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BRAUN-BLANQUETIA 

Un heritage est enrichissant et ouvre de nouvelles possibilites creatrices. 
Mais il en decoule en contre partie I'obligation de ne pas gaspiller le 
patrimoine reyu. Ceux qui, aujourd 'hui etudient la vegetation grace a la 
phytosociologie peuvent utiliser des methodologies bien au point et 
tirer profit d'un ensemble coherent de connaisances. 
C'est le resultat du travail methodique de nombreux chercheurs de 
qualite pendant plusieurs decennies . Aujourd'hui, nous nous trouvons 
face a des problemes qui ne sont sans doute pas tout a fait nouveaux 
mais qui paraissent infin iment pl us graves que dans le passe : primaute 
de la technique, special isation , penuri e de matieres premieres . d'energie 
et d'espace , crise de I'environnement ... 
11 se developpe ainsi des problemes spec if iques divers pour lesaue s il 
est necessaire de trouver des reponses nouvelles. Les chercheurs sont 
places devant un veritable defi et il depend de leur savo ir et de leur 
imagination de montrer si la Science de la vegetation est capab le 
d'apporter une contribution appreciable a la solution de ces problemes. 
La tradition phytosociologique dans ce contexte constitue une base 
essentielle . La conception typologique de la vegetation et la clarte du 
systeme qui en decoule, I'habitude des chercheurs de vivre en contact 
etroit avec la vegetation , les recherches basees sur I'observation 
condition antithetique de I'experimentation, sont les traits caracteristi
ques de la phytosociologie. 
Les lignes directrices qui nous ont ete transmises par les maltres de la 
Science de la vegetation , Josias Braun-Elanquet et Reinhold Tuxen 
avant tout, constituent actuellement une part importante de notre 
patrimoine d' idees. Notre but est de valoriser cet heritage et d'honorer 
la memoire du premier de ces ma'i'tres et fondateur de la phytosociolo
gie moderne par une nouvelle serie de publications. 
Pourront y trouver place des monographies etudiant concretement la 
vegetation selon les enseignements de J. Braun-Blanquet et R. Tuxen 
qui , a travers la creativite des auteurs , produiront de nouveaux fruits. 
Disciples nous-memes de J. Braun-Blanquet et ayant collabore a son 
activite , nous pensons qu 'a travers cette serie de publications son 
heritage restera vivant dans I'esprit or iginel et avec de nouvelles idees. 
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J. BRAUN-BLANQUET, 1954 
Drawnform a photograph by FranJ;oise M. Dansereau 
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BRAUN-BLANQuETIA, vat. 15, 1999 

INTRODUCTION 

Georgia - an ancient Christian 
country - occupies the central and sou
th-western parts of Caucasia - an isth
mus between the Black and the Caspian 
Sea. In the west, it is contiguous to the 
Black Sea, in the east to the intermoun
tain depression of the River Mtkvari (= 
Kura) in the Caspian Lowlands (the Tran
scaucasian Depression), the northern 
border follows the high mountain tops 
of the Greater Caucasus, the southern 
one crosses the Minor Caucasus (in the 
eastern part) and separates the Minor 
Caucasus from the adjacent mountain 
ranges of north-eastern Asia Minor. Po
litically, Georgia borders on the Russian 
Federation (to the north), Azerbaijan (to 
the east), Turkey (to the south-west) and 
Armenia (to the south-east). The bor
ders have changed several times during 
the history of Georgia, especially in the 
earlier stages of the formation of the 
Georgian nation. 

Kavkasioni , i. e. the Greater Cau
casus range, rises up to 4605 m (Mt. 
Ushba, highest mountain within Geor
gia) and 5633 m s. m. (Mt. Elbrus, in the 
Russian Federation) i. e. over 1000 m 
above the eternal snow-line. Mountain 
passes at an altitude of 2200-3000 m s. 
m. were used as trade-routes from the 
earliest times. In the mountains of Ka
vkasioni permanent settlements are 
found up to an altitude of 2500 m s. m. 
Though the Minor (or Lesser) Caucasus 
mountains reach an altitude of3304 m s. 
m., there are no glaciers and no eternal 
snow. 

The natural conditions of the so
called intermontane lowlands of Geor
gia, consisting of the Colchic Lowlands 
(adjacent to the Black Sea, in West Ge
orgia) and the foothills between Kavka
sioni (in the north) and the Minor Cauca
sus (in the south-west), including the 
Mtkvari Valley (= Kura valley, in East 
Georgia), were favourable for settle
ment and mixed farming . 

In the east, Colchic Lowlands are 
surrounded by the Imeretian Elevation 
which connects the Greater Caucasus 
with the Minor Caucasus. The highest 
part of it, the Surami range, divides the 
country into two major natural geo
graphical regions: Eastern and Western 
Georgia, the first having been called 
Iberia and the latter Colchis by ancient 
Greek and Roman writers . 

Diversity of climate and relief of 
Georgia has been highly important for 
its economic development since the ear
ly stages of human activities . Numerous 
rivers (more than 25 .000) , which pro
moted intensive agriculture, eliminated 

the need for irrigation systems, having 
proved so essential in the economy of 
the Ancient East (Egypt, Babylon). Be
sides, these rivers served as trade-rou
tes. Due to their rapid current, the rivers 
were used for transportation of timber 
(especially in Colchis). 

Georgia is rich in various mineral 
resources. In the mountains of Georgia 
copper was extracted, essential for non
ferrous metallurgy, which by that time 
reached a high level of development. 
Rich iron deposits prompted the pro
gress of ferrous metallurgy. Magnetic 
sands along the Black Sea were of parti
cular importance. Rivers, containing 
gold dust, were known during the Greek 
Epoch. 

Vakhushti Bagrationi, the promi
nent Georgian historian and geographer 
of the 18th century, distinguished two 
botanical and agricultural zones within 
Georgia: the mountainous and the low
land one. Since the Neolithic Revolu
tion, these two zones represented one 
closely integrated system. The lowlands 
were characterized by rich harvest of 
grain crops, vineyards and orchards. In 
the mountainous areas the harvest of 
grain crops was much poorer, vineyards 
and orchards were absent. 

Georgia covers an area of 69.500 
km2

• The population is 5.5 million (2/3 
of them being Georgians). The Geor
gians call themselves "kartveli" (sing.) 
and "kartvelebi" (pl.), hence the name of 
the country in Georgian language is 
"Sakartvelo" . The Georgian language 
belongs to the group of Kartvelian lan
guages, included in the family of Ibe
rian-Caucasian languages. It is sugge
sted that the Georgian language is rela
ted to Anterior-Asian languages, the 
Basque language (the Basque nation is 
living in Spain, in the northern part of 
the Iberain peninsula, close to the Pyre
nees) , connections to the Indo-Europe
an languages, however, are uncertain . 
Written Georgian dates back to the 3rd 
century B.C. (to the reign of king Parna
vaz). 

Christianity, adopted as the official 
religion in 337 A. D. , promoted the 
unification of Georgia and the develop
ment of written Georgian language. 

In ancient times, Georgian tribes 
were known as skillful farmers, cattle
breeders and metallurgists. Various ar
chaeological discoveries, as well as an
cient oriental and Georgian manuscripts 
testify to an early economical , social 
and cultural development of the Geor
gian people. According to these data, the 
leading branches of economy of the co un
try must have been: 1) agriculture (field 
crop cultivation, vine making , horticul-

ture, vegetable growing, etc.); 2) cattle 
breeding; 3) domestic craft (weaving, 
wood work, blacksmith work, textile 
production, pottery, ceramics, etc .). 
Georgians developed plough-land culti
vation, various forms of irrigation (es
pecially in the mountain areas) aiming 
to increase crop capacity of natural gras
slands (2 and 3 harvests per season). Of 
16 species of wheat 11 are represented in 
Georgia. 

Ancient Georgian manuscripts and 
special medical books ("Karabadini") 
contain information on various herbs. 
The fIrst serious scientific information 
concerning the vegetation of Georgia 
was given by Vakhushti Bagrationi (l8th 
century). According to several histori
cal sources and notes of foreign travel
lers, the plants from different parts of 
Georgia and from other countries were 
cultivated in the park of Georgian kings 
in Legvta Khevi (now Botanical Garden 
of Tbilisi). In the 18th century, foreign 
scientists became interested in the extre
me diversity of Georgian vegetation and 
flora. In 1852, on the basis of rich collec
tions of Caucasian plants, the Caucasian 
Museum was founded . In the beginning 
of the 20th century, all the branches of 
botanical science (anatomy, physiolo
gy, taxonomy, floristics , phytosociolo
gy, etc.) started to develop in Georgia. 
The Institute of Botany, which belongs 
to the Academy of Sciences, was ope
ned in 1933. Long-standing expeditions 
to different parts of the Caucasus and of 
Georgia, as well as monographic studies 
of separate taxa served as a basis for the 
8-volume "Flora of Georgia". In 1971, 
the fIrst volume of the totally revised 
second edition of "Flora of Georgia" 
appeared (11 volumes have already been 
published so far). Later, it was decided 
to publish "The Vegetation of Georgia" 
under the editorship of the present au
thor(NAKHUTsRIsHVIU, 1990, 1991). Only 
two volumes of this work have been 
published till now (DoLUKHANov: "Fo
rest Vegetation of Georgia", Part I, 1990, 
and SHATlLOVA and RANlsHvru "Mate
rials on the History of Flora and Vegeta
tion of Georgia", 1991); several volu
mes are in print. Until its complete pu
blication, the author of the present book 
decided to characterize briefly the main 
types of vegetation of Georgia and to 
publish it in English. This present publi
cation bears a special purpose: During 
the 75-year period of isolation of the 
USSR and of Georgia in particular, it 
was not so easy for foreign scientists to 
get adequately acquainted with the inte
resting plant life of Georgia and to com
pare the Caucasian flora and plant com
munities with those of other countries. 
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6 The vegetation of Georgia (Caucasus) 

Historico-Geographical Regions of Georgia 

Russia 

Turkey ........ 

1. Abkhazeti 11. Tush-Pshav -Khevsureti 

2. Svaneti 12. Kakheti 

3. Racha-Lechkhumi 13. Kiziki 

4. Samegrelo 14. Gare Kakheti 

5. Imereti 15. Gardabani 

6. Guria 16. Trialeti 

7. Adjara 17. K vemo Kartli 

8. Shiga Kartli 18. Javakheti 

9. Kartli 19. Meskheti 

10. Mtiuleti 
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BRAUN-BLANQUETlA, vo!. 15, 1999 

Today, Georgian botanists are glad to be 
able to collaborate with scientists from 
many other countries. 

l. ENVIRONMENT ALCONDITIONS 

Georgia occupies an interesting 
geobotanical position as a part of Cauca
sia - the region which links Europe with 
Asia. The country is characterized by 
rather contrasting natural conditions 
which account for the extremely high 
degree of di vergence of plant communi
ties within this comparatively small area. 
The landscape of the country includes 
different types of desert and semi-desert 
vegetation mainly in the eastern parts of 
Georgia, luxuriant Colchic forests of 
moist, almost subtropical climate in the 
west, and high-mountain plant commu
nities in the north and in the south. 

The complex orographic structure 
of Georgia and its geographical position 
account for the geographical and ecolo
gical isolation of certain plant commu
nities, which has resulted in a high ratio 
of local endemism (particularly ende
mics of the Greater Caucasus Range and 
of the Colchis) and of a variety of spe
cies of different phytochorological 
groups, like Iberian and Anterior-Asian 
group, etc.). The flora of the country 
includes about 4.200 species of wild 
flowering-plant species, and over 8500 
species of spore-bearing ones (75 pteri
dophytes, about 800 mosses, 600 li
chens, 5000 fungi, 2000 algae). 

1.1 Orography 

Geologically, the territory ofGeor
gia belongs to the Alpine System of 
Eurasia. Its geological and geomorpho
logical structure reveals a great genetic 
diversity, as a result of tectonic, volca
nic, petrological, gravitational, erosio
nal and other processes. 

Structurally, the area can be divi
ded into the following major landforms: 
1) The range of the Greater Caucasus 

(Kavkasioni) ; 
2) the Georgian Intermontane Area 

(between the Greater and the Minor 
Caucasus); 

3) the Mountain System of the Minor 
Caucasus (Meskheti-Trialetian Ran
ge), including the South Georgian 
Volcanic Upland. 

Georgia comprises the southern 
side of the middle part of the Kavkasioni 
as well as the north-western parts of the 
Transcaucasian Depression, the Minor 
Caucasus, i. e. the Transcaucasian Uplan. 

Altitudes in Georgia vary conside
rably from the sea level (at the Black 

Sea) to some of the highest peaks of the 
Greater Caucasus, reaching 4695 m (Mt. 
Ushba), 5068 m (in the Shkhara massif), 
and 5047 m s. m. (Mt. Kazbegi, Kaz
bek). From the geological point of view, 
this area consists, mainly, of Meso- to 
Cenozoic deposits. AncientPrecambrian 
and Paleozoic formations are poorly re
presented and of secondary importance. 

1.2 Climate 

The climate is one of extremes. It is 
possible to distinguish several climatic 
zones from the humid, almost subtropi
cal climate to the climate of permanent 
snows and glaciers. Such a considerable 
range of climatic conditions is caused 
both by the orographic structure and the 
presence of the Black Sea and the Ca
spian Sea. The Black Sea and high moun
tain ranges of the Greater Caucasus are 
the most important orographic factors 
determining the climate of Georgia by 
preventing the invasion of cold air mas
ses from the north. The climate of the 
country has been formed by the air mas
ses blowing from sea, as well as by the 
latitudinal position between southern 
Russia and the Inner-Anatolian moun
tains system. 

The highest mean annual tempera
ture amounts to 15° C (Sukhumi in 
Abkhazia, on the Black Sea coast), the 
lowest in the Kavkasioni Ridge (altitude 
5000 m). The warmest winter (5-7° C, in 
January) is in Colchis (West Georgia, on 
the Black Sea coast). 

Annual precipitations in Georgia 
range from over 4500 to 400 mm or less. 
Increase of altitude e.g. in Svaneti (nor
th-western Georgia) and Javakheti (sou
th-western Georgia) is paralleled by re
duction of precipitation, while in other 
districts (Kazbegi region, Kakheti, etc.) 
the amount of rainfall increases with 
elevation. The highest amounts of preci
pitation occur at the following altitudes: 
from 300-500 m to 3500 m s. m. in 
Western Georgia, and from 1200 to 3500 
m in the eastern part of the country. 

The climatic conditions of several 
districts of Georgia are demonstrated 
diagrammatically (fig. 1). Notwith
standing the short distance between the
se districts (40 km between Batumi and 
Bakhmaro, 380 km between Batumi and 
Shiraki, 155 km between Shiraki and 
Kazbegi), their climatic conditions are 
noticeably different. 

1.3 Soils 

There is a great diversity of soil 
types in Georgia. The following soil 
provinces can be distinguished: 

1) the soil province of Western Georgia; 
2) the soil province of Eastern Georgia; 
3) the soil province of Southern Geor

gia. 
The main types of soil are allocated 

in accordance with the altitudinal zones. 
In the Western Georgia soil province 
(between the Black Sea and Likhi Mts.) 
it is possible to distinguish the bog and 
podzolic soil zone in the lowlands, the 
krasnozem and zheltozem zone in the 
hilly piedmonts, the zone of mountain
forest and the mountain-meadow soils. 

The soil province of Eastern Geor
gia comprises the plains, piedmonts and 
mountain massifs, situated eastwards 
from Likhi mountain range. Chestnut 
soils, chemozems, brown humic-sulpha
tes, saline soils of steppes and semi
deserts, as well as intermediate forest
steppe and mountain-meadow soils oc
cur in this province. 

The Southern Georgia soil provin
ce includes Javakheti, Tsalka-Dmanisi 
and Erusheti uplands, the hollow of 
Akhaltsikhe, etc. A considerable part of 
this area is covered both with the moun
tain chernozems (which are formed at 
altitudes from 1200-2200 m) and mea
dow chernozem-like soils. In highlands 
they are replaced by mountain-meadow 
soils. Besides, the alluvial soils, redzi
nas, brown as well as the meadow-brown 
soils occur here, with the predominance 
of brown forest type of soil in the moun
tain forest belt. 

2. HISTORY OF FLORA AND VEGE
TATION 

The history of flora and especially 
the vegetation of Georgia is very com
plicated and, despite the intensive pale
obotanical researches of the recent past, 
still needs to be studied. 

The earliest records of fossil flora 
stem from the Paleozoic. Species of Le
pidodendron (large trees reaching a hei
ght of nearly 40 m), Sigillaria (high 
plants with erect stems and characteri
stic rhizophore system-stigmarias), Aste
rocalamites were determined from the 
Lower and Middle Carboniferous depo
sition of the Khrarni crystalline massif 
(South Georgia). From the same period 
are also known Cordaitales - a group 
with an atomic structures (tracheids, well
developed pith) very similar to that of 
conifers (SHATTLOVA & RAMISHVILI, 
1990). 

In the Early Jurassic, almost the 
entire territory of Georgia was covered 
by sea, except for Khrami, Loki and 
Dzirula ancient massifs. 

The climate of this period was 
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Akhalkalaki 2000m 4.9 °C 
[75] 

621mm 

11 III IV V VI VII VIII IX X XI XII 

Batumi Om 
[75] 

Tbilisi 450m 
[7S] 

14.0°C 2718mm 

12.7 °C 559mm 

11 III IV V VI VII VIII IX X XI XII 

Fig. 1 - Climad iagrams of several regions of Georgia. 

The vegetation of Georgia (Caucasus) 

Bakhmaro 18S0m 
[75] 

r-----

4.0 °C 1869mm .... 

11 III IV V VI VII VIII IX X XI XII 

Kazbegi 1850m 
[10] 

4.7 °C 806mm 

II III IV V VI VII VIII IX X XI XII 

Shiraki SOOm 
[75] 

10.3 °C 544mm 

11 III IV V VI VII VIII IX X XI XII 
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warm-temperate. Water temperature in 
the sea reached 23-24° C, but in the Late 
Toarcian it decreased considerably (7-
15° C). From the Early Jurassic deposi
ts, Calami tales are of special interest 
with the only species Neocalamites ho
erensis. The above mentioned period 
was characterized by the wide-spread 
occurrence of equisetoides, which were 
restricted to marshes as nowadays (SVA
NlDZE, 1972; JASAMANOV, 1985). 

Pteridophytes were represented by 
25 taxa. Microfossils found belong 
mainly to the genera of Cladophlebis 
(Osmundaceae). At the same time Gin
gko was represented by 2 species - G. 
mziae (specific for Georgia) and G. hut
tonii. The species Sphlenobaieraspecta
bilis and Phoenicopsis ex gr. angustifo
fia also belong to Gingkoaceae. In the 
Early Jurassic a considerable group was 
formed by Bennettitales, the ancestors 
of the flowering plants (according to the 
viewpoint of several botanists) Eucom
midites troedssonii (gymnosperms pol
len) and many other plants were present 
in the same period too. 

In the Bajocian (Middle Jurassic) 
the entire territory of Georgia was under 
the sea; by the end of it, first the eastern 
part and afterwards (in Bathonian) the 
whole territory have emerged. The ap
pearance of freshwater basins was cha
racteristic for that period, as well as the 
process of peat accumulation (KAKHAD
ZE, 1947). The Early Jurassic flora is 
much richer than that of the Early Juras
sic. To day nearly 175 plants species are 
known. Among them 55 species are fer
ns, (Coniopteris, Cyatheaceae, Osmun
daceae, Gleicheniaceae). The othercha
racteristic components were representa
tives of Paracycas (Cycadaceae) and 
Ptilophyllum (Bennettitaceae) etc. The 
climate of the Middle J urassic seemed to 
have been tropical; the representatives 
of Cycadales and Gingkoales were do
minantin woodlands (KARASHvILl, 1977; 
SVANlDZE, 1972). 

In the Late Jurassic the territory of 
Georgia was covered by sea, except the 
Svaneti Elevation, as well as that of 
southern parts. 

By the beginning of the Late Juras
sic a great number of ferns, Ginkgoales, 
Cycadales and Bennettitales had extin
cted with the occurrence of an arid zone 
in Eurasia (from Spain to central China). 
Brachyphyllum and Pagiophyllum oc
cupied a dominant position. As indica
ted by the prevalence of Classopollis, 
the Cheirolepidaceaea increased consi
derably. 

The occurrence of remnants of new 
species Angiopteris iberica (Marattia
ceae) in the Late Jurassic fossiliferrous 

deposi ts is of great importance. It under
mines the opinion, tbat these archais 
living ferns disappeared from the floras 
of the Northern Hemisphere after the 
Middle J urassic. 

According to VAKHRAMEEV (1988), 
the Late Jurassic paleofloristic province 
of the Caucasus was a part of the Euro
Sinian region. 

The flora of the above-mentioned 
province could be characterized by the 
presence of occasional equisetoides, a 
few ferns, Ginkoales, the absence of 
Czekanowskia and the predominance of 
Cycadales, Bennettitales, as well as Pa
chypteris, Sagenopteris, Pagiophyllum. 

The Tertiary 

In the Paleocene and Eocene on the 
territory of the Caucasus a long island 
was formed as a basis of the further 
mountain range. According to AVAKov 
(1989) in the Eocene the dominant posi
tion was occupied by the Angiosperms, 
representatives of evergreen Fagaceae 
and Myrica. 

At the same time the process of 
migration of the Boreal cold-resistant 
plants, which had begun previously in 
the Cretaceous, resumed at the end of 
the Eocene. 

At the Eocene/Oligocene boundary, 
the folded structure of the Alpine system 
began to form in the Mediterranean oro
genetic band. It comprised the (geosyn
clinal) regions of the Southern Slope of 
the Greater Caucasus range and Ajara
Trialeti, the main part of today Georgia. 
Uplift caused a change in the climatic 
conditions; the latter determined the 
character of the vegetation: the number 
of conifers increased and warm-tempe
rate plants became more numerous (SHA
TlLOVA & RAMISHVILI, 1990). 

During the Oligocene, the Cauca
sus was a small island surrounded by 
vast basin with scattered islands, where 
the tropical flora of the Poltava type 
(palms, laurels, etc.) was well develo
ped. In the Oligocene deposits remnants 
of conifers were found, indicating the 
penetration of northern taxa into the 
Caucasus. 

The Oligocene plant world was 
greatly influenced by Arcto-Tertiary or 
Turgay flora, formed in the Eastern and 
Northern parts of modem Asia. Repre
sentatives of this flora, especially Pina
ceae, penetrated into the Caucasus. Many 
botanists consider that migration of the 
Turgay elements became more intensi
ve after the Turgay Strait had become 
dry by the end of the Oligocene. 

According to GROSSHEIM (1946) 
Turgay migrants began to change and 

gave rise to the ancient mesophytic fo
rest flora, called Mediterranean-Turgay 
flora by this author. 

During the Early Miocene the Cau
casus island started to expand. Fossil 
assemblages from different part of Ge
orgia, especially from Eastern Georgia, 
confirm the subtropical nature of the 
Miocene flora with the predominance of 
evergreen woody plants, accompanied 
by the deciduous Castanea sp., as well 
as by conifers of northern origin (Pin us 
sp.). 

The following plants have been 
known since the Early deposits of Kartli 
(East Georgia): Quercus neriifolia, Myri
ca lignitum, Laurophyllum primigenium, 
species of Apocynophillum. Of the 46 
taxa two are pteridophytes and gymno
sperms. The dominant position is occu
pied by angiosperms, among them the 
predominance of Myricaceae, Juglan
daceae and Lauraceae shoud be noted. 
E vegreen F agaceae, Lauraceae and other 
thermophilous plants, contributing to the 
formation of moist-subtropical forests 
in the Pal eo gene, adapted to the reduced 
humidity of the Early Miocene (DJAPA
RIDZE,1981). 

In the Middle Miocene plants of 
warm and dry climate participated in 
sclerophyllous formations. Myrica spe
cies covered river banks. Sclerophyl
lous plants were represented by the spe
cies of Myrica, Callistemophyllum, Aca
cia, Quercus (Q. drymeja). Several spe
cies of Lauraceae, Sapindus, Smilax and 
Magnolia formed moist-subtropical fo
rests (AvAKov, 1979). 

It is possible to suggest that an 
altitudinal differentiation of vegetation 
already existed in the Middle Miocene. 
Coastal and low mountainous areas were 
covered by evergreen Fagaceae, arbore
scent ferns, Hymenophyllum, etc. The 
next altitudinal belt was occupied by 
mesophilous deciduous forests of Pla
tanus, Comptonia, Juglans, Pterocarya, 
accompanied by Cathaya, Keteleeria and 
etc. Cold-resistant plants occured even 
higher; mention should be made of spe
cies of Betula, Fag us, Acer, Tilia, UI
mus (SHATILOVA & RAMISHVILI, 1990). 

During the Sarmatian (Upper Mio
cene) tne Caucasian island, known in 
the literature as Jephetis was situated 
close to Iranian and Central Asian land. 
This encouraged the immigration of xe
rophilous elements into the Caucasus. It 
is suggested that the forestless forma
tions of xerophytic plant communities 
were widely distributed during the Up
per Miocene. According to GROSS HElM 

(1946), Pelargonium endlicherianum, 
the fern Ceterach, etc., are relicts of the 
ancient xerophytic flora of this period. 
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The close position of Jephethis to 
the Iranian mainland, separated as a cape, 
caused division of the mesophytic Me
diterranean-Turgay flora into Western 
and Eastern parts. In the West the Col
chic flora began to form, while the Hyr
canian elements evolved in the eastern 
part. Both were of mesophytic nature. 
The analysis of the contemporary vege
tation makes many botanists suggest the 
existence of a third xerophytic flora. 

Based on the fossils, it is possible 
to build up a picture of the Sarmatian 
flora: evergreen Magnolia dianae, spe
cies of Lauraceae (Cinnamomum, Lau
rophyllum primigenium, L. pseudoprin
ceps, etc.), as well as the representatives 
of the Mediterranean-Turgay and Tur
gay deciduous flora, such as Salix, Pyrus, 
Carpinus, iuglans, Ulmus, etc. Conifers 
(Pinus satumi, Sequoia langsdorfii) and 
xerophytic species of Myrica have been 
known from the same age. 

Kolakowsky pointed out that the 
richest Sarmatian floras occurred in 
Abkhazeti (Colchis). They were closely 
related to the southern subtropical and 
tropical floras (Melastomites, Mastixia 
microphylla, Ventilago etc.). The Sar
matian floras of Abkhazeti are very si
milar to Oligocene-Miocene European 
floras. These floras indicate the wide 
distribution of subtropical evergreen 
plants, mainly Lauraceae, such as Oco
tea, Persea, Aniba, and many others and 
the deciduous arborescent plants of warm 
climate which survived until now only 
in Central and South America, partly in 
the Mediterranean area and in the South
Eastern Asia, Himalayas and China, 
where the relic forests of Ulmus, Fagus, 
Quercus, Abies and Cryptomeria are 
represented. These forests show also a 
great similarity to the vegetation, confi
ned to mountainous Japan during the 
Miocene-Pliocene (KOLAKOWSKY, 
SHAKRYL, 1976). 

The Tertiary-relic species of Col
chic type, such as the species of Buxus, 
Pterocarya, etc. and the hemixerophytic 
Mediterranean plants: Arbutus, Celtis, 
Smilax, Thelycrania(Comus), Quercus, 
have been found in the Sarmatian depo
sits of Abkhazia. 

The territory of Eastern Georgia, 
where steppes and semi-deserts are di
stributed now, is considered to have 
been covered with both sclerophyllous 
and moist-subtropical forests. 

In South Georgia the shrubs of su
btropical and temperate climate domi
nated by Lauraceae, were represented 
by narrow-leafed xerophytic elements 
(CHELlDZE, 1970). 

In the Meotian after the regression 
of the Mediterranean Sea, the strait se-

parating the Jepethis from the southern 
mainland disappeared and the Caucasus 
became a peninsula. The formation of 
main folded systems reached the final 
point and the vegetational belts were 
formed. The Meotian macrofossils in
cluded Cryptomeria japonica, species 
of Lauraceae, Salix coriacea, Myrica 
lignitum. Ferns, especially Dicksonia, 
were represented by a large number of 
species. Palynological data attest to the 
fact that the following genera of conifers 
were present: Abies, Picea, Tsuga (5 
species), Cedrus, as well as Carya, "Ca
stanopsisfrutinervis", (leaf of Quercus) 
representatives of Hamamelidaceae, 
(Liquidambar, etc.). 

Judging from the composition of 
the fossiliferous deposits, in this period, 
coniferous and broad-leaved forests (Ta
xodium, Cryptomeria, Magnolia, spe
cies of Hamamelidaceae, etc.) with the 
species of Quercus, Carya, Fagus, Ca
stanea and Platanus began to prevail. 

Relatively dry habitats were occu
pied by following hemixerophytes: 
Quercus drymeja, Pistacia miocenica, 
Sophora europaeus, Pyracantha cocci
nea. At the same time the following 
plants began to crop up (present-day 
members of the Georgian flora): Rhodo
dendron caucasicum, Fagus orientalis, 
Zelkova crenata (= z. carpinifolia). 

The fossil flora of Goderdzi pass 
(South-Western Georgia) was distin
guished by the feature characteristic of 
Sarmatian flora (PURCELADZE, TSAGARE
LI, 1974; UZNADZE, TSAGARELI, 1979). 

Taking into account fossil deposits 
of Colchis, mesophytic flora obviously 
prevailed here. Representatives of An
nonaceae, Hamamelidaceae and Laura
ceae are known from this period, which 
was characterized by warm maritime 
climate. Ferns, distributed in Georgia 
during the Pontian can now be found 
only in the tropics. 

During the Pontian gymnosperms 
were widespread. Nowadays some of 
them occur in mountain forests of tropi
cal and subtropical countries. In the be
ginning of the Pliocene Pinus pithyusa 
was widely distributed (RAMISHVILl, 
1969). 

Investigations carried out by Ko
LAKOWSKY (1964) in Kodori (Abkhazeti) 
point to the existence of lowland and 
low-mountain forests with Myrica li
gnitum, Salix varians, Alnus subcorda
ta. Coastal lowlands were covered with 
forests of Quercus kodorica and Carya 
denticulata, while the riversides were 
occupied by species of Liquidambar, 
Taxodium, Nyssa, Tectocarya lusstica, 
Ocotea, evergreen Fagaceae like Pasa
nia, Castanopsis, etc., which were ch a-

The vegetation of Georgia (Caucasus) 

racteristic of the subtropical forests of 
the Pontian. In the lower mountain zone 
considerable areas were populated by 
Lauraceae with tree ferns (Cyathea, Al
sophila, Dicksonia). 

In the lower mountain zone scle
rophyllous formations were distributed 
with the elements of maquis. Pines oc
cupied rocky habitats. 

KOLAKOWSKY (1964) pointed out 
that an important change in the flora of 
warm-temperate climate took place du
ring the Pontian. The mid-mountain belt 
was populated by F agus, Castanea, Acer, 
Tilia species. The presence of conifers
Gingko, Keteleeria, ferns like Polypo
dium, etc., lianas like Vitis betulifolia, 
Parthenocissus quinquefolia becomes 
fairly possible. 

Dark coniferous forests (with the 
species of Abies, Tsuga, Picea, Cedrus, 
etc.) occupied relatively higher altitu
des. 

On the territory of Western Geor
gia a great number of angiosperms has 
extincted since Pontian. 

In Cimmeridian (Middle Pliocene) 
taxa of Araliaceae, as well as ferns were 
well represented. The dominant posi
tion was occupied by species of Pteris 
and Polypodium. According to Ko
LAKOWSKY & SHAKRYL (1978) forests of 
warm-temperate climate began to pre
vail in Cimmeridian; they were compo
sited by the species of moist monsoon 
climate, now peculiar of the mountains 
of Eastern Asia and xerophytes, ecolo
gically similar to the plants of xerophytic 
forests of the Mediterranean. Above in 
the warm-temperate forest zone hard
wood and coniferous forests grew. 

During the Akchagylian (Upper 
Pliocene), the most striking feature of 
the fossil floras is the absence of Po It a v a 
flora elements and evergreen plants. The 
following plants are known from this 
period:-species of Populus, Ostrya, Fa
gus, Zelkova, Tilia, Pyrus, Ligustrum, 
Salix, Prunus, Acer, Quercus, Pterocar
ya, together with representatives of Ca
rex and Phragmites. All these plants are 
members of the present-day flora of 
Georgia, though they have changed the
ir habitats. For example, remains of 
Fagus orientalis and Ostrya carpinifo
lia have been found in Akchagylian de
posits of Shiraki steppe. Due to increa
sing aridity these trees are no longer 
there. 

According to GROSSHEIM (1948) the 
AkchagyJian flora by its nature is clo
sely connected with that of the Quater
nary. To quote his words: "The period 
between Sarmatian and Akchagilian was 
the turning-point in the floristic history 
of the Caucasus; the tropical flora had 
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been replaced by that of temperate cli
mate" (GROSSHEIM, 1948; 171). Broad
leaved forests were replaced by coni
fers , namely species of Picea, Abies, 
Tsuga. In general, during the late Plioce
ne the role of poly dominant forests ve
getation was reduced and, instead, the 
formation of communities with one or 
two dominant species was stimulated. 
These changes in the vegetation cover 
were probably provoked by the intensi
fication of cold at the end of the Miocene 
and in the Pliocene. 

The existence of a dry and hot cli
mate between the cold periods encoura
ged the enrichment of the Caucasian 
flora with xerophytes. In Akchagylian 
time many recent Mediterranean plants 
penetrated into the present area from the 
west. 

Therefore, in the Pliocene, the pie
dmonts and the lower mountain zone 
were clothed by subtropical forest vege
tation. Forests of warm-temperate cli
mate were situated higher up. Many 
species known from this period are still 
member of the modem forest flora. In 
the beginning of the Pliocene, within the 
territory of Western Georgia and adja
cent areas (e.g. Turkey), a Colchic refu
ge was formed for many relics of me
sophytic forest flora. This was a direct 
result of the warm and humid climate of 
this territory. The Colchic refuge was of 
great importance as one of the most 
stable "shelters" for relic species during 
the Late Pliocene and especially in the 
Pleistocene, including the Ice Ages. 
Many species, which continue to exist in 
Colchis died out many millions of years 
ago on the territory of West Eurasia. 
Members of the Colchis flora are such 
relics and/or neoendemics as Betula 
medwedewii, Quercus pontica, Rham
nus imeretina, Hedera colchica, Ptero
carya pterocarpa, Laurocerasus offici
naZis, Arctostaphylos caucasica, Rho
dodendron ponticum, Rh. ungernii, Rh. 
smirnowii. At present, their relatives 
with a similar autecology have mainly 
survived in the mountains exposed to 
the summer monsoon in Eastern and 
South-Eastern Asia, in the Appalachians 
of North America, etc.; for instance, 
genus Epigaea is represented now by 
just 3 species, one of which is distribu
ted in Japan, the second in North Ame
rica and the last in Ajaria (Georgia) and 
Lazistan (N.Turkey). 

Thus, having surveyed the Tertiary 
history of Georgian flora, we now come 
to the Pleistocene. During the Pleistoce
ne, most of the termophilic elements 
extinct from the flora of Georgia. The 
role of cold-resistant plants considera
bly increased, at the same time vertical 

shifts of vegetational belts appeared, 
especially during the glacial periods. 

Another event, which have occur
red during the Pleistocene is the deve
lopment ofboreal elements. Though the 
flora of Georgia was strongly influen
ced by the neighbouring floristical cen
tres of Eastern Mediterranean and SW 
Asia (Near East, Anterior Asia), in pro
cess of autochthonous development pro
vided a large number of endemic spe
cies, including present-day local ende
mics. 

In the Early Chaudian (Early Plei
stocene) deposits the highest taxonomi
cal diversity and an abundance of Taxo
diaceae and Cupressaceae could be ob
served: these families were manifested 
by the following genera: "Athrotaxis", 
(= extinct Taxodiaceae), Cryptomeria, 
Metasequoia, Sequoia, Sequoiadendron, 
Taxodium, Cupressus, Chamaecyparis, 
Libocedrus, Juniperus (CHOCHIEVA, 
1985). 

The dominant position was occu
pied by Abies nordmanniana, Tsuga di
versifolia, whereas Abies alba, Cedrus 
aff. Zibani and some other had extincted. 

In the Chaudian flora J uglandaceae 
were represented by several genera: Pte
rocarya, Carya, Juglans, etc. Pollen of 
Zelkova was found in the Chaudian de
posits of Georgia (SHATILOVA, Mc HE

DLISHVILI, 1980). 
The Chaudian pollen assemblages 

contain pollen of plants very closely 
allied to evergreen shrub Fatis japoni
ca, which is now confined to the forests 
of Japan, as well as of that ofSymplocos 
which is largely distributed in tropical 
areas. Obviously the prevailing types of 
vegetation in the Early Chaudian were 
monodominant forests of Tsuga, Abies, 
representatives of Taxodiaceae and Fa
gus. Lower mountain and piedmont bel
ts were covered by the forests of Ju
glans, Carpinus, Quercus, Zelkova and 
also by subtropical species of M agnoZia, 
Fatsia, Symplocos, etc. 

The second half of the Chaudian 
was characterized by the predominance 
of Picea-Abies communities in almost 
all mountain belts, whereas the lower 
parts were covered with broad-leaved 
forests. 

In the Middle Pleistocene (Old. 
Euxinian) taxonomical diversity of 
Abies, Picea and Tsuga was reduced. 
Members of the Taxodiaceae family pre
vailed in forests communities. Within 
the territory of Georgia only 6 out of 66 
taxa, known from the Old Euxine have 
been extinct. 

In Western Georgia the Old Euxi
nian deposits are covered by that of 
UzunIarian. In this time ferns were re-

presented by those species which conti
nue to exist in present-day Georgia. A 
dominant position in forests was occu
pied by widely spread Abies nordman
niana, Picea orientalis with the admix
ture of Cedrus deodara, Tsuga diversi
folia and T. shatilovae. The Taxodiace
ae family was represented by Taxodium, 
Cryptomeria, Sequoia and Glyptostro
bus. Hardwood forests consisted by the 
following species which have become 
members of the modem Georgia flora: 
Fagus orientalis, Castanea sativa, Car
pinus caucasica. It should be mentioned 
here that mesophytic species were sub
stituted in East Georgia by those of 
Pinus, Carpinus, Quercus. 

In the Late Pleistocene there were 
still a number of species which have 
disappeared from the territory of Geor
gia. Mention should be made of the 
representatives of Taxodiaceae, of Ce
drus deodara and Carya aquatica. Other 
angiosperms were represented by spe
cies which are characteristic of modem 
Georgia flora (SHATILOVA, RAMiSHvILI, 
1990). 

Man introduced considerable chan
ges into the vegetational cover of Geor
gia. Forest destruction, development of 
secondary meadows cultivated lands are 
the result of human activities. At the 
same time the Georgian flora was enri
ched both by cultivars and adventive 
weeds. 

3. ON THE ALTITUDINAL DIFFE
RENTIA TION OF THE VEGET A
TION OF GEORGIA 

Considerable difference between 
the climates of East and West Georgia 
determined the di versity of their vegetal 
landscapes, as well as the structure of 
altitudinal zonation. 

The absence of arid and semi-arid 
vegetation belts is characteristic of West 
Georgia. It accounts for a more simple 
profile of altitudinal zonation here, whi
ch is represented by 5 main belts: forests 
(0-1900 m s. m.), sub alpine (1900-2500 
m), alpine (2500-3100 m), subnival 
(3100-3600 m), nival (above 3600 m). 

In East Georgia, the altitudinal zo
nation is more complicated. One can 
observe here 6 main belts: deserts, dry 
steppes and arid light forests (150-600 
m), forests (600-1900 m), subalpine 
(1900-2500 m), alpine (2500-3000 m), 
subnival (3000-3500 m), and niva1 (abo
ve 3500 m). The borderline between the 
semi-arid belt and that of forests varies 
considerably due to the climatic condi
tions and the exposure of slopes. Within 
the forest and subalpine belts of South-
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Georgian Upland there are small areas 
occupied by semi-arid ecosystems with 
the prevalence of mountain-steppe ve
getation. 

Thus, almost all the altitudinal bel
ts, characteristic of the N em oral Zone of 
Northern Hemisphere, are represented 
in Georgia. 

We would like to illustrate the dif
ferentiation of vegetation by vertical 
gradients in two strongly different parts 
of Georgia: the East and the West (the 
profiles are shown in fig. 2 and fig. 3a). 
In East Georgia, the vegetation of deser
ts, semi-deserts and hemi-xerophytic li
ghtforests is replaced by Quercus iberi
ca forests with the admixture of Carpi
nus orientalis on southern slopes. At an 
altitude of 1300 m, there is a narrow 
zone of Carpi nus-F agus forest, which is 
substituted higher by that of Quercus 
macranthera. Comparatively dry mea
dows can be observed at an altitude of 
2250-2300 m. 

On the northern slopes, the situa
tion is different. Above the hemi-xe
ropbytic vegetation belt, there is a sub
zone of Carpinus-Quercus forest, hi
gher up substituted by beech forest whi
ch occupies large areas from 600 m to 
J 800 m. Acer trautvetteri is a common 
associate of the dominant Fagus orien
talis. Still higher up, tbese communities 
are replaced by a birch forest with tall 
herbaceous vegetation confined to gla
des . Above the timberline, all slopes are 
covered with Rhododendron scrub 
("dekiani" is a native name of these 
communities, suggested for scientific 
use by Ketskhoveli) and carpet-like al
pine meadows. 

Beech forest is substituted by that 
of Pinus kochiana under more continen
tal conditions (e.g. in Tusheti). 

Unlike East Georgia, in the we
stern part of the country, namely in Sou
th Colchis, forests begin to dominate 
from the sea level. The most characteri
stic species of these lowland forests are 
Pterocarya pterocarpa, Alnus barbata, 
Pinus pithyusa (in north-western Col
chis), etc. Southern slopes are populated 
by the forests of Quercus iberica, Qu. 
hartwissiana and Carpinus caucasica. 
At 600-700 m, beech forests appear with 
admixture of Abies nordmanniana; spru
ce-firforests (Picea orientalis and Abies 
nordmanniana) occur at 1200-1300 m. 
Near the timberline, Picea orientalis 
forests and that of Betula medwedewii 
are distributed. The alpine meadows 
occur higber up. 

The oak forests are substituted by 
that of Carpinus caucasica and Casta
nea sati va on the northern slopes. Beech 
forests , situated higher up, form crook-

stem woods at the extreme altitudinal 
range of their distribution. 

The second variant of altitudinal 
zonation in West Georgia (Svaneti) is 
also of particular interest. Alnus barba
ta forests populate the lowland area (see 
fig . 3b). The leading species of these 
communities is -often accompanied by 
Carpinus caucasica and Matteuccia 
struthiopteris. At 600 m, beech forests 
begin to dominate; their undergrowth is 
represented by Rhododendronponticum. 
At about 1300 m s. m. , beech is usually 
accompanied by fir (Abies nordmannia
na). The subalpine belt is characterized 
by the dominating position of Acer trau
tvetteri growing together with Fagus 
orientalis. The herbaceous vegetation is 
also characteristic of this belt. It should 
be noted that in several gorges the lower 
part of the subalpine belt is occupied by 
crook-stem beech forests , while the up
per part is dominated by decumbent 
beech forests and Rhododendron scrub. 
On the southern slopes, lowland forests 
are substituted by those of oak, which 
are replaced by fir -spruce forests at about 
1000 m; rocky habitats are covered by 
pine forests. Near the upper limit of 
forests , crook-stem beech forests occur. 
At 1850-2400 m, subalpine and alpine 
meadows appear. 

4. ON THE CLASSIFICATION AND 
NOMENCLATURE OF PLANT COM
MUNITIES 

I find it necessary to make the rea
der acquainted with the principles and 
methods of plant community classifica
tion, used to recognize syntaxa given in 
this book. 

In the former USSR, the main ap
proach to the classification of vegeta
tion units was based on the dominant 
species. The "Formation" (higher synta
xon) was defined by the dominant spe
cies in the layer. According to the for
mer Soviet authors, an association in
cludes plant communities with the same 
set of dominants in each layer (V ASlLEVI

CH, 1985). Communities with the same 
dominant species in the main layer and 
ecological-biomorphologically similar 
co-dominants or dominants of secon
dary layers belong to groups of associa
tions . 

The above-mentioned principle of 
classification is known also as an ecolo
gical and physiognomical approach. The 
names of the syntaxa used in this book 
are constructed according to the below 
instructions. 

The names of associations may be 
constructed in two ways. The simplest 
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way is the following: the association is 
named after the names of the the domi
nant and the subdominant species of 
different layers connected by a hyphen 
(-) (e.g., "F estuca varia-Carex mein
shauseniana"). While regarding the as
sociation which consists of two domi
nant species in one layer, the names of 
such species are connected by the sign 
"+" (e.g. , "Bromopsis variegata + Agro
stis planifolia-Trifolium ambiguum"). 

As mentioned above, there is also a 
second way of construction of associa
tion names. Concerning the association 
where the dominant species is accompa
nied by the subdominant one, the name 
of the association should be constructed 
in the following way: the genus name of 
the dominant taxon is used with the 
suffix "-etum", followed by the genus 
name of the subdominant with the suffix 
"-osum" or "-etosum" (e.g. "Festucetum 
caricosum"). When the association con
sists of two dominants in the main layer, 
its name is constructed as follows : "Bro
meto-Agrostidetum trifoliosum". 

