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The Great Caucasus is well known for its impressive plant cover. Uneven topography, rich geol-
ogy, pronounced climatic gradients, and position between Asia, Europe, and the Mediterranean
have contributed to biological diversity of this biodiversity hotspot. The mountain chain covers
a pronounced west to east climatic gradient with its western part being more humid and eastern
more continental. The paper shows how vegetation follows the climatic gradient and how local
orographic environment allows meso-/xerophillous plant communities break in places the gen-
eral west to east humid to continental pattern through regions located along the gradient.
Special emphasis is made on ‘small refugia’ of mesophillous Tertiary relict flora still preserved
in some gorges of the eastern Great Caucasus.
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Introduction

The Great Caucasus is stretched from the Taman peninsula in the north-west to the
Apsheron peninsula in the south-east along a distance of about 1500 km. To the north the
Main Watershed range of the Great Caucasus is paralleled by a side range, in the central
part of which the highest peaks of the Great Caucasus (> 5000 m a.s.l.) are located. Two
other relatively low latitudinal ranges run (rocky and pasture ranges) to the north of the
side range (Maruashvili 1971).

The Great Caucasus is well known for its impressive plant cover. Uneven topography,
rich geology, pronounced climatic gradients, and position between Asia, Europe, and the
Mediterranean have contributed to biological diversity of this biodiversity hotspot. The
Great Caucasus has all elevational vegetation zones from semi-deserts of the Caspian
depression (28 m a. s. 1.) to the nival zone of the ice-capped Mt. Elbrus (5642 m a.s.l.)
(Zazanashvili & al. 2000; Nakhutsrishvili 2013; Nakhutsrishvili & Abdaladze 2017a).
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The Great Caucasus at the eastern edge of Europe and the Alps in central Europe share
young geological age, west-east orientation, belong to the Eurasian mountain chain formed
as a result of southern continents moving northwards. In view of 1000 m elevation mini-
mum, the Great Caucasus runs from 41°15° N to 43° 45°N (central part at 43°N) and the
Alps from 44° 10’ N to 47° 40’ N (central part at 46° 30° N); both chains belong in the tem-
perate zone (Korner & Paulsen 2017).

The Great Caucasus covers a pronounced west to east climatic gradient (Fig. 1). The
highlands of the western Caucasus are humid (up to 2200 mm annual precipitation) dom-
inated by mesophilic taxa, while those of the eastern Caucasus are more continental, with
dry summers and an increasing ratio of xerophylic taxa (< 800 mm annual precipitation).
Half of the annual amount of precipitation falls on the cold season, therefore on large areas
of mountains snow and glaciers persist. The annual temperature range is narrow. One of
the features of the Caucasus high mountains, which distinguishes this mountain system
from other mountains of Europe are sharp climatic and thus, vegetation changes over rel-
atively small distances. For instance, a south-north transect along the “Georgian Military
Road” starts on lowland with semi-desert vegetation substituted by steppe, open arid
woodland, mesophilous beech forest including the beech forest types with Colchic ele-
ments, then high mountain meadows, chiono- and kryophilous herbaceous and relict scrub
communities even in snowbeds, and near-glacier micro-habitats. Within this transect
mountains create in places shelters with continental oroxerophilous vegetation islands.

Interior valleys are protected from both cold and humid air mass penetration from the
north, which supports many relict xerophilous species of past xerothermic periods
(Kharadze 1948).
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Fig. 1. Climatic diagrams of various parts of the Great Caucasus.
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The comparative analysis of the vegetation of two different macro-regions of the Great
Caucasus, in particular, the western part of the Central Caucasus—Svaneti and Racha-
Lechkhumi, and the Eastern part of the Central Caucasus-Kazbegi, indicates a clear differ-
ence between both regions. The major western landmark of the considered area is Mt.
Ushba (4710 m) in Svaneti region, and major eastern landmark is Mt. Kazbegi (5047 m)
in Kazbegi region. In the following we first provide a general floristic overview, followed
by a description of individual vegetation units.

