian.]

128. Kinucan, J. Rob, and Fred E. Smeins. 1992. “Soil Seed Bank of a Semiarid Texas
Grassland Under Three Long-Term (36- Years) Grazing Regimes.” The American Midland
Naturalist 128 (1): 11-21. https://doi.org/10.2307/2426408.

129.  Klaus, Valentin H., Deborah Schifer, Daniel Prati, Verena Busch, Ute Hamer,
Christina J. Hoever, Till Kleinebecker, Désirée Mertens, Markus Fischer, and Norbert Holzel.
2018. “Effects of Mowing, Grazing and Fertilization on Soil Seed Banks in Temperate
Grasslands in Central Europe.” Agriculture, Ecosystems & Environment 256: 211-217.

130.  Klotz, Stefan, Ingolf Kithn, Walter Durka, and Gottfried Briemle. 2002. BIOLFLOR:
Eine Datenbank Mit Biologisch-Okologischen Merkmalen Zur Flora von Deutschland. Vol.
38. Bundesamt fiir naturschutz Bonn.

131. Komarov, Vladimir, ed. 1934-1960. Flora USSR. I-XXX vols. Leningrad: Academy of
Sciences of the USSR. [In Russian. |

132.  Korner, Christian. 2003. Alpine Plant Life: Functional Plant Ecology of High
Mountain Ecosystems; with 47 Tables. Springer Science & Business Media.

133.

. 2004. “Mountain Biodiversity, Its Causes and Function.” AMBIO: A J. of the
Human Environment, 33(sp13): 11-17. https://doi.org/10.1007/0044-7447-33.sp13.11.
134.  Korner, Christian, Gia Nakhutsrishvili, and Eva Spehn. 2006. “High-Elevation Land

»

Use, Biodiversity, and Ecosystem Functioning.” In Land Use Change and Mountain
Biodiversity, 2-21. CRC Press. http://dx.doi.org/10.1201/9781420002874.ch1.

135.  Korotkov, Konstantin, and Elena Belonovskaya. 2000. “Syntaxonomical Survey of
Alpine Meadows in the Great Caucasus.” Fragmenta Floristica et Geobotanica 45 (1-2): 323—
343.

136.  Korovina, Olga. 1986. Guidelines for the taxonomy of plants. Leningrad: Research
Institute of Plant Production. [In Russian. |

137.  Kruskal, Joseph B. 1964. “Multidimensional Scaling by Optimizing Goodness of Fit
to a Nonmetric Hypothesis.” Psychometrika 29 (1): 1-27.

https://doi.org/10.1007/BF02289565.



138. Lachashvili, Nikoloz, Nino EFEradze, and Liana Khetsuriani. 2020. “Floristic
Composition of Pistachio-Woodland (Pistacieta Atlantici) of Georgia (South Caucasus).”
Flora Mediterranea 30: 39-53.

139.  Lal, Rattan. 2008. “Carbon Sequestration.” Philosophical Transactions of the Royal
Society B: Biological Sciences 363 (1492): 815-830.

140.  Larcher, Walter, and Gia Nakhutsrishvili. 1982. “On pheno and
throphorhyrhmotypes of high mountain plants.” Ekologia 4: 13-20. [In Russian. ]

141. Larin, Ivan. 1967. “Meadow science, meadow cultivation and pasture farming in the
USSR.” Agricultural Science Bulletin 10: 79-85. [In Russian. ]

142.  Legendre, Pierre, and Loic F] Legendre. 2012. Numerical Ecology. Vol. 24. Elsevier.
143.  Lichtenegger, Erwin, David Bedoschwili, Erich Hiibl, and Ernst Scharfetter. 2006.
“Hohenstufengliederung der Griinlandvegetation im Zentralkaukasus.” Verhandlungen der
Zoologisch-Botanischen Gesellschaft in Osterreich 143, 43-81.

144.  Lopez-Marino, Andres, Estanislao Luis-Calabuig, Federico Fillat, and F. F.
Bermudez. 2000. “Floristic Composition of Established Vegetation and the Soil Seed Bank in

»

Pasture Communities under Different Traditional Management Regimes.” Agriculture,
Ecosystems & Environment 78 (3): 273-282.

145.  Lortkhiphanidze, M. 1966. “Central Caucasus High-Mountain Meadow Association
Agrostedetum Trifoliosum - Seasonal Dynamics of Biomass and Chemical Composition.” In
Conference of Young Scientists, 33—36. Thbilisi: Academy of Sciences of the Georgian SSR,
Institute of Botany. [In Georgian. ]

146.  Ma, Miaojun, Xianhui Zhou, and Guozhen Du. 2010. “Role of Soil Seed Bank along a
Disturbance Gradient in an Alpine Meadow on the Tibet Plateau.” Flora-Morphology,
Distribution, Functional Ecology of Plants 205 (2): 128-134.

147.  Maarel, Eddy van der. 2007. “Transformation of Cover-Abundance Values for
Appropriate Numerical Treatment-Alternatives to the Proposals by Podani.” Journal of
Vegetation Science 18 (5): 767-770.

148.  MacDonald, Darla, John R. Crabtree, Georg Wiesinger, Thomas Dax, Nikolaos

Stamou, Philippe Fleury, ]J. Gutierrez Lazpita, and Annick Gibon. 2000. “Agricultural



Abandonment in Mountain Areas of Europe: Environmental Consequences and Policy
Response.” Journal of Environmental Management 59 (1): 47-69.

149.  MacKenzie, William H., and Del V. Meidinger. 2018. “The Biogeoclimatic
Ecosystem Classification Approach: An Ecological Framework for Vegetation Classification.”
Phytocoenologia 48 (2): 203-213.

150.  Magiera, Anja, Hannes Feilhauer, Annette Otte, Rainer Waldhardt, and Dietmar
Simmering. 2013. “Relating Canopy Reflectance to the Vegetation Composition of
Mountainous Grasslands in the Greater Caucasus.” Agriculture, Ecosystems & Environment
177:101-112. https://doi.org/10.1016/j.agee.2013.05.017.

151.  Magiera, Anja, Hannes Feilhauer, Nato Tephnadze, Rainer Waldhardt, and Annette
Otte. 2016. “Separating Reflectance Signatures of Shrub Species—a Case Study in the Central
Greater Caucasus.” Applied Vegetation Science 19 (2): 304-315.

152. Magiera, Anja, Hannes Feilhauer, Rainer Waldhardt, Martin Wiesmair, and Annette
Otte. 2017. “Modelling Biomass of Mountainous Grasslands by Including a Species
Composition Map.” Ecological Indicators78: 8-18.

153.  Magiera, Anja. 2017. “Assessment of Species Composition, Productivity and
Functionality of Grassland in the Greater Caucasus (Georgia, Kazbegi Region) by Means of
Remote Sensing.” Giessen: Justus-Liebig University.

154.  Mantel, Nathan. 1967. “The Detection of Disease Clustering and a Generalized
Regression Approach.” Cancer Research 27 (2 Part 1): 209-220.

155.  Martin, Cyrill, Mandy Pohl, Christine Alewell, Christian Kérner, and Christian
Rixen. 2010. “Interrill Erosion at Disturbed Alpine Sites: Effects of Plant Functional Diversity
and Vegetation Cover.” Basic and Applied Ecology 11 (7): 619-626.

156.  Maruashvili, Levan. 1971. Geomorphology of Georgia. Tbilisi: Metsniereba. [In
Russian. |

157. McCune, Bruce, and M. ]J. Mefford. 1999. PC-ORD: Multivariate Analysis of
Ecological Data; Version 4 for Windows; [User’s Guide]. MjM software design.

158.  Meusel, Hermann, Eckehart Jdger, and Erich Weinert. 1965. Vergleichende

Chorologie Der Zentraleuropdischen Flora. Jena: Veb Gustav Fischer Verlag.



159.  Mikeladze, Ggiorgi. 2020. “Examples of Quantitative Assessment of Natural
Resources in Georgia Using Remote Sensing.” Thilisi: Ilia State University. [In Georgian.]

160.  Milberg, Per, and Margareta L. Hansson. 1994. “Soil Seed Bank and Species Turnover
in a Limestone Grassland.” Journal of Vegetation Science 5 (1): 35-42.

161. Miller, Gerald R, and Roger P. Cummins. 2003. “Soil Seed Banks of Woodland,
Heathland, Grassland, Mire and Montane Communities, Cairngorm Mountains, Scotland,”
Plant Ecology 168: 255-266.

162. Mirkin, Boris, and L. Gareeva. 1978. “On the Floristic Understanding of the Meadow
Type of Vegetation.” Bulletin of the Moscow Society of Naturalists 83 (6): 38-50. [In
Russian. |

163.  Mirkin, Boris, Lenisa Naumova, and Aizk Solomeshch. 2001. Modern Science of

Vegetation. Moscow: Logos. https://lib.agu.site/books/116/171/. [In Russian.]

164. Mirkin, Boris, and Lenisa Naumova. 2012. 7he Current State of the Basic Concepts

of the Vegetation Science. Ufa: Gilem. https://lib.agu.site/books/116/171/. [In Russian. ]

165.  Myers, Norman, Russell A. Mittermeier, Cristina G. Mittermeier, Gustavo AB Da
Fonseca, and Jennifer Kent. 2000. “Biodiversity Hotspots for Conservation Priorities.” Nature
403 (6772): 853-858.