Names of groups of associations 
are constructed as follows: the genus 
name of the dominant taxa of the main 
layer has the suffix "-eta" followed by 
the genus name of the co-dominant or 
the dominant taxa of the secondary layer 
with the suffix "-osa" ("Fageta rhodo
dendrosa"). In the case of formation the 
genus name of the dominant is used with 
the suffix "eta". An example is "Fage
ta". If we are dealing with the formation 
dominated dy two or more taxa, a com
pound noun is constructed using the 
same suffix "eta" ("Pineto-Piceeta" , 
"Festuceto-Bothriochloeta"). 

Syntaxa with names constructed 
by the suffixes "-etum" or "-eta" men
tioned in the present book, in many 
cases bear no syntaxonomic meaning. 

5. THE VEGETATION OF SEMI-DE
SERTS', STEPPES AND ARID OPEN 
WOODLANDS 

Semi-desert and steppe vegetation, 
as well as arid light forests, are confined 
mainly to the intermountain part of East 
Georgia, namely to the Inner Kartli and 
the Lower Kartli Lowlands and the Iori 
plateau. 

These parts of Georgia enjoy a dry 
subtropical climate marked by cold win
ter and dry hot summer. The climate of 
lori plateau is more continental. The 

• According to some Caucasian botanists, the 
semi-deserts of Georgia are called "deserts". 
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mean annual temperature varies in inter
mountain area of East Georgia between 
9 and 13° C, the mean monthly tempera
ture in January between I and 4° C, in 
August between 20 and 25° C. Extreme 
minimum temperature falls to -20-25° 
C, and extreme maximum temperature 
amounts to 35-40° C. Annual precipita
tions range from 350 to 600 mm. 

In the area under review, the com
mon soil types are chestnut soils, cher
nozems and grey-brown soil s. 

5.1 Vegetation of Semi-Deserts and 
Steppes 

Though typical desert vegetation is 
not represented in Georgia, it is remarka
ble that some fragments of it, namely 
solontchaks, can be found in the eastern 
part of the country (Lower Kartli Low
land, Tbilisi environs, Inner Kartli , Me
skheti). GROSSHEIM (1948) points out 
that these fragments are predecessors of 
the semi-desert vegetation. The fol
lowing species belonging to these com
munities should be mentioned: 
Anabasis aphylla 
Salsola ericoides 
S. dendroides 
S. glauca 
Gamanthus pilosus 
Suaeda microphylla 
Petrosimonia brachiata 
Aellenia glauca 
Kalidium caspicum 

Edificators of this desert vegeta
tion are florogenetically connected with 
the Turan-Anterior Asian and Eastern 
Mediterranean floristical centres 
(SAKHOKlA, 1958). 

The presence of ephemers and ephe
meroids are characteristic for desert ve
getation, including: Poa bulbosa, Col
podiumhumile, Bromusjaponicus, Ere
mopyrum orientale, Alyssum deserto
rum, Helianthemum salicifolium, etc. 
The above mentioned plants should not 
be regarded as xerophytes because their 
short duration is connected with the ver
nal and autumnal vegetation period. In 
general, these plants are mostly of mesic 
nature. 

The above communities are cha
racterized by the presence of species of 
bryophytes (Tortula sp., Barbula sp.), 
lichens (Toninia caeruleonigricans, 
Collema tenax, etc.) and algae (species 
of Nostoc, etc.). 

Fragments of desert communities 
dominated by Nitraria schoeberi occur 
in Inner Kartli, Kakheti and Meskheti. 
Some variants of erosional-desert vege
tation are to be found in the lori plateau 
(Kakheti, East Georgia) (E. SOKHADZE & 
M. SOKHADZE, 1991). Vegetation is very 
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Fig. 2 - The regularities of vertical distribution of vegetation in the East Georgia. 
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Fig. 3 - The regularities of vertical distribution of vegetation in Colchis (a - Ajara, b - Svaneti). 
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poor on eroded slopes with washed soil 
cover and is manifested by individual 
species of Festuca sulcata, Stipa szovi
tsiana, Artemisiafragrans, etc. The fol
lowing species with flowering period in 
spring can be mentioned: Tulipa eichle
ri, Allium atroviolaceum, etc. 

Stipa szovitsiana, Astragalus xiphi
dium, Salsola nodulosa grow on the 
loess-like loams near the ravines and 
river beds, where the soil cover is abso
lutely denuded. 

From the viewpoint of many bota
nists wormwood (Artemisia fragrans) 
communities belong to desert vegeta
tion, while others regard them as semi
desert communities. They play a consi
derable part in landscape formation in 
East Georgia, namely on the lori plateau 
(Shiraki steppe and Eldari plain) and in 
Lower Kartli. 

The climate of lori plateau is dry 
subtropical, the dominating soil types 
here are grey-brown soils and cherno
zems. 

Artemisiafragrans is an edificator 
of wormwood communities. Besides the 
monodominant wormwood communi
ties, Artemis ieto-Salsoletum dendroides 
can also be found in this area. 

Wormwoodlsalt-wortcommunities 
are restricted to the clay-brown soils and 
chernozems. Floristically, these com
munities are very poor (they include just 
26 species, according (E. SOKHADZE & 
M. SOKHADZE, 1991). The dominating 
position is occupied by annuals and ephe
mers (Eremopyrum orientale, Lepidium 
vesicaria, etc.); in communities with the 
preponderance of Artemisia fragrans, 
Stizolophus coronopifolius is a common 
species. 

Artemisia fragrans-Caragana 
grandijlora communities occur in poor
ly populated alluvial and grey-brown 
soils. According to (E. SOKHADZE & M. 
SOKHADZE (1991), only 24-26 species 
participate in the formation of these com
munities. The following species, pecu
liar for this type of vegetation should be 
mentioned: Salsola ericoides, S. den
droides, etc. The commonest ephemers 
are Alopecurus myosuroides, Lepidium 
vesicarium. Examples of rare species 
are Spergularia diandra, Calendula per
sica, Tetradiclis tenella, Aizoon hispa
nicum. 

Wormwood communities are 
widely distributed in Eldari Plain, oc
cupying both flat and hilly locations on 
salty greyish~brown soils . Floristically, 
these communities are also poor (about 
30 species). Wormwood (Artemisiafra
grans) is characterized by wide ecologi
cal amplitude. The coenotypes of these 
communities are mainly ephemers, es-

pecially Poa bulbosa, Bromus japoni
cus, Rostraria glabrijlora, Medicago 
minima, Torularia contortuplicata. 

Bothriochloa-wormwood commu
nities require special attention. They are 
the commonest vegetation type in Eldari 
lowland, they occur on grey-brown, ske
leton and stony soils. The coverage is 
about 30-50%. Wormwood communi
ties in this area are replaced by Bothrio
chloa, due to the reduction of salt in 
washed out soils and increasing degres
sion of pastures. The flora of these com
munities comprises over 30 species with 
predominance of ephemers and ephe
meroids. Examples are Poa bulbosa, 
Trachynia distachya, Lappula echina
ta, Medicago minima, Velezia rigida, 
etc. (E. SOKHADZE&M. SOKHADZE, 1991). 

Pure variants of wormwood com
munities are widely distributed in the 
Caucasus, namely Georgia, but there 
also occur intermediate types, mixed 
diffusely or completely with the varian
ts of saltwort deserts. 

Wormwood communities with 
ephemers are found in Gardabani di
strict (Lower Kartli). They are domina
ted by the following ephemers: Adonis 
aestivalis, Astragalus brachyceras, Ko
elpinia linearis, Medicago minima, Que
ria hispanica, etc. 

Communities with less desert-like 
nature are developed under more humid 
conditions and on rich soils (Iagluja, 
Lower Kartli). The leading species of 
wormwood in these communities is ac
companied by the following perennials: 
Salsola dendroides, Bothriochloa ischa
emum, Limonium meyeri, etc. The 
geophytes are represented by the spe
cies of Iris, Gagea, Tulipa. 

Wormwood is not used for fodder, 
but its ephemeral synusium is important 
as natural grassland. 

Steppe vegetation. Steppe vegetation 
largely contributes to the formation of 
foothill landscapes (300-700 m s. m.) of 
West Georgia. It belongs to the second 
altitudinal belt above the desert vegeta
ton zone. 

Present-day expansion of steppes 
is due to the anthropogenic influence on 
forests, arid light forests and even on 
secondary shrubwoods (SAKHOKIA, 
1958). 

The dominant species of steppe 
vegetation - Bothriochloa ischaemum
is a representative of the subtropical
tropical genus Bothriochloa widely di
stributed in both hemispheres (fig. 4). 
Many Georgian botanists are inclined to 
attribute Bothriochloa to semi-steppes. 
Typologically, they are very diverse. 
Among the commonest communities the 
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following can be mentioned: 
Glycyrrhizieto (G. glabra)-Bothrio
chloeta 
Bothriochloeta xeroherbosa 
Bothriochloeta ephemerosa 
Festuceta-Bothriochloeta 
Bothriochloeta pratoherbosa 
Stipeto-Bothriochloeta 

Bothriochloa communities mainly 
occur on chestnut soils and are rare on 
chernozems. 

Glycyrrhizieto-Bothriochloeta. These 
communities are mostly distributed in 
lowland areas (500-600 m s. m.). The 
above communities are rather rich flori
stically, e.g. in an area of 100 m2 the 
average number of species is 65 (E. 
SOKHADZE & M. SOKHADZE, 1991). Besi
des the edificator and sub-edificator, the 
following species should be mentioned: 
Koeleria cristata, Phleum phleoides, 
Medicago caerulea, Bromus japonicus, 
Trifolium campestre, Vicia angustifo
lia, Crucianella angustifolia, Arabidop
sis thaliana, Androsace elongata. 

Bothriochloa communities with 
xerophytes are restricted to slopes of 
eastern and western exposures; they oc
cur mainly on thin chestnut soils (600-
700 m s. m. ). The following herbs play 
an essential part in these communities: 
Teucrium chamaedrys, Galium verum, 
Picris strigosa, Scorzonera bieberstei
nii, Inula britannica, Aster ibericus, Sta
chys atherocalyx. Among F abaceae spe
cies a mention should be made of Ono
brychis kachetica, O. cyri, Astragalus 
brachycarpus. An example of the com
monest species is F estuca sulcata. 

The early vernal vegetation is do
minated by the following ephemers and 
ephemeroids: Arabidopsis thaliana, 
Anthemis candidissima, Crocus adamii, 
Merendera trigyna, Muscari caucasi
cum, Gagea commutata. These commu
nities include endemics of Georgia and 
Caucasus, such as: Polygala transcau
casica, Aster ibericus, Cephalaria me
dia, Thymus tijlisiensis, etc. The fol
lowing species are to be found in Glycyr
rhizieto-Bothriochloetum varioherbo
sum: 
Bothriochloa ischaemum 
Bromus japonicus 
Dactylis glomerata 
Festuca sulcata 
Koeleria gracilis 
Melica transsilvanica 
Phleum phleoides 
Stipa cap illata 
Trisetum pratense 
Carex bordzilowskii 
Glycyrrhiza glabra 
Medicago caerulea 
Trifolium arvense 
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Achillea nobilis 
T. campestre 
Allium pseudoflavum 
Vicia angustifolia 
Crepis marschallii 
V. hirsuta 
Bellevalia wilhelmsii 
V. tetrasperma 
Crucianella angustifolia 
Daucus carota 
Dianthus inamoenus 
Echinops sphaerocephalus 
Eryngium campestre 
Falcaria vulgaris 
Galium verum 
Gladiolus italicus 
Hieracium pilosella 
Linum corymbulosum 
Muscari caucasicum 
Ornithogalum ponticum 
Picris strigosa 
Polygala transcaucasica 
Potentilla recta 
Tragopogon graminifolium 
Rumex tuberosa 
T. tuberosus 
Turritis (Arabis) gLabra 
Phlomis pungens 
Xeranthemum squarrosum 
Ph. tuberosa 
Ranunculus illyricus 

BothriochloHa ephemerosa. These 
communities are confined to stony sou
thern slopes of chestnut soils. The fol
lowing ephemers can be mentioned: 
ALyssum campestre, CallipeLtis cuculla
ris, Sideritis montana, Meniocus Linifo
lius, Ziziphora capitata, Trigonella spi
cata. Examples of geophytes are lunG 
caucasica, Allium atroviolaceum, etc. 

The less xeric variants of Bothrio
chloa communities are BothriochLoeta 
pratoherbosa, which populate depres
sions and dells with chernozem-like soi
ls. Besides the leading species of Bothrio
chloa, the following plants can be found: 
Agropyroncristatum, A. pectinatum, Ely
trigia (Agropyron) repens var. glauce
scens. 

Festuceto-Bothriochloeta. These 
communities are restricted to the slopes 
of hills. Associate of BothriochLoa is 
Festuca sulcata. Fragments of these 
communities have remained only in 
Lower Kartli (Iagluja). 

Stipa-Bothriochloa coenoses are 
also found in the above-mentioned area; 
they are restricted to the northern moun
tain slopes, ridges, stony habitats. Most 
of the soils in these areas are grey
brown, thin, skeleton and saltless. 

The leading species of these com
munities are accompanied by shrubs like 
Paliurus spina-christi, Rhamnus palla
sii, etc. Herbs are represented by steppe 

Fig. 4 - Paliureto-Bothriochloeta in the environs of Tbilisi (Photo Ketzkhoveli). 

elements. Examples areStipa spp., Ono
brychis spp., Phleum phleoides. The 
number of ephemeroids is relatively 
small. The following list of species men
tions members of BothriochLoeta va
rioherbosa: 
Stipa lessingiana 
Bothriochloa ischaemum 
S. cap illata 
Festuca sulcata 
S. pulcherrima 
Koeleria macrantha 
Phleum phleoides 
Cleistogenes buLgarica 
Medicago coerulea 
Astragalus brachycarpus 
Inula germanica 
Stachys iberica 
Galium verum 
Thalictrum minus 
Leontodon asperrimum 
Filipendula vulgaris 
Thymus tijlisiensis 
Potentilla recta 
Picris strigosa 
Veronica multifida 
Pimpinella aromatica 
Bilacunaria caspia 
Tragopogon pusiLLus 
Seseli grandivittatum 
Campanula hohenackeri 
Cephalaria media 
Crucianella angustifolia 
Xeranthemum squarrosum 
Trigonella spicata 
Linum corymbulosum 
Bromus japonicus 
L. nodijlorum 

According to SAKHOKlA (1958), 
Bothriochloa communities and theiredi
ficators are closely related to savannas 
florogenetically, rhythmologicaUy and 

by the character of soding; though it is 
not the case, when the above communi
ties get compared with the typical Stipa 
steppes. This opinion is confirmed by 
the fact that Bothriochloa communities 
are combined with arid light forests, 
which, in the past, had zonal significan
ce in the Caucasus. The same author has 
proposed the term "savannoid vegeta
tion" for the complex of Bothriochloa 
communities and arid light forests. 

Typical steppe vegetation is illu
strated by the comunities of Stipa (S. 
tirsa, S. lessingiana, S. pulcherrima, S. 
capillata). Participation of the above 
communities in landscape formation is 
insignificant. Stipa communities are of 
secondary origin. They favour the areas 
which have previously been occupied by 
mesic mountain forests, shrubwoods and 
herbaceous vegetation. Very often in the 
ridges of mountain ranges, Bothriochloa 
steppe becomes replaced by the commu
nities of Stipa, including more xeric spe
cies, such as S. pulcherrima, S. less in
giana, S. pontica, and S. capillata. These 
communities are characterized by the 
presence of the following xeric species: 
Seseli grandivittatum, Teucrium chama
edrys, T. polium, Thymus tijlisiensis, 
Scorzonera eriosperma, Psephellus car
thalinicus, and Carex bordzilowskii. 

Stipa tirsa and its communities are 
confined to thick chemozems with a 
higher amount of moisture in soil. S. 
tirsa is known as a soding plant. Com
munities of S. tirsa are to be found in 
Gareji steppe. The associates of the do
minant Stipa are Glycyrrhiza glabra, 
Medicago caerulea, Koeleria cristata. 

Drier habitats are occupied by Stipa 
joannis and S. lessingiana. The plant 
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communities, which the above-mentio
ned species enter as the leading ones, do 
not include Stipa tirsa. Chernozems and 
grey-brown soils, mostly calcareous, are 
typical for this area. Slightly destroyed 
communities, restricted to the northern 
slopes, are characterized by the presen
ce of Dianthus subulosus, and Pyrethrum 
corymbosum; among other associates is 
Bothriochloa ischaemum. Under the in
fluence of intense animal grazing 
BothriochLoa becomes a co-edificator 
of the species of Stipa, whereas the com
munity gets floristically poorer. 

In rocky areas, such as the vicinity 
of David Gareja Church, the communi
ties are dominated by the species of 
BothriochLoa, Festuca, etc., whileStipa 
lessingiana is not found here (E. SOKHA
DZE & M. SOKHADZE, 1991). Forb step
pes (with Stipa tirsa) are rather rich in 
species; besides the representatives of 
Stipa, various forbs participate in the 
composition of this community. 

It should be pointed out, that moun
tain steppes are peculiar only for South 
Georgia. Their altitudinal distribution 
ranges from 1800 to 2500 m s. m. They 
occur on leached chernozems. Moun
tain steppes are represented by that of 
Festuca-Stipa and meadow steppes. 

Festuceto (F. suLcata)-Stipeta (S. 
capillaris ). These are developed on flat 
grounds and southern slopes. They are 
characterized by high presence of Dacty
lis gLomerata, Stipa tirsa, Phleum phle
oides, Trifolium alpestre, Medicago 
dzhavakhetica, etc. Geophytes are exem
plified by species of Gagea, Muscari, 
etc. 

Meadow steppes are si tuated on the 
northern slopes. Stipa tirsa is an edifica
tor of these communities. Tall dense 
herbage with a large amount of species 
is typical for this variant of steppes; a 
mention should be made of the high
presence of dicots (Betonica macran
tha, Aster ibericus, etc.). Besides, 
geophytes are well developed here. 

Difference of opinion has arisen 
upon the issue of a possible connexion 
between the northern plain steppes (Sou
th Russia) and those of the Transcauca
sian mountains. 

GROSSHEIM (1948) indicates that 
South Russian and Transcaucasian 
mountain steppes, being separated from 
each other nowadays, have formed an 
integral steppe massif in the past. The 
formation of the above massif was con
nected to the process of peneplainiza
tion of the Caucasus during more or less 
xerothermic periods. The uplifting of 
the Greater Caucasus caused separation 
of the steppe massif from its northern 
part; it has been preserved under more or 

less favourable conditions in mountai
nous areas. Probably, the above mentio
ned events account for the great floristic 
and phytocoenotic similarity between 
the steppes of South Russia and those of 
the Transcaucasian highlands. 

5.2 Arid Open Woodlands 

Xeric (arid) open woodlands fa
vour foothills and plains under the dry 
climatic conditions of East Georgia 
among steppe and desert vegetation. 
These communities are provided by the 
xerophytic woody plants on the back
ground of drought-resistant grass cover 
(fig. 5). 

The arboreal components of open 
woodlands or "light forests" (a term 
used by some Caucasian botanists) ne
ver make dense stands. In Georgia, these 
forests are well developed on the terri
tory between the Alazani and the Iori 
ri ver valleys, near the place Vashlovani, 
which holds an area of 5000 hectares. 

The following types of communi
ties of open woodland can be distin
guished: pistache-woodlands, juniper 
open woodlands, communities domina
ted by species of Pyrus and CeLtis. 

Pistacia mutica communities oc
cur on cinnamon-coloured and cherno
zem-like soils. These plant communi
ties belong to West-Iranian type. The 
undergrowth of these open woodlands is 
represented by the following shrubs: 
PaLiurus spina-christi, Rhamnus palla
sii, Cotinus coggygria, Cerasus incana, 
Lonicera iberica, Pyrus salicifoLia, 
Amygdalus georgica (fig. 6), A. nairica, 
Colutea orientalis, Caragana grandi
flora, Ephedraprocera, luniperusfoeti
dissima, Punica granatum, Rhus coria
ria. The ground layer is made of xe
rophytic species; it is rather rich in spe
cies (Bothriochloa ischaemum, Festuca 
suLcata, species of Stipa, etc.). One can 
distinguish within the pistache-wood
land the communities with: 
BothriochLoa, Stipa, Stipa-Salsola. 

It is also possible to find pure Pis ta
cia-woodlands and the pistache-wood
lands with the admixture of single trees 
and shrubs (Ulmus carpinifolia, Celtis 
caucasica, Pyrus salicifolia, etc.). 

Open woodland-communities of 
Pyrus saLicifoLia, P. georgica, etc. are 
formed by the xeric species of pear, 
which join the sections Xeropyrenia 
and Argyromalon. 

From the coenoic point of view, the 
commonest types of the above-mentio
ned woodlands are the communities with 
shrubs and steppe elements (KETSKHO
VELl, 1960). 

luniperus open woodlands occur 

The vegetation of Georgia (Caucasus) 

on mountainous areas, in the environs of 
Mtskheta, and on the steep northern slo
pes of scraped mountain ranges of 
Vashlovani. In both places, the edifica
tors of forests are luniperus foetidissi
ma (East-Mediterranean species) and 1. 
poLycarpos (species of Asia Anterior). 
In Vashlovani they are accompanied by 
Pistacia mutica (fig.7). 

Besides the above mentioned spe
cies, the Caucasian 1. obLonga and the 
East-Mediterranean 1. rufescens occur 
here as undergrowth. 

It should be noted, that Juniper open 
woodlands frequently substitute the post
forest vegetation. 

Open woodlands occur on grey
cinnamon soils. The climate in the area 
of their distribution varies between dry 
subtropical and warm temperate with 
not very hot summer season. The amount 
of annual precipitation is 550 mm in 
Vashlovani. In the environs of Mtskhe
ta, the climate is more warm temperate 
with hot summer and the amount of 
precipitation equals to 900 mm p. a. 
(SAKHOKlA, 1958). 

Open woodlands of Celtis caucasi
ca hold rather small areas. Usually, so
litary plants or groups of plants of Celtis 
caucasica can be found. 

Many Caucasian botanists regard 
open woodlands as savannas and savan
noid vegetation. GROSS HELM is of another 
opinion. To quote his words: "Savanna 
is a community of summer-dormant plan
ts, whereas open woodlands are cha
racterized by winter-dormant plants, to 
say nothing of the diverse floristic basis 
of these communities" (GROSSHEIM, 
1948: 68). Open woodland is an inde
pendent vegetational type; its analogue 
can be encountered in California, in the 
Cape Region, in Australia. We share the 
opinion of the Caucasian botanists, that 
arid open woodlands physiognomically 
and phytocoenologically are very simi
lar to those of savannas; thus, the term 
"savannoid vegetation" seems quite re
asonable in respect of these communi
ties. 

5.3 Hemixerophytic Shrubwoods 

Interzonal drought-resistant shru
bwoods occur almost in every mountain 
belt, except in the highlands. In the geo
botanical literature, different terms are 
applied to this type of vegetation, for 
example, "thorny shrubwoods", "shi
bliak", etc. 

Many authors consider the above 
communities to be analogues of the 
Mediterranean shibliak. This affinity 
confirmed by Rikli - an eminent specia
list of the Mediterranean vegetation. 
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About 25-30 species contribute to 
the formation of shibliak. Mediterra
nean shibliak consists of 13 species, 
including 5 edificators: Paliurus spina
christi, Berberis vulgaris, Cotinus cog
gygria, Punica granatum and Carpinus 
orientalis. 

Communities dominated by the 
Christ's thorn are the commonest ones 
in the area under review; a mention 
should be made of Paliureto-Bothrio
chloeta, Spiraeeto (S. hypericifolia)-Pa
liureta, as well as hemixerophytic mixed
shrub shibliak with Paliurus spina
christi, Crataegus orientalis, Lonicera 
iberica, etc. 

The most xeric variant of shibliak is 
confined to mother rocks and stony slo
pes (Rhamnus pallasii, Caragana gran
diflora, Atraphaxis spinosa, Ephedra 
procera). 

Within this certain area, the fol
lowing types of shibliak are distin
guished: 1) primary shibliak, restricted 
to slopes and steppe dell belts, as well as 
to beams, ancient detrital cones and 
naked rock outcrops; 2) the remnants of 
open woodland dominated by Pyrus and 
Pistacia; 3) secondary shibliak, the ori
gin of which is connected with the de
struction of forests (SAKHOKlA, 1958). 

In East Georgia, phrygana, the se
cond type ofhemixerophytic Mediterra
nean vegetation, is distributed. In order 
to outline the difference between the 
Caucasian phrygana and the true Medi
terranean one, many botanists define it 
by the term "phryganoid vegetation" 
(fig. 8). In the classical sense, phrygana 
is regarded as a community dominated 
by dwarf xeromorphic shrubs and su
bshrubs with an admixture oftherophytes 
and geophytes. In the Caucasus and par
ticularly in Georgia, it is often found 
among the xeric mountain vegetation. 

Among its coenological formations, 
the following should be noted: 
1) Tragacanthic communities, domina

ted by thorny Astragalus species 
(Astragalus caucasicus, A. microce
phalus, etc.) and species of Acantho
limon (A. lepturoides, etc.); 

2) tomillares, low shrub and semi-shrub 
formations with the dominance of 
Thymus tiflisiensis (and other species 
of Thymus), Salvia garedzhii, etc. 

6. FOREST VEGETATION OF GE
ORGIA 

Forest is the prevailing type of ve
getation in Georgia. The forest area 
makes up 36.7% of the country's total 
land area. 

Fig. 5 - Open woodlands in Vashlovani reservation (East Georgia). 

Fig. 6 - Thickets of Amygdalus georgica 
(Kakheti, East Georgia) (Photo Ketskhoveli). 

During the Holocene, when the cli- Fig. 7 - Pistacia mutica in Vashlovani reservation (East Georgia). 
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Fig. 8 - Phriganoid vegetation (Photo M. Sakhokia). 

matic conditions were similar to those of teris. Alnus forests with Buxus colchica 
nowadays, the entire territory of Geor
gia was occupied by forests. Very sur
prisingly, today beech (Faglls orienta
lis) occupies a dominating position, na
mely 51 % of the total forest area. The 
following species are further dominants 
of Georgian forests: Abies llordmannia
na (10% of the forest-coverage). Quer
cus iberica and other representatives of 
Quercus (3.3%), Picea orientalis (6.3%), 
Pinus kochiana (3.6%), Alnus barbata 
(3%), Castanea sativa (2.1 %), Betula 
lttwinowi and other Betllla species (ca. 
2%). Negligible areas are covered by 
Carpinus caucasica, Tilia begoniifolia. 
Acer platanoides, A. trautvetteri, Fraxi
nus excelsior, etc. (DoLuKHANov, 1989). 

As it was pointed out, the plains 
and mountain slopes in West Georgia 
are covered by forests from the very sea 
level, while lowland woods in the ea
stern part of the country are peculiar for 
riversides. At the same time, the plateau 
of lavakheti Upland (South Georgia) is 
absolutely devoid of forests. 

6.1 Lowland Hardwood Forests 

In the Caucasus, including Geor
gia, the lowland forests are spread on 
swamps, flood plains and in the lowlan
ds, where local inigatione conditions or 
groundwaters stimulate the development 
of forest vegetation (GROSSHEIM, 1948). 

Swamp forests occupy the Colchic 
Lowland with its mainly damp and po
orly drained soils. The leading species 
of this community is Alnus barbata. 
The above forests are f10ristically rather 
rich about 160 species can be found. The 
number of exclusive species is negligi-

are rather rare; near the upper range of 
distribution, Alnus forest with tall herbs 
(Telelda speciosa, H eracleul11 ponticum) 
is developed. Due to the extreme swam
py conditions, alder becomes dwarfed 
and provides large hillocks, on which 
the following plants are developed: Sl11i
lax excelsa (climbing on alder),Jris pselt
dacorus, Leucojlllll aestivwn, Oenanthe 
abchasica, etc. (KOLAKOWSKY, 1961). 

Riparian or flood forests are to be 
met on river banks in both woody and 
woodless regions. In riparian forests of 
East Georgia, as well as in Colchis, 
Pterocarya pterocarpa is a typical spe
cies. Besides, these communities are 
characterized by presence of Quercus 
pedunclll(flora (= Qu. longipes). Po-

The vegetation of Georgia (Caucasus) 

pulus alba, Elaeagnus angustifolia, Ta
marix ramosissima, T. hohenackeri, 
Hippophae rhamnoides, etc. 

Among the lianas climbing on the
se trees are the following: Vitis sylve
stris, Periploca graeca, Cynanchul11 
acutum, Solanum persicum, etc. 

Lowland forests are characteristic 
of Kakheti, the East Georgia district, 
where the annual precipitation amounts 
to 900 mm p. a. These forests are domi
nated by Quercus pedunculiflora with 
the admixture of Acer velutinum, Tilia 
caucasica, Fraxinus excelsior, Pyrus 
caucasica. Frequently occurring as un
derwood in these communities are: Cra
taegus pentagyna, Mespilus gennanica, 
etc. The following lianas are also pre
sent here: Hedera pastuchowii. H. helix, 
Vitis syivestris, Clematis vitalba, Smi
lax excelsa. According to Grossheim, 
these forests reflect the vegetation of the 
Hyrcanian territory which is the refuge 
area of Tertiary flora in the Caucasus. 

6.2 Lowland Coniferous Forests 

These communities are demonstra
ted by Pillus pityusa forests (fig. 9). 

The area of distribution of Pinus 
pityusa occupies almost the whole ea
stern coast of the Black Sea from Mus
sera (southwards from BichvintalPitsun
da cape) to Anapa (Ukraine). This relic 
species is closely related to the Mediter
ranean P. halepensis, to the Crimean P. 
stankevichi and to the east-Transcauca
sian P. eldarica. In Bichvinta it forms 
high-trunk pine forests, where almost all 
the trees are of the same age; this com
munity holds an area of200 hectares and 
is considered to be of secondary origin, 

ble; among them Matteuccia strllthiop- Fig. 9 - Pillll!> pitYlIsa in Abkhazeti (West Georgia) (Photo DolukhmlOl'J. 
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due to the elevation of the sea coast and 
the exposure of sandy-pebble deposites 
of Bichvinta cape. Undergrowth of this 
forest is illustrated by Cistus creticus, 
Ruscus pontic us, Rhododendron luteum 
and M espilus ge rmanica. The following 
types of these communities are to be 
distinguished: Pinus pityusa forest with 
Carpinus orientalis, mixed pine-broad
leaved forest, Pitsunda pine forests of 
coastal area, etc. (TuMAJANOV, 1980). 

A mention should be made of Pi
nus eldarica, which is confined to the 
Eilar-Ougi mountain range near the 
GeorgianlAzerbaijan frontier (fig. 10). 

The distribution range of Eldari 
pine includes the Mtkvari-Araxian de
sert and mountain-steppe province of 
the Afro-Asian desert region. The flori
stic complex of Eldari pine communi
ties is greatly influenced by paleogeo
graphical peculiarities of the present
day distribution area of Pinus eldarica. 
The associates of Eldari pine are the 
plants of arid open woodlands. 

6.3 Mountain Forests 

In the mountains of Georgia, within 
the forest belt, three sub-zones can be 
outlined: low mountain, mid-mountain 
and high-mountain (from 500 to 1900 m 
s. m.). Polydominance is one of the most 
striking features of mountain forests 
(except beech woods). Timberline to
day varies in altitude between 2200 and 
2750 m, but almost everywhere it has 
been lowered by man. In the western 
part of the Greater Caucasus the upper 
limit of woody vegetation is decreased 
to 350-400 m, whereas in central and 
eastern parts - to 500-600 m (fig. 11). 
The same situation is in the Minor Cau
casus. Due to the impact of anthropoge
nic factors, the forest vegetation of the 
Kazbegi region (eastern part of the Cen
tral Caucasus) has almost completely 
been destroyed. 

Below, we try to characterize the 
main formations of forest vegetation of 
Georgia. 

6.3.1 Beech Woods 

Beech woods of the Caucasus and 
particularly Georgia, are dominated by 
the ancient east Mediterranean species 
of the Oriental beech Fagus orientalis. 
Its distribution range comprises Moun
tainous Crimea, the Greater and Minor 
Caucasus, Pontian Mountains and the 
Caspian sector of Iran. 

The lower limit of beech forests 
ranges from sea level (CoJchis) to 1000 
m s. m., sometimes rising to 1200-1300 
m (under the most arid conditions). The 

Fig. 10 - Pinus eldarica (Eilar-Ougi, Azerbaijan) (Photo Nakhutsrishvi/i). 
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Fig. 11 - J"he upper limits of forests in several parts of the Caucasus (potential boundary 
above the dotted line, the present day boundary - lower the dotted line). 

upper limit varies in altitude between regime and the amount of winter preci-
1400 m and 2000-2200 m, and this is the pitation, protecting young beech trees 
most constant boundary of their altitudi- from frosts, while the lower boundary 
nal distribution, which usually depends depends on air humidity. Beech is the 
on the humidity of climate. This accoun- most shade-enduring plant among the 
ts for the fluctuations of the upper limit deciduous woody species of Georgia. 
of beech woods in different districts of One of the most characteristic spe-
Georgia. For instance, in moist CoJchis, cies of the beech woods is Carpinus 
the scope of distribution varies from sea caucasica. Underthe continental c1ima-
level to 2200-2380 m, whereas in the tic conditions, beech forests are repla-
eastern part of the country (Alazani ba- ced by hornbeamforestcommunities.ln 
sin) the lower limit of beech forests Colchis, Castanea sativa is a common 
comes to approximately 350-400 m. In associate of beech woods. Among the 
Trialeti mountains (southern Georgia) otherspeciesaccompaning Fagusorien-
beech woods appear at an altitude of talis are: Quercus iberica, Qu. mac ran-
800-900 m above sea level. thera, Fraxinus excelsior, Ulmus ellip-

According to DOLUKHANov (1989), tica, Acer platanoides, A. laetum, Tilia 
the upper limit of the vertical distribu- caucasica, T. cordata, Sorbus caucasi-
tion of beech depends on temperature gena, etc. Examples of species present 
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exclusively in Colchic beech forests are 
Vaccinium arctostaphylos, Viburnum 
orientale, Trachystemon orientale. All 
these species are the local endemics of 
Co1chis. Although in the majority of 
cases the dominant position in forests is 
occupied by beech, it frequently is a 
constituent of the formation of beech
fir, beech-chestnut and beech-spruce 
forest communities. 

In the mountains populated by co
niferous forests (1200-2000 m), beech 
woods have partially been extinct. Pure 
beech forests are not replaced by conife
rous woods. 

Beech woods occur on brown fo
rest acid soils (dry and fresh forest types) 
and brown forest pseudopodzols (moist 
types of forest). DOLUKHANOV (1989) 
differentiates two classes of associa
tions in the beech woods of Georgia: 
beech woods without a developed woo
dy undergrowth (underwood) and beech 
woods with Colchic woody under
growth. 

According to the above-mentioned 
author, the following groups of associa
tions belong to the first class, i. e. that 
lacking shrubby undergrowth (some 
groups are not included): 
1. FagetaJestucosa (Festuca drymeja) 
2. Fageta nuda 
3. Fageta dentariosa (Dentaria iberi

ca) 
4. Fageta asperulosa (Asperula odora

ta) 
5. Fageta pachyphragmosa (Pachy

phragmamacrophyllum)(fig. 10,11) 
6. Fageta rubosa (Rubus hirtus) 
7. Fageta trachystemosa (Trachystemon 

orientate) 

8. Fagetafilicosa (Dryopterisfilix-mas, 
D. pseudomas, etc.) 

9. Fageta luzulosa (Luzula sylvatica) 
Among beech woods with Co1chic 

woody undergrowth the following may 
be mentioned: 
1. Fageta rhododendrosa (Rhododen

dron ponticum, Rh. ungernii) 
2. Fageta laurocerasosa (Laurocerasus 

officinalis) 
3. Fageta ilicitosa (/lex colchica) 
4. Fageta ruscosa (Ruscus colchicus) 
5. Fagetamagnovacciniosa(Vaccinium 

arctostaphylos) 
6. Fageta azaleoza (Rhododendron lu

teum) 
7. Fageta viburnosa (Viburnum orien

tale) 
Below, we have attempted to give a 

brief description of some association 
groups of beech woods which is based 
on the results of investigations carried 
out by DOLUKHANOV (1989). 

Fageta festucosa. These communities 
are widely distributed in East Georgia at 
1100-1750 m above sea level. In the 
western part of the country they are 
replaced by fir and spruce forests and are 
a rare phenomenon here. Carpinus cau
casica is frequently presented in the first 
stratum along with the leading species 
of beech. These communities prefer re
lati vel y dry climatic condi tions and good 
lighting. At comparatively higher altitu
des, the above-mentioned forests are 
restricted to the slopes of southern expo
sure (fig. 12). 

Fageta nuda. Bare-floor beech woods 
are confined chiefly to the mountain" of 

The vegetation oJGeorgia (Caucasus) 

the Greater Caucasus. They are poorly 
represented in Co1chis. Bare-floor bee
ch woods lack shrubby undergrowth, 
but at the same time not a single herb is 
present in the undergrowth. These fore
sts are distributed at an altitude varying 
from 500-600 to 1200 m, only rarely at 
1400 m s. m. The fact that Transcauca
sian bare-floor beech forests are distri
buted mostly in Georgia is of particular 
interest. They are restricted to the slopes 
of northern exposure. Bare-floor beech 
forest in Georgia occur on the soils cha
racterized by poorly developed horizon 
of humus and belong to the sUbtype of 
brown forest pseudopodzolic soils with 
a strongly pronounced process of pseu
dopodzoliation (DOLUKHANOV & URU

SHADZE, 1968). The Colchic variant of 
F ageta nuda reminds that of East Geor
gia (fig. 13). The main difference is in 
the presence of Vaccinium arcto
staphylos, Rhododendron luteum, /lex 
colchica, and Laurocerasus officinalis 
in the clearings of beech forests (althou
gh these species can rarely be found). 

The origin of bare-floor beech fore
sts is still under question. 

Fageta asperulosa is a corresponding 
association to the west European beech 
woods with the same species (Asperula 
odorata = Galium odoratum) in the her
baceous undergrowth. But these Cauca
sian and European beech forest commu
nities vary by their floristic composition 
and their process of succession; based 
on this difference, DOLUKHANOV is incli
ned to regard the Caucasian communi
ties as a separate group Fageta asperu
tns{/ ("{/I/('{/I' iul. The \\'oody undergrowth 

Fig. 12 - Fagelll Ie,l(ucusa ill LagmJeJ..hi Fig. J J - Fageta Iluda in Lagodekhi reservation (Ea~l Georgia). 
reservation (East Georgia) (Photo 
Dolukhanov). 
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is missing here except for a small amount 
of /lex colchica. 

Beech forests with Galium (Aspe
rula) odoratum are to be found in com
paratively moist habitats, on well-drai
ned brown forest soils. They are situated 
on the slopes of medium steepness of the 
northern exposure; their altitudinal di
stribution ranges from 1100 to ISSO m. 

Fageta pachyphragmosa. These com
munities require moist temperate condi
tions. The regeneration is rather high in 
these beech woods. The subdominant 
Pachyphragma macrophyllum belongs 
to an ancient, local endemic monotypic 
genus of Colchic stock. These beech 
woods are characterized by the admix
ture of such arboreal species as Acer 
velutinum, A. pseudoplatanus, Tilia be
goniifolia, Fraxinus excelsior, someti
mes Abies nordmanniana. Ulmus gla
bra Cv. elliptica) was an associate of 
beech until the second half of 20th cen
tury. The woody undergrowth consists 
of Sambucus nigra and Corylus avella
na, although the latter is often absent. 
The herbaceous field layer is well deve
loped. 

Typical forests of this group are 
met at the altitudes from SOO m to 1000-
1100 m. 

Fageta pachyphragmosa are well 
represented in Lagodekhi Reservation 
(East Georgia), where it is protected 
from destruction. The upper limit of 
such communities reaches 1820 m in the 
mountains of Upper Svaneti (DOLUKHA
NOV, 1989). 

Fageta rubosa. These forests are confi
ned to the middle parts of the forest belt; 
they are commonest among the moist 
beech woods of Georgia. These forests 
are characterized by a relatively high 
regeneration and dominance of Rubus 
hirtus (sect. Glandulosi) in the under
growth. In Georgia, the area of distribu
tion of Fageta rubosa comprises the 
southern slopes of the Greater Caucasus 
mountain system. The above communi
ties are less characteristic of the Minor 
Caucasus. Typical Fageta rubosa are 
met on northern slopes at 1100-1600 m. 

Fageta trachystemosa are characteri
stic for West Georgia. Trachystemon 
orientale is a relic species of Colchic 
stock. Under the moist climatic condi
tions it reveals a high synecological 
amplitude from the sea level up to the 
alpine zone (700-1200 m). In these fore
sts, Corylus and Sambucus nigra are 
solitary, and the semi-prostrate Vibur
num orientale, as well as other Colchic 
plants are to be found. 

Fageta filicosa. These commumtIes 
develop under moist conditions. One 
can find a stratum of large ferns, mani
fested by Dryopterisfilix-max, Athyrium 
filix-femina, Matteuccia struthiopteris, 
etc., in this type of forest. It must be 
stated that natural regeneration is sup
pressed in the above-mentioned com
munities. Beech woods with ferns are 
widely distributed in West Georgia, 
whereas in the east of the country under 
relatively dry conditions, these forests 
are restricted to the upper parts of the 
forest belt. The floristic diversity is the 
most striking feature of beech forests 
with ferns (fig. 14, ISa, ISb). 

Fageta luzulosa are typical only for 
upper parts of the forest belt of Svaneti 
(western part of the Greater Caucasus). 
Woody undergrowth consists of Vacci
nium arctostaphylos with rather abun
dant Laurocerasus ofjicinalis, Rhodo
dendron luteum, Viburnum orientale. 
Herbaceous vegetation is sufficiently 
developed. Beech forests with Colchic 
undergrowth are of considerable inte
rest because of to the absence of their 
analogues within the territory of West 
Eurasia. The Colchic undergrowth is 
rather dense and is constituted of semi
prostrate evergreen and partially deci
duous shrubs. Floristic composition of 
the above undergrowth is related floro
genetically to the relic complex of semi
prostrate plants, which represent subal
pine crook-stem forests ofColchis. The
se plants require wet climatic conditions 
and equal distribution of precipitation 
during the year. 

Fageta rhododendrosa unites two dif
ferent associations of beech woods with 
Rhododendronponticum and those with 
Rh. ungernii. 

The first association is one of the 
commonests in Colchis. It can be found 
almost everywhere in West Georgia, 
while in the eastern part of the country it 
is quite rare. Under the moist climatic 
conditions (in districts with the annual 
precipitation over 1400-2000 mm) it is 
distributed from the sea level to 19S0 
and even to 2100-2200 m. The most 
favourable conditions are provided at 
the altitude of 1000 to 1300-1S00 m 
above sea level. 

Beech forests with Rhododendron 
ungernii (Rh. ungernii is a relic local 
endemic of Colchis) are typical for di
stricts with a very high amount of preci
pitation (3000 mm p.a.). They are to be 
found at an altitude of 1200-2000 m. 
Under very moist climatic conditions 
they descend to 800, sometimes to 600 
ms. m. 

Fig. 1-1 - Fagl!lli slrlllhiopll!l'idu.1'l1. 

Fig. 15 - Mixed-broad-leaved forest in 
Lagodekhi reservation: A - with Dryopteris 
pseudo mas, B - with Hedera pastuchowii 
(Photo Dolukhanov). 
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Fageta laurocerasosa. These commu
nities extend from the sea level up to 
2250 m. Typical beech woods with Lau
rocerasus are distributed from 700 to 
2000 m. Their vertical distribution de
pends on the humidity of climate. Lau
rocerasus officinalis, Rhododendron 
ungernii, require winter precipitation to 
protect them from frost. Unlike Fageta 
rhododendrosa, beech forests with Lau
rocerasus are well developed on lime
stones, and under the moist climatic 
conditions they are situated on the sou
thern slopes with abundant sunlight. 
These communities occupy also some 
gorges of East Georgia. 

Fageta ilicitosa. These commumtles 
extend from 500 up to approximately 
2000 m, but they are most common from 
1000 up to 1800 m. They occupy a larger 
distribution range than beech woods with 
Rhododendron and they almost coinci
de with that of Fageta laurocerasosa. 
Beech woods with /lex are typical for 
Colchis, though in some localitiesthey 
penetrate into East Georgia. It must be 
noted~ that /lex colchica is more shade
enduring, than /lex aquifolium. 

Fageta magnovacciniosa comprises the 
most common associations of West Ge
orgia. In East Georgia these communi
ties are rare. In the west, they are very 
common from 900 up to 2150 m above 
sea level. They never grow below 500 
m. Vaccinium arctostaphylos is a relic 
endemic species of Colchis closely al
lied to the plants distributed nowadays 
in Japan and Maccaronesia (Madeira 
Island). That species is rather shade
enduring and is connected with beech 
woods. 

Typical beech-woods with Vacci
nium arctostaphylos can be found in the 
areas where precipitation amount does 
not exceed 1400-1500 mm p.a. 