Apkhazeti belongs in the botanical-geographic province of Colchis, past climate of
which never bore features of continentality. In the warmest portion of the Pliocene humid
subtropical climate dominated the coastal areas, which supported evergreen forest vegeta-
tion. At the end of the Tertiary many thermophillous evergreen plants went extinct. The
local climate acquired characteristics of the present-day Mediterranean climate. At the
same time glaciation of the Quaternary was not characterized by extremely low tempera-
tures, while in places, in conditions of high precipitation montane glaciation was rather
strong. Owing to narrow amplitude of climatic changes Colchis kept the features referring
to the Tertiary (Shatilova & al. 2011), which made Colchis an important refugium of the
Tertiary flora (Kolakovsky 1961). Presence of well-formed terraces is noteworthy.
Limestone rocky areas with peculiar flora (Fig. 2a) formed on foothills. Alluvial valleys
are in places covered by wetlands (Maruashvili 1971). Vegetation of the Western Great
Caucasus (South macro-slope of Apkhazeti) has the following vertical zonation scheme: at
0-20 m coastal rocky area vegetation is present (Pinus brutia subsp. pithyusa, Cistus tau-
ricus, Arbutus andrachne, Alnus barbata, Dioscorea caucasica (Fig. 2c), Matteuccia
struthiopteris (Fig. 2d)); at elevations of 20-1400 m natural vegetation is represented by
the Colchic forest (Carpinus caucasica (= C. betulus), Castanea sativa, Fagus orientalis)
with lianas and evergreen understory (Buxus colchica (Fig. 2b), Ilex colchica, Hedera
colchica, Ruscus hypophyllum, Rhododendron ponticum, etc.); at 1400-2000 m coniferous
forest is present (Pinus sylvestris subsp. hamata, Abies nordmanniana (Fig. 3a), Picea ori-
entalis) along with deciduous forest (Fagus orientalis) with evergreen shrub understory; at
2000-2300 m the montane forest is substituted by subalpine crooked stem forest (Betula
litwinowii, Acer trautvetteri, Fagus orientalis, Quercus macranthera) (“Krummholz”), tall
herbaceous vegetation (Heracleum ponticum, H. mantegazzianum, Angelica silvestris),
scrub (Rhododendron caucasicum, Corylus colchica); at 2300-2800 m alpine meadows
dominate (Carex pontica, Geranium gymnocaulon, G. platypetalum, Brachypodium
rupestre) (Kolakovsky 1985; Dolukhanov 2010; Nakhutsrishvili & Abdaladze 2017a, b;
Nakhutsrishvili & Batsatsashvili 2017).

In Svaneti pronounced glacial landscapes and high peaks (4000-5200 m) are
(Maruashvili 1971). The vegetation is remarkably diverse and dominated by meso- and
hygrophilous types; high ration of meso- and hygrophilous species (Geranium gymno-
caulon (Fig. 3b), G. platypetalum, Ranunculus lojkae) is even observed in relict (inter-
glacial) oro-xerophillous formations (Festucetum variae, Kobresietum macrolepis).
Svaneti is a region with the most mesophillous plant species on the Great Caucasus.

This phenomenon is best represented by presence of relict meso- and hygrophilous veg-
etation of the Tertuary — the tall herbaceous vegetation (“megaphorbia’), which does not
have analogues in other high-mountainous regions, including the Alps. Megaphorbia is
composed of gigantic (2-3.5 m tall) herbs: Heracleum mantegazzianum, Inula magnifica,
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Fig. 2. a) Woronowia speciosa; b) Buxus colchica; ¢) Dioscorea caucasica; d) Matteuccia struthiopteris.