166.  Nachuzrischwili, Georgi, Tamazi Gamkrelidze, Zaza Gamzemlidze, and Georgi
Sanadiradze. 1990. “Zur Frage Der Uberlebensstrategien von Pflanzen in Der Subnivalen
Stufe Des Kaukasus.” Plant Biosystem 124 (6): 781-791.

167.  Nagy, Laszlo, and Georg Grabherr. 2009. The Biology of Alpine Habitats. Oxford
University Press on Demand.

168.  Nakhutsrishvili, Gia. 1965. “On the Some Results of Ecological-Physiological
Investigations at the Kazbegi High-Mountain station.” In Bioecology and phytocenology;,
edited by Niko Ketskhoveli, 105-121. Tbilisi: Metsniereba. [In Russian. ]

169.

. 1977a. “Biogeocoenotic Research at the Kazbegi High-Mountain Station.” In
The high mountain ecosystems of Kazbegi, edited by George Nakhutsrishvili, 30-39. Thbilisi:

Matsniereba. [In Russian. ]


https://lib.agu.site/books/116/171/
https://lib.agu.site/books/116/171/

170.

. 1977b. “Status of Alpine Ecosystems Research and Ecological Studies in the
Kazbegi.” In The high mountain ecosystems of Kazbegi, edited by George Nakhutsrishvili,
58-62. Thilisi: Metsniereba. [In Russian. |

171.

. 1986. “On the structural and functional organization of some ecosystems of
the Central Caucasus.” In High-Mountain vegetation, edited by Rudolf Kamelin, 193-198.
Leningrad: Nauka. [In Russian.]

172.

. 1988. “The Ecological Characteristic of High-Mountain Meadow Vegetation
on the Example of Kazbegi (Central Caucasus)”. In Ecology of high mountains, edited by
George Nakhutsrishvili, 175-200. Tbilisi: Metsniereba. [In Russian.]

173.

. 1990. “Ecological Analysis of the Influence of Human Impact over High-

Mountain Meadows of the Central Caucasus.” Ekologia Separate print (3): 3—7. [In Russian.]

174. . 2000. “Georgia’s Basic Biomes.” In Biological and Landscape Diversity of
Georgia, edited by Niko Beruchashvili, Andrey Kushlin and Nugzar Zazanashvili, 43-68.

Thilisi, Georgia: WWF Georgia Country Office.

175. . 2003. “High Mountain Vegetation of the Caucasus Region.” In Alpine
Biodiversity in Europe, edited by L. Nagy, G. Grabherr, Ch. Koérner, D.B.A. Tompson, 1: 93—

104. Ecological Studies. Berlin Heidelberg: Springer-Verlag.

176. . 2005. “Gliederung der Hochgebirgsvegetation des Kaukasus (im Vergleichzu
den Alpen).” In Anwendung und Auswretung der Karte der natiirlichen Vegetation Europas,
Bundesamt fiir Naturschutz, bearbeitet von U. Bohn, C.Hettwer, G. Gollub, 335-345. Bonn:

Bundesamt fiir Naturschutz.

177. . 2013. The Vegetation of Georgia (South Caucasus). Springer Science &
Business Media.

178.  Nakhutsrishvili, Gia, Avto Chkhikvadze, and Liana Khetsuriani. 1980. Productivity
of alpine herbaceous commuanities in the Central Caucasus. Thbilisi: Metsniereba. [In Russian. ]
179.  Nakhutsrishvili, Gia, and Alexander Cernusca. 1982. “Ecological Analysis of

Influence of Pasturing on High-Mountain Meadows of the Central Caucasus.” Separate print,

267 (2): 503-505. [In Russian. ]



180.  Nakhutsrishvili, Gia, and Zaza Gamtsemlidze. 1984. Plant Life in Extremal
Environment of the High-Mountains. Leningrad: Nauka. [In Russian.]

181.  Nakhutsrishvili, Gia, Tamazi Gamkrelidze, Giorgi Sanadiradze, Avto Chkhikvadze,
and Zaza Gamtsemlidze. 1985. “Ecological research at the upper limit of alpine ecosystems.”
In All-Union meeting on the study, use and protection of the flora of the High-Mountains,
edited by Sigismund Kharkevich, 127-128. Kamchatka: Editorial and Publishing Department
of the Far Eastern Branch of the USSR Academy of Sciences. [In Russian. ]

182. Nakhutsrishvili, Gia, Tamazi Gamkrelidze, Zaza Gamtsemlidze, Giorgi Sanadiradze,
and Avto Chkhikvadze. 1988. “On the strategy of plant survival in the extreme conditions of
the Caucasus High-Mountains.” In The flora of the high-mountain ecosystems of the USSR,
227-233. Vladivostok: Editorial and Publishing Department of the Far Eastern Branch of the
USSR Academy of Sciences. [In Russian.]

183. Nakhutsrishvili, Georg, and Revaz Gagnidze. 1999. “Die Subnivale Und Nivale
Hochgebirgsvegetation Des Kaukasus.” Phytocoenosis 11: 173-183.

184.  Nakhutsrishvili, Gia, Otar Abdaladze, Nugzar Zazanashvili, Tamazi Gamkrelidze,
and Marina Chiboshvili. 1999. “Vulnerability of Natural Ecosystems.” In Georgia’s First
National Commuanication to the UN Framework Convention on Climate Change, edited by B
Beritashvili and P Janelidze, 109-118. Tbilisi: United Nations Development Program, Global
Environment Facility, Government of Georgia. Project GEO /96 / G31. [In Georgian.]

185.  Nakhutsrishvili, George, and Otar Abdaladze. 2017a. “Plant Diversity of the Central
Great Caucasus.” In Plant Diversity in the Central Great Caucasus: A Quantitative
Assessment, edited by George Nakhutsrishvili, Otar Abdaladze, Ketevan Batsatsashvili, Eva
Spehn, and Christian Koérner, 17-111. Geobotany Studies. Cham: Springer International

Publishing. https://doi.org/10.1007/978-3-319-55777-9_3.

186. . 2017b. “Vegetation of the Central Great Caucasus Along W-E and N-S
Transects.” In Plant Diversity in the Central Great Caucasus: A Quantitative Assessment,
edited by George Nakhutsrishvili, Otar Abdaladze, Ketevan Batsatsashvili, Eva Spehn, and
Christian Korner, 11-16. Geobotany Studies. Cham: Springer International Publishing.

https://doi.org/10.1007/978-3-319-55777-9_2.



187.  Nakhutsrishvili, Shalva. 1960. “The Vegetation Dynamics Subalpine Meadows of
Georgia.” In Problemy Botaniki, V: 182-189. Materials for the Study of Flora and Vegetation
of High-Mountain. Moscow: USSR Academy of Sciences Publishing House. [In Russian.]

188.

. 1962. Rational rules for sustainable use the winter and summer pastures of
Georgia. Thilisi, Georgia: Georgian SSR Academy of Sciences, Institute of Botany. [In
Georgian. |

189.  “National Biodiversity Strategy and Action Plan of Georgia 2014 — 2020.” 2014.
UNEP Law and Environment Assistance Platform. [In Georgian. ]

190.  “National Statistics Office of Georgia.” 2016. https://www.geostat.ge/en.

191.  Oades, James M. 1984. “Soil Organic Matter and Structural Stability: Mechanisms
and Implications for Management.” Plant and Soil 76 (1): 319-337.

192. O’Mara, Frank P. 2012. “The Role of Grasslands in Food Security and Climate
Change.” Annals of Botany 110 (6): 1263-1270.

193.  Onipchenko, Vladimir. 2002. Alpine Vegetaion of the Teberda Reserve, the
Northwestern Caucasus. Edited by Ken Tompson. Zirich: Veroffentlichungen des
Geobotanischen Institutes der ETH.

194.

. 2004. “Alpine Plant Communities: Syntaxonomy, Floristic Composition and
Richness.” In Alpine Ecosystems in the Northwest Caucasus. Edited by Vladimir
Onipchenko, 55-75. Dordrecht: Kluwer Academic Publishers.

195.  Passalacqua, Nicodemo G. 2015. “On the Definition of Element, Chorotype and
Component in Biogeography.” Journal of Biogeography 42 (4): 611-618.

196.  Peco, Begona, Marta Ortega, and Catherine Levassor. 1998. “Similarity between Seed
Bank and Vegetation in Mediterranean Grassland: A Predictive Model.” Journal of
Vegetation Science 9 (6): 815-828.

197.  Pedrotti, Franco. 2013. Plant and Vegetation Mapping. Geobotany Studies. Berlin
Heidelberg: Springer-Verlag. https://doi.org/10.1007/978-3-642-30235-0.

198.  PESI 2021. “Pan-European Species Directories Infrastructure”. 2021. Accessed 16

August 2021. URL: // www.eu-nomen.eu/portal.


http://www.eu-nomen.eu/portal

199.  Pohl, Mandy, Dominik Alig, Christian Koérner, and Christian Rixen. 2009. “Higher
Plant Diversity Enhances Soil Stability in Disturbed Alpine Ecosystems.” Plant and Soil 324
(1-2): 91-102.

200. Poniatovskaia, V. 1978. Productivity of meadow communities. Leningrad: Nauka. [In
Russian. ]

201.  Portenier, Nikolay. 1993. “Geographic analysis of the flora of the Cherek Bezengi

river basin (Central Caucasus).” Botanical journal78 (10): 16-22. [In Russian.]

202. . 2000. “Methodological Issues of Defining the Geographical Elements of the
Flora of the Caucasus.” Botanical Journal 85 (6): 76—84. [In Russian. ]

203.  Poschlod, Peter. 1991. “Diasporenbanken in Boden—Grundlagen Und Bedeutung.”
In Populationsbiologie Der Pflanzen, 15-35. Springer.