Fageta azaleosa associations prefer both 
moist and relatively dry climate. On the 
mountains of West Georgia they extend 
from 800 up to 1500 m above sea level, 
in the areas with precipitation amount of 
1200-2000 mm p.a. Beech-woods with 
Rhododendron luteum of the upper part 
of forest belts extend to 1900 m. These 
beech-woods in East Georgia are situa
ted on prominent mountain slopes from 
1000 to 1700 m above sea level (Aragvi 
river basin, Upper Alazani and Iori ri
vers). 

Fageta viburnosa associations are cha
racterized by a narrow synecological 
distribution range. Viburnum orientale 
is a local endemic of Colchis; mainly, it 
forms undergrowth in beech-woods, but 
it can also be found in fir forests. Beech
woods with Viburnum orientale occupy 
moist ecotopes of Colchis, though they 
can also be met in East Georgia (Aragvi 
river basin and Upper Alazani). The 
above mentioned communities extend 
on the northern slopes of 900-1900 m 
above sea level. Typical beech-woods 
with Viburnum orientale are developed 
in a middle forest belt of West Georgia 
(1100-1600 m). These communities are 
peculiar for the presence of blackberry 
(Rubus hirtus group), as well as of He
dera colchica, Trachystemon orientale 
and Dentaria bulbifera. In the upper 
forest belt (above 1700 m) beech-woods 
with Viburnum orientale are spread only 
in West Georgia. 

Fig. 16 - Pinus kochiana forest in the high mountains of Tusheti (East Georgia) (Photo 
Shanshiashvili). 

The vegetation of Georgia (Caucasus) 

6.3.2 Dark Coniferous Forests 

In Georgia, 5-6% of the entire fo
rest area is occupied by coniferous fore
sts (forests dominated by spruce) (5,6%) 
and fir (10%). Excluding beech-woods, 
dark coniferous forests are most abun
dantly developed in Georgia. 

Fir forests are dominated by the 
Caucasian fir , Abies nordmanniana, 
whereas the Caucasian spruce, Picea 
orientalis, is a leading species in spruce 
forests. Caucasian fir (belonging to sect. 
Abies) is closely allied to Abies born
muelleriana, which inhabits northern 
Anatolia. Picea orientalis belongs to 
sect. Omorika; as a typical species of 
this section, P. omorika occurs on rocky 
limestones of South-West Serbia. 

In these forests, the dominant spe
cies of fIr and spruce are associated with 
oriental beech. Pinus kochiana is more 
frequent in spruce forests than in fIr 
communities (fIg. 16). 

Dark coniferous forests are widely 
distributed in Western Georgia and in 
the western part of East Georgia. These 
forests never form a continuous belt, 
though their development is connected 
with the definite altitudinal-climatic 
zone, which extends from 1000 m up to 
2000 m s. m. Dark coniferous forests 
represent the commonest type of vege
tation between 1400 and 1900 m. 

Dark coniferous forests of Georgia 
and of the Caucasus, in general, are quite 
different from those of the taiga. Some 
typical representatives of taiga vegeta
tion, such as larch, boreal species of 
spruce and fIr, though unavailable in the 
Caucasus, can be found in West Europe 
(DoLuKHANov, 1989). 

The distribution area of oriental 
beech covers that of Picea orientalis 
(fig. 17, 18) and Abies nordmanniana, 
while the distribution area of Caucasian 
fIr coincides with that of the Cuacasian 
spruce. However, due to the factor of 
moisture necessary for Abies nordman
niana, fir is missing in the most conti
nental parts of its area. In East Georgia 
spruce penetrates into the area of upper 
parts of the river Didi Liakhvi and ofthe 
Aragvi gorge (in the Greater Caucasus). 
Picea orientalis occupies northern slo
pes of the Minor Caucasus up to Tedza
mi basin; it is also scattered around the 
districts of Tbilisi (upper reaches of r. 
Vera) . In dark coniferous forests of East 
Georgia the role of spruce is reduced. 

AbieslPicea forests occur on cry
stalline schists and rocky soils. 

In fir dominated forests, Fagus 
orientalis is a common species. 

Although dark coniferous forests 
are very rich in endemic and relic spe-
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cies, no exclusive species is to be found 
here. 

Reduction of temperature during 
some of the Pleistocene periods promo
ted maximal development and wide di
stribution of dark coniferous forests. 
According to DOLuKHANov (1949), their 
further decline is due to fir and dark 
beetles. From the view point of Ko
LAKOWSKY (1961), this phenomenon is 
due to the natural process of substitution 
of dark coniferous forests in Co1chis by 
broad-leaved ones, namely beech woo
ds, caused by the changes of climate 
during the Quaternary. 

Floristic composition offir and be
ech forests seems identical; boreal ele
ments are more abundant in spruce fore
sts. 

DOLUKHANov specifies two classes 
of associations of these forests on the 
basis of their undergrowth. The first 
class of dark coniferous forests is devoid 
of any developed woody undergrowth 
and includes the following groups of 
associations: 
1) Piceeta orientalis maculato-muscosa 
2) Abieteta Jestucosa, Fageto-Abieteta 

Jestucosa. Piceeta-Abieteta Jesfuco
sa, Piceeta Jestucosa 

3) Piceeta sicca 
4) Abieteta lu:ulosa 
5) Piceeta nanoherbosa, Piceeta-Abie

teta nanoherbosa, Abieteta nanoher
bosa. Fageto-Abieteta trachystemo
sa 

6) F ageto-Abieteta Jilicosa 
7) Abieteta subalpina calamagrostido

sa 
8) Abieteta subalpina heteroherbosa 
9) Abieteta rariherbosa 

Dark coniferous forests with Col
chic undergrowth belong to the second 
class and include the following groups 
of associations: 
1) Piceeta rhododendrosa, Piceeta

Abiefeta rhododendrosa. Abieteta 
rhododendrosa, Fageto-Abieteta rho
dodendrosa 

2) Piceeta laurocerasosa, Piceeta-Abie
teta laurocerasosa. Abieteta lauro
cerasosa, Fageto-Abieteta lauroce
rasosa 

3) Piceeta ilicitosa, Piceeta-Abieteta ili
citosa, Abieteta ilicitosa, Fageto
Abieteta ilicitosa 

4) Piceeta-Abieteta magnovacciniosa. 
Abieteta magnol'acciniosa, Fageto
Abieteta magnovacciniosa 

5) Abieteta viburnosa, Fageto-Abieteta 
viburnosa 

Piceeta orientalis maculato-muscosa. 
Associations of this group are characte
ristic for spruce and pine forests. They 
extend from 1100 to 2100 m s. m. The 

Fig. 17 - Piei'll onelll({/t.1 in S\ aneti (We,t Georgial (P/tOIO Doll/hlll/l/o!'l. 

Fig. 18 - Derivative, uffir fure,h and groves ofRhododel/drVlllLlteLlII/ in Lechkhullli (West 
Georgia) (Photo Dolukhullov). 
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characteristic and constant species is 
Goodyera repens. Within well develo
ped bryophytes in these forests the fol
lowing may be mentioned: Hylocomium 
splendens, Pleurozium schreberi, etc. 
The appearence of these forests as well 
as thefloristic composition ofbryophytes 
is very similar to those of Eurasia boreal 
zone. Mossy spruce forests are well re
presented in the western part of East 
Georgia and in Colchis. 

Dark coniferous forests with F estuca. 
The predominance of Festuca drymeja 
in the herbaceous undergrowth is cha
racteristic for fIr, fIr-spruce and beech
fIr forests. The altitudinal distribution of 
these forests ranges from 900 to 2100 m. 
The above-mentioned communities are 
characterized by the presence of fol
lowing species: Dryopteris filix-mas, 
Oxalis acetosella, Sanicula europaea, 
Viola reichenbachiana. 

Piceeta sicca. These communities are 
spread only in East Georgia at 1000-
1500 m. They occur on poor skeletal 
soils of steep and sunny slopes. Picea 
orientalis is associated here with pine 
and Georgian oak (Quercus iberica). 
The ground layer is rather poor in spe
cies (Poanemoralis, Brachypodiumsyl
vaticum, Oxalis acetosella, etc.). 

Abieteta luzulosa (Luzula sylvatica). 
These forests are restricted to the moun
tains of Svaneti (West Georgia). They 
extend from 1600 to 2150 m. These 
communities populate almost all the slo
pes, though northern slopes are still more 
favourable for them. There is no woody 
undergrowth in these forests, although 
the ground layer is well developed. 

Dark coniferous forests with dwarf 
herbs. These associations prefer moist 
climatic conditions; they extend from 
1300 up to 2000 m nearly in all massifs 
of dark coniferous forests. The main 
components of these communities are 
dwarf herbs; grasses are rather poor in 
species. In East Georgia these CO.ffiffiU

nities are exemplified by spruce forests, 
in the west of the country, however, by 
fir, fir-spruce and beech-fir forests. 
Among the species characteristic for fir 
and spruce communities the following 
may be mentioned: Oxalis acetosella, 
Sanicula europaea, and Galium rotun
difolium. Frequently occurring as unde
rwood in spruce forests of West Georgia 
are Vacciniumarctostaphylosand Daph
ne pontica. 

Piceeta trachystemosa. These commu
nities occur chiefly in the mountains of 

northern Co1chis (900-1900 m s. m.) 
under slightly moist conditions. Fagus 
orientalis is a common associate of spru
ce in these forests; sometimes spruce is 
even replaced by beech. Underwood 
consists of scattered Vaccinium arcto
staphylos, Viburnum orientale, !lex col
chica, and Rhododendronponticum. The 
ground layer is characterized by the pre
vailance of Trachystemon orientale. 

Fageto-Abieteta fI]icicosa. These com
munities occupy almost all massifs offIr 
forests of West Georgia. They belong to 
the middle and upper parts of dark coni
ferous forest zone and are characterized 
by the presence of large ferns: Athyrium 
filix-femina, Dryopteris filix-mas, D. 
oreades, Oreopteris limbosperma, Mat
teuccia struthiopteris, etc. Natural rege
neration is not satisfactory (fIg. 19). 

Dark coniferous forests with Col
chic undergrowth are not as widely di
stributed as those of beech. As it was 
pointed out above, they occupy the 
mountains of West Georgia. 

A special attention should be paid 
to the series of dark coniferous forests 
with Rhododendron ponticum; spruce, 
fIr and beech are arboreal components 
of these communities. Rhododendron 
ponticum is more abundant in beech
spruce forests. Such forests can be ra
rely met in East Georgia. Dark conife
rous forests above 1900 m can be found 
only in the mountains with moist clima
te (DoLUKHANov, 1989). 

Natural regeneration is suppressed 
here. Dark coniferous forests with Lau
rocerasus are peculiar for the upper part 
of the dark coniferous forest belt. They 
are developed under moist climatic con
ditions, but, contrary to those with Rho
dodendron ponticum, they are restricted 
to the slopes of southern exposure; they 
also occur on limestones. Fir forests 
with Laurocerasus represent a very rare 
type of vegetation in East Georgia. 

Laurocerasus officinalis is less sha
de-resistant than Rhododendron ponti
cum. That is why it is not typical for 
dense fIr forests. In the underwood of 
dark coniferous forests, !lex colchica 
can be frequently observed with Lauro
cerasus; in many cases the above-men
tioned species occupies a' dominant po
sition and forms series of associations. 
Among these associations, restricted to 
the middle part of the forest zone (1200-
1700 m), special attention is paid to 
Picea forests with !lex and with Fagus
!lex. Vaccinium arctostaphylos and Ru
scus colchicus are rather rare in Geor
gia. V. arctostaphylos is very common 
in the second stratum of beech-fIr fore
sts from 1200 to 1900 m. The ground 

The vegetation of Georgia (Caucasus) 

vegetation is composed of Festuca dry
meja, Asperula (Galium) odorata, Oxa
lis acetosella, Dentaria bulbifera, etc. 

Associations of spruce-fir forests 
with Vaccinium arctostaphylos occur 
only in Svaneti . The less common group 
of associations is Piceeta viburnosa. 
These communities are confIned to se
veral parts of Svaneti and extreme we
stern parts of Trialeti Mts. (fIg. 20). 

6.4 Mixed Broad-Leaved Forests of 
Co1chis 

These forest communities belong 
to the Euxinian broad-leaved forests; 
they are restricted to Co1chis. Stands of 
these forests can be observed on the 
eastern slopes of the Ajara-Imeretian 
mountain range, in the north-western 
part of the Greater Caucasus, etc. Mixed 
forests of Co1chis are extended from 
approximately 200 m up to 1000-2000 
m, though in South Co1chis they almost 
approach the sea level. These forests 
occur on podzolized zheltozems, as well 
as on mountain forest brown soils and 
krasnozems. 

These forest communities are de
veloped under moist climatic conditions 
with precipitation amount of 2500 mm 
p. a. 

Mixed broad-leaved forests are very 
rich floristically; a considerable number 
of relic mesophytic species of the Cau
casus occur here. These forests mostly 
cover moist gorges with uniform air 
humidity all year long. High air humidi
ty of these gorges is caused by the pecu
liarities of atmospheric precipitation and 
moderate temperature regime, which 
keep the surface of the slopes cool. Owing 
to these favourable conditions, many 
representatives of the Tertiary flora con
tinue to exist in Co1chis. A vivid exam
ple of Tertiary relics is the poikilohydric 
fern, Hymenophyllum tunbridgense, re
stricted to one of the moist gorges of 
South Co1chis. Mixed broad-leaved fo
rests are characterized by the occurran
ce of 50 arboreal and 80 herbaceous 
species (KOLAKOWKY, 1961; SAKHOKJA, 
1980). Major forest-building species 
include: Old-Mediterranean Castanea 
sativa, Old-East-Mediterranean Fagus 
orientalis, Co1cho-Hyrcanian Zelkova 
carpinifolia, Co1chic Quercus imereti
na, Euxinian Qu. hartwissiana, south
Caucasian Qu. iberica and Minor Asia
Caucasian Carpinus caucasica. The ar
boreal associates of the above-mentio
ned species are COlchic-Hyrcanian Acer 
laetum and Pterocarya pterocarpa, Col
chic Ficus colchica and Salix alba sub
sp. micans, Caucasian Pyrus caucasica, 
Malus orientalis and Salix pantoseri-

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



BRAUN-BLANQUETIA, vo!. 15, 1999 

cea, as well as European Acer platanoi
des, Fraxinus excelsior, Taxus baccata, 
etc. Additionally, a mention should be 
made of TWa caucasica, Ulmus glabra, 
U. elliptica; Mediterranean-East-Asian 
Diospyros lotus, etc. Mediterranean 
Rhododendron ponticum, Ruscus ponti
cus, R. colchicus, Daphne pontica; Col
chic flex colchica, Rhododendron un
gernii, Epigaea gaultherioides and Bu
xus colchica frequently occur as under
growth in these communities. Among 
the deciduous plants of the Colchic un
dergrowth, relics occupy the dominant 
position; examples are Colchic Vacci
nium arctostaphylos, Staphylea colchi
ca, Viburnum orientale, Euonymus 
leiophloea, Hypericum xylosteifolium; 
Colchic-Caucasian Rubus caucasicus; 
Colchic-Hyrcanian Crataegus mi
crophylla, etc. 

The ground vegetation (field layer) 
is characterized by the presence of such 
ferns as Matteuccia struthiopteris. 
Athyrium filix-femina, etc. Epiphytic 
ferns are exemplified by Polypodium 
serratum. Moist rock crevices and stony 
sites are inhabited by Phyllitis scolopen
drium, Pteris cretica, etc. 

Lianes (vines), though typical for 
Colchis forests, never form thickets even 
in forest margins. The commonest lia
nas are: Hedera colchica and Dioscorea 
caucasica (both are Colchic endemics); 
Tamus communis and Periploca graeca 
(Mediterranean species); Smilax excel
sa and Clematis vitalba, etc. As indica
ted before, Colchic forests include epi
phytes. Epiphytic plants are manifested 
by lichens (Usnea bG/'bata), mosses 
(N eckeraceae represen tati ves) and ferns 
(fig. 20). 

Of the main plant communities 
Fag us- Castanea, Carpinus- Castanea, 
Carpinus-Fagus-Castanea and Alnus
Carpinus -Fagus-Castanea forests 
should be mentioned. Among these com
munities, forests dominated by five and 
more species can be observed. An exam
ple is the community where the domi
nant position is occupied by Castanea 
sativa, Fagus orientalis, Tilia caucasi
ca, Carpinus caucasica, Alnus bG/'bata 
and Taxus baccata. In the ground vege
tation (where developed) Brachypodiul11 
sylvaticum and the adventive grass Opli
smenus undulatifolius are dominants. 
They are associated with Cardamine 
impatiens and Oxalis corniculata. 

Quercus imeretina forests with 
Carpinus caucasica are spread on river 
terraces. 

It should be stated, that Colchic 
river gorges are characterized by a con
siderable amount of heterogeneity of 
natural conditions. Forest communities 
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I-i~ . 1<) Fillri'liL" L"ll lllpic.\c, \1 ilil prcuolllinanl'c ot" hl~11.1 oril'llIlIli.1 (S, <Incli. ~C'l 
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with Buxus colchica as undergrowth are 
typical for limestone regions, while in 
non-limestone areas forest undergrowth 
is composed of Rhododendron ponti
cum, Rh. ungernii, etc. 

According to KOLAKOWSKY, these 
moist gorges covered by protective hea
vy snow in winter, have prevented Ter
tiary flora remnants from destruction, 
which overwhelmed the similar vegeta
tion of exposed slopes. 

The term "Shkeriani" is usually 
applied to define thickets of evergreen 
shrubs and even creeping trees. GOUTSIN 
(1939) attributes this term to a whole 
complex of evergreen shrubs, including 
Epigaea gaultherioides, !lex colchica 
and also to deciduous Betula medwe
dewii, Quercus pontica, Vaccinium 
arctostaphylos, Viburnumorientale. Ac
cording to KOLAKOWSKY, "Shkeriani" 
should be referred to the formation of 
shrubs, developed below the forest ca
nopy and which now build up the second 
stratum. Mainly, the components of 
"Shkeriani" are the derivatives offorest 
vegetation, and such plants as Epigaea 
gaultherioides, !lex colchica, Betula 
medwedewii should be excluded from 
its composition. 

Destruction of Colchic forests in 
the lower part of the forest belt is the 
effect of man's agricultural activities; 
these areas, made subject to intensive 
farming, are manifested by the following 
cultivated plants: Citrus species, tea, 
tung tree, tobacco, maize, etc. 

These areas are populated by many 
adventive plants like Baccharis halimi
folia (North American), Paspalum pa
spaloides (pantropical), Andropogon 
virginicus, etc. 

6.5 Pine Forests 

Mountain pine forests of Georgia 
are dominated by Pinus kochiana which 
belongs to P. sylvestris group. The di
stribution area of P. kochiana comprises 
the Caucasus, Crimea and the northern 
Asia Minor up to the western part of the 
Pontic Mts. TUMAJANOV (1980) indica
tes that P. kochiana forests are to be 
found in all forest regions of moist tem
perate climate throughout the Euxinian 
phytogeographical province. 

Main massifs hold by the above
mentioned forests, are situated on the 
mountains of the Greater Caucasus. In 
Georgia, pine forests cover negligable 
areas. In the eastern part of the country, 
these forests are distributed over the 
Mtkvari (= Kura) river basin, eastwards 
from Tbilisi and in Tusheti. In West 
Georgia they usually occur on stony and 
rocky slopes, where they cannot be re-

placed either by dark coniferous woods 
or by broad-leaved forest communities 
(DOLUKHANOV, 1992). 

DOLUKHANOV (1992) noticed an in
teresting exception, specific for the pine 
forests of Georgia. In some parts of East 
Georgia, namely in the depth of Tushe
tis and Pirikitis Alazani river gorges, 
pine forests typical for stony and rocky 
slopes, also occur in habitats with a 
developed soil cover. These biotopes 
are favourable not only for pine but also 
for such forest-building trees as spruce 
and beech. Nevertheless, in the gorges, 
mentioned earlier, spruce and beech are 
absent and the climax communities of 
pine forests are formed instead. Do
lukhanov explains this phenomenon by 
the orographic and geographic isolation 
of these gorges. Due to historical circu
mstances, only pine has been preserved 
in these sites; it escaped being replaced 
by beech and spruce only because their 
seeds never got to this area. 

Mountain pine forests extend from 
700 up to about 2400 m a. s. 1. The most 
favourable conditions for pine forests 
are provided at an altitude of 1000-2200 
m. In several parts, pines have been 
recorded at 2500-2600 m (TuMAJANov, 
1980). 

P. kochiana grows on both limesto
ne and acid magmatic rocks. 

Following DOLUKHANOV (1992), the 
distribution of P. kochiana is controlled 
by phytogeographical conditions, while 
the influence of climate is less impor
tant. Occurrence of climax communities 
of pine forests on stony and rocky slopes 
accounts for their floristic composition, 
which is rich in endemic species. 

Within the pine forests of Georgia, 
the following groups can be outlined: 
climax communities of the above fore
sts and temporal-derivative pine forests. 

Pine is well known as a pioneer tree 
to occupy the naked stony substrata, 
morain and f1uvioglacial drifts. In Tran
scaucasia and particularly in Georgia, 
development of pine forests is subject to 
the impact of climatic fluctuations and 
activities of man (DOLUKHANOV, 1992). 

The climax pine forests of Tusheti 
are very diverse, despite the fact that 
they occupy a limited area. They occur 
on substrata different by the character of 
weathering, as well as by the peculiari
ties of the lithological composition of 
the rocks (TuMAJANOV, 1938; DOLUKHA
NOV, 1992). 

DOLUKHANOV (1992) differentiates 
the following categories of mountain 
pine forests: 
1) Caucasian mountain pine forests of 

relatively dry ecotopes; 
2) Caucasian mountain pine forests of 

The vegetation of Georgia (Caucasus) 

moderate-moist ecotopes; 
3) Caucasian mountain pine forests of 

swampy habitats; 
4) Caucasian mountain pine forests oc

curring on stony screes and rock stre
ams. 

6.5.1 Caucasian Mountain Pine Forests 
restricted to Rocky Slopes 

Mountain pine forests of relatively 
dry ecotopes can be found almost eve
rywhere within the distribution area of 
Pinus kochiana. They occur on skeletal 
and poorly-developed soils of promi
nent southward slopes. These pine fore
sts are characterized by rich and diverse 
ground vegetation. 

From the viewpoint of DOLUKHA
NOV, several groups of associations can 
be distinguished within this forest type. 
Our aim is to give a short description of 
some of them. 

Pine forests with sparse herbace
ous undergrowth are confined to promi
nent southern exposure. Availability of 
scattered herbs in the undergrowth is 
due to the washout of soils and destruc
tion of ground vegetation. Pine forests 
of dry habitats with xerophytic herbs in 
the undergrowth are usually the climax 
communities which occupy northern slo
pes of Trialeti Mts, Meskheti, etc. The 
second stratum of these forests consists 
of Quercus iberica (below 1500 m), Qu. 
macranthera (above 1500 m) and spe
cies of Acer. Species dominant in the 
herbaceous undergrowth include Carex 
buschiorum, Poa nemoralis, Brachypo
diumsylvaticum, Sesleriaanatolica, etc. 
Particular interest arise pine forests with 
tragacanthic species of Astragalus and 
those with Juniperus (1. oblonga, 1. he
misphaerica) as undergrowth, frequent 
at 1900-2000 m s. m. Northern slopes of 
Trialeti Mts. are inhabited by pine fore
sts with Chamaecytisus caucasicus, 
whereas those with Ch. hirsutissimus 
are restricted to mountainous Abkhaze
ti. In Ajara, the undergrowth of pine 
forests is dominated by Cistus salviifo
lius. 

It is pertinent to note that Caucasian 
mountain-steppe pine forests and moun
tain meadow-steppe P. kochiana com
munities belong to the above-mentio
ned ecological type; they participate in 
generating park-like landscapes on the 
background of mountain meadow-step
pe vegetation (usually in distant parts of 
the the lavakheti Upland plateau). The 
communities mentioned earlier are cha
racterized by rather dense ground vege
tation, extremely rich floristicaIly. The
se forests occur at the altitude between 
1700 and 2400 m. These communities 
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are also observed in Turkey. 
Caucasian mountain pine forests of 

moderatly moist ecotopes are characte
rized by the admixture of spruce, as well 
as Betula litwinowii, Abies nordman
niana, Sorbuscaucasigena, Fagusorien
talis, Fraxinus excelsior, etc. 

The undergrowth, though diverse, 
is poorly developed. 

According to TUMAJANOV (1938), 
the above-mentioned pine forests can be 
divided into the following series: 1) 
Hylocomiosa, including Pineta myrtil
losa, Pineta oxalidosa, Pineta vaccinio
sa, and 2) Compos ita with Pineta rho
dodendrosa, Pineta mixtofruticosa, Pi
netum azaleosum and Pinetum tiliosum 
communities. 

As indicated above, these pine fo
rests are examples of climax communi
ties. The series Hylocomiosa deserves 
special interest. These communities are 
domi nated by representati ves of the typi
cal Taiga florogenetical complex. They 
populate steep slopes of northern expo
sure. The above forests can only be 
found in Tusheti. 

Aside from these types of pine fore
sts, MAKHATADZE et alii (1987) outlines 
the following communities: Pinetum sic
cum, Pinetum cytisosum, Pinetum cala
magrostidosum, Pinetum prasinosum, 
etc. Oak-pine forests are attributed to a 
special group of forests; they are confi
ned to lower parts of the pine forest belt 
(in East Georgia they occur at 800-1100 
m. a. s.l., whereas in Ajara they descend 
to 300 m). 

6.6 Oak Forests 

From the coenotical and floristical 
points of view, the oak forests are among 
the richest forests of Georgia. Accor
ding to DOLUKHANOv (1992), in prehi
storic times, the area covered by oak 
trees was twice as large as it is today. 
These forests have also suffered from 
agricultural activities of man. 

Oak forests which escaped destruc
tion, are characterized by unsatisfactory 
regeneration and usually develope on 
poor soils . 

In Georgia, the most abundant oak 
forests are those dominated by Quercus 
iberica, which is closely related to the 
widespread European Qu. petraea. The 
distribution area of Qu. macranthera is 
more limited. Broad-leaved forests of 
Colchis are characterized by the admix
ture of Qu. hartwissiana. Alluvial plains 
of the valley of river Mtkvari (= Kura) 
are covered by Qu. pedunculijlora fore
sts; this species is very close to Qu. 
robur, in the lowlands of West Georgia 
this species becomes replaced by Qu. 

imeretina. Remnants of Qu. dschoro
chensis communities, which were widely 
distributed in the past, have survived in 
Ajara. The characteristic species of 
crook-stem forest is Qu. pontica an an
cient relic of the Colchic flora. This 
species can be found only within the 
creeping crook-stem forests. 

Forests of Georgian oak (Qu. iberica) 
The distribution area of these fore

sts involves almost the entire territory of 
Transcaucasia, Daghestan and partly 
Chechnya-Ingushetia. 

As it was pointed out, the south
Transcaucasian species Qu. iberica di
splays close taxonomical connections 
with Qu. petraea, though they are sepe
rated ecologically and phytosociologi
cally. 

Qu. iberica is typical for eastern 
and south-eastern semi-arid parts of 
Transcaucasia; although, it can be en
countered also in the Black Sea coastal 
area of Georgia. Even extreme condi
tions provided in the areas where the 
above oak forests come into contact 
with steppe and mountain-xerophytic 
vegetation, do not hinder their develop
ment. Qu. iberica forests extend from 
sea level up to 1500 and even 1800 m (in 
Svaneti). 

Being very sensitive to excessive 
soil moisture and bad drainage, Geor
gian oak avoids alluvial plains. 

Due to the fact that Georgian oak 
requires much light, in the areas favou
rable for the developement of beech
woods, populations of oak are replaced 
by more shade-enduring ones of beech. 

Unlike in Europe, in Georgia Fa
gus orientalis and Qu. iberica are never 
found to grow together. 

Of the arboreal components of Qu. 
iberica forests the following should be 
mentioned: Carpinus caucasica, C. 
orientalis, Acer laetum, Sorbus tormi
nalis, Zelkova carpinifolia. 

Depending on the degree of anthro
pogenic succession, derivatives of oak 
forests are illustrated by Carpinus cau
casica forests and shibliak vegetation 
consisting of Carpinus orientalis, Cor
nus mas, Cotinus coggyg ria, Swida (Cor
nus) australis, Crataegus pentagyna, 
Spiraea hypericifolia and Paliurus spi
na-christi. At the last stages, shibliak is 
substituted by Bothriochloa ischaemum. 
Very often, meadows occupy the areas 
once covered with oak forests. 

Taking into account that Qu. iberi
ca forests were replaced in many areas 
by beech-woods, dark coniferous fore
sts, etc., and that a considerable part of 
the above Quercus forests was destroyed 
by man, many associations of these fo-

rests have disappeared by now. Therefo
re, we assume that oak forests were well 
developed on the foothills and in the low 
mountain zone where competition 
between oak and beech, spruce, che
stnut trees, etc. was impossible (Do
LUKHANOY, 1992). 

Oak forests are very rich floristical
ly, owing to the illumination under the 
canopy and the heterogeneity of the phy
sico-geographical conditions within the 
distribution area of Georgian oak. Qu. 
iberica forests are confined to rocky 
sites which promote enrichment of their 
floristical composition. In limestone re
gions many local endemics penetrate 
into the undergrowth of these forests 
(DoLUKHANOY, 1992). 

DOLUKHANov specifies the fol
lowing variants (sub-formations) of Qu. 
iberica forest communities: 
1) mono dominant forests, 
2) Carpinus orientalis-Quercus iberica 

forests, 
3) Carpinus caucasica-Quercus iberica 

forests. 
Today Carpinus orientalis-Quer

cus iberica forests are confined to the 
lower parts of the forest belt and occupy 
the largest area. 

Carpinus caucasica-Quercus ibe
rica communities occur on fertile and 
moist soils at relatively high altitudes. 
Monodominant forest communities are 
represented by forests with well-deve
loped undergrowth as well as by those 
with no undergrowth. The same author 
specifies by convention the following 
ecologically different series within mo
nodominant oak forests: 
1) hemi-xerophytic, 
2) xero-mesophytic. 

Hemi-xerophytic oak forests deve
lop under the driest conditions, regar
ding forest vegetation. In prehistoric ti
mes, these forests were widely distribu
ted in semi-arid districts of East Geor
gia. Due to the impact of anthropogenic 
factors, these forests have always been 
subject to destruction. 

As to the forest maintainance and 
timbering, regeneration in the above
mentioned forests is unsatisfactory. 

Different associations of oak fore
sts include Quercetum iberici multifru
ticosum siccum and the communities of 
oak forests with Cotinus coggygria. 

It is suggested that in the past, oak 
forests included the following species as 
undergrowth: Spiraea hypericifolia, 
Pyracantha coccinea, Juniperus oblon
ga. Georgian oak forests with Sesleria 
anatolica and with Psoralea bituminosa 
are widespread in Abkhazeti. 

It should be pointed out, that 1beri
ca-Quercetumgenistosum can be obser-
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ved in east Transcaucasia (with Genista 
transcaucasica) as well as in Northern 
Colchis (G. kolakowski, G. abchasica). 

Xerophytic Qu. iberica forests 
without woody undergrowth are cha
racterized by presence of rich herbace
ous ground vegetation. Associations of 
these forests have been united by Do
LUKHANOV (1992) into the Iberica-Quer
ceta multiherbosa transcaucasica group. 
This group involves typical oak forests 
withforbs, Qu. ibericacommunities with 
various herbs and grasses, and Qu. ibe
rica forests with various herbs and sed
ges. 

Qu. iberica forests with various 
herbs are confined to river gorges of 
Pshavis Aragvi, Mtiuletis Aragvi, Guja
retis TskhaH and Nedzviskhevi; these 
forests extend from 830 up to 1460 m s. 
m. 

Of the arboreal components of the
se forests the following should be men
tioned: Carpinus orientalis, C. caucasi
ca, Sorbus torminalis, Acer laetum, Pi
cea orientalis, Abies nordmanniana, 
Chamaecytisus caucasica, Lonicera 
caucasica, and Mespilus germanica. 
Composition of the herbaceous under
growth includes: Clinopodium vulgare, 
Veronica peduncularis, Polygonatum 
glaberrimum, Campanula rapunculoi
des, Dactylis glomerata, etc. 

The commonest association of Qu. 
iberica forests with grasses is the one 
with various herbs and Brachypodium 
sylvaticum. 

Qu. iberica forest with various her
bs and Carex buschiorum is the typical 
representative of Georgian oak forests 
with sedges. 

The group of associations of oak 
forests with Epimedium chiefly occurs 
on seaside mountains of Abkhazeti. The 
presence of Epimedium colchicum and 
Hypericum xylosteifolium as constant 
species is typical for these communities. 
Dioscorea caucasica is a constant spe
cies of oak forests restricted to limesto
ne regions of West Georgia. The com
mon species include Sesleria anatolica, 
Trachystemon orientale, Ruscus ponti
cus, Carex transsilvanica, Dorycnium 
graecum. Less. common species are 
manifested by Iris colchica, Dianthus 
imereticus, Hypochaeris radiata, Pso
ralea bituminosa, Aristolochia steupii, 
A. iberica, Primula sibthorpi, Veronica 
peduncularis, Helleborus abchasicus, 
etc. These forests are inhibited by such 
Colchic shrubs as Rhododendron lu
teum, Rh. ponticum, Vaccinium arcto
staphylos. Undergrowth of the forests 
confined to the cape of Bichvinta (Pit
sunda) involves Erica arborea. Exam
ples of common lianas are Lonicera 

caprifolium and Smilax excelsa. Right 
at the seashores, Arbutus andrachne oc
curs as an arboreal component of oak 
forests. The following associations may 
be regarded as typical for the given 
group: Quercetumhypericoso-epimedio
sum, Quercetum ericosum, Quercetum 
dioscoreoso-epimediosum, Quercetum 
multiherbosum-ibericum. 

Qu. iberica forests with developed 
woody undergrowth are characterized 
by the presence of dense thickets of 
shrubs and sparse undergrowth. Thefol
lowing associations belong to the abo
ve-mentioned first type of oak forests: 
Querceta azaleosa (Rhododendron lu
teum), Querceta rhododendrosa (Rh. 
ponticum), Querceta staphyleosa 
(Staphylea colchica is caracteristic of 
West Georgia, whereas S. pinnata is of 
East Georgia). According to DOLUKHA
NOV (1992), the second type of these 
forests involve too many variants to 
make them subject for any classifica
tion. 

Qu. iberica forests with Carpinus 
orientalis. These communities are wide
spread in East Georgia. Under the driest 
conditions they extend from 600 to 1000 
m s. m. , while in humid districts of West 
Georgia from 350 up to 700-800 m. 
MAKHATADZE (1987) regards these fore
sts as the variants of complex oak fore
sts. At lower altitudes the above com
munities are restricted to northern slo
pes, whereas at higher altitudes to sou
thern ones. They can also be found in 
limestone regions of Abkhazeti and Sa
megrelo. In East Georgia they occur on 
different rocks. DOLUKHANOV (1992) di
stinguishes three main associations de
tectable in the oak forests with C. orien
talis: 
1) Carpineto-Quercetumxerocaricosum 

(Carex buschiorum) , 
2) Carpineto-Quercetum poosum (Poa 

nemoralis) , 
3) Carpineto-Quercetum brachypodio

sum (Brachypodium sylvaticum). 
The associations of oak forests with 

Epimedium are typical for West Geor
gia. In addition the following associa
tions should be mentioned: Carpineto
Querceta ruscosa (Ruscus colchicus), 
Carpineto-Querceta azaleosa (Rhodo
dendron luteum),Carpineto-Querceta 
cotinosa (Cotinus coggygria). 

Carpineto-Querceta sesleriosum 
(Sesleria anatolica) and Carpineto
Querceta xerobrachypodiosum (Bra
chypodium sylvaticum) favour the driest 
climatic conditions. 

Carpinus caucasica-Quercus iberica 
forests. These forests occupy transition 
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zones between oak forests and those of 
beech. The second stratum is composed 
of Carpinus caucasica, which is a sha
de-enduring tree. Very little informa
tion is available on the typology of the 
above-mentioned forests because of the 
poor state of remnants of the climax 
communities. DOLUKHANOV (1992) indi
cates that Carpinus-Quercus forests 
with Festuca drymeja are abundant in 
East Georgia. Examples of typical spe
cies of these forests are Cornus mas, 
Corylusavellana, Thelycrania(Comus) 
australis. Carpinus caucasica-Quercus 
iberica forests with Rhododendron lu
teum are common in West Georgia. 

Qu. macranthera forests. These forests 
are dominated by Qu. macranthera (sect. 
Macrantherae) which is known as high
land oak". The distribution area of these 
species comprises the eastern parts of 
the Greater Caucasus (including both 
northern and southern macroslopes), the 
Minor Caucasus and mountains of 
Talysh. It is also found in West Cauca
sus (Svaneti). Qu. macranthera forests 
are developed in north-eastern Turkey 
and in northern Iran (ELburz Mts.). . 

These forests are confined to rnid
mountain, high-mountain and subalpine 
zones; they are developed under relati
vely dry conditions at an altitude betwe
en 1450 and 2400 m s. m. (in some 
places at 2600-2700 m). The most fa
vourable conditions for Qu. macranthe
ra are provided at an altitude of 1450-
1600 m near the upper limit of its distri
bution. Due to the aggravation of the 
process of regeneration, caused by over
grazing and other factors, highland oak 
started to form open woodlands and 
even crook-stem forests (SAKHOKIA, 
1980; DOLUKHANOV, 1992). 

Qu. macranthera forests grow on 
mountain forest brown soils; close to 
timberLine they occur on mountain fo
rest-meadow brown soils and those of 
meadow-steppe. 

Qu. macrantheraforms both mixed 
and monodominant forests. Birch-oak 
open woodlands (Qu. macranthera is 
accompanied by Betula litwinowii) and 
those of Sorbus-Betula-Quercus (Sor
bus caucasigena) and Acer-Quercus 
(Acer trautvetteri) are developed in su
balpine and high-mountain belts. Con
stant species of these forests are manife
sted by Carpinus caucasica and Fraxi
nus excelsior; less characteristic species 
are Fagus orientalis, species of Tilia. 
Spiraea hypericifolia, Lonicera cauca
sica, Berberis iberica, Cotoneaster ra
cemijlora, etc. frequently occur as unde
rwood in these communities. 
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Common oak forests are those with: 
1) Forbs (Polygonatum verticillatum, 

Silene wallichiana, Chaerophyllum 
aureum, etc.) ; 

2) forbsandferns (Dryopterisfilix-mas); 
3) subalpine tall herbaceous vegetation 

(Senecio platyphylloides, Cephala
ria gigantea, Grossheimia macroce
phala, Telekia speciosa); 

4) Calamagrostisarundinacea, Phleum 
phleoides, Dactylis glomerata. 

Qu. macranthera forests with tall 
herbaceous vegetation are in contact with 
the vegetation of timberless volcanic 
uplands of South Georgia. Contact zo
nes are of dry and cold climate; oak 
forests developed here bear the following 
names: "oak forests with sheep's fescue 
[Festuca ovina group]", steppe oak fo
rests with forbs and grasses, oak forests 
with sedges (DOLUKHANOV, 1992). The 
herbaceous ground vegetation is exhibi
ted by the following species: Carex bu
schiorum, Festuca valesiaca, Achillea 
biserrata, etc. 

Monodominant forests of Qu. ma
cranthera occur exclusively on steep 
southward slopes with poor skeletal soil. 
On the more fertile and moist soils Qu. 
macranthera communities are replaced 
by horn beam-oak forests (DOLUKHANOV, 
1992). 

Qu. pedunculiflora forests. These fo
rests occupy river valleys. Qu. peduncu
lijlora (Qu. longipes) , closely allied to 
the European species Qu. robur, is an 
endemic species of Transcaucasia. It 
frequently occurs as arboreal compo
nent of oligo- and polydominant forests . 
Qu. pedunculijlora is often accompa
nied by Carpinus caucasica, and also by 
Ulmus carpinifolia, Acer campestre, A. 
platanoides, A. velutinum, Tilia begoni
ifolia, and sometimes by Fagus orienta
lis. Under moist conditions, Pterocarya 
pterocarpa appears as admixture to the
se forests. 

In past times the above forests co
vered vast areas in East Georgia, where
as today only few remnants of these, 
once luxuriant forests, can be found 
(DOLUKHANOV, 1992). Main massifs of 
these forests are situated in the valley of 
the river Alazani (Kakheti). 

The following lianas are typical for 
Qu. pedunculiflora forests: Smilax excel
sa, Periploca graeca, Clematis vitalba, 
Vitis vinifera and Hedera helix. 

Qu. imeretina forests. Quercus imere
tina, endemic species of West Georgia, 
is related to Qu. pedunculiflora. Distri
bution area of Qu. imeretina, which once 
was wel1 developed in West Georgia 
and occupied relatively dry areas on the 

right bank of river Rioni, has reduced 
under the impact of anthropogenic 
factors (cutting for timber, destruction 
of forests for arable land, etc.). 

Qu. imeretina forms both monodo
minant and mixed forests with Carpinus 
caucasica, Zelkova carpinifolia, Fraxi
nus excelsior, Pterocarya pterocarpa, 
Alnus barbata. DOLUKHANOV (1992) ou
tlines the following groups of Qu. ime
retina forest types of Georgia: 
1) Moist oak forests with Smilax excel

sa, 
2) fresh oak forests with Rhododendron 

luteum, 
3) dry oak forests with Carpinus orien

talis, 
4) dry oak forests with Ruscus colchi

cus, 
5) dry oak forests with Hypericum xylo

steifolium, 
6) dry oak forests with Zelkova carpini

folia. 

Qu. dschorochensis forests. Qu. dscho
rochensis forests are restricted to the 
south-western part of Ajara. Outside 
Georgia they occur in Chorokhi (Coruh) 
valley (Turkey). The remnants of these 
forests have survived only on sunny and 
dry rocky slopes (DOLUKHANOV, 1992). 

Qu. hartwissiana forests. Contrary to 
other Caucasian oaks, Qu. hartwissiana 
has never formed monodominant fore
sts. Today it participates in the forma
tion of oligo- and polydominant forests 
of West Transcaucasia; it frequently 
occurs as a characteristic component of 
mixed forests of Colchis. Qu. hartwis
siana grows on rich moist soils. It popu
lates foothills and low-mountain zone 
upto 1200m. The above-mentioned oak 
is often accompanied by Zelkova carpi
nifolia. 

6.7 Hornbeam Forests 

Carpinus caucasica is widely di
stributed throughout the Caucasus; it 
prefers fertile soils with good drainage. 

These thermophilous species ap
pear as dominants of the second stratum, 
forming hornbeam-beech and horn be
am-oak forests. C. caucasica is a usual 
component of polydominant forests. It 
should be underlined, that Caucasian 
hornbeam is adaptive to various condi
tions of biogeocoenotical environment 
(SHELYAG-SOSONKO, DIDUKH, 1980; Do
LUKHANOV, 1992). 

Hornbeam forests are very diverse 
phytosociologically. DOLUKHANOV di
stinguishes the fol1owing two classes in 
horn beam forests: C. caucasica forests 
with Colchic undergrowth and those 

without Colchic undergrowth. The first 
class involves the following communi
ties: 
1) C. caucasica forests with Poa angu

stifolia, 
2) C. caucasica forests with Festuca 

drymeia, 
3) C. caucasica forests with forbs , 
4) C. caucasica forests with Trachyste

mon orientalis. 
Hornbeam forests with Colchic 

undergrowth are abundant in lower par
ts of the forest zone, where they are not 
replaced by beech-woods and dark coni
ferous forests (DOLUKHANOV, 1992). The 
above-mentioned forests include the 
following associations: 
1) C. caucasica forests with Rhododen

dron luteum, 
2) C. caucasica forests with Vaccinium 

arctostaphylos, 
3) C. caucasica forests with Rhododen

dron ponticum, 
4) C. caucasica forests with Laurocera

sus officinalis. 
Hornbeam communities with Rh. 

luteum are characteristic of West Geor
gia, though they can also be met in East 
Georgia (Kakheti and Aragvi river ba
sin). 

C. caucasica forests with Vacci
nium arctostaphylos occur in West Ge
orgia (Abkhazeti, Upper Svaneti, Guria, 
fig. 52) between 900 and 1750 m, whe
reas those with Rh. ponticum are re
stricted to northern slopes of the lower 
part of the forest zone of non-limestone 
regions of West Georgia; they extend 
from 100 up to 800 m. 

Hornbeam forests with Lauroce
rasus officinalis occupy steep stony nor
thern slopes of West Georgia at 300-800 
m. They occur on both calcareous and 
non-calcareous soils. 

6.8 Sweet-Chestnut Forests 

Castanea sativa forests are develo
ped in both West and East Georgia, but 
to the west of the country they occupy 
larger areas. In some localities pure stan
ds of C. sativa can be found, but mainly 
sweet-chestnut occurs as a component 
of oligodominant beech-sweetcchestnut 
and hornbeam-beech-sweet-chestnut 
forests . In prehistoric times, the distri
bution area of C. sativa noticeably exce
eded the present one. 