Senecio rhombifolius, etc. (Gagnidze 1974). Vegetation of the Central Great Caucasus
(south macro-slope in Svaneti region) has the following vertical zonation scheme: at 0 to
500 m the Black Sea coastal and Colchic lowland vegetation is present; at 500-1900 m
there is a zone of mixed, dark coniferous (dbies nordmanniana, Picea orientalis) and
deciduous (Fagus orientalis) forests with evergreen understory (Ilex colchica, Hedera
colchica, Ruscus hypophyllum, Rhododendron ponticum, etc.); Quercus iberica and Pinus
sylvestris subsp. hamata forests occur on dry south-facing slopes; at 1900-2500 m sub-
alpine crooked stem forest (Fagus orientalis, Acer trautvetteri, Sorbus caucasigena = S.
aucuparia) grows along with tall herbaceous vegetation, grass-forb meadows,
Rhododendron caucasicum scrub (Fig. 3c); at 2500-2750 m landscape is dominated by
low alpine meadows with Geranium gymnocaulon, as well as “alpine carpets”, special
attention might be paid to meadows with rare Pulsatila aurea (Fig. 3d); at 2750-3200 m
upper alpine meadows (dense tussock communities) mainly dominated by Festuca varia
subsp. woronowii make up the major vegetation type present; at 3200-4000 m subnival and
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nival patchy vegetation on screes and rocks as well as cryptogams thrive (Kharadze 1944;
Dolukhanov & al. 1946; Nakhutsrishvili 2013; Nakhutsrishvili & Abdaladze 2017a, b;
Nakhutsrishvili & Batsatsashvili 2017).

The stony and gravel-covered northern macro-slope, particularly, around Mt. Elbrus is
covered by communities of Kobresia macrolepis, K. schoenoides as well as those of Dryas
caucasica, a dwarf semi-shrub with bryophytes, lichens and participation of Salix
kazbekensis, Vaccinium vitis-idaea. On watersheds with plain tops, in the upper alpine
zone patchy communities of Kobrezia humilis, Carex oreophila, Eritrichium caucasicum,
Polygonum viviparum with bryophytes and lichens are found on skeleton substrates, which
frozes deeply in winter. According to 1. Tumajanov (1980), these communities are phyg-
nomically and ecologically close to alpine tundra. High mountains of the Central Great
Caucasus prevent humid air penetration into this area; high peaks with permanent snow
cover strengthen the continentality of the local climate, which causes xerophytization in all
the vertical zones. The zonation scheme for the Central Great Caucasus (north macro-slope
in Baksan valley-Mt. Elbrus area) looks as follows: at 450-700 m steppe and semidesert
(Salvia canescens, Berberis vulgaris) is present; at 700-1200 m forest-steppe and steppe
(Carpinus orientalis, C. caucasica) dominate the landscape; at 1200-2200 m pine (Pinus
sylvestris subsp. hamata) and birch (Betula litwinowii) forests grow; in places Juniperus
spp. and Berberis communities as well as secondary steppes occur; at 2200-2600 m still
steppe fragments are present with subalpine meadows, subalpine crooked stem birch and
pine forests, evergreen prostrate shrub Rhododendron communities; at 2600-3400 m alpine
meadows, “alpine carpets”, scree and rock vegetation dominate; at 3400-4000 m only sub-
nival and nival vegetation patches on screes and rocks and cryptogams find relevant ambi-
ence for growth (Onipchenko 2004; Nakhutsrishvili 2013; Nakhutsrishvili & Abdaladze
2017a, b; Nakhutsrishvili & Batsatsashvili 2017).