204. Poschlod, Peter, and Anne-Kathrin Jackel. 1993. “Untersuchungen Zur Dynamik
von Generativen Diasporenbanken von Samenpflanzen in Kalkmagerrasen.: I. Jahreszeitliche
Dynamik Des Diasporenregens Und Der Diasporenbank Auf Zwei Kalkmagerrasenstandorten
Der Schwibischen Alb.” Flora 188 (January): 49-71.

205.  Pysek, Petr, and Miroslav Sriitek. 1989. “Numerical Phytosociology of the Subalpine
Belt of the Kazbegi Region, Caucasus, USSR.” Vegetatio 81 (1-2): 199-208.

206.  Rabotnov, Tikhon. 1978. Phytocenology. Moscow: Publishing House of Moscow

University. [In Russian.]

207.

. 1984. Grassland Ecology. Moscow: Publishing House of Moscow University.
[In Russian. ]

208.  Ramensky, Leonty. 1952. “On Some Fundamental Provisions of Modern Geobotany”
37 (2). Quoted in Mirkin, Boris, and L. Gareeva. 1978. “On the Floristic Understanding of the
Meadow Type of Vegetation.” Bulletin of the Moscow Society of Naturalists 83 (6): 38-50.
[In Russian. |

209. Rao, M. K. Vasudeva. 2004. “The Importance of Botanical Nomenclature and

Synonymy in Taxonomy and Biodiversity.” Current Science 87 (5): 602-606.



210.  Rivas-Martinez, Salvador, and Salvador Rivas-Saenz. 2004. “Biogeographic Map of
Europe.” Spain: Phytosociological Research Center.
http://www.globalbioclimatics.org/form/bg_map/index.htm.

211.  Roberts, H. A. 1981. “Seed Banks in Soils.” Advances in Applied Biology 6: 1-55.

212.  Sakhokia, Mikheil. 1983. Agrobotanical review of Khevi (Kazbegi region) pastures
and hay meadows and optimization ways. Thilisi, Georgia: Metsniereba. [In Georgian. ]

213.  Sakhokia, Mikheil, and Ekaterine Khutsishvili. 1975. Conspectus florae plantarum
vascularium Chewii. Metsniereba.

214. Salukvadze, Gvantsa, Temur Gugushvili, and Joseph Salukvadze. 2019. “Spatial
Peculiarities of Local Tourism Supply Chains in High-Mountainous Georgia: Challenges and
Perspectives.” European Journal of Geography 10 (3): 173-188.

215.  Schlag, Ruth Niederfriniger, and Brigitta Erschbamer. 2000. “Germination and
Establishment of Seedlings on a Glacier Foreland in the Central Alps, Austria.” Arctic,
Antarctic, and Alpine Research 32 (3): 270-277.

216.  Schmid, Bernhard, and John L. Harper. 1985. “Clonal Growth in Grassland
Perennials: I. Density and Pattern-Dependent Competition between Plants with Different
Growth Forms.” The Journal of Ecology 73 (3): 793-808.

217.  Schiirholz, G. 2010. “Feasibility Study for the Ecoregional Programme III (Georgia),
Kazbegi Project.” Draft Final Report. Ministry of Environment Protection and Natural
Resources (MEPNR), Agency for Protected Areas (APA). http://tjs-caucasus.org/wp-
content/uploads/2013/09/Feasibility-Study-BR-Kazbegi-ANNEX-2010-04-01.pdf.

218.  Sharikadze, Khatuna, Gia Nakhutsrishvili, Maia Akhalkatsi, and Otar Abdaladze.
2011. “Species Diversity of Eroded Slopes in the Kazbegi Region.” In Biodiversity of Georgia,
edited by George Nakhutsrishvili, 29-32. Tbilisi: Georgian National Academy of Sciences. [In
Georgian. |

219.  Shavgulidze, Rati, David Bedoshvili, and Joachim Aurbacher. 2017. “Technical
Efficiency of Potato and Dairy Farming in Mountainous Kazbegi District, Georgia.” Annals of

Agrarian Science 15 (1): 55-60.



220. Shi, Zhaoji, Jiaen Zhang, and Hui Wei. 2020. “Research Progress on Soil Seed Bank:

A Bibliometrics Analysis.” Sustainability 12 (12): 1-17.

221.  Solomon, James Clinton, George E. Schatz, and Tatyana Shulkina. 2013. Red List of
the Endemic Plants of the Caucasus : Armenia, Azerbaijan, Georgia, Iran, Russia, and Turkey.

Missouri Botanical Garden Press. https://portals.iucn.org/library/node/44944.

222.  Takhtajan, Armen. Ed. 1954-2009. Flora of Armenia. I-XI vols. Yerevan: Academy

of Sciences. [In Russian. ]

223. . 2003-2012. Caucasian flora conspectus. Saint-Peterburg University press. I-II1
vols. Moscow: Russian Academy of Sciences. [In Russian.]
224.  Takhtajan, Armen. 1978. The Floristic Regions of the Earth. Leningrad: Nauka. [In

Russian. |

225. . 1986. The Floristic Regions of the World. USA: University of California
press.

226.  Tappeiner, Ulrike, and Alexander Cernusca. 1993. “Alpine Meadows and Pastures
after Abandonment. Results of the Austrian MaB-Programme and the EC-STEP Project
INTEGRALP.” Pirineos 141-142: 97-118.

227.  Tasser, Erich, and Ulrike Tappeiner. 2002. “Impact of Land Use Changes on
Mountain =~ Vegetation.”  Applied Vegetation = Science 5 (2): 173-184.
https://doi.org/10.1111/j.1654-109X.2002.tb00547 .x.

228.  Tasser, Erich, Mirijam Mader, and Ulrike Tappeiner. 2003. “Effects of Land Use in
Alpine Grasslands on the Probability of Landslides.” Basic and Applied Ecology 4 (3): 271-
280. https://doi.org/10.1078/1439-1791-00153.

229.  Tasser, Erich, Janette Walde, Ulrike Tappeiner, Alexandra Teutsch, and Werner
Noggler. 2007. “Land-Use Changes and Natural Reforestation in the Eastern Central Alps.”
Agriculture, Ecosystems & Environment 118 (1-4): 115-129.

230.  Tedoradze, Giorgi, Anja Magiera, George Nakhutsrishvili, Madeleine Seip, Tim
Theissen, Rainer Waldhardt, and Annette Otte. 2019. “Comparing the Aboveground Species

Composition of Steep High Mountain Grassland to Its Soil Seed Bank in the Central Greater



Caucasus (Kazbegi, Georgia).” In Advances and Perspectives of Biodiversity Research and
Conservation in Georgia, 71-72. Tbilisi, Georgia: National Botanical Garden of Georgia.

231.  Tedoradze, Giorgi, George Nakhutsrishvili, Madeleine Seip, Tim Theissen, Rainer
Waldhardt, Annette Otte, and Anja Magiera. 2020. “Terrain Impacts the Composition of the
Persistent Soil Seed Bank: A Case Study of Steep High Mountain Grasslands in the Greater
Caucasus, Georgia.” Phytocoenologia, 47-63.

232.  Tenenbaum, Joshua B., Vin De Silva, and John C. Langford. 2000. “A Global
Geometric Framework for Nonlinear Dimensionality Reduction.” Science 290 (5500): 2319—
2323.

233.  Tephnadze, Nato, Otar Abdaladze, George Nakhutsrishvili, Dietmar Simmering,
Rainer Waldhardt, and Annette Otte. 2014. “The Impacts of Management and Site
Conditions on the Phytodiversity of the Upper Montane and Subalpine Belts in the Central
Greater Caucasus.” Phytocoenologia 44 (3—4): 255-291.

234.  The Plant list 2013.”The Plant List a working list of all plant species”. Accessed 16

August 2021. URL:// www.theplantlist.org

235.  Theissen, Tim. 2011. “Dynamics and Spatial Pattern of Land Cover and Land Use in a
Greater Caucasus Region.” Master Thesis, Giefden: Justus-Liebig University.

236. Theissen, Tim, Joachim Aurbacher, David Bedoshvili, Peter Felix-Henningsen,
Thomas Hanauer, Sarah Hiiller, Besik Kalandadze, Ingrid-Ute Leonhéuser, Anja Magiera,
Annette Otte, Rati Shavgulidze, Giorgi Tedoradze and Rainer Waldhardt 2019a.
“Environmental and Socio-Economic Resources at the Landscape Level-Potentials for
Sustainable Land Use in the Georgian Greater Caucasus.” Journal of Environmental
Management 232: 310-320.

237.  Theissen, Tim, Annette Otte, and Rainer Waldhardt. 2019. “Land-Use Change
Related to Topography and Societal Drivers in High-Mountains — A Case Study in the Upper
Watershed of the Tergi (Kazbegi Region), Greater Caucasus.” European Countryside 11 (3):
317-340.

238.  Thompson, Ken, and Philip J. Grime. 1979. “Seasonal Variation in the Seed Banks of

Herbaceous Species in Ten Contrasting Habitats.” The Journal of Ecology 67 (3): 893-921.


http://www.theplantlist.org/

239. Thompson, Ken, Jan Pouwel Bakker, and Renee M. Bekker. 1997. The Soil Seed
Banks of North West Europe: Methodology, Density and Longevity. Cambridge University

press. Cambridge, UK.

240. Thompson, Ken, Jan P. Bakker, Renee M. Bekker, and John G. Hodgson. 1998.

“Ecological Correlates of Seed Persistence in Soil in the North-West European Flora.” Journal
of Ecology 86 (1): 163-169.