Sweet-chestnut forests are chiefly 
restricted to shady slops. In West Geor
gia they extend from 100 up to 900-1000 
m s. m.; approximately the absolute up
per limit of C. sativa is situated at 1400-
1450 m. In East Georgia (Kakhetis Ka
vkasioni) the lower limit of sweet-che
stnut forests is about 400-500 m, and the 
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upper 1350-1380 m (DOLUKHANOV, 

1992). C. sativa forests occur on yellow
brown soils (URUSHADZE, 1987). Thou
gh sweet-chestnut generally avoids cal
careous soils, it can be found on limesto
ne substratum in several localities in 
Georgia as well. 

The forests of C. sativa are made 
subject to cutting in many regions . Besi
des, the bad state of C. sativa popula
tions can be accounted by the impact of 
parasitic fungi. DOLUKHANOV (1992) con
siders that sweet-chestnut forests of 
Georgia still need to be adequately stu
died. He outlines the main association 
groups of C. sativa forests: 
1) Sweet-chestnut forests with Trachy

stemon orientalis; these communi
ties found in West Georgia, are repre
sented mostly by beech-sweet-che
stnut and hornbeam-beech-sweet
chestnut forests . 

2) C. sativa forests with ferns (Dryopte
ris filix-mas). These communities 
occupy stony localities. Here sweet
chestnut is accompanied by Alnus 
barbata, Ulmus carpinifolia, Acer la
etum, F agus orientalis, Carpinus cau
casica. 

3) C. sativa forests with forbs (Sanicula 
europaea, Galium (Asperula) odora
tum, Festuca montana, Paris incom
pleta, Polygonatum polyanthemum). 
These communities are typical for 
West Georgia. Hedera helix is a com
mon liana here. 

4) C. sativa forests with Rhododendron 
luteum. These communities are wide
spread in West Georgia. They oc
cupy several localities in mountai
nous Kakheti. 

5) C. sativa forests with Vaccinium 
arctostaphylos. These forests are 
abundant in Abkhazeti. Their arbore
al components are represented by 
Fag us 0 rientalis and rarely by Carpi
nus caucasica. 

6) C. sativa forests with Rhododendron 
ponticum. They are confined to the 
mountains of West Georgia. Sweet
chestnut is accompanied by beech 
and especially by hornbeam (Carpi
nus caucasica). Rh. ponticum exten
ds up to 3-4 m here (fig. 21). 

7) C. sativa forests with Laurocerasus 
officinalis. Contrary to the communi
ties with Rh. ponticum, these forests 
are rarely found. They are characteri
zed by the admixture of Rh. ponticum 
to the dense thickets of Laurocera
sus officinalis. These communities 
are confined to West Georgia. 

6.9 Forests with Zelkova carpinifolia 

Zelkova carpinifolia is a relic of the 
Arcto-Tertiary flora. The present-day 
distribution area of this species involves 
the refuges of Lenkoran (Azerbaijan) 
and Colchis; Z. carpinifolia sometimes 
occurs in Kakheti (East Georgia) and 
Karabakh (Armenia). 

Monodominant forests of Zelkova 
are rarely found; usually it forms mixed 
communities with oak species (Qu. ime
retina, Qu. iberica, Qu. hartwissiana, 
Carpinus caucasica and C. orientalis). 

In many areas in Transcaucasia the 
upper limit of Z. carpinifolia varies in 
altitudes between 1200 and 1700 m s. 
m., whereas in Georgia it lies at 750 m. 
In West Georgia, Zelkova is chiefly con
fined to plains; very often it is met in 
forest margins and exposed locations. In 
Kakheti Z. carpinifolia occupies all slo
pes, excluding northern ones. This spe
cies occurs on both thin and rich soils, 
but avoids saline soils. In West Georgia 
Zelkova forests grow on alluvial-skele
ton, sandy and clayey-sandy soils, whe
reas in Kakheti they are foUnd on both 
deep brown and thin skeletal soils. 

In West Georgia Zelkova-hornbe
am-oak forests are well preserved. To 

Fig. 21 - Castanea sativa forest with Rhododendron ponticum (Photo Dolukhanov). 

The vegetation of Georgia (Caucasus) 

the east of the country, Zelkova forests 
are represented by Z. carpinifolia-Car
pinus orientaliscommunities (SHARASHI

DZE,1967) 
According to SHARASHIDZE, in West 

Georgia, Z. carpinifolia participates in 
generating the following associations: 
Zelkoveto-Querceta (Qu. imeretina) 
hypericosa ( H. inodorum), 
Zelkoveto-Querceta ruscosa (R. colchi
cus), 
Zelkoveto-Querceta brachypodiosa 
(Brachypodium sylvaticum), 
Zelkoveto-Querceta rhododendrosa (Rh. 
luteum) , 
Zelkoveto-Quercetajuncosa (I. effusus), 
Zelkoveto-Quercetocarpinosa (c. orien
talis). 

The following associations are typi
cal for East Georgia: 
Paliureto (Paliurus spina-christii)
Zelkoveta astragalosa (A. brachy
carpus), 
Zelkoveto-Carpineta (c. caucasica), 
Zelkoveto-Crataegeta (c. pentagyna) 
geraniosa (G. palustre), 
luglandeto-Zelkovetaclinopodiosa (Ca
lamintha clinopodium). 

6.10 Forests with Yew (Taxus baccata) 

Taxus baccata was once widely 
spread in Georgia. Forests with conside
rable admixture of the yew are preser
ved in Batsara Reserve (East Georgia). 
It occupies fresh moist soils, developed 
on carboniferous rocks. Within the terri
tory of the reservation the yew extends 
from 900 up to 1350 m; in some loca
tions it is registered to have reached 
1500 m. In Colchis, the lower limit of T. 
baccata discends to the sea level, whe
reas in East Georgia the yew never co
mes down to 700 m. Below the dense 
canopy, T. baccata grows slowly and 
under the abundant sunlight it is cha
racterized by stag headedness (DOLUKHA

NOV, 1992). 

6.11 Forests with Buxus colchica 

B. colchica is closely related to B. 
sempervirens, which is widely distribu
ted throughout the southern sector of 
West Europe and Mediterranean. Buxus 
colchica is confined to West Georgia, 
especially to the limestone regions of 
Abkhazeti, Samegrelo, Racha-Lechkhu
mi. In East Georgia it has been cultiva
ted since pagan times. 

B. colchica extends from sea level 
up to 1300 m. It is an arboreal compo
nent of scattered forests of horn beam 
and other broad-leaved trees. Cochic 
box, highly valued for timber, undergo
es intensive cutting. 
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The flora of the forests with B. 
colchica which occupy limestone slo
pes is very rich in local endemics and 
Mediterranean species. These forests 
involve such constant species, as Ru
scus ponticus, Hedera helix, Asplenium 
adiantum-nigrum, Carex divulsa, C. 
transsilvanica, Cyclamen abchasicum, 
Veronica peduncularis and V. persica 
(DOLUKHANOV, 1992). 

6.12 Forests with Maples (Acer veluti
num and A. laetum) 

Acer velutinum is a typical repre
sentative of Hyrcanian (Azerbaijan) fo
rests. In Georgia it occurs only in the 
valley of river Alazani. The upper limit 
of A. velutinum amounts to 1000 m. A. 
laetum is confined to West Georgia and 
extends from sea level up to 1400-1600 
m (higher it is replaced by A. trautvette
ri). In East Georgia, A. laetum is re
stricted to moist mountain forests. Both 
maples occur in beech-woods and mixed 
forests. 

7. NEAR-TIMBERLINE-VEGETA
TION 

In the Caucasus and, particularly, 
in Georgia, the upper limit of forests is 
lowered (fig. 10). Straight-trunk forests 
of dense stands have definite climatic 
limits in their vertical distribution. Cli
mate above this upper boundary notice
ably varies: summer temperature falls 
with the increase of precipitation, slopes 
receive abundant solar radiation with 
the prevalence of ultraviolet refraction, 
etc. 

Low forests composed of the spe
cies of Abies, Pinus, Picea, Fagus occur 
on relatively dry and sunny slopes above 
the forest belt, whereas subalpine crook
stem forests (Betula litwinowii, Sorbus 
aucuparia) are developed under moist 
conditions. Low forests have become 
very thin, due to the fatal effect of even 
slight anthropogenic influence. Conti
nuous low forests, which have probably 
existed before, are unavailable in pre
sent-day Georgia. 

Main forest communities of Geor
gia which reached the subalpine belt, 
involve the forests of spruce, pine, bee
ch, fir and oak (Qu. macranthera). 

As it was pointed out, dark conife
rous forests extend to the altitude of 
2100-2200 m on prominent slopes. Ac
cording to DOLUKHANOV (1992), the up
per limit of pine forests does not surpass 
the level of the Il-Co -isotherms of the 
warmest month, and that of low forests: 
10.5 Co. Under moist climatic condi-

tions, the above-mentioned forests are 
rarely found at altitudes higher than 2150 
m, whereas in continental areas (Tu she
ti) they reach 2400 m s. m. (fig. 16). 

Crook-stem forests of Fagus orien
talis extend to 2300 m in some areas; at 
the same time vertical limits of these 
communities are located at 2350-2570 
m in the moist mountains of South Col
chis. It should be noted that beech does 
not occur under more continental condi
tions above 2200 m, and it never surpas
ses the level of ll-Co -isotherms of the 
warmest month. Vertical distribution of 
Quercus macranthera attract particular 
interest. Under dry climatic conditions 
Qu. macranthera occupies higher altitu
des, than in areas with moist climate. 
The upper limit of its vertical distribu
tion varies between 2100 and 2350 m. 

Betula litwinowii, closely related 
to B. pubescens, is one of the most 
characteristic and common species of 
subalpine crook -stem forests of the Cau
casus. Its upper distribution limit does 
not exceed the level of the 11-Co -isother
ms of August, while in the areas where 
it is unprotected by snow coat, the 9.5-
Co -isotherms. The common associate of 
the above-mentioned species is Sorbus 
aucuparia (fig. 23-26). 

The Colchic endemics Betula med
wedewii, B. megrelica and Quercus pon
tica are less frost-resistant, but they are 
well adapted to cold and moist subalpine 
summer. As components of crook-stem 
forests they reach 2300-2700 m, where
as under more continental conditions 
their upper limit is lower. DOLUKHANOV 
ascribes this dependence of upper limits 
on continentality of climate to the speci-

fic features of each species (fig. 22). 
Open woodlands, low forests and 

crook-stem forests are very diverse and 
floristically rich. In the subalpine belt 
these communities are restricted to pro
minent slopes; they are rarely found at 
altitudes higher than 2150 m. Fir and 
spruce forests lose their productivity 
with the increase of altitude. Under the 
impact of anthropogenic factors, pine 
forests and those of Quercus mac ran
thera have almost everywhere and quite 
irregularly retreated from their natural 
upper boundaries. 

The upper limit of straight-trunk 
beech forests is situated at about 2050-
2100 ill (rarely at higher altitudes). At 
altitudes higher than approximately 
2200-2300 m, beech forests are repre
sented by dwarf semi-creeping forma
tions; trees are pressed to the ground 
under the snow mass and lower parts of 
their trunks are rooted. The fact, that due 
to the increase of altitude, trunks of 
beech become dwarfed, arises special 
interest. Crook-stem forests of Fagus 
orientalis are characteristic of Colchis 
(fig. 23, 24). Several creeping, vegetati
ve-migratory representatives of under
growth (Vacciniumarctostaphylos, flex 
colchica, Laurocerasus officinalis, Ru
scus colchica, and rare Rhododendron 
ponticum) grow under the canopy of 
these above-mentioned forests. 

In the areas with less contrasting 
conditions, crook -stem forests of beech 
are in contact with Sorbus-Betula fore
sts as well as with thickets of such Col
chic endemics as Rhamnus imeretina, 
Corylus colchica, Sorbus subfusca, and 
the species of Salix distributed in high-

Fig. 22 - Subalpine crook-stem forest of Betula medwedewii (Bakhmaro, West Georgia) 
(Photo Dolukhanov). 
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Fig. 23 - SlIbaipinc c rook-stem forcst of beech (Bakhmaro. West Georgia ) (Pilo/O 
DO/llkilill/II\ ·I. 

Fig. 24 - SlIbaipine crook-stem forest of beech (Abkhazeti , West Georgia) (PhOTO 
Dolukhanov). 

lands. Low forests of F. orientalis, una
vailable today, might have existed befo
re. 

Crook-stem forests of Betula li
twinowii are the most typical communi
ties of subalpine belt. This endemic spe
cies of the Caucasus is closely related to 
B. pubescens. 

Under relatively continental clima
tic conditions, the lower limit of B. li
twinowii comes to approximately 2000 
m s. m. , and the upper boundary varies 
between 2400-2600 m. At the same time, 
B. litwinowii occurs also at lower altitu
des; it comes down by moraines, screes, 
rocky slopes, etc. Although B.litwinowii 

is a light consumer, it occupies the slo
pes of northern exposure to secure pro
tection by snow coverin winter (fig. 25). 

The specific feature of B. litwinowii 
low forests is that they occur exclusi vel y 
on dry mountains of East Georgia. To
day these communities are almost com
pletely destroyed. 

Crook-stem forests of B.litwinowii 
contrary to beech communities are ra
rely monodominant: the constant spe
cies of these communities is Sorbus au
cuparia. This species is represented in 
the Caucasus by the following two races 
(microspecies): S. caucasigena (in the 
Greater Caucasus) and S. boissieri (in 

The vegetation of Georgia (Caucasus) 

the Minor Caucasus). The distribution 
area of another Caucasian birch, B. rad
deana, includes Tusheti mountains and 
the upper parts of the rivers DidiLiakhvi, 
Aragvi and Tergi river basin. In Geor
gia, B. raddeana extends up to 225 m. In 
the lower sector of the subalpine belt B. 
I i twinowii is found along wi thAcer trau
rvetteri, Salix cap rea, Padus avium, etc. 
In Co1chis B. litwinowii is accompanied 
by Sorbus subfusca, Rhamnus imereti
na, Ribes biebersteinii, and Rubus bu
schii. 

Rhododendron caucasicum, an en
demic of the Caucasus, is a characteri
stic species of crook-stem forests of 
birch (fig. 26). 

It is specific that birch forests with 
Rhododendron are characterized by pre
sence of representatives of the flora of 
taiga. Examples are Huperzia selago, 
Lycopodium annotinum, L. clavatum, 
Diphasiastrum (Lycopodium) alpinum, 
Gymnocarpium dryopteris, Cystopteris 
montana, Listera cordata, Deschamp
sia (Avenella)flexuosa, Orthilia secun
da, PyroZa minor, Vaccinium vitis-ida
ea. Vaccinium myrtillus and Oxalis ace
fOsella are the exclusive species of these 
comm unities. Vaccinium u lig i nosum can 
be found , within the Caucasus, only in 
South Co1chis. 

Bryophytes growing in the above
mentioned forests , are very diverse and 
peculiar for coenotic variability. These 
communities are rather rich in species 
(over 600) (DOLUKHANOV, 1992). 

K VACHAKIDZE (1979) , outlines 15 
associations of birch forests situated on 
the southern slope of the Greater Cauca
sus. These associations may be united 
into the following 5 groups, such as: 
I) birch forests with evergreen under

growth, 
2) birch forests with summergreen un-

dergrowth, 
3) birch forests with tall herbs, 
4) birch forests with forbs , 
5) birch forests with grasses. 

West Georgia (especially South 
Colchis) is characterized by subalpine 
vegetation, which is unavailable in any 
other areas of West Eurasia (Ko
LAKOWSKY, 1980; DOLUKHANOV, 1992). 
Only creeping and semi-creeping woo
dy plants grow in this subalpine belt, and 
among them, there are light-demanding 
and shade-bearing trees. Light-deman
ders are exemplified by Betula medwe
dewii, B. megrelica, Quercus pontica, 
Rhamnus imeretina, Sorbus subfusca 
and Corylus colchica (fig. 27, 28). 

Crook-stem forests of Quercus 
pontica and Betula medwedewii emerge 
from under the snow cover only in June. 
Vegetative reproduction is typical for 
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these species (DOLUKHANOV, 1956, 1992). 
The following shade-enduring 

plants frequently occur as underwood in 
the creeping crook-stem forests: Rhodo
dendron ponticum, Laurocerasus offici
nalis, Ruscus colchicus, !lex colchica. 

At present, relatives of the species 
forming crook-stem forests and Colchic 
undergrowth have mainly survived in 
the mountains exposed to the summer 
monsoon in eastern and south-eastern 
Asia, in the Appalachians of North 
America and on Maccaronesia. Thus, 
the Colchic refuge is isolated from the 
other centres of these floristic elements. 
This leads to the suggestion that the 
corresponding endemic species of the 
subalpine belt of Colchis belong to the 
relics of a rather remote past (DOLUKHA
NOV, 1956, 1966). 

8. HIGH-MOUNTAIN VEGETATION 

High-mountain vegetation (from 
the viewpoint of botany) comprises the 
area situated above the climatic limit of 
dense forests. They are characterized by 
specific environmental conditions: high 
solar radiation, high ratio of ultra-violet 
radiation, low temperature, intensive 
pressure of water vapour, etc. 

One of the most pronounced pecu
liarities of high-mountains is the diver
sity of habitats within even a very small 
area. 

Fig. 25 - SubaJpine crook-stem forest of Belli la lillrilloll'ii (Abkhazeti, West Georgia) 
(Photo Dolllkh({lIOI'). 

All the altitudinal belts characteri
stic of the Nemoral Zone of temperate 
climate are represented in the high
mountains of Georgia. The following 
altitudinal zones can be observed here: 
subalpine (from 1800-1900 up to 2400-
2500 m), alpine (from 2400-2500 up to 
2960-3000 m), subnival (from 2400- Fi~. 26 Rh"t/,,<iI'IIII/'t11/ ('(/11('/111<'1111/ (Ajara. WC,( Georgia I (Ph"!,, f)lIllIk/llllltl\ ·!. 

3000 up to 3600-3750 m) and nival 
(above 3700 m s. m.). 

The majority of Caucasian botani
sts regarded the high-mountain flora of 
the region to consist chiefly of the Bore
al and Arcto-Alpine elements, which 
penetrated into this area during the Plei
stocene; at the same time they presumed 
that only some high-mountain species 
were of autochthonous origin, geneti
cally close to those ofthe low-mountain 
zones. 

Later, it was stated that the most 
typical representati ves of the Caucasian 
high-mountain flora are of autochtho
nous origin (FEDOROV, 1952; KHARADZE, 
1960). According to these scholars, the 
high-mountain flora of today, being ba
sed on a Tertiary nucleus, developed 
during the Quaternary, in an autochtho
nous way. 

According to KHARADZE (1960), Fig . 27 - SubaJpine crook-stem forest of Quercus pOlllica (Ajara) (Pho/O Doluk/J(II101'). 
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high-mountain landscapes of the Cau
casus had been formed before the Plei
stocene. The above-mentioned scholar 
does not share the opinion that the origin 
of high-mountain flora of the Caucasus 
is connected with the Late Quaternary. 
The high-mountain flora of the Cauca
sus is composed of ancient mesic and 
xeric elements. 

In his analysis of the Caucasian 
endemism, GROSS HElM (1936) indicates 
that the area of the Greater Caucasus, 
where the "processing" of migrated bo
real and Anterior Asian elements took 
place, is of special significance. 

KHARADZE (1960) outlines the fol
lowing species which have penetrated to 
the Central Caucasus from Daghestan: 
Stipa daghestanica, Thymus daghesta
nicus, Heliotropiumstyligerum, etc. The 
same scholar suggests that the limestone 
mountain massifs of the North Caucasus 
participated in the formation of the pre
Pleistocene xerophytic flora. The exam
ple of such mountains is the limestone 
Rocky Mountain Range. Autochthonous 
hemixerophytic elements are well re
presented in the areas of the Central 
Caucasus from the mid-mountain zone 
to high-mountains. 

Among the distant relations of the 
Caucasian oreoxerophytic flora its con
nections with those of the Mediterra
nean and Anterior Asian should be men
tioned. Ancient connections with the 
Mediterranean flora have been found in 
the following genera: Astragalus, Ne
peta, Scabiosa, Symphyandra, Edraian
thus. The Late Pliocene is the period of 
the most ancient migrations from Ante-

rior Asia (= Asia Minor) to the Cauca
sus. Penetration of these elements into 
the Caucasus is attributed to the xeric 
periods of Pleistocene and also of Holo
cene (GROSSHEIM, 1936; KHARADZE, 
1960). 

Autochthonous oreoxerophytic spe
cies of the Caucasus reveal ancient con
nections with those of the Anterior Asian 
flora. Examples are Salvia canescens, 
S. daghestanica, Betonica nivea, spe
cies of Silene, Astragalus, Scutellaria, 
Ziziphora, etc. 

Members of the autochthonous 
high-mountain flora of the Caucasus are 
regarded as xerophytic elements of the 
humid flora of the same region (KHARA
DZE, 1960). 

According to KHARADZE (1960), 
there have been two stages of formation 
of the Caucasian high-mountain elemen
ts. First, in the Miocene-Pliocene, more 
thermophilous elements had been for
med, and after, in the Pliocene-Pleisto
cene the organisms fully changed in the 
direction of cryophytization. From the 
Upper Miocene to the Upper Pliocene, 
even the most elevated parts of the Gre
ater Caucasus were populated by the 
representatives of thermophilous flora. 

The most conservative palaeoen
demics of the Caucasian high-moun
tains have remained in the mid-moun
tains and peripheries of the mountain 
glaciations. In the Alps and Carpathians, 
as well as in the Caucasus, the extreme 
mountain ranges served as refuges for 
the pre-glacial ancient endemic flora 
(KHARADZE, 1960). Both progressi ve and 
conservati ve palaeoendemics can be 

Fig. 28 - Subalpine dwarf woody-shrub plant with many coumpound species (Abies 
Ilordmallnialla , Fagus orientalis, Betula litwinowii, Sorbus subfusca, Rhododendron 
caucasicum) (Photo Dolukhanov). 

The vegetation of Georgia (Caucasus) 

found in the Caucasian high-mountains. 
Conservative palaeoendemics are exem
plified by Sredinskya grandis, Campa
nula mirabilis, C. ossetica, Edraianthus 
owe rinianus, Symphyandra lezg ina. Pro
gressive palaeoendemics include such 
species, as Charesia akinfiewii, Petro
coma hoefftiana and Symphyandra pen
dula. 

Apart from the above-mentioned 
plants, high-mountains of the Caucasus 
are populated by the following species: 
1) endemo-vicariants of the Miocene

Pliocene differentiation (Gypsophila 
imbricata, Arabis sachokiana, Sca
biosa gumbetica, Campanula kole
natiana); 

2) endemo-vicariants with disjunctive 
distribution areas (Ranunculus hele
nae, Hypericum nummularioides); 

3) progressive palaeoendemics and hi
ghly specialized species of eu
cryophytic complexes (Pseudovesi
caria digitata, Trigonocaryum invo
luc ratum, P seudobetckea caucas ica) ; 

4) endemo-vicariants of the Upper Plio
cene differentiation (Ranunculus 
lojkae, Cerastiumundulatifolium, Ce
rastium kazbek, Senecio karjaginii). 

High-mountains of the Caucasus 
and Georgia in particular, display a gre
at variety of life forms, which can be 
accounted for by their evolution under 
different climatic conditions, relief dis
section, and also by the situation of the 
Caucasus at the junction of contrasting 
physico-geographical regions. Table 1 
represents the classification of life for
ms, formulated by LARcHER and N AKCHU
TSRISHVIU (unpublished data) . 

8.1 Subalpine Vegetation 

The subalpine belt invol ves the are
as which are situated above the dense 
forests up to the lower limit of the pre
vailing alpine grassland. Thus, the vege
tation of the subalpine belt includes not 
only shrubwoods but also thin crook
stem forests . The subalpine belt manife
sts remarkably high floristical and phyto
coenotical diversity, stimulated by the 
following relatively optimal climatic 
conditions: 
I ) low daily temperature variations; 
2) high air humidity; 
3) rich soils ; 
4) not so high (as in alpine and subnival 

belts) solar radiation. 
Due to the climatic conditions, the 

lower boundary of the subalpine belt 
varies in altitude between 2350 and 2500 
m. In eastern and partially in central 
parts of the Greater Caucasus the upper 
limit attains 2450-2500 m s. m. 

Subalpine vegetation is well deve-
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Table 1 - Life forms (in a broad sense) of the high-mountain plants. 

Morphological types: 
1) Woody plants: 
Straight-trunk-trees: Acer trautvetteri, Pinus kochiana, Quercus macranthera. 
Crook-stem forest trees: Betula litwinowii, Betula medwedewii, Quercus pontica. 
Shrubs: Rhododendron caucasicum, Juniperus hemisphaerica, Rhamnus depressa. 
Subshrubs: Artemisia splendens, Thymus nummilarius, Helianthemum buschii. 
Dwarf subshrubs: Daphne glomerata, Vaccinium myrtillus, Vaccinium vitis-idaea, Empetrum hermaphroditum. 
Prostrate shrubs: Salix kazbekensis, Juniperus sabina, Dryas caucasica. 
Cushion-shaped shrubs: Astragalus denudatus. 

2) Herbaceous plants: 
Plants with upright shoots - Centaurea cheiranthifolia, Aconitum nasutum, Campanula lactiflora (= Gadelia lactiflora). 
Rosette plants: Taraxacum stevenii, Chamaesciadium acaule, Plantago caucasica. 
Prostrate plants - Veronica minuta, Minuartia aizoides, Astragalus captiosus, Trigonocaryum involucratum. 
Megaphytes - Heracleum sosnowskyi, Telekia speciosa, Campanula lactiflora. 
Cushion-shaped plants - Minuartia inamoena, Saxifraga moschata, Draba bryoides. 
Creeping plants - Cuscuta epithymum, Convolvulus lineatus, Vicia grossheimii. 

Types based on relations of the perennating buds to the soil level: 
Phanerophytes: 
1) Macrophanerophytes: Acer trautvetteri, Sorbus caucasigena, Betula litwinowii, Quercus macranthera. 
2) Nanophanerophytes: Rhododendron caucasicum, Juniperus hemisphaerica, Rhamnus depressa. 
Chamaephytes: Vaccinium myrtillus, Daphne glomerata, Dryas caucasica 
Hemicryptophytes: Bromopsis variegata, Festuca varia, Betonica macrantha 
Cryptophytes (e.g. geophytes, hydrophytes): Fritillaria lutea, Lilium georgicum, Hippuris vulgaris. 
Therophytes: All species of Euphrasia, Rhinanthus minor, Gentianella caucasea, Lomatogonium carinthiacum. 

Phenorhythmotypes 
1) Evergreen plants: 
Continuously foliated plants: Rhododendron caucasicum, Daphne glomerata, Saxifragajuniperifolia 
Summer-winter-green plants: Festuca varia, Carex meinshauseniana, Alchemilla sericata 
2) Vernal-summer-green plants: Rhododendron luteum, Betonica macrantha, Aconitum nasutum, Geranium ibericum. 
3) Plants with short vegetative period: Fritillaria lutea, Galanthus caucasicus, Gagea glacialis. 

loped in the Caucasus, whereas in the 
Alps and Carpathians the typical subal
pine meadows and tall herbs are compa
ratively poorly represented; at the same 
time elfin woodlands become substitu
ted by low grass meadows. 

Some botanists regard the subalpi
ne belt as a part of the alpine zone. In the 
19th and the beginning of the 20th cen
turies, subalpine meadows were consi
dered to be of secondary origin. 

Later it was stated, that the above
mentioned meadows are examples of 
climax communities. 

In treeless areas of South Georgian 
Upland, mountain steppes compete with 
alpine meadows. It is evident that the 
subalpine belt is not represented in these 
regions. 

The following types of vegetation 
are well developed in the subalpine belt 
of the Caucasus and Georgia, in particu
lar: 
1) crook-stem forests (see ch. 6); 
2) elfin woodlands (see ch. 6); 
3) subalpine tall herbaceous vegetation; 

4) subalpine meadows. 
In several regions of Georgia, su

balpine the belt is characterized by the 
occurrence of oreoxerophytic vegeta
tion, as well as meadow steppes and 
steppes. 

8.1.1 Subalpine Tall Herbaceous Vege
tation 

Unlike many other mountain sy
stems (Alps, Rocky Mts, Pamir, Hima
lay a, etc.), tall herbaceous vegetation is 
well represented in the subalpine belt of 
the Caucasus. Here it is confined to the 
lower part of the subalpine zone. Tall 
herbaceous vegetation is developed un
der the following favourable environ
mental conditions: 
a) optimal air and soil temperature; 
b) negligible daily fluctuations of tem-

perature; 
c) high air humidity; 
d) solar radiation; 
e) rich soils, etc. 

Tall herbaceous vegetation is com-

posed of tall (3-4 m) herbs, chiefly di
cots. They are characterized by rosette
less shoots, short top roots and rhizo
mes. Stratification is not pronounced 
within the tall herbaceous communities. 
According to GAGNIDZE (1974, 1977), 
the total number of species occurring in 
subalpine tall herbaceous vegetation 
amounts to 90, while their floro-coeno
tic complex includes only 70 species 
(table 2). A turning point in the compo
sition of the floral-coenotic complex of 
tall herbaceous vegetation has commen
ced as early as Middle Pliocene. During 
subsequent periods, areas with tall her
baceous vegetation underwent reduc
tion and even lost some individual com
ponents. According to GAGNIDZE, regu
larities of the present-day altitudinal di
stribution of the components of tall her
baceous vegetation of the Caucasus and 
the final formation of the corresponding 
floro-coenotical complex 'are related to 
the Pleistocene and Holocene (fig. 29a, 
29b; 30a). 

DOLUKHANov et alii (1946) indica-
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Fig. 29a - SubaJpine tall herbaceous 
vegetation (Heracleumsosnowskyi, Kazbegi , 
2200 m). 

Fig. 2CJh - C;(/(Idi({ I({('{itlom (SI aIlL' li. Wc, l 
GC(lr~ia) (PI/II{(I f)ol"I..//{{1I01 '), 

Fig. 30a - Litilllll IIwlladelphum (Ennani , 
East Georgia) (Ph.oto Dolukh.anov) . 

The vegetation of Georgia (Caucasus) 

Table 2 - Tall herbaceous vegetation (HochstaudenfIur) (by GAGNlDZE, 1974). 

Aconitum nasutum 
A. orientale 
A. adzharica 
A. pachyptera 
A. tatianae 
Anthriscus nemo rosa 
Cephalaria gigantea 
C. procera 

Cicerbita bourgaei 
Campanula latifolia 

Chaerophyllum maculatum 

Cicerbita deltoidea 
C. macrophylla 
C. olgae 
C. petiolata 
C. prenanthoides 
Cirsium aggregatum 
C. albowianum 
C. buschianum 
C. czerkessicum 
C. gagnidzei 
C. hypoleucum 
C. kuznetsowianum 
C. oblongifolium 
C. svaneticum 
C. sychnosanthum 
Delphinium bracteosum 
D. buschianum 
D. dasycarpum 
D. dzavakhischvilii 
D. fedorovii 
D. flexuosum 
D. ironorum 
D. mari 
D. megalanthum 
D. osseticum 
D. prokhanovii 
D. pyramidatum 
D. speciosum 
D. tamarae 

te 3 groups of associations with the 
following leading species: 
I ) Heracleummantegazzianum, H. gros

sheimi, H. sosnowskyi , etc. (fig. 
30b); 

2) Senecio platyphyllus, lnula grandi
flora, etc.; 

3) Rumex alpinus, Senecio othonae, etc. 
According to P ANJUTIN (1934), the 

following associations are known from 
the north-western Colchis (Abkhazeti): 
1) Inuletum (lnula magnifica), 
2) Telekietum (Telekia speciosa), 
3) Aconitetum (Aconitum orientale), 
4) Cicerbitetum (Cicerbita burgaei, C. 

cacaliaefolia ), 
5) Symphytetum (Symphytumasperum), 

Doronicum macrophyllum 
Euphorbia macroceras 
Gadelia lactiflora 
Geranium kemulariae 
Grossheimia ossica 
Heracleum aconitifolium 
H. asperum 
H. circassicum 
H. colchicum 
H. cyclocarpum 
H. grossheimii 
H. mantegazzianum 
H. ponticum 
H. sosnowskyi 
H. trachyloma 
H. wilhelmsii 
lnula magnifica 
Knautia montana 
Ligusticum alatum 
L. arafoe 
L. physospermifolium 
Lilium armenum 
L. georgicum 
L. kesselringianum 
L. monadelphum 
L. szovitsianum 
Milium effusum 
M. schmidtianum 
Petasites albus 
Prenanthes abietina 
Pyrethrum microphyllum 
Senecio cladobotrys 
S.othonnae 
S. platyphylloides 
S. pojarkovae 
S. propinquus 
S. rhombifolius 
S. similiflorus 
S. subfloccosus 
Telekia speciosa 
Valeriana alliariifolia, 
V. colchica 
V. tiliifolia 
Veratrum lobelianum 
Xanthogalum purpurascens 

6) Heracleetum mantegazziani. 
The same author attributes Anthri

scetum and Campanuletum to interme
diate associations. Weedy tall herbace
ous vegetation should be divided into 
the following 7 associations, such as: 
1) Delphinietum pyramidati, 
2) Senecietum platyphylli, 
3) Senecietum chlorocomos, 
4) Cirsietum obvullati, 
5) Anthriscetum nemorosi, 
6) Heracleetum asperi, 
7) Pteridietum tauricumi. 

We distinguish 6 formations oftall 
herbaceous vegetation, as well as seve
ral groups and association classes, cha
racteristic of the subalpine belt of La go-
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characteristic feature of underground 
organs of subnival and nival is their 
shallow rooting (about 15-20 cm) which 
protects them from cold lower layers 
(opposi te data were obtained in the Alps 
(KbRNER, 1988). Even the longest un
derground organs at a certain level of 
depth (20-30 cm) begin to grow in hori
zontal direction (GAMTSEMLIDZE & 
NAKHUTSRlSHV1LI , 1984). 

8.3.5 Reproductive Buds 

Buds of herbaceous plants may be 
bare (without special bud scales), pro
tected (with spacial bud scales), and 
proleptic (with bud scales which in autu
mn begin to burst and new shoots leave 
their shells). 

According to GAMTSEMLIDZE 
(1979), in the subnival belt in sever 
winter conditions reproductive buds are 
covered by the residues of dead parts of 
plants and sheathes of dead leaves (Juri
nella subacaulis, Symphyoloma grave
olens). But sometimes they occur in the 
surface layer of soil (Lamium tomento
sum, Cerastium polymorphum) or deep 
in soil (Delphinium caucasicum). Pe
rennating buds of Saxifraga sibirica are 
covered by rosette-forming nodules 
which are partly in soil. 

Reproductive buds of such winter
green plants like Saxifraga exarata, S. 
ruprechtiana are protected by frame gre
en leaves. A bud covering of plants 
which have protected proleptic buds is 
formed by solid bud scales and dead old 
leaves (Scrophularia minima, Senecio 
karjaginii). 

It is characteristic that many subni
val plants have stipules fitted closely to 
the base of stem and protect reproducti
ve buds from damage (Alchemilla seri
cea). 

Along with these adaptations for 
safe wintering of subnival plants snow 
cover protection is very important for 
reproductive buds. According to the data 
the biggest group of investigated plants 
is with bare buds (40%), then the group 
with proleptic buds (35%) and the smal
lest group is with protected buds (25%). 

The point is, what determines such 
a great amount of plants with bare repro
ductive buds in the subnival belt. There 
are a number of opinions on this pro
blem. According to SEREBRIAKOV (1961; 
1992): "The absence of bud scales in 
arctic and alpine plants is connected 
with fact that their scales are remeta
morphosed into green assimilative lea
ves, which usually hibernate under the 
protection of a snow cover and partly 
under the protection of a cover of moss. 
One of the factors for the remetamor-

phosis of bud scales into green leaves in 
Tundra zone and high-mountain alpine 
belts was a considerable shortening of a 
vegetation period. Plants get an oppor
tunity to extend the period of photosyn
thetic activity through remetomorpho
sis". SA VILE (1972) explains unprotec
tion of reproductive buds with scales by 
the fact that hard scales hinder rapid 
spring development and hence, the plan
ts are unable to adapt to short arctic 
vegetation period. 

By the state of the next year shoot 
in reproductive buds at the end of the 
vegetation period, subnival plants could 
be divided into two groups: 1) plants 
with completely formed shoots in buds 
including not only vegetative organs but 
also inflorescenses and single flowers 
(fig. 42); 2) plants in the buds of which 
only the vegetative part of a shoot is 
formed, the inflorescence and flower 
germs appearing during the next vegeta
tion period. 

As much as 68 species out of 78 
investigated subnival plants (88 %) po
sess generative shoots in reproductive 
buds which are born in the year before 
flowering (group 1) and only 10 species 
in the year of flowering (group 2). 

According to the degree of flower 
development in reproductive buds the 
first group can be devided into 3 sub
groups: 
1) next year flowers of reproductive 

buds are completely formed: sepales, 
a corolla, stamens, a pistil are develo
ped (fig. 42) (Primula bayernii, 
Scrophularia minima); 

2) next year flowers of productive buds 
are formed incompletely: sepales, 
petales, stamens are developed com
pletely, the pistil is unformed (fig. 
43) (Saxifraga sibirica, Potentilla 
gelida, Alchemilla sericea, A. chlo
rosericea, Draba siliquosa, lurinel
la subacaufis); 

3) inflorescenses and flowers of repro
ductive buds are not differentiated or 
start defferentiating (fig. 44) (Sene
cio karjaginii, S. taraxacifolium, Tri
pleurospermum subnivale, Alopecu
rus glacialis, Delphinium caucasi
cum, Erigeron uniflorus). 

Profound studies of the subnival 
belt in the Tyrolean Alps (MosER, 1968; 
LARCHER, 1980; ZACHUBER, 1975), 
showed that flower differentiation in 
buds still continues except Cerastium 
uniflorum, in which flower emergence 
begins only 4-6 month prior to flowe
ring and their opening is different in 
various species. For instance this period 
lasts 11 months in Saxifraga oppositifo
fia, 12-18 months in Primula glutinosa 
and Saxifraga bryoides and 24-26 mon-
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Fig. 42 - Reproductive buds of Primula bayernii (I), 
Scrophularia minima (2), where next year flowers 
developed completely (GAMTSEMLIDZE, 1979). 
A-reproductive bud sectional view, B-flower complete 
differentation, I-perennating reproductive bud, 2-axillary 
vegetative bud , 3-vegetative shoot, 4-inflorescence, 
5petale, 6-sepale, 7-stamen, 8-pistil, 9-flower knobs, 
1 O-covering leaves. 
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Fig. 43 - Reproductive bud section of Alchemillasericea 
(1) and Potentilla gelida (2) where next year flowers 
developed incompletely. Designations are the same as in 
fig. 42. 

6 

3 

I 11 

Fig. 44 - Reproductive byd section Alopecurus glacialis 
(1) , Senecio taraxacifolius (2), S. kwjaginii (3), where 
inflorescences and flowers have no differentiation sigus 
ands only about to start differentiating. Designations are 
the same as in fig. 42. 
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Table 4 - Hordeeta in Kazbegi. 

Height (m s. m.) 1850 
Exposition S 
Slope (0) 5 
Cover (%) 100 

Hordeum violaceum 5 
Bromopsis riparia 2 
B. variegata 2 
Phleum pratense 2 
Ph. phleoides 1 
Agrostis planifolia 2 
A. tenuis 2 
Poa pratensis 4 

Festuca pratensis 3 
Koeleria gracilis 1 

Tragopogon reticulatus 2 
Rumex acetosa 1 
Trifolium ambiguum 3 
Myosotis alpestris 2 
Rhinanthus minor + 
Lotus caucasicus + 
Pastinaca armena 2 
Galium verum 1 
Vicia grossheimii 2 
Silene vulgaris 1 
Trifolium Jontanum 2 
Ranunculus elegans 2 
Seseli transcaucasica 4 
Myosotis sylvatica 2 
Cuscuta europaea + 
Anthriscus nemo rosa 3 
Alchemilla retinervis 2 
Veronica gentianoides 2 
Taraxacum confusum 2 
Potentilla recta + 
Draba hispida + 
Leontodon hispidus 2 
Pedicularis chroorryncha 2 
Carum carvi 2 
Euphrasia hirtella + 
Alchemilla sericata 1 
Verbascum blattaria + 
Campanula trautvetteri + 
Polygonum alpinum + 
Cerastium arvense + 
Vicia alpestris + 

Variegated fescue Festuca varia (F. 
woronowii) meadows occupy huge slo
pes of subalpine belt, where they form 
the first stage of succession. Under the 
influence of intensive grazing, Calama
grostis arundinacea communities beco
me replaced by those of variegated fe
scue, but after grazing is forbidden, de
mutation of Festuca coenoses can be 
observed. F. varia forms large bunches; 
interspaces are populated by grasses 
(Helictotrichonasiaticum, H. pubescens, 
Agrostis planifolia), sedges (Carex mein
shauseniana) and forbs (Betonica ma
crantha, Polygonum carneum, etc.) (ta
ble 5; 7). 

On wet slopes, Festuca communi-

The vegetation oJGeorgia (Caucasus) 

Table 5 - List of Festuca varia communities (by KIMERIDZE, 1965). 

Festuca varia + Calamagrostis arundinacea 
Festuca varia + Calamagrostis arundinacea + Agrostis planifolia 
Festuca varia + Calamagrostis arundinacea + Deschampsiajlexuosa 
Festuca varia + Poa iberica 
Festuca varia + Festuca rubra + Poa iberica 
Festuca varia + Festuca rubra + Calamagrostis arundinacea 
Festuca varia + Calamagrostis arundinacea + Festuca ovina 
Festuca varia + Poa iberica + Festuca ovina 
Festuca varia + Calamagrostis arundinacea + Bromopsis variegata 
Festuca varia + Festuca djimilensis + Calamagrostis arundinacea 
Festuca varia + Festuca djimilensis 
Festuca varia + Festuca rubra + Poa longifolia 
Festuca varia + Festuca rubra 
Festuca varia + Poa longifolia + Bromopsis variegata 
Festuca varia + Bromopsis variegata + Festuca ovina 
Festuca varia + Bromopsis variegata 
Festuca varia + Alopecurus gracialis 

Festuca varia-Festuca supina + Deschampsiajlexuosa 
Festuca varia-Festuca supina 
Festuca varia-Koeleria caucasica 
Festuca varia-Festuca ovina 

Festuca varia + Bromopsis riparia 
F estuca varia + Stipa pulcherrima 
Festuca varia-Festuca sulcata 

Festuca varia + Calamagroslis arundinacea - Betonica macrantha 
Festuca varia - Betonica macrantha + Agrostis planifolia 
Festuca varia - Agrostis planifolia - Trifolium canescens 
Festuca varia - Alchemilla pyenotricha - Agrostis planifolia 
Festuca varia - Geranium gymnocaulon - Agrostis planifolia 
Festuca varia - Nardus stricta + Betonica macrantha 
Festuca varia + Calamagrostis arundinacea - Alchemilla stellulata 
Festuca varia + Calamagrostis arundinacea - Alchemilla sericata 
Festuca varia + Bromopsis variegata - Betonica macrantha 
Festuca varia - Deschampsiajlexuosa - Alchemilla retinermis 
Festuca varia + Calamagrostis arundinacea - Thymus nummularius 
Festuca varia + Bromopsis variegata - Alchemilla caucasica 
Festuca varia + Festuca ovina - Alchemilla caucasica 
Festuca varia + Festuca ovina - Thymus caucasicus 

Festuca varia + Anemonefasciculata 
Festuca varia + Anemonefasciculata + Geranium ibericum 
Festuca varia + Betonica macrantha + Geranium ibericum 
Festuca varia + Geranium renardii + Betonica macrantha 
Festuca varia + Geranium ibericum 
Festuca varia + Geranium renardii 
Festuca varia + Betonica macrantha 
Festuca varia + Betonica macrantha - Trifolium canescens 
Festuca varia - Geranium gymnocaulon 
Festuca varia + Scabiosa caucasica 

Festuca varia - Trifolium canescens + Trifolium ambiguum 
Festuca varia - Trifolium ambiguum 
Festuca varia - Trifolium canescens 
Festuca varia - Trifolium ambiguum + Leontodon hispidus 

Festuca varia - Alchemilla sericata - Betonica macrantha 
Festuca varia - Alchemilla caucasica + Trifolium ambiguum 
Festuca varia - Alchemilla retinervis 
Festuca varia - Alchemilla pycnotricha 
Festuca varia - Alchemilla grossheimii 
Festuca varia - Alchemilla sericea 
Festuca varia - Alchemilla caucasica 
Festuca varia - Alchemilla sp. - Dianthus raddeanus 
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Table 5 (continued) 

Festuca varia - Alchemilla sericata 

Festuca varia + Calamagrostis arundinacea - Carex meinshauseniana 
Festuca varia + Calamagrostis arundinacea - Carex tristis 
Festuca varia + Bromopsis variegata - Carex meinshauseniaha 
Festuca varia + Festuca rubra + Carex meinshauseniana 
Festuca varia - Poa caucasica + Carex meinshauseniana 
Festuca varia + Bromopsis variegata - Carex tristis 
Festuca varia + Bromopsis variegata - Kobresia schoenoides 
Festuca varia + Bromopsis variegata - Carex huetiana 

Festuca varia - Deschampsiaflexuosa + Carex tristis 
Festuca varia - Festuca supina + Carex meinshauseniana 
Festuca varia - Festuca supina - Carex tristis 
Festuca varia - Carex tristis + Festuca ovina 

Festuca varia - Carex medwedewii + Carex huetiana 
Festuca varia - Carex medwedewii 
Festuca varia - Carex meinshauseniana + Carex medwedewii 
Festuca varia - Carex meinshauseniana 
Festuca varia - Carex tristis 
Festuca varia - Carex huetiana 

Festuca varia - Carex buschiorum + Festuca ovina 
Festuca varia - Carex buschiorum 
Festuca varia - Carex humilis + Festuca sulcata 
Festuca varia - Carex humilis 

Festucetum variae purum subalpinum 
Festucetum variae purum alpinum 

Festuca varia - Alchemilla rigida + Carum caucasicum 
Festuca varia - Carum carvi + Campanula biebersteiniana + Taraxacum confusum 
Festuca varia - Taraxacum steveni - Campanula biebersteiniana + Sibbaldia semiglabra 
Festuca varia - Alchemilla retinervis + Sibbaldia semiglabra 
Festuca varia - Plantago saxatilis + Campanula biebersteiniana 
Festuca varia-Plantago saxatilis+Campanula biebersteiniana+Pedicularis chroorhyncha 
Festuca varia - Sibbaldia parviflora - Polytrichum juniperinum 
Festuca varia - Sibbaldia parviflora + Alchemilla caucasica + Carum caucasicum 
Festuca varia - Trifolium polyphyllum + Thalictrum alpinum + Carum caucasicum 

Festuca varia - Kobresia capilliformis 
Festuca varia - Kobresia capilliformis + Alchemilla caucasica 
Festuca varia - Kobresia schoenoides + Carex tristis 
Festuca varia - Kobresia schoenoides 

Festuca varia - Kobresia persica - Alchemilla caucasica 

Festuca varia - Thymus nummularius 
Festuca varia - Carex buschiorum - Thymus caucasicus 
Festuca varia - Thymus caucasicus 
Festuca varia - Thymus caucasicus + Thymus collinus - Psephellus dealbatus 
Festuca varia - Thymus collinus 

Festuca varia - Vaccinium myrtillus 
Festuca varia + Calamagrostis arundinacea - Vaccinium myrtillus 

Festuca varia - Daphne glomerata 

Festuca varia + Salix cap rea - Deschampsiaflexuosa 
Festuca varia - Salix arbuscula 
Festuca varia + Rhododendron caucasicum 
Festuca varia + Rhododendron caucasicum + Juniperus hemisphaerica 
Festuca varia + Juniperus hemisphaerica 

ties are richer than those which occur on 
dry ones. 

lAROSHENKO (1942) and GEIDEMAN 
(1932) attributed variegated fescue mea
dows to steppe communities, while Bu
SCH (1935) and MAGAKlAN (1941) regar
ded them as typical meadows. Later 
laroshenko suggested, that Festucetum 
variae is a relic steppe, formed during 
the xerothermal period, and that since 
then, due to the further increase of cli
mate humidity, the above-mentioned 
communities have been subject to the 
process of prairification. This opinion is 
shared by Grossheim. 