Vegetation profile of the southern macro-slope of the central Great Caucasus (Mtskheta-
Cross Pass region) is distinguished by great diversity of types. The lower section has semi-
arid climate, whereas the middle section has moderately humid climate, which supports
mesophillous broad-leaved forest. Spruce (Picea orientalis) forest remnants are also pres-
ent of the left bank of the river Aragvi, and yew (Taxus baccata) is found in some narrow
ravines. At 1500 m a.s.l. the motorway serpentine ascends to the Cross pass on the Main
Watershed Range (on its southern macro-slope). Although south-facing, the slope is much
more humid than the opposite side of the range. Vegetation of the Central Great Caucasus
(south macro-slope in Mtskheta-Cross Pass region) has the following vertical zonation
scheme: at 400-600 m semidesert (Artemisia lerchiana, Salsola ericoides, Gamanthus
pilosus), steppe (Stipa stenophylla), open woodland remnants (Pistacia atlantica,
Juniperus spp., Pyrus spp.), spiny scrub or shibliak-type vegetation (Paliurus spina-
christi, Rhamnus pallasii, Spiraea hypericifolia) are present; on areas from 600-800 m
foothill deciduous forest (Quercus iberica, Carpinus orientalis, C. caucasica) grows; at
800-1000 m middle montane forest (Quercus iberica, Q. pedunculiflora, Ulmus foliacea,
Carpinus caucasica), beech forest with evergreen understory (Laurocerasus officinalis,
llex colchica, Hedera pastuchovii), degraded riparian forest (Populus nigra, Salix aus-
tralis) along riv. Aragvi are present; at 1000-1600 m upper montane deciduous forest
(Fagus orientalis, Carpinus caucasica, Quercus iberica), beech forest in places mixed
with Picea orientalis (this is the eastern border of spruce distribution in the Greater
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Caucasus), remnants of deciduous forest (Q. iberica, Fraxinus excelsior, Pyrus caucasica,
Populus tremula, Corylus avellana) at the upper layer of this zone, Rhododendron luteum
scrub grow; at 1600-1900 m remnants of subalpine forest (Acer trautvetteri, Betula
litwinowii, Sorbus caucasigena = S. aucuparia, Populus tremula) and subalpine tall herba-
ceous vegetation (Gadellia lactiflora, Senecio othonnae) are found; at 1900-2500 m the
land is covered by subalpine meadows dominated by: Nardus stricta, Cynosurus cristatus,
Deschampsia caespitosa, Trifolium trichocephalum, Geranium ibericum, Betonica
macrantha (Fig. 3e); snowbed vegetation occurs in moist areas (Galanthus platyphyllus,
Fritillaria latifolia, Dactylorhiza spp.); rock vegetation (Campanula hypopolia) is present;
at 2500-3000 m landscapes dominate by alpine meadows with species of Alchemilla,
Sibbaldia parviflora, Kobresia macrolepis, Poa longifolia; on south-facing slopes we
found communities of Festuca varia subsp. woronowii (Fig. 3e), and on north-facing
slopes those of Rhododendron caucasicum; along streams: Primula auriculata, Caltha
polypetala, species of Batrachium are usual; “alpine carpets” are also an important com-
ponent of the landscape; above 3000 m subnival vegetation patches on screes and rocks as
well as cryptogams thrive (Sakhokia & Khutsishvili 1975; Nakhutsrishvili 2013;
Nakhutsrishvili & Abdaladze 2017a, b; Nakhutsrishvili & Batsatsashvili 2017).