241.  Thompson, Ken, Adel Jalili, John G. Hodgson, Behnam Hamzeh’ee, Younes Asri, Sue

Shaw, Anoushiravan Shirvany, Shahbaz Yazdani, Mostafa Khoshnevis, and Fatemeh

Zarrinkamar. 2001. “Seed Size, Shape and Persistence in the Soil in an Iranian Flora.” Seed
Science Research 11 (4): 345-355.

242.  Timberlake, Jonathan R., Francoise Dowsett-Lemaire, and Tom Miiller. 2021. “The

Phytogeography of Moist Forests across Eastern Zimbabwe.” Plant Ecology and Evolution
154 (2): 192-200.

243.  Tisdall, Judith M. 1994. “Possible Role of Soil Microorganisms in Aggregation in

Soils.” Plant and Soil 159 (1): 115-121.

244.  Togonidze, Natalia, and Maia Akhalkatsi. 2015. “Variability of Plant Species

Diversity during the Natural Restoration of the Subalpine Birch Forest in the Central Great

Caucasus.” Turkish Journal of Botany 39 (3): 458—471.

245.  Togonidze, Natalia. 2020. “Impact of Forest Degradation on Plant Species Diversity:

Determining the Potential of Successive Stages of Natural Regeneration of Subalpine Birch

Forests.” Thilisi: Ilia State University. [In Georgian. ]

246.  Tolmachev, Aleksander. 1974. Introduction to Plant Geography. Leningrad:

Leningrad University. [In Russian.]

247.  Tolmachev, Alexander. 1986. Methods of Comparative Floristics and Problems of
Florogenesis. Novosibirsk: Nauka. [In Russian. ]

248.  Troeh, Frederick R., and Louis Thompson. 2005. Soils and Soil Fertility. 6 ed. Ames,
Iowa, USA: Blackwell Publish. https://www.wiley.com/en-
us/Soils+and+Soil+Fertility%2C+6th+Edition-p-9780813809557.



249.  Troitsky, Nikolay 1924. “Immediate Challenges Grassland Management in
Transcaucasia.” Bulletin of the Tiflis State Polytechnic Institute 1: 1-10. [In Russian. ]

250.  Tulashvili, Nata 1970. “Transpiration of some subalpine plants under different
ecological conditions.” In Geobotany and Plant Ecology, 31-38. Thilisi: Academy of Sciences
of the Georgian SSR, Institute of Botany. [In Georgian.]

251.  Tutin, Thomas Gaskell, Vernon Hilton Heywood, Norman Alan Burges and David
Henriques Valentine, eds. 1964-1993. Flora Europaea. Vol. I-V. Cambridge University press.
252. Uchida, Kei, and Atushi Ushimaru. 2014. “Biodiversity Declines Due to
Abandonment and Intensification of Agricultural Lands: Patterns and Mechanisms.”
Ecological Monographs 84 (4): 637-658. https://doi.org/10.1890/13-2170.1.

253.  UNESCO. 1973. International classification and mapping of vegetation. Paris:
Published by the United Nations Educational, Scientific, and Cultural Organization.

254. Ungar, Irwin A., and S. R. J. Woodell. 1996. “Similarity of Seed Banks to
Aboveground Vegetation in Grazed and Ungrazed Salt Marsh Communities on the Gower
Peninsula, South Wales.” International Journal of Plant Sciences 157 (6): 746—749.

255.  Urushadze, Tengiz, Nodar Tarasashvili, and Teo Urushadze. 2000. “The Diversity of
Georgian Soils.” In Biological and Landscape Diversity of Georgia, edited by Niko
Beruchashvili, Andrey Kushlin and Nugzar Zazanashvili, 135-150. Tbilisi, Georgia: WWF
Georgia Country Office.

256.  Vagabov, V. 1974. “Phytomasses of Some Weed Edificators of Summer Pastures in
the Greater Caucasus.” In Plant World of Highlands and It’s Mastering, edited by Alexander
Tolmachev, 258-263. Problemy Botaniki, XII. Leningrad: Nauka. [In Russian.]

257.  Van Notten, Philip WF, Jan Rotmans, Marjolein B. A Van Asselt, and Dale S.
Rothman. 2003. “An Updated Scenario Typology.” Futures 35 (5): 423—443.

258.  Vanstockem, Jan, Christiaan Ceusters, Karen Van Dyck, Ben Somers, and Martin
Hermy. 2018. “Is There More than Meets the Eye? Seed Bank Analysis of a Typical Novel
Ecosystem, the Extensive Green Roof.” Applied Vegetation Science. 1-28. doi:

10.1111/avsc.12383



259. Vivian-Smith, Gabrielle, and Steven N. Handel. 1996. “Freshwater Wetland
Restoration of an Abandoned Sand Mine: Seed Bank Recruitment Dynamics and Plant
Colonization.” Wetlands 16 (2): 185-196.

260.  Walck, Jeffrey L., Jerry M. Baskin, Carol C. Baskin, and Siti N. Hidayati. 2005.
“Defining Transient and Persistent Seed Banks in Species with Pronounced Seasonal
Dormancy and Germination Patterns.” Seed Science Research 15 (3): 189-196.

261.  Waldhardt, Rainer, Otar Abdaladze, Anette Otte, und Dietmar Simmering. 2011.
“Landschaftswandel im Kaukasus Georgiens”. Spiege! der Forschung 28 (2): 4-15.

262.  Ward, Joe H. 1963. “Hierarchical Grouping to Optimize an Objective Function.”
Journal of the  American  Statistical  Association 58  (301):  236-244.
https://doi.org/10.1080/01621459.1963.10500845.

263. Warr, Susan J., Martin Kent, and Ken Thompson. 1994. “Seed Bank Composition and
Variability in Five Woodlands in South-West England.” Journal of Biogeography 21 (2): 151—
168. https://doi.org/10.2307/2845469.

264.  Wellstein, Camilla, Annette Otte, and Rainer Waldhardt. 2007. “Impact of Site and
Management on the Diversity of Central European Mesic Grassland.” Agriculture,
Ecosystems & Environment 122 (2): 203-210.

265.  Westhoff, Victor, and Eddy Van Der Maarel. 1978. “The Braun-Blanquet Approach.”
In Classification of Plant Communities, 287-399. Springer, Dordrecht.

266. White, Frank. 1993. “The AETFAT Chorological Classification of Africa: History,
Methods and Applications.” Bulletin Du Jardin Botanique National de Belgique/Bulletin van
de Nationale Plantentuin van Belgié 62 (1/4): 225-281.

267.  Whittaker, Robert Harding. 1980. Classification of Plant Communities. Second
Edition. London: Dr. W. Junk, The Hague.

268.  Wiesmair, Martin, Hannes Feilhauer, Anja Magiera, Annette Otte, and Rainer
Waldhardt. 2016. “Estimating Vegetation Cover from High-Resolution Satellite Data to
Assess Grassland Degradation in the Georgian Caucasus.” Mountain Research and

Development 36 (1): 56-65. https://doi.org/10.1659/MRD-JOURNAL-D-15-00064.1.


https://doi.org/10.1659/MRD-JOURNAL-D-15-00064.1

269.  Wiesmair, Martin. 2016. “Grassland Degradation in the Greater Caucasus: Ecological
Relationships, Remote Sensing Promises and Restoration Implications.” Giessen: Justus-
Liebig University.

270.  Willems, Jo H., and Leonard P. M. Bik. 1998. “Restoration of High Species Density
in Calcareous Grassland: The Role of Seed Rain and Soil Seed Bank.” Applied Vegetation
Science 1 (1): 91-100.

271. WFO ([2019]): World Flora Online. Version [2019]. [April]. Published on the
Internet; http://www.worldfloraonline.org. Accessed on: [August 2021]"

272.  Wulff, Evgenii. 1943. An Introduction to Historical Plant Geography. Vol 10.
Waltham, Mass., U.S.A.: Chronica Botanica Company.

273.  Yurtsev, Boris, and Rudolf Kamelin. 1991. Basic Concepts and Terms of Floristry.
Perm: University of Perm. [In Russian.]

274.  Zazanashvili, Nugzar. 1988. “Trends and dynamics of vegetation in the high
mountains of the Central Caucasus and their reflection in the legends of large-scale
geobotanical maps.” In Ecology of high mountains, edited by George Nakhutsrishvili, 145—
151. Thilisi: Metsniereba. [In Russian. ]

275.  Zazanashvili, Nugzar. 1990. “An experience of large-scale ecological-geobotanical
mapping of the Greater Caucasus high mountains.” In Geobotanical mapping, edited by G.

Ladigina, 38-55. Moscow: Nauka. [In Russian. ]



Appendix 1: The quantitative characteristics of the soil seed bank of Kazbegi (Central Greater

Caucasus, Georgia).