Variegated fescue meadows are 
well-spread throughout the Caucasus. 
Though in South Georgian Uplands, 
unlike the Greater Caucasus, these com
munities occur on grazed areas of nor
thern slopes. 

Variegated fescue meadows inclu
de such widespread association as Fe
stucetum caricosum (Carex meinshau
seniana). 

Festuca ovina meadows are confined 
to southern slopes. They are of a relati
vely simple structure (low herbage, low 
coverage percent, small number of coe
noses). Koeleria albovii, Bromopsis ri
paria, Agrostis tenuis, Carex buschio
rum, Pulsatilla violacea, Thymus colli
nus are the main components of these 
communities. 

The driest eroded slopes of the su
balpine belt are covered with communi
ties dominated by Bromopsis riparia, 
Festuca valesiaca, Koeleriaalbovii, etc. 
They grow on thin, cobble and skeletal 
soils. 

According to TUMAJANOV (1980), 
forb-grass meadows observed in park 
forests of Qu. macranthera in the ea
stern part of Kavkasioni, are steppifica
ted. The following species are typical 
for these meadows: Brachypodium pin
natum, Bromopsis riparia, Carex bu
schiorum and Onobrychis biebersteinii. 

Forb and grass-forb Meadows: 

Meadows of this group are abun
dant in the areas with moist temperate 
climate. Florogenetically, these com
munities are connected with the upper 
forest belt: they occur in thin park fore
sts. It must be noted, that due to the 
dominant position of chionophytes, the
se meadows can rarely be found in the 
mountain massifs with a complex relief. 

Meadows with Woronowia specio
sa (= Geum speciosum) arise partiCUlar 
interest. They are very common in the 
western part of Kavkasioni (limestone
built mountains of CoJchis). Usually, 
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these communities populate the slopes 
with a sharply defined karst relief. Wo
ronowia speciosa coenoses with a con
siderable admixture of Carex pontica 
occupy the same area. 

Woronowia communities present 
the first stage of succession on karst 
funnels . Vital activity of W. speciosa 
results in the formation of soil, on which 
the other meadow elements start to crop 
up. Woronowia meadows are likely to 
have been more abundant in Co1chis 
before. Due to the influence of grazing, 
in many areas , W. speciosa communi
ties became substituted by those of Nar
dus and alpine carpet-like meadows. 

Meadows of Trollius patulus are 
very common in forest margins, thin 
park forests and elongated cavities. Ra
nunculus caucasicus frequently occurs 
in these communities as a subdominant. 
Pure Ranunculus meadows have been 
formed under the influence of overgra
zing. 

Geranieta gymnocauloni (Geranium 
gymnocaulon) communities are confi
ned chiefly to the alpine belt of the 
western part of the Greater Caucasus, 
though they also come down to the su
balpine belt. 

The distribution area of Geranium 
platypetalum meadows comprises Ka
vkasioni (= Greater Caucasus) and the 
Minor (Lesser) Caucasus. They are una
vailable in South Co1chis. These com
munities occur on stony substratum of 
moraines. With the development of soil 
cover, G. platypetalum communities are 
being replaced by other communities. 

Forest margins, mountain slopes of 

medium steepness and flat areas are 
inhabited by Geranium ibericum, al
though as subdominant this species more 
frequently occurs in Calamagrostideta, 
Inuleta, Rhododendreta, etc. 

Inuleta orientalis coenoses are repre
sented by pure thickets of Inula. It is 
very common in the high-mountains of 
the Caucasus. The following communi
ties are characterized by predominance 
of this species: Inuletum geraniosum 
(Geranium ibericum), Inuletum betoni
cetosum (Betonica macrantha). 

In the western part of the Greater 
Caucasus, communities of Inula gran
dijlora usually occur on negative lan
dforms where they replace tall herbs 
(KOLAKOWSKY, 1%1). Astrania pontica 
coenoses occupy screes and cobble sub
stratum in limestone mountain ranges of 
Colchis (Abkhazeti). 

Of the forb meadows, which are 
very rich in species, Scabiosa caucasica 
should be noted. These communities 
include such plants as Helictotrichon 
pubescens, Inula orientalis, Agrostis 
planifolia, Betonica macrantha, etc. 

These meadows are very common 
in the Minor Caucasus. 

Betoniceta (Betonica macrantha) is a 
typical variant of subalpine meadows. It 
is well represented in the central and 
eastern parts of Kavkasioni and the Mi
nor Caucasus; the above-mentioned 
communities are rarely found in the 
western part of the Greater Caucasus. 

Anemoneta (Anemonefasciculata) fre
quently populate slopes with optimal 

Fig. 31 - High-mountain landscape (AnemolletuIII) in Tskra-tskharo 21 00 m (East Georgia) 
(Photo Dolukhanov). 

The vegetation of Georgia (Caucasus) 

moisture and flat sites (fig. 31). Slopes 
exposed to sunlight and cobble sites are 
occupied by communities of hemixe
rophytic Hedysarum caucasicum. 

Subalpine meadows of Veratrum 10-
belianum are abundant in western and 
partly Central Kavkasioni (GreaterCau
casus), as well as in theMinorCaucasus. 
Veratrum lobelianum is a poisonous 
pasture weed, usually rejected by ani
mals; it is developed on the forb (Trol
lius patulus, Ranunculus caucasicus, 
etc.) meadows (fig. 30). 

Pulsatilleta (Pulsatilla violacea). The
se communities, typical for negligible 
areas, are confined to the slopes of nor
thern exposure. P. violacea is frequently 
associated with hemixerophitic grasses 
(Festuca ovina, Koeleria albovii) and 
Carex buschiorum (table 6) . 

Pulsatilleta (Pulsatilla aurea): These 
communities are very common in north
western Colchis. The distribution area 
of P. albana is more expansive. 

Geranieto (Geranium gymnocaulon) -
Woronowieta (Woronowia speciosa), 
Geranieto-Inuleta (lnula magnifica) 
illustrate subalpine mixed forb meadows, 
which often consist of 2-3 species and 
are found in Colchis. Pure forb commu
nities areformed by Euphorbia oblongi
folia, E. scripta, etc. Grass-forb mea
dows display high coenotical and flori
stic diversity. According to KOLA KO
VSKY (1961), the following species are 
very abundant in the above-mentioned 
meadows ofColchis: Aquilegia olympi
ca, Psephellus abchasicus, Kemulariel
la caucasica, Senecio aurantiacus, etc. 

Grossheimia polyphylla (Asterace
ae) is a typical component of grass-forb 
meadows which are confined to the 
Minor Caucasus and partly to western 
Kavkasioni (fig. 32). 

The following plants frequently 
occur in s u bal pi ne grass-forb of the Cau
casus: Centaurea fischeri, C. cheiran
thifolia, Vicia alpestris, Lotus caucasi
cus, Veronica gentianoides, Trifolium 
ambiguum, Leontodon hispidus, Ranun
culus oreophilus, etc. 

Communities dominated by Poly
gonum cameum are worthy of notice; 
their area of distribution involves Ka
vkasioni and southern uplands. These 
meadows are of particular importance 
as natural grass lands. U nderthe influen
ce of overgrazing, forb and grass-forb 
meadows become replaced by more re
sistantcommunities of compact-tussock 
grasses. 
Astragaleta is characteristic of subalpi-

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



BRAUN-BLANQuETlA, vol. 15, 1999 

ne belt of the Central Caucasus and 
especially ofKazbegi region; these com
munities, formed by endemic Astraga
lus captiosus, occupy stony and pebble 
substratum. 

8.1.3 Tragacanthic Vegetation 

On the northern slopes of Kavka
sioni, tragacanthic vegetation is spora
dically distributed in dry inter-mountain 
vallies and hollows (IVANISHVILI, 1973). 

Caucasian tragacanthic vegetation 
is a version of Asia Anterior mountain
xerophytic vegetation; these communi
ties are very rare in the Mediterranean 
mountains. 

Astragaleta denudati (Astragalus 
denudatus) in Khevi (Central Caucasus) 
is restricted to the lower part of subalpi
ne belt. These communities alternate 
with steppe-like meadows and saxico
lous groupings; they occupy areas once 
populated by pine forests. In Daghestan 
(Eastern Caucasus) the above-mentio
ned coenoses can also be met in alpine 
belt; some individuals of Astragalus 
aureus penetrate even into the subnival 
zone (up to 3150 m; PRIMA, 1974). 

Tragacanthic communities are do
minated by plants, characterized by spiny 
cushion-like form. These communities 
also include the following plants: 
1) Dwarf subshrubs (species of Artemi

sia, Thymus, Scutellaria); 
2) mountain steppe grasses (Elytrigia 

gracillimum, Bromopsis riparia, Sti
pa tirsa, etc.); 

3) Carex buschiorum; 
4) hemixerophytic shrubs (Juniperus 

hemisphaerica, J. sabina, Rhamnus 
tortuosa). 

The flora, formed on rocks has been 
enriched with lithophytes and cha
smophytes, which involve many local 
endemics (IVANISHVILI, 1973). 

The following is a concise list of 
species characteristic of one of traga
canthic communities: 
Astragalus denudatus 
Berberis vulgaris 
Juniperus hemisphaerica 
Spiraea hypericifolia 
Ephedra procera 
Artemisia chamaemelifolia 
Artemisia marschalliana 
Artemisia splendens 
Scutellaria leptostegia 
Agropyron gracillimum 
Bromopsis riparia 
Festuca sulcata 
Koeleria cristata 
Melica transsilvanica 
Stipa caucasica 
Stipa tirsa 

Alopecurus vaginatus 
Carex buschiorum 
Oxytropis Gyanea 
Allium albidum 
Allium ruprechtii 
Asperula albovii 
Astragalus kazbeki 
Campanula hohenackeri 
Dianthus cretaceus 
Onosma armeniaca 
Myosotis arvense 

8.1A Microclimate and Energy Balance 

A characteristic feature of high 
mountain ecosystems is their considera
ble variability within a relatively small 
area. As a result of particularly harsh 
climatic conditions (especially directed 
ones, like solar radiation and wind) and 
the relief of the high-mountains, a mo
saic of various microhabitats emerges. 

The microclimate and energetic 

Table 6 - Pulsatilleta in Kazbegi 

Height (m s. m.) 2050 
Exposition S 
Slope (0) 35 
Cover (%) 90 

Festuca rupicola 5 
Carex buschiorum 4 
Bromopsis veriegata 2 
Agrostis tenuis 2 
Koeleria cristata 2 
Koeleria caucasica 2 
Bupleurum polyphyllum 2 
Plantago caucasica 3 
Pulsatilla violacea 4 
Anthyllis variegata 2 
Potentilla crantzii 2 
Trifolium ambiguum 1 
Ranunculus oreophilus 2 
Selaginella selaginoides 
Leontodon hispidus 2 
Silene ruprechtii 1 
Cerastium arvense 2 
Veronica gentianoides 2 
Thymus nummularius 2 
Alchemilla sericata 2 
Ranunculus acutilobus 1 
Campanula collina 2 
Euphrasia hirtella 
Lotus caucasicus 1 
Minuartia oreina 
Ranunculus buhsei + 
Astragalus captiosus + 
Minuartia circassica + 
Pedicularis chroorrhyncha + 
Rhinanthus minor + 
Thesium procumbens + 
Campanula bellidifolia + 
Gentiana aquatica + 

Fig. 32 - Grossheimiapolyphylla (Svaneti, 
West Georgia) (Photo Dolukhanov). 

conditions of phytocoenoses have been 
studied (by the method of CERNUSCA, 
1976) on the following objects, selected 
for this purpose: 

- Hordeeta: (1850 m s. m.) The meadow 
represents the Hordeum violaceum-Poa 
pratensis-Anthriscus nemo rosa commu
nity with a very rich composition, inclu
ding up to 70 species (table 4). 

- Festuceta: (2000 m s. m.) The pasture 
meadow occupies extremely slanting and 
rocky slopes of a south-western exposu
re. The Festuca varia-Carex meinshau
seniana community is widespread in the 
subalpine and alpine belts of the Central 
Greater Caucasus (table 7). 

- Deschampsietea: (1750 m s. m.) These 
hay meadows are found on well-moiste
ned habitats. Dominating species are 
Deschampsia cespitosa and Equisetum 
palustre, with regular occurrence of 
Phragmites australis (table 8). 

- Pulsatilleta: (2050 m s. m.) Is part of 
an intensively grazed vast pasture. This 
is Pulsatilla violacea-F estuca rupicola
Carex buschiorum community (table 6). 

- Dryeta: (2050 m s. m.) The community 
is found on an extremely slanted north
western slope. As a result of intensive 
grazing, the substrate is characterized as 
"step" relief. The dominants are Dryas 
caucasica, Lerchenfeldia flexuosa and 
Daphne glomerata (table 11). 

- Heracleeta: (2200 m s. m.) This tall 
herbaceous phytocoenosis is found on 
gently slanting northern slopes, in a hi-
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Table 7 - Festuceta variae in Kasbegi 

Height (m s. m.) 2000 
Exposition NW 
Slope (0) 45 
Cover (%) 100 

Carex meinshauseniana 4 
Agrostis plantifolia 2 
Bromopsis variegata 2 
Festuca varia 5 
Helictotrichon pubescens 2 
Calamagrostis arundinacea 2 
Poa longifolia 2 
Anthoxanthum odoratum 2 
Polygonum cameum 3 
Vicia alpestris 3 
Campanula collina 2 
Alchemilla sericata 2 
Trifolium ambiguum I 
Primula amoena I 
Betonica macrantha 2 
Inula orientalis 2 
Pedicularis chroorryncha 2 
Silene ruprechtii I 
Ranunculus oreophilus 2 
Ranunculus caucasicus I 
Pyrethrum roseum 2 
Cuscuta europaea + 
Minuartia circassica 2 
Minuartia imbricata 2 
Scabiosa caucasica 2 
Cirsium obvallatum I 
Trifolium trichocephalum 1 
Myosotis alpestris I 
Polygala alpicola I 
Leontodon hispidus 2 
Thymus nummularius 2 
Lotus caucasicus I 
Anemone fasciculata 2 
Alchemilla retinervis 2 
Rhinanthus minor 1 
Cerastium purpurascens I 
Carum alpinum + 
Centaurea cheiranthifolia + 
Coeloglossum vi ride + 
Cruciata glabra + 
Gentiana septemfida + 
Polygonum alpinum + 
Selaginella helvetica + 
Viola odorata + 

ghly humid substrate. Dominating spe
cies, Heracleum sosnowskyi, grows 2.4 
m in height. The remaining 7 species are 
rather scarce. 

- Kobresieta: (2175 m s. m.) Is found on 
gently slanting north-western slopes. The 
dominants are Kobresia capillijormis, 
C. persica and Carex meinshauseniana 
(table 8a; fig. 33). 

- Rhododendreta: (2200 m s. m.) Is 
found on steep north-western slopes. It 
is Rhododendron caucasicum and Vac
cinium myrtillus community. The for
mer is more developed (table 8b). 

Analysis of the canopy structure 
and spatial orientation ofleaves; micro
climatic characteristics, profiles of soil, 
canopy and air temperature and humidi-

Table 8 - Deschampsieta in Kasbegi 

Height (m s. m.) 
Exposition 
Slope (0) 

Cover (%) 

Deschampsia cespitosa 
Phragmites australis 
Festuca arundinacea 
Festuca pratensis 
Agrostis planifolia 
Phleum pratense 
Carex aequivoca 
Ranunculus elegans 
Ranunculus buhsei 
Rhinanthus minor 
Cerastium arvense 
Cerastium caespitosum 
Linium catharticum 
Trifolium fontanum 
Equisetum palustre 
Trifolium ambiguum 
Leontodon hispidus 
Lotus caucasicus 
Cuscuta europaea 
Euphrasia hirtella 
Plantago caucasica 
Trifolium repens 
Vicia grossheimii 
Carum carvi 
Cruciata glabra 
Ligularia sibirica 
Seseli transcaucasica 
Ranunculus acutilobus 
Cirsium simplex 
Geranium ruprechtii 
Trifolium repens 

Table 8a - Kobresieta in Kazbegi 

1750 
W 
3 

80 

5 
4 
2 
2 
2 
2 
3 
3 
2 
2 
2 
2 
I 
I 
4 

I 
2 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1 
+ 
+ 
2 
+ 
+ 

Height (m s.m.) 215P 
Exposition N 
Fall (0) 5 
Cover (%) 90 

Kobresia capilliformis 5 
Kobresia persica 4 
Carex buschiorum 2 
Trifolium ambiguum 2 
Trifolium repens 2 
Trifoliumfontanum 1 
Trifolium canescens 
Agrostis planifolia 
Helictotrichon asiaticus 2 
Bromopsis variegata 
Lotus caucasicus 2 
Polygonum viviparum 2 
Antennaria caucasica 2 
Campanula biebersteiniana 2 
Leontodon danubialis + 
Taraxacum confusum 2 
Plantago caucasica 2 
Minuartia circassica 2 
Minuartia oriena 2 
Cerastium purpurascens 2 
Draba hispida 
Draba repens 
Cirsium pugnax + 
Gnaphalium supinum + 
Thesium alpinum + 

The vegetation of Georgia (Caucasus) 

ty, falling and reflected radiation , net 
radiation, soil and convective heat flows 
and evapotranspiration have been made 
on the previously measured sites, which 
are described above. 

As a result of this investigation of 
the structure of phytomass, the incident 
angle and the spatial orientation of lea
ves, 3 types of canopy have been relie
ved (TAPPEINER et alii, 1989); 
1) Canopy with uniform leaf orientation 

(on different slopes), the phytomass 
concentrated in the lower parts of 
canopy. 

2) Canopy with uniform distribution of 
phytomass in hight and with basical
ly erectophile leaf orientation in all 
canopy layers. 

3) Canopy with a "storey" distribution 
of the phytomass and mainly pla
nophile leaf orientation. Individual 
plant species are dominant. 

Dryeta, Pulsatilleta and Kobresie
ta can be attributed to the first type of 
canopy. The basic layer of radiation 
exchange in these phytocoenoses is clo
se to the ground. The second type invol
ves Festucetum and Deschampsieta 
with low absorption of radiation, obser
vable in the upper layers of the phytoco
enosis and almost linear absorption of 
radiation in the lower part of the canopy. 
Hordeetum, Heracleetum and Rhodo
dendretum communities, which belong 
to the third type, reveal absolutely diffe
rent strategy of adaptation to radiation. 
The bulk of the biomass and the assimi
lati ve ingredients are accumulated in the 
upper layers of the canopy, thus provi
ding maximum utilisation of the PhAR 
by their assimilating organs. 

As shown in table 9, intensively 
grazed phytocoenoses are the least utili
zers offalling PhAR (Hordeetum pastu
re; Pulsatilletum; Kobresietum). 

Measurements of vertical tempera
ture profiles prove that irregularities 
between the temperature of the canopy 
and that of surrounding air are being 
smoothed. Regarding the energy balan
ce of these phytocoenoses, a similar 
(post-grazing) tendency of utilisation of 
the absorbed solar energy into heat 
exchange and transpiration is evident. 
On all pastures, the ratio of evapotran
spiration (20-40%) in the net radiation is 
reduced, while the ratio of convective 
and soil heat flows considerably grows. 
fig. 34 demonstrates the canopy structu
re, PhAR absorption and the energetic 
pattern of Hordeetum both in preserve 
and on pasture. All these obvious modi
fications (often irreversible) have been 
caused by strong human impact. 

Every high-mountain phytocoeno-
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sis in its natural development, acquires a 
special strategy of adaptation to envi
ronmental conditions, expressed in a 
definite spatial canopy structure (leaf 
orientation, distribution of LAI, etc.), 
which provokes a specific course of 
radiation energetic processes within the 
canopy. Heavy exploitation of the phyto
coenoses (extensive haymaking, gra
zing) may stimulate irreversible proces
ses, destroying habitual organisation of 
the canopy, leading to alterations in the 
direction of successive processes and 
moreover, arise dangerous erosion pro
cesses in the complex high-mountain 
relief. Therefore, exploitation of com
munity should be subject to time limita
tion so as to prevent any such conse
quences and also to preserve the unique 
originality of high-mountain ecosystems. 

8.1.5 Water Relations 

An integral part of investigations 
into plant ecology is the study of the 
most important indicator of the vital 
activity of plants water relations. Water 
relations in the high-mountain plants of 
the Central Caucasus have been subject 
to intensive and long-term observations 
since the beginning of 1960s. Results of 
the analysis have been published in Ge
orgia and abroad. However, the purpose 
of our further investigations is not only 
to expand the spectrum of the areas 
studied, but also to reconsider certain 
problems of water relations in high
mountain vegetation in view of availa
bility of highly sensitive and compact 
field measuring devices and owing to 
new conceptions in plant ecology. 

Our investigations confined the the
sis that the indices of water relations in 
plants, i.e. water contents in leaves, xy
lem water potential and leaf transpira
tion, studied in order to determine their 
characteristic features, present three in
terrelated and complementary physiolo-

Table 8b - Rhododendrela in Kazbegi 

Height (m s. m.) 
Exposition 
Falln 
Cover (%) 

Rhododendron caucasicum 
Vaccinium myrtillus 
Vaccinium vilis-idaea 
Calamagrostis arundinacea 
Pyrola minor 
Agroslis planifolia 
Anemone fasciculala 
Geranium ibericum 
Empetrum hermaphrodilum 
Luzula spica la 
Carex Iristis 
Nardus stricta 

2200 
N 
25 
100 

5 
3 
2 
2 
I 
2 
I 
I 
2 
+ 
+ 
+ 
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Fig. 33 - Kobresielum, Kazbegi , 2150 m (East Georgia). 

Table 9 - Distribution of Photosynthetically Active Radiation (PhAR) in different plant communities 
(TAPPEINER, CERNUSCA, NAKHUTSRISHVILl, 1990). 

Community Recorded 
Radiation 

Albedo Photosynthesizing 
parts of plants 

Non-photosynthesizing 
parts of plants 

(leaves, green shoods, etc.)(trigs, dead matter, etc.) 

% % % % 
Hordeeta 
(H. violaceum) 100 5 84 10 
Festuceta 
(F. varia) 100 4 30 65 
Deschampsieta 
(D. caespilosa) 100 5 84 5 
Festuceta 
(F. ovina) lOO 7 53 14 
Dryeta 
(D. caucasica) lOO 7 65 25 
Heracleeta 
(H. sosnowskyi) 100 5 88 7 
Rhododendreta 
(Rh. caucasicum) 100 3 92 5 

Q=220W/m' Kcipt(c:m) -Dehit 

.00 -MO$u, 

g"",S"lo .. 
A .. D ....... ft 

D 
v = SO"l. 

L= 160/. 
,. 
,. 

D (~.I-

~~JOO 
100 1 100 so 1 

o PbyWmNS W,,") 
Bowen ratio"'" 0.20 

Q=250W/m 
, 

S-29% 

L-21·/o 

Bowen ratio - 0.59 

B : ~L=-,.. --=,r.-¥ ~'¥;;;:CI :::;'>j>~v1=--1J!I!I .. lIIII!I!Il" . \SO 

a 4 0 .... )'10"" ... (&1-') 

CAI(ra'lna') 

Soil 

% 

6 

26 

3 

0 

0 

Fig. 34 - Canopy structure and energy budget in Hordeelum community. (Q - global radiation; V -
evapotranspiration; L - convectional heat; S - soil heat; A - preserve; B - pasture). 
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gical parameters, giving an accurate pic
ture of the water relations in plants. The 
determination of the diffusion resistan
ce of leaves allowed us to judge of the 
function of stomatal apparatus in this 
vital process. In order to obtain structu
ral characteristics of water relation, we 
had to study various anatomical and 
morphological peculiarities of leaves; 
for ecological purposes - the phytocli
mate and other environmental factors, 
controlling water relations. The soil 
moisture has also been carefully exami
ned. 

Particular attention was paid to the 
analysis of regulation mechanisms of 
the water relations in high-mountain 
meadow plants. By recent observations 
even in the subalpine belt of the Central 
Caucasus, where hydrothermal condi
tions are most favourable, water evapo
ration in plants is frequently magnified 
according to the considerable rise of air 
temperature and PhAR in the afternoon. 
Consequently, water contents and xy
lem water potential noticeably diminish. 
These conditions stimulate leaf diffu
sion resistance, hence normal water sup
ply is quickly restored (fig. 35). It should 
be noted, that physiological regulation 
by transpiration is expressed rather dif
ferently in species of various ecological 
groups and life forms. 

Stomatal regulation of water 
exchange in plants of the subnival belt of 
the Central Caucasus is much more pro
nounced. Due to extreme ecological 
conditions, plants of this belt sharply 
diminish water release in the afternoon 
(88-97%) reducing transpiration to insi
gnificant values as a result of intensifi
cation of leaf diffusion resistance. 

However, the most important part 
of the stomata apparatus ofleaves in the 
regulation of water relations of subalpi
ne meadow plants becomes more evi
dent by the end of summer, during the 
late-summer phase of seasonal develop
ment of plants in the course oflong-term 
(10-15 days) drought periods, when the 
soil is almost devoid of moisture. 

During this period the value of leaf 
moisture and xy lem water potential con
siderably decrease. This situation provi
des sharp diurnal fluctuations of leaf 
diffusion resistance, followed by sud
den (55-70%) expansion of xylem water 
potential. Consequently, plants restore 
their normal level of tissue water con
tents (fig. 36). 

Considering the ecological fragili
ty of high-mountain biomes, various 
aspects of the impact of human factor 
arise particular interest. On the basis of 
studies on the effect of grass-mowing 
and grazing on water exchange in high-

mountain plants, the most favourable 
exploitation regime applicable to subal
pine meadows has been determined, i.e. 
a systematic, regular (2-3 times per year) 
grass-mowing. Grazing or complete re
servation, which cause gradual reduc
tion of the green phytomass, seem 
inexpedient. 

8.1.6 Pigment Content 

Content of chlorophyll and caroti
noid pigments in leaves of more than 
100 species of the Central Caucasus 
plants has been subject to analysis in 
various habitat conditions at the altitu
des of 1800-3000 m. The pigment con
tent and distribution in different layers 
of phytocoenoses has been carefully stu
died. Chlorophyll content in leaves was 
determined spectrophotometrically. 

By their chlorophyll and caroti
noid content, the examined species cle
arly differ from each other as to their 
habitat and phytocoenoses, so within a 
single phytocoenosis. Results of our in
vestigations are illustrated here by the 
variegated fescue community, found in 
moderately humid habitats of the north
western slope exposure (1950 m s. m.). 

We selected 20 most typical spe
cies out of 60 plant species from this 
phytocoenosis, for close observation 
during the flowering phase. 

Low chlorophyll content (2.66 mg 
g of dry mass) is typical forthedorninant 
edificator Festuca varia, and the maxi
mum (11.8 mg) - for Vicia alpestris. 
The low content of chlorophyll in domi
nant species can be accounted for by 
almost erectophyile orientation of lea
ves, unshaded by other plants. 

Spring-flowering plants (Anemone 
fasciculata, Primula amoena, Fritilla
ria lutea) and other plants of variegated 
fescue community start their pigmenta
tion synthesis when still under snow. 
They differ very little by chlorophyll 
content and the quantity of carotinoids. 
Though vernal plants develop in heavy 
ecological conditions, they accumulate 
as much pigment during their flowering 
phase as codominant Carex meinshau
seniana, and twice as much as Festuca 
varia. 

Comparison of the quantity ofchlo
rophyll (mg per sq.m) and green mass 
(g. sq.m) in each species reveals a direct 
relation between chlorophyll content and 
biomass production in the majority of 
these species. 

Variability of communities is also 
determined by their pigment content. 
Hence the difference between hay and 
pasture meadows. 

Allocation of pigments depends on 

The vegetation of Georgia (Caucasus) 

the height of phytocoenosis, e.g. pig
ment measurement in every 10 cm layer 
of the stand (herb-barley meadow) shows 
that max. amount of pigments (5.75 mg) 
is accumulated in the 50-60 cm layer and 
min. (1.00 mg) - in the flfSt (90-100 cm) 
stand layer. 

Consequently, the content of pig
ments in high-mountain phytocoenoses 
depends on the complexity of vegeta
tion community structure, which in its 
turn predetermines the microclimate of 
the given phytocoenosis. Further, pig
ment content displays specific variety as 
a genetic property, in terms of plant 
species. 

8.1.7 CO
2
-Gas Exchange in Plants 

Materials and Methods 

Investigations were carried out in 
13 different and most characteristic ha
bitats of the Central and Minor Cauca
sus. 61 species of flowering plants have 
been studied for this purpose. 

CO
2
-gas exchange of intact plant 

leaves proceeded in under field condi
tions with infrared gas analyser techni
ques. The studies were conducted in the 
open system according to the universal
ly accepted procedure (ABDALADzE, 
1994). 

Plant CO
2
-Gas Exchange in Different 

Communities 

Most intensi ve CO
2
-assimilation in 

plants is observed in Hordeetum (mode
rate moist meadow) communities. In 
Pulsatilletum (dry meadow) and De
schampsietum ( moist meadow) commu
nities, the intensity of photosynthesis is 
slightly lower, whereas in Rhododen
dron communities it is considerably sup
pressed. CO

2
-gas exchange in plants in 

the communities Festucetum (except 
Festuca varia) on dry south-western 
mountain side is strongly depressed. 
Particularly, net-photosynthesis midday 
depression frequency, duration and ca
pacity are substantially increased and 
net-primary productivity-decreased. 

CO,-gas exchange in Festuca va
ria (tussock grass with rigid and rollied 
in peinomorphic leaves) is very steady: 
net-photosynthesis midday depression 
frequency is extremely low (5-8%), as 
well as the coefficient of variation of 
CO

2
-gas exchange (22-25%). It should 

be noted, that all parameters in this spe
cies display an amazingly constant cha
racter on moderately moist slope, on 
relatively dry slope and at the upper 
boundary of distribution area of these 
species (3000 m s. m.), where Festuca 
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varia is not a dominant species and is 
represented by isolated specimen. 

The CO
2
-gas exchange character in 

Festuca varia can be considered as the 
ecophysiological basis of increased bio
logical activity of this "powerfull" do
minant, that promotes (particularly in 
the anthropogenic conditions) its intru
sion into different coenoses - "capture" 
and "holding" of various territories. 

Succulent species Sedum oppositi
folium and Sempervivum pumilum are 
highly adapted to extreme temperature 
relations of their microhabitats. These 
succulents assimilate CO

2 
by the CAM 

pathway, which is the most economical 
way of adaptation for their CO

2
-gas 

exchange. 
C

3 
-type of carbon assimilation is 

typical for Saxifraga juniperifolia and 
Sedum gracile. 

The obtained data shows that in 
winter, the evergreen shrub Rhododen
dron caucasicum blocks maximally the 
interaction with environment and enti
rely restricts metabolic processes. Net
photosynthesis is not detectable. Dark 
respiration rate is extremely low (0.2-
0.5 mmol CO/m2

• s). In winter this spe
cies undergoes "deep resting" period. 

Contrary to evergreen shrubs, sum
mer-wintergreen herbs (Plantago lan
ceo/ata, Phleum pratense, Trifolium a/
pestre, Carex sy/vatica) in winter are 
capable of CO

2 
uptake. During thaw the 

diurnal balance of CO
2
-gas exchange, is 

usually positive. Maximum values of 
net -photosynthesis on the plots free from 
snow reach 5.4-9.5 (mmol CO/m2

• s 
(37-50% of vernal maximum). Under 
the snow cover CO

2 
uptake is possible 

only for a short period of time (1-3 h a 
day). 

Maximum Net-Photosynthesis 

High net-photosynthesis maximum 
values show: the legumes - Trifolium 
ambiguum, Trifolium fontanum, Vicia 
grossheimii, etc. (17-20 mmol CO/m2

• 

s) , Ranunculus oreophilus, Pulsatilla 
violacea, Leontodon hispidus, Alche
millasericata, Geraniumgymnocaulon, 
Sibbaldiasemig/abra (18-22 mmol CO/ 
m2

• s). The grasses (Agrostis planifolia, 
Hordeum violaceum, Bromopsis ripa
ria, Nardus stricta, Festuca rupicola, 
Festuca varia, etc.) show moderate va
lues (10-15 mmol CO/m2

• s). Low ma
ximums are characterized by C, succu
lents, Rhododendron caucasicum, Par
nassia palustris and the sedges (4.5-10 
mmol CO/m2. s). 

Dark Respiration 

H PhAR (mMol/m2 sec) Temperature (0C) 
u 
m 100 
i 

2000 20 

d 
i 50 1000 10 

t t 
Y 0 o f-r,,==~=~~-4----------'I 0 

("la) 

-PhAR 
2 -- Temperature 

3 -- Humidity 

---- Trifolium ambiguum 

... +. .... Ranunculus elegans 

* Vicia alpestris 
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2 + 
~- * ' * 

8 10 12 14 16 18 (Daytime) 

Fig. 35 - Diurnal courseofleaf diffusion resistance of subalpine plants (Diffusion resistance 
of leaves was measured by a field ventilation air diffusion porometer, KORNER, CERNUSCA, 

1976) (SANADlRADZE, 1986). 
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Fig. 36 - Oscillation of plant water potential and diffusion resistance under tense hydrothennal 
conditions (6-10 august 1985) (the water potential of xylem was investigated in a pressur 
chamber, KORNER et alii, 1978) (SANADfRADZE, 1986). 
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High intensity of dark respiration 
at standard temperature (10° C) is typi
cal for meadow forbes and legumes (1.7-
2.3 mmol CO/m2

• s). Sedges and C
3

-

succulents reveal low values (0.9-1.3 
mmol CO/m2

• s). Grasses show mode
rate values. 

Influence ofPhAR and Temperature on 
Plant CO

2
-Gas Exchange 

Typical shade-tolerant species are: 
SaxifragaJuniperifolia and Sedum gra
cile (PhAR saturation intensity =450 
mmol photons/m2

• s), Betonica macran
tha andRhododendroncaucasicum (560-
580 mmol photons/m2

• s). The most li
ght -requiring species are: Pulsatilla vio
lacea, Trifolium ambiguum, Geranium 
gymnocaulon, Sibbaldia semiglabra and 
some others (1000-1500 mmol photons/ 
m2

• s; 42-48% from full PhAR). 
The majority of the investigated 

species are capable to assimilate CO
2 

at 
negative air temperature (A-O°C). Ma
ximum temperature limit for net-photo
synthesis in subalpine and alpine mea
dow plants is rather high (37-44°C). 
Wide temperature optimums for net
photosynthesis in Festuca varia (12-
13°C), Saxifraga Juniperifolia (11 -
30°C), Sibbaldia semiglabra (16-34°C) 
and Geranium gymnocaulon (15-34°C) 
attract special attention. 

The ratio Q,o for dark respiration of 
investigated species equals approxima
tely 2.0. At very high temperature (40° 
C and more Q,o falls to 1.3-1.4). 

Stress Factor in High Mountain and Plan
ts CO

2
-Gas Exchange 

High mountains are stress domina
ted areas. The strongest negative effect, 
produced by the stress factor is a de
stroyed balance between photosynthe
sis and respiration. Reduction of the 
value photosynthesis/respiration in in
vestigated species is caused by the in
crease of altitude above sea level. In 
heavy ecological conditions plants spend 
more energy on survi val and adaptation. 

Obviously, some herbs and shru
blets in Rhododendretum become su
bject to stress caused by reduced PhAR. 
In cloudy weather relative illumination 
ofleaves lowers to 0.5-1 % so that plants 
fail to assimilate CO

2
• 

By the end of spring, frosts reduce 
net-primary productivity in plants in 
Agrostidetum on 80-85%. In Festuce
turn (dry south-western slope) in all in
vestigated species, except Festuca va
ria, net-primary productivity decreases 
for 11-35%, because of high air tempe-

rature. Draught is a stress factor even for 
the plants growing under temperature 
conditions. The stronger is the draught, 
the greater is the influence of water 
stress on CO

2
-gas exchange in Hordeum 

violaceum in Hordeetum. 
As a result of thaw on the south 

slopes the photoinhibition, the freezing 
of plants at night and the "winter drau
ght" phenomenon are observed. There
fore, strong and long-term thaws, pro
voking the activation of net-photosyn
thesis in herbs should be considered as 
unfavourable event. 

No universal mechanism of plant 
CO

2
-gas exchange adaptation to high 

mountain ecotope was revealed. CO
2

-

gas exchange shows the best adaptation 
to the main limiting ecological factor for 
a given biotope. 

Phytocoenotic Effect on Plant CO
2
-Gas 

Exchange 

The survivability of canopy can be 
revealed experimentally: the protective 
effect of canopy on CO

2
-gas exchange 

in Trifolium ambiguum has been inve
stigated in Hordeetum. Separation, e.g. 
removal of vegetation around the expe
rimental plants within the radius of 1 
meter, greatly effects the dependence of 
net-photosynthesis on PhAR and leaf 
temperature, suddenly narrowing eco
logical optimums of these factors. On 
sunny days for separated plants the hi
ghest values with negative index of cor
relation rate (net-photosynthesis-PhAR 
= -0.93 ± 0.14; net-photosynthesis-Ieaf 
temperature = -0.90 ± 0.17) are obser
ved. It indicates the linear dependence 
on the net-photosynthesis depression 
from the illumination and leaf tempera
ture. The correlation interactions of the
se dependencies are equal and this con
fIrms the linear character of connection. 
In natural canopy the correlation rates 
have positive index. Moreover, it smo
othed out the temperature fluctuations, 
which is expressed by net-photosynthe
sis ratio of variation reduction. Private 
correlation rate between leaftemperatu
re and net-photosynthesis is approxima
tely zero. It indicates, that canopy not 
only smoothes up the unfavourable 
factors but creates actively the optimal 
conditions for CO

2 
uptake. Thus, tempe

rature optimum in control plants equals 
to 17-26° C, while an experimented one 
- 17-23° C. Separation induces twice 
and a half times decrease of the net
photosynthesis maximums frequency. 
It also demonstrates the ability of vege
tation cover to support favourable con
ditions temperature, air humidity, PhAR. 

This effect is directed against stress 

The vegetation of Georgia (Caucasus) 

factors of the environment for support of 
optimal CO

2
-gas exchange balance and 

is probably the result of a cooperative 
functioning of plants formed in the pro
cess of a long-standing joint evolution. 

Anthropogenic Influence of Plant CO
2

-

Gas Exchange 

Our investigations have been car
ried out in Hordeetum in the pasture, the 
hay and preserved plots. On intensively 
grazed meadow CO

2
-gas exchange of 

plants is destabilised. Here, net-photo
synthesis strong midday depressions are 
observed rather clearly (depression rate 
= 54-59%). On preserved and hay mea
dows net-photosynthesis reduction at 
depressions does not exceed 38-45%, 
whereas on pastures it is 78-81 %. On 
pastures, net-primary productivity and 
diurnal balance of CO

2
-gas exchange 

are substantially depressed. 
On hay meadows (once a year) 

optimal CO
2
-gas exchange balance was 

observed. 

8.1.8 Life Activity of High-Mountain 
Plants in Winter 

Life activity of high-mountain plan
ts in winter has been studied in the 
upper-forest and subalpine belts of the 
Minor Caucasus. Our objective was to 
examine the strategies of hibernation of 
summer-winter-green meadow, herba
ceous and evergreen shrub plants. 

On the basis of the obtained data, 
winter evergreen shrubs usually hinder 
any interactions with the environment 
and entirely restrict metabolic proces
ses. Therefore, leaf and air temperatures 
virtually remain immutable, water con
tent in leaves slightly changes (1-2%) 
compared to autumn, stomata are clo
sed, transpiration and net-photosynthe
sis are imperceptible, respiration rate is 
extremely low. In profound dormancy, 
resistance of shrubs against various stress 
factors is much higher. Safe hibernation 
depends on snow protection, which pre
vents plants from desiccation and 
dehydration. 

Contrary to evergreen shrubs, sum
mer-winter green herbaceous species are 
capable of vital activity at ever favoura
ble opportunity in winter, particularly 
during thaw. 

In free of snow areas, leaf tempera
ture of the hibernating species amounts 
to high values on clear days, exceeding 
air temperature by 5.0-9.3° C. Diurnal 
dynamics of water content, xylem water 
potential, transpiration intensities and 
net-photosynthesis are displayed rather 
clearly. During thaw the diurnal balance 
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of CO
2
-gas exchange is usually positi ve, 

whereas maximum intensity of the net
photosynthesis attains 37 -50% of vernal 
maxima. CO

2 
assimilation under snow 

cover becomes possible only for a short 
period. 

8.2 Alpine Vegetation 

The alpine belt in the Caucasus 
extends from 2400-2500 up to 2900-
3000 m s. m. It is characterized by the 
dominance of short grass meadows; car
pet-like alpine meadows, alternating with 
Rhododendron caucasicum thickets and 
rock-scree vegetation are also well de
veloped here. 

8.2.1 Alpine Meadows 

Alpine meadows occupy vast areas 
in Georgia. They are valuable natural 
grasslands. These communities mainly 
occur on mountain wetlands. Within the 
alpine meadows, it is possible to distin
guish firm-bunch and sedge meadows, 
forb meadows and those dominated by 
tussock grasses and forbs. These groups 
of formations are typical for all geo
graphical variants of the mountain-mea
dow vegetation of the Caucasus. The 
occurrence of local endemics is one of 
the floristic peculiarities of the above
mentioned communities.lnformation on 
the syntaxa of high-mountain vegeta
tion, including that of alpine belt is avai
lable in table 10. Festuceta variae, F. 
supinae, Nardeta strictae, Cariceta tri
stis, Kobresieta capilliformis and K. 
persicae are the major formations of 
firm-bunch meadows. 

Festuceta variae (F. woronowii). These 
communities are confined to steep slo
pes of southern exposure. Most frequen
tly they occur in the eastern part of 
Kavkasioni (Greater Caucasus). 

Variegated fescue meadows are 
widespread in subalpine belt; they oc
cupy areas, once populated by crook
stem forests, Rhododendron thickets and 
Narduscommunities (KrMERIDZE, 1965). 

Nardeta. Nardus communities are very 
abundant throughout the Caucasus; they 
are restricted to the slopes of all exposu
res. Though due to the overgrazing, the 
secondary Nardus communities prevail 
here. Mixed communities of Nardeto
Festucetum variae can be found in the 
central and eastern parts of the Greater 
Caucasus. Under the influence of pastu
ring hygrophytic Nardus communities 
have developed on swampy depressions 
of alpine belt. 
Cariceta tristis. These coenoses are very 
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Table 10 - The phytosociological classification of the vegetation of alpine belt of Upper Svaneti 
(SAKHOKIA, KHARADZE, DOLuKHANov et alii, 1942). 