The Central Great Caucasus (north macroslope, Cross Pass-Kazbegi-Chmi) has the
following vertical zonation scheme: at 4000 to 3700 m nival vegetation on screes and
rocks is present with individual plants of Cerastium kasbek and Alopecurus laguroides
as well as cryptogams; at 3700-3000 m subnival vegetation patches occur on screes
and rocks (Tripleurospermum subnivale, Anthemis iberica, Delphinium caucasicum,
Saxifraga exarata subsp. moschata, S. sibirica, S. flagellaris, Draba supranivalis,
Cerastium kasbek, Alopecurus glacialis, A. laguroides, Nepeta supina,
Pseudovesicaria digitata); at 3000-2750 m landscape is made up of upper alpine
meadows (Carex tristis, Festuca varia subsp. woronowii, Nardus stricta), “alpine car-
pets” (Campanula biebersteiniana, Carum caucasicum, Veronica gentianoides,
Sibbaldia semiglabra, Poa alpina, Festuca supina, Pedicularis crassirostris,
Taraxacum stevenii, T. porphyranthum, Gnaphalium supinum, Alchemilla sericea, A.
chlorosericea, Chamaesciadium acaule); at 2750-2500 m — lower alpine meadows
(Nardus stricta, Carex tristis, Kobresia spp. and on south-facing slopes Festuca varia
subsp. woronowii), Rhododendron caucasicum scrub on north-facing slopes, prostrate
elfin scrub dominated by Dryas caucasica; at 2500-1900 m subalpine meadows
(Hordeum violaceum, Bromopsis variegata, Agrostis planifolia, Deschampsia caespi-
tosa) dominate, subalpine park-like forest (Betula litwinowii, B. raddeana, Populus
tremula, Sorbus caucasigena = S. aucuparia, Salix caprea, S. kazbekensis), crooked-
stem birch timberline and prostrate evergreen scrub (Rhododendron caucasicum,
Vaccinium vitis-idaea, Daphne glomerata, Linnaea borealis) are present on north-fac-
ing slopes, rock pine forest (Pinus sylvestris subsp. hamata (Fig. 4a), Berberis vul-
garis, Rosa didoensis), xerophytic scrub (Juniperus communis, Spiraea hypericifo-
lia); remains of tall herbaceous vegetation (Lilium monadelphum subsp. georgicum
(Fig. 4b), Heracleum asperum, H. leskovii, H. sosnowskyi (Fig. 4d), Senecio rhombi-
folius,) also grow in this zone, on south-facing slopes tragacanth steppe (Astragalus
denudatus (Fig. 4c), A. captiosus, A. kazbekii) occurs, rock and scree vegetation
(Saxifraga juniperifolia, Draba bryoides, Onosma caucasica) is also present; at 1900-
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Fig. 3: a) Abies nordmanniana; b) Subalpine meadow dominated by Geranium gymnocaulon; c)
Rhododendron caucasicum; d) Pulsatilla aurea; e) Subalpine meadow dominated by Betonica
macrantha; f) Subalpine meadow dominated by Festuca varia subsp. woronowii.

1500 m rock herbaceous vegetation (Campanula darialica, C. ossetica), rock pine forest
(Pinus sylvestris subsp. hamata), xerophytic scrub (Juniperus communis, Spiraea
hypericifolia) occur; at 1500-800 m tragacanth steppe (Astragalus denudatus), steppe and
secondary meadows are usual; below 800 m landscapes are constituted by semidesert
(Artemisia lerchiana, A. sosnowskyi) and steppe (Stipa stenophylla) (Sakhokia &
Khutsishvili 1975; Nakhutsrishvili & al. 2004, 2005, 2006; Nakhutsrishvili 2013;
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Tepnadze & al. 2014; Nakhutsrishvili & Abdaladze 2017a, b; Nakhutsrishvili &
Batsatsashvili 2017).

In subnival and nival zones the numbers of sensitive species and communities are espe-
cially high; among them snow-bed and near-glacier communities are noteworthy
(Nakhutsrishvili & Gamtsemlidze 1984; Abdaladze & al. 2015).

Along with human impact (Nakhutsrishvili & al. 2009), on-going global climate change
is the major potential threat to the vegetation diversity of the region (Erschbamer & al.
2010; Gigauri & al. 2013). The Cross-pass-Chmi section is exhibit clear contrasts in its veg-
etation structure.

Interglacial oroxerophyte communities are found here along with typical subalpine-
alpine meso- and hygromesophillous meadows; however, the dominant landscape types
are still more xeromorphic (mostly made up of grass species).

In Kazbegi-Chmi section there are narrow ravines, where precipitation does not con-
dense and as a result the ravines are particularly dry supporting only xerophillous and very
peculiar flora (Ivanishvili 1973).

We mentioned above that the aridity gradient runs in the north-weest to south-east
direction along the Great Caucasus and shows maximim aridity in Dagestan. A.
Dolukhanov (1966) recognizes two sub-provincesin the Dagestan province: foothill
Dagestan and limestone middle montane Dagestan. In the former montane xerophyte
and montane dry steppe communities are joined with sections hemixerophillous
forests and its shrub understory remnants.