Family Name Number of Number of Genera Number of
species per  genera per family species per
family genera

Compositae 11 10 Bellis 1

Cota 1
Lapsana 1
Leucanthemum 1
Gnaphalium 1
Tripleurospermum 2
Artemisia 1
Pilosella 1
Cirsium 1
Leontodon 1
Poaceae 7 6 Agrostis 2
Bromus 1
Melica 1
Festuca 1
Phleum 1
Poa 1
Lamiaceae 7 7 Salvia 1
Origanum 1
Stachys 1
Teucrium 1
Thymus 1
Clinopodium 1
Prunella 1
Plantaginaceae 6 3 Plantago 3
Veronica 2

Linaria 1



Cyperaceae

Caryophyllaceae

Leguminosae

Rosaceae

Brassicaceae

Caprifoliaceae

Boraginaceae

Crassulaceae

Scrophulariaceae

Violaceae
Urticaceae
Polygonaceae
Hypericaceae
Betulaceae
Primulaceae
Juncaceae

Apiaceae

70

54

Carex
Luzula
Arenaria
Cerastium
Silene
Trifolium
Medicago
Anthyllis
Potentilla
Alchemilla
Rubus
Arabis
Cardamine
Draba
Lomelosia
Scabiosa
Myosotis
Echium
Sedum
Verbascum
Viola
Urtica
Rumex
Hypericum
Betula
Primula
Juncus

Daucus

70



Appendix 2: Table of species detected in the soil seedbank sorted by frequency. Bold species are common species between soil seed bank and
aboveground vegetation. Red list status refers to the Caucasian ecoregion, Solomon et al. 2013 (NE = Not Evaluated; LC = Least Concern; NT =
Near Threatened, DD = Data Deficient; EN = Endangered). Dots within the table indicate non available data. PC = Polygonum carneum

grassland, RM = Rhinanthus minor grassland, AC = Astragalus captiosus grassland. N = number of plots.
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Arenaria serpyllifolia

Plantago atrata

Sedum hispanicum

Trifolium pratense

Urtica dioica

Carex sp.

Trifolium repens

Bellis perennis

Cota triumferti

Luzula sp.

26

24

20

19

19

17

17

14

13

11

46

58
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1166

3754

280

4968

5182
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35.4 265
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9607
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3185
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3182

4697

3939

4043
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291.1 +85.2
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35+19.4
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20

60

388.6 + 112.2

107.8 + 68.2

592.3 +187.5

39.4+39.4

21.7 +21.7

14.6 + 14.6

37 +37




Agrostis capillaris

Arabis sp.

Bromus variegatus

Lapsana communis

Medicago lupulina

Melica uniflora

Rumex acetosella

Hypericum perforatum

Sedum spurium NE

Betula litwinowii

10

10

10

10

10

10

10

24

96

18

22

26

2719

966

352

1406

540

2693

531

15

12

12

4

104.6 +55.7

37.2+37.2

13.6 +13.6

54.1 +31.1

20.8 +20.8

103.6 + 71.6

20.4 +20.4

1599

4569

4727

2496
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3262
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10319 33
1021 20
4286 13
399 7

19.7 +19.7

20.5 +20.5

688 + 305.3

68 +37.3

285.7 + 258.6

26.6 + 26.6




Festuca pratensis

Carex humilis

Leucanthemum vulgare

Primula algida

Verbascum sp.

Cerastium fontanum subsp. vulgare

Gnaphalium supinum

Phleum alpinum

Plantago major

Salvia verticillata

23

31

12

19

1793

2141

2691

887

426

3118

483

1064

15

12

12

12

69 +33.6

82.3+47.5

103.5 £+ 61.3

34.1 +24.1

16.4+16.4

1199 +£91.1

18.6 +18.6

409 +23

229

1818

292

611

2394

6.9+6.9

55.1 + 46.1

8989

185+13

72,5 51

496

450

1004

759

326

20

20

33.1+33.1

30 +30

67 +36.1

50.6 + 28.6

21.7 +21.7




Trifolium ambiguum

Tripleurospermum inodorum

Veronica beccabunga

Artemisia absinthium

Cardamine sp.

Juncus tenuis

Myosotis alpestris

Origanum vulgare

Pilosella piloselloides

Scabiosa bipinnata

66

57

24

1110 8

1117 4

1283 4

5197 8

1707 4

280 4

42.7+29.8

43 +43

49.4+494

199.9 + 182.5

65.6 + 65.6

10.8 +10.8

266

684

3

1123 6

373

373

3

3

8.1+8.1

20.7 +20.7

34 +26.9

11.3+11.3

11.3+11.3

307

1699

1149

670

954

1699

399

13

13

20.5 +20.5

113.3+113.3

76.6 +76.6

447 + 30.5

63.6 + 44.7

113.3+113.3

26.6 +26.6




Silene wallichiana

Stachys annua

Teucrium chamaedrys LC
Thymus collinus NE

Viola arvensis

Viola canina

Alchemilla sericata NE
Anthyllis variegata NE
Carex panicea

Carex tristis

15

50

28

57

12

454

1327

443

1782

3830

175+175

51+37.5

17 £17

68.5 + 68.5

147.3 + 147.3

507

1058

740

813

278

15.4 +10.8

32+23.3

22.4+15.6

246+17.3

84+84

363

7

242 +24.2




Cirsium obvallatum

Clinopodium acinos

Daucus carota

Draba hispida

Echium rubrum

Leontodon hispidus

Linaria genistifolia

Luzula spicata

Plantago media

Poa alpina

NE

%8
Blabi

41

11

39

12

3348 4

531 4

128.8 + 128.8

20.4 +20.4

684

231

229

505

684

20.7 +20.7

6.9+6.9

15.3+15.3

20.7 +20.7

181

326

296

7

7

12.1+12.1

21.7+21.7

19.7 +19.7




Prunella vulgaris

Rubus idaeus

Silene otites

Silene ruprechtii

Tripleurospermum transcaucasicum

Verbascum pyramidatum

Veronica peduncularis

45

1116 4

429+429

269

498

256

735

8.1x8.1

15.1+15.1

78+7.38

22.3+223

363

363

242 +24.2

242 +24.2




Appendix 3: Environmental features of the three grassland types Polygonum carneum grassland (PC), Rhinanthus minor grassland (RM), and

Astragalus captiosus grassland (AC). Superscript letters indicate homogeneous groups in mean rank multiple comparison tests
(Nemeneyi Test) after Kruskal-Wallis ANOVA (p < 0.05).

Environmental Features PC grassland RM grassland AC grassland
(n=26) (n=33) (n=15)

Physical landscape data Mean =+ St error Mean =+ St error Mean =+ St error
Altitude (m) 1986 + 24.4 2006.4 + 24.6 1938.9 +22.7
Slope (%) 252 +1.6 272+ 1.7 278+14
Northness 04=+0.1° -02£0.1° -05+0.1°
Eastness 0.3+0.1 0.3+0.1 -0.2+0.2
NDVI 0.7+0.01° 0.7+0.01° 0.6+0.02°
Vegetation
Total vegetation cover (%) 885+25 82.3+28 70.3+55
Cover cryptogams (%) 50.6+3.6° 33.4+33°% 269+35°?
Cover litter (%) 51.7+48? 29+3"b 21.6+£25?
Cover bare rock (%) 7+2 62+1.6 8.4+28
Cover open soil (%) 28+1.1° 99+18"% 15.6 +3.7°
Min height (cm) 11.1+1.4°2 75+06° 5.6+0.6"
Mean height (cm) 478+28? 449+22%0 309+26°
Maximum height (cm) 97.6+55%? 85.9+35"? 67.5+3.3°2

Cryptogams height (cm) 74+0.7° 52+05° 51+05°



Litter height (cm)
Biomass

Grass biomass (%)

Herbs biomass (%)
Legumes biomass (%)
Species number & Eveness
Aboveground species number
Aboveground Evenness
Belowground Species number
Belowground Evenness
Seed density

Soil

Roots weight (%)

Soil depth (cm)

Skeleton content (%)

pH H20

Corg (%)

Norg (%)

C/N

Kcal (mg/kg)

Pcal (mg/kg)

Mgcal (mg/k)

6.6 +0.6°

341+27°
455+282
11.2+15¢

34.2+0.8
1+0.0017
4+04
0.9 +0.038
3935.7 £ 616.4

4+04-°
143+122
149+192
58+0.1132
88+06?
0.8+0.12
10.8+0.2°
93.3+18.7°%
19.1+2.1°
377.7 + 44

51+03°

41.6+2.2°2
277 +25%?
20.8+2.3%

349+0.8
1+0.0015
5+0.6
0.9 +0.041
3599.8 + 544.4

27+02°
10.8+0.8°
223+2 P
6.2 +0.067 ®
56+05°
0.5+0.04°
10.2+0.2°
75.9+7.3"%
133+24°
372.4 +30.3

4+03°

33.6+43"
295+ 4.1°
21.6+3.3°

30.9+1.3
1+0.0021
5.1+0.6
0.8 + 0.064
4412.3 + 883.1

1.8+0.2°
79+1°
209+19°?
6.4+0.071°
35+05°
0.4+0.04°
87+04"
373532
6.1+122
282.1 +£20.3



Appendices

Appendix 4: Area (ha) and DM biomass (t * a-!) for different land cover and land use (LCLU) types in 2015 and for scenarios PROT-REG, PROT-
MAX and LIM-MAX, for the 17 study settlements. The area calculation was based on the LCLU pattern and the defined scenario maps. The

biomass yield calculation for meadow and pasture were derived from the biomass model. Theissen et al. 2019.

Context Size & Land
Quantity cover &
land use
Gergen‘, Pansheti
Stepantsminda
1765 m 1770 m

a.s.l. as.l

Koseli, Sno,
Akhaltsikhe

1770 m

as.l

Tsdo

1780 m

a.s.l.

Settlement
Sioni,
Vardisubani  Pkhelshe, )
Goristsikhe Kanob
1875 m 1900 m 1985 m

as.l a.s.l. a.s.l

Kobi?, Total
Almasiani?, uta
ul
Nogkau?,
Ukhati®
22,010 m a.s.L; 2160 m
2,190 m a.s.l. a.s.l.