Communities 

1.1. Sibbaldia parviflora + Carum meifolium 

2.1. Sibbaldietum mixtoherbosum 
2.2. Sibbaldia semiglabra + Geranium gymnocaulon 
2.3 . S. semiglabra + Festuca supina 
2.4. S. semiglabra + Taraxacum stevenii 
2.5. S. semiglabra + Ranunculus svaneticus 
2.6. S. semiglabra + Pedicularis condensata 
2.7. Sibbaldietum lichenoso - muscosum 
2.8. Sibbaldia semiglabra + Campanula biebersteiniana 
2.9. S. semiglabra + Ranunculus svaneticus + Gnaphalium supinum 
2.10. S. semiglabra + Gnaphalium supinum 
2.11. S. semiglabra + Carex micropodioides + Festuca supina 

3.1. Ranunculetum svanetici typicum 
3.2. Ranunculus svaneticus + Gnaphalium supinum 
3.3. R. svaneticus + Corydalis conorrhiza + Taraxacum stevenii 
3.4. R. svaneticus + Pedicularis crassirostris 

4 .1. Caretum caucasici 
4.2. Carum caucasicum + Trifolium ambiguum 
4.3. C. caucasicum + Festuca supina 

5.1. Minuartia colchica + Carum caucasicwn 
5.2. Minuartia aizoides + Campanula biebersteiniana 
5.3. Plantago saxatilis + Festuca supina + Minuartia aizoides 
5.4. Antennaria caucasica + Campanula saxifraga 
5.5. Taraxacum stevenii + Gnaphalium supinum 
5.6. Anthemis rudolphiana + Sibbaldia semiglabra 
5.7. Festuca supina + Campanula saxifraga 
5.8. Antennarietum caucasicae 
5.9. Plantago saxatilis + Festuca supina 
5.10. Antennaria caucasica + Alchemilla caucasica 
5.11. Festuca supina + Chamaesciadium acaule + Plantago saxatilis 

6.1 . Alchemilletum caucasicae 
6.2. Alchemilla caucasica + Antennaria caucasica + Festuca supina 

7.1. Calamagrostis arundinacea + Betonica macrantha 
7.2. Trollieto - Calamagrostidetum mixtoherbosum 
7.3. Calamagrostidetum mixtoherbosum 
7.4 . Calamagrostis arundinacea + Anemone fasciculata 

8.1. Deschampsieto - Calamagrostidetum mixtograminosum 
8.2. Brometo - Calamagrostidetul11 mixtograminosum 
8.3. Calamagrostis arundinacea + Trisetum pratense 

9.1. Festuca djimilensis + Vaccinium myrtillus 
9.2. Festuca djimilensis + lnula orientalis + Trollius caucasicus 

10.1 . Trifolieto - Brometum mixtoherbosum 
10.2. Careto - Brometum mixtoherbosum 

I 1. 1. Trisetum pratense + Euphorbia abchasica + Polygonum carneum 

12.1. Festuca djimilensis + Calamagrostis arundinacea + Geranium platypetalwn + Vacciniwn 
myrtillus 

12.2. Calamagrostidetum arund. mixtograminoso - mixtoherbosum 
12.3. Calamagrostidetum glaucae mixtograminoso - mixtoherbosum 
12.4. Calamagrostis arundinacea + Festuca djimilensis + Anemonefasciculata + Betonica macrantha 
12.5 . Poetum longifoliae mixtoherbosum 

13.1 . Agrostis capillaris + Trifolium canescens 

14.1. Trollius caucasicus + Geranium gymnocaulon 

15.1. Anemonefasciculata + Betonica macrantha 
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16.1. Alchemilla tredecimbola + Valeriana colchica 
16.2. Alchemilletum tredecimlobae mixtoherbosum 

17.1. Geranium typicum 
17 .2. Geranium gymnocaulon + Calamagrostis arundinacea 

18.1. Geranium gymnocaulon + Carex aequivoca + Phleum alpinum + Anthoxantum odoratum + 
Carum meifolium 

18.2. Geranium gymnocaulon + Festuca supina + Senecio taraxacifolium + Aster caucasicus + 
Primula amoena 

18.3. Triseto - Graminetum mixtoherbosum 

19.1 . Geranium gymnocaulon + Anemone fasciculata + Betonica macrantha 
19.2. Geranium gymnocaulon mixtoherbosum 
19.3. Geranium gymnocaulon + Trollius caucasicus + Anemonefasciculata 
19.4. Geranium gymnocaulon + Sibbaldia semiglabra 
19.5. Geranium gymnocaulon + Campanula biebersteiniana 
19.6. Geranium gymnocaulon + Trollius caucasicus 
19.7 . Geranium gymnocaulon + Alchemilla sp. 

20.1. Heracleetum (Heracleum aff. umbonatum Boiss.) 
20.2. Ligusticetum alatae 

21.1. Aconitum nasutum + Cephalaria gigantea + Heracleum aff. umbonatum 
21.2. Senecio platyphyllus + Inula orientalis 

22.1. Athyrium alpestris 

23.1. Senecio platyphyllus + Rumex alpinus 

24 .1 . Festucetum variae typicum 

25.1. F estuca varia + Calamagrostis arundinacea 
25.2. Festuca varia + Deschampsiaflexuosa 

26.1. Festuca varia + Alchemilla sp. div. 
26.2. Festuca variae mixtoherbosum 

27.1. Nardus stricta + Agrostis capillaris 

27.2. Nardus stricta + Sibbaldia parviflora 
27 .3. Nardus stricta + Carum meifolium 
27.4. Nardus stricta + Alchemilla sp. + Trifolium ambiguum 
27.5. Nardus stricta + Plantago saxatilis 

28.1. Carex meinshauseniana + Anthemis rudolphiana 
28.2. Caricetum typicum 

29.1. Festuca supina + Carex meinshauseniana 

30.1. Festuca ruprechtii + Geranium renardii 

31.1. Deschampsia flexuosa + Geranium renardii 

32.l. Deschampsiaflexuosa + Festuca supina + Anthemis rudolphiana 

33.1. Deschampsiaflexuosa + Anthemis rudolphiana + Campanula saxifraga 

34.1. Kobresieta schoenoides 

35.1. Carex dacica + Primula auriculata 
35.2. Carex dacica + Primula auriculata + Trifolium ambiguum 

36.1. Alchemilla tredecimbola + Deschampsia caespitosa 

37.1. Rhododendronetum typicum 

38.1. Rhododendron caucasicum + Chamaenerium angustifolium 
38.2. Rhododendron caucasicum + Geranium gymnocaulon 
38.3. Rhododendron caucasicum + Athirium alpestre 

39.1. Rhododendron caucasicum + Vaccinium myrtillus + Deschampsiaflexuosa 

The vegetation of Georgia (Caucasus) 

abundant in the high-mountains of the 
Caucasus. Usually they inhibit promi
nent slopes exposed to winter winds. 
Carex tristis participates in the forma
tion of sedge-fescue association (Festu
ca supina-Carex tristis). The most typi
cal communities are such, as: Cariceto
Alchemilleta (Alchemillacaucasica) and 
Cariceto-Kobresieta (Kobresia capilli
formis). 

Kobresia capillijormis. These commu
nities like those of K. persica are found 
chiefly in the central and eastern parts of 
Kavkasioni and the southern upland of 
Georgia. They cover mountai ridges and 
prominent slopes. Coenoses, with Mid
dle Asian-Himalayan Kobresia capilli
formis, are very common in Georgia; the 
above-mentioned communities occur on 
marl-like shales and limestones of the 
Central Caucasus. Within variegated 
fescue meadows Kobresieta schoenoi
dis occur on stony localities. 

Festuceta djimilensis. It belongs to the 
tussock grass-forb meadows, which have 
penetrated into the alpine belt from su
balpine zone; Festuceta djimilensis is 
typical for both cobble and wet substra
tum (mostly in the western part of Ka
vkasioni). 

Bromus communities (Bromopsieta va
riegati), which enter the same group, are 
restricted to the southern slopes of alpi
ne belt. In the high-mountains of Col
chis, dry meadows occur on limestones; 
these meadows are formed by Sesleria 
anatolica, a grass with creeping rhizo
me. 

Geranieta (G. gymnocaulon). These 
communities of forb meadows of alpine 
belt, are distributed in the western part 
of Kavkasioni . According to DOLUKHA
NOV (1946), Geranium communities ex
tend from the low-alpine subzone to the 
upper limits of dense vegetation; these 
meadows merge into the subnival belt. 
They occur on mountain-meadow ske
letal soils. 

8.2.2 Carpet-Like Alpine Meadows 

Carpet-like alpine meadows are a 
diverse group offormations. They occur 
in the upper part of the alpine belt. These 
coenoses are to be found among large 
stones. 

The term "carpet-like alpine mea
dows" proposed by GREBENSHCHlKOV 
(1965) coincides with "Dicotylen-Tep
piche" of ELLENBERG (1996). Alpine 
carpet-like meadows are composed of 
the following low rosetted and caespito-
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se plants: Campanula biebersteiniana, 
Carum caucasicum, Veronica gentia
no ides, Gnaphalium supinum, Pedicu
laris crassirostris, P. armena, Poa alpi
na, Taraxacum stevenii, T. crepidifor
me, Sibbaldia semiglabra, etc. 

These communities include such 
grasses as Poa alpina, Ph/eum alpinum, 
F estuca supina, etc. 

Carpet-like alpine meadows differ 
from true meadows by their floristic 
composition and ecological peculiari
ties . Due to the lasting snow cover, they 
are characterized by short vegetative 
period. Herbage of the above-mentio
ned meadows does not exceed 3-4 cm. 
80% of phytomass is accumulated in a 0-
1 cm layer. As noted above, the carpet's 
sod belongs to the forb-type sod-for
ming. The typical carpet's sod has a 
two-layer structure. The main mass of 
the individual sod is concentrated in the 
upper layer (5-6 cm). The lower layer 
consists of separate deep roots (20-25 
cm). Alpine carpet-like meadows are 
distinguished by large and brightly co
loured flowers and inflorescences. 

Some authors suggest to consider 
alpine carpet-like meadows as Nanoher
beta, which belong to eumesophytic 
meadows. 

Besides the climax carpet-like al
pine meadows, secondary carpets, enri
ched by meadow elements (especially 
Alchemilla species), occupy considera
ble areas. Development of these secon
dary carpets is caused by overgrazing. 

Sibbaldia semiglabra communities 
as well as those of S. parviflora are of 
particular interest. Pure Sibbaldia com
munities are very poor floristically. 

These secondary communities oc
cupy the most exploited pastures. Ende
mic carpet-like alpine meadows with 
Ranunculus helenae occur on limestone 
substratum in Colchis. Moist sites are 
occupied by carpets of Carum caucasi
cum. Pure stands of the above-mentio
ned plant are quite rare; usually it asso
ciates with Taraxacum stevenii, Cam
panula biebersteiniana, Plantago saxa
titis, Minuartia aizoides, etc. Carpet
like communities which are developed 
around the snow spots and at the edges 
of glaciers, include the following spe
cies: Ranunculus oreophilus var. pumi
Ius, R. baidarae, Primula algida, Gen
tiana djimilensis (= G. pyrenaica), G. 
angulosa, G. nivalis, Minuartia aizoi
des and Cerastium cerastoides.Of the 
plants growing at the banks of brooks, 
the following may be mentioned: Pedi
cularis crassirostris, P. nordmanniana, 
Primula auriculata, Poa alpina, etc. 
8.2.3 Alpine Shrub 

Steep northern slopes of alpine belt 
are inhibited by Rhododendron cauca
sicum thickets ("dekiani" in Georgian). 
Rhododendron communities occur even 
at an altitude of 1700-1800 m. Accor
ding to KOLAKOVSKY (1961), at greater 
altitudes Rh. caucasicum is restricted to 
cirques and valleys, which are characte
rized by high humidity and profound 
snow, protecting it from frost. The same 
scholar, attributes the present-day di
stribution of Rh. caucasicum in alpine 
belt to the lowering of upper forest mar
gins, to which it has been confined befo
re. 

Rhododendron thickets occur on 
brownish-cinnamon bog soils, which are 
very rich in humus (usually skeletal) 
(fig. 37). 

Subshrub communities, formed by 
Dryas caucasica (table 11) arise much 
interest. They favour cold stony slopes 
of northern exposure. In Colchis, Dryas 
communities are restricted to limestone 
rocks, rocky mountain ridges and stony 
slopes of northern exposure (KOLAKO
VSKy,1961). 

Distribution area of elfin woods of 
Juniperus hemisphaerica and J. sabina 
extends throughout Kavkasioni. In Col
chis, the fragments of Juniperus com
munities (fig. 38) rarely intermingle with 
Rhododendron thickets. Juniper coeno
ses with Woronowia speciosa (= Geum 
speciosum) occupy limestone mountains 
(KOLAKOVSKY, 1961). 

Chionophilic communi ties of 
Daphne glomerata are very characteri
stic of Kavkasioni. Coenoses of D. al
bowiana and D. woronowii are abun
dant in Colchis. It should be noted, that 
D. woronowii communities occur on 
limestones. 

8.2.4 Alpine Saxicolous Plants 

Of the saxicolous plants of alpine 
belt the following should be outlined: 
Campanula mirabilis, C. dzaaku, A re
naria lychnidea, Draba b ryo ides, Al
bowiodoxa elegans, Symphyandra ar
mena, etc. The screes are occupied by 
H eracleum calcareum, Campanula schi
stosa, Athyrium alpestre, Anthemis so
snowskyana, Barbarea minor, etc. 

8.2.5 Ecological Characteristics of Al
pine Communities 

Ecological characteristics of Nar
detum strictae and Caricetum tristis are 
presented bellow (fig. 39). These com
munities are typical representatives of 
alpine vegetation of the Caucasus. They 
are confined to the central part of the 

Fig. 37 - Rhododendron caucasicum and 
Betula litwinowii near the upper limit of 
crook-stem forest (Kazbegi, East Georgia) 
(Photo Abdaladze). 

Table 11 - Dryeta in Kazbegi 

Height (m s. m.) 
Exposition 
Fall (0) 
Cover (0/0) 

Deschampsia flexuosa 
Anthoxanthum odoratum 
Carex meinshausaniana 
Agrostis planifolia 
Bromopsis variegata 
Helictotrichon asiaticus 
Nardus strieta 
Poa alpina 
Festltca supina 
Daphne glomerata 
Vaccinium vitis-idaea 
Dryas caucasica 
Carum caucasicum 
Minuartia circassica 
Trifolium ambiguum 
Trifolium trichocephalum 
Vicia alpestris 
Primula amoena 
Alchemilla sericata 
Ranunculus caucasicus 
Viola somchetica 
Leontodon hispidus 
Anemone Jasciculata 
Carum alpinum 
Ge17lianella caucasica 
Polygonum viviparum 
Campanula col Una 
Betonica macrantha 
Plantago caucasica 
Selaginella selaginoides 
Selaginella helvetica 
Leontodon danubialis 
Polygala alpicola 
Polygonum carneum 
Cirsium obvallatum 
Ranunculus acutilobus 
Cruciata laevipes 
Pyrethrum roseum 
Ranunculus oreophilus 
Cirsium simplex 
Parnassia palustris 
Silene ruprechtii 
Rhinanthus minor 
Cirsium pugnax 
Taraxacum cOlifusum 
Ceraslium purpurascens 
Minuartia imbricata 
Scabiosa caucasica 
Inula orientalis 

2050 
NW 
50 
100 

3 
3 
3 
2 
2 
2 
1 
1 
2 
2 
I 
4 
3 
I 
2 
1 
I 
1 
I 
1 
1 
I 
1 
I 
I 
2 
I 
1 
2 
I 
I 
1 
I 
1 
1 
1 
1 
1 
2 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Fig . 38 - Juniperus hemisphaerica 
community (Kazbegi , East Georgia). 

Altitude (m a.s.l.) 

3200 

Greater Caucasus (Kazbegi region, 2650 
m). 

Soils 

Mother rocks of this area are of 
volcanic origin. Soils, formed by volca
nic ash, are becoming andosols or An
dept (the term proposed by North Ame
rican pedologists). Soils populated by 
the abore-mentioned communities have 
A-B-C profile. Transition to A-C soils 
can be observed at greater altitudes. Soil 
pH of A layer is very acid, sandy loam 
and pierced through with roots. It appe
ars that water content in phytocoenosis 
accounts for the changes of soil color; 
thus, when lacking water, the colour of 
soil becomes lighter. 

The content of organic water (17-
20%) is rather high in A layer of both 
phytocoenoses. However, at an altitude 
of 1970 m, the same index is 14%. 

Temperature Regime 

.... -------c.~w 
3000 

2800 

2600 

2400 

2200 

2000 

1800 L----------------r 

Fig. 39 - The regularity of the vertical distribution of high-mountain vegetation in Kazbegi region: 

I. Subnival vegetation (Tripleurospermum subnivale, Scrophularia minima, Nepeta supina, etc.); 
2. Festuca supina - Carex tristis - Cobresia capilliformis 
3. Cobresia capilliformis - C. persica - Polygonum viviparum 
4. Bromopsis variegata-Agrostis tenuis-Scabiosa caucasica-Trifolium alpestre 
5. Hordeum violaceum-Poa pratensis-Anthriscus nemorosa-Heracleum asperum 
6. Festuca varia-Carex meinshauseniana 
7. Dryas caucasica-Deschampsiajlexuosa 
8. Sibbaldia semiglabra-Taraxacum stevenii 
9. Rhododendron caucasicum 
I O.Festuca supina-Carex tristis 

The vegetation ofCeorgia (Caucasus) 

On sunny days the herbages of both 
phytocoenoses undergo overheating. In 
Caricetum the lower layers and soil sur
face represent the "active surface" of 
conductive heat exchange. For exam
ple, the mean diurnal temperature of soil 
surface is 9,40 C higher than that of the 
air at the height of 2 m, and it is 10,5 0 C 
higher - at I m. 

When studying microclimate and 
energy balance, we have applied the 
methods of CERNUSCA (1976) . 

Maximum temperature of soil sur
face is 290 C, more than that of the air at 
the height of 2 m. 

In Nardetum the overheating of 
herbage is less than in Caricetum. Solar 
radiation is allocated over more expan
sive biomass, which accounts for less 
overheating. Maximum overheating is 
observed in the lower 3 cm layer of 
phytocoenosis. In this layer of herbage, 
the average diurnal temperature is 6,7 0 

C higher and maximum temperature is 
19,4 0 C higher than that of air at the 
altitude of 2 m. In Nardetum on soil 
surface the temperature reaches its ma
ximum meaning 2 hours later, than at 3 
cm higher above soil. This must be pro
vided by a rather thick layer of detritus 
over the soil, which is characterized by 
low heat conductivity. 

The temperature of leaves is very 
important for photosynthesis, respira
tion and transpiration. By the peculiari
tiesoftemperatureofleaves, both phyto
coenoses are of two-layer structure: in 
lower warm layers of herbage (Carice
tum 0-1 cm, Nardetum 0-5 cm) the tem
perature of leaves is below the air tem
perature. In Nardetum at the height of 
0,5 cm leaves are cooled off on average 
1.30 C during the day, and in Nardetum 
at the height of 4 cm - on 2,60 C. Under 
the influence of wind, intensive convec
tive heat exchange takes place in the 
upper layer of phytocoenosis. The tem
perature of leaves here almost equals 
with that of the air. On the average, the 
temperature ofleaves in Nardetum (hei
ght -3 cm) exceed that of the air just by 
0,1 0 C daily. 

Air humidity, especially water va
pour pressure gradients between leaves 
and their en vironment are very essential 
factors for many ecosystems. 

The lack of water vapour pressure 
at different height levels from the surfa
ce of soil distinguishes two layers of 
phytocoenosis structure. In Caricetum 
tristis the layer above I cm is strongly 
influenced by wind and dry air; during 
the one hour (between 1.00 and 2.00 
a.m.) the water vapour deficit amounts 
to 37,6 mbar at the height of 3 cm, 
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whereas at 1 cm above the surface of soil 
water pressure deficit is only 17,2 mbar. 

Solar Radiation Regime 

On sunny days, daily global radia
tion equals to 562 cal. cm-2

• In Carice
tum tristis 21.9% of this amount is re
flected by leaves, while in Nardetum 
only 19.2%. The value of albedo of 
Caricetum tristis coincides with that of 
Caricetum curvulae; these communities 
occur in Hohe Tauern (CERNUSCA, 1976). 
In Caricetum 358 cal. cm" is absorbed 
in the form of radiation balance, while in 
Nardetum 338 cal. cm"". For Caricetum 
curvulae in the Hohe Tauern Mts. (Au
strian Alps) the radiation balance makes 
up 66% of global radiation. 

In good weather, 44% of absorbed 
solar energy (radiation balance) in Cari
cetum is spent on evapotranspiration, 
40.7% on air heating and 15.3% on soil 
heat flow, correspondingly, in Narde
tum it is 62.5%, 28.7% and 8.8%. 

Consequently, the soil heat flow in 
Caricetum is twice as much as in Narde
tum. It can be accounted for by the fact, 
that a large amount of radiation is being 
absorbed in the lowest layers of phyto
coenosis (0-0,5 cm) and in the soil sur
face. Whereas, in Nardetum radiation is 
absorbed in the upper layers. Besides, 
Nardelum has a rather dense layer of 
detritus, which retains the soil heat flow. 

Results of the analysis confirm the 
concl usions based on the studies of dwarf 
shrub heaths in Patscherkofel (Tyrol, 
CERNUSCA, 1976) and alpine heaths in 
Hohe Tauern Mts. Obviously, the struc
ture of phytocoenosis (orientation of 
leaves, shape, height of plants) and expo
sure have a great impact on the microcli
mate and energy balance ofhigh-moun
tain ecosystems. Both of the studied 
phytocoenoses are of two-layer structu
re. The upper dry and relatively cool 
layers are more influenced by wind. The 
lower warm and moist layers are cha
racterized by negligible wind speed. At 
the same time, we have found out that 
the structure of phytocoenosis, micro
climate and energy balance of Carice
tum tristis in the Caucasus is similar to 
those of Caricetum curvulae in Hohe 
Tauern. 

Leaf Diffusion Resistance 

Water Potential 

Alpine plants of the Caucasus are 
characterized by higher value of stoma
tal conductance than those of Alps (KbR
NER, 1977). Absence of stomata closing 
tendency, which is more pronounced in 

Nardetum, indicates at good water sup
ply of both phytocoenosis. The values of 
stomatal conductance and water poten
tial of leaves of Carex tristis seems to 
change in the opposite direction. 

Ex tremel y low val ues of maximu m 
diffusion resistance speak of sufficient 
water supply and moist growth condi
tions of the plants, which occur in the 
alpine belt of Georgia. 

8.3 Subnival Vegetation 

The subnival belt is well represen
ted in the Caucasus. It is situated betwe
en the belt of alpine meadows and that of 
firm fields at the altitude from 2900-
3000 up to 3500-3700 m s. m. 

In the Greater Caucasus, lower li
mit of the above-mentioned belt varies 
in altitude between 2900 and 3100 m, 
increasing from west to east. Due to the 
low position of eternal snow line (about 
2800 m) in the western part of the Gre
ater Caucasus, boundaries of subnival 
belt, represented here fragmentally, are 
not subject to classification. 

8.3.1 Life Conditions in Subnival Belt 

Subnival belt of the Caucasus is 
characterized by moist climate wi th short 
cold summer and long severe winter. On 
the basis of the data of observations by 
the meteorological station, situated at 
3656 m s. m. (Kazbegi), the subnival 
belt can be characterized by the fol
lowing figures: mean annual temperatu
re 6,10° C, mean temperature ofJanuary 
-IS° C, mean temperature of the war
mest months (July-August) _10° C; ex
treme maximum + 16° C; extreme mini
mum -42° C. annual amount of precipi
tation is 1074 mm, mean annual wind 
speed 6.4 mJsec. 

The role of temperature as a limi
ting factor becomes more important; 
excessive solar radiation raises the tem
perature of soil sUlface and of boundary 
air layer, daily temperature fluctuations 
and evapotranspiration also increase. The 
role of wind as an ecological factor 
should be particularly emphasized, as 
the character of distribution of plants 
and communities in subnival and nival 
belts in many respects is dependent on 
the direction and strength of wind. 

According to LARcHER (1980), wind 
direction in high-mountains determines 
great differences in habitats, water and 
temperature relations of plants and soil. 
In respect of the observations produced 
by the same scholar, rocks, ridges and 
mountain-sides exposed to wind are less 
intensively warmed up by sun rays than 
the elongated cavities and ditches, pro-

tected from wind. The efficiency of CO, 
assimilation amounts with the altitude.-

The pattern of plant microgrouping 
distribution, temperature and water re
lations of habitats, the phenological 
rhythm type of plants in subnival and 
especially nival belts are also predeter
mined by snow cover. In high-moun
tains some species of plants (chionopho
bes) are well adapted to low temperatu
res and others (chionophiles) have low 
frost resistance (LARcHER defined cha
racteristic properties of high-mountain 
biomes of diverse globe zones, inclu
ding subnival and nival belts of the Cau
casus, is a great variety of ecological 
niches within even small territories. 
Metabolism and plant growth in the ex
treme conditions of high-mountains are 
mainly governed by characteristic pro
perties of microclimate of these niches. 

Another unfavourable environmen
tal factor affecting the growth of plants 
at high altitudes, is the ultraviolet radia
tion. However, due to the high concen
tration of carotinoids and flavonoids , 
these plants are well adapted to this 
factor (CALDWELL, 1968). 

Physical and geographical condi
tions of the subnival belt of the Caucasus 
are particularly extreme, but due to life 
strategy adaptations, for some plants, 
typical for this belt, such living condi
tions are quite optimal. 

In connection with the absence of 
terrains with more or less mature soil, 
almost all the plants of subnival ecosy
stems are rock and talus plants. Very 
high percentage of endemic, including 
also narrow-endemic species are promi
nent. Some of them fall into mono- or 
oligotype genera (Pseudobetckea, Sym
phyoloma, Pseudovesicaria, Didy
mophysa, Trigonocaryum, Eunomia, 
Vavilovia). 

Severe climatic conditions dictate 
strict regIe mentation of population va
riability of every species, which has its 
own life strategy, habitat, favourable to 

development of individuals in every 
population, often scattered at considera
ble distances create quite often favoura
ble conditions for the development of 
another one. In this connection, compe
tition between populations of different 
species often seems to be masked or 
even eliminated by positive effect of 
different plant coexistence. 

Besides the peculiarities of clima
te, a lithologic composition of waste 
mantle and the degree of differences 
between high mountain conditions and 
the conditions similar to ones in edaphic 
and climatic respects, have a great im
pact on floristic composition of species, 
closely related to either rock, in the 
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maJonty of cases have narrow area, 
whereas among the species indifferent 
to lithologic base of waste mantle, one 
can find fewer endemic species; the spe
cies with wide distribution predominate 
(DOLUKHANOV, 1969). 

A large amount of endemic spe
cies, which are typical representatives 
of subnival flora and even endemic ge
nera, present enough grounds to suggest 
the existence of a suitable floristic com
plex, within the region, with analogues 
of high-mountain landscapes, in the ge
ological past, far beyond the Pleistocene 
(KH ARADZE, 1965). 

In the extreme high-mountain con
ditions life activity of plants is mainly 
governed by the temperature of boun
dary air layer. 

According to the represented tau
tochrones (fig. 40) high air temperature 
during the daytime (from 12.00-13.00 to 
16.00-17.00) is observed at 0-10 cm 
above the soil surface. Temperature of 
the soil surface runs to high values, but 
at the depth of 10-20 cm it remains 
relatively low during the whole day. In 
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the morning, the soil surface temperatu
re is almost always negative. 

8.3.2 Flora 

Extreme environmental conditions 
appear in the subnival zone of the Cau
casus. Nevertheless, more than 300 spe
cies occur here, among them plants whi
ch are typical for alpine and sometimes 
for subalpine belts (table 12). Only 109 
species are characteristic for the subni
val zone (KHARADZE, 1965). Location of 
upper boundary of flowering plants di
stribution depends on the level of conti
nental climate and on highness of moun
tain . For example in the highest region 
of the Caucasus (Svaneti, Elbrus, Kaz
begi) flowering plants reach 3900-3950 
m s. m. , while in continental Dagestan 
(East Caucasus) (PRIMA, 1974) and in 
mountain Aragatz (Minor Caucasus) 
(VOSKANJAN, 1976) they occur corre
spondingly at 3600-4000 m. At 3950 m 
(Central Caucasus) appears Cerastium 
kazbek and at 4000 m (Mt. Aragatz, 
Minor Caucasus) Draba araratica. The 

00 
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temperature( QC) 

Fig. 40 - Temperature tautochrones of soil and air temperature in the subnival belt (3500 m 
a.s.l.). 

The vegetation of Georgia (Caucasus) 

following typical subnival species are 
found at 3600-3800 m s. m.: Saxifraga 
moschata, S. exarata, S. flagellaris, S. 
sibirica, Tripleurospermum subnivale, 
Colpodium versicolor, Alopecurus das
yanthus, Draba supranivalis, Veronica 
minuta, V. telephiifolia, Senecio karja
gini, Cerastium pseudokasbek, Pseudo
vesicaria digitata. 

A number of endemic species and 
genera occur in the subnival zone: mo
notypic genera - Pseudovesicaria (Bras
sicaceae), Symphyoloma (Apiaceae), 
Pseudobetckea (Valerianaceae). 

From Caucasian-Asia Anterior ge
nera there are found oligotypic Coluteo
carpus, Didymophysa and Eunomia 
(Brassicaceae), Vavilovia (Fabaceae). 
They are mainly distributed in high 
mountains of the Minor Caucasus and 
Asia Anterior. Almost missing are Cype
raceae and shrubby plants. The same 
phenomenon is observed in polar deser
ts (ALEXANDROVA, 1983) the composi
tion of the flora with respect to the soils 
is different. On the volcanic rocks of 
Keli Plateau has been established flora 
somehow different from one of mergel 
slates. High percentage of caucasian en
demics are connected with mergel slates 
(DOLUKHANOV, 1969). Especially are di
stinguished li mestone-built rocks of 
Western Caucasus where a number of 
local endemics appear. 

8.3.3 Vegetation 

Under subnivaI vegetation we con
sider the vegetation of a certain altitudi
nal zone placed between alpine low her
baceous meadows and snow line. Distri
bution of contagious vegetation is limi
ted and open groups dominate mainly. 

The following types of vegetation 
of the subnival zone are noticed. 
1) Open groups are formed by one popu

lation or by few species of flowering 
plants, which are not contiguous to 
each other either by overground or by 
underground parts. Only biotope and 
environmental conditions are com
mon for them. 

2) Nanocoenosis or ultramicrocoenosis 
is dominated by individuals ofvascu
lar plants sprinking with turfs of cer
tain plants or lichens. Plants contact 
with underground and overground 
parts. Nanocoenoses are spread in 
patches. 

3) Fragments of turfy alpine meadows 
established by grasses and alpine car
pets formed by various herbaceous 
plants. Fragments of alpine meadows 
have broad ecological amplitude, 
whereas "carpets" are found only at 
the snow edges. Overground and un-
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derground relationship between plants 
is well presented. 

Large amount of mosses and li
chens occur in all types of vegetation. 
Mosses: Bryum sp., Dicranum elonga
tum, Dicranoweisia crispula, Pohlia 
elongata, Pogonatum nanum, Tortella 
tortuosa, Tortula muralis, etc. 
Lichens: Thamnoliavermicularis, Hypo
gimnia encausta, Cetraria islandica, C. 
nivalis, Parmelia vagans, Umbilicaria 
virginis, Placolecanora melanophthal
ma, P. rubina, P. murilis, Stereocaulon 
alpinum, Caloplaca elegans, Umbilica
ria cylindrica, Lecidea atrobrunea, Rhi
zocarpon geographicum, etc. 

Species from open groups are pre
sented in all biotopes of subnival zone 
with the exception of snow edges. For 
example on instable screes there occur: 
Cerastium kazbek, Delphinium cauca
sicum; on weekly moving: Veronica 
minuta, V. telephiifolia, Scrophularia 
minima, Lamium tomentosum; on fixed 
screes: Aetheopappus caucasicus, Sym
phyoloma graveolens, lurinella suba
caulis, Minuartia inamoena; on rocks: 
Primula bayernii, Draba bryoides, Sa
xifraga moschata, S. exarata. All these 
plants are chionophobes or hemichio
nophobes and are different from each 
other by li ving form. Espalier plants are: 
Veronica minuta, V. telephiifolia; acau
lescent rosette plants: Scrophularia mi
nima, Symphyoloma graveolens, Aetheo
pappus caucasicus; cushions: Minuar
tia inamoena, M. trautvetteriana, Saxi
fraga moschata, S. exarata, Draba bryoi
des. 

Almost all above-mentioned plan
ts are typical representatives of the sub
nival zone and are well adapted to the 
extreme environmental conditions. 

Nanocoenoses are spread in pa
tches through the whole subnival zone 
of the Caucasus. Their dimensions so
metimesare 15-20cm2

• Number of plant 
rarely exceeds 4-5 species (tab. 13). 
Nevertheless different aged populations 
are found there: sprouts, juvenils, im
mature and generative individuals with 
the whole seasonal cycle (NAKHUT
SRlSHVILI, 1974; NAKHUTSRlSHVlLI, GAMT
SEMLIDZE, 1984). Subnival and alpine 
species are attended in all nanocoenoses 
which give possibility to alpine plants 
for successful survival and expansion of 
area. 

N anocoenoses are presented almost 
in all biotopes of subnival zone especial
ly in the schistous substrate. 

They often reach great altitudes, 
for example in the Mamisoni Pass nano
coenoses decrease only from 3600 m s. 
m. (tab. 14). 

The floristic composition of nano-

Table 12 - List of plants growing in the subnival belt of the Caucasus. 

Aetheopappus caucasicus 
Alchemilla chlorosericea 
Alchemilla sericea 
Allium szovitsii 
Alopecurus armenus 
Alopecurus dasyanthus 
Alopecurus vaginatus 
Androsace raddeana 
Anemone anatolica 
Anthemis iberica 
Anthemis rudolphiana var. subglabrescens 
Anthoxanthum alpinum 
Apterigia pumila (= Thlaspi pumilum) 
Arabis farinacea 
Arabis kazbegi 
Arenaria lychnidea 
Astragalus alpinus 
Astragalus gezelgarensis 
Astragalus vavilovii 
Campanula aucheri 
Campanula tridentata 
Carex tristis 
Carum caucasicum 
Chaerophyllum humile 
Cerastium cerastoides (= Dichodon cerastoides) 
Cerastium araraticum 
Cerastium kasbek 
Cerastium multiflorum 
Cerastium polymorphum 
Cerastium pseudokasbek 
Cerastium svanicum 
Cerastium undulatifolium 
Charesia akinfievii 
Cheilanthes persica 
Kobresia shoenoides 
Colpodium araraticum 
Colpodium colchicum 
Colpodium versicolor 
Corydalis aipestris 
Corydalis conorhiza 
Delphinium caucasicum 
Dentaria microphylla 
Didimophysa aucheri 
Draba araratica 
Draba supranivalis 
Epilobium anagallidifolium 
Erigeron venustus 
Erigeron unilforus 
Erysimum gelidum 
Euphorbia kemulariae 
Eunomia rotundifolia 
Festuca chalcophaea 
Festuca supina 
Gentiana dechiana 
Gentiana pyrenaica 
Gagea glaciaiis 
Gagea sulfurea 
Galium coronatum (= Cruciata coronata) 
Galium elbrussicum (= Crudata elbrussica) 
Galium sosnowskyi (= Cruciata sosnowskyi) 
Hedysarum armenum 
Heracleum schelkovnikovii 
Hypericum nummularioides 
lurinea filicifolia 
lurinea moschus 
lurinella subacaulis 
Lamium tomentosum 
Luzula spicata 
Minuartia aizoides 
Minuartia brotherana (M. ruprechtiana) 

Minuartia colchica 
Minuartia inamoena 
Murbekiella huetii (= Phryne huet;i) 
Muscari paradoxum 
Nepeta alaghezi 
Nepeta supina 
Omalotheca supina (= Gnaphalium supinum) 
Oxyria dygina (= O. elatior) 
Oxytropis meyeri 
Pedicularis armena 
Pedicularis crassirostris 
Phleum alpinum 
Poa alpina 
Poa araratica 
Poa caucasica 
Potentilla crantzii 
Potentilla gelida 
Potentilla bertramii (Potentilla raddeana) 
Potentilla seidlitziana 
Potentilla subpalmata 
Primula bayernii 
Pseudobetkea caucasica 
Pseudovesicaria digitata 
Pulsatilla albana 
Pyrethrum aromaticum 
Ranunculus aragazii 
Ranunculus arachnoideus 
Ranunculus brachylobus 
Ranunculus dzhavakheticus 
Ranunculus lojkae 
Ranunculus oreophilus var. pumilum 
Ranunculus svaneticus 
Saxifraga hirculus 
Saxifraga juniperifolia 
Saxifraga exarata 
Saxifraga !ragellaris 
Saxifraga moschata 
Saxifraga pseudolaevis 
Saxifraga pontica 
Saxifraga ruprechtiana 
Saxifraga scleropoda var. nivalis 
Saxifraga sibirica 
Scropularia minima 
Sedum armenum 
Sedum tenellum 
Senecio taraxacifolius 
Senecio karjaginii 
Senecio sosnowskyi 
Sesleria anatolica 
Silene humilis 
Silene pygmanea 
Symphyoloma graveolens 
Sibbaldia semiglabra 
Trisetum spicatum 
Taraxacum stevenii 
Taraxacum porphyranthum 
Taraxacum tenuisectum 
Trigonocaryum involucratum 
Tripleurospennum subnivale 
Valeriana daghestanica 
Valeriana saxicola 
Vavilovia formosa 
Veronica bogosensis 
Veronica minuta 
Veronica schistosa 
Veronica telephiifolia subsp. glareosa 
Veronica tumadzhanovii 
Viola minuta 
Ziziphora puschkinii (= Z. subnivalis) 
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Table J 3 - Nanocoenoses of the subnival belt (the Mamisoni Pass in the Central Caucasus) 

Screes of southern slopes of 5-7° 

Potentilla crantzii - Poa alpina - Symphyoloma graveolens 
Poa alpina - Minuartia aizoides - Alchemilla sericea - Anthemis sosnowskyana 
Alchemilla sericea - Poa alpina - Anthemis sosnowskyana 
Minuartia inamoena - Poa a/pina - Symphyoloma graveolens - Anthemis sosnowskyana -
Taraxacum stevenii - Veronica gentianoides 
Minuartia aizoides - Poa a/pina - Symphyoloma graveolens 
Arenaria lychnidea - Anthemis sosnowskyana 
Minuartia inaomena - Campanula saxifraga - Potentilla gelida 
Minuartia inamoena - Minuartia aizoides - Saxifraga exarata - Poa alpina 
Minllartia inamoena - Saxifraga exarata - Symphyolol1la graveo/ens - Anthemis 
sosnowskyana - Poa alpina - Taraxacum stevenii 
Arenaria Iychnidea - Call1panula biebersteiniana - Saxifraga exarata - Taraxacum stevenii 

Scree biotope of western exposure (10°) at 3200 m 
lurinella subacaulis - Saxifraga sibirica 
Alopecurus glacialis - Tripleurospermum subnivale - Erigeron uniflorus 
Alopecurus glacialis - Tripleurosperl1lllll1 subnivale 
Alopecurus glacialis - Sedum tenellum 

I 
Poa alpina - Tripleurospermum subnivale - Draba supranivalis 
Alopecurus glacialis - Saxifraga moschata 
Eunomia rotundifolia - turf of mosses and lichenes 

Mergel slates of western exposure at 3300 m 
Saxifraga moschata - Tripleurospermum subnivale 

3350 m Stony-scree biotope (Mt. Elbrus) 
Potentilla gelida - Carum caucasicum 
Potentilla gelida - Minuartia trautvetteriana - Saxifraga flagellaris - Veronica minuta 
Minuartia trautvetteriana - Veronica telephiifolia 
Tripleurospermum subnivale - Carum caucasicum - Cerastium cerastoides - Veronica 
telephiifolia - Senecio kwjagini 
Tripleurospermum subnivale - Veronica telephiifolia - Senecio karjaginii - Saxifraga 
flagellaris - Cerastium cerastoides - Anthoxanthum alpinum 
Potentilla gelida - Minuartia trautvetteriana - Veronica telephiifolia - Saxifragaflagellaris 

Table 14 - Basic nanocoenoses of the subnival belt of the Mamisoni Pass by the altitudinal 
gradient. 

3000 m 
Alchemilla sericea - Poa alpina - Sibbaldia semiglabra 
Saxifraga moschata - Alchemilla sericea - Minuartia ai~oides 
Festuca supina - rampanllla biebersteiniana - Carum caucasicum - Alchemilla sericea 

3200 m 
Alopecurlls dasyanthus - Saxifraga moschata - Minuartia inamoena 
Tripleurospermum subnivale - Scrophularia minima - Delphinium caucasicum 
Alopecurus dasyanthus - Tripleurospermum subnivale - Erigeron uniflorus 
Alopecurus dasyanthus - Sedum tenellllm 
Taraxacum stevenii - Campanula biebersteiniana - Carum caucasicum 

3300 m 
Saxifraga moschata - Tripleurospermum subnivale - Alopecurus dasyanthus 
Alopecurus glacialis - Cerastium polymorphum 
Erigeron uniflorus - Lamillln tomentosum - Potentilla gelida 

3400 m 
Delphinium caucasicum - Saxifraga moschata - Lamium tomentosum 
Tripleurospermum subnivale - Colpodium versicolor - Ziziphora puschkinii 
Eunomia rotundifolia - Tripleurospermum subnivale 
Saxifraga moschata - Cerastium cerastoides 

3500 m 
Saxifraga moschata - Eunomia rotundifolia - Senecio karjaginii 

3600 m 
Saxifraga moschata - Cerastium kazbek 

The vegetation of Georgia (Caucasus) 

coenoses occurring on the same relief is 
very alike. 

To asses the homogeneity of vege
tation in horizontal structure frequency 
diagrams were made up by the method 
ofRaunkiaer (BRAUN-BLANQUET, 1964). 
Three sections of the Mamisoni Pass 
and one section placed at the foot ofMt. 
Elbrus were explored. Was used a circle 
(diameter 35,6 cm) restricting circle 11 
100 m} of area 50 times. In brief, this 
method states that the vegetation of any 
surface is floristically homogeneous 
when the classes of higher frequency in 
the diagrams contain more number of 
species and the classes of lower frequen
cy, accordingly, contain less number of 
species and vice versa (NAKHuTsRlsHvl
L1, 1998). 

The first section is located at 2950 
m on the western slope of 5-7. General 
cover is 30-40%. From typical subniva
le species here occur: Aetheopappus 
caucasicus, Symphyoloma graveolens, 
lurinella subacaulis etc. Mainly are 
dominated species from alpine zone. 
Homogeneity of vegetation is low. The 
following plants have the greatest fre
quency: Minuartia oreina, Veronica 
gentianoides, Anthemis sosl1owskyana. 

Second section is situated on sou
thern slope of 5-60 at 3000 m. Cover is 
30-40%. Here appear subnival species: 
Aetheopappus callcasicus, Silene mar
cowiczii, SYl1lphyoloma graveolens. 
However, still dominate species from 
alpine zone. Homogeneity is low as well. 
Greatest frequency is observed for Mi
nuartia oreina and for Aetheopappus 
caucasicus and Campanula saxifraga. 

The third section is placed on we
stern slope of 5-70 at 3100 m. Cover of 
vegetation is 20-30%. 

There occur subnival species: Al
chemilla sericea, Saxifraga moschata, 
Symphyoloma graveolens. Nevertheless, 
presence of alpine plants prevail over 
subnival ones. Homogeneity is low. 

Fourth section is located at the foot 
of Mt. Elbrus (3350 m). Mesorelief is 
plane, strongly stoned. With the subni
vale species - Minuartia trautvetteria
na, Saxifraga jlagellaris, Veronica mi
nuta - there appear typical alpine plants: 
Carum caucasicum, Poa alpina, Cera
stium cerastoides. The following spe
cies have the high frequency: Carum 
caucasicum, Veronica minuta, Potentil
la gelida, Minuartia trautvetteriana, 
Saxifraga jlagellaris. Consequently, a 
little more homogeneity is characteri
stic for subnival zone especially on the 
transitional places from alpine and sub
nival belt. 

Fragments of turfy meadows and 
alpine carpets are well developed in 
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subnival belt. ELLENBERG (1986) calls 
these fragments "RasenstUcke" and he 
considers that they are typical primary 
alpine meadows. REISIGL and PITSCH
MANN (1958) call the above-mentioned 
fragments "Pionien'asen" and the zone 
of their distribution "Pionierrasenstu
fe". ELLENBERG accounts them as a for
med and stabile climax association and 
refuses their farther development be
cause of strongl y restricted habitat. Com
position of species very often remains to 
be stabile for the years. 