In the latter montane dry steppe, montane xerophytes, phrygana-like vegetation,
hemixerophillous forests, mewdow transformed steppe and, as small islands, pine and
birch forest make up the landscapes.

It is noteworthy that on the xerophytic (in certain places ultra-xerophytic) back-
ground of Dagestan, on the Side range, much taller than the main Watershed Range,
crook-stem birch forest with Rhododendron caucasicum and floristically pauperized
tall herbaceous vegetation occurs. At the highest elevations shallow snow cover and
low temperatures makes the evergreen shrub aquire prostrate growth habit (the shoots
grow up to 15-20 cm).

The Eastern Great Caucasus (north macroslope, Dagestan-Chechenya-Ingushetya)
has the following vegetation zonation pattern: below 400 m wormwood and grass
steppe on foothills, in places with saline halophytic communities and hemixerophytic
shrubwoods (shibliak-like vegetation) as well as oak open woodlands; at 400-600 m
oak and oak-hornbeam forests on foothills; at 600-1000 m hornbeam-beech forests, in
middle-mountain zone mountain xerophytic communities and shibliak-like vegetation
(Paliurus, Spiraea, Crataegus, Rosa, etc.), in places on north-facing slopes pine
forests (Pinus sylvestris); at 1000-1900 m secondary and steppe meadows on foothills,
mountain xerophytic communities and steppe meadows on south-facing slopes, pine-
birch forests and secondary meadows on north-facing slopes in middle-mountain zone;
at 1900-2500 m forest vegetation and steppe meadows and forest with subalpine mead-
ows at the upper part, rock and scree vegetation; at 2500-3000 m subalpine and alpine
meadows with Rhododendron and Vaccinium scrub on north-facing slopes (in the
western part), meadows (in the more dry eastern part); above 3000 m subnival vegeta-
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tion patches on screes and rocks, and cryptogams (Murtazaliev 2009; Nakhutsrishvili
& Abdaladze 2017a, 2017b; Nakhutsrishvili & Batsatsashvili 2017).

Even in the most arid sections along the aridity gradient of the Great Caucasus
humid ravines are found with well preserved “small refugia” of the Tertiary
Gavashelishvili & Tharkhnishvili 2016). One of such small refugia is a small humid
ravine with typical plants of Colchis (such as Vaccinium arctostaphylos, Rhododendron
luteum, Ilex colchica, Laurocrasus officinalis, Daphne pontica) the Batsara Protected Area
(the eastern Great Caucasus) surrounded by xerophillous vegetation.

Lagodekhi region is also rich in humid nano-refugia. Below the southern macro-
slope of the Major watershed range of the Great Caucasus river Alazani valley is locat-
ed; its width is 30-35 km.

In this part of the Great Caucasus mountains are relatively lower (3000-3500 m
a.s.l.). Precipitation remarkably increases close to mountains, which is well reflected
by vegetation cover: only 20-25 km apart from the mountains forest vegetation is com-
posed of hemi-xerophillous forest types (Carpinus orientalis, Quercus iberica = Q.
petrea), steppe and semi-desert, while near the range typical mesophillous forests
(with Quercus pedunculiflora, Populus hybrida, Ulmus foliacea, Acer velutinum)
although rather pauperized occur. Within the Lagodekhi Protected Areas primeval and
old-growth mesophillous montane broad-leaved forests are spread.

In some ravines of the Lagodekhi Protected Area the following species are found:
Pterocarya fraxinifolia, Acer velutinum, Taxus baccata. Of other relicts
Gymnospermium smirnovii (Fig. 4d), Vaccinium arctostaphylos, Staphylea pinnata are
worth mentioning.