118



Biomass [t
DM * a-1]

Scenario LIM-MAX Area [ha]

Biomass [t
DM * a-1]

2 jndicates settlements at 2,010 meter above see level.

b indicates the settlement at 2,190 m a.s.l.

Pasture (<

30°)
Total

Meadow

Pasture
Total

Meadow
for one ha
(< 30°)

Pasture
for one ha
(< 30°)

Pasture (<
40°)

Total

Pasture

Pasture
for one ha
(< 40°)

Total

614

720
336

1661
1997
3.17

271

960

960
2904

3.03

2904

178

198
75

437
512
3.75

2.46

328

328
861

2.63

861

379

506
416

1041
1457
3.28

2.75

965

965
2837

294

2837

118

142
102

385
487
4.25

3.26

170

170
567

3.34

567

127

216
280

315
595
3.15

2.48

160

160
442

2.76

442

223

277
200

576
776
3.7

258

358

358
972

272

972

123

200
271

299
570
3.52

243

257

257

792

3.08

792

643

699
145

1721
1866
2.59

2.68

958

958
2749

2.87

2749

308

354
142

874
1016
3.09

2.84

688

688
1932

2.81

1932

2713

3312
1967

7309
9276
30.5

24.19

4844

4844
14056

26.18

14056



Annex 1: The list of recorded 269 species in the pasture and hay meadow communities of Khevi. Species names are given according to Vascular Plants of

Georgia - A Nomenclatural Checklist (first and second editions) (Gagnidze 2005, Davlianidze et al. 2018) and have been harmonized with online international
plant databases (“Euro+Med” 2006; “The Plant List” 2013; “GBIF.Org” 2020; “IPNI” 2021). Chorotypes are defined according to the use of flora of the different
countries and regions (Komarov 1934-1960; Takhtajan 1954-2011, 2003-2012; Tutin et al. 1964-1993; Davis 1965-2001; Ketskhoveli, Kharadze, and Gagnidze
1971-2011) and online international plant databases (“GBIF.org” 2020; “Euro+Med” 2006; “World Flora Online” 2021). Plant life formes are defined by using
LEDA Traitbase (Klotz et al. 2002). Dots within the table indicate non available data. Caucasian Endemic - CE, Georgian Endemic - GE, Hemicryptophyte - H,

Cryptophyte - Cr, Chamaephyte - Ch, Therophyte - Th, Geophyte - G, Phanerophyte - Ph, Liana - L, Vascular semi-parasite - Vsp, Euras. step. - Eurasian

steppe, Med. - Mediterranean, Cauc. - Caucasian, Tur. - Turanian, Anat. - Anatolian, E. - East, N. - North, S. - South, W. - West, As. - Asian.

N Family

Amaranthaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae

Apiaceae

O 00 N O U1 b W IN =

Apiaceae

—
o

Apiaceae

—
—

Apiaceae

—_
N

Apiaceae

Species

Chenopodium album L.

Astrantia trifida Hoffm.

Astrodaucus orientalis (L.) Drude
Bupleurum falcatum subsp. polyphyllum (Ledeb.) H.-Wolff
Carum carvi L.

Carum caucasicum (M. Bieb.) Boiss.
Chaerophyllum roseum M.Bieb.
Chamaesciadium acaule (M.Bieb.) Boiss.
Heracleum asperum (Hoffm.) M. Bieb.
Pastinaca armena Fisch. & C.A.Mey.
Pimpinella rhodantha Boiss.

Pimpinella saxifraga L.

Chorotypes

Cosmopolitan

Caucasian

Caucaso-SW Asian (conditionally)
Caucasian (with E. Anat. irradiation)
Palearctic

Caucaso-SW Asian

Caucasian

Caucasian (with irradiation)
Caucasian

Caucasian

Caucasian (with Anat. irradiation)

Palearctic (West Palearctic)

Solomon et al. 2013

Z .

E

NE
NE
NE

Life form

Th

Th

T T

T & = T

. Gagnidze (2005)
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CE

CE

Davlianidze et al. 2018
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

41
42

Apiaceae
Asparagaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae

Asteraceae

Seseli transcaucasicum (Schischk.) Pimenov & Sdobnina
Muscari armeniacum Leichtlin ex Baker

Hieracium laevigatum Willd.

Lactuca racemosa Willd.

Achillea arabica Kotschy

Achillea millefolium L.

Antennaria caucasica Boriss.

Artemisia absinthium L.

Artemisia vulgaris L.

Aster alpinus L.

Aster amellus subsp. ibericus (Steven) V.E.Avet.
Centaurea phrygia subsp. abbreviata (K.Koch) Dostal
Centaurea phrygia subsp. salicifolia (M.Bieb. ex Willd.) Mikheev
Cirsium caucasicum (Adams) Petr.

Cirsium echinus (M.Bieb.) Hand.-Mazz.

Cirsium obvallatum (M.Bieb.) Fisch.

Cirsium pugnax Sommier & Levier

Cirsium simplex C.A.Mey.

Cota triumfetti (L.) ].Gay

Cyanus cheiranthifolius (Willd.) Sojak

Doronicum macrophyllum Fisch.

Erigeron acris L.

Erigeron alpinus L.

Erigeron caucasicus Steven

Hieracium umbellatum L.

Inula orientalis Lam.

Leontodon caucasicus (M.Bieb.) Fisch.

Leontodon hispidus L.

Leucanthemum vulgare Lam.

Pilosella officinarum Vaill.

Euro-SW Asian
Caucaso-East Mediterranean
Euro-Mediterranean

Caucasian

Med.-S.W. As.-Tur. (E. Med.-S.W. As.-Tur.)

Holarctic
Caucaso-Anatolian
Palearctic

Palearctic

Holarctic

Caucasian
Caucaso-Euxinian
Caucaso-Euxinian
Caucaso-Anatolian
Caucaso-SW Asian
Caucasian (with irradiation)
Caucasian

Caucasian
Euro-Mediterranean-SW Asian
Caucasian (with irradiation)
Caucasian

Holarctic
Euro-Mediterranean
Caucasian

Holarctic
Caucaso-Anatolian
Caucaso-Euxinian
Euro-Mediterranean
Palearctic

Euro-Mediterranean

NE

NE

NE
LC
NE
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43

45

47

49
50
51
52
53
54
55
56
57
58
59

61
62
63

65

67

69

70

71
72

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Betulaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Campanulaceae
Campanulaceae
Campanulaceae
Campanulaceae

Campanulaceae

Pilosella piloselloides (Vill.) Sojak

Psephellus dealbatus (Willd.) K.Koch

Solidago virgaurea L.

Tanacetum coccineum (Willd.) Grierson
Tanacetum macrophyllum (Waldst. & Kit.) Sch.Bip.
Tanacetum vulgare L.

Taraxacum confusum Schischk.

Taraxacum campylodes G.E.Haglund (Taraxacum officinale Weber ex Wiggins )

Taraxacum stevenii (Spreng.) DC.
Tragopogon filifolius Rehmann ex Boiss.
Tragopogon reticulatus Boiss. & A.Huet
Betula litwinowii Doluch.

Echium rubrum Forssk.

Echium vulgare L.

Eritrichium caucasicum (Albov) Grossh.
Myosotis alpestris F.-W .Schmidt
Myosotis arvensis (L.) Hill

Onosma caucasica Levin ex Popov
Alyssum murale Waldst. & Kit.

Bunias orientalis L.

Capsella bursa-pastoris (L.) Medik.
Descurainia sophia (L.) Webb ex Prantl
Draba hispida Willd.

Draba siliqguosa M.Bieb.

Thlaspi perfoliatum L.

Asyneuma campanuloides (M.Bieb. ex Sims) Bornm.
Campanula bellidifolia Adams

Campanula collina Sims

Campanula glomerata subsp. caucasica (Trautv.) Ogan.

Campanula rapunculoides L.

Euro-SW Asian (conditionally)

Caucasian
Palearctic
Caucasian
Caucaso-FEuxinian
Palearctic
Caucasian
Palearctic
Caucaso-SW Asian
Caucasian
Caucaso-SW Asian
Hyrcano-Euxine
Euro-Mediterranean
Holarctic
Caucasian
Euro-SW Asian
Palearctic

Caucasian

Med.-S.W. As.-Euras.step.

Palearctic (conditionally)
Cosmopolitan
Palearctic

Caucaso-Anatolian

Euro-Mediterranean-SW Asian

Euro-Ancient Mediterranean

Caucasian
Caucasian
Caucasian
Caucasian

Palearctic

NE

NE

LC

NT

NE

NE
NE

NE
NT
NE
NE
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73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

Campanulaceae
Campanulaceae
Campanulaceae
Caprifoliaceae
Caprifoliaceae
Caprifoliaceae
Caprifoliaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Celastraceae
Cistaceae
Cistaceae
Crassulaceae
Crassulaceae
Crassulaceae
Crassulaceae
Crassulaceae

Cyperaceae

Campanula sibirica subsp. hohenackeri (Fisch. & C.A.Mey.) Damboldt
Campanula stevenii M.Bieb.

Campanula tridentata Schreb.

Cephalaria gigantea (Ledeb.) Bobrov

Lomelosia caucasica (M.Bieb.) Greuter & Burdet
Scabiosa bipinnata K. Koch

Valeriana officinalis L.

Arenaria serpyllifolia L.

Cerastium arvense L.

Cerastium purpurascens Adams

Dianthus caucaseus Sims

Dianthus cretaceus Adams

Dianthus ruprechtii Schischk. ex Grossh.
Minuartia circassica (Albov) Woronow ex Grossh.
Minuartia oreina Schischk.