Festuca varia, Festuca supina, 
Nardus stricta and other grasses form 
fragments of alpine meadows. Below is 
a list of some species appearing on the 
southern slope of 12-15° at 3100 m (the 
Mamisoni Pass). 
I. Festuca varia 
Carex tristis 
Poa alpina 
Potentilla crantzii 
Anthemis sosnowskyana 
Campanula biebersteiniana 
Anemone speciosa 
2. Festuca varia 
Alchemilla sericea 
Betonica macrantha 
Poa alpina 
Carex tristis 
Anthemis sosnowskyana 
Polygonum ca meum 
Taraxacum stevenii 
Leontodon hispidus 
3. Festuca varia 
Poa alpina 
Anthemis sosnowskiana 
Aster alpinum 
Veronica gentianoides 
Campanula collina 
4. Festuca varia 
F. supina 
Alchemilla caucasica 
Carex tristis 
Minuartia oreina 
Veronica gentianoides 
Polygonum ca meum 
Leontodon hispidus 
5. Festuca supina 
Minuartia oreina 
Poa alpina 
Anthemis sosnowskyana 
Campanula saxift-aga 
Taraxacum stevenii 

One can notice that the species of 
alpine meadows dominate but there ap
pear plants from alpine carpets - Tara
xacum stevenii, Campanula bieberstei
niana, from scree habitats - Anthemis 
sosnowskyana and typical subnivallan
dscapes - Alchemilla sericea. As in na
nocoenoses fragments are formed by a 
small number of species, however here 
they occur in a large amount rather than 
in nanocoenoses. In more extreme en vi-

ronmental conditions are established 
fragments dominated by Kobresia scho
enoides and Carex tristis appearing 
mainly on windy slopes ofsubnival zone 
and by alpine species - Campanula bie
bersteiniana, Gnaphaliumsupinum, Ta
raxacum stevenii, Poa alpina, etc. 

Fragments of alpine carpets or 
"Dikoty len-Teppiche" by ELLENBERG 
(1996) are established on moist places 
especially where snowbeds remain for 
the long time. On snow free places plan
ts occur in better temperature condi
tions. There dominate espalier (Minuar
tia aiz.oides, Sibbaldia semiglabra) and 
rosette life forms (Taraxacum stevenii, 
Plantago saxatilis, etc.). 

Below is a list of species collected 
at 3250 m on the southern slope of the 
Mamisoni Pass: 
Poa a/pina 
Carex medwedewii 
Minuartia aizoides 
Sibbaldia semiglabra 
Taraxacum stevenii 
Luzula pseudosudetica 
Campanula biebersteiniana 
Carum caucasicum 
Saxifraga flagellaris 
Mosses: 
Dicranum elongatum 
Pohlia elongata 
Pogonatum nanum 
Tortella tortuosa 
Lichenes: 
Thamnolia vermicularis 
Cetraria islandica 
C. nivalis 
Parmelia vagans, etc. 

Vegetation of alpine carpets often 
develops between large stones and scre
es, where stones keep snowbeds and on 
snow free places as well. Stones protect 
plants from strong winds and after hea
ting give them supplementary warmth 
(ALEXANDROVA, 1983; NAKHUTSRISHVLLI 
etc., 1990). Below is a list of species 
occurring among stones in the subnival 
zone of Mt. Elbrus at 3350 m s. m. : 
M inuartia aizo ides, Carum caucas ic um, 
Campanula biebersteiniana, Saxifraga 
flagellaris, Potentilla gelida, Draba si
liquosa, Veronica minuta, Alchemilla 
chlorosericea, Festuca supina, Senecio 
karjaginii. 

Fragments of alpine carpets and 
turfy meadows as well are distinguished 
from real alpine meadows and carpets 
by appearing of species of subnival zone 
such as: Veronica minuta, Saxifragafla
gellaris, Senecio karjaginii, etc. 

At the 3100-3350 m one can notice 
such extrazonal phenomenon as appea
ring of Salix kasbekensis (= S. arbuscu
la) on morains, slopes in the Truso 
canyon and in the Mamisoni Pass. We 

consider that it is a result oflocal foehns, 
when temperature increases while rela
tive moisture decreases. 

8.3.4 Life Forms 

In the process of a long evolution, 
subnival plants have developed, along 
with metabolic and biochemical adapti
ve mechanisms, pronounced morpholo
gical qualities aiding in maximum war
mth consumption, water loss preven
tion, protection against wind, drying up 
and withering caused by high tempera
tures of substratum surface. There are 
many plants with widely spread vegeta
tive shoots (Symphyoloma graveo/ens, 
Pseudovesicaria digitata, Scrophularia 
minima) in this belt. There are also many 
plants with shoots creeping along the 
ground (Veronica telephiifolia var. gla
reosa, Lamiul11 tomentosum, Tripleuro
spermumsubnivale). Trailing and widely 
spread shoots of plant should be undou
btedly regarded as a form of adaptation 
to several environmental conditions, in 
particular, as a response to overheating 
of the substratum and to strong winds. 

Dense-cushion plants (Saxifraga 
subverticillata, S. ruprechtiana, S. mo
schata, Draba bryoides) and loose-cu
shion plants (Minuartia brotherana, M. 
inamoena) are typical for the high-moun
tains of the Caucasus (NAKHUTSRISHVILl 
& GAMTSEMLlDZE, 1984). Plant propaga
tion ability is of special importance in 
the subnival belt with a thinned plant 
cover. This undoubtedly depends on the 
individual mobility of one or another 
species. 28 out of 91 investigated spe
cies were qualified as vegetative immo
bile (Symphyoloma graveolens, 
Scrophularia minima, lurinella suba
caulis) (fig.41). The other 63 species are 
vegetative mobile (Minuartia inamoe
na, Veronica minuta, Cerastium poly
morphum). Few species belong to the 
type of vegetative highly mobile spe
cies, such as the plants with slight hori
zontal mobility. Perhaps this regulruity 
can be accounted by severity of these 
ecotopes and the corresponding high 
degree of insufficiency in vegetative 
mobility of species. 

Two groups of plants can be sin
gled out in accordance with the nature of 
leaf downiness. The first group includes 
plants with undowny leaves (45 spe
cies): Phryne huetii, Corydalis emanue
li, Viola minuta. In the second group are 
plants with downy leaves (46 species): 
Alchemilla sericea, Aetheopappus cau
casicus, Lamium tomentosum, Cerasti
um kazbek. Downiness of plants pro
tects them from strong solar radiation 
and from sever overheating of leaves. 
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Among the plants with undowny leaves 
there are species with succulent or semi
succulent types of leaves. For example, 
Eunomia rotundifolia, Pseudovesicaria 
digitata, Tripleurospennum subnivale 
and all species of Saxifraga, as well as 
the species with twisted leaves (Festuca 
supina, Trisetum buschianum, Arenaria 
lychnidea). 

83 species of investigated subnival 
plants of the Central Caucasus appeared 
herbaceous . The other 8 species (Sibbal
dia parvijlora, Ziziphora puschkinii) are 
semi-shrubs (fig . 41). 

III 

v 

There are 81 species of polycarpics 
among the investigated plants, the other 
10 species are monocarpics. The latter 
can be subdivided into perennial and 
biennial plants (fig. 41). According to 
the data presented by GAMTSEMLIDZE 
(1977), monocarpic annual plants are 
unavailable in the subnival belt, althou
gh some monocarpic plants of this belt 
(Draba siliquosa, Senecio sosnowskyi) 
behave as annual monocarpic plants. 

According to Raunkiaer classifica
tion, hemicryptophytes prevail in the 
subnival belt (fig. 41). 

11 

IV 

~-a 

I I -b _ -C 
~-d 

Fig. 41 - Subnival plants comparison with respect to the ecological-biomorphological 
indices: 
1- with respect to the way of specimen mobility; a - vegetative-immovable; b -
vegetative-poor-mobiJe type; c - vegetative-moderately-mobile type; d - vegetative
intensive-mobile type; 
ll- with respect to the character of leaf downiness: a - plant leaves with downiness on both 
side; b - plants with undowny leaves; c - plants with leaves the upper which is smooth and the 
other one is downy. 
III - with respect to shoot lignification; a - dwarf semishrubs; b - herbaceous plants. IV - with 
respect to life lenght; a - polycarpics; b - perennial monocarps; c - biennial monocarps; 
V - with respect to the type of plant reproductive bud distribution in unfavourable life period; 
a - hemicryptophytes; b - chamephytes; c - geophytes (NAKHUTSRlS HVILl , G AMTSEMLlDZE, 

1984). 

The vegetation of Georgia (Caucasus) 

Rhizome, taproot and rhizome-ta
proot plants are the most prevalent bio
morphes in the subnival belt. There are 
much less mat-forming plants here. Tu
beriferous plants are rarely found. Al
most all the plants of this belt are cha
racterized by intensive branching of 
underground organs near the surface of 
substratum. 

Thus the subnival and nival belts 
are specified quite a large variety oflife 
forms, notwithstanding their poor flori
stic composition; almost every species 
displays an independent life form. The 
variety of the life forms of plants , scat
tered on rocks, mounds and glaciers, 
enables them to use completely diffe
rent ecological niches within a very re
stricted territory. 

The most typical features of life 
forms of subnival belt plants are the 
following: 
1 ) out-spread, prostrate and cushion-sha

ped forms of the growth; 
2) miniaturization; 
3) not deeply penetrating into the ground 

downiness organs and widely bran
ched near the substratum surface. 

The out-spread and prostrated 
growth forms of the these plants promo
te: 
a) maximum warmth consumption from 

the substratum sUliace warmed-up in 
sunny weather. 

b) wind protection. 
c) hibernating under snow cover which 

sometimes is not very thick. 
Cushion-shaped plants form their 

microhabitat due to intensive orthotro
pic branching and spherical position of 
leaves and, thus, regulating the tempera
ture relations and physiological proces
ses under sever conditions of the belt. 

Miniaturized life form" a very cha
racteristic feature of humid alpine plan
ts" is one ofthe important adaptive qua
lities for hibernating under a snow co
ver. 

Downiness and succulence of lea
ves favour plant adaptation to the subni
val and nival ecotopes with instable water 
relations protecting the stomatal appa
ratus from stress influence of wind and 
dry air, and establish an equalized water 
vapour concentration between leaves and 
the air around them (LARCHER, 1975; 
CERNUSCA, 1976; KORNER, 1977). Besi
des leaf succulence ensures di urnal Cras
sulacean Acid Metabolism (CAM-plan
ts), which under sharp temperature chan
ges and in dry periods results in CO

2 

uptake by plants at night. 
Underground organs widely bran

ched near a substratum surface provide 
active water absorbtion in the morning 
as soon as the soil begi ns to thaw. Another 
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characteristic feature of underground 
organs of subnival and nival is their 
shallow rooting (about 15-20 cm) which 
protects them from cold lower layers 
(opposi te data were obtained in the Alps 
(KbRNER, 1988). Even the longest un
derground organs at a certain level of 
depth (20-30 cm) begin to grow in hori
zontal direction (GAMTSEMLIDZE & 
NAKHUTSRlSHV1LI , 1984). 

8.3.5 Reproductive Buds 

Buds of herbaceous plants may be 
bare (without special bud scales), pro
tected (with spacial bud scales), and 
proleptic (with bud scales which in autu
mn begin to burst and new shoots leave 
their shells). 

According to GAMTSEMLIDZE 
(1979), in the subnival belt in sever 
winter conditions reproductive buds are 
covered by the residues of dead parts of 
plants and sheathes of dead leaves (Juri
nella subacaulis, Symphyoloma grave
olens). But sometimes they occur in the 
surface layer of soil (Lamium tomento
sum, Cerastium polymorphum) or deep 
in soil (Delphinium caucasicum). Pe
rennating buds of Saxifraga sibirica are 
covered by rosette-forming nodules 
which are partly in soil. 

Reproductive buds of such winter
green plants like Saxifraga exarata, S. 
ruprechtiana are protected by frame gre
en leaves. A bud covering of plants 
which have protected proleptic buds is 
formed by solid bud scales and dead old 
leaves (Scrophularia minima, Senecio 
karjaginii). 

It is characteristic that many subni
val plants have stipules fitted closely to 
the base of stem and protect reproducti
ve buds from damage (Alchemilla seri
cea). 

Along with these adaptations for 
safe wintering of subnival plants snow 
cover protection is very important for 
reproductive buds. According to the data 
the biggest group of investigated plants 
is with bare buds (40%), then the group 
with proleptic buds (35%) and the smal
lest group is with protected buds (25%). 

The point is, what determines such 
a great amount of plants with bare repro
ductive buds in the subnival belt. There 
are a number of opinions on this pro
blem. According to SEREBRIAKOV (1961; 
1992): "The absence of bud scales in 
arctic and alpine plants is connected 
with fact that their scales are remeta
morphosed into green assimilative lea
ves, which usually hibernate under the 
protection of a snow cover and partly 
under the protection of a cover of moss. 
One of the factors for the remetamor-

phosis of bud scales into green leaves in 
Tundra zone and high-mountain alpine 
belts was a considerable shortening of a 
vegetation period. Plants get an oppor
tunity to extend the period of photosyn
thetic activity through remetomorpho
sis". SA VILE (1972) explains unprotec
tion of reproductive buds with scales by 
the fact that hard scales hinder rapid 
spring development and hence, the plan
ts are unable to adapt to short arctic 
vegetation period. 

By the state of the next year shoot 
in reproductive buds at the end of the 
vegetation period, subnival plants could 
be divided into two groups: 1) plants 
with completely formed shoots in buds 
including not only vegetative organs but 
also inflorescenses and single flowers 
(fig. 42); 2) plants in the buds of which 
only the vegetative part of a shoot is 
formed, the inflorescence and flower 
germs appearing during the next vegeta
tion period. 

As much as 68 species out of 78 
investigated subnival plants (88 %) po
sess generative shoots in reproductive 
buds which are born in the year before 
flowering (group 1) and only 10 species 
in the year of flowering (group 2). 

According to the degree of flower 
development in reproductive buds the 
first group can be devided into 3 sub
groups: 
1) next year flowers of reproductive 

buds are completely formed: sepales, 
a corolla, stamens, a pistil are develo
ped (fig. 42) (Primula bayernii, 
Scrophularia minima); 

2) next year flowers of productive buds 
are formed incompletely: sepales, 
petales, stamens are developed com
pletely, the pistil is unformed (fig. 
43) (Saxifraga sibirica, Potentilla 
gelida, Alchemilla sericea, A. chlo
rosericea, Draba siliquosa, lurinel
la subacaufis); 

3) inflorescenses and flowers of repro
ductive buds are not differentiated or 
start defferentiating (fig. 44) (Sene
cio karjaginii, S. taraxacifolium, Tri
pleurospermum subnivale, Alopecu
rus glacialis, Delphinium caucasi
cum, Erigeron uniflorus). 

Profound studies of the subnival 
belt in the Tyrolean Alps (MosER, 1968; 
LARCHER, 1980; ZACHUBER, 1975), 
showed that flower differentiation in 
buds still continues except Cerastium 
uniflorum, in which flower emergence 
begins only 4-6 month prior to flowe
ring and their opening is different in 
various species. For instance this period 
lasts 11 months in Saxifraga oppositifo
fia, 12-18 months in Primula glutinosa 
and Saxifraga bryoides and 24-26 mon-

2 
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Fig. 42 - Reproductive buds of Primula bayernii (I), 
Scrophularia minima (2), where next year flowers 
developed completely (GAMTSEMLIDZE, 1979). 
A-reproductive bud sectional view, B-flower complete 
differentation, I-perennating reproductive bud, 2-axillary 
vegetative bud , 3-vegetative shoot, 4-inflorescence, 
5petale, 6-sepale, 7-stamen, 8-pistil, 9-flower knobs, 
1 O-covering leaves. 
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Fig. 43 - Reproductive bud section of Alchemillasericea 
(1) and Potentilla gelida (2) where next year flowers 
developed incompletely. Designations are the same as in 
fig. 42. 

6 

3 

I 11 

Fig. 44 - Reproductive byd section Alopecurus glacialis 
(1) , Senecio taraxacifolius (2), S. kwjaginii (3), where 
inflorescences and flowers have no differentiation sigus 
ands only about to start differentiating. Designations are 
the same as in fig. 42. 
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ths in Ranunculus glaciaiis. R. glacialis 
one of the flowering plants of the Alps 
extends to the highest zones. During the 
first year of the vegetation period stem 
buds appear at the base of old generative 
organs of the species, the flower cover 
and the first circle of stumen turn up 
before autumn. Next year the flower 
buds complete their development and in 
mid-August they turn into large closely 
situated flower buds (3-4 mm) and are 
ready to open with incompletely diffe
rentiated one year flower buds. Next 
spring the old buds open and the young 
ones continue to develop into new flower 
buds. R. giacialis , owing to such a perio
dical development of flowers retains the 
ability to flower every year in unfavou
rable conditions of vegetation. 

Further development of flower buds 
of the plants, which are under snow 
cover during the whole summer stops 
for a while or at least slows down. Next 
year after the snow melts, these plants 
are able to bloom again, but their flowers 
will be plain and wretched. The plants 
(R. glacialis) covered by snow probably 
the germinated flowers perish. Such 
behaviour which is called "opportuni
stic" (CALLAGHAN et alii, 1976) is con
trary to the type of rapidly differentia
ting species (Primula minima, P. gluti
nosa, Saxifraga oppositifolia). Flower 
primordia of these species develop in 
July. In August, at the end of vegetation, 
the development of the originated 
flowers is completed, first of all among 
the plants located near the edge of gla
ciers . S. oppositifolia flowers immedia
tely after the snow melting and just 
before the growth of vegetative parts 
begins. Under the conditions of habitat 
with much snow and extremely short 
period in comparison with the vegetati
ve development is favourable, as due to 
high cold-resistance of flowers (1 0-ISo 
C), these species are able to enter a 
productive phase early and without any 
damage. Their seeds become ripe in 
cool summer. In the Pamirs (STESHENKO, 
1967; NAKHUTSRISHVILl & GAMTSEMLlD
ZE, 1984) it was also found that the 
majority of species have next year 
flowers and inflorescenses, originated 
in reproductive buds. High percentage 
of plants with previously originated in
florescenses and flowers can be obser
ved in tundra (NAKHUTSRISHVILl & GAMT
SEMUDZE, 1984). 

8.3.6 Phenorhythmotypes 

Phenorhythmotypes of the plants 
can be distinguished on the base of their 
phenological adaptation to environmen
tal peculiarities. Taking into considera-

tion a period favourable for vegetation 
in typical habitats, they can be distin
guished by the behaviour of vegetative 
plants, that is, by the beginning and 
process of germination, by formation of 
leaves , their ageing, yellowing and de
foliation , by the growth, germination 
and hibernation of buds (BoRlsovA, 1972; 
LARcHER, NAKH UTSRISHVILl, 1982). 

Below we give the phenorhyth
motype classification of subnival plan
ts. 
A. Plants with continuous leafing 
1) Evergreen plants: Saxifraga rupre

chtiana, S. scleropoda, S. exarata 
2) Summer-wintergreen plants: 

Obligate summer-wintergreen 
plants: Draba bryoides, Veronica minu
ta, Sedum tenellum, Saxifragaflagella
ris, Antennaria caucasica 

Facultati ve summer-wintergreen 
plants: Potentilla gelida, Viola minuta, 
Senecio karjaginii, Alopecurus glacia
lis, A. dasyanthus, Alchemilla sericea, 
Sibbaldia semiglabra, Ziziphora pu
schkinii, Tripleurospermum subnivale, 
Colpodium versicolor, Cerastium kaz
bek. 
B. Plants with periodical leafing 

Summergreen plants with winter 
dormancy: Scrophularia minima, luri
nella subacaulis, Phryne huetii, Chae
rophillum humile, Valeriana saxicola, 
Silene marcowic;:.ii, Minuartia inamoe
na, Anthemis sosnowskyana, Erigeron 
uniflorus, Delphinium caucasicum, La
mium tomentosul11, Cerastium polymor
phum, Symphyoloma graveolens, 
Aetheopappus caucasicus, Nepeta supi
na. 
2) Spring and early summergreen plants 

with the late summer-winterdorman
cy: Corydalis alpestris, C. emanueli, 
Draba supranivalis, Primula bayer
nii, Arabis kazbegii. 

3) Late summergreen and autumn plan
ts with summer-winter dormancy: 
Crocus scharojanii, C. suworowia
nus. Among these groups summer
green plants with winter dormancy 
have the most widespreding (46.9%), 
then come facultative summer-win
tergreen (23.4%), and spring-early 
summer-green with latesummer-win
ter dormancy (9.4%), the obligate 
summer-wintergreen (9.4%), ever
green plants (7.8%) and late summer
green-autumn (3.1 %) with summer
winter dormancy. 

8.3.7 Temperature of Plants 

Under extreme conditions of high
mountains the temperature of plants is 
one of the most important indicators of 
their life activity since it presents the 

The vegetation of Georgia (Caucasus) 

true background for physiological pro
cesses when the amount of effective air 
temperature is small (GORISHINA, 1979; 
KbRNER & LARcHER, 1988). 

Mountain plants show high leaf 
temperature and they should be inclu
ded into the group of supratemperature 
plants (according to Lange) which pro
bably have high protoplasmic resistan
ce. Such plants are identified as high 
temperature species (according to KRE
EB , 1974). 

In thesubnival belt of the Caucasus 
a very distinct surface temperature dif
ferentiation of species in accordance 
with surface temperature of plant organs 
is observed. Such species as Potentilla 
gelida (fig. 4S), Veronica minuta, Alo
pecurus dasyanthus, lurinella subacau
lis , have especially high temperature 
(29-30° C). Leaf position of these plants 
in relation to the substratum is pla
nophylic. All these species are spread to 
the upper line of flower plants. In com
parison with other species Potentilla 
gelida is specified by the highest tempe
rature in the West Pamirs, at the altitude 
of 47S0 m above sea level, as well as in 
the Caucasus (unpublished data by 
GAMTSEMLlDZE & CHKHIKVADZE). Diffe
rence of leaf- air temperatures around 
the investigated plants amounts to 12-
16° C and 21-2So C. 

Leaves of Saxifraga moschata, S. 
kolenatina, semisucculent Tripleuro
spermum subnivale and leaves of plants 
with intensive downiness - Anthemis 
sosnowskyana, Aetheopappus caucasi
cus-warm-uprelatively less. The lowest 
leaf temperature (23-2S°C) is recorded 
in coshion-plants - Sibbaldia semigla
bra, Minuartia inamoena. 

Plants with a high temperature of 
leaves also have the high temperature of 
flowers . In the investigated plants, except 
cushion, ones the temperature of flowers 
at noon is always lower than that of 
leaves. Very low temperatures of leaf 
surface (-4-6°C) were registered early in 
the morning at great heights, when the 
plants turned into icicles. However, the
se plants thaw very slowly as they were 
shadowed by huge-boulders (otherwise 
they would have died). Temperature of 
leaves reached 28° C and by 18-l9°C 
exceeded that of air. Subnival plants 
with prostrated and outstretched leaves 
over the substratum surface have to pro
tect themsel ves against overheati ng 
when the temperature of leaves is much 
lower than that of substratum promoting 
normal water regulation and photosyn
thesis. 
8.3.8 Structure of the Photosynthesic 
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Apparatus 

Structural adaptations related to 
photosynthetic activity play essential role 
in the adaptation of plants to habitat 
conditios, providing great ecological 
plasticity of the photosynthetic appara
tus (GORlSHINA et alii, 1985). 

Among the investigated plants the
re are species with rather thin dorsiven
tal lamellate leaves (Oxyria elatior, Sa
xifraga sibirica), as well as with the 
isopalissade ones (Astragalus kazbegi) 
with the centric leaves of similar ones 
(A renaria lychnidea, TripZeurospe rmum 
subnivale), sometimes withoutcleardif
ferentiation of mesophyll between pa
lissade and spongy tissues (Ziziphora 
puschkinii). The leaf structure of some 
species has distinct features of succu
lence. Leaf structure type is not closely 
connected with habitat conditions and 
shape of mesophyll cells. For instance, 
O. elatior, S. sibirica have narrow and 
elongated cells of palissade tissue, S. 
juniperifolia, has shorter and more roun
ded ones. As a rule, the cells of spongy 
tissue are round, the composition of the 
tissue beimg dense without big intercel
lural spaces. The cells of palissade tis
sue are packed very tight. 

The investigated species are cha
racterized by well-developed plastid 
apparatus. The mesophyll cells are filled 
densely with numerous chloroplasts, 
with their total volume being 10-30% of 
the cell volume. The value of surface 
density of chloroplasts in leaves reaches 
100 000-120 000/cm2 accordingly the 
total surface chloroplasts is large. These 
peculiarities of the plastid apparatus are 
typical of the plants growing in habitats 
exposed to bright light. Such heliophi
lous plants grow in arid deserts, sea side 
I ittorals, deciduous forests in earl y spri ng 
as well as some in subalpine grasslands 
of the Caucasus. The values of the same 
indices in shade-requiring mesophytes 
are by an order more (GORISH]NA et alii, 
1985). Chloroplasts are usually small 
(0. elatior excluded) with very low 
chlorophyll content. This fact enables us 
to assume the presence of an ultrastruc
ture with poorly developed system typi
cal for the plants growing in the habitats 
exposed to bright-saturation. Chlo
rophyll content per unit of area and dry 
mass of the leaf is also not high (l.5-4 
mg/dm2 and 0.5-1.5 mg/g accordingly). 

Light-requireness - "xerophilous" 
peculiarities of plants which can be cal
led the "oreophytes", are expressed in 
different ways. They are best manife
sted in subnival oroxerophytes which 
inhabit rocks and talus and growing un
der the influence of substratum dryness 

and overheating. However, microhabi
tat conditions can be quite different even 
in these places. For example, the indices 
of plastid apparatus of Saxifragajunipe
rifolia, prefering more oversdaded and 
damp crevices, as a whole are mesophi
lous (small volume ofchloroplasts in the 
cell and leaf, high concentration of chlo
rophyl in the chloroplast). The change 
reactions, e.g. under extreme conditions 
one of the orophil properties of the inner 
structure of leaves in plants, growing at 
the edges of a glacier or in hollows are 
expressed to a lesser digree. Only Vero
nica telephiifolia var. glareosa, having 
perrenial green leaves and showing the 
trophorhythmotype of obligate-summer
winter-green stands by itself (LARcHER 
& NAKHUTSRISHVILl, 1982). 

It was stated that the photosynthe
tical apparatus has considerable plasti
city, manifested in the variability of leaf 
size and the indices of inner structure
surface density of chloroplasts etc. (fig. 
46). When the surface of a leaf varies in 
3.5-4 times, the total reserve of plastids 
in the leaf varies in a more or less degree 
(1.5-2 times) , as such diminution ofthe 
size of a leaf partially compensated by a 
considerable increase of the number of 
chloroplasts per unit of the leaf surface. 
That is to say, the plants growing in 
extreme conditions lose the reserve of 
chloroplasts in their leaves in a less 
degree in comperison with the loss of an 
assimilative surface that is important for 
the preservation of photosynthetic abili
ties of leaves. Chlorophyll content in 
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Caucasus (3500m) 

130.61 
Pamir (4750m) 

30.6-------+-;. 

130.61 
~+-__ -,21.0 

26.0 
33.0 ---...,-----

30.0----\\ 28.0 

(0----- --... . -. ._._-_._--_._ .... @ 

Fig. 45 - Temperature and water potential ; (in Mpa 
indicated by dotted line) indices of Potenlilla gelida 
from the Caucasus (3500 m a.s.I.) and Pamirs (4750 m). 

chi oroplas ts differs su bs tenciall y depen
ding on a microhabitat (fig. 47): both its 
total mass and concentration are slightly 
higher in species, growing in canopy. 

8.3.9 CO
2
-Gas Exchange 

In extreme conditions of high
mountains in the Caucasus the assimila
tive period of anthophytes is short (60-
90 days). However, even during this 
time the assimilation period can be in
terrupted by frost or draught. Plant spe
cies respond to such extreme ecological 
conditions by different CO2 -gas exchan
ge reactions, e.g. under the extreme con-

Quantity of chloroplasts (106 per cm2) 

30 
a 11 

2 
20 

3 

3 
2 

10 

b 2 

2 

20 
3 

3 

10 

o '---"""""'-----

Fig. 46 - Change of leaf characteristic Oxyria elalior(a) and Saxifraga sibirica (b) in various 
ecological microniches of the subnival belt: I - with herbage fragments; IT - on bare rocks ; I 
- leaf area; 2 - number of chloroplasts on cm leaf area: 3 - total surface of chloroplasts (big 
square) in a unite of leaf area (black square) (GORISHINA el aLii, 1985). 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



60 

Clorophyll mass mg. 1 0-9 Clorophyll concentration Mol.1 0-2.1-1 

2.0 2.5 a I 11 
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3 
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1.0 
,0 
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,0 ' 3 
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Fig. 47 - Plant chloroplasts in different ecological microniches: I - chloroplast projection; 
2 - mass; 3 - chlorophyll molar concentration in chloroplasts. The other conventional signs 
see fig. 46 (GORISH1NA et alii , 1985). 

Temperature (QC) 
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Fig. 48 - Daily course of air temperature (a), PhAR (b) 
and net-photosynthesis (mgC02 dm-2h- l ) in Arenaria 
lychnidea (I), Aetheopappus caucasicus (2) and 
Saxifraga kolenatiana (3) in the subnival belt (3000 m) 
(ABDALADZE, 1990). 

ditions one of the groups of species had 
adaptable type of CO

2
-gas exchange, 

while in others the process of CO
2
-gas 

exchange was rather stable (NAKHUT
SRlSHVILl & GAMTSEMLIDZE, 1984). 

The plants of the first type are cha
racterized by "impulsive" diurnal dyna
mics of net-photosynthesis (fig. 48), fre
quent depressions of the CO

2 
assimila

tion process, being accompanied by rai
sing of stomatal diffusion resistance. 
The values of net-photosynthesis, diur
nal productivity of photosynthesis, diur
nal balance of CO

2
-gas exchange and 

photosynthesis efficiency (high percen
tage of absorbed light energy stored in 
chemical links carbohydrates) shoul be 
considered as the distinguishing cha
racteristic of the gi ven type of CO, -gas 
exchange. The plants showing the stable 
type of CO

2 
-gas exchange (succulent 

Saxifraga kolenatiana), cushion-shaped 
(M inuartia inamoena) are characterized 
by absolutely opposite indices (table 
15). 

Subnival plants, as well as other 

The vegetation of Georgia (Caucasus) 

mountain plants (LARcHER, 1984) are 
characterized by a very high net-photo
synthesis. It should be noted that plants 
which are not distinguished by high in
tensity of photosynthesis (e.g. Saxifra
ga kolenatiana) demonstrate their eco
nomy by way of moderate use of assimi
lants that is displayes in very low inten
sity of dark respiration (fig. 49). 

Subnival plants are also characteri
zed by wide temperature optimum of 
net-photosynthesis and well developed 
repair ability of assimilative apparatus 
(MosER, 1973; NAKHUTSRlSHVlLl & GAMT
SEMLlDZE, 1984; ABDALADZE, 1994). 

8.3. lO Diffusion Resistance of Leaves 

"Xeromorphic" structure as well as 
trailing and cushion forms of plant 
growing promote stomatal apparatus 
regulation in the extreme conditions of 
high-mountains (LARCHER, 1975; CER
NUSCA, 1976; KbRNER, 1978). 

As is generally known, the higher 
the altitude the higher diffusive conduc
tivity and duration of stomatal openings 
gaping. The main reason of this is lower 
pressure (KbRNER, 1978; KbRNER & 
MAYER, 1980), responsible for the high 
level of plant evaporation at high altitu
des. 

Stomata diffusion resistance in the 
water relations and CO, -gas exchange 
regulation of plants perform a very im
portant function in the conditions of the 
subnival belt, where plants are isolated 
from each other and experience the im
pact of heavy dryness and heating of 
substratum. Diffusion conductivity in 
the majority of investigated subnival 
plants is rather high (1.5-1.7 cm S-I) . 

As shown in figure 50, the highest 
level of conductivity ofleaves with sharp 
fluctuations is observed in Veronica 
minuta, Tripleurospermum subnivale, 
Senecio karjaginii and Potentilla geli
da. The Saxifraga species are characte
rized by low conductivity of leaves. No 
wonder that the values observed in this 
species (Alopecurus dasyanthus) are so 
small because of the ability of grasses to 
reduce the conductivity of water (KbR
NER, 1978; KbRNER & SCHUBERT, 1978). 

Majority ofsubnival plants arecha
racterized by sharp diurnal water con
ductivity fluctuations. For example very 
often in the afternoon when high tempe
ratures of substratum surface (500 C and 
over), high levels of solar radiation 
(PhAR may extend up to 2400-2450 
micromol m-2s-l

) and in this respect the 
en creased leaf temperatures (up to 300 

C) occur, heavy depressions of water 
conductivity are observed. These de
pressions in defferent plants are manife-
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sted in defferent degrees. 
Usually water conductivity in Tri

pleurospermum subnivale and Veroni
ca minuta at noon compared to morning 
hours falls by 88-96% (fig. 50). Low 
midday deviations can be noticed in 
Saxifraga species, especially in S. sibi
rica, which at very high altitudes grows 
only under boulders. Almost flat curve 
of diurnal water conductivity was di
splayed by cushion-plants, e.g. Sibbal
dia semiglabra, a dwarf semishrub. 
However at high altitudes in uncJosed 
communities average diurnal conducti
vity of leaves falls. 

Average values of total deffusion 
resistance of leaves in the subnival belt 
ofthe Elbrus (3500 m a.s.l.) at low wind 
velocity. Table 16 shows data on total 
water deffusion resistance (rt). So called 
leaf boundary layer resistance is very 
important for transpiration. Its share in 
investigated species except Tripleuro
spermum subnivale as compared to su
balpine grasses is smaller than the share 
of stomatal resistance (cl). Thus in extre
me life conditions (especially in the plan
ts growing in open places exposed to 
strong winds) stomatal play the most 
vital role in water relations of plants. 

Plants growing in severe life con
ditions of high-mountains acquire reac
tivity potential after being exposed to 
extreme temperature (SEMIKHATOV A, 
1965;LARCHER, 1980;ZALENSKlY, 1982). 
This has been confirmed by the results 
obtained in the course of observations of 
diffusion resistance of stomata in mor
ning hours, i.e. after the impact of nega
tive temperature of air (-2.5°C), of sub
stratum surface (-1.6° C) and of leaf (-
3.0° C). In all species after sunrise (630-
1010 micromol m-2s-') and with the in
crease of air temperature (10° C) and 
substratum temperature (5.0° C) leaf 
conductivity amounts up to 0.75-1.15 
sm s-'. Trailing plants, such as Veronica 
minuta, Tripleurospermum subnivale 
and the grass Alopecurus dasyanthus 
actively respond to the solar radiation 
and rise of temperature. Whereas Sene
cio karjaginii (plant with erect stalk and 
equally distributed leaves) reacts less 
actively and its leaf conductivity stays 
below 0.21 sm s-' (NAKHUTSRISHVlLI et 
alii, 1990). 

8.3.11 Leaf Water Potential of Plants 

Plants of subnival belt posess high 
transpiration and water potential values 
(N AKHUTSRISHVILl et alii, 1990). The que
stion is wether water balance becomes 
equalized in the extreme conditions of 
high mountains. LARCHER (1983) consi
ders that water potential reflects any 

Table 15 - CO?-gas exchange of plants in the subnival belt of the Mamisoni Pass at the 
altitude of 3000-m s. m. (from ASDALADZE, 1990). 

Species Maximum net 
photosynthesis mg 

CO
2 

dm-2 h-' 

Saxifraga kolenatiana 6,3 
Arenaria lychnidea 42 
Aelheopappus caucasicus 20 
Alchemilla sericea 23 
Minuartia inamoena 6,5 

a 
14 

12 

10 

8 

6 

4 

2 

1 2 3 4 

Diurnal 
productivity 
mgC0

2 
dm·2 

per day 

50 
277 
125 
136 
55 

b 

1 

Daily balance 
of CO

2
-gas 

exchange mg 
CO

2 
md-2 24h 

2 

38 
230 
86 
102 

3 4 

Photosynthesis 
efficiency % 

4,2 
20 
11 

10 

3 

2 

1 

Fig. 49 - Economical coefficient of photosynthesis (a) and dark respiration (b) of plants in 
the subnival belt (3000 m): 1 - Aetheopappus caucasicus; 2 - Alchenullasencea; 3 -Saxifraga 
kolenatiana; 4 - Arenaria lychnidea (ABDALADZE, 1990). 

Leaf conductance (cm/s) 

1.2 

3 
2 
4 

OL---~12-----L----~14-----L----~16----~-----18~--~----~20 

Daytime 

Fig. 50 - Leaf conductivity of subnival plants (3500 m a.s.I.) I - Veronica minuta; 2 -
Tripleurospermum subnivale: 3 - Saxifraga exarata; 4 - S. sibirica (NAKHUTSRISHVILI et alii, 
1990). 
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Table J 6 - A verage values of the total diffusion resistance of the leaves of plants in the 
subnival belt of the Elbrlls (3500 m) at low wind velocity 

Species r 
I 

Veronica minuta 5.38 

Tripleurospermum subnivale 3.6 
Alopecurus dasyal1thus 7.30 

alterations in water balance as its ten
sion immediately provokes loss of tur
gor and subsiquent growth of water po
tential. 

Very often the increase of PhAR 
and temperature of the boundary air 
layer and leaves results in the reduction 
of water potential of most subnival spe
cies. Saxifraga species are characteri
zed by rather stable water potential, thou
gh. 

A certain correlation has been ob
served between conductivity and water 
potential of leaves. Minimum conducti
vity of leaves cOITesponds to the mini
mum values of their water potential. In 
the diurnal course of water potential , we 
have noticed an interesting regularity , 
which is well manifested in the plants of 
highlands , after the morning temperatu
re stress (fig. 51). Water potential under-

Leaf conductance (cm/s) 

0.6 

0.4 

0.2 

o 

0.6 

0.4 

0.2 

o 
8 10 12 

r, r 
" 

3.11 2.26 

1.52 1.50 
5.75 1.54 

goes gradual reduction until quite low 
values at noon. It restores in the second 
half of the day, due to the growth of 
diffusion resistance. 

It is interesting to compare leaf 
water potential of plants in the Central 
Caucasus and in the Pamirs. Observa
tions carried out by GAMTSEMLLDZE & 
CHKHIKVADZE (unpublished data) in the 
region of the Fortambek Glacier (north
west region ofthe Pamirs) at the hight of 
4000-4750 m above sea level, show that 
water potential of leaves in the Pamirs is 
2-3 times lower than the same index in 
plants of the Caucasus (the Elbrus). The 
minimum water potenti al of plants in the 
Parnirs is 2.8-3.3 MPa. Water potential 
in Potentilla gelida in the Caucasus 
amounts to 5-11 MPa, whereas in the 
Pamirs it is 1.1-2.5 MPa (fig. 45). It 
should be noted, that at high altitudes of 

14 

Water potential (MPa) 

A 

-0.4 

-0.8 

-1.2 
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Fig. 51 - Relations between leaf conductance ( I) and water potential (2). A - Senecio 
karjaginii; B - Poten/iila gelida (NAKHUTSRISHV ILI et alii, 1990). 
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the Pamirs (4750 m) water potential of 
leaves, which is rather low, can still 
reduce to 3.0 MPa, e.g. in Waldheimia 
glabra . 

8.3.12 Discussion and Conclusions 

S ubni val and ni val ecosystems (viz. 
microecosystems) scattered among rocks 
and mounds , consist of a small number 
of anthophyte species. Thanks to adap
tation they can survive in severe life 
conditions. High-mountain inhabitants 
obtain the quality to resist such factors 
as low temperature and frosts during the 
vegetation period, warmed-up substra
tum, hurricane wind and besides, low 
carbon dioxide content and the pressure 
of water vapour in the air. These plants 
have a short vegetation period and a 
great deal of chionophiles stay under a 
thick snow cover during 18 months. 

Apparently, evolution of plants 
here, in contrast to the alpine and subal
pine belts is aimed at the selection of 
species with high resistance against he
avy physical conditions; here competi
tion seems to be less important for the 
selection of species. 

Severe climatic and edaphic condi
tions have a strong impact on the struc
ture of plant cover. Vertical structure of 
plant groupings in the subnivaland nival 

• belts is characterized by the absence of 
stratum differentiation and unclosed 
horizontal structure. Unlike other altitu
dinal belts root systems here are closed 
only in case of penetration by one plant 
into the tufts of another, which leads to 
the formation of micro-and ultramicro
groupings. 

Subnival belt displays a great va
riety of life forms, despite a restricted 
number of species; in extreme life con
ditions al most every species demonstra
tes an individual life form with its typi
cal ecophysiological reaction to envi
ronmental changes. Probably, this ac
counts for the fact that various species of 
plants individually adapt to their exi
stance within the same ecotope. 

Analysis of life forms of plants of 
this belt revealed the prevalence of 
widely prostrate and cushion-plants with 
downy and semisucculent leaves. The 
subnival belt is also characterized by 
vegetative-movable plants , which form 
clumps and patches. They provide the 
security of widely represented rock-ta
Ius ecotopes. According to the Raunki
aer system the most frequent life forms 
here are illustrated by hemicryptophytes 
and chamaephytes. These li fe forms were 
caused by the adaptation of plants to the 
subnival ecotopes, which are subject to 
the impactof day-night temperature fluc-
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tuations and strong wind, the latter is of 
particular importance. 

High-mountain biomes are very 
rich in diverse life forms, especially the 
mountains of the torrid zone. Every 
mountain system and every altitudinal 
belt involves specific life forms which 
are typical only for them. For example, 
mountains of the torrid zone are cha
racterized by rosette-like megaphytes, 
large bunches of tussock grasses, downy 
and thorn plants; in aried high mountain 
regions prevail cushion and prostrate 
dwarf semi shrubs and shrubby plants. 
Humid high-mountain regions of tem
perate zones represent trailing shrubs 
and dense tud plants, small delicate grass 
species, and cushion-shaped, rosette
like, trailing and prostrate herbaceous 
plants wich dominate in the extreme 
conditions of the subnival and nival bel
ts. In alpine tundra the prevalent life 
forms are shrubs and small shrubs. In 
general, humid high-mountain regions 
of temperature and high latitude zones 
are charactelized by tiny life forms as 
compared to the tropical and arid (low 
latitude) mountains (NAKHUTSRISHVILI, 
1981 ). 

Plants growing at high altitudes of 
both tropical and temperate zones are 
characterized by "xeromorphism" parti
cularly by strong downiness, succulen
ce, twisting of leaf, its thickening and 
substitution by thorn , etc. (NAKHUT
SRISHVILI, 1974; LARCHER, 1975). These 
properties were regarded as a reaction of 
plants to water deficiency or poor mine
ral nutrition. The recent data advised by 
LARCIfER (1975) suggest that small pre
asure of water vapour and the state of 
stomata along with other factors, deter
mine the "xeromorphism" of plants. 
Water deficiency, caused by freezi ng of 
soil is observed in different high-moun
tain biomes (Alps, Andes, Caucasus, 
etc.) occurring only at night or in the 
morning. During the rest of time, plants 
absorb water from soil. 

KbRNER (1978) and KbRNER & 
MA YER (1980) observed that the degree 
of stomatal opening is subject to the 
effect of dry air of high-mountain re
gions; various species react to dry winds 
(foehns) differently. Any increasing of 
the resistance of leaf boundary layer 
through their downiness, succulence, 
twisting protects the stomatal apparatus 
from strong influence of dry air and 
wind and establish aequilized concen
tration of water vapour of leaf and its 
environmental water. As a result of the 
scientific observation conducted by CER
NUSCA (1976) it was found that the ana
logous effect was observed in the plants 
W\\lC\\ \\a~e cushion and trailing growth 

forms. According to LARCHER (1975) the 
ecological benefit of so called xeromor
phic structure of high-mountain plants 
is in the levelling of air humidity fluc
tuations and, thus in maintaining (throu
gh the system of stomatal apparatus) the 
diffusion resistance of carbon dioxide 
gas and water at a comparatively opti
mum level. 

Generative tissue, reproductive 
buds in particular, has decisive signifi
cance for plant adaptation to severe en
vironmental conditions. Subnival plants 
are mainly characterized by bare and 
proleptic opening buds. Only a small 
number of species have closed ones. 
The majority of subnival plants have 
perennating reproductive buds in which 
flowers and inflorescences appear befo
rehand, that is one of the essential signs 
of adaptation of these plants to a very 
short period of vegetation. 

The analysis of plants distribution 
in their habitat with different thickness 
of snow cover showed (NAKHUTSRISHVI
LI & GAMTSEMLlDZE, 1984) that the num
ber of species considerably increased 
from the minimum snow zone to the 
maximum one. The least number of spe
cies accounted for the maximum snow 
zone. Unlike other altitude belts in the 
subnival belt, there are the least number 
of chionophobous plants. In this belt as 
well as in tundra so called greenhouse 
effect is apparent in spring. It must be 
mentioned that in such "greenhouse" 
the vegetation period begins about two 
weeks earlier in comparison with one in 
the conditions of an open biotope. 

The beginning of plant vegetation 
depends mainly on the periods of snow 
cover disappearance and so fluctuations 
have especially pronounced character at 
the beginning of it. Mass vegetation of 
plants in the subnival belt is observed 
only from the end of June till the end of 
September and the beginning of Octo
ber (depends on snow fall). The first 
flowering species appear in the only in 
the second ten-day period of June rea
ching their culmination in the second 
half of July. The flowering period in the 
given belt is observed for a rather long 
time, that lasts till the second half of 
September. During this period plants 
can hardly be found in the alpine and 
often in the lower subalpine belt. 