Vegetation of the eastern Great Caucasus (South macroslope, Lagodekhi National
Park area) has the following pattern: at 200-500 m Alazani floodplain forest and low-
land forests (Alnus barbata, Quercus pedunculiflora, Ulmus foliacea, Acer velutinum,
Pterocarya fraxinifolia, with lianas such as Smilax excelsa, Clematis vitalba, Hedera
helix, H. pastuchowii, Vitis sylvestris); at 5001000 m deciduous forests (Quercus
iberica, Carpinus caucasica, Fagus orientalis, Acer laetum, Castanea sativa,
Staphylea pinnata); at 1000-1800 m deciduous forests (Fagus orientalis, Tilia bego-
niifolia); at 1800—2500 m subalpine open woodlands and crooked stem forest near the
upper limit (Betula litwinowii, Acer trautvetteri, on south-facing slopes Quercus
macranthera), subalpine tall herbaceous vegetation (Heracleum sosnowskyi, Telekia
speciosa, Gadellia lactiflora), and meadows; at 2500-3050 m alpine meadows;
“Alpine carpets”, rock and scree vegetation; above 3050 m subnival vegetation patch-
es on screes and rocks and cryptogams (Nakhutsrishvili & Abdaladze 2017a, b;
Nakhutsrishvili & Batsatsashvili 2017).

Conclusions

In the Great Caucasus a high number of vegetation has been revealed. This is due to a
great diversity of ecological conditions along the climatic gradient across the Great
Caucasus range. All differences in plant communities are caused not only by altitudinal
variabilities but location on opposite sides of the Great Caucasus, and therefore, on differ-
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gicum; c) Astragalus denudatus (thorny tragacanth steppe); d) Heracleum sosnowskyi and tall
herbaceous vegetation; e) Gymnospermium smirnovii.

ent macro expositions. Humid climate of the Black Sea also has an influence: on the West
Caucasus prevails mesophilous vegetation compared to the East Caucasus; And vegetation
zones are slightly offset upwards.

References

Abdaladze, O., Nakhutsrishvili, G., Batsatsashvili, K., Gigauri, Kh., Jolokhava, T. & Mikeladze, G.
2015: Sensitive alpine plant communities to the global environmental changes (Kazbegi
region, the Central Great Caucasus). — Amer. J. Envir. Protec. 4(3-1): 93-100.
https://doi.org/10.11648/j.ajep.s.2015040301.25

Dolukhanov, A. G. 1966: Regularities of geographical diversity of vegetation and upper timberline
in the Transcaucasian mountains. — Probl. Bot. 8: 196-207 [in Russian].



Bocconea 29 — 2021 167

— 2010: Forest vegetation of Georgia. — Tbilisi [in Russian].

—, Sakhokia, M. P. & Kharadze, A. L. 1946: Main features of the vegetation cover of Upper
Svanetia. — Trudy Tbilissk Bot. Inst. 9: 79-130 [in Russian].

Gagnidze, R. 1. 1974: Botanical and geographical analysis of the florocoenotic complex of tall herba-
ceous vegetation of the Caucasus. — Tbilisi [in Russian].

Gavashelishvili, A. & Tharkhnishvili, D. 2016: Bioms and human distribution during the last ice age.
— Global Ecol. Biogeogr. 25: 563-574. https://doi.org/10.1111/geb.12437

Gigauri, Kh., Akhalkatsi, M., Nakhutsrishvili, G. & Abdaladze, O. 2013: Monitoring of vascular
plant diversity in a changing climate in the alpine zone of the Central Caucasus. — Turk. J. Bot.
37(6): 1104-1114. https://doi.org/10.3906/bot-1301-38

Erschbamer, B., Mallaun, M., Unterluggauer, P., Abdaladze, O., Akhalkatsi, M. & Nakhutsrishvili, G.
2010: Plant Diversity Along Altitudinal Gradients in the Central Alps (South Tyrol, Italy) and in
the Central Greater Caucasus (Kazbegi Region, Georgia). — Tuexenia 30: 11-29.
https://doi.org/10.1007/978-3-540-47229-2 22

Ivanishvili, M. A. 1973: Flora of thorn astragal tragacanth formation of the northern slope of the
Great Caucasus. — Tbilisi [in Russian].

Kharadze, A. 1944: Description of Upper Svaneti subnival belt flora. — Notulae systematicae ac. geo-
graphicae Instituti botanici Thbilissiensis, 12. — Tbilisi [in Russian].