Silene italica (L.) Pers.

Silene latifolia subsp. alba (Mill.) Greuter & Burdet
Silene Ilinearifolia Otth

Silene ruprechtii Schischk.

Silene wallichiana Klotzsch (Silene vulgaris (Moench) Garcke )
Silene compacta Fisch.

Parnassia palustris L.

Helianthemum nummularium (L.) Mill

Helianthemum nummularium subsp. grandiflorum (Scop.) Schinz & Thell.

Sedum acre L.

Sedum hispanicum L.

Sedum spurium M.Bieb.

Sempervivum caucasicum Rupr. ex Boiss.
Sempervivum pumilum M.Bieb.

Carex humilis Leyss.

Caucaso-SW Asian
Palearctic (conditionally)
Caucaso-Anatolian
Caucasian

Caucasian

Caucasian

Palearctic

Palearctic

Holarctic

Caucaso-SW Asian
Caucasian

Caucasian

Caucasian

Caucasian

Euro-SW Asian
Euro-Mediterranean-SW Asian
Palearctic

Caucasian

Caucaso-SW Asian
Palearctic
Mediterranean-SW Asian
Holarctic
Euro-Mediterranean
Euro-Mediterranean
Euro-Mediterranean
Mediterranean-SW Asian
Caucaso-SW Asian
Caucasian

Caucasian

Euro-Siberian

NE

NE
NE

LC

NE
NE

NE
NE
NE

Th

H or Ch

Th
Ch
Ch

Ch
Ch

H or Ch
H or Ch

Ch
Ch
Ch
Ch
Ch
Ch
Ch

CE

CE

CE

CE
CE

CE

CE

CE
CE

CE

CE

CE

CE

CE
CE



103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Ericaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae

Fabaceae

Carex medwedewii Leskov

Carex panicea L.

Carex tristis M.Bieb.

Kobresia macrolepis Meinsh.

Vaccinium myrtillus L.

Euphorbia iberica Boiss.

Euphorbia macroceras Fisch. & C.A.Mey.
Euphorbia oblongifolia (K.Koch) K.Koch
Euphorbia squamosa Willd.

Anthyllis variegata Grossh.

Anthyllis vulneraria subsp. boissieri (Sagorski) Bornm.
Astracantha denudata (Steven) Podlech
Astragalus captiosus Boriss.

Lathyrus pratensis L.

Lotus corniculatus L.

Medicago glomerata Balb.

Medicago lupulina L.

Melilotus officinalis (L.) Pall.
Onobrychis biebersteinii Sirj.

Securigera varia (L.) Lassen

Trifolium alpestre L.

Trifolium ambiguum M.Bieb.

Trifolium arvense L.

Trifolium aureum Pollich

Trifolium canescens Willd.

Trifolium fontanum Bobrov

Trifolium pratense L.

Trifolium repens L.

Trifolium spadiceum L.

Trifolium trichocephalum M.Bieb.

Caucaso-SW Asian
Euro-Siberian

Caucaso-Anatolian

Caucasian

Holarctic

Caucaso-SW Asian NE
Caucasian LC

Hyrcano-Euxine
Hyrcano-Euxine
Caucasian NE

Caucaso-Euxinian

Caucasian NE
Caucasian NE
Palearctic
Palearctic

Mediterranean-SW Asian (conditionally)

Palearctic

Palearctic

Caucasian NE
Euro-Mediterranean-SW Asian

Euro-SW Asian

Euro-SW Asian

Palearctic

Palearctic

Caucaso-SW Asian

Caucasian NE
Palearctic

Palearctic

Euro-Siberian

Caucasian (with irradiation)

G (Cr) or H
G (Cr) or H
G (Cr) or H
H
Ch
H or Ch
H or Ch
H
H
H
H
Ph (nano)
H
H
H

Th

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162

Fabaceae
Fabaceae
Gentianaceae
Gentianaceae
Gentianaceae
Gentianaceae
Gentianaceae
Geraniaceae
Geraniaceae
Geraniaceae
Hypericaceae
Hypericaceae
Hypericaceae
Iridaceae
Juncaceae
Juncaceae
Juncaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Liliaceae

Linaceae

Vicia alpestris Steven

Vicia tenuifolia subsp. variabilis (Freyn & Sint.) Dinsm.
Gentiana aquatica L.

Gentiana cruciata L.

Gentiana septemfida Pall.

Gentianella caucasea (Lodd. ex Sims) Holub
Swertia iberica Fisch. & C.A. Mey.

Geranium ibericum Cav.

Geranium platypetalum Fisch. & C.A.Mey.
Geranium sanguineum L.

Hypericum caucasicum (Woronow) Gorschk.
Hypericum Iinarioides Bosse

Hypericum perforatum L.

Gladiolus tenuis M.Bieb.

Luzula multiflora (Ehrh.) Lej.

Luzula spicata (L.) DC.

Luzula stenophylla Steud.

Betonica macrantha k. Koch

Origanum vulgare L.

Prunella vulgaris L.

Salvia verticillata L.

Scutellaria oreophila Grossh.

Stachys annua (L.) L.

Teucrium chamaedrys subsp. nuchense (K.Koch) Rech.f.
Teucrium orientale L.

Thymus collinus M.Bieb.

Thymus nummularius M.Bieb.

Ziziphora puschkinii Adams

Fritillaria collina Adams

Linum austriacum L.

Caucaso-Anatolian
Caucaso-SW Asian
Holarctic
Euro-Siberian
Caucaso-Anatolian
Caucaso-Anatolian
Caucasian
Hyrcano-Euxine
Caucasian
Euro-Mediterranean
Caucaso-Euxinian
Mediterranean-SW Asian

Palearctic

Caucaso-Euxinian (conditionally)

Holarctic

Holarctic

Caucaso-SW Asian
Caucasian

Palearctic

Holarctic
Euro-Mediterranean-SW Asian
Caucasian

Palearctic (West Palearctic)
Caucasian

Caucaso-SW Asian
Caucasian

Caucasian

Caucasian

Caucasian

Med.-S.W. As.-Euras.step.

NE

NE
NE
NE

NE

NE

NE

NE
NE
NE
NE
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163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

Linaceae
Melanthiaceae
Onagraceae
Onagraceae
Orchidaceae
Orchidaceae
Orchidaceae
Orchidaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Orobanchaceae
Plantaginaceae
Plantaginaceae
Plantaginaceae
Plantaginaceae
Plantaginaceae
Plantaginaceae
Plantaginaceae
Poaceae
Poaceae

Poaceae

Linum hypericifolium Salisb.

Veratrum lobelianum Bernh.

Epilobium colchicum Albov

Epilobium dodonaei Vill.

Gymnadenia conopsea (L.) R.Br.
Herminium monorchis (L.) R.Br.
Platanthera bifolia (L.) Rich.

Platanthera chlorantha (Custer) Rchb.
Euphrasia caucasica Juz.

Euphrasia hirtella Jord. ex Reut.
Orobanche alba Stephan ex Willd.
Orobanche lutea Baumg.

Pedicularis armena Boiss. et Huet
Pedicularis eriantha (Boiss. & Buhse) T.N. Popova
Pedicularis condensata M.Bieb.
Pedicularis sibthorpii Boiss.

Pedicularis wilhelmsiana Fisch. ex M.Bieb.

Rhinanthus minorL.

Rhinanthus vernalis (N.-W.Zinger) Schischk. & Serg.

Rhynchocorys elephas (L.) Griseb.
Plantago atrata Hoppe

Plantago lanceolata L.

Plantago majorL.

Plantago media L.

Veronica arvensis L.

Veronica gentianoides Vahl
Veronica petraea (M. Bieb.) Steven
Agrostis capillaris L.

Agrostis vinealis subsp. planifolia (K. Koch) Tzvelev
Alopecurus glacialis K.Koch

Caucasian NE
Palearctic

Caucasian

Euro-Mediterranean-SW Asian

Palearctic

Palearctic

Euro-Siberian

Euro-Mediterranean

Caucasian NE
Palearctic

Euro-Mediterranean-SW Asian
Euro-Mediterranean-SW Asian

Caucasian

Caucasian

Caucaso-SW Asian

Caucaso-SW Asian

Caucaso-SW Asian NE
Euro-Siberian

Holarctic

Mediterranean-SW Asian

Euro-Mediterranean

Palearctic

Holarctic

Palearctic

Palearctic

Caucaso-SW Asian

Caucasian NE
Palearctic

Caucaso-Anatolian NE

Caucasian

Vsp
Vsp
Vsp
Vsp

CE

CE

CE

CE



193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Polygalaceae
Polygalaceae

Anthoxanthum odoratum L.

Briza media L.

Bromus riparius Rehmann

Bromus variegatus M.Bieb.

Calamagrostis arundinacea (L.) Roth
Deschampsia cespitosa (L.) P.Beauv.
Deschampsia flexuosa (L.) Trin.

Festuca arundinacea Schreb.

Festuca ovina L.

Festuca pratensis Huds.

Festuca rubra L.

Festuca valesiaca Schleich. ex Gaudin
Festuca varia Haenke

Helictotrichon adzharicum (Albov) Grossh.
Helictotrichon pubescens (Huds.) Schult. & Schult.f.

Hordeum brevisubulatum (Trin.) Link

Koeleria pyramidata (Lam.) P.Beauv. (Koeleria cristata (L.) Pers.)

Koeleria eriostachya Pancic (Koeleria caucasica (Domin) B. Fedtsch.)