Even the smallest territories of the 
subnival belt of the Greater Caucasus 
were rich in various phenorhythmotypes. 
Both, evergreen with summer-winter
green species can be found there. Sum
mergreen plants with winter dormancy 
were the prevailing phenorhythmotype 
of the subnival belt. Then comes facul
tative summer-wintergreen plants. 

We came to the conclusion that 
plants growing at the highest altitudes 
were presented by high-temperature spe
cies which could survive in extreme 
conditions. Leaf temperature in sunny 
weather rises on average, than the am
bient temperature and falls by the same 
degrees below the temperature of sub
stratum surface over which leaves and 
shoots of subnival plants prostrate. The 
transpiration favours the hydrothermal 
regulation of plants not only in steppes 
and deserts but also in subnival condi
tions. In differentiation of plants in res
pect of temperature of their organs, the 
architectonics of plants, particularly the 
pattern of the position of their leaves in 
relation to the sun rays and highly war
med-up substratum is of high decisive 
importance. On the basis of example it is 
possible to consider the plants of cu
shion-shaped life form which is widely 
distributed almost in every biome with 
extreme conditions. According to our 
investigation the plants of such life form 
as opposed to many species are not ove
rwarmed and at noon in sunny weather 
their leaf temperature is always optimal. 
Probably, such homeostasis is due to a 
ultramicrohabitat created by a specific 
form of growth of these plants. Their 
temperature conditions become favou
rable for acti ve water exchange and car
bon assimilation. The same function can 
be canied out by turf. Some of the plants 
not typical for the subnival belt and 
without such adaptive mechanisms, turn 
yellow and wither form intensive solar 
radiation in August. 

Tolerance limits as to the tempera
ture stress in the most subnival and nival 
plants are rather high, e.g. these plants 
may bedue to their recover ability, leave 
the stress very quickly in spite of the fact 
that during a day leaf temperature varies 
from -2, -50° C to +30°, +34° C. Speci
fically, diffusion resistant of leaves de
creases, water exchange and assimila
tion activity of plants are restored. 

Temperature conditions of plants 
and their environment have a large ex
tent an impact of diffusion resistance of 
leaves. Almost all the species investiga
ted were found to be sensitive to stomata 
regulation. Plant with erect stocks are 
subject to winter influence to a greater 
degree and during a day period their 
stomatal conductivity varies. As it is 
apparent, basically in extreme condi
tions of subnival belt, diffusion resistan
ce of leaves has to perform the function 
of water balance and CO, -gas exchange 
of plants. -

As a whole a water relations of 
subnival plants is well regulated althou
gh the cases of cons iderable rise of water 
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low level, considerable reduction of 
water content in leaves and water poten
tial, elevation of osmotic pressure and 
water conductivity reduction are obser
ved in many species. That is why all the 
subnival plants which have been inve
stigated, except succulents, are included 
in the group with hydrolabile species 
and at the same time, with euryhydrous 
(NAKH UTSRISHVILl & GAMTSEMLlDZE, 
1984). 

It is quite natural that peculiarities 
of water relations has an influence on 
carbon exchange of plants. For instance, 
the plants with low water content and 
high degree of water shortage are cha
racterized by low intensity of photosyn
thesis. Midday depression of photosyn
thesi s often observed at noon are mainly 
the result of increased diffusion resi
stance of leaves caused trees environ
mental conditions. Night frosts and mid
day depressions are the factors which 
limit day and seasonal course of photo
synthesis. However, due to the recover 
ability of plants, their assimilation acti
vity is restored rapidly after temperature 
stresses. 

One of the most important strate
gies of plant survival in unfavourable 
conditions of high-mountains is a high 
temperature optimum of net-photosyn
thesis. On the basis of our work we 
concluded that a short period of assimi
lation in extreme high-mountain condi
tions may be sufficient for a considera
ble carbon accum,ulation. 

Thus, there are species with abso
lutely different mechanisms of adapta
tion to the habitat conditions within small 
territories, they are micro and ultrami
crogroupings. 

During a long period of evolution, 
high-mountain plants have acquired abi
lity to survive and reproduct in extreme 
conditions. The principal mechanism of 
plant adaptation are the following : 

Growing species via the medium 
of both combined and individual distri
bution of plants among rock, talus and 
glaciers . 

Formation of various specialized 
forms of growing resulted in the protec
tion against the impact of unfavourable 
habitat conditions. 

Completion of seasonal develop
ment cycle of plants in a short period of 
vegetation. 

Early origination of almost all plant 
organs including all parts of flowers in 
reproductive buds. 

Final formation ofleaves after more 
favourable ecological conditions co
ming. 

High leaf resistance to sharp daily 
fluctuations of temperature. 

High temperature of leaves with 
their thermoregulation capacity, which 
assure active assimilation activity and 
water exchange of plants. 

Regulation of physiological pro
cesses which manifest itself due to dif
fusion resistance of leaves. 

High temperature optimum for pho
tosynthesis. 

High level of photosynthesis in the 
period between unfavourable weather 
conditions and low dark respiration in 
plants with poor photosynthetic activity 
resulting in economical expenditure of 
assimilants. 

Well developed recover capacity 
in plants after stress impact. 

The tendency to leaf succulence 
formation for optirnu m keeping of water 
balance and assimilation activity . 

Long under-snow-cover stay of 
plants due to considerable accumulation 
of organic matter reserve in underground 
organs. 

The variety of life forms , pheno
and trophorhythmotypes within the 
strongly limited territory demonstrating 
the species ability to occupy and deve
lop their ecological niche. 

In the conclusion we find it neces
sary to describe some distinctive cha
racteristics of plants growing in extreme 
conditions of high-mountain regions of 
the Caucasus. 

There are small or no such plants as 
bushes, dwarf shrubs, representative of 
sedge family in the subnival and nival 
ecosystems as opposed to alpine mea
dows having common border line with 
them. In such conditions root systems 
are closed very seldom and territory of 
unclosed vegetation cover; polygonal 
nature of relief that is the most characte
ristic property of the alpine belt-is har
dly marked. As the altitude increases the 
activity of species decreases. In the sub
nival and especially nival belts the spe
cies activity are not enough or inactive 
(e.g. Cerastium kazbek). 

It must be outlined that the analo
gous regularity has been revealed by 
ALEKSANDROVA (1983) as related to po
lar desert. This geobotanical region as 
well as the subnival and nival belts is 
characterized by small number offlowe
ring plants, the absence of bushes and 
representatives of sedge family , the un
closeness of vegetation cover of species 
activity and etc. 

When passing from the alpine belt 
to the subnival sharp changes of plant 
growth form is observed (cushion plants 
and prostrate ones predominate). In ex
treme conditions of high-mountain re
gions the species with "xeromorphic" 
features hold a domjnating position as 

The vegetation of Georgia (Caucasus) 

opposed to mesophilous plants which 
are typical for the alpine belt. 

Subnival and nival belt plants unlike 
the species of alpine belt are characteri
zed by peculiar rhythmological features 
and physiological processes. For instan
ce, they differ from each other by impul
sive and peaked curves of efflorescence 
and two pronounced maxima of flowe
ring. Diversity of aspects of ultramicro
groupings and aggregations is observed 
in the subnival belt even in the late 
summer phase of plant development 
while in the subalpine and alpine belts 
only some flower species. (NAKHuT
SRlSHVlLl & GAMTSEMLLDZE , 1984). As
pects change in vegetati ve groupings is 
expressed neither in extreme conditions 
of polar deserts nor in the nival belt 
(ALEKsANDRovA, 1983). Interrelations of 
physiological processes with environ
mental factors is more tense in subnival 
plants than e.g. in alpine or subalpine 
plants in the conditions of closed grass 
cover. In the first case, in spite of high 
species ability to adapt to the unfavoura
ble conditions, strong overheating of 
assimilative surface of plants, photo
synthesis depression and sharp increa
sing ofleaf diffusion resistance are often 
observed. 

Unlike the alpine belt, plant ecolo
gical stress in the subnival and nival 
belts becomes heavier due to the absen
ce of closed vegetation cover (basically 
grass sods) promoting the development 
of various homeostatic mechanisms. 

The species growing in the subni
val and nival belts in the period of their 
formation experienced the climatic stres
ses caused both by sharp fall of tempera
ture and its rise. Undoubtedly, these 
plants were witnesses of the period of 
volcanic activities when they had to 
adapt themselves to the existence condi
tions of extreme with high concentra
tion of carbon dioxide gas, mobile and 
highly warmed-up substratum, etc. 

Only such high adaptation ability 
of these plants to comparati vel y big num
ber of external factors helps them to 
survive in conditions of extreme press. 
The plants adapted to such wide range of 
changing ecological conditions are the 
representatives of the most ancient flora 
of high-mountain regions of the Cauca
sus. 

9. THE HYDROPHYTIC VEGETA
TION (by KIMERlDZE, 1992) 

Bog vegetation is a typical compo
nent of phytolandscapes of Georgia. It 
covers an area of approximately 200 
hectares. Bogs are very common on 
Colchic Lowland and South-Georgian 
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Volcanic Upland, populating chiefly 
lowlands and subalpine belt, whereas in 
mid-mountain and alpine zone they are 
rare. The commonest bogs in Georgia 
are eutrophic, of which mesotrophic and 
oligotrophic formation occupy limited 
area. Under the special conditions of 
subalpine belt of the Greater Caucasus 
oligotrophic pit bogs are developed on 
crusts of weathering of different rocks. 

Vertical distribution of Sphagnum 
bogs in West Georgia comprises all alti
tudinal belts from sea level to the subal
pine zone; Sphagnum bogs are very rare 
in alpine belt with its severe climatic 
conditions. These bogs are not to be 
found at the altitudes below 2000 m in 
East Georgia due to the aridity of clima
te of this region. 

Distribution area of Sphagnum bogs 
(meso-oligotrophic types) involves we
stern parts of the Greater and Minor 
Caucasus, where they occur in the zone 
of Picea-Abies forests and mesic bee
chwoods. The following obligatory he
lophytes are characteristic of West Ge
orgia: Scheuchzeria palustris, Carexfla
va, Viola palustris, Cardamine seidlit
ziana, Heracleum apiifolium, Sredinsk
ya grandis, Rhynchospora alba, Drose
ra rotundifolia, D. intermedia and D. 
anglica. 

Bog vegetation of Georgia is simi
lar to that of North Eurasia, though one 
cannot find here many characteristic 
components of northern peat bogs. Spha
gnum bogs in Colchic Lowland and Aja
ra Mts. are characterized by the presen
ce of such relic species as Rhododen
dron pontic urn, Rh. luteum, Vaccinium 
arctostaphylos, Frangula alnus, Osmun
da regalis, etc. This type of vegetation is 
rich in species with disjuncti ve and wide 
area of distribution. It is moderately 
manifested as endemics of Georgia and 
the Caucasus (8%). Among the above
mentioned endemics the following 
should be mentioned: Hibiscus ponti
cus, Heracleum apiifolium, Rhyncho
sporacaucasica, Scirpus colchicus, Sre
dinskya grandis, Carex szovitsii, Car
damine seidlitziana, Primula luteola, P. 
lazica, Oenanthe abchazica, Pycreus 
colchicus and Swertia iberica. 

Hydric tall herbaceous vegetation 
occurs mainly on lowlands and Volca
nic Upland of the South Georgia. Its 
upper limit here is 2000 m. One of the 
most common formations of this group 
is Phragmiteta australis. Typheta is con
sidered to belong to the above-mentio
ned group. It is dominated by Typha 
latifolia, T. angustifolia or T. laxmanii. 
Schoenoplecteta with its phytocoenoses 
dominated by Schoenoplectus lacustris 
or S. tabernaemontani attracts a special 

attention. 
C1adieta marisci is populated on 

the lowlands and foothills of the Cauca
sus. The dominant Cladium mariscus is 
a thermophilous relic species; its upper 
limit lies at an altitude of 800 m. 

Glycerieta arundinaceae and Di
graphiela arundinaceae manifest rare 
formations of hydric tall herbaceous bog 
vegetation. 

In Georgia the hydric low herbace
ous bog vegetation extends from sea 
level up to 2300 m. In general it occupies 
a negligible area. Eq[(isereta, which is 
dominated by Eq[(il'(' fI(1Il heleocharis, 
E. palustris and E. 1'l/IIl(}sissimum spe
cies, is confined to lowlands and low 
mountain zone. 

Hippuris vulgaris is one of rare 
obligatory helophytes. 

Sparganiela is oneofthe mostcom
mon formations of hydric low herbace
ous vegetation. The monodominant 
phytocoenoses of this formation are do
minated by Sparganium polyedrum or 
S. simplex. 

Butometa umbellati, according to 
the published data, occupies limited are
as in Georgia. In mountains it is repre
sented just by one association - Butome
turn umbellati. 

Cariceta dichoandrae, Cariceta 
acutiformis, Cariceta elatae, Cariceta 
caespitosae, Cariceta wilnicae and Ma
gnojunceta. Cariceta elatae is rare in 
Georgia, as well as Cariceta caespito
sae, which is spread in South Georgian 
Volcanic Upland and Ajara Mts. Cari
ceta wilnicae is confined to Iavakheti 
Upland; it extends from 2000 to 2100 m 

Magnojunceta differ from above
mentioned Carex communities; it is do
minated by funcus effusus or 1. inflexus. 

Eutrophic bog vegetation including 
herbs with short rhizomes is very com
mon for the subalpine belt of Georgia 
and the Caucasus; at the same time some 
formations are also characteristic of the 
alpine zone, for example Cariceta daci
ae (Cariceta transcaucasicae). 

Cariceta kotschyana are typical for 
alpine belt ofthe Greater Caucasus; they 
extend from 2000 up to 2900 m s. m. 

Blysmeta compressi are spread in 
the mountains of Georgia; the dominant 
species here is Blysmus compressus. The 
species of Sphagnum are not present 
among the coenoses of this formation. 

Eumesotrophic bog vegetation, in
cluding herbs with short rhizomes, is 
also characteristic of subalpine belt. It 
plays an important role in the process of 
accumulation. The typical representati
ve of this formation is Cariceta cane
scentis. Moss synusium is dominated by 
Calliergon stramineum and C. gigan-

teum, rarely by C. richardsonii and C. 
cordifolium. 

Cariceta injlatae, which are confi
ned to the subalpine belt are a typical 
syntaxon of eumesotrophic bog vegeta
tion of Georgia. 

Cariceta lasiocarpae are a typical 
formation of peat bog vegetation. Carex 
lasiocarpa, distributed in Holarctis, be
ars an important function in the process 
of peat accumulation. Cariceta lasio
carpae are very abundant in North Eura
sia and North America. 

Cariceta chordorrhizae are wide
spread in North Eurasia, while it is ra
rely found in the Caucasus. The leading 
species Carex chordorrhiza is an obli
gatory helophyte. 

Cariceta songoricae are very rare 
in the Caucasus; their distribution area 
involves marl schists and limestones of 
Kavkasioni . 

M enyantheta trifoliae occupy 
mountain bog surfaces; theirupperlimit 
is situated at the altitude of 2250 m. 

Molinieta litoralis are restricted to 
the Colchic Low land and is an important 
component of peat bog phyto-Iandsca
pe. 

Mesotrophic herbaceous bog ve
getation is mainly distributed in West 
Georgia from sea level up to the subalpi
ne belt. It participates in the process of 
peat accumulation. Formations of this 
groupincludeScheuchzerietapalustrae, 
a rare component in the vegetation of the 
Caucasus. It occurs only in Svaneti (West 
Georgia), at l700-2l00 m. 

Cariceta limosae are a typical re
presentati ve of mesotrophic herbaceous 
bog vegetation. The dominant Carex 
limosa is an obligatory helophyte deve
loped on peat bog surface. 

Cariceta irriguae extend from 1750 
to 2400 m in the mountains of Georgia. 

Eriophoreta vaginati are a typical 
formation of mesotrophic herbaceous 
bog vegetation; they are widely distri
buted in the taiga zone of Eurasia and 
occupy a limited area in Georgia and the 
Caucasus. 

Rhynchosporeta caucasici are 
another interesting formation of the abo
ve-mentioned vegetation; they are typi
cal for Colchic peat bogs. 

Mesotrophic Sphagnum bogs mo
stly occur in the mountains of West 
Georgia. 

The area of distribution of Spha
gnum bogs comprises lowland and 
mountainous parts of West Georgia. Peat 
accumulation here is limited provided 
for the unfavourable physico-geographi
cal conditions. In western part of Ka
vkasioni Sphagneta magellanici are con
fined to the upper limit of PicealAbies 
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forests. A frequent component of meso
oligotropltic bog vegetation is Spha
gnetum magellanici cariosum. Its moss 
synusium is characterized by a high pre
sence of Sphagnum angustifolium and 
S. amblyphyllum. 

Typologically, Sphagneta palustris 
are one of the most interesting forma
tions of oligotrophic Sphagnum bog ve
getation. They play an important part in 
the vegetal landscapes of Colchic Low
land. Their moss synusium is dominated 
by Sphagnum palustre . Frequent asso
ciates of dominant species are Spha
gnum apiculatum, S. papillosum, 
S.contrale, S. amblyphyllum, etc. 

Sphagnetum palustris caricoso
moliniosum occupies a vast area in Col
chic Lowland. Herbaceous synusium is 
dominated by Molinia Iitorahs and Ca
rex lasiocarpa, rarely by Carex acuti
Jormis. 

Sphagnetum palustris scheuchze
riosumextends from 1700 up to 2100 m, 
while Sphagnetum palustris rhyncho
sporosum albae occupies areas above 
1500 m. These communities are distri
buted in West Georgia. 

Sphagneta angustifolii are consi
dered to belong to the group of forma
tions of oligotrophic Sphagnum bogs. 
They extend from 1600 up to 2000 m 
and in some parts even to 2500 m. 

The distribution area of Sphagneta 
imbricati is situated in the southern part 
of Colcltic Lowland. Sphagnetum im
bricati moliniosum litoralis belongs to 
the commonest coenoses. The above
mentioned communities involve the fol
lowing constant species: Molinia litora
lis, Carex lasiocarpa, Rhynchospora 
caucasica, Drosera rotundiJolia, 
Osmunda regalis, etc. 

Sphagneta Jusci , characteristic of 
Eurasia and North America, occur in the 
Caucasus and Georgia, in particular. The 
dominant Sphagnum Juscum is a rare 
component of the Caucasian moss flora. 
Another example of rare communities is 
Sphagneta acutifolii. 

Bog vegetation with arboreal com
ponents occupy considerable areas in 
the lowlands of West Georgia, whereas 
they are poorly represented in the moun
tains. Alnus glutinosa plays an impor
tant part in the communities distributed 
in lowland; its frequent associate in 
mountains is Alnus incana. 

The Alnus glutinosa-A. incana
Frangula alnus-Phragmites australis 
complex covers the surfaces of several 
bogs in the mountains of West Georgia. 

Bog vegetation with shrubs is very 
rare in Georgia. Mainly it extends on the 
mountains between 1700 and 2000 m. 

These communities can be illustrated by 
Sahceta varioherbosa and Sahceta her
boso-sphagnosa. 

Aquatic vegetation of Georgia is 
also worth of a brief account. This type 
of vegetation still needs to be researched 
though. 

According to KOLAKOWSKY (196 1), 
Lemna groupings occur on stagnant 
waters, ditches and pools of Colchic 
Lowland. Typical plants of tltis grou
ping are Lemna minor, Spirodela 
polyrhiza, Salvinia natans. 

Hydrocharis grouping consists of 
plants, which occur on still waters and 
among the thickets of tall aquatic herbs. 
2 ecological types can be outlined within 
this grouping. The first type is manife
sted by Ruppia grouping, which occurs 
in water bodies along the coast and island 
salt lakes. This grouping consists of 
Ruppia spiralis, R. maritima, Zostera 
marina, etc. The second ecological type 
is represented by freshwater plants , such 
as Potamogeton lucens, P. natans, P. 
crispus, Myriophyllum spicatum, Nym
phaea candida, Nuphar luteum and Tra
pa colchica. The rare groupings of Utri
cularia vulgaris and Aldrovanda vesi
culosa are to be found in lakes Bebe-Syr 
and Anishkhara (Abkhazeti) . 

Mid-mountain aquatic vegetation 
of West Georgia is floristically very 
poor. Callitriche verna is the only typi
cal aquatic plant of the alpine zone of 
Georgia. 

10. SYN ANTHROPIC VEGETATION 

The synanthropic vegetation invol
ves three large groups: 1) segetal plant 
communities of cultivated habitats; 2) 
ruderal vegetation formed by plants 
growing in the vicinity of dwellings, 
roadsides, disturbed lands etc.; and 3) 
pastoral groupings of pasture weeds. 

10.1. Segetal Vegetation 

The segetal plant communities of 
Georgia are extremely diverse floristi
cally and ecologically and should be 
tentatively specified into the following 
five groups. 

Grain crops 

The segetal communities of grain 
crops are very rich in species. Over 700 
species grow in corn, wheat and barley 
fields. Examples of the most trouble 
some weeds are A vena ludoviciana, 
Lolium rigidum, Secale cereale, Sinapis 
arvensis, Rumex crispus, Convolvulus 
arvensis, Setaria pumila and Agrostem-
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ma githago. 
Corn fields in Georgia are manife

sted by Setaria viridis, Amaranthus re
troflexus, Cynodon dactylon and espe
cially by Sorghum halepense. 

In montane areas of the Caucasus 
and Georgia, in particular, floristic com
position of segetal communities is enri
ched by the plants, which frequently 
occur on mountain slopes. Of these plants 
the following may be mentioned: Bu
nias orientalis, Vaccaria hispanica, 
Melampyrum arvense and Bifora ra
dians. 

Cultivated subtropical plants 

In West Georgia large areas are 
occupied by tea plantations. It should be 
noted that these plantations provided 
95% of the tea produced in the former 
USSR. 

Paspalumdigitaria (North Ameri
ca native) , Digitaria sanguinalis, Caly
stegia sepium, Rumex crispus, Pteri
diumtauricum, Conyzacanadensis, etc., 
are the main weeds of these tea planta
tions. Weeds of the above-mentioned 
group include a number of annuals with 
the flowering period in spring, such as 
Vicia tetrasperma, V. angustifolia, Vul
pia myuros, Bromus japonicus, Stella
ria media, etc. 

Segetal flora of the areas under 
tung tree, laurel and citrus fruit resem
bles tea plantations Sorghum halepense, 
Echinochloa crus-galli, Setaria glauca, 
S. viridis, Cichorium intybus, etc., fre
quently occur on theses plantations. 

Orchards and vineyards 

Viniculture and fruit growing are 
the leading branches of agriculture of 
Georgia. Large orchards with various 
fruit trees and vineyards have spread all 
over the country. Their diverse flora 
counts over 400 species. Common sege
tals can be manifested by Cynodon 
dactylon, Setaria glauca, Convolvulus 
arvensis, Lavatera thuringiaca, Trago
pogon graminiJolius, Urtica dioica, 
Malva sylvestris, etc. 

Vegetable gardens 

This group is involves not only 
common segetal weeds but also plants 
growing on rich, fertilised soils. Exam
ples of the above-mentioned plants are 
Sonchus asper, S. oleraceus, Chenopo
dium album, Amaranthus retroflexus, A. 
lividus, Portulaca oleracea, Cynodon 
dactylon, etc. 

Rice fields 
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In rice fields of West Georgia most 
of weeds are hygrophytes and 
hydrophytes. High presence of adventi
ve weeds native to South-Eastern Asia 
and Mediterranean is a peculiar feature 
of the segetal flora of rice fields. 

The following noxious weeds of 
rice fields should be mentioned: Echi
no ch loa crus-galli, Cyperus difformis 
and Cyperus glomeratus. 

10.2. Ruderal Vegetation 

Communities enclosed in the group 
of ruderal vegetation differ by their ha
bitat and composition. 

Roadside communities are formed 
by plants resistant to trampling down. 
Common plants of roadsides include 
Cynodon dactylon, Sclerochloa dura, 
Eleusine indica, Eragrostis pilosa, E. 
minor, etc. 

The following species occur on soils 
rich in organics: Solanum persicum, 
Hyoscyamus niger, Coniummaculatum, 
Datura stramonium, Solanum nigrum, 
Phyfolacca americana, etc. 

It must be noted that these commu
nities, along with ruderals include also 
weeds growing in vegetable gardens, 
such as the species of Amaranthus, Cony
za canadensis, Ambrosia arfemisiijolia, 
Xanthium strumarium and Anchusa ita
lica. 

Many plants recognised as ruderals 
are used in medicine (e.g. Datura stra
monium, Hyoscyamus niger, etc.). 

10.3. Vegetation of Pastures 

Pastures, whether they consist of 
natural grasslands, hay fields , which have 
been used for grazing, or the land, which 
is toopoororotherwise unfit for anything 
but grazing, frequently include certain 
weeds associated with them. Many of 
the commonest pasture weeds are unpa
latable, distasteful or even poisonous to 
stock plants. Others have spines, thorns 
or modifications unfavoured by stock. 

In Georgia summer pastures are 
richer in weeds than winter ones. Majo
rity of pasture weeds are not dominants 
of communities, but in overgrazed areas 
some of them form independent com
munities , such as Veratrum lobelianum 
and Rumex alpinus. 

The following plants frequently 
occur in lowland semi-desert pastures: 
Adonis aestivalis, Cynanchum acutum, 
Hirschfeldia incana, Xanthium sfruma
rium, etc. 

Summer pastures of subalpine bel
ts are characterized by the presence of 
Cirsiwnarvense, C. incanum, Veratrum 

lobelianum, Daphne glomerata, Ranun
culus caucasicus, R. oreophilus, etc. In 
subalpine belt poisonous Aconitum na
sutum and A. orientale are also to be 
found. 

1l. CULTIVATED FLORA (by ME
NABDE, 1961) 

Formation of cultivated flora is 
constitutionally interconnected with 
human activities. It makes an integral 
part of the material culture of mankind. 
The most ancient memorials of human 
activities date back to the Palaeolithic. 
The earliest traces of agriculture in Ge
orgia belong to the Mesolithic period. 
Among the monuments of this era are 
stone tools - pestles and graters. Archa
eological findings of charred remains of 
wheat, barley, millet and flax seeds, as 
well as of agricultural utensils such as 
grain-grates, sickles, etc., confirm the 
diversity of the cultivated flora of Neo
lithic and particularly of the Eneolithic 
period . 

Eneolithic culture of Georgia, whi
ch can be traced back to the third millen
nium B.C., was mainly represented by 
agriculture and cattle-breeding. Fruit 
gathering was also widely practised. 
Among the remains of the late Eneoli
thic and early Bronze Ages, such fruit of 
wild plants as chestnut (Castanea), bee
ch (Fagus), oak (Quercus) and hazel
nut (Corylus) have been discovered side 
by side with cultivated plants in the 
burial mounds of West Georgia. 

Agriculture of ancient Georgia is 
best illustrated by the monuments of the 
early Bronze Age (second millennium 
B.C.). Many kinds of wheat were dome
sticated during that period; barley, mil
IeU, flax and vine were subject to culti
vation. In the late Bronze Era (10-7 
centuries B.C.), in the State ofUrartu in 
Transcaucasia almost all branches of 
agriculture were well developed; culti
vation of cereals, leguminous plants, 
horticulture, viticulture, fodder-grass 
cultivation (especially for horse food) 
and cattle-breeding. By that time irriga
tion had already been well organized. 

Cultivation of many plants in an
cient Georgia was mentioned in the 
works of writers of that time. Xenophon 
(the 5th century B.c.) speaks of two 
kinds of wheat cultivated in Co1chis. 

Wheat is one of the oldest domesti
cated plants in the world. Archeological 
discoveries prove that Karthvelis (Ge
orgians) started to cultivate wheat more 
than five thousand years ago. During 
these millennia Karthveli farmers crea
ted many species and varieties of wheat. 

The initial roots of some wheat 
species dating back to the Eneolith and 
Bronze eras (Triticum macha, T. palae
ocolchicum) are being preserved in the 
agriculture of present-day Georgia. Such 
species of wheat as the so-called Zandu
ri , incomparable among world wheats 
for their qualities and immunity against 
diseases, are the products of labour of 
Kartveli farmers. So far, modern selec
tion has failed to breed a kind of wheat 
with the properties of Zanduri. 

By means of phylogenetic resear
ch, a basic variety of wheat species in the 
agriculture of Georgia has been revea
led. Some of these species bear evolu
tionarily close affinity to wild wheat 
species, or have retained some of their 
features. The wheats Maha (T. macha), 
Colchic spelt (T. paleocolchicum), Zan
duri (T. timopheevi, T. zhukowskyi) are 
unique plants, which are still being cul
tivated and which still retain the basic 
features of wild wheat. 

Because of very brittle ears, harve
sting of such species as Maha and Col
chic spelt proceeds in two stages: first by 
means of two loosely bound sticks (so 
called shnakvi) you throw the ears into 
baskets and then cut the straw. The spe
cies Maba is the ]j ving reI ict of pri mary 
agriculture, which have been cultivated 
by man since the prehistoric era (Eneo
lith-Bronze). Another unique monument 
of the prehistoric culture is Zanduri wheat 
species. Species generating Zanduri po
pulation have nothing to do either with 
wild or cultivated species of Asia Mi
nor, though they reveal genetic affinity 
with the species growing on the modern 
territories of Armenia and Azerbaijan. 

On the whole the following culti
vated species of wheat have been recor
ded in the fields of Georgia: T. mono
coccum (monograin), T. dicoccum, T. 
timopheevi, T. zhukows!")Ii, T. paleocol
chicum (all speJts), T. durum, T. carthli
cum, T. turgidum, T. polonicum (all hard 
wheats) and T. aestivum, T. compactum, 
T. macha (all soft wheats). 

Georgian endernics are: T. paleo
colchicum, T. timopheevi, T. zhukovskyi, 
T. macha and T. carthlicum. Only T. 
carthlicum has penetrated into the agri
culture of neighbouring countries. 

At present, maize, wheat, and bar
ley are the principal cereals in Georgia. 
The first one, maize, absolutely predo
minates in West Georgia, while the se
cond one, wheat, is mainly cultivated in 
the fields of East Georgia and in small 
quantities is available in foothill and 
mountain districts (J avakheti, Kazbegi), 
the greater part of acreage is hold under 
barley (about 85%). Winter wheat crops 
are encountered from the littoral or Black 
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Seain the West (near the town of Gagra) 
to the high-mountain agricultural zone 
(up to 2 000 m s. m.) Spring wheat crops 
are spread everywhere but they prevail 
over winter crops only above 1500-
1800m. 

The most widespread (and therefo
re the most important one at present) are 
three species: 1) soft wheat (T. aesti
vum), 2) Karthlian wheat (T. carthli
cum) and 3) hard wheat (T. durum). The 
rest of the species occupy small areas. 

Soft wheats are the leaders in the 
cereal economy of the country. Many 
centuries of popular selection resulted 
in a great number of local varieties, 
some of which (e.g. Dolis-puri) have 
retained their considerable part in natio
nal economy. 

Karthlian wheat Dika (T. carthli
cum) mainly occurs in the mountain 
agricultural belt within 1000-2300 m s. 
m. Popular varieties are sown, and par
tly those of modern pureline section. 
Hard wheat crops extend in the lower 
agricultural belt from 800-900 m. Its 
acreage can be found mainly in East 
Georgia. 

On the Black Sea coast (in the vici
nity of Gagra) small tracts of so-called 
English wheat (T. turgidum) have been 
preserved until now. 

At present, production of wheat 
crops is mainly represented by selection 
and selectionally improved varieties, and 
more seldom by more popular selection 
varieties. 

On the basis of phylogenetical re
search, it was ascertained that the princi
pal specific variety of wheat has been 
preserved only in the agriculture of Ge
orgia and has never even surpassed the 
boundaries of the land of wheat crop 
originators, so that primary species of 
crops close to wild species are known 
only here and used only by Georgian 
people. 

The idea is that the creation of 
primary species of cultivated plants is 
genetically connected with the natural 
conditions of some geographical regions, 
where only useful plants of the wild 
flora make primordial source of popular 
selection. It has already been stated that 
Asia Anterior (including Transcauca
sia) is the only region of habitation of 
wild wheats. Therefore, it is natural to 
presume that the culturation of wheat is 
the result of creative activities of civili
zed people of Asia Anterior. Archeolo
gical materials and botanico-genetical 
analysis of modern wheats composition 
give enouph grounds to attribute wheat 
culturation to Khetto-Iberian group of 
people. 

Natural conditions for wheat do-

mestication did exist only in that region. 
All the aforesaid underlines the 

primordial characterofaGeorgian whe
at cultivation. The Georgian nidus by 
origin and formation of wheat species 
diversity is a consequence of a long 
process of popular selection, the main 
roots of which are geneticall y connected 
with the pre-historic activity of Hetto
Sumeret peoples, living on the territory 
of Asia-Anterior - the region of habitats 
of wild wheat. 

The creative process of Georgian 
popular selection is not limited by the 
above-stated. The collective work of 
Georgian cultivators manifests itself by 
the cultivation of grape vine. At present 
there are over 400 varieties with Geor
gian appellations. Versatility and anti
quity of the culture is confirmed not 
only by the existance of numerous sorts, 
but by data of En eo lithic culture as well. 
In the times of the existence of the state 
of Urartu wine-making as well as viti
culture was highly developed. Georgian 
popular grape sorts - Saperavi, Rkatzhi
teli, etc. -enjoy in our days the same 
unsurpassed fame, which in its turn points 
to the long process of selection of high
grade grape varieties. 

Georgia is likewise the home of 
many fruit plants. Many species of wild 
fruit-trees (Malus, Pyrus, Prunus) have 
undoubtedly served as the principlecom
ponents in the origin of cultured plants 
like apple, pear, and plum-trees. 

It has been proved by the investiga
tion of Georgian scientists that the Geor
gian apple sort Khomarduli is the initial 
variety for the so-called English and 
French paradise-apples widely diffused 
in European countries. 

Ancient agricultural crops were 
formed exclusively on the basis of the 
utilization and cognition of aboriginal 
useful wild plants. In this way, primary 
independent nidi of agriculture arose. In 
the subsequent period of the cultural 
development and intercourse of peoples 
those primary agricultural groups were 
mutually enriched with imported plants. 
It has been ascertained from historical 
sources that in ancient Georgia the intro
duction of useful foreign plants was 
organized on a large scale.It is obvious 
that the presence of the Citrus type of 
agriculture production created in Geor
gia from representatives of foreign su
btropical plants indicates a great inter
change carried on between the peoples 
inhabiting lands with different ecologo
geographical conditions. Many of these 
plants, no doubt passed through a num
ber of "replantation" points to the way 
from their initial habitation to their new 
home in Georgia. These points played a 
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certain part in acclimatization and selec
tion. 

Gardens of royal and feudal fami
lies of ancient Georgia played a major 
role in the introduction of foreign plants, 
in particular Citrus, decorati ve and other 
useful ones. 

At present, numerous representati
ves of foreign vegetation - the tea-bush, 
the tangerine-tree, subtropical fruit-tre
es and technical and decorative plants, 
etc., are important (and in some regions 
the chief) objects of agricultural produc
tion. 
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b'a'~0l3n~<">u 'll0'lloJ(J~-on<">o~''ll0(J~O ~o~(')oaoob 
d~~3'~'lla~(')36()6,a, d~oa~ 111,6,V ()3~a6(Jl!.:1d, ~al!.:1na'lld" 
3n~6°J'I!.:1(J~n u'~oal!.:1ao"u J('}60~,uO(JI!.:1",o,a , bhB'I11,hhB, 
oa6a'llolloh 'll00(')~,6111(j''llOaooh b,'ll~3,~'lla aoh3, 3I11ao'~a"'~"d 
3,6,§o~(')oa'b ,a am 6nh aea6'~a(Jl!.:10 1s'dn,~<,>h 
il,6b:od(J moia0(Jl!.:1n hoal11ol11~a 111' 6",~h,ha<,>h d a~'~aOom 
deO~() oa~oo",~o,'lla b'~'~0l3al!.:1<,>(j" il,63"m'~a6(J~O' 
J~"' d'bamoU'3 , 6 b~(J~o'l11 o,61lb3'3a0(J~" aJ",llolloadaoo , 
,~d<,>Il'3I!.:1a'" b,~'~m3al!.:1<,>1l 6,ba3~'111 (J111,o6<,>mn 111' 
\!(,u'3~a'" b~'~"'3al!.:1",b u()o06;"'~"J(JI!.:1° JI!.:10d'onb J<">l!.:1b(J~" 
oaaaoo", I11'VaaO()I!.:10 111' aanba,6;oMo~, aeab'~a(J~",oom 
l11,a""3tO aO()I!.:10 ' 

J'3J,u""b ;;;a~aoa'll0u dJ3amtOd' l11'b'Va3~ao,a 111' 3maooll 
""3"'\;a0(J~d' 1l0~()~0()~'d o'b,~o~",oall 'll"o<,>eab<,>'llaoob 111' 
8'~Ja(J~" u,ba",oaooh o a(')o~''ll°()I!.:1'' 111' aJ~(,)o°(J 6;o 
o'll'''1!.:1'800 111' 'd'U(Jl'~ I11'J'alln6;aoo(Jl abl11ado'lldou d'~'~o 
111",(ia ' 

b'a'~m3al!.:1",b oa6;oo",~o,'lla o03~eal!.:1aO() I!.:10 o ~()~~1!.:1"'3,6 
a(jalio~am' 5000-al11a u,ba",o,; a,m (J",~oll 1500-dl11a 
a6~ado~O'. 

a"'13a 6dn ll'J'~m3a~,,;an o'3~ea~a0(JI!.:10 d8ab,(1;aaooll 
abo"31lo U,ba,,>6aOo 111 c< all V'~d"'l11oa6o~oo 
o6111"'am-'auo(1;'1!.:100dO a'~'l11dV 3, li a baaooll , lsolla'o3,6;0 
o3oa~aoou, §,~aaoob 111' bb3,m, b,bom. 

(J6Ja aO"'8abdO Maa'" '~oo~aooll o3'~3'o,dal!.:1a 
d8a6'~a()I!.:1"'o, J'3J,uo,(jo 'll'~m~ °a'" o,63o""~aO()I!.:1 0' 
3~n"'eabnb l11,b'vaob(J o 1saa~aO!ob od 6,V"1!.:1 'lla, b'I11'e ~t:zab 
1I!,1l'3I!.:1J01 u'J, tOmaal!.:1'" 111' (J'3o'llt:zaob§o(;}a OlnU a(").u,'ll~3~a 
Oa";oOO}~O' a~ao'~a(").ob, o'O'0<,>6a6()~n 0a'" da~'~aonm 
OlO()~O 111' 6(").00'" J~od'on. ,d §n~<'>0aOdn 'a 
g,d"'a'I!.:100~, ()aaa~aUn da'll(").'llol!.:1()6;o oaOU 'll~"'(;}OU 
J''}l!.:1haOl 011 ~a 'll()o 0 (J do. ,a ~n'll()oo()dd' §l!.:1 o"'ea6ou dma~ 
3at'lOO}l11dO 111' o,6U'J()0l~aOOUl JO da r.,Olba()l!.:10 3a~o"'l11 ou 
~ol110 o,aao63'~aooll a~<'>J'do o,~,avaaaoo 'll(J6aeo, (ja,u~(JI!.:1' 
(1;al!.:10ao()~O u,ba",oaooll o'~'~~ali,dO. 

I\!' ll'3I!.:1a'" u'd'~m3()~"'do ,~ ,~o 11 ~ba~"''ll0I!.:1(j~o 
aea~"~a()~",ooll MaaM ll'~oaal!.:1 0 ' d()'llM'll0~()~n oaoll 
rieab'~()(J~"'o, oa o,1i3om'~a0(J~o, 'llt:zaou uo6,~o~0}~,6 
b(Jo,~~()~ u,(1;cal!.:10dl11a· ,a,um'b ~oJ'adO~aOO'" b,a,(1;m3al!.:1",1l 
,d 6'Vnl!.:1dO deab'(;}a()~O}oob 3a~OoJ'I!.:1()~O 3~M'll0~O 
()'ll~0' aO~003°" ao~~a '~d",ll'a~a'" b'J'~"'3()I!.:1",dOI 
Jaoiao~, ,~ V,(1;d"'~oabnl!.:10' Caou u'~oaa~o (1900 d-d~a), 
b(J(,,~i()~o (1900-2400 d-dl11a), O~§()~O (2400-2900 a.), ~, 

b()Ob03'1!.:1(J~o ~o b03'~(J~o bo~6aal!.:1 0 (> 2900 d.) . 
'C<dMU'3~a'" u,~o~m3a~0}1l ae()b'~a()~O}onb aa~O"J'I!.:1()~O 
o'3"'eal!.:1()oob i~", 'll 0~o (J'll~'" oim(jl!.:1o,. ,J J'~oo~'~ 
1110'lla(O()beO~ a0(Jl!.:1n 6 llb3o~,1s~3' b'~6iJa~ n b,llaa~ o l11()l11,ob('}1s , 
lloainu 111' ad~,I!.:10 lioma~o oaoll (150-600 d.), oanb 
(600-1900 d.), b()6;~~()6;n (1900-2500 d.), '1!.:1§(J~o 

(2500-3000 a.), b()o60a'~(JtOn (3000-3600 d.) 111 ' 6n3'1!.:1()~o 

(> 3600 a.). 
b,aMa'" b,~,oi"'3a~('}dO, cl,~aO}~ , )lo3oba"'dn, Caob 

1l~6a~l!.:10 't'l ,~ob 0063om'~·nO]I!.:10 ' ,~ o03~e()~ao(JI!.:10' 
JOt'lOOlOl11'l11 a'~'~d",ob uoa3aoo, J3~o3J<,>~~",6n b,ba3~o~ 
adt'lo~o dl11al!.:1Maon. 

Zusammenfassung 

Die Mannigfaltigkeit der physisch-geographischen Fak
toren: die komplizierte Gliederung des Reliefs, die kontrastie
renden Hohenstufen wie auch die Lage Georgiens an der 
Grenze von biogeographischen GroBraumen verschiedener 
Genese bestimmen den Reichtum und die Vielfalt der Pflan
zen welt Georgiens. Auf einem verhaltnismaBig kleinen Terri
torium entwickelten sich die verschiedenartigsten Pflanzen
gesellschaften, angefangen von Halbwtisten in den Ebenen 
und Htigeln im Osten tiber tippige Walder unter feuchtem, fast 
subtropischem Klima im Vorgebirgsland der Kolchis bis zu 
der eigenttimlichen kryophilen Hochgebirgsvegetation des 
Kleinen Kaukasus im Stidwesten und insbesondere des GroBen 
Kaukasus im Norden. 

Die Gliederung des Reliefs und die Struktur der Gebirge 
bewirken ein hohes MaB an geographischer und okologischer 
Isolation der regionalen Okosysteme, was im hohen Grad des 
Endemismus (ungefahr 1500 Arten) seinen Niederschlag fin
det. Auf dem Territorium Georgiens trifft man gegen 5000 
Arten wildwachsender und verwildeter GefiiBpflanzen. 

Im Eozan unterschied sich die Flora sehr wesentlich von 
der gegenwfutigen. Die groBte Ahnlichkeit mitjener hat heute 
aller Wahrscheinlichkeit nach die indisch-australische Flora 
rnit ihren immergrtinen Baumarten, Baumfarnen, Palmen u. a. 
Es wird angenommen, daB die waldlosen Formationen der 
trockenresistenten Vegetation im Kaukasus bereits im Miozan 
weit verbreitet waren. Bereits im Anfang des Pliozans entsteht 
auf jenem Teil des Festlandes, wo jetzt Westgeorgien und 
einige angrenzende Territorien des Schwarzmeergebietes lie
gen, das kolchische Refugium mit Relikten einer alteren 
mesophilen Waldflora, begtinstigt durch das dort herrschende 
verhaltnismiiBig warme und feuchte Klima. Das kolchische 
Refugium hat bei der Erhaltung reliktischer Arten im Lauf des 
Pliozans eine groBe RoUe gespielt, und zwar besonders im 
Laufe des Quartars einschlieBlich der Epochen der groBen 
Vereisungen. 

In Westgeorgien fehlt vollstandig der waldlosen Gtirtel 
der Trockenvegetation, vielmehr sind sind Taler und Ber
ghange schon vom Meerespiegel an mit Waldem bedeckt. 
Deshalb ist die vertikale Stufung (Gtirtelung) einfacher und 
durch vier Grundstufen darzustellen: Waldstufe (von der 
Ktiste bis zu 1900 m s. m.), subalpine (1900-2400 m), alpine 
(2400-2900 m), subnivale und nivale (2900 m) Stufe. 

Im Ostgeorgien ist die vertikale Gtirtelung komplizierter. 
Hier sind 6 Hauptstufen (Gtirtel) ausgepragt: der Gtirtel der 
Halbwtisten, der trockenen Steppen und der trockenen Li
chtwaldes (150-600 m s. m.), der Waldgtirtel (600-1900 m), 
der subalpine (1900-2500 m), der alpine (2500-3000 m), der 
subnivale (3000-3600 m) und dernivale (3600 m s. m.) Gtirtel. 
Innerhalb der Waldstufe und der subalpinen Stufe des stidge
orgischen Hochlandes (Dschavacheti) entwickeln sich auch 
waldlose Vegetationstypen: Bergsteppen und Trockenwie
sen. 
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