— 1948: On periglacial vegetation of the Central Greater Caucasus. — Vest. Akad. Nauk. Gruz. SSR,
9-10: 615-622 [in Russian].

Kolakovsky, A. A. 1961: Plant world of Colchis. — Moscow [in Russian].

Onipchenko, V. G. 2004: Alpine Ecosysteme in the Nordwest Caucasus. — Kluwert Academie
Publishers [in Russian].

Kolakovsky, A. A. 1985: Flora of Abkhazia, 2. — Tbilisi: 282 [in Russian].

Koérner, C. & Paulsen, J. 2017: A geostatistical and Bioclimatological Comparison of the Central
Great Caucasus and the Central Alps. — Plant Diversity in the Central Great Caucasus: A
Quantitative Assessment. — Cham: 1-9.

Maruashvili, L. 1971: Geomorphology of Georgia. — Thbilisi (in Russian).

Murtasaliev, R. A. 2009: Conspect of Daghestan flora. T. 1-4. — Makhatshkala (in Russian).

Nakhutsrishvili, G. 2013: The Vegetation of Georgia (South Caucasus). — Berlin-Heidelberg: 235.

— & Abdaladze, O. 2017a: Vegetation of the Central Great Caucasus along W-E and N-S transects.
— Plant Diversity in the Central Great Caucasus: A Quantitative Assessment. — Cham: 11-16.

— & — 2017b: Plant diversity of the Central Great Caucasus. — Plant Diversity in the Central Great
Caucasus. — Cham: 17-132.

— & Batsatsashvili, K. 2017: Quantitative Analysis of the Phytosociological Relevés from the
Central Great caucasus. — Plant Diversity in the Central Great Caucasus: A Quantitative
Assessment. — Cham: 113-132.

— & Gamtsemlidze, Z. G. 1984: Plant life in extremal environment of the high mountains. — Nauka,
Leningrad [in Russian].

—, Abdaladze, O. & Akhalkatsi, M. 2004: Global warming and Treeline. — Proc. Acad. Sci. Biol. Ser.
B., 2(3-4): 87-90.

—, — & — 2006: Biotope Types of the Treeline of the Central Greater Caucasus. — Nature
Conservation: Concepts and Practice. — Berlin-Heidelberg: 211-225.

—, — & Kikodze, A. 2005: Khevi: Kazbegi Region. — Thilisi.

—, Akhalkati, M. & Abdaladze, O. 2009: Main Treats to the Mountain Biodiversity in Georgia (the
Caucasus). — Mountain Forum Biull. 9(2): 18-19.

Sakhokia, M. & Khutsishvili, E. 1975: Conspectus Florae Plantarum vascularium Chewii. — Tbilisi.

Shatilova, 1., Mchedlishvili, N., Rukhadze, L. & Kvavadze, E. 2011: The history of the flora and veg-
etation of Georgia (South Caucasus). — Thbilisi.



168 Nakhutsrishvili & al.: Ecological Gradients (West-East) and...

Tephnadze, N., Abdaladze, O., Nakhutsrishvili, G., Simmering, D., Waldhardt, R. & Otte, A. 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.
https://doi.org/10.1127/0340-269x/2014/0044-0579

Tumadjanov, I. I. 1980: East Mediterranean Pine forests: Vegetation of the European part of the
USSR. L. — Metsniereba: 138-143 [in Russian].

Zazanashvili, N., Gagnidze, R. & Nakhutsrishvili, G. 2000: Main types of vegetation zonation on the
mountains of the Caucasus. — Acta Phytogeogr. Suec. 85: 7-16.

Addresses of the authors:

George Nakhutsrishvili!, Otar Abdaladze?, Ketevan Batsatsashvili?,

nstitute of Botany, Ilia State University. Email: nakgeorg@gmail.com
’Institute of Ecology, Ilia State University. Email: alpine_ecology@iliauni.edu.ge,
ketevan_batsatsashvili@iliauni.edu.ge




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