Koeleria luerssenii (Domin) Domin
Lolium rigidum Gaudin

Nardus stricta L.

Phleum alpinum L.

Phleum montanum K.Koch
Phleum phleoides (L.) H.Karst.
Phleum pratense L.

Poa alpina L.

Poa pratensis L.

Poa trivialis L.

Polygala alpicola Rupr.

Polygala anatolica Boiss. & Heldr.

Euro-Mediterranean

Palearctic (West Palearctic)

Euro-Mediterranean

Caucaso-SW Asian

Palearctic

Holarctic

Holarctic

Palearctic

Holarctic

Palearctic

Holarctic

S.W. As.-Cauc.-Euras. step.

Euro-Mediterranean

Caucasian NE
Palearctic (West Palearctic)

Palearctic (conditionally)

Palearctic

Mediterranean-SW Asian

Caucasian NE
Mediterranean-SW Asian

Holarctic

Holarctic

Mediterranean-SW Asian

Palearctic

Palearctic

Holarctic

Palearctic

Palearctic

Caucasian NE

Caucaso-Euxinian
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223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238

239
240

241
242
243
244
245
246
247
248
249
250
251
252

Polygonaceae
Polygonaceae
Polygonaceae
Polygonaceae
Polygonaceae
Polygonaceae
Primulaceae
Primulaceae
Primulaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae

Ranunculaceae
Rosaceae

Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae

Rosaceae

Persicaria alpina (All.) H.Gross
Persicaria vivipara (L.) Ronse Decr.
Polygonum carneum K. Koch
Polygonum cognatum Meisn.
Rumex acetosa L.

Rumex acetosella L.

Androsace villosa L.

Primula algida Adams

Primula veris subsp. macrocalyx (Bunge) Lidi

Anemone narcissiflora subsp. fasciculata (L.) Ziman & Fedor.

Pulsatilla violacea Rupr.
Ranunculus caucasicus M.Bieb.
Ranunculus breyninus Crantz
Thalictrum minus L.
Thalictrum simplex L.
Thalictrum foetidum L.

Aconitum nasutum Fisch. ex Rchb.
Alchemilla caucasica Buser

Alchemilla debilis Juz.

Alchemilla dura Buser

Alchemilla retinervis Buser
Alchemilla rigida Buser
Alchemilla sericata Rchb. ex Buser
Alchemilla sericea Willd.
Filipendula vulgaris Moench
Potentilla crantzii (Crantz) Beck ex Fritsch
Potentilla recta L.

Potentilla reptans L.

Rosa corymbifera Borkh.

Rosa boissieri Crép.

Palearctic

Holarctic

Caucaso-Anatolian

Caucaso-SW Asian

Holarctic

Palearctic
Euro-Mediterranean-SW Asian
Caucaso-SW Asian (conditionally)
Euro-Siberian

Caucaso-Anatolian

Caucasian (with irradiation) NE
Caucasian
Euro-Mediterranean-SW Asian
Palearctic

Palearctic

Palearctic

Caucaso-Euxinian

Caucaso-Anatolian NE
Caucasian DD
Caucasian NE

Caucaso-Anatolian

Caucasian NE
Caucasian NE
Caucasian

Palearctic (West Palearctic)
Holarctic

Palearctic

Palearctic
Euro-Mediterranean-SW Asian
Caucaso-SW Asian
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253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269

Rosaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Salicaceae
Santalaceae
Scrophulariaceae
Scrophulariaceae
Thymelaeaceae
Urticaceae
Rubiaceae
Lamiaceae
Campanulaceae

Polygonaceae

Sibbaldia parviflora Willd.

Asperula glomerata (M.Bieb.) Griseb.
Asperula molluginoides (M.Bieb.) Rchb.
Cruciata glabra (L.) Ehrend.

Cruciata laevipes Opiz

Galium album Mill.

Galium verum L.

Salix caprea L.

Thesium alpinum L.

Verbascum gossypinum M.Bieb.
Verbascum pyramidatum M.Bieb.
Daphne glomerata Lam.

Urtica dioica L.

Galium valantioides M. Bieb.

Salvia glutinosa L.

Campanula alliariifolia Willd.

Polygonum aviculare L.

Caucaso-SW Asian (Balkan irradiation)
Caucaso-SW Asian (conditionally)
Caucasian (with irradiation)
Euro-Siberian

Euro-Mediterranean

Palearctic (West Palearctic)

Palearctic

Euro-Siberian

Euro-Mediterranean

Caucasian

Caucaso-Euxinian

Caucasian LC
Palearctic

Caucasian NE
Caucaso-SW Asian

Caucaso-Anatolian NE
Holarctic

Ph (nano)
H
H
H
H
Th

CE

CE



Annex 2. Releve’ table containing five phytosociological groups of the subalpine pasture and hay meadow communities of Khevi. For 69 (from 269 ) species and 74 (seven discarded because don't fitted in any established gropes) relevés of subalpine and high-montane vegetation; Species in gropes ordered by the constancy values. Blocks of diagnostic
with the

species are shaded. Wit
shows how often a species is found in an estal

Consecutive number
Running number
elevt
Origina umber from Turboveg
Physicallndscape dta

Altitude (mas)

Longitude

Lattude

Siope (1)
Slope posiion
Aspect
Vegetation coverage (%)
Open sofl Abundance [%]
Cover bare rock (%)
Total he fayer (%)
Vegetation composition
Cover herb ayer (%)
Grasses Abundance (%]
Fabacese Abundance [X]
Cryptogams Abundance (%]
Coverlter layer (%)
Vegetationstructure (cm)
Min height herbs (cm) 2015
Mean hlght herbs cm) 2015
Maximum height herbs (cm) 2015
Herbs Hight (cm)
Grasses Hight em)
Fabaceae Hight (em]
Cryptogams Hight em]
Liter Hight fem]
Biomass
Grass ()
Herbs 5]
Logumes(]
Resti]
Blomass [1/Ha]
Modeled bomass [T/Ha)
Sail
Soll depth (em)
skeleton (%]
Roots (¥
pHH20
pKel
corg (%)
Norg (5]
on
Keal (me/ie sof)
Peal (ma/kg so)
Mcal (kg i)
Seed density (m2)
Landuse
Habtype
Landuse (Pas meadow, Med pature)
Grasing
Species D
Acgroup.
1 Astragatus capiosus Boriss.
2 Dianthus cretaceus Adams
3 Sempervivum pumium W.8ieb.
4 Sedum acre L
PAgroup.
s Plontago atrota Hoppe
6 potentll crantal (Crantz) Beck exFitsch
7 Scobiosa bipinata K. Koch
s Bupleurum falcatum subsp. polyphyllum (Ledeb) HAWolf
s Companula rapunculodes L.

10 Phieum pratense L

blocks, diagnostic species are ranked by

i

wi

h

s

*

H

s

hed group) value and constancy degree. Companion species as well, are ranked by decreasing constancy within the entire table. Spe

wm g

i

i

.

fl

®

.

B

B

B

B

s

.

B

fl

s

®

of releve’s in which the species is presented. Species with _ > 0.20 were considered as diagnostic. The name of the group is represented by the species, which is characterised by the maximum level of fidelity
s occurring in a single releveare not shown.
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Leontodon caucasicus (M.8ieb) Fisch.
Legroup

Lomelosia caucosica (W 8ieb.)Greater & Burdet
Polygala anatolica Bois. & Heldr.
Savi verticilota .

PCgroup

Cirsiam obvallatum (M Bieb) Fisch.
Pimpinela hodantho Boiss.

Cyonus cheiranthifolius (Wild) Sjék.
Polygonum cameum K.Koch,
Betonica macrantho K. Koch.

Carex humis Leys.

Anthoxonthum odoratum L.
CAgroup.

Colamagrosts arundinacea (L) Roth
Siene inearifoia Otth

Helctotrchon odzharicum (Albov) Grossh,
eschampsiacespitasa (L) P.Beau.
Veratrum lobefianum Bernh,
‘Anemone norcissflra subsp.fosciulata (L) Ziman & Fedor.
Frtilaria collng Adam

potenil reptans L

Chaerophylum roseum W 5icb.
Corexpanicea L

RM group

Rhinanthus minor L.

Ranunculus breyninus Crantz

Rumer acetosa L.

Vica lpestris Steven

Hieraciom umbelotum L.

Cruciata glabra (L) Enrenc.

Tefllum trichocephalum M.8ieb
Leucanthemum valgare Lam.
Aehemitasericato Rehb. ex Buser
Agrostis capllais L

Polygala apicola Rupr.

Gentianell caucasea (Lodd. ex Sims) Holub
pediculors ormena Baiss. & Huet
Corum caucasicum (Wit Bois.
Companion species

Bromus variegatus M.Bicb.

Phleum phicoides () Harst
Medicago glomerata Balo.
Campanuta colina Sims

‘Agrostis vineals subsp. laniolia (K. Koch) Trvelew
Teflium ombiguum M Sib.

Lotus comiculatus L

Veronica gentianoides Vahi
Pastinaca armena Fisch.& CAMey.
Myosotis apestris FW.Schmidt
Anthylls variegata Grossh.

Trfolium protense L

Trfolium alpestr L.

Achemila rigido Buser

Festuca ovina L.

Euphrasio hirtella Jord. ex Reut,
Koeleriauersseni (Domin) Domin
Thymus colinus 1.8icb

Silene ruprechti Schischk.

Leontodon hispidus L.

Golum verum 1.

Festuca varia Haenke

Sedum spurium M Sie.

Tefolium canescens Wil
